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Bupobuuurso & Mexatponni Cucremu 2024: marepiamu VIII-oi MixHapoaHoi koH(epeHii,
XapkiB, 25-26 xoBTHs 2024 p.: te3m momomineidt / [penkon. LI HeBmomoB (BigmoBimaabHUi
penakrop)].-XapkiB: [enexkTponamii Apyk|, 2024. — 135 c.

VY 30ipHHK BKJIIOYEHI TE3W JOMOBIJCH, SKi MPUCBAYCHI CYYaCHUM TEHJCHIISIM PO3BUTKY TEXHOJOTH
Ta 3aco0iB BUPOOHMIITBA Ta MEXATPOHHHX CHUCTEM, IEPEIOBOMY JOCBily Ta BIPOBAPKEHHIO iX B
rajy3sX CHCTEM IPOMHCIOBOI aBTOMAaTH3allil Ta KepyBaHHS BUPOOHUIITBOM; CHCTEMHIN 1HXKEHepii;
CAD/CAM/CAE cucremax; MexaTpoHilli (€JIEKTPO-MEXaHIYHUX CHUCTEMaX, EJICKTPOHHUX
iHCTpyMeHTax cucteM KepyBaHHsA, MexaHidHMX CAD cucremax), poOoToTexHili Ta 3acobaxm
iHTenexryamzamii; MEMS (cydacHmx wmarepianiB Ta TexHonorisx BurotoBieHHs MEMS) Tta
KOMITOHEHTax 1 TEXHOJOrsIX aBTOMaTu3alli BUIOOYTKY, MepepoOKH Ta TPaHCHOPTYBaHHS HapTH Ta
rasy.

Penaxiiiina xonerisa: 1.11. Hesmronos, B.B. €Bcees.

Manufacturing & Mechatronic Systems 2024: Proceedings of VIII st International Conference,
Kharkiv, October 25-26, 2024: Thesises of Reports / [Ed. 1.Sh. Nevlyudov (chief editor).] .- Kharkiv
.. [electronic version], 2024. - 135 p.

The collection includes the thesises of reports on modern trends in the development of technologies
and means of production and mechatronic systems, top experience and implementation of them in
fields of: industrial automation and production management systems; systems engineering;
CAD/CAMI/CAE systems; mechatronics (electrical and mechanical systems, electronic control tools,
mechanical CAD systems); robotics and intellectual toolls; MEMS (modern materials and
manufacturing technologies MEMS) and components and technologies for the automation of oil, gas
and oil extraction, processing and transportation.

Editorial board: Igor.Sh. Nevludov, Vladyslav.V. Yevsieiev
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Andrzej Chochowski

Pawel Obstawski

Cepriii boromoJios

MukoJsa BacnianoBuu
3amipennb

Mmuxaiijio BacniaboBu4
JloOyp

€sren CepriiioBu4
Puixenko

rojoBa KOMITeTy KOH(EepeHIIii, TOKTOp TeXHIYHUX HayK, mpodecop,
3aCy)KeHHH MOisld HAayKd 1 TeXHikH YKpainw, naypear [lepkaBHOI
npemii B raimy3i Haykd 1 TexHikM YKpainw; jaypeat [lep:kaBHOI
npemii YkpaiHu B rajy3i OcBiTH, 3aBiqyBad Kadeapu KOMITIOTEPHO-
IHTETpOBAaHMX TEXHOJOrid, aBTOMaTH3amii Ta pPOOOTOTEXHIKK
(KITAP), XapKiBCHKOTO HaI[IOHAJILHOTO YHIBEPCUTETY
paaioeNneKTpoHIKY, YKpaiHa

3aCTYIHUK T'OJIOBH KOMITETY KOH(EepeHIIil, JOKTOp TEXHIYHUX HayK,
npodecop, naypear JlepxkaBHoi mpemii YKpaiHH B Taiy3l OCBITH,
nekaH (GakyiabTeTy ABTOMATHKHM 1 KOMI'IOTEPU30BAHUX TEXHOJOTIN
(AKT), XapKiBChKOIO HaI[lOHAJILHOTO YHIBEPCUTETY
pamioeNneKTpoHIKH, YKpaiHa.

JOKTOp TEXHIYHUX HayK, Hpodecop, 3acilyKeHUH [isd4 HayKu
Azepbaiikancbkoi  PecriyOnmiku  mpopekTop 3 MIKHapOJIHOTO
CHIBPOOITHUITBA,  XapKIBCbKUHA  HAlIOHAIbHUNA  YHIBEPCHUTET
paiioeNneKTpoHIKY, YKpaiHa

cekpeTap, JOKTOp TEeXHIYHUX Hayk, mpodecop, mpodecop kadenpu
KOMITIOTEPHO-IHTETPOBAaHUX  TEXHOJIOTiM,  aBTOMarw3amii  Ta
pPOOOTOTEXHIKH (KITAP), XapKiBChKOTO HaIllOHAJILHOTO

YHIBEPCUTETY PaJIIOCICKTPOHIKH, YKpaiHa.

JOKTOp TEXHIYHUX HayK, mpodecop BapimiaBcbkoro yHIBEpCHTETY
cineepkoro rocrnogapersa (WULS - SGGW), Ionsmia

JOKTOp TEXHIYHUX HayK, mpodecop BapmaBchkoro yHiBEpCHUTETY
cinbepkoro rocrogapera (WULS - SGGW), Ionbia.

JEKTOP/MONEHT,  JoKTOop  (dimocodii  (KOMI'IOTEpHI  HAYKH),
JocniaHunbka mIKoda KOMI'IOTepHUX Hayk, Komemx imxeHepii Ta
KOMITFOTEPHUX HayK, ABCTpaJiiChbKUN HAaIIOHAJBLHUN YHIBEPCHTET,
ABcTpais.

JOKTOp TEXHIYHUX HayK, Mpodecop, 3acihyKeHUH [idd HayKd 1
TeXHIKM YKpainu, naypear JlepkaBHOi mpemii Ykpainu B ramysi
HAyKH 1 TexHikH, aupektop JepxaBHoro migmpuemcTBa HaykoBo-
JOCHIZIHOTO TEXHOJIOTTYHOr 0 1HCTUTYTY MPUIaA00yIyBaHHs, YKpaiHa

JOKTOp TEXHIYHUX HayK, Ipodecop, 3aciyXeHUH Misiu Hayku 1
TEXHIKM YKpaiHu, BIIMIHHUK HAapOJHOI OCBITM YKpaiHM, 3aBimyBau
Kadenpu CUCTeM aBTOMATH30BAHOrO MpoeKTyBaHHS HarioHaabHOrO
yHiBepcUTeTy «JIbBIBCbKA MOJITEXHIKa», YKpaiHa.

kepiBHUK Biaauty aunaktuku [I1 «Decto», Ykpaina
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JUPEKTOP TOB «HaykxoBo-BHpoOHHNYOTO MiANPUEMCTBA
«YKPIHTEX»», Ykpaina.
KaHIMIAT  TEXHIYHMX  HayK, JOLUEHT, JeKaH  (aKyJIbTeTy

iHpOpMaLiifHUX TEXHOJIOTI Ta YympaBliHHA, A3epOailKaHCHKHA
Jiep>KaBHUN yHIBEPCUTET HAQTH 1 TPOMHCIOBOCTI, A3zepOaiimkaH.

KaH/AWJaT TEeXHIYHUX HayK, JOICHT, 3aBiayBad Kadeapu yHpaBiIiHHS
Ta CHCTEMHOI imKeHepii, AsepOailjpkaHCbKHU  Jep>KaBHUN
YHIBEpCUTET HAPTH 1 MPOMHUCIOBOCTI, A3epOaiiKaH.

JOKTOp  TEeXHIYHUX Hayk, nmpodecop, mnpodecop Kadeapu
ABTOMAaTHKH, €JIEKTPOHIKKM Ta TeJleKoMyHikamid, Haronanbanii
yHiBepcuter «llonraBcbka momitexHika iMmeHi FOpis Kongpatioka»
VYkpaina.

JOKTOp TEXHIYHUX HayK, Npodecop, 3acilyKeHUH [id4 HayKd 1
TEeXHIKM YKpainu, aupektop HaByanbHO-HayKOBOrO 1HCTUTYTY
€HEepreTHKU, AaBTOMAaTHUKU Ta eHeprozoepexeHHs, HauioHanbHUN
yHIBepcUTEeT OlopecypciB 1 MNPUPOAOKOPUCTYBaHHS  YKpaiHW,
VYkpaina.

JOKTOp TEXHIYHUX HayK, Mpodecop, 3acayKeHUll MpamiBHUK OCBITH
VYkpainu, 3aBigyBad Kadeapu aBTOMATHUKH Ta POOOTOTEXHIYHHX
cucteM iM. akan. [.I. Maprunenka, HarmioHameHUMI1 yHIBEepCHUTET
OlopecypciB 1 MPUPOJOKOPUCTYBAHHS YKpaiHu, YKpaiHa.

JIOKTOp TEXHIYHUX Hayk, jaypear JlepkaBHoi mpemii Ykpainu B
ramy3i ocBith, mnpodecop Kadenpu pagiOKOHCTPYIOBaHHS 1
BUPOOHUIITBA pazioamaparypu, HamionaneHuii TeXHIYHUT
yHiBepcuTeT YKpaiHu «KUIBCHKHMI TOJITEXHIYHUH IHCTUTYT IMEHI
Iropst Cikopcbkoro», Ykpaina.

JOKTOp TEXHIYHMX HayK, mnpodecop, 3aciayKeHUW Iifd HAyKH 1
TeXHIKH YKpaiHu, mpodecop Kadeapd CHCTEM  YIPaBIiHHA
JiTaTbHUMU anapataMu, HarioHalbHUI aepOKOCMIYHUN YHIBEPCUTET
iMm. M. €. XykoBcbkoro "XapkiBCbKHI aBialliiHUA 1HCTUTYT",
Ykpaina.

JOKTOp TEXHIYHHUX HayK, mpodecop, 3acTYIHUK IUPEKTOpa 3
HayKoBoi poboTtu [lepkaBHoro mignpuemctBa «HaykoBo-mocmiaHui
TEXHOJIOTTYHHUM IHCTUTYT NpUIago0yayBaHH», YKpaiHa.

JIOKTOp TEXHIYHMX Hayk, npodecop, yaypear [lepxaBHOi npemiei
Kab6inery MinicTpiB VYkpainu, 3aBigyBau kadeapu iHpopmaliiHo-
KOMYHIKaIlIfHUX MepeX, [HCTUTYT TeIeKOMyHIKalliiHUX CHCTEM
HamionanbHOro TeXHIYHOTO yHiBepcuTeTy YkpaiHu «KuiBchbkuit
HOJITeXHIYHUH 1HCTUTYT iMeH1 Iropst Cikopcbkoroy», Ykpaina.

JOKTOp TEXHIYHMX HayK, HOpodecop, HadanbHUK KpuBOpizbKoro
Kousie/pKy HarioHanbHOro aBialiiHOro yHiBepCHUTETY, YKpaiHa.
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KaHIMJIAT TEXHIYHUX HAyK, AUpeKTop Jlep»aBHOro miapueMTBa
«[liBneHHMI JepKaBHUM  MPOEKTHO-KOHCTPYKTOPCHKHN I1HCTUTYT
aBialliifHOT MPOMHUCIOBOCTI», YKpaiHa.

rerepanbauil MeHekep Titan Machinery Limited, [Hotnanmis.
reHepanbHU MeHepkep Titan Machinery Limited, Kuraii.

KaHAWJAT TEXHIYHUX HAyK, Mpodecop, 3aciIyXeHUH aisd HAyKH 1
TEXHIKH  YKpaiHmy, nepmmid  npopekrop  HarionansHOTO
yHiBepcHuTeTy «JIpBiBCbKA MOJITEXHIKA», YKpaiHa

JOKTOp TEXHIYHMX HayK, Mpodecop, B.0. 3aBigyBaua Kaderpu
KOHCTPYKLIi TOBITPSHUX CYyJ€H, aBlaJBUTYHIB Ta MIATPUMAHHS
a0THOI mpuaatHocTi, JIkoTHa akamemis HAY, m.KponuBHUIIBKHIA,
VYkpaina.

JOKTOp  TEeXHIYHMX HaykK, mpodecop, 3aBigyBay Kadenpu
€JIEKTPOHHMX 3ac001B Ta iH(pOpMaLIiHHO-KOMIT IOTEPHUX TEXHOJOTIH,
Opecbkuil HalllOHATBHUM MMONITEXHIYHUN YHIBEPCUTET, YKpaiHa

KaHJIUIAT TEXHIYHUX HaAyK, JOUEHT Kadeapu aBTOMATHKU Ta
poboToTexHIUHUX cucTeM iM. akaj. [.I. Maptunenka, HarionansHuit
yHiBepcUTeT OlopecypciB 1 TNPUPOIJOKOPUCTYBaHHA  YKpaiHH,
VYkpaina.

OPTAHIBAHINHUN KOMITET KOH®EPEHIIII

OJaexcanap
MuxaitiaoBuy IHimmoan

Cepriii [1aBjoBu4
HoBoceJioB

€Bres AnaroJiiioBuy
PaszymoB-®pusok

HaraJjia IlaBaiBua

JleMcbKka

3aCTYIHHK TOJIOBM KOH(EpEeHINi 3 OpraHi3alliiHuX TMUTaHb, JTOKTOP
TEXHIYHUX HaAyK, Mpodecop KOMIT'IOTEPHO-THTEIPOBAHUX TEXHOJIOT1H,
aBroMmatm3airii Ta  pobortorexuiku (KITAP), XapkiBcbkuii
HaIllOHAJBHUN YHIBEPCUTET PaJIIOCICKTPOHIKH, YKpaiHa.

KaHIWIaT  TEeXHIYHUX  HayK, JOUeHT, mnpodecop Kadempu
KOMITFOTEPHO-IHTEIPOBAaHUX  TEXHOJOTIH,  aBTomMaru3amii  Ta
po6ororexniku (KITAP), XapkiBCbKuil HaliOHAIbHHIA YHIBEPCHUTET
pazioeNeKTpoHIKH, YKpaiHa.

KaH/JUJAT TEXHIYHUX HAYK, JIOIICHT, IOLEHT Kadeapu KOMII'FOTepHO-
IHTErpOBaHMX TEXHOJOTIH, aBTOMAaru3allii Ta pPOOOTOTEXHIKH
(KITAP), XapKiBChbKHI HalllOHATBHUHT yHIBEpPCUTET
palioeNIeKTPOHIKH, YKpaiHa.

KaHIU/IaT TEXHIYHUX HayK, JOLUEHT, JOLEHT Kadeapu KOMIIIOTEpPHO-
IHTErpOBaHMX TEXHOJOTIH, aBTOMAaru3allii Ta pPOOOTOTEXHIKH
(KITAP), XapKiBCbKH HalllOHAJIbHUH YHIBEpCUTET
paslioeneKTpOHIKH, YKpaiHa.
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Po3pobka MeTony BU3HAYEHHS MIBUAKOCTI MEPEMIIICHHS 00'€KTIB HA OCHOBI
AHAITIZY B00PAMKEHD .. ueteennteenentteenteeeeenteeanneeenneeaaneeeeaneeennneeennens
Oleh Hurtovyi

Features of Functional Testing for Low-Power Consumption Devices with
BUilt-In Batteries ... ... ..o
Bapsapa Kapmawosa, Apmem Bponnixos

Ponp ekcnmepTHUX CHCTEM Ta TOJIOCOBOTO KEPyBaHHS B Cy4aCHOMY
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Abstract: Positive Energy Districts (PEDs) are a
crucial solution for achieving urban sustainability by
ensuring that districts generate more energy than they
consume. This paper presents a system approach to
analyzing PEDs, focusing on the integration of
digitalization, data modeling, and stakeholder
collaboration. The study explores whether PEDs should
be considered as objects or systems, and how this
distinction impacts energy management and stakeholder
engagement. A system approach considers the dynamic
interactions between buildings, energy systems, and
users, enabling optimized energy balance at the district
level. The methodology emphasizes the integration of
data, simulation, and real-time energy management,
supported by collaboration  between  municipal
authorities, energy experts, and residents. The approach
was implemented in the "SIMPLY Positive" project,
analyzing PEDs across Europe and offering strategies for
overcoming technical, economic, and regulatory
challenges.

Keywords: Positive Energy District, system, object,
attribute, digitalization.

|. INTRODUCTION

Positive Energy Districts (PEDs) represent a forward-
looking solution to achieving urban sustainability goals
by ensuring that districts generate more energy than they
consume. This shift is not only crucial for reducing
greenhouse gas emissions but also for ensuring energy
security in rapidly urbanizing regions. A system approach
to the analysis of PEDs is vital to account for the
complex interrelations between buildings, energy
systems, and environmental factors. This paper explores a
structured system methodology for analyzing PEDs,
focusing on the integration of digitalization, data
modeling, and collaborative frameworks between
stakeholders to optimize the energy balance.

PEDs aim to not only balance energy supply and
demand at a district level but to create energy-positive
environments where surplus energy can be fed into the
grid or used for other purposes. The complexity of
achieving this requires the integration of advanced
technological solutions and a detailed understanding of
the energy flows within urban environments. Thus, the
need for a system approach to analyzing PEDs is evident
as it combines different methods, data sets, and
stakeholder roles to ensure successful implementation
and optimization.

The relevance of Positive Energy Districts (PEDs) has
grown substantially in light of global climate goals and
the urgent need to decarbonize urban environments.
Recent studies have emphasized PEDs as crucial in urban

sustainability, targeting energy balance and local
renewable energy generation [1], [2]. However, critical
gaps persist in how PEDs are approached in research.
Existing models often focus on PEDs as static objects or
isolated technological solutions [3], [4], overlooking the
systemic interrelations between energy infrastructure,
governance structures, and user behavior. This
fragmented perspective limits the scalability and
efficiency of PEDs in dynamic urban environments.
Moreover, while advancements in digitalization and real-
time data monitoring have been recognized as key to
optimizing energy systems [5], many frameworks still
fail to incorporate a truly integrated approach that unites
stakeholders and accounts for both temporal and spatial
variables [6]. Addressing these research gaps is vital for
overcoming the technical, economic, and regulatory
barriers that hinder PED implementation and for ensuring
their scalability in diverse urban contexts. The lack of
such integrated approaches restricts the adaptability of
PED:s to the changing demands of urban energy systems.

This paper aims to develop a structured system
approach for analyzing PEDs, emphasizing the
integration of digitalization, energy modeling, and
collaborative stakeholder frameworks. By treating PEDs
as dynamic systems rather than static objects, this study
seeks to provide a framework methodology to optimize
energy performance and resilience, ensuring adaptability
to varying urban conditions.

I1. 1S PED AN

When analyzing a PED, an essential question arises:
should we consider it an object or a system? The
classification of PEDs as either an object or a system has
significant implications for the analysis and stakeholder
involvement. While there are numerous approaches to
identifying stakeholders, most models highlight the
involvement of buildings, energy generation units,
residents, and governance structures. The distinction
between considering PEDs as objects or systems impacts
how these stakeholders are engaged.

If PED is treated as an object, the involvement of
governance structures is minimized, and while residents
remain external to the analysis, their actions indirectly
influence energy flows within the district. On the other
hand, when PED is viewed as a system, there is a
dynamic interaction between components, including
energy users, buildings, and governance structures, which
leads to a more holistic understanding of energy
management and sustainability.

According to system theory, an object is a distinct
entity with clearly defined boundaries, unique identity,
state, and behavior [7]. In contrast, a system is a

“OBJECT” ORA “SYSTEM” ?
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collection of interconnected components working
together to achieve a shared goal or perform a specific
function [8]. This conceptual difference is critical for
how PEDs are modeled and analyzed. Table 1 provides a
comparative analysis of the key characteristics of objects
and systems [9].

TABLE 1. CHARACTERISTIC FEATURES OF “OBJECT”
AND “SYSTEM”

Attribute | Object System
A separate A set of interconnected
entity with a :
. S components working
Definition | unique identity,
together toward a
state, and
: common goal
behavior
Determined by the
Identity Unique in itself | interaction of
components (objects)
. Always aimed at
It may have its 2 .
Purpose achieving a collective
own goals .
goal or function
Defined by Described by the state
State roperties of all components and
prop their interactions
Described by Defined by functions
. ; and processes
Behavior | actions or f
methods performed by
components

In the context of PED analysis, this distinction
influences the overall approach to energy management.
Table 2 presents examples of the attributes of PED as
both an object and a system.

TABLE 2. COMPARISON OF ATTRIBUTE CONCEPTS FOR
OBJECT AND SYSTEM

Attribute | Object System
Defined by _Charact_erlzed by the
. interaction among
. physical o
Identity - buildings, energy
characteristics and . ;
units, residents, and
components
governance
To functionas a Dynamic,
physical space that | multifaceted, aimed
Purpose generates more at sustainability,
energy than it energy efficiency,
consumes and resilience
Refers to its current A c_iynamlc Measure
. of its overall
State physical and energy
L performance and
characteristics .
operational status
Changes in its Encom_passes
. . ynamic processes
Behavior | physical state over . X
time and interactions
within the district

Understanding whether PED is an object, or a system
has practical implications. For example, treating PED as
an object might focus on optimizing individual energy
generation units or buildings. Conversely, treating PED
as a system encourages an integrated approach, where the
interaction between various components (e.g., smart
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grids, energy storage, and residents' behavior) is key to
achieving positive energy goals.

I11. SYSTEM APPROACH OVERVIEW

A system approach to PED analysis involves
considering all key components within a district,
including buildings, energy infrastructure, climate

conditions, and user behavior. The analysis should be
conducted across various scales, from individual
buildings to entire neighborhoods, taking into account
both temporal and spatial variables. One of the critical
steps in this system approach is identifying the necessary
data inputs for modeling energy balances and integrating
various data sources.

Data sources required for PED analysis typically
include building characteristics, renewable energy
generation potential, weather data, and occupancy
patterns. The methodology should allow for the
collection and integration of real-time and historical data
to capture dynamic changes in energy demand and
supply. A combination of Geographic Information
Systems (GIS), Building Information Modeling (BIM),
and energy management platforms can be used to ensure
accurate simulation of energy flows within the district.

The proposed system approach also emphasizes the
importance of collaborative efforts between district
representatives, energy experts, and  municipal
authorities. This collaboration is essential for the
successful collection of data, refinement of energy
models, and alignment with district energy goals. By
involving multiple stakeholders from the outset, the
system approach ensures that PEDs are designed with
both technical and social considerations in mind.

IV. METHODOLOGY

The methodological approach to Positive Energy
District analysis is based on the systematic integration of
data, modeling, and active stakeholder engagement, all of
which are essential to achieving sustainable energy
balance goals. This study identifies four key stages: data
collection and integration, energy balance modeling and
simulation, establishing a collaborative stakeholder
framework, and leveraging digitalization and real-time
data utilization. These stages were chosen because each
plays a critical role in building an accurate and effective
energy management system at the district level.

1. Data Collection and Integration:
The foundation of the PED analysis system is
the integration of multiple datasets that cover
general building characteristics (e.g., year of
construction, materials, insulation), energy
systems (HVAC, renewable sources), and
environmental ~ factors  (weather  patterns,
shading, orientation). These datasets are
gathered from various sources, including local
databases, satellite imagery, and monitoring
systems. GIS and BIM platforms play a critical
role in managing spatial and structural data,
ensuring that every building’s energy usage and
potential are accurately modeled within the
district's energy framework.

2. Energy Simulation and Modeling:
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The second step in the methodology involves
energy simulation, where software tools such as
EnergyPlus or TRNSYS are employed to model
the energy flows and performance of the district
under different scenarios [10]. These models
must consider the interactions between
buildings, renewable energy installations (solar
panels, wind turbines), and the grid. A system
approach ensures that the energy balance is
calculated not just at the building level but also
at the district level, optimizing the overall
energy performance.
3. Collaborative Frameworks:

A system approach to PED analysis requires the
active involvement of district stakeholders,
including municipal representatives, energy
providers, and building managers. Collaboration
is key in obtaining accurate data, securing buy-
in for energy-saving initiatives, and aligning
PED goals with broader urban sustainability
objectives. In regions with low digitalization,
district representatives play a larger role in
manually collecting data and providing insights
into local energy use patterns.

4. Digitalization and Real-Time Data
Utilization:
In highly digitalized districts, real-time data
from smart meters, sensors, and energy
management  systems can be used to

continuously monitor and adjust energy use in
response to changing conditions. This level of
digitalization allows for dynamic energy
management, where systems can respond to
fluctuations in demand or renewable energy
supply in real-time.

V. RESULTS

The described systematic approach was realized in the
research project "SIMPLY Positive" [11], which
encompasses the characterization and analyses of four
focus districts: Grofschonau (Austria), a district in
Settimo Torinese (ltaly), a district in Resita (Romania),
and the central part of the Amsterdam (Netherlands).

The project emphasizes a systemic approach,
combining urban planning, energy technologies, and
social engagement to ensure that districts not only
achieve energy positivity but also contribute to overall
urban sustainability. One of the key outcomes of the
project is the identification of strategies to overcome
technical, economic, and regulatory barriers, fostering
collaboration between municipalities, industry, and
citizens. The project also provides tools and guidelines
for cities to plan and implement PEDs, helping accelerate
the transition towards climate-neutral cities. By applying
a holistic framework, Simply Positive addresses
challenges such as grid integration, local energy storage,
and dynamic energy balancing, ensuring that PEDs can
operate efficiently within broader urban and regional
energy networks. This systemic approach highlights the
importance of cooperation among stakeholders and the
need for adaptable, scalable solutions that can be
customized to different urban contexts.
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V1. CONCLUSION

A system approach to Positive Energy District analysis
integrates data, digital tools, stakeholder collaboration,
and scenario planning to create sustainable, energy-
positive urban environments. By combining advanced
digitalization with structured methodologies for data
collection, simulation, and stakeholder engagement, this
approach ensures that PEDs can be optimized for energy
efficiency while remaining adaptable to future
challenges. The distinction between PED as an object or
a system plays a significant role in determining the
complexity and scope of the analysis. The system
approach outlined in this paper provides a robust
framework for achieving sustainability goals in urban
energy management, ensuring that PEDs not only meet
today’s energy needs but are also prepared for the
challenges of tomorrow.
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Po3poOka AUHAMIYHOTO MPEACTABICHHS IMapaMeTpPiB
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Dmytro Gurint

1. CITAR Department, Kharkiv National University of Radio Electronics, UKRAINE,
Kharkiv, Nauki Ave. 14., e-mail: dmytro.gurin@nure.ua

Anomauyin: Y naniii poOOTI MOCHIPKYETHCS MTUTAHHS
PO3BUTKY JIMHAMIYHOTO TMPEJCTABICHHS MapaMeTpiB

MOJIeTi, sKa OINHUCYE HABKOJHUINHE  CEPEIOBHIIEC
KoJoOopaTuBHOrO pobora. Po3risHyTi MeTomm Ta
TEXHIKA COPSAMOBaHI Ha CTBOPEHHS CHCTEM, IO

3a0e3meuyoTh po0OTaM 3aTHICTh aJANITYBATHCS JI0 3MiH
y peaJbHOMY uYaci, ONTHMI3YIOUH IX B3aEMOJII0 3
OTOYECHHSM Ta MiJABUINYIOYM 3arajbHy MNPOIAYyKTHBHICTH
POOOTOTEXHIUYHMX CHCTEM.

Kniouosi cnosa: Ianyctpis 5.0, KomabopaTtusHi
pobotu, [luHamiyHe cepemoBHUIE MOOUIEHOrO po0oTa,
Cencopu.

. BcTvin

VY cBiTI pPOOOTOTEXHIKM Ta IITYYHOTO IHTEJIEKTY
3pOCTa€e 3HAYYIIICTh PO3BUTKY KOJIOOOPATUBHHUX POOOTIB,
AKi  B3a€MOLIIOTH 3 JIIOABMHM T4  HABKOJIMIUHIM
cepepoBuiieM. OJHUM 13 KIIOYOBHX acCIEKTiB IX
e(eKTUBHOCTI € 3JaTHICTh pealli3yBaTH aJalnTHBHE Ta
JMHAMIYHE  yNOpaBiIiHHA HAa  OCHOBI  IapamerpiB
HaBKOJIMIIHBOTO cepenoBumia. lle Bumarae po3poOku Ta
IMILUIEeMEHTAliT METOMIB, W0 JAO03BOJSIIOTE PoOOTaM
3MIHIOBaTH CBOIO MOBEIHKY Ta Aii B 3aJIE)KHOCTI BiJl 3MiH
y CepeoBHILI, IO X 0TOYyeE. B CBOIO uepry 1ie J03BOJIsIE
3pobuti poboye cepepoBHIle KOIOOOPATHBHOTO POOOTa
O1bII OE3MEeUYHUM IS JIIOIMHM.

I1. IMHAMIYHE TTPEJICTABJIEHHS ITAPAMETPIB
MOJEJII OITUCY HABKOJIMIIIHBOI'O CEPEJOBUINA
KOJIOBOPATMBHOI'O POBOTA

Po3pobxa MOJEIEH JMHAMIYHOTO OHOBJICHHS
mmapaMeTpiB y MOJeli KOIabopaTHBHOTO IPOMHCIOBOTO
pobota, moTpebye BIPOBAIWTH MAaTEMATHYHI MOJENI Ta
QITOPUTMH, SIKi JO3BOJSIOTH AQNaNTyBaTHCA 1O 3MIiH Y

cepemoBumi abo B poboti cucremu. lle wmoxna
peamizyBaTH  3a  JONOMOTOI0  Di3HHX  HIOXOIIB,
BKIIIOYAIOYM  QITOPUTMHU  AJANTUBHOTO  YIIPABIiHHS,

MaIIMHHOTO HAaBYAHHSI Ta aJalTUBHOI (pijbTpartii.

JI71sl IMHAMIYHOTO OHOBJIEHHS po6040oro mpoctopy R?,
MIPOIOHYETHCS BUKOPHCTOBYBATH aJallTUBHI alTOPUTMHU
JUTSE MOHITOPHHTY 3MiH Y CepeIOBHILII:

R3(t) = R¥(t — 1) + AR®(1) @

Jle: R*(t) - TpuBMMipHHii IpOCTip HA MOMEHT Yacy t;

R*(t — 1) - TpuBMMipHHII TIPOCTIp HA MOMEHT Yacy
t — 1, omucye TPUBHMIPHHI TPOCTIp HA MONEPEAHBOMY
MoMeHTI dacy. lle 6a3oBa Touka, 3 SKOi BiIOYBa€eThCs
004YHNCIIeHHS 3MiH.

AR3(t) - mpexcrapise co0OK 3MiHM B POGOYOMY
MPOCTOPi HA MOMEHT Yacy [, siKi MOXYTh OyTH OLIIHEHi 3a
JIOTIOMOTOI0 CEHCOpiB abo cucremu MoHiTopuHTy. To O
TO BimOOpakae Pi3HMIIO a00 3MiHHU, sKi BiIOYyJHCS B
TPUBUMIPHOMY MPOCTOPI Mi’K MOMeHTamu 4acy [ — 1 ta
t. Lli 3MiHM MOXYTb OyTH BHKJIHMKaHI pyXaMH O0'€KTiB,
3MiHAMH B [epuMeTpax Oe3neku abo  iHIIUMHU
(akTopamu.

Ouinka AR?(t) Moxe 3iHCHIOBATHCS 32 JOTIOMOTOKO
pi3HMX  CeHcopiB, sKi 3a0e3nedyyloTh JaHi  Tpo
HAaBKOIMIIIHE ~ cepenoBuiie. SIKi MOXHa  OmHCATH
HaCTYITHUM YHHOM:

- 3D — ckaHepH, I03BOJISIIOTH 30MpPAOTh JaHi MPO
TPUBUMIPHY T'EOMETpil0 HABKOJMIIHBOTO CEpPEIOBHUIIA
KOJIOOOPATHBHOTO MMPOMHKCIIOBOTO poOoTa MaHiMmymsaTopa,
IUSIXOM ~ TOPIBHSHHS  3HATI  JlaHi 3 THONEpeIHIMU
CKaHyBaHHSIMHM JUI BU3HAUYGHHS 3MIH Y CepeloBHIII,
MOZENb TaKkoi OLIHKM MOXKHA MPEICTaBUTh HACTYIHHUM
YHHOM:

AR?(t) = Data’ — Data?P; 2

Ue: Data?” - € panumu, otpumanumu Big 3D —
CKaHepa Ha MOMEHT 4acy t

Data}”, - € naHuMu Ha MONEpPeHBOMY MOMEHTI 4acy
t—1.

- Light Identification, Detection and Ranging (LIDAR)
BHUKOPUCTOBYIOTh JIa3epHI IMIYJIBCH Ul BH3HAYCHHS
BiJICTaHI 10 O0'€KTiB i CTBOpEHHS TOYHUX TPHUBUMIPHUX
KapT, JO3BOJISIE TPOBOIWTH aHANI3 MAHWX 3 JIiJapHUX
CKaHepiB U1 BU3HAYEHHS 3MiH Y PO3TallyBaHHI 00'€KTIB,
MOZENb TaKoi OIIHKMA MOXKHA NPEICTABUTh HACTYITHHM
YHHOM:

AR?(t) = Datal'P4R — Datal/DAR 3)

Jle: Datal™™*® - ¢ nanumu, otpumannmu 3 LIDAR Ha
MOMEHT 4acy t,

DatafiglAR
t—1.

- kamepu (2D abo 3D) 36mparoTh 300paxkeHHS abo0
BiJleO UIA BHUSBICHHA OO'€KTiB 1 iX 3MiH y MHpOCTODI,

JIO3BOJISIIOTh BUKOPUCTOBYBATH METOIM KOMII'TOTEPHOTO
3opy Ta I mnst TpekiHry oO'€KTiB 1 OIHKH IXHIX

- € JTaHWMH Ha TOTEePEJHHOMY MOMEHTI 4acy
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HepeMiHIeHB, MOJIETb TaKOi OHiHKI/I MOXXHa MPEACTAaBUTH
HAaCTYITHUM YUHOM:

AR?(t) = Dataf*™ — Dataf™" 4)

He: Data;™™ — no3uiis 00’ €KTy 10 JaHKUM OTPUMAHUM
3 KaMepu Ha MOMEHT 4acy t;

Data;™7 - mo3uiis 00’€KTy OTpHMaHi 3 KaMepu Ha
rorepeIHOMY MOMEHTI 4yacy t — 1.

- ceHcopu BiacTtaHi (YJbTpa3ByKOBi, Jla3epHi, 1.T.7 )
(Serns) BUMIPIOIOTH BiJICTAHB JI0 OO'€KTIB Y pealibHOMY
Yaci, To 0 To 30MpalOTh NaHi Mpo 3MiHM Yy BIJCTaHAX 10
00'eKTiB /IS OI[IHKM 3MiH Yy CEpEJOBHII, MOJIENb TaKol
OIIIHKU MO>KHA TPE/ICTABUTH HACTYITHUM YHHOM

AR®(t) = Data*™ — Data*}® 5)

Hle: Data;*™ BIZICTaHb 7O OO0’€KTy MO JaHUM
OTPUMAaHKM 3 CEHCOpa Ha MOMEHT 4acy t;

Sens : > :

Data;?’y — BifcTaHb 0 00’€KTy OTpPUMaHi 3 CEeHCOpa
Ha ToTNepeIHbOMY MOMEHTI yacy t — 1.

Ha ©0a3i 2-5 MoxHa IIpeAcTaBUTH
TPUBUMIPHOMY IPOCTOPI MOXKHA OIUCATH SIK:

3MIHH Y

AR?(t) = (Data??, Datal’4®, Datat™™, Data ™) —

—(Data??,, Datat™5*®, Dataf®}, Data

He: DatafD, Datafwm, Data;™", Datafe’“ - € JaHNMH,
OTPUMAaHHUMH BiJl CEHCOPIB HA MOMEHT 4acy (;

Data?fl, Datafiﬂl“, Data;™7, Datafi”f - € JaHHMH

OTPHMAaHUMH Ha MOMEPeIHHOMY MOMEHTI yacy ¢t — 1.

KomOiHyBaHHST I1MX JaHHUX JIO3BOJISIE  aJalTHBHO
OHOBITIOBATH omuc TPUBUMIPHOTO IpoCcTOpYy,
BpPaxoOBYIOUM 3MIiHM Yy CEpelOBHINI, 1 3a0e3neuuTd
TOYHICT, 1 e(EeKTUBHICTL POOOTH KOJAOOPATHBHOTO
po6oTa MaHimyJIsTOpAa.

PobOoua 30Ha ([J) MOXe AMHAMIYHO 3MIHIOBATHCS B
3aJIeKHOCTI BiJl 3MiHM O0'€KTIB y MpoCcTOpi abo 3MiH Y

nepumerpax Oesmneku ()
HACTYITHUM BHPA30M:

safe) T& MOXe OyTn onmcana

D(t) = D(t — 1) U AD(t) 7)
He: D(t) - poboya 30HA HA MOMEHT 4Yacy [, OMHUCYE
MpOCTip, B SKOMY IIpamioe poOOT, BKIIOYAIOYM BCi

o6'extH (1) Ta mepumeTpu Oe3nexu (Q,, ¢, ), AKI MOXKYTb

safe
BIUBaTH Ha Horo mii. lle moxe Oytn oOmexena
0o0macTb, B SKi MAaHITyJIATOP BHUKOHY€E 3aBIAHHS, 3
ypaxyBaHHSM yCiX HOBUX 00'€KTIB 1 3MiH y CEpeIOBHIIIL;

D(t — 1) - poboua 30Ha HAa MOMEHT Yacy t — 1, ommcye
pobody 30HY Ha TomepeaHbOMy MoOMeHTI dacy. Lle
0a30Ba TOUKa, 3 K01 BiIOyBa€eThC 00UMCIICHHS 3MiH;

AID(t) - 3MiHK B poOOUii 30HI HA MOMEHT 4acy t, sKi
MOXyTh OyTH ommcaHi SK HOBI abo 3MiHEHI oOmacTi
pobodoro mpoctopy, To 0 TO BimoOpa)kae HOBiI 00'€KTH
a00 3MiHU y HasSBHHUX 00'€KTax, IO 3'SBHIHCH a00 Oy
3MiHEHI B poOodiif 30HI M MOMeHTamH dacy t — 11 t.
e moxxe OyTH, HaNIpUKIIaA, HOBHIA 00'€KT, IepeMilIeHIHA
00'exT a00 3MiHa B IEpUMETPax Oe3MeKu.
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(6)

Junamiuna po6oua 30Ha (ID(t)) Moxke OyTH OImIcaHa K
CHUCTEMa, MO IMOCTIHHO OHOBJIOETHCS Y BIAMOBIL Ha
3MiHM B cepefoBuii (AD(t)). OHOBIEHHS MOXe
BinOyBaTHCh y peaJbHOMY 4Yaci 3aBISKH JaHUM 3
ceHcopiB 1 kamep (2-5), sKi BIACTeXYIOTb 3MIiHH B
cepefoBuili. B Hacminok doro AIN(f) B paMKax JaHUX
JIOCITIPKEHb MOYKHA ITPEJICTABUTH HACTYITHUM YHHOM:

- 3D-ckanmepum Ta Jimapu 30UpalOTh JaHi PO
TPUBUMIPHY T€OMETpIIO CEpeJOBHIIA, BU3HAYAIOUN HOBI
o0'ektn abo 3MiHM Yy posramyBaHHi o0'ektiB. Hosa
iH(opMarlis, oTpuMaHa Bij ckaHepiB abo JimapiB, MOXxe
OyTH IpencTaBlieHa SK JIOJATOK JI0 MONePeHbOl 30HH Ta
MoyKe OyTH onrcaHa HACTYITHUM YHHOM:

AD(t)= (3D, LIDAR (8)

new
Jle: Q3DHPAR - yopi  of'extu abo 3MiHM Y
posTamryBaHHi 00'eKTiB, OTpUMaHa BiJ CKaHepiB abo
Jiiapis,

- kamepa (-u) 30HMparoTh 300pakeHHs ab0 Bimeo I
BUSIBJICHHSI HOBUX 00'€KTiB ab0 3MiH y cepenouti. Hosi
abo 3MiHEeHI O00'€eKTH, BUSBJIEHI Ha 300paKCHHSIX,
JIOZIAI0ThCSL 10 poOovoi 30HM Ta MoOXe OyTH OIHcaHa
HACTYITHUM YHHOM:

AD(t)=Qoar 9)

new

He: Q2™ - HoBi 00'ekTH 2060 3MiHM y pPO3TalllyBaHHI
00'eKTiB, OTpHMaHa 3 KaMEpH;

- CEHCOpHU BIJCTaHI BUMIPIOIOTH BiJICTaHb JI0 O0'€KTIB,
[0 JO3BOJISIE BUSBUTU HOBI 00'¢kTH ab0 3MiHM B IX
po3TailyBaHHi, HOBI JlaHi BiJl CEHCOpIB BiJCTaHi
BHOCSITbCSL B po0OYy 30HY, Ta MOXKe OyTW oIucaHa
HACTYITHUM YMHOM:

AD(t)= Q%" (10)

new

He: ;7" - HOBI 00'ekTH ab0 3MiHM y PO3TallyBaHHI
00'eKTiB, SIKI OyJIM OTPUMaHI 3 CEHCOpIB BiJCTaHi;
BHachmigok 4oro MaremMaTHYHHR ONUC JAUHAMIYHOI
po6oU0i 30HM, MOXKHA OTPUMATH HUIIXOM MOJEpPHI3aIlii
BHUpa3y 7 Ta BHUKOpUCTaHHA BupasuB 8-10, pesympTar

JIAHHOM PIIICHHS IPUBEICHO HIIKYE!

D(t) = (Data??,, Datat54®, Datal™}, Data;®" aﬁiﬁ;ﬁw‘m

3D,LIDAR
t—1

\Removed (Q , Q0T Q)

. 3D LIDAR cam Sens _
He:  Data,”,, Data, """, Data;"7, Data;”’ e
poboua 30Ha KamaOpaTUBHTO POOOTa MaHIIyIATOpa Ha
MOTIepeIHiii MOMEHT dacy, BCi 00'ekTH i obmacti, sKi
Oynu akTyalbHMMH Ha MOMEHT f — 1, ¢opMansHO Ie
po3umpene npeacrasinens (¢ — 1) 3 Bupazy 7;
3D,LIDAR cam sens : ( :
Qg 0, Qe Q070 - He HOBi 00'ekTH, fKi Oymm
IOoJaHl 10 p060q0'1' 30HM MDK MOMeHTamu vacy £ — 11 ¢,
BHACIIJIOK IIHOTO - 00'€KTH 3'SBIUIMCH y poOOUiif 30Hi 1 iX
HeoOXiTHO TOJIATH IO TIONepeTHbOI 30HHU, (POpMAITBHO 1Ie
posumpene npeactaBieHss AD(t) 3 Bupazy 7;
3D,LIDAR ~cam ysens " :
Removed (0, Q0T Q) - me ob'extH, sKi
Oyau B poGouiil 30HI panime (Ha MOMEHT wacy t — 1),
aje Temep OUTBIIE HE € YacTHHO 30HU. Lle Moxe OyTn
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Yepes Te, 0 00'eKTH IepeMicTuimcs, Oyiu BuaajieHi abo
OiJIbIlIe HE € aKTyaJIbHIMHU.

Buxonsaun 3 11
Data?fl, Datafiﬂl“, Data;™7, Datafi”f u

3D,LIDAR cam sens
Q‘new ? Qnew’ Q‘new

- omepauisi 00'eIHAHHS ABOX MHOXXHH — IONEPEIHBOI
pobouoi 30HM Ta HOBUX 00'ekTiB. Lle cTBOpIOE OHOBIIEHY
MHOXHHY 00'€KTiB, 5IKi € B poOOUili 30HI HA MOMEHT [,

BKJIIOYAIOUH HOBI 00'exTH, a Removed
3D,LIDAR cam sens 1 1 1
(o3t , Q5 QFeny oreparist Pi3HUAI[ MHOKHH

BHJAJIAE O0'€KTH, sAKi OIbIIC HE € YaCTHHOK pPo0OO0YOi
30HM. ToOTo, 3 pesynbrary o00'eHaHHSA (3 HOBUMH
00'eKTaM¥) BUJAIAIOTHCS Ti 00'€KTH, SKi OyJIM BUIAJICHI
a0o OiybIle HE aKTyaNbHi.

[MpuBenemo mnpuknan sk 11 go3Bonsie JAWHAMIYHO
OHOBJIIOBATA POOOYY 30HY, aNANTYI4d I JO 3MiH Y
CEpelIOBHUII KOJI00apaTiBHOTO pPO0OTa MAaHIMyJIATOpA.
[punyctumo mo, poboya 30Ha KajgaOpaTUBHIO poOOTa
MaHIyJiATOpa  HA  [MOMEPeNHid  MOMEHT  4Yacy
D(t —1) = {A,B,C} Mae HacTynHi O0’€KTH , TaKOX
HPUIYCTUMO nosiBy Q70" = {D, E} - 1le HOBi 00'€KTH, 5IKi
Oynu jponaHi 10 poOo4oi 30HM MK MOMEHTaMH Hacy
t—11t, npu oMy 00'€KT MOKHHYB poOouy 30HY {B},
Ta Oinelie He € 1 yactmHoro. Toxi BigmosigHo g0 11,
ob'emnanns:  {A,B,C}u{D,E} = {A,B,C,D,E}, a
sunaneHus {A,B,C,D,E}\{B}=1{4,C,D,E}. Taxum
YHHOM, Ha MOMEHT [, poboua 30Ha D(t) Oyzae BKIOYATH
o0'exktn {A,C,D,E} Bukmouatouun o0'ekTH, siki Oyim
BU/JIaJIeHi. 3anpornoHoBana Mozeib 11 Ha 6a3i 7 1o3BoJisie
JMHAMIYHO OHOBJIIOBATH POOOYY 30HY, aJanTyoud 1 10
3MiH Y CEpEIOBHILi, L0 € BXJIMBUM JUIi TOYHOCTI 1
Oesriekd  poOOTH  KONAOOPATUBHHUX  IPOMHCIOBHX
poOOTIB.

Mogenb auHaMikd 00'€KTIB B IPOCTOPI, Oa3yeThesi Ha
Moziesli 00'€KTH B IIPOCTOPi (1, Ta MPEACTaBIIAE COOOIO K
obmacTi 3 TEBHHMMH TE€OMETPHYHMMH dopmMamu 1
pO3MipaMH, MaTeMaTHYHE OMHCAHHS SKUX HMPUBEICHO B
noaatky B. JInst AMHaMIYHOTO OHOBJICHHSI PO3TALITYBaHHS
00'€KTiB ();, IPOIIOHYETHCS BUKOPHCTOBYBATH aJITOPUTMH
TPEKiHT'y 00'eKTiB. BUXOs4H 3 1IbOr0 MOJIEIb JUHAMIKA
00'ekTiB B poOO4Yil 30HI KOJApaTIBHOrO poOOTa
MAaHIMmyJsTopa MOXHA MPEACTABUTH B HACTYIHOMY
BUTJISIIL

Q,(t) = a,(t—1) + 20,(t 12)

Jle: Q,(t) - MHOXuMHA 06'eKTiB y MPOCTOPi HA MOMEHT
gacy t, me craH O0'€KTiB y HPOCTOpi HAa IMOTOYHHUHA
MOMEHT 4acy t, Ta BKJIIOYa€ BCi 00'€KTH, sKi € Y poOouiii
obmacTi K00OpaTiBHOTO poO0Ta MaHINYIATOpa Ha Iel
MOMEHT;

Q,(t — 1) - MHOXHHA 0G'€KTiB y IIPOCTOP] HA MOMEHT
gacy t — 1, € ctaH 00'€KTiB y MPOCTOpPi HA TMOIEPETHIH
MOMEHT 4acy t — 1, e 6a30Ba MHOXWHA 00'€KTiB, 3 SIKOT
MOYNHAETHCS] OHOBJICHHSL.

AQ; (t)- 3MiHa B MHOKHHI 00'eKTiB 3a mepiog Bigx t — 1
g0 t, ToOTO HOBI 00'€KTH, SKi 3'IBUIMCH, a00 3MIHH B
icHyrounx 00'extax. To 6 TO 1€ PI3HUIIA MiXK IIOTOYHUM |
morepenHiM cTaHoM 00'ekTiB. BoHa Moke BKITIOYATH
HOBI 00'€KTH, fKi 3'IBUINCH, 200 3MIHH Y BIaCTHBOCTSX
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iCHylounx o0O0'€KTiB (HarpuKial, TNepeMillleHHs, 3MiHa
po3Mipy, 3MiHa CTaHy).

Mopens 12 omucye, SK OHOBIIOETHCS MHOXHHA
00'€KTIB y TIPOCTOPI 3 YacOM, II€ JO3BOJIIE BPaXOBYBATH
MUHAMIYHI 3MIHH B CEpEJOBHINI, TakKi SK JOJaBaHHS
HOBUX 00'ekTiB abo0 3MiHM B icHyroumx. [IpuBenemo
MaTeMaTHYHIA OMHC, MHOXKHHA O0O0'€KTIB Ha MOMEHT t

MOXKeE OyTH onucaHa SIK
D‘i (t) = {ch Qc_v’ Qco" ch' "= qu}a ac
Q. Q0 Q-+, Q,, - o0'ekTH B TIPOCTOPI,  SIKI

Ipe/CTaBieHi K 00JacTi 3 NMEBHUMH T'€OMETPHYHHMH
dbopMamu 1 po3MmipaMu, BiIIOBiMHO A0 2.6. 3MiHH B
o0'ektax AQ;(t) Moxe OyTH po3JiieHe Ha JBa THIHU
3MiH: HOBi oO'ekTm AQ; (t) Ta oO'exT, ski Oymm
BHJaleH] abo 3MineHi AQ; (t). Toxmi:
AQ, () = AQf (H) U AQ; (1) (13)
Buxomsun 3 12 ta 13 oHOBJIEHA MHOXHHA OyJe MaTH
HaCTYTHIHN BUA:

Q,(t) = o,(t — 1) uAQ] (D\AQ] (D) (14)

ne: Q,(t—1) - MHOKMHA 06'ekTiB y mpocTopi Ha
MOMeHT 4acy ¢ — 1, € craH 0O0'eKTiB y mpocTopi Ha
MOIMepeIHiii MOMEHT 4Yacy t — 1, me 0a30Ba MHOXHHA
00'€KTiB, 3 SIKOT TOYMHAETHCS OHOBJIEHHST,

AQ} (t) - HOBI 00'exTH B poOOUil 30HI KOIabpaTiBHOIO
poboTa MaHInynsATOpA;

AQ; (t) - ob'extH, siKi Oymu BumaeHi abo 3MiHeHi B
pobouiii 30H1 KoJlapaTiBHOTO poOOTa MaHIITyJIsITOpA.

SIk TmpuKian, TPUIYCTUMO, IO pPOOOoUid 30HI €
HaCTYIHI o0'ekTH, Ha MOMEHT t—1:
Q,(t 1) ={A,B,C}, HOBi 00'¢kTH Ha MOMEHT t(:
AQ} (t) = {D} Ta o0’exktn, sAki Oymu BunaneHi a6o
3MiHeHI Ha MOMeHT t: AQ; (t) = {B}. Toxi BianosizHO
1o 14 MaeMo HACTYIIHY OHOBJICHY MHOXKEHY':

o,(t) = {A,B,C} U (D)\(B} = {4,C,D} (15)

TakuM 4MHOM, HA MOMEHT 4acy t, 00'ekTiB B poOouiii
30HI  KOJapaTiBHOrO poboTa MaHimynsrtopa Oyne
{A,C,D}, ne o0’ext B OyB BupaleHui, a o0'ekt D OyB
IOJAaHUM.

[pumyctumo, 0 KOJI0OOpaTUBHUHN poboTt
MaHIIyJIATOp, SKUH CIOYAaTKy HAaBYMBCS PO3Mi3HABATH
TpH OCHOBHI THUIH OO'€KTiB y poOouiii 30HI. OmHak y
mporieci poboTH poOOT CTUKAETHCSA 3 HOBUMHU 00'€KTaMu
(12), sxi motpibHO po3mi3HaBaTH, ab0 3 HOBUMHU
CUTYAIlisIMH, SIKi BUMAraloTh 3MIHH HPaBHJI YIIPaBIiHHSL

BiamoBimHO TOYATKOBMII CTAaH HaBYEHOI MOIENl Ha
MOMEHT Yacy t — 1 OyJe MaTi HACTYIHIA BUTIIS:
M(t —1) =Q,,Q,,Q, (16)

He: O, — 00’exT po3mi3HaHilH Ik 00IacTi 3
TEOMETPUIHOIO (POpMOTO KYO;

Q, - 00’exT po3Mi3HaHiH K 00JaCTi 3 TEOMETPUYHOIO
(hopmoro muTiHAp;
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€, - 00’€XT po3Mmi3HaHil Ak 001aCTi 3 FeOMETPHIHOIO
(hopMOFO KOHYC.

PoGor 3i0paB HOBI JaHi Ta MNPOHIIOB JONATKOBE
HaBYaHHS JUI1 pPO3Mi3HaBaHHS HOBOTO THIy 0O0'€KTa
(manpuknan, mapaneneninen (£,,)) ad0 HOBHX IPaBUT
MTOBEIIHKU TIPH B3aeMoii 3 M 00'ektoM. Toxi 3MiHHN B
HaB4YaHHI AM (t) OyIyTh MaTH HACTYITHIM BUTIIS;

AM(t) = Q,, + HOBinpaBuJa NOBeJiHKU a7

He: Q. 00’€KT po3mi3HaHId sgK obiacTi 3
TeOMETPUYHOI0 (POPMOIO IPSMOKYTHHI Tapajiesierimne].

Toxi oHoBneHN#t cTaH HABYEHOI MOZENI HA MOMEHT
yacy L, JUIsl JaHHOTO MPUKJIary Oylie MaTh HACTYITHUI
BUTJISIL

M(t) = Q. 0,9, +Q,,, + HOBi IpaBHJIa IOBEIIHKH
I1l. BUCHOBKM

3anponoHoOBaHa MOJCNb JTUHAMIYHHX OO'€KTIB B
poOouiii 30HI KOJIOOOPATUBHOTO POOOTa MAaHIMYJIATOPA,
JIO3BOJISIE CHCTEMi JIMHAMIYHO OHOBJIOBATH CITUCOK
00'€KTIB y CepEHOBHIIL, 110 BXIMBO I 3a0C¢3MCUCHHS
TOYHOCTI 1 aKTyallbHOCTI JaHHX Y pOOOTH30BaHUX
cucrteMax. TakuM 4MHOM, poOOT MaHIMyJSTOP MOCTIHHO
alanTye CBOIO MOJENb Ha OCHOBI HOBHX 3HaHb, IO
JIO3BOJIIE  WOMY  KpaIllle CHOpPaBISTHCS 3  HOBHMH
curyauismu abo ob'ekramu B poOouiii 30HI. lle moxe
OyTH peaii3oBaHO SK YacCTHHA AITOPHUTMIB MAIMHHOTO
HAaBYaHHS, sKi JI03BOJISIIOTh pOOOTY «HABYATHCS i Yac
pobotn, abo  uyepe3  OHOBJEHHS  HPOrPAMHOTO
3a0e3reyeHHs Ha OCHOBI 3BOPOTHOTO 3B'S3KYy Bl
CEHCOPIB 1 CHCTEM YIIPaBJIiHHSL
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Abstract: This paper discusses innovative solutions in the
automation of power grid management aimed at increasing
energy efficiency in Ukraine, particularly in the context of
energy shortages caused by the war. Specific technologies and
their impact on energy security are proposed.
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I. Introduction

Energy is a valuable resource, limited in its
availability. In the modern world, humanity is constantly
seeking ways to improve energy consumption efficiency,
as this issue is not only about savings but also about
responsibility to future generations.

In the context of a global energy crisis, driven by rising
prices and resource depletion, it is important to realize
that our electricity consumption today has a direct impact
on the lives of future generations. The quality of life of
our descendants and their ability to enjoy comfort depend
on the approaches we choose for utilizing energy
resources.

This awareness drives the search for innovative
technologies and solutions that can reduce energy
consumption and lessen the negative impact on the
environment. It is necessary not only to meet the needs of
today but also to leave a sustainable and clean world for
future generations. In this context, the automation of
managing the elements of the power grid is critically
important, as it allows for optimizing energy
consumption and ensuring the effective use of resources,
which, in turn, will contribute to the preservation of our
planet

Il. Overview of Relevance

With the onset of the war in Ukraine, the relevance of
efficient electricity consumption has significantly
increased. The conflict has led to energy shortages,
resulting in numerous power outages. This has created
new challenges for consumers, businesses, and the state
as a whole, as it affects not only the comfort of citizens
but also the economic stability of the country.

In conditions of electricity scarcity, it is essential not
only to reduce consumption but also to implement new
automation technologies capable of significantly
enhancing energy efficiency. In this context, the
automation of managing elements of the power grid gains
particular importance, as it can become a key factor in
ensuring reliable and efficient use of energy resources.

In the context of Ukraine's energy security, it is
important to note that the Energy Security Strategy of
Ukraine emphasizes the need to synchronize Ukrainian
energy systems with European ones, which will allow for
sustainable development of the energy sector, particularly

through the automation of networks. In this regard, the
automation of power grids is one of the key steps toward
achieving a secure and efficient energy system [1].

Analysis shows that the relevance of research and
publications related to the automation of managing
elements of power grids to enhance their energy
efficiency is very high. One of the leading technologies is
Smart Grid. In 1886, the first alternating current power
grid was launched in Great Barrington, Massachusetts. It
was a centralized system managed on demand.

In the 20th century, local networks began to
interconnect to improve efficiency and reliability. By the
1960s, they transformed into large systems supplying
energy from thousands of power plants to industrial and
residential consumers through high-voltage lines.

The rapid increase in demand since the 1970s required
the construction of new power plants. During peak loads,
this led to outages, prompting consumers to demand more
reliable services. By the end of the 20th century, heating
and air conditioning systems had become the main
energy consumers, leading to peak loads during the day.
This increased the costs of maintaining the grid, which
were reflected in tariffs.

In the 21st century, countries like South Korea, China,
India, and Brazil have become leaders in implementing
modern smart energy systems. In the 2020s, the number
of publications on this topic in Ukraine has increased
nearly threefold; a pie chart comparing the number of
publications is presented in Fig. 1.

Fig. 1. Number of Publications in Different Periods of the
21st Century

The diagram shows the number of published articles
on the topic of automation of managing elements of
power grids to enhance their energy efficiency for four-
time intervals. The percentages in the diagram reflect the
share of each interval in the total number of publications
released on this topic in the 21st century.
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Figure 2 presents a diagram demonstrating the
dynamics of the number of published articles over the
period from 2020 to 2024.

Fig. 2. Number of Publications in Recent Years

As can be seen from the figures, the number of
publications continues to grow. According to the Energy
Security Strategy of Ukraine, about 50% of Ukraine's
power grid is in a state of disrepair, significantly
complicating its operation. This situation necessitates the
implementation of innovative solutions, such as
monitoring and automation systems, which can help
restore and optimize the functioning of the networks. The
automation of networks will reduce the load on the aging
infrastructure and enhance its efficiency [1].

Automation of managing elements of power grids to
improve energy efficiency encompasses several key
areas. One of these is smart grids (Smart Grid), such as
ABB Ability and Siemens Spectrum Power. ABB Ability
enables the automation, optimization, and resilience of
operations across Vvarious sectors, increasing the
reliability and efficiency of energy networks [2]. Siemens
Spectrum Power specializes in reliable and efficient
management of energy markets, allowing for the
integration of various energy sources and real-time
management [3].

Another area is substation automation. Schneider
Electric’s EcoStruxure solution allows for monitoring
and remote control of key components of the power grid,
significantly enhancing its operational efficiency [4]. GE
Grid Solutions provides solutions for the transmission
and distribution of energy, facilitating continuous energy
supply and minimizing losses [5].

In the field of demand response management, notable
solutions include Oracle Utilities Opower and Enel X
Demand Response. Oracle Opower employs artificial
intelligence and behavioral technologies to influence
consumers, helping them reduce energy consumption
through analysis and information [6]. Enel X Demand
Response enables consumers to adjust their energy
consumption based on the state of the grid, helping to
reduce load and increase stability [7].

The integration of renewable energy sources is an
essential component of modern power grids. Schneider
Electric's Advanced Distribution Management System
(ADMS) provides automatic balancing of energy flows
and minimizes losses, allowing for the effective
integration of solar and wind energy [8]. Siemens'
Decentralized Energy Management integrates
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decentralized energy sources, optimizing their use and
increasing grid flexibility [9].

Particular attention should be paid to real-time
monitoring and control systems. With solutions like
Honeywell Energy Control System and OSlsoft PI
System, it is possible not only to continuously monitor
the condition of the grid but also to automatically adjust
energy flows to maximize efficiency [10]. These systems
provide analysis, load management, and help reduce
energy losses in networks [11].

The results of implementing automation in power grids
and energy-efficient technologies in various countries
demonstrate significant progress in improving energy
consumption efficiency. In the U.S., for instance, Smart
Grid technologies have become the foundation for
modernizing the power grid following the Recovery and
Reform Act of 2009, which allocated about $4.5 billion.
As a result of these measures, electricity losses have been
reduced by 10-15%, and the reliability of energy supply
has improved, particularly in California, where the
duration of outages has decreased by 25%. The
implementation of renewable energy sources has also
gained momentum, with wind and solar energy now
accounting for about 20% of the overall electricity
consumption balance in some states [12].

Germany is implementing the "Energy Transition"
(Energiewende) policy, which involves gradually
reducing dependence on fossil fuels and increasing the
share of renewable sources. In 2020, the share of
renewable sources in total electricity production
exceeded 50%, and CO2 emissions decreased by 42%
compared to 1990 levels. The deployment of smart
meters allows consumers to monitor their consumption
and optimize electricity costs [13].

In South Korea, the Smart Grid project has been
implemented in the city of Gwangju, incorporating
demand management systems and smart meters. This
implementation has resulted in a 20% reduction in
electricity consumption during peak hours, as well as
significant savings on electricity costs through the
integration of renewable energy [14].

These examples demonstrate how automation and
modern technologies can significantly enhance the
efficiency of power grids and energy security, which is
an important direction for Ukraine in the context of its
energy transformation.

Among the implemented automation projects, the
introduction of automated electricity commercial
accounting systems (ACCS) should be noted. This
system optimizes electricity consumption, reduces losses
in distribution networks, and ensures more accurate
accounting of consumption. Thanks to ACCS, energy
companies can manage their resources more effectively,
improving the overall stability of the energy system [15].

Automation systems for managing electricity supply
modes and lighting have also been implemented,
allowing for the optimization of urban electrical networks
[16].

Ukraine faces numerous threats in the energy sector,
including market monopolization, infrastructure wear,
and dependence on energy resource imports. These
problems significantly limit opportunities for sustainable
development of the energy system. The automation of
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power grids is critically important for overcoming these
challenges and ensuring reliable energy supply.

I11. CONCLUSIONS

Automation of managing elements of power grids to
enhance their energy efficiency is a crucial link that
affects stability, economic, and human resources.

To address the current issues in Ukraine’s energy
system, it is advisable to implement several ready-made
solutions that can be the most beneficial.

First, smart grids (Smart Grid) can significantly
optimize energy consumption and reduce peak loads. The
implementation of Smart Grid technologies, such as
solutions from ABB Ability, will facilitate the integration
of renewable energy sources, which, in turn, will reduce
dependence on imported fossil fuels.

Second, substation automation using technologies from
companies like Schneider Electric will increase the
reliability of energy supply and reduce maintenance costs
for infrastructure. This solution will also help lower the
likelihood of accidents, which is critically important for
the stability of the energy system.

Third, demand response management systems, such as
solutions from Oracle Utilities Opower, will allow users
to adapt their energy consumption. This will reduce the
load on the grid during peak periods, improving the
overall stability of the energy system.

The experience of other countries confirms the
effectiveness of these technologies. For example, in the
U.S., the implementation of Smart Grid has led to a 10-
15% reduction in electricity losses and improved supply
reliability. Germany, by implementing the "Energy
Transition" policy, has achieved a share of renewable
sources in electricity production exceeding 50%. In South
Korea, the Smart Grid project in Gwangju has resulted in
a 20% reduction in electricity consumption during peak
loads.

In general, the implementation of these solutions will
enhance Ukraine’s energy security, improve the stability
of energy supply, and reduce energy poverty, creating a
favorable environment for investment in this sector.

Therefore, the successful implementation of power
grid automation is a key condition for achieving the
strategic goals of Ukraine’s energy security, as outlined
in the Strategy until 2025. This will reduce dependence
on imported energy resources, decrease infrastructure
wear, and improve energy resource management, which
is critically important for the country’s economic
development.
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ABTOHOMHUI po0OOT Ha Raspberry P1 3 aHamizom ooiany

Ta €MOIIlil B peaIbHOMY 4acl
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Anomauis: Y po0oTi IpeacTaBIeHO PilIeHHs IS CTBOPEHHS
pobora Ha 0a3i mmardpopmu Raspberry Pi, sxwii 3mateH
BU3HAYaTH €MOIIIAHUI CTaH JIFOAUHH Ta BiJICTaHb J0 11 00mraust
B peaspHOMy 4daci. CucremMa BHKOPHUCTOBYE TEXHOJOTII
komrr'torepHoro 30py OpenCV 1yist BUsIBIIGHHS 00IMY 1 MOJIYITb
DeepFace i anamizy emormiif. Takox ommcaHo Merox
o0OunCIIeHHs BiZICTaHi JI0 JIFOJMHU HA OCHOBI pO3Mipy 00IHTUs B
kazapi. PoOoT ajganrtye cBOX MOBEAIHKY Ha OCHOBI BHUSBICHHX
€MOILii 1 BiZICTaHi 10 KOPUCTyBaya, 1[0 POOUTH HOro KOPUCHUM
y Ppi3HHX cdepax, TaKuX SIK CepBiCHI poOOTH, Oe3MmiIoTHI
TPAHCIIOPTHI 3aCO0M Ta MEANYHI IOMIYHUKH.

Kniouosi cnoea: Komm'torepuuit 3ip, Raspberry Pi,
BUSIBIICHHsT 00im4, anamiz emouii, OpenCV, DeepFace,
poboToTexHika, ITMOMHHE HaBYAHHS, IHTEpaKTHBHA B3a€MOJII,
BU3HAYEHHS BiICTaHI.

. BcTvin

Po6oToTEXHIKA BHMAarac IOCTIHHOIO BIOCKOHAJIEHHS
TEXHOJOTH Juis  Olibll  edeKTUBHOT B3aeMomii 3
HABKOJIMIIHIM cepeloBuiieM 1 moapMu. OjHieo 3
KJIIOYOBMX  TEXHOJIOTI  Jyuiss  pO3Mi3HaBaHHSA  Ta
iHTeprperanii Aifl JIIOOMHU € KOMIT'IOTEpHHN  3ip.
Komm'torepHuii  3ip mo3Boisie poOoTaM HE  TiJIbKU
posmizHaBaTu O0'€kTH, ane i ineHTU(IKyBaTH JIIOACH,
OLIHIOBATH IXHIM €MOLIWHMNA CTaH 1 BU3HAYATH BIJICTAaHb
Juist 6esnieynoi Hagiranii. Raspberry Pi — ne mocrtynHa i
noTykHa riaardpopma Ui MoOyIOBH TakMX CHCTEM. Y
Lifl CTaTTi ONHMCAaHO IIPOIIEC CTBOPEHHs po0OTa Ha
Raspberry Pi 3 Bukopucrannsm Python, 06i6mioTexku
OpenCV s BusiBneHHst o0nmd 1 moxynst DeepFace st
aHaJi3y eMOLi.

I1. OIINC ITPOEKTY

Raspberry Pi 5 OyB oOpaHuii 17151 IIHOTO MIPOEKTY Yepe3
CBOIO IMPOIYKTHUBHICTH Ta OTYXHICTh. [aTa 3a6e3nedye
CyTTEBO  Kpamly  MOPOAYKTHUBHICTH  MOPIBHAHO 3
MOTIepEeTHIMI  MOJICIISIMIL. Horo 64-6iTauii TIPOIIECOP
ARM Cortex-A76, mio npamtoe Ha yacroti 10 2,4 [T,
JO3BOJISIE  OOpOOISITH Bimeo Ta TPOBOAWTH aHAII3
300pa)keHb B PEKUMIi pEalbHOTO Yacy, M0 KPUTHIHO IS
KOMII'FOTEPHOTO 30DY.

[licns  mamamrTyBaHHA  Kamepd, BoHa  Oyma
BUKOPHCTaHa s posmmizHaBaHHS 00'ekTiB. OmmH 13
METOMIB, IO BHKOPUCTOBYIOTHCSA ISl  BUSIBICHHS
o0'exTiB, € KackamHi Kimacudikatopum Xaapa. Llei
mpocTuid Ta €(QEeKTUBHUI METOJl BHUSBIICHHS, 30KpeMa
o0nmuY,  mpamioe  IUIAXOM  TOMyKy — IPOCTHX
XapaKTEPUCTHK y 300pakK€HHSX, IO J03BOJISIE IIBHUIKO
BUSIBIITH O0'€KTH B pEalbHOMY Yaci.

Merton Xaapa 3acHOBaHMH Ha BHSBIECHHI IPOCTHX
XapaKkTEPUCTHK Yy 300paKeHHSX, $Ki ONUCYIOTh, SIK

BUIIIAAE 00'€KT, SKUH MOTPiOHO BusiBUTH. Kitacudikarop
HABYCHUN Ha BCJMKIA KIJTBKOCTI TMO3UTHBHUX 1
HEraTHBHUX 300pa)keHb, MIO O3BOJISE WOMY BHBYHTH
cneurdiuHi 0coONMMBOCTI 00MMYYS, Taki SIK Gopma Oouel,
HOCa, poTa Ta IHIIMX YaCTHH OONUYus. 300pakeHHS 3
KaMepud TMepEeTBOPIOEThCS B  Cipuit  Macmrad s
crpoineHHs: 00pooku. KiacudikaTtop 3acToCOBY€eThCS 10
300pakeHHsI B KACKaJHOMY PEXHMi, /¢ BiH CIIOYaTKy
mepeBipse BeNWKI  00yacTi  300pa)KeHHs, a MOTIM
MOCTYIIOBO 3MEHIIye 00JlacTh, (POKYyCYyHOUM YyBary Ha
MeHIINX neTansx. lle d03Bojsie 3MEHIIMTH KiJIbKICTh
00YHCIIeHb 1 MIABUINATA IIBUAKICTL BHUABJICHHA. SIKIIO
KiacugikaTop BUsIBISE 00'€KT, BiH MMO3HAYAE 110 00JIaCTh
HPSAMOKYTHHKOM Ha 300pakKeHHI.

Ileit MeTom € IIBUAKAM 1 HE BHMAara€ 3HAYHHUX
004HMCITIOBAIBHUX PECYpPCiB, IO POOUTH HOTO i/eaibHUM
4 BUKOPUCTAHHSA Ha TMPUCTPOAX 3 O6MC)KCHI/IMI/I
MOXJIMBOCTSAMH, TakuXx sik Raspberry Pi.

Juis peamizauii 1bOro MpoeKTy OYyJIO BHKOPHCTAHO
Python-kon, 1o moemrye QyHKIil KOMITIOTEPHOTO 30Dy,
aHamizy o0iauu 1 pyxy pobGora. Ha mouarky
IMIOPTYIOTBCSL HeoOXiaHi Oibmiorexn: OpenCV s
00po0Oku 300paxkenb 1 DeepFace s anaiizy eMoItii.

Y kopni iHIIATMI3YEThCS 3aXOIUICHHS BiJICONIOTOKY 3
KaMepH, a TAKOXK 3aBAHTAXKY€EThCS TIONEPEIHBO HABUCHHUI
kiacudpikatop obmmu 13 Oibmiotexkn  OpenCV.
Knacugikatop 00114 BUKOPUCTOBYETHCS ISl BUSIBIICHHSI
00JINY y BIICOIOTOLL].

Jns  TOYHOro BHM3HAYCHHS BIACTAHI 10  OOIMYYS
BUKOPHCTOBYEThCS ~ BifioMa IHMpHHA oOMYusi (B
cepenHbOMy 16 cM) pa3oM i3 (OKYCHOI BiJICTAaHHIO
kamepu. Dynkuis calculate distance po3poOiena s
oOYrCcNeHHs BiJICTaHI IO OONMMYYA HAa OCHOBI PO3MIPY
o0nMyYst B KaJpi, 0 M03BOJISE TOYHO OIIHUTH BiJCTaHb
110 o0'exTa.

®opmya s OOUMCIICHHS BiICTaHI BUTIISAAAE Tak 1:

known_width * focal length

width_in_image

distance =

ne, known width — Bimoma mmpuHa 00'ekTa;
focal_length — ¢dokycua Bincrans kamepw;

width_in_image — mmpuaa 06IMYYS, BHUSBJICHOTO Ha
300pakeHHi.
Po6oT TmOCTIiHO OTpUMY€E BiICOMOTIK, BHSBISE

o0nMuuYst Ta  aHAN3y€e  eMOIlii, BHKOPHCTOBYIOUH
kinacudikaTopy, MO0 amanTyBaTH CBOL [l 3aJIe)KHO BiJ
EMOIIMHIX peakKmii KOpUCTyBaJa.

M&MS 2024, 25-26 October, Kharkiv, Ukraine



while video.isOpened():
ret, frame = video.read()
if not ret:
break
gray = cv2.cvtColor(frame,
cv2.COLOR_BGR2GRAY)
faces = face_cascade.detectMultiScale(gray,
scaleFactor=1.1, minNeighbors=5)
frame_center = frame.shape[1] // 2 # LlenTp kanpa
for (x, y, w, h) in faces:
# BimoOpakeHHS paMKH HABKOJIO OOIAYYs
image = cv2.rectangle(frame, (X, y), (X + w, y + h),
(89, 2, 236), 1)
try:
# AHauis emorriii 3a norromororo DeepFace
analyze = DeepFace.analyze(frame,
actions=['emotion'])
if isinstance(analyze, list):
analyze = analyze[0]
dominant_emotion =
analyze.get(‘dominant_emotion', 'No emotion detected’)
cv2.putText(image, dominant_emotion, (X, y -
10), cv2.FONT_HERSHEY_SIMPLEX, 1, (224, 77,
176), 2)
# OriHka BiacTaHi
distance = calculate_distance(FOCAL_LENGTH,
KNOWN_WIDTH, w)
cv2.putText(image, f'Distance: {distance:.2f}m",
(X, y + h+ 20), cv2.FONT_HERSHEY_SIMPLEX, 1, (0,
255, 0), 2)
# BusHaueHHs HaNPSAMKY PYXy
face_center=x+w//2
if distance < MIN_DISTANCE:
direction = "Stop"
elif face_center < frame_center - 30:
direction = "Move Left"
elif face_center > frame_center + 30:
direction = "Move Right"
else:
direction = "Move Forward"
cv2.putText(image, direction, (X, y + h + 50),
cv2.FONT_HERSHEY_SIMPLEX, 1, (0, 255, 0), 2)
except Exception as e:
print('No face detected or error:', e)
# BinoOpaxkeHHs KaJpy
cv2.imshow('video', frame)
if cv2.waitKey(1) == ord('q):
break
video.release()
cv2.destroyAllWindows()

VY upoMy UK poOOT aHaMi3y€e KOKEH Kap, BU3HAYAE
oOnmyYs, aHajilye eMoIii JIOOUHH Ta OO0YHCITIoE
BigcTtaHnp 10 Hel. Ha OCHOBI WX MaHWX BWU3HAYAETHCS
HarpsMOK pyXy po0oTa, IO JO03BOJISIE YHHKATH 3aHAJITO
ONMU3BKOTO KOHTaKTy a0o0, HaBIIAK{, HAIIPABIATH POOOTa
70 JIFOJTHH.

23

I11. BUCHOBKH
PobGoToTexHiUHI CUCTEMU 3 IHTeTparlieo
KOMI'TOTEPHOTO  30py Ta  TEXHOJIOTId  IITYYHOTO

iHTeNeKTy, Takux sk DeepFace, 3Ha4HO pO3LIMPIOIOTH
MOJUIMBOCTI B3a€EMOXII MiX poOOTaMH Ta JIOJBMU.
BusHaueHHS €MOIIHHOTO CTaHy JIIOJUHU JIO3BOJISIE
aJlanTyBaTH TMOBEIIHKY po0OoTa BiJOBIIHO 10 HACTPOIO
KOpHUCTyBaya, 10 MO)XXe€ OyTH KOPHUCHUM Yy OaraTbox

chepax — BiI CepBICHUX poOOOTIB 10 MEIUYHUX
acHCTEHTIB. Y JaHid craTTi OyJi0 TIpEACTaBJICHO
eekTUBHE Ta BIJHOCHO HEIOPOTe pIIICHHS JUIs

moOymoBu poboTa Ha 0a3i Raspberry Pi, 3matHOrO
aHaAJ3yBaTH €MOIii Ta BiACTaHb JO OONMMYYS B
peanbHOMY Yaci.

Taki cucreMH MaloOTh BEIMKWH MOTEHINAN JUIs
MOJIAJIBIIIOTO BJIOCKOHAJIIEHHS Ta PO3BUTKY, BKIIIOYAIOYN
TOJTMIIIEHHS ANTOPUTMIB BUSIBJICHHS 00'eKTiB,
ONTUMI3aIlil0 O0YMCIIeHb Al MOOUIbHUX TmIatdopMm i
PO3IIUPEHHS PYHKI[IOHATY B3aEMOIIT 3 KOPUCTYBAUEM.
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Anotation: The aim of this work is to develop locking device
control system that includes personalization function. Such
solution is especially relevant for managers who want to
conveniently control attendance of workspaces or restricted
areas. Owners of warehouses, archives, laboratories, or ordinary
offices often need information about who visits these premises
and when, but do not always have ability to obtain such data
promptly.

The proposed system not only provides this opportunity, but
also ensures convenient control through use of modern
technologies. This project has created system that, although it
has analogues on market, is easy to use and affordable. The
study focused on introduction of personalization technology and
replacement of traditional keys to open doors using radio
frequency identification (RFID), which is already widely used
in modern world.

Key words: Radio Frequency IDentification, door lock,
optimizing, information.

I. INTRODUCTION

In today's digital age, security and access control issues
are becoming increasingly important [1-5]. As number of
users and their needs increase, modern electronic locks
are becoming increasingly complex, which poses new
challenges for developers of such systems, particularly in
context of ensuring reliability, security, and ease of use.

One of areas of development of electronic locks is
integration of intelligent tools, such as artificial
intelligence, machine learning, and natural language
processing, which are becoming prerequisite for
optimizing these systems. The use of such technologies
makes it possible to create automated access control
systems that significantly increase work efficiency,
minimizing impact of human factor and reducing risk of
errors.

Automation of lock management processes can
increase speed of response to user requests and reduce
time spent on their maintenance. Robotic solutions, in
turn, contribute to development of autonomous systems
capable of performing complex access control tasks in
real time. The integration of these technologies creates
new, more adaptive and flexible electronic lock systems
that not only perform task of opening or closing doors,
but are also able to anticipate user needs based on
analysis of their behavior and context of use.

It's also worth noting that automation itself is key trend
in modern technology that can significantly improve
management of electronic locks. The use of automated
solutions helps to reduce cost of operation and
maintenance, while increasing level of security and
system performance [6-10]. Automation makes it possible
to efficiently manage large networks of locks, coordinate
their operation, and provide instant access to system
status data, which makes lock management more
transparent and controlled.

Therefore, in face of increasing security and
automation requirements, relevance of analyzing existing
electronic lock systems becomes obvious. The integration
of intelligent tools, automation, and robotics opens up
new horizons for increasing reliability, speed, and
efficiency of electronic locks while providing maximum
user convenience.

I1. ANALYSIS OF PRINCIPLES OF
OPERATION OF ELECTRIC LOCKS

At its core, electric lock is executive element of access
control and management system (ACS), which is
designed to prevent unauthorized persons from entering
premises. In general, electric lock is almost no different
from regular one. Suffice it to say that electric locks can
also be mortise and padlocks, can be operated with push
or fixed handles, and can be opened with key. Most of
these devices have popular dimensions of conventional
mechanical locks — backsets, center spacing, and bar
sizes. The main difference is additional control method.

To operate electrical part, lock must be supplied with
power source, which is connected to control device on
other side. These devices can be various elements of
access control system that person interacts with to get
into room: magnetic card reader, biometric sensor, code-
entry keyboard, key fob, button, or even remote control
with smartphone. The lock opens or closes when electric
current is applied or turned off. This creates main
advantage and reason why such locks are used — they
allow you to open door remotely and without using
mechanical key. The principle of electric locks operation
in Fig. 1.

Fig. 1. Principle of electric locks operation

The main thing you need to know about operation of
electric locks depending on power supply or removal is
that they are divided into “normally closed”, “normally
open” and “universal”.

Normally closed means that lock is unlocked when
electrical signal is applied. In its absence, lock is closed.

Normally unlocked. When electrical signal is present,
lock remains closed, and when signal is stopped, it opens.
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Universal. Such devices havea switch that allows you
to independently set desired operating mode.

[11. INSTALLATION FEATURES OF
ELECTRIC LOCKS

When installing electronic locks, it is important not
only to choose reliable system, but also to perform
installation work correctly. The quality of installation
directly affects functionality and durability of lock, as
well as its security and ease of use. Failure to comply
with technological requirements during installation can
lead to system malfunctions, reduced security, or
premature equipment wear. In this section, we'll look at
key features of installing electric locks that will ensure
optimal operation of access control system and avoid
common mistakes.

To begin with, let's consider first option, Scheme 1 —
simplest electromechanical lock switching scheme, which
can be used to provide remote door opening (Fig. 2) [11-
13]. Among peculiarities, it should be noted that
sufficiently powerful power supply is required for stable
operation. Also note that long press on button (more than
3-5 seconds) will in most cases cause lock's retraction
relay to burn out.

Fig. 2. Connecting electromechanical lock using power supply
unit for remote door opening

Next, let's review Scheme 2 for electromechanical lock
in more correct version, using lock control unit (LCU)
(Fig. 3) [11-13]. This option allows you to use
conventional power supply, and also limits duration of
voltage supply to lock itself. In this case, lock control
unit is placed in lock body or in close proximity to it.
Among disadvantages of this installation is failure of
security lock, which is common due to their low cost and
quality of assembly, which, however, depends on
delivery batch.

Fig. 3. Connecting electromechanical lock using power
supply unit and remote control unit for remote door opening
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The third option is Figure 3, and here you can see
“classic” (and already outdated) connection scheme for
video intercom and electromechanical lock (Fig. 4) [11-
13]. This type of connection was widely used before
appearance of lock control units (LCUs) on market, and it
has same design flaws as option shown in Scheme (Fig.
2) [11-13]. It should be noted that most modern intercom
systems control lock using call panel.

Fig. 4. Connecting electromechanical lock to intercom for
remote door opening using power supply unit

The fourth option — Scheme 4 reflects modern (and
most correct) option for connecting video intercom and
electromechanical lock (Fig. 5).

Fig. 5. Connecting electromechanical lock to intercom for
remote opening of door using LCU

The advantage of this scheme, in addition to those
described in explanation to scheme 2, is that there is no
need to lay additional cable from intercom to call panel —
to provide power to lock.

IV.OVERVIEW OF TYPES OF
ELECTRONIC LOCKS

In modern access control systems, electronic locks
play key role, offering wide range of solutions for
different needs. The choice of appropriate type of lock
depends on many factors, such as security requirements,
type of room, and features of use.

There are several main types of electronic locks, each
of which has its own advantages and scope of
application.

So, let's review most common types of electronic locks
to determine their functionality and capabilities, as well
as analyze which of them are most suitable for specific
operating conditions.

One of the most common types of electronic locks are
combination locks (Fig. 6) [14, 15]. They work on basis
of entering pre-set code. This is fairly easy-to-use option,
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as user doesn't need to carry physical key or other media
to access. For most part, these locks are used in buildings
where speed and ease of access are important, such as
apartment buildings or offices with large number of
users. However, combination locks also have their
drawbacks. For example, there is risk that attackers may
pick up code or otherwise obtain it, so it's important to
change codes regularly to provide additional protection.

Fig. 6. Code lock

Another type of electronic locks are systems that use
radio frequency identification (RFID) or magnetic cards
(Fig. 7). In this case, user attaches card or key fob to
special reader to open lock. This approach is very popular
in hotels, offices, and facilities with large number of
people. RFID-based locks are convenient because they
provide quick access and can be configured for specific
duration of card, for example, for guest access. However,
these systems also have their drawbacks, including risk of
losing or copying card, which can pose threat to security
of facility.

Fig. 7. RFID lock

One of most modern and secure options for electronic
locks is biometric systems (Fig. 8). They work based on
recognition of person's unique characteristics, such as
fingerprints, face, or iris. The main advantage of such
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locks is high security, since biometric data cannot be lost
or copied, as is case with cards or keys. In addition, such
systems are often used in conjunction with other access
methods, such as passwords or RFID cards, which
increases overall level of protection. However, biometric
locks are more expensive than traditional electronic
systems and may have limitations due to recognition
errors, such as skin damagor change in user's appearance.

Fig. 8. Biometrical lock

In recent years, smart locks (Fig. 9), which work
through mobile applications using Bluetooth or Wi-Fi
technologies, have become very popular. Such locks
allow user to remotely control access to room via
smartphone, which is especially convenient in cases
where it is necessary to grant access to another person or
track use of lock in real time. Smart locks integrate into
smart home systems, ensuring synchronization with other
devices such as surveillance cameras or alarm systems.
However, they also have their weaknesses, as they need
constant access to Internet or battery power to work
correctly, which can lead to temporary loss of access due
to technical failures or exhaustion. Additionally, these
systems can be targeted by hackers, making them
vulnerable to cyberattacks.

Fig. 9. Wi-fi lock

In addition to basic types of locks, there are combined
systems that combine several authentication methods,
such as entering code, attaching card, or using biometric
data. Such solutions allow for increased security, as users
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need to go through several layers of protection to gain
access to premises. These systems are most often used in
facilities with increased security requirements, such as
banks, government agencies, or large corporate offices.

In general, choice of electronic lock system depends on
specifics of object, security needs, and ease of use. Each
type of lock has its own advantages and disadvantages,
and final solution must consider balance between cost,
convenience, and level of protection required for
particular situation.

V. CONCLUSIONS

In this analysis, principles of operation and features of
installation of electric locks were considered, as well as
overview of different types of electronic locks was
provided. This comprehensive review serves several
important purposes. Firstly, it helps to understand basic
mechanisms and advantages of electric locks in access
control systems. Second, it highlights critical installation
considerations to ensure optimal functionality, safety, and
longevity of these systems. Finally, by researching
different types of electronic locks — from combination
and RFID locks to biometric and smart lock systems — we
have provided framework for selecting most suitable lock
based on specific security needs, usage scenarios, and
technological preferences. This research is critical to
making informed decisions in implementing efficient and
effective access control solutions in variety of
applications, from residential to commercial high-
security environments.

Additionally, this study emphasizes importance of
balancing security, convenience, and cost when
implementing electronic lock systems. We've discussed
how different types of locks can be integrated into
broader security ecosystems, such as video intercoms and
smart home networks, showcasing versatility and
adaptability of modern access control solutions. The
analysis of installation schemes and common pitfalls
serves as practical guide for professionals in field,
helping to avoid potential issues and ensure reliable
system performance.
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Abstract: The study highlights transformational impact of
intelligent technologies on functioning of IPS. The focus is on
integration of artificial intelligence, machine learning and
natural language processing, which are revolutionizing the
processes of understanding user queries and providing relevant
results. The paper analyzes benefits of implementing these
technologies, including improved search accuracy, personalized
user experience, and system adaptability. Particular attention is
paid to semantic search as advanced area of IRS development.
The study is not limited to theoretical aspects, but provides
specific examples of intelligent tools use in leading search
engines. A critical analysis of challenges and limitations of
these technologies provides balanced view of their potential.
Visual elements of work contribute to better understanding of
complex concepts. Overall, study emphasizes key role of
intelligent tools in improving IRS and their potential impact on
various sectors, from scientific research to everyday access to
information.

Key words: intelligent tools, artificial intelligence,
optimizing, information, information retrieval systems.

I. INTRODUCTION

In today's digital age, search for relevant and reliable
data has become integral part of everyday life.
Information retrieval systems (IRSs) play key role in
providing access to information that is crucial for
effective decision-making in scientific, commercial, and
social spheres [1-3]. However, growth in data volume
and complexity of search queries pose new challenges for
ISAs, in particular, ensuring accuracy and relevance of
search results. In this context, integration of intelligent
tools (IT), such as artificial intelligence, machine
learning, and natural language processing, is becoming
prerequisite for optimizing IRS. introduction of
intelligent tools into information retrieval systems is
closely related to development of automation and
robotics. Automation of information processing processes
can significantly increase speed and efficiency of search,
reducing human factor and minimizing likelihood of
errors. Robotics, for its part, contributes to development
of IRS by creating autonomous systems capable of
performing complex search tasks in real time [4, 5].
integration of these technologies contributes to formation
of new, more adaptive and flexible information retrieval
systems that can not only respond to user requests but
also anticipate their needs, offering most relevant results
based on behavioral and contextual analysis [6-10].

Thus, in context of constant growth of data and
complexity of search queries, relevance of this study
becomes obvious. integration of intelligent tools,
automation, and robotics opens up new horizons for
improving accuracy, speed, and efficiency of information
retrieval.

I1. ROLE OF INTELLIGENT TOOLS IN IRS

In today's information environment, where data
volumes are growing exponentially and user requests are
becoming increasingly complex, role of IRS is becoming
critical.  Intelligent technologies not only allow
processing huge amounts of data faster and with fewer
errors, but also adapt to changing conditions, improving
relevance and quality of search results. Table 1 below
provides detailed overview of how each of these tools
affects and contributes to functioning of IRS.

Table 1. Role of intelligent tools in information retrieval

systems
Intelligent tool Role in information retrieval
systems
Recognize patterns in  large

amounts of data.
Improving accuracy of search

Artificial intelligence |results through intelligent
(Al) algorithms.
\Adaptation to changing user
requests and context.
Analyze and classify large
lamounts of data to improve search
relevance.
Machine learning Recognize and predict user

(ML) preferences and interests.
Automatic improvement of search

algorithms based on feedback.

Interpreting and understanding
human queries in natural language.
Identify named entities such as
people, places, and organizations.
Generating clear and relevant
answers to user requests.

Reducing human intervention in
information processing and

Natural language
processing (NLP)

indexing.

I11. SEARCH OPTIMIZATION USING
INTELLIGENT TOOLS

Modern information and search engines use wide range
of intelligent tools to provide efficient and relevant
searches.

Intelligent algorithms for ranking search results are one
of key elements of search engine optimization. They
allow search engines to provide more accurate and
relevant results, ensuring high level of user satisfaction.
These algorithms are based on machine learning and deep
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learning, which allow systems to analyze and process
huge amounts of data.

Machine learning is used to analyze huge amount of
data generated during search sessions. ML algorithms are
able to learn from historical data, identifying patterns
between user queries and selected results. The ML concept
is shown in Fig. 1.

Data collection and preparation

v

Model training

v

Model evaluation and
adjustments

Fig. 1. Machine learning concept

The Data collection and preparation stage collects data
on previous user requests, selected results, time spent on
page, behavioral factors, etc. This data is used to create
training sets on which algorithm will be trained.

At «Model Training» stage, using prepared data,
machine learning model is trained by identifying
relationships between query and result that users most
often choose. The most popular models are those based
on decision trees, random forests, and gradient boosting
methods.

After initial training, model is tested on new data. If
accuracy of predictions is unsatisfactory, model's
hyperparameters are adjusted or another model is
selected.

Deep learning and neural networks are subset of
machine learning that uses multi-layer neural networks to
process data. These networks are able to recognize
complex patterns in data and use them to improve
ranking of search results. Deep neural networks consist of
numerous layers, each of which is responsible for
extracting certain features from user queries.

Examples of ML application in information search
engines:

- Google's RankBrain ML algorithms are used to rank
search results, analyzing many factors (content relevance,
link quality, user behavioral signals) to determine most
relevant results for particular query. For example, if user
searches for «apple», system can determine whether
search is for fruit or technology company based on user's
previous queries and context;

- automatic error correction and query suggestion —
ML models analyze large number of correctly spelled
queries to identify and correct common spelling mistakes;

- personalization of search results — ML algorithms
analyze user's search history, for example, Amazon
system, here, if user has repeatedly searched for books
from certain genre, system will recommend similar books
based on previous searches and purchasing activity;

- image recognition and classification — ML models,
such as convolutional neural networks, are used to
analyze and classify images in search engines. This
allows users to search for visual content by description or
similarity, not just by textual labels.
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The concept of deep learning and neural networks in
Fig. 2:

1. Understanding context of query. Deep neural
networks, such as transformers (e.g., BERT, GPT), allow
search engines to better understand context of user
queries, including complex or ambiguous queries. This
enables system to answer queries more accurately by
recognizing user's true intentions.

Understanding context of query

v

Ranking of results

v

Personalization

Fig. 2. Concept of deep learning and neural networks

2. Search engines use deep learning models to analyze
and rank large number of documents or pages based on
their relevance to specific query. These models take into
account many factors, such as textual content, context,
page popularity, and behavior of other users.

3. Neural networks allow you to adapt search results
based on individual preferences and past user behavior.
This provides more relevant results for particular person,
which increases overall quality of search engine.

Examples of deep neural networks application:

- Google Search uses models such as BERT to improve
understanding of natural language and query context;

- Bing uses neural networks to improve accuracy of
search result rankings, especially in complex cases;

- Amazon uses deep learning to improve its «product»
search by providing accurate recommendations.

The concept of natural language processing in
information retrieval systems aims to improve interaction
between users and systems by facilitating understanding
and processing of textual queries and answers provided
and is summarized in Fig. 3:

Understanding context of query

v

Content analysis and indexing

v

Ranking of results

v

Natural language processing in
advanced search engines

v
Understanding user intent (Intent)
Fig. 3. Concept of NLP

1. Query understanding becomes more efficient thanks
to NLP, which allows systems to better interpret natural
language queries, taking into account context, synonyms,
morphological features, and grammatical structures. This
significantly improves accuracy of search results, even if
guery is ambiguous or contains errors.
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2. Content analysis and indexing in IRS is also
enhanced by NLP, which allows for efficient analysis and
categorization of large amounts of textual information,
creating more relevant indexes. This includes keyword
discovery, thematic analysis, and entity recognition, such
as names, dates, places, etc.

3. Ranking of results becomes more accurate through
use of NLP, which analyzes semantics of query and
documents. This allows IRS to take into account not only
keywords, but also more complex concepts such as
similarity between query and content, tone, etc.

4. Natural language processing in advanced search
queries also benefits from use of NLP, which allows you
to correctly interpret complex queries that may contain
logical operators, phrase queries, or queries in languages
with different grammatical structures, and find relevant
results.

5. Understanding user intent is made easier with NLP,
which helps system determine exactly what user wants to
find, even if their query is imprecisely worded or has
several possible meanings. This enables IRS to provide
more accurate answers or offer clarifying queries.

Example of NLP application in information search
engines — Google Search uses NLP to improve search
results. For example, when user enters query «best places
to visit in Ukraine in winter», system uses NLP to
understand intent of query and context. Even if specific
web pages don't contain exact words «besty», «place» or
«in winter», Google can show pages that contain useful
information about winter tourist destinations in Ukraine
by semantic analysis and understanding context of query.
This allows user to get more relevant and accurate
results.

IV. INTELLIGENT TOOLS FOR
SEMANTIC SEARCH

Semantic search is one of most innovative technologies
in field of IRS, which radically changes approach to
processing and interpreting search queries. Unlike
traditional methods that rely on simple keyword
matching, semantic search uses IT to gain deeper
understanding of user's context and intentions.

Semantic search is based on principles of NLP and
machine learning, which allow Il to

- understand meaning of words in context because IT
analyzes not only individual words but also their
interrelationship in sentence or phrase;

- interpret user intentions because system ftries to
understand what exactly user wants to find, even if query
is ambiguously worded,;

- take into account semantic relationships between
concepts, as IT can find information that is semantically
related to query, even if it does not contain exact
keywords.

Challenges and limitations of semantic search in Fig.
4,a,b.

Challenges of semantic search:

1. Challenges of semantic search include proper
understanding of queries context. Words can have
different meanings depending on situation in which they
are used, and semantic search must effectively take these
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nuances into account, which is not always easy,
especially when words are polysemous.

2. Language barriers also create difficulties. Even if
system supports multiple languages, different language
structures and cultural characteristics can cause errors in
understanding queries or interpreting results.

Understanding Limitations
context of data for
training

Challenges of
semantic search

N\

High
Confident / v \ computin
iality and Language g
ethics barriers resources
a)
Difficulty in Impossibility to

take into account
all contexts

interpretation

Limitations of

N

/

semantic
search
A/ \ The
Incomplete \ 4 impact of
understanding Outdated model
of human data bias
language
b)

Fig. 4. Concept of deep learning and neural networks: a)
challenges of semantic search; b) limitations of semantic search

3. Limiting training data is another challenge, as
semantic models require large amount of data to train.
The quality of this data is crucial, and if it is incomplete
or biased, it can lead to incorrect search results.

4. Another limitation is need for high computing
resources. Using NLP for semantic search requires
significant resources, especially when it comes to real-
time processing, which can be problem for large systems
with high query frequency.

5. Privacy and ethical issues are also important
challenge. To improve search, systems often collect and
analyze data about users, which raises concerns about
how this data is protected and used.

Limitations of semantic search:

1. Difficulty in interpreting ambiguous queries because
queries that have several possible interpretations can be
difficult for semantic search engines. For example, query
«family movies» can mean both searching for family
movies and searching for movies about families.

2. Inability to take into account all contexts because
even most advanced semantic search engines cannot
always take into account all possible query contexts,
especially if user does not provide enough information or
query is formulated too generally.
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3. Semantic search often relies on indexed data. If this
data is outdated or not updated in real time, it can lead to
less accurate or irrelevant results.

4. Semantic models can be biased due to nature of data
they are trained on. This can lead to irrelevant or unfair
search results, especially for socially sensitive topics.

5. Despite progress in NLP, computer systems still
cannot fully understand human language at level similar
to that of humans. This limits effectiveness of semantic
search in some cases.

Semantic search in context of intelligent tools for
optimizing information retrieval systems is important
because this approach significantly improves accuracy of
results. Semantic search allows IRS to understand
meaning of query at deeper level, taking into account
context, user intent, and relationship between concepts.
This not only increases relevance of results, but also
provides more intuitive and efficient user experience,
which is key for modern IRSs focused on providing
quality and personalized information. Thus, semantic
search is critical tool in evolution of IRS, contributing to
their optimization and meeting needs of users.

V. CONCLUSIONS

Intelligent ranking algorithms based on machine and
deep learning techniques are significantly improving
functioning of IRS, making them better able to
understand user queries and intentions. With introduction
of these technologies, IRSs can provide more relevant,
accurate, and useful search results. Important aspect of
this process is use of neural networks and natural
language processing models, which allow systems to
efficiently process complex queries, take into account
context, and personalize responses. This ensures more
intuitive user experience and allows IRS to adapt to their
ever-changing needs. Thus, introduction of intelligent
tools not only optimizes search engines, but also
improves overall quality of information provision,
making it more accessible and useful to users in modern
information environment.

This summary outlines key findings, implications,
challenges, and overall conclusion regarding use of
intelligent tools for optimizing information retrieval

systems.  The research  highlights  significant
improvements these tools bring to search accuracy,
efficiency, and user experience, while also

acknowledgingthe challenges and limitations that need to
be addressed.

The integration of Al, ML, and NLP into IRS
represents major advancement in how we interact with
and retrieve information from vast data repositories.
These technologies enable more intuitive, context-aware,
and personalized search experiences, which is crucial in
our increasingly data-driven world.

The development and implementation of these
intelligent tools will continue to be key area of focus for
improving information retrieval systems, with potential
far-reaching impacts on various sectors including
research, business, and everyday information access for
users worldwide. The work discusses different types of
intelligent tools (Al, ML, NLP) and their specific roles in
optimizing IRS. It provides concrete examples of how
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these technologies are applied in real search engines such
as Google, Bing, and Amazon.

Considerable attention is paid to semantic search as
advanced technology in field of IRS.

The article not only describes advantages of these
technologies, but also critically analyzes challenges and
limitations faced by developers and users.
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Anotation: The study covers key principles of building aerial
robots, including those related to construction, aerodynamics,
navigation and data acquisition systems. The focus is on
integration of modern technologies, such as sensors, GPS
modules, and specialized software, which ensure efficient task
performance in challenging environments. The paper analyzes
benefits of implementing intelligent control systems, including
algorithms for automatic route planning, flight correction, and
obstacle detection. Particular attention is paid to the
aerodynamic design of the body and choice of materials that
ensure lightness, durability, and resistance to external factors
such as wind, rain, and high temperatures. The study offers
practical examples of implementation of design principles on
example of modern agricultural aerial robots used for
monitoring and data collection. A critical analysis of design and
operational challenges provides deep understanding of potential
of these technologies. Visual elements of work contribute to
better understanding of complex technical solutions.

Key words: aerial work, design, aerodynamics, navigation,
sensors, data collection.

I. INTRODUCTION

In today's world, aerial robots (drones) have become
indispensable tools for performing wide range of tasks,
from environmental monitoring to data collection for
agriculture. The fundamental principles of their
construction determine their effectiveness and reliability
in executing tasks, particularly in complex and often
unpredictable conditions. Developing aerial robots
requires comprehensive approach that includes both
engineering solutions and the integration of advanced
technologies [1-7].

The design of aerial robot is crucial for ensuring its
stability and maneuverability. Key aspects include
selection of materials for chassis, which must provide
necessary strength and lightness, as well as aerodynamic
shape, which affects flight efficiency. Navigation and
control systems, including sensors and management
algorithms, play a vital role in ensuring accuracy and
autonomy. The integration of advanced technologies,
such as GPS modules, LIDAR, and various sensors,
ensures high precision in data collection and adaptability
to changing conditions.

This work explores fundamental principles of aerial

robot construction, including their design, material
selection, aerodynamic characteristics, and modern
navigation and data collection systems. Practical

examples of these principles in contemporary models
used for various tasks, such as agronomic monitoring and
mapping, are examined. This research provides better
understanding of how technical and technological aspects
impact the effectiveness and reliability of aerial robots, as
well as the challenges faced by developers in this rapidly
evolving field.

Automation is an ever-present topic in development of
aerial robots, as it provides increased task efficiency and

adaptability to changing conditions. Thanks to automated
control and data collection systems, drones can perform
complex tasks with minimal human intervention, making
them indispensable in many areas of activity [8, 9].

Il. THE ROLE OF BASIC COMPONENTS
AND TECHNOLOGIES IN CONSTRUCTION
OF AERIAL ROBOTS

In modern design of aerial robots, role of various
components and technologies is critical to ensure
efficiency, reliability, and functionality of devices.
Different design elements and technological solutions not
only determine technical characteristics of robots, but
also affect their ability to perform complex tasks in real
world. The table below provides detailed overview of key
components and technologies that play important role in
design and operation of aerial robots.

Table 1. The role of main components and technologies
in construction of aerial works

Component/ Role in construction of aerial robots
Technology

Ensuring strong and lightweight design
for optimized aerodynamics.

Use of modern materials to reduce
weight and increase durability.

Body and frame

Flight control and stabilization using
GPS and inertial measurement units
(IMU).

Management Intelligent algorithms for autonomous|
systems control and navigation.

Impact on maneuverability and flight
Engines and efficiency. Selection of engine and
propellers propeller types.

Aerodynamic characteristics for optimal
lifting power.

Energy systems [Selection of power sources to ensure

long flight time.

Optimize energy efficiency and reduce
battery weight.

Sensors and
cameras

Expanding data  collection and
environmental monitoring capabilities.
Integration of sensors to collect
information and improve autonomyj

functions.
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I1l. THE PROCESS OF DESIGNING AERIAL
ROBOTS USING MODERN
TECHNOLOGIES

The design process for aerial robots is complex and
multi-stage, involving numerous steps and technologies
to maximize efficiency and reliability. Modern
technologies, such as computer-aided design, simulation,
data-driven  optimization, and intelligent systems
integration, play critical role in each stage of design
process. The concept of design process is shown in Fig.
1.

Defining requirements and goals

v

Conceptual design

A 4
Development and modeling

Fig. 1. Design process concept

At «Define Requirements and Objectives» stage, main
functions to be performed by aerial robot (e.g.,
surveillance, data collection, monitoring) are established.

The target characteristics can be presented in form of
defining technical parameters, such as maximum flight
altitude, duration of operation, maximum payload.
Assessment of operating conditions should be made,
namely:

1. Environment analysis. Evaluation of environment in
which robot will be used (e.g., urban environments,
agricultural lands).

2. Protection requirements Determination of protection
requirements against weather, dust, and other factors.

The «Conceptual Design» phase should consider
development of concepts, ideas, technologies and
materials. Decisions need to be made to determine type
of structure (quadcopter, hexacopter, flying drone)
according to objectives, and basic aerodynamic
characteristics need to be developed to optimize lift and
stability. Responsible consideration should be given to
selection of lightweight and strong materials, such as
carbon fiber or composites, to increase strength and
reduce weight, and to consider opportunities to integrate
latest technologies, such as brushless motors and high-
performance sensors.

3. The final stage of design process is called
development and modeling, during which CAD system is
used to create 3D models, i.e. to develop detailed models
of structure using computer simulation for accurate
planning of all elements, analysis and verification
(checking model for compliance with technical
requirements and operating conditions). After these steps
have been completed, we move on to design
optimization.

The process of design optimization based on testing
Fig. 2.
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Integration and testing of
components

v

Optimization and adjustment

v

Implementation

Fig. 2. Design optimization process based on testing

1. Integration and testing of components. The choice
of sensors for navigation, such as GPS, barometers, or
LiDAR, helps robot better understand its location and
environment, just as transformers help systems recognize
context of query. Video surveillance cameras can be
selected with high resolution and night vision capabilities
to ensure accurate data collection, and installing motors,
sensors, and cameras according to designed model
ensures that robot will have all necessary functions and
capabilities. This includes correct placement of
components to ensure optimal stability and flight
efficiency. Testing involves ground and flight tests to
verify operation of control systems, integration of
components and their interaction, and to identify any
problems before conducting flight tests. Flight tests, in
turn, evaluate flight efficiency, stability, and accuracy of
robot's control in air. This helps to identify and correct
any problems that may arise in real-world use.

2. Optimization and control is broken down into
several steps, such as: collecting data on robot's
performance, including flight time, sensor performance,
and stability, is critical for further analysis and adjusting
system design performance assessment based on
information  obtained. If necessary, design and
component changes are made based on results of analysis
and testing to improve overall performance and reliability
of aerial robot. Machine learning models can help adapt
the system to different flight conditions and improve
overall performance of robot.

3. The implementation stage also includes several
points, namely:

- final testing. Conformance checks and final tests to
confirm that robot meets all technical requirements and
can operate in real-world environments. Final testing
includes checking all systems and components and
ensuring that quality standards are met before going into
mass production;

- preparation for production. Includes setting up
production processes, ensuring required quality standards
and preparing production facilities.

- implementation. Launching aerial robot in real-world
conditions to test its functionality and reliability in actual
use, supervising the robot's operation and ensuring its
efficient operation, identifying and eliminating any
problems that may arise during use;

- user training. Conducting training for operators and
technicians on use of aerial robot, its setup and
maintenance, providing support to users to resolve any
issues or problems that may arise during operation.

This approach provides clear picture of designing and
implementing aerial robots process, with emphasis on
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importance of each stage and its role in ensuring robot's
efficiency and reliability.

V. TECHNOLOGY AND INNOVATION

In today's world, where technology is evolving at
incredible pace, innovations in development and use of
aerial robots are becoming critical to improving their
efficiency and functionality. Continuous progress in
aerospace technology, computing, and materials science
opens up new opportunities for improving aerial robots,
which significantly expands their capabilities and reduces
limitations they face.

This section is dedicated to analyzing advanced
technologies and innovations that affect design,
manufacture, and operation of aerial robots. We will
review latest advances in areas such as sensor
technology, control systems, data processing algorithms,
materials and structures, as well as latest approaches to
automation and artificial intelligence. Special attention
will be paid to how these innovations contribute to
accuracy, reliability, and efficiency of aerial robots, as
well as benefits they provide in practical applications
such as environmental monitoring, agronomic research,
and more.

The purpose of this section is to present current
technologies underlying development of new models of
aerial robots and to assess their impact on future trends
and opportunities in this dynamic and promising industry.
The presentation of latest technologies and innovations
can be seen in Table 2.

Table 2. Technologies and innovations in aerial robot
development

34

Section Subject Description
1. Technologies | Sensor Modern sensor
and innovations | technologi | technologies used to
es ensure accurate
navigation,
environmental
monitoring, and task
completion.
The High- Innovative  cameras
development of | resolution | provide detailed
sensory systems | cameras images and video,
including thermal
imagers and variable
focus cameras.
LiDAR and its | Laser LiDAR systems
application systems create 3D maps of
for terrain using laser
distance pulses. The latest
detection technologies  ensure
high accuracy and
speed of data
collection.
Integration  of | Processing | Integration of data
sensor data data from | from cameras,
different LIiDAR, and other
Sensors sensors to  obtain
comprehensive
information.

Continued Table 2
2 Control and | Developm | Control systems
automation ent of | include powerful
systems manageme | processors and
nt systems | specialized software
for data processing
and robot control.
Autonomous Autonomo | Innovative Al
systems us route | algorithms allow
planning robots to  make
and decisions and
obstacle perform tasks without
avoidance | human intervention.
Extended use of | Intelligent | Al algorithms are
Al algorithms | used  for  object
for object | recognition, route
recognition | planning, and flight
control.
Programmable Speciali Programmable
systems zed systems allow you to
platforms | customize robot's
for operating parameters
software and use specialized
develop programming
ment languages.
3. Materials and | Newest Using composites and
structures materials nanomaterials to
create lightweight
and durable
structures.
3D printing and | 3D 3D printing allows
its application printing you to  quickly
technolo produce parts and
gies  for | components, reducing
manufactur | costs and providing
ing parts flexibility in design.
Aerodynamic Modeling | Use of simulations to
structures of optimize wing and
aerodyne body shapes to ensure
mic flight efficiency.

characteris
tics

Innovations  in | Increased Developing new
power  supply | battery types of batteries and
systems capacity power sources, such
and as solid-state batteries
charging and supercapacitors,
speed to improve energy
efficiency.
4. Automation | Process Reduce need for
and data | automation | manual intervention
processing by automating flight
planning and data
collection.
Big data | Storage Using cloud
processing [10] | and platforms and
analysis of | specialized programs
data from | to process and store
various large amounts of
sources data.
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Continued Table 2
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Real processing | Real-time | Powerful computing
time and speed | data systems for
processing | processing sensor
information and real-
time navigation
control.
Real processing | Real-time | Powerful computing
time and speed | data systems for
processing | processing sensor
information and real-
time navigation
control.
Real processing | Real-time | Powerful computing
time and speed | data systems for
processing | processing sensor
information and real-
time navigation
control.
Intelligent Machine | Use of intelligent
algorithms learning | algorithms to
and deep | improve data
learning | processing and
automate processes.
5 Latest | Integration | Connecting aerial
approaches and | withloT | robots  with  the
trends Internet of Things
(1oT) for distributed
monitoring and
control.
Use of Data Blockchain to ensure
blockchain security | security and
technologies and protection of data
transparen | collected by aerial
cy robots from fraud and
unauthorized access.
Development of Hybrid Development of new
new form | systems | form factors for aerial
factors and new | robots, including
designs hybrid systems and
compact designs.
Improving The impact | Innovations and latest
energy of technologies
efficiency technology | contribute to
on expansion of their
developmen| capabilities and areas
t of application.

Together, these technologies and innovations open up
new opportunities for development of aerial robots,
making them more functional, reliable and efficient in
various applications. The development of these areas
ensures continuous improvement of the quality of robots
and expansion of their capabilities.

V. CONCLUSIONS

The development of aerial robots has undergone
significant advances due to introduction of advanced
technologies and innovations. Modern sensor systems,
such as high-resolution cameras and LiDAR, have
significantly increased accuracy of data collection and
detail of information about environment. This allows us

to create accurate 3D maps of area and provides reliable
navigation and real-time monitoring.  Important
component is development of control systems, where
intelligent algorithms and autonomous systems provide
high level of automation. Independent route planning and
automated control reduce need for manual intervention
and increase flight efficiency.

Materials and designs of aerial robots have also
undergone significant improvements. The latest
composites and 3D printing technologies contribute to
lightweight and durable structures that optimize
performance and stability during flight. Innovations in
data processing and process automation enable rapid
analysis and adaptation to changing conditions, and use
of machine learning allows for continuous improvement
of algorithms and robot performance based on data
obtained.

Recent trends include integration with Internet of
Things (loT) and use of blockchain technologies to
improve data security, which opens up new opportunities
for expanding robot functionality. The development of
new form factors and improvements in energy efficiency
through new batteries and energy recovery systems also
contribute to durability and reliability of aerial robots.

Thus, modern technologies and innovations not only
improve functionality and efficiency of aerial robots, but
also ensure that they can adapt to new challenges and
requirements in various applications. The development of
these technologies ensures that aerial robots will continue
to improve and be introduced into new practical areas in
future.
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Anotation: In world where technology is changing at speed
of light, GSM remains unchanging foundation of mobile
communications. The study dives into heart of system,
revealing its “anatomy and physiology”. Each component of
GSM, from Mobile Station to Operation Support System, is
studied in detail, showing how coordinated work of all parts
allows billions of people to communicate over distance. This
work not only reveals mechanisms of GSM, but also looks
boldly into future. It outlines problems that this technology
faces in whirlwind of modern innovation and proposes solutions
for its adaptation. The study lifts veil on challenges facing GSM
in world of 5G and loT and inspires us to find ways to
harmoniously coexist past and future in telecommunications.
This review is compass for those who want to understand how
to keep legacy systems relevant in world that is constantly
moving forward. The paper suggests that we think about how
we can modernize time-tested technology without losing its
reliability and versatility.

Key words: GSM, network architecture,
limitations, challenges, modernization.

I. INTRODUCTION

The Global System for Mobile Communications
(GSM) remains one of most widely used cellular
technologies in world [1-4]. Despite rapid development
of newer standards, such as 4G and 5G, GSM networks
continue to play critical role in providing basic
communications, especially in regions where introduction
of newer technologies is not yet complete. At same time,
automation, robotization, and digitalization are rapidly
evolving [5-14]. This development naturally affects
evolution of GSM technologies, improving network
management, increasing its efficiency and reliability.
These innovations allow for more accurate monitoring
and maintenance of network, as well as reducing human
factor in operation process.

The relevance of GSM network structure critical
review is driven by several factors:

- GSM still covers significant portion of world's
population, especially in developing countries;

- time-tested GSM architecture provides stable
communication in variety of environments;

- understanding GSM structure is important for
development of hybrid systems that combine GSM with
newer standards;

- GSM remains cost-effective solution for many
operators and users;

- GSM continues to play important role in Internet of
Things  development  and machine-to-machine
communication.

The purpose of this paper is to conduct detailed
analysis of key components of GSM network, and to do
S0, we need to:

- assess how GSM structure meets
requirements of telecommunications industry;

advantages,

current

- consider problems of GSM compatibility with latest
technologies.

I1. GENERAL ARCHITECTURE OF
GSM NETWORK

GSM is one of the most widely used standards for
mobile communications, which provides voice and data
transmission in mobile networks [1-4]. The GSM
architecture consists of several main components and is
based on clearly defined principles of operation that
ensure its efficiency and reliability. Therefore, this paper
discusses main components (Table 1) and principles of
operation.

Table 1. Main components of GSM

GSM components Composition

Mobile Station | It is end device that subscribers
(MS) use to make calls and transfer data.
The MS includes cell phone or
other mobile device, as well as
SIM card that stores subscriber
information and provides access to
network.

Base  Station
Subsystem
(BSS)

This is component responsible for
direct connection to mobile
devices. The BSS includes Base
Transceiver Stations (BTS), which
provide radio communication, and
Base Station Controllers (BSC),
which manage radio channel
resources and transmit information
between BTS and networks.

Network
Switching
Subsystem
(NSS)

For routing calls and data in GSM
network. It includes Mobile
Switching Center (MSC), which
processes calls, messages, and
manages mobile stations. The NSS
also contains Home Location
Register (HLR) and Visitor
Location Register (VLR) that store
information about subscribers and
their locations.

Operation It is support system that is
Support responsible ~ for  monitoring,
System (OSS) managing, and maintaining entire
network. OSS provides resource
management, error handling, and
technical support to ensure smooth
operation of network.

The diagram of main components of GSM network is
shown in Figure 1.
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Fig. 1. Diagram of main components of GSM network

The principles of operation are as follows:

1. Resource allocation. GSM uses frequency division
multiplexing technology to distribute radio frequencies
among several subscribers. Each channel is time division
multiple access (TDMA), which allows multiple
subscribers to use same frequency without interference.

2. Network segmentation. GSM architecture distributes
control and data transmission functions among different
network components. This ensures modularity and
scalability of system, which makes it easy to integrate
new components and functions.

3. Authentication and security. GSM implements
mechanisms for subscriber authentication and data
encryption to protect against unauthorized access and
ensure confidentiality.

4. Roaming. GSM network supports roaming, which
allows subscribers to use their mobile devices in other
GSM networks around world without having to change
their SIM card.

Critical review of structural aspects of GSM network
provides comprehensive analysis of this fundamental
mobile communications technology. It provides in-depth
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understanding of GSM architecture and operating
principles, identifying both its strengths and limitations in
context of today's requirements.

1. CRITICAL REVIEW OF GSM NETWORK
STRUCTURAL ASPECTS

Despite its long existence and advanced architecture,
GSM has both advantages and limitations that affect its
efficiency and ability to adapt to modern requirements.

The advantages of GSM architecture are shown in
Table 2.

Table 2. Advantages of GSM

Advantages Description
Reliability and[The system was designed to provide
stability high level of availability and

uninterrupted communication, making
it highly resistant to failures and
technical problems.

\Wide coverage andGSM has huge coverage around
accessibility world, providing access to mobile
communications even in remote and
rural areas. This is made possible by
extensive network of base stations and
roaming support.

ofiGSM architecture distributes control

andand data transmission functions
among different components (MS,
BSS, NSS), which ensures scalability|
and flexibility of system. Thig
facilitates  integration of  new|
components and technologies.

Distribution
functions
modularity

Support
roaming

forlGSM ensures uninterrupted operation
of subscribers in different networks
thanks to roaming support. This
allows users to use their mobile
devices outside their home network|
without having to change their SIM
card.

Authentication andThe system implements mechanismsg|
security for subscriber authentication and data
encryption, which ensures high level
of security and protection against

unauthorized access.

Although GSM architecture has numerous advantages
that ensure reliable and stable mobile communications, it
is not flawless. The system has certain limitations that
can affect its efficiency and ability to meet modern user
requirements. The following section will discuss main
limitations of GSM architecture to help understand which
aspects need to be improved and enhanced.

One of the main limitations of GSM is limited data
transfer speed, which does not meet requirements of
modern users who need high-speed Internet and large
amounts of data. GSM provides only basic data
transmission speeds, which limits ability to use modern
applications and services.

As example, GSM provides low data rates (up to 9,6
kbps for standard channel), making it difficult or even
impossible to watch high quality video without delays
and buffering. This limits possibilities for video
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streaming services such as YouTube or Netflix, which
require faster internet connection.

Another limitation is inability to adapt to latest standards.
While GSM is effective in providing basic mobile
communications, it has limited ability to integrate with new
technologies such as 4G and 5G. This creates difficulties in
transitioning to new standards and implementing modern
features.

Other limitations include fact that GSM networks tend
to consume more energy than latest communication
technologies, which can lead to high energy costs and
affect environmental friendliness of system.

The GSM architecture may have compatibility issues
with new technical solutions and devices using other
communication standards. This can create additional
costs for modernization and integration.

The cost of supporting and maintaining GSM network
can be significant, especially when it comes to upgrading
equipment and integrating with new technologies.

Therefore, an analysis of advantages and limitations of
GSM architecture allows us to understand which aspects
of this technology remain strong and which challenges
need to be addressed in context of mobile
communications rapid development.

IV. PROBLEMS OF COMPATIBILITY
WITH LATEST TECHNOLOGIES

The GSM architecture, despite its widespread adoption
and reliability, faces compatibility issues with latest
mobile technologies. The development of new standards,
such as 3G, 4G (LTE) and 5G, creates challenges for
integration and adaptation of GSM in modern networks

(Fig. 2).
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devices and services.

Energy
economic costs.

and

Fig. 2. Diagram of existing problems of GSM compatibility
with latest technologies

1. GSM was developed in era when need for mobile
communications was lower. Newer standards such as 3G,
4G and 5G offer significantly higher data rates and new
functionalities such as support for high-speed Internet
and modern mobile applications. Integrating GSM with
these new technologies requires sophisticated solutions to
ensure interoperability between different standards.

To address GSM compatibility with new standards
such as 3G, 4G and 5G, comprehensive approach is

needed, including  modernization of  existing
infrastructure, integration of new components and
protocols, and software interoperability. This may

involve installing specialized gateways and controllers

that allow different standards to interoperate, upgrading
base stations and network elements to support new
frequency bands and data rates, and implementing new
technologies such as network virtualization and software-
defined networking (SDN) to facilitate integration and
management of multi-standard environments.

Comparative analysis with other technologies.
Detailed comparison of GSM with 3G, 4G and 5G in
Table 3.

Table 3. Comparison of GSM with 3G, 4G and 5G

Charact | GSM 3G 4G 5G
eristics (2G)
Data Up to Upto42 |Uptol Up to
transfer | 384 Mbps Gbps 20
rate Kbps Ghps
Delay 300- 100-500 | 20-30 ms <1lms
1000 ms
ms
Frequen | 900/18 | 850/900/ | 700/1700/2 | 600
cy range | 00 1900/210 | 500 MHz MHz —
MHz 0 MHz 71 GHz
Basic TDMA | CDMA OFDMA OFDM
techno / A/
logy FDMA MIMO
Channel | 200 5 MHz 20 MHz Upto
width kHz 100
MHz
Main Voice Internet, | High- 10T,
applica commun| video speed AR/VR,
tion ication, | calls internet autono
SMS mous
vehicles
Network | Low Medium | High Ultra-
capacity high
Energy Low Medium | High Ultra-
efficiency high
Security | Basic Improved | Advanced | Reinfor
ced
loT Limited | Basic Extended Full-
support scale

A comparative analysis of GSM, 3G, 4G and 5G
technologies  illustrates  evolution  of  mobile
communications, reflecting significant advances in data
rates, latency reduction and functionality. From basic
voice communications in GSM to support for
sophisticated applications like loT and AR/VR in 5G,
each generation has significantly expanded capabilities of
mobile networks. Technological advances in data
transmission methods, expanded frequency bands, and
increased energy efficiency have been accompanied by
enhanced security measures and increased network
capacity. This comparison not only illustrates current
state of mobile technologies, but also helps to understand
GSM compatibility issues with modern requirements,
substantiates need for network modernization and allows
forecasting future trends in telecommunications
development.

2. GSM provides slow data rates compared to newer
technologies such as 4G and 5G. This can lead to
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problems when trying to integrate GSM with networks
that support high-speed Internet.

To address slow data rates of GSM when integrating
with 4G and 5G networks, hybrid solutions such as
upgrading equipment to 4G/5G standards, using gateways
for interoperability, and implementing channel
aggregation technologies to increase speeds are needed.

3. The latest mobile devices designed to work with 4G
and 5G may have compatibility issues with GSM
networks, especially if these devices use new
technologies that are not supported by older networks.

To solve problem of latest devices compatibility with
GSM, it is necessary to provide backward compatibility
through adapters or modems that support older standards,
or to integrate multi-standard modules that can work with
different technologies.

4. Increasing demands on data transfer speeds and volumes
can increase energy costs, which can be problematic for older
networks that were not designed to meet modern
requirements.

To address problem of increasing energy costs, energy-
efficient technologies should be implemented, equipment
should be modernized to reduce energy consumption, and
network infrastructure should be optimized to reduce
load.

V. CONCLUSIONS

Therefore, paper is devoted to GSM network structure
critical review in context of current technological
challenges. This study presents main components of
GSM: Mobile Station, Base Station Subsystem, Network
Switching Subsystem, Operation Support System. The
principles of GSM functioning are described, including
resource allocation, network segmentation, authentication
and security, roaming. The advantages of using GSM are
determined. The limitations of GSM application are
identified. The problems of compatibility with latest
technologies are analyzed. Some solutions to overcome
compatibility problems are proposed. The presented work
helps to understand current state of GSM technology and
identifies challenges faced by GSM in modern
telecommunications environment. Thus, this review
outlines directions for further development and
adaptation of GSM to new technologies. A comparative
analysis of GSM, 3G, 4G and 5G technologies has been
carried out. Such analysis is important for telecom
operators, technology developers, providing basis for
making decisions on infrastructure development,
investments and research directions in the field of mobile
communications. Overall, paper provides comprehensive
analysis of GSM technology, highlighting its strengths
and limitations in context of modern telecommunications
needs. This study is important for understanding ways to
modernize and integrate GSM with latest mobile
technologies.
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Abstract: The article deals with the development and
implementation of a quality system for brushless DC
motors. A stand for testing, monitoring and evaluation of
motor parameters is described, as well as the software
architecture for the quality system. The results of the
research will help improve the quality and reliability of
modern electrical systems
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. INTRODUCTION

Modern technology development and increasing needs
for highly efficient electrical systems are driving the
popularity of brushless DC motors (BDCM). These
motors are widely used in various industries, including
automotive, aviation, robotics, as well as household
appliances and medical equipment. They are
characterized by high energy efficiency, durability and
reliability, which makes them indispensable in conditions
of increased requirements for quality and productivity [1,
2].

Along with the growing demand for brushless DC
motors, there is a need to ensure their high quality and
compliance with international standards. The quality of
the products directly affects the safety, efficiency and
durability of the equipment in which these motors are
used. That is why the issue of development and
implementation of quality systems for brushless motor s
is becoming extremely urgent.

The purpose of this work is to create a comprehensive
approach to the development of a quality system for the
BDCM, which will ensure their high reliability,
efficiency and safety in operation. Achieving this goal
involves measuring vibrations and the number of
revolutions of motors with high accuracy, as well as
providing access to this data both in real time and in the
form of analytical information. This approach will
improve the quality and reliability of brushless motors,
which is an important step in the development of modern
electrical systems.

I1. GENERAL APPROACH TO ASSESSING THE
QUALITY OF BRUSHLESS DC MOTORS

A comprehensive approach is used to assess the quality
of brushless DC motors, which includes several stages
and methods. First, there is an incoming inspection of
materials and components, the quality of the materials
from which the motors are made is checked, as well as
the quality control of components such as magnets,
windings and bearings.

At the production stage, automated systems are used to
check motor parameters, tests are carried out for

compliance with technical characteristics. Functional
testing includes checking the operation of the motor in
different load modes, testing for resistance to overloads
and overheating.

The analysis of motor parameters is carried out using
parameter identification methods, such as the method of
least squares, differential evolution, the particle swarm
method, and others. The efficiency and reliability of the
motor is evaluated based on the obtained parameters.

Monitoring and diagnostics include the implementation
of monitoring systems for constant monitoring of the
condition of motors during operation, the use of machine
learning methods to detect malfunctions and predict their
occurrence. Data analysis and optimization involves the
collection and analysis of data about the operation of
motors to identify possible problems and ways to
eliminate them, optimizing the design and control
algorithms to improve efficiency and reliability.

This approach ensures high quality and reliability of
brushless DC motors at all stages of their life cycle.

I11. STAND FOR QUALITY SYSTEM OF BRUSHLESS
DC MOTORS

The practical implementation of the proposed approach
was carried out through the development of the stand of
the BDCM quality system.

The working model of the stand includes a voltage
stabilizer; electrical connector; lamp with thermistor,
electronics unit; capacitor; 32-bit controller; stand with
mounting for motors and sensors (MPU 6050); power
elements. In the assembled state, the stand model has the
following appearance (Fig. 1).

Fig.1. Working model of the brushless DC motors quality
assessment stand

IVV. TESTING AND INSPECTION

In the field of testing, engineers use a general approach
that includes a combination of unit, integration, and
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system tests. The goal of this approach is to make sure
that each component and the entire system is working
properly. Types of testing used in the developed stand are
listed in Table 1. All tests must meet the specified
tolerances.

Table 1. TYPES OF TESTS USED IN THE DEVELOPED STAND

Type of tests Test tasks

— check the basic functions of
individual components, such as input,
output,  analog-to-digital  signal
(ADC) conversion accuracy, and
communication protocols (e.g., 12C,

Module tests

Wi-Fi);
— set clear acceptance criteria for each
test.
Integration  tests | — check the connection between the
for the microcontroller and each sensor;

microcontroller — make sure that the data collection,
processing and display on the LCD

display are working correctly.

System level tests | — check the entire functionality of the
system in various environmental
conditions (temperature, light level);
— check network connection and

remote access to the system.

Individual testing | — reference devices are used to check

of sensors the accuracy of temperature,
humidity, pressure and illumination
measurements;

— check the response time and stability
of the sensors.

Program testing — check the presence of bugs and the

stability of the backlight;

— functional testing includes checking
the formatting and clarity of the

display of text, numbers and symbols

Power supply | —
measurement

make sure that the power source
provides the necessary voltage and
current levels without pulsations and
noises;

— determine battery life (if applicable).

V. SOFTWARE ARCHITECTURE

The software architecture for the brushless motor quality
control system includes several key components:

1. Wi-Fi access point and web server

The Wi-Fi access point is configured using the WiFi.h
library. It creates a wireless network with the SSID

“MotorTestNetwork™ and the password “password123”.

The web server is implemented using the
ESPAsyncWebServer library. It handles HTTP requests
and provides a web interface to the user.

2. Web interface

The web interface is represented by the main page and
test pages.

The home page, accessible from the root URL (*/”),
contains a welcome message.

Test pages include:

— the motor test page (“/test_motor”) with buttons to start
and stop the test, calibrate the ESC and accelerometer,
and reset data;

— servo test page (“/test servo”) with corresponding
buttons;
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— the balancing page (‘“/balance”) with buttons for
starting and stopping the balancing test;

— the reboot page (“/reboot”), which reboots the
controller.
3. Processing of HTTP requests
The web server handles requests to the following
URLs:

— /start_motor: start of motor testing;

— [stop_motor: stop motor testing;

— [calibrate_esc: ESC calibration;

— [calibrate_accel: accelerometer calibration;

— [reset_data: reset test data;

— And other relevant URLS.

4. Control of motors and servo drives

PWM control is used to control the speed of the motor.
ESC and accelerometer calibration are performed
accordingly.

5. FreeRTOS tasks
— motorControlTask: task for motor control.

— readMPUG6050DataTask: task for reading accelerometer
data and vibration analysis.
— servoTestTask: task for testing the servo.

6. Initialization

The system initializes Wi-Fi access point, web server,
12C for MPU6050 and PWM for ESC control.

7. The main cycle of the program

The main loop() loop is not used, since all processing
and control logic is distributed among FreeRTOS tasks.

This architecture provides efficient brushless motor
and servo control by providing a user-friendly web
interface to interact with the system.

The program interface has the form presented in Fig. 2.
The developed application offers 3 interaction options:
"Motor test", "Servo test" and "Balance".

When starting, the motor spins up. The stand at each
level of revolutions tests motor vibrations, all this is
summed up and the total figure is displayed on the
program display. The number itself reflects the force of
motor vibration. Indicators 265-300 belong to good
motors suitable for drones, they have practically no
vibrations. The approximate error of repeated
calculations is 5-10%. It is also worth noting that the
indicators of the sensors of the frameworks, which makes
it a universal tool for the development of various
platforms.

The brushless DC motor quality system test stand is a
key tool aimed at testing, monitoring and evaluating
motor parameters under conditions that are as close as
possible to real-world operating conditions. This test
stand performs several important tasks:

- control and monitoring: the stand collects data on the
operation of the BPS, including rotational speed,
temperature, voltage, current and torque; this allows
parameters to be monitored and deviations to be detected
in real time;

- testing and analysis: the test stand conducts various tests
aimed at assessing the reliability, efficiency and safety of
the BPU; this is important to ensure high product quality
and compliance with standards;

- calibration and tuning: the test stand helps to adjust the
parameters of the control system of the BPS; this includes
optimizing the operation of the motors and ensuring their
optimal performance.
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Fig. 2. The interface of the developed application for the quality
assessment system of the brushless DC motors

Selecting the right components and integrating the test
stand is critical to obtaining accurate and reliable results.
This becomes the basis for further improvement of the
technology to produce brushless DC motors, which in
turn contributes to the quality and reliability of the
products.

The test stand for the quality system of brushless
motors has the following advantages:

— accuracy and reliability of measurements: the test
stand provides high-precision data collection from
various sensors, which allows obtaining reliable
information about the parameters of motor operation;

— automation of processes: the use of microcontrollers
and single-board computers [3] allows to automate
the processes of data collection and processing,
reducing the likelihood of a “human factor”;

— scalability and flexibility: the test stand can be
adapted to different types of brushless motors and
customized for different tests;

— documentation and visualization: automatic data
collection and storage allows for the creation of
detailed reports and graphs, simplifying the analysis
of test results.

The disadvantages include the following:

— high cost: creating and maintaining a test stand
requires  significant financial investments in
equipment, sensors, and software;

— complexity of setup: setup and integration of all
components of the test stand requires highly qualified
engineers and specialists;

— limited portability: the test stand is stationary and
takes up a lot of space, which can be a problem for
small production facilities;

— dependence on electronics and software: the
reliability of the test stand depends on the stable
operation of electronic components and software;
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— time for testing: full-fledged tests can take a
considerable amount of time, which affects the overall
duration of the quality control process.

Given these factors, the test stand is an important tool

for ensuring high product quality, but its use requires a

careful approach and consideration of all aspects.

V1. CONCLUSIONS

This paper investigated the issues related to the design,
development, and implementation of a quality system for
a database on DBPS. The study covered various technical
aspects, system components, and implementation
strategies,

Visual Studio was chosen to develop the graphical user
interface. Arduino IDE was used to create the software of
the DBPS quality system. To implement the user
software, we chose the C++ language and the .NET
platform. C++ programming language was also used to
implement the software of the DBPS quality system
itself.

This practical work has provided information on the
design, development and implementation of the DBPS
quality system. Future directions for the system
development include expanding the functionality, adding
new sensors, increasing the size of the stand to adapt to
large-scale production, improving automation, and
improving the quality of individual components. It is also
possible to expand the capabilities of the user interface,
including the use of neural networks for data analysis,
displaying data in charts, and automated process control
through robots.
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Abstract: The study aims to develop a system for
monitoring and alerting safety in a coal mine based on
the Internet of Things, with indicators displayed on the
screen for observation.

Keywords: Monitoring of data; safety; coal mine;
emergencies; radio communication; methane; gas; sensor.

. INTRODUCTION

Mining is one of the oldest and most demanding
professions in the world. Mining is critical in energy
supply, construction, metal production, and other
industries. It is also one of the most dangerous
professions in the world due to cave-ins caused by
methane, coal dust, or moisture explosions.

Mines are typically situated in intricate geological
formations. These conditions can result in instability,
rockfalls, and subsidence, all of which pose risks to
miners' safety. Coal seams often contain methane (CHa)
and other gases. The accumulation of these gases within
the mine can lead to explosive situations if not properly
managed. Fine coal dust is a common hazard in mines.
Prolonged exposure to this dust can cause respiratory
diseases, affecting miners' health. Machinery breakdowns
are a significant concern. When mining equipment
malfunctions, it disrupts operations and puts workers at
risk. Miners face challenges related to fatigue, stress, and
communication gaps. These factors contribute to
accidents and incidents within the mining environment.

Most of the critical factors that lead to accidents in a
mine can be controlled, and workers can be warned about
the situation, increasing the number of miners who will
not be injured. Therefore, a coal mine safety monitoring
and warning system was developed. Mining safety
systems are crucial in mitigating these challenges and
ensuring miners' well-being [1].

I1. GENERAL ANALYSIS

A mine is an enterprise that is focused on the extraction
of minerals by underground mining. It consists of surface
facilities and underground mining workings.

A coal mine has the following structure:

- the shaft, which is the beginning of the underground
workings and is the descent and ascent of personnel, or
the place for lifting coal to the surface;

- a drift, an area where rails are laid to transport coal
from the mining site to the shaft;

- Longwall is a place where coal is mined.

One of the main hazards in a mine is the constant
content of methane, which is released during the
destruction of the coal seam. For this reason, a set of
measures is constantly being taken to prevent gas
explosions, and the frequency of such measures depends
on the category of the mine. A mine is assigned a

category based on its methane content. Table 1 shows the
classification of mines by methane level.

Table 1 - Classification of mines by methane level

Category of methane Relative methane

mines abundance of the mine, m3ft,
type of gas emission
I Up to 5, normal

I From 5 to 10, average gas
emission

11 10 to 15, average gas emission

15 and more; mines hazardous

Supracategorical for fugitive emissions

Mines that mine seams
hazardous for sudden release of
coal and gas; mines with rock

Sudden release
hazardous

In addition to methane, one of the indicators that affect
workers' performance, their physical condition, and
accident prevention is temperature. It depends on the
depth of the drift or longwall and fire hazards. The
temperature in the mine is unevenly distributed; the
closer to the surface, the colder it is, and the temperature
is further reduced by ventilation. The physical condition
is also affected by humidity, which should be in the mine
range of (80-90) %.

A large amount of electrical equipment is used in the
mine, and the main voltage levels are

- low voltage: 380V, 220V, 127V;

- high-voltage 6.10 kV;

- for lighting and low-voltage mechanisms: 36 V.

The main factors that can lead to the failure of mine
equipment are untimely inspection and repair, humidity,
and dust. Closing all gaps in the housing with rubber
seals achieves moisture resistance and dust protection.
They are coated with a protective varnish or sealant to
protect the boards.

One of the most essential conditions to be considered
when choosing equipment for a mine is its intrinsic
safety. It is achieved in several ways:

- creating conditions for the device to operate at low
power and voltage levels;

- selection of materials with a low potential for ignition;

- providing insulation and protection against dust and
moisture;

- Strict adherence to the instructions for installation and
maintenance of the equipment.

Any electrical equipment used in a mine is subject to
specific technical requirements. These include:

- safety requirements: intrinsic safety, fire, and moisture
resistance, dust protection, long service life

- maintainability;
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- operational requirements.

I11. SELECTION OF ELEMENT BASE AND
CREATION OF THE SYSTEM

For a monitoring and alerting system, it is essential to
notify miners and rescuers of abnormal readings by
activating a siren and notify the operator of changes in
the readings. One of the communication systems can be
used to inform the operator. Communication systems
used in the mine are divided into telephone systems,
radio communication, and local communication. Each of
the communication systems has advantages and
disadvantages, which are shown in Table 2. Therefore,
based on the results of the table, radio communication
was chosen because of its rapid implementation, signal

penetration, and mobility.

Table 2 - Advantages and disadvantages of types of
communication in the mine

Type of
communication

Advantages

Disadvantages

Provento be a
good and reliable

communication

does not require
the use of wires to
transmit
information

Telephone way to Dependent on
system communicate wires
underground and
above-ground
an provide more Limited to the
comprehensive range of the
. coverage, as it transmitter or
Radio

receiver, with a
range extender,
the transmission
radius increases

Everyone can
hear, which can

- e Limited to a
Local save miners' lives -
N . specific area of
communication in case of a Use
dangerous
situation.

For systems that are used for information wireless
communication, including the developed monitoring and
alerting system, repeaters are essential. Repeaters are
designed to amplify and retransmit radio signals between
remote transmitters. All repeaters are divided into passive
and active. Active repeaters work on the principle of
signal enhancement: the signal received at the receiver is
amplified and transmitted through the transmitter to the
following points. Passive repeaters do not have a built-in
amplifier, so they work by transmitting signals without
changing their power or quality.

One of the main issues for a wireless system is the
choice of operating frequency. Experiments were
conducted 3on the signal range in the mine, where such
frequencies as 455 and 915 MHz and 2.45 and 5.8 GHz
were investigated, and it was concluded that high
frequencies work better in both polarizations [2]. Similar
tests were also conducted in the post-Soviet space. They
used frequencies of 1.8 and 1.9 GHz and concluded they
are effective when the capital workings are extensive
more than 10 meters.
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The signal transmission range limits radio
communication, so repeaters are used to increase the
range. After analyzing the research results, the distance
between the repeater and the signal source or receiver
depends on the obstacles encountered on the way.
Therefore, for the experimental conditions where 2.4 and
5.8 GHz frequencies were studied, the repeater should be
located at 350-390 m for the experiment with 1.8 and 1.9
GHz frequencies - 700 m. Still, the signal transmission
range of this frequency directly depends on the number of
obstacles in the form of metal structures of the mine,
equipment, and various cables.

Considering the technical and climatic conditions that
the mining equipment must meet, the following
components were selected for the monitoring and
warning system

- sensors: temperature and humidity, smoke gas;

- Arduino microcontroller;

- data transmission modules: NRF24L01 radio
module at 2.4GHz, Wi-Fi module on ESP8266.

According to the mine zones, the system consists of
three main modules: a data collection module, a repeater,
and a “Base” module. We also created printed circuit
boards for each of the modules. The boards contain
circuits for power supply and battery charging, a
communication module, a microcontroller, and sensors
for the data collection module.

As current events demonstrate, an additional source is
essential for any vital equipment. The miners' lives are a
priority, so the designed system must have its emergency
power source when the main power supply is lost.
Therefore, a rechargeable battery with a capacity of 59
Ah has been developed, consisting of Li-lon 18650
batteries with an excellent price-performance ratio.

Each device must be protected from external
influences, so the system modules have a housing. Its
shape depends on the boards' size and the elements'
height. Given the size of the battery and the peculiarity of
any battery wearing out over time, the battery is made as
a separate unit attached to the main board housing. The
case must also be reliable in the mine environment, so
ABS plastic was chosen as the best material for
manufacturing. The material is heat-resistant and non-
toxic under normal conditions, durable, moisture, and
acid-resistant under selected operating conditions. The
connection between the battery and central board units is
made through wires. The wires between the board and the
battery are connected using explosion-proof switches.

A website with measured indicators now called the
Operator's Screen, was developed to display information
from the mine. Figure 1 shows the page of the Operator's
Screen, which displays all the indicators measured in the
mine.
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Fig. 1 Operator screen

I\V/. DESCRIPTION OF THE OPERATION AND
TESTING OF THE SECURITY MONITORING AND
NOTIFICATION SYSTEM

The system operates as follows: the data acquisition
modules located in the production (longwall),
transportation (adit), and surface (shaft) zones collect the
leading indicators (methane, smoke, humidity, and
temperature) and then send them via radio to another data
acquisition module or repeater, where the data is
forwarded further. If the data exceeds the average values
for a given zone, a signal is sent to the siren, which
activates it.

The indicator collection module works as follows:

- data is received from another module or repeater;

- the received data is sent;

- collecting readings from the sensor;

- data recording and address assignment;

- sending the collected data.

The range extender has no sensors, but it works in
active mode.

The “Base” module works as follows:

- data reception and recording in the database;

- sending the received data to the server;

The data is received from the remote modules and
sent to the nearest ones.

The server works as follows:

- data is received;

- indicators are recorded in the appropriate blocks;

- sending data to the Operator's Screen website.

Figure 2 shows the system operation results.

Fig. 2. The result of the loT-based safety
monitoring and alert system in a coal mine

V. CONCLUSIONS

The loT-based monitoring and alert system in a
coal mine was developed, considering intrinsic safety and
dust and moisture protection, and the system was
developed using reliable and more accurate components.
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Intrinsic safety is ensured by using low-
consumption components and explosion-proof switches.
Protection against dust and moisture is ensured by using
rubber gaskets between the housing and the lid and in the
gaps between the sensors and the housing lid. The
developed system was created using reliable and more
accurate sensors. The modules' housing is designed for
use in a mine environment; the plastic of the housing is
durable, non-toxic to humans, moisture resistant, heat
resistant, and resistant to oils.

All modules are developed using Arduino boards;
during production, it is planned to use only the ATmega
328 microcontroller without additional strapping of
electronic components.

Communication between the modules is provided
by radio communication at a frequency of 2.4 GHz using
an omnidirectional antenna.

The system is designed to be powered by a 36 V
supply voltage for lighting in the mine. To ensure the
autonomous operation of the module, a rechargeable
battery, which is a detachable unit, has been developed.

The housing of the modules is designed with the
board design and components located on it in mind.

For additional personnel protection, the device can
make decisions on its own; in case of abnormal values, a
siren is activated.

All indicators are displayed on the operator's
screen. For this purpose, the markup and styles of the
website have been created, and to change the data on the
website, an ajx query to the database table is used.

The demonstrated system is not final; in the future,
the monitoring and notification system can be developed
and supplemented by adding a system for locating
personnel in the mine based on tags, adding other sensors
to expand the number of collected indicators,
supplementing the operator's screen with information, for
example, a history that stores the received indicators for a
long time; using water-repellent and conformal coatings
to protect the electronic part of the system from moisture;
revising the shape of the case and simplifying it.
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Orysa o0 BUKOPUCTaHHS pajloaMaTopamMu

Pal0YacTOTHOTO CIIEKTPY B YKpaiHi

Caixxana Buuyxanminga', Omnexcannp Mamuii?

1. Kadenpa PTT, Hauionanbuuii yHiBepcutet «3anopisbka nositexdika», YKPATHA,
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Anomauyia: B naHoMy Marepiai HaBEJCHO OIILJ MIOAO
KOPUCTYBAHHS paiO4aCTOTHHM CIIEKTpOM B YKpaini Ta
kpainax €C.

Kniouoei cnosa: CEPT, pagioamarop, cmyru wactor,
aMaToOpPChKi paIioCcTaHIIil.

. BCcTvin

[MuranHs fepkaBHOI TMOJITUKM Ta HOPMATHBHI
nuTaHHS y cdepi MOmMTH Ta €IeKTPO3B'SI3KY, 30KpeMa
BUKOPHCTaHHSl PaJliO4aCTOTHOI'O CHEKTPY, y Mekax
€Bponn  posrisimae  €Bporeiickka  KOH(EpeHIis
anminicTpariiii 38°s3ky (anra. The European Conference
of Postal and Telecommunications Administrations,
CEPT). Ha croromni wienamu CEPT e 48 kpain, 30kpema
VYkpaiHa.

Il. BUKOPUCTAHHS PAJIIOAMATOPAMMU
PAJIIOYACTOTHOTI'O CITEKTPY B YKPATHI

Hust BuzHaHHi MiK kpaiHamu-wieHamu CEPT (ta
KpaiHamu, siki npuegHaiucs no pekomenpaiiit CEPT)
PEKOMEHTYEThCS BHUKOPUCTOBYBATH TpH BUIH
panioamaTopchkux JiitieH3iit: 6azoBoro pieHs (NOVICE),
nouatkiBis (ARNEC) ta nosny (HAREC).

Jiist KoXKHOT 3 nepepaxOBaHMX JIIEH3IH BHU3HAYCHUI
MIHIMAJIbHUI piBeHb KBajiikaiii pagioamaTopiB i
X1 0 PO3MOJITY JUIsl HUX CMYT YacTOT, BUJIB pOOOTH
Ta MPUILYCTHMHX ITOTYKHOCTEH.

AnMiHicTpanii 3BSI3Ky KpaiH-y4acHHIb Ha IiCTaBi
pexomenyaniii CEPT Bu3HA4alOTh BIAMOBIAHICTE MK
CBOTMH HAIlIOHAJBHUMHU PaioaMaTOPChKUMH JIIEH31SIMU
(xBaui(hiKaifHUMHU KaTeropisiMu) i TphOMa KaTeropisiMu
minensii CEPT, nepepaxoBanumu Bullie.

B Vkpaimi, 3  ypaxyBaHHAM  BIIIIOBITHUX
pexomernmaniii  CEPT, 3actocoByeThcst — HacTyIHa
knacudikailis KaTeropid  omnepaTopiB  aMaTOPCHKHX
pamioctantiit (APC):

1. A (Buma kamikailisi pajgioamaropa) — BIANOBiIae
moBHii minensii CEPT. [Insa ii omepkanHs moTpiOHO
34aTH TEOPETUYHHUH €K3aMEH 3a MpPOrpaMoOr0 IOBHOI
ninensii CEPT (T/R 61-02);

2. B (pamioamaTop-mio4aTKiBeIlb) — BiMIOBITa€ JIIEH3ii
CEPT wnoBauka. [lma ii omepkaHHs mTOTpiOHO 37MaTH
TEOpEeTHYHNHA ek3aMeH 3a mporpamoro mineH3ii CEPT
HoBauka (ERC32);

3. C (pamioamarop-yd4eHs) [2].

Jo3BojeHi cmyru pamiodacToT B fiama3oHi Bim 100
MI'm mo 24 TTo npu MakCHMaldbHOMY DPIBHI BHXiTHOI
moTy’)kHOCTI 5 BT Ta BHam 3B'SI3Ky IepenaBadiB
amaropcbkux pamiocranuiii (APC) ycix kareropii B
VYxpaiHi nmpeacrasneni Ha pucyHkax 1 — 3.

Puc. 1. JlozBoneni cmyru paxioyactot (MI'n) ms

MEPBUHHOI KaTeropii aMaTopchKoi Ta aMaTOPChKOT

CYITyTHHKOBOI cITy»O0u B YKpaiHi Ta BUJH 3B’ 3Ky

nepeiaBayiB amaropcbkux pagiocranuiid (APC) B
VYkpaini

Puc. 2. JlozBoneni cmyru paxioyactot (MI'n) s
MEPBUHHOT KaTEeropii aMaTOPChKOi Ta aMaTOPChKOT
CYITyTHHKOBOI CITy0u B YKpaiHi (BUKOPUCTOBYEThCS
CHIJIBHO 3 IHIIMMHU Paaiocayx0aMu) Ta BUJIU 3B’ I3KY
nepeiaBayiB amatopcbkux pagiocranuii (APC) B
VYkpaini

Puc. 3. To3BoneHi cmyru pamiodactot (I'T'm) mus
nepBUHHOI (1) Ta BTOPHHHOI (B) KaTeropii aMaTopchKoi
Ta aMaTOPCHKOI CYITyTHUKOBOI CITy>KOH B YKpaiHi Ta
BHM 3B’S3KY TIepeaBadiB aMaTOPCHKHUX paIiOCTaHIii
(APC) B YkpaiHi

PozmmdpoBani Buam 3B’ A3Ky HaBeeHI B TaOmmi 1.

M&MS 2024, 25-26 October, Kharkiv, Ukraine



Tabmmng 1. Bumn 3B'13Ky nepeaBadiB aMaTOPCHKUX

paziocranuiii (APC) [2]

Tlo3Hauenns

HpI/ISHa‘leHHSI Ta OCHOBHI XAPAKTCPUCTHUKHU

CwW

Tenerpadis — mepemaBaHHS  TEKCTOBUX
MOBIJOMJICHb 13  BHUKOPUCTaHHSIM KOy
Mop3ze. Al — ammiitygHa tenerpadis; F2 —
TOHallbHa Teyierpadis 13 3aCTOCYBaHHSIM
4yacTOTHOI MaHimyJsmii. HeoOxinHa mmpunHa
cMyTHu BuIpoMiHIoBaHHs He Oinpare 100 I’y

SSB
AM
FM

Tenedonis  —  mepemaBaHHI  MOBHHX
MTOB1IOMJICHb B @aHAJIOTOBOMY BHTJISII.

J3E - omHa Givuna cmyra (SSB) 3 mojaBneHorO
YaCTOTOIO-HOCIEM Ta HEOOXIJHOIO IIHUPHHOIO
CMYT'Hl BUITPOMIHIOBaHHS He Oinbine 2,7 KI'1;
F3E - w4acrorna wonymimis (FM) 3
HEOOX1HOIO [IHPHHOIO CMyTH
BHITPOMiHIOBaHHS He Oumpimme 6,0 k['11 Ha
gactorax Hmwkue 30 MIm ta 20 k[ ma
yacrorax Buie 30 MI'n; A3E — nBocmyrosa
TeneoHisT 3 BUKOPHCTAHHSIM YaCTOTH-HOCIS
(AM) 3 HeoOXiIHOIO NIMPUHOI CMYTH
BHIpOMiHIOBaHH He Oinbmie 6,0 kI’

SSTV

INepenaBaHHs 300paxkeHb — IeEpenaBaHHIL
BizeoiH(popMmarlii.

J2F — 3 HeoOXifHOI IIMPHUHOI CMYTH
BHUIIPOMiHIOBaHH He Oibmie 2,7 kI

DIGI
MGM

INepenaua curnainiB 3 nUGpPOBUMHU METOAAMHU
monymsmii (RTTY, PSK31, PSK63, MT63,
Hell Tomo).

F1B — Ge3nocepenHst 4acTOTHA MaHIMyJIsLis
HOCIHHOT 4acCTOTH rnepeaasavya 3
BUKOPHCTAHHSAM JIBOX YacTOT;

F2B — monymsauis FM mnepenaBaua nBoma
3BYKOBHMHM TOHAMH,;

J2B - monymauis SSB mepenaBaua aBoma
3BykoBumH ToHamu (RTTY);

FID - mepemaua  JgaHUX  [UBIXOM
Oe3nocepeiHbOi  YaCTOTHOI — MaHiIMmyJIsLil
HOCIHHOI 3  BHKODHCTAaHHSM  JAEKIIBKOX
4acToT, 110 4epryIoThCs;
F2D - mepemaua NaHuX HUIIXOM MOJYJISLIT
FM nepenaBaua [ekijbkoMa 3BYKOBUMH
TOHAMH, 1110 YEPryIOThCS;

[epenaBanns curHamiB 3  LUPPOBUMHU
meromamu  Mmoxymsinii  (RTTY, PSK31,
PSK63, MT63, Hell Ta inmmi).

F1B - Ge3nocepeHsi 4acTOTHA MaHIiITYJISILIis
4aCTOTH-HOCIS IepeliaBada 3 BUKOPUCTAHHAM
JIBOX YacTOT;

F2B - moaymimis FM nepenasaua nBoma
3BYKOBHMHM TOHAMH,;

J2B - monymauis SSB mepenaBaua aBoma
3BykoBuUMH ToHaMu (RTTY);

F1ID - nmepemaBaHHA JaHUX  IUIAXOM
0e3nocepe]HbOi  YaCTOTHOI — MaHIIMyJILil
YaCTOTH- HOCISl 3 BUKOPHUCTAHHSIM JEKUTBKOX
YacTOT, 1110 YePryIOThCS;

F2D - nmepenaBaHHsS JaHUX  [UIIXOM
monymsaii FM  mepenaBada  nmekibkoma
3BYKOBHMH TOHAMH, 1110 YEePIyIOThCS;

J2D - nepemaBaHHS =~ [JaHUX  IUIIXOM
monymsii  SSB  mepenaBaua  nmekibkoma
3BYKOBHMH TOHAMH, 1110 YEPIYIOThCS
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IIponoBxkerHs Tabmmi |

MikHapo#HHIT TPOEKT paxioaMaToOpChKUX
«MAsIKIBY.
Al — ammitynHa Tenerpagis 3 HeoOXigHOIO

IBP MIMPUHOIO cMyTH BunpoMiHioBaHHs 100 I'ig

3B'130K 3  BHKOPHCTAaHHSAM  IITYYHHX
CYIyTHHKIB 3eMIIi.

HlineHicTH MOTOKY BHIIPOMiHIOBaHHS
kocmiunmx craHnoii ACC Oinst  moBepxHi
3emuni He TIOBMHHA TIepeBHITyBaTH MiHyc 110

SAT nbBT/kB. M

V3aranpHeHe HaliMEHyBaHHsS TEXHOJIOTii Ta
MIPOTOKOIY MaKETHOTO (mmadposoro)

APRS aMaTOPCHKOT0 PaJlio3B'a3Ky

3B'130K 3 BHKOpPHCTaHHAM Micsms K

EME MIACUBHOI'0 PeTpaHcisITopa

[Ticns ycmimHOro 31aBaHHs icUTy KBajidikauiiiHo-
TEXHIYHOI KOMicii Ta mepeBipku TexHigyHoro crany APC
panioamarop onepXye B YKpaiHCBKOMY JIep)KaBHOMY
neHTpi pamiodactor (YLIP) mo3Binm Ha eKcITyaTallito
aMaToOpChKOI paaiocTaHIii BCTAHOBIEHOTO 3pa3Ka.

J103BiJ 3acBiuye MprU3HAUYEHHS TO3UBHOTO CUTHAITY Ta
IpaBo HOro BIacHUKa Ha ekciutyartanito APC BinnosimHo
Jno ksanmidikamii omepaTtopa YHpPOJIOBXK BH3HAUCHOTO
TEpMiHY B IEBHUX YMOBaX.

Juiss oTpuMaHHs NEBHOI KaTeropii rapMoHi30BaHOTO

ek3aMmeHariiinoro ceptudikata CEPT mo YIP
HAJA€ThCS 3as5Ba BCTAHOBJICHOTO 3pa3Ka.

Bumani  YJIIIP  rapmoHi3oBaHi  eK3aMeHaIiHHI
ceptudikaTh BU3HAIOTHCS AAMIHICTpPAIiSIMU  3B'S3KY

inmmx kpain-unenis CEPT 1 kpain, 1o npuenHanucs 1o
rapmonizauii sinen3iit CEPT.

PapnioamaTop, mo mae miuensito CEPT, moxe BijbHO,
HE OJIEpPXKYIOUM  HAIlOHANbHY  JILEH3II0  KpalHu
nepeOyBaHHsI, 3/ifICHIOBaTH Iiepeaadi ynpoaosx 90 aHiB
13 Kpainu, 1o npuenHanacs 1o pexomenanii CEPT.

ApMiHicTpanii  3B'I3Ky JNESKMX KpalH [PUNAHSIIH
pexomenanii CEPT uactkoBo. [{j1st 3niiiCHEHHS niepeay
i3 [mMX KpalH HeOoOXiqHO OJepKaTh HalliOHAIbHI
JIO3BUITBHI JOKYMEHTH.

VY pa3i npoBeieHHs CeaHCIB pajlio3B'sa3Ky Ha TEPUTOPIT
VYkpainu pagioaMaTopu IHIIMX KpaiH mepes 0COOMCTHM
MO3MBHUM CHTHAJIIOM 4epe3 Jpi0 monarots sitepu «UT».

Pexomenmanii Ta nosimomieHdss CEPT, saki BiqHOCATH
JI0 aMaToOpChKOi CIyOM Ta aMaTOpChKOi CYITyTHHKOBOI
ciTyx0u:

1. Recommendation T/R 61-01 — Pamioamaropcbka
mnensis CEPT;

2. Recommendation T/R 61-02 — T'apmoHnizoBaHmHit
panioaMaTopChKUi eK3aMeHaIli HHUH ceprudikat
(HAREC) [1].

B Vxpaini IlocranoBoro HarmionansHOi Komicii, 10
3IiiCHIOE ~ Jep)KaBHE  perysloBaHHA y  cdepax
eJIEKTPOHHUX KOMYHIKAIliil, palio4acTOTHOTO CIIEKTpa Ta
HaJaHHS TOCIYT IIOIITOBOTO 3B’S3KY, 3aTBEpKCHUI
«PermaMeHT amMaToOpchKOTO pamio3B’s3Ky Ykpainu». Llei
periiaMeHT BU3HAYaE:

1. Tlopsmok KOpPHCTYBaHHSA PaliOYaCTOTHAM CHEKTPOM
VYkpalHH aMaTOPCBKOIO CIYX0010 pamio3B’s3Ky Ta
aMaTOPCHKOIO CYITYTHIUKOBOIO CITY>KOO0I0 paTio3B’sI3Ky;

2. 3aranmpHi BHMOTH [0 TapMOHI30BaHOTO  Ta
HaIllOHAIBHOTO eKCIUTyaTaliiHuX JokyMeHTiB APC;
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3. Tlpomemypy 3aMOBICHHS i OGOPMIICHHS TTO3WBHHIX
CUTHAJIIB Ta eKCILTyaTaniiHnX JokyMeHTiB APC;

4. ®opmu ekcrryaTaniiiHux nokymentiB APC, a Takox
¢dopmu 3amoBNeHHS (TIepeiik HeoOXimHol iHdopmarii)
ISt iX 0hOpMITCHHST;

5. Bumorm 10 omyOdiKyBaHHS —3araJlbHOZOCTYITHOI
iHdopmMamii mpo ekcruryaraniiiHi nokymeHtH APC Ta
00MiHy iH(OpMAIli€r0 i3 BJIACHUKAMH 1HGOPMAIiHHIX
pecypciB.

Jist 1poro periamMeHTy TIOIIUPIOETBCS Ha  BCIX
pamioamMaTopiB, 30KpeMa Ha paJiioaMaTOpiB-iHO3EMIIIB,
sIKI eKCIUTYaTyloTh a00 MarTh HaMip eKCIUTyaTyBaTH
aMaTOpPCHKi pajiiocTaHLii Ha TepuTopii YKpaiHu.

Cepel; OCHOBHHX BUMOT, BCTAHOBJICHUX PETJIaMEHTOM,
LI0/I0 TPOBEJECHHS aMaTOPCHKOTO paJlio3B'si3Ky BapTo
BIJI3HAYUTHU:

1. IIpoBenenHs ceaHciB panio3B's3ky omneparopamu APC
MTOBUHHO 3/[IICHIOBATUCS TiJIBKUA Y CMyTax pajiodacToT,
BUJIaMH PaJIio3B's3Ky Ta 3 piBHAMHU BHXIiIHOI IOTY>KHOCTI,
0 Bi/MOBIIAIOTH KaTeropii (kBasidikalii ormeparopa) Ta
3a3HauYeHi y T03BOJI.

2. Tlepen mouaTkoM ceaHcCy panio3B'si3ky omepatop APC
NIOBUHEH IEPEKOHATHUCS, 110 OOpaHUil HOMIHAN YacTOTH
(xaHaJ) BUIBHUM.

3. Ipu BenenHi pamio3s'szky oneparop APC He noBuHeH
CTBOPIOBATH 3aBaJy y CYMDKHHX CMyTax paaiodyacTor,
II0 B)KE BUKOPHCTOBYIOTHCSI IHIIUMH CTaHI{iSIMH.

4. Pamio3B's130Kk 3 IHIIMMH PATiOCTAHI[IIMH, IO HE
Halle)kaTh  aMaTOPChKIA  pajiocimyx0i, JT03BOJISETHCS
TIJIBKHM Y BHINQJKY nepefadi HUMu curHaiiB nuxa (SOS,
MAYDAY) Ha pazgioyacToTax, MO0 PO3MOALUICHI
aMaTopChKil CyxkO0i.

5. Amaropcbkuil pajio3B'sI30K MOBHHEH MPOBOAUTHCS
BIIKDUTHM TEKCTOM Ha pPaJioaMaTOPChbKy TEMAaTHUKy M
0oOMexXyBaTHCsT  TOBIAOMJICHHSIMA 3 JOTPHUMaHHIM
3aKOHO/IaBCTBA MPO KOH(ieHiHHY iH(opMaIlio.

6. Onepatop APC 3000B'si3aHuii nepenaBaTi MO3UBHHUNA
CUTHAJI CBOEI CTaHIlii HAa IMOYATKy Ta MpPU 3aKiHYCHHI
CeaHCy pajio3B's3Ky, ajie He pijie HbK onuH pa3 Ha 10
XBUJIVH [2].

Ili BuMoru cmpaBeAnMBi aJsi TPOBEICHHS CEaHCIB
aMaTOPCHKOTO Pajiio3B’sI3Ky y BCIX KpaiHax-y4acHHUIISX
CEPT.

111. BUCHOBKU

B manmomy wMmarepianmi TpencTaBICHHUN OIJISAA IIOAO
BUKOPDHUCTaHHS  pajioaMaTtopaMd  pagioyacTOTHOTO
criekTpy B YKpaini. MaTepiany migroToBII€HI HA OCHOBI
YMHHAX HOPMATHBHO-TIPABOBUX aKTiB Ha BepeceHb 2024

p.

ITEPEJIIK TOCUJIAHL
[1] BeGcaiir TI'pomancekoi crinkn «BceykpaiHchka
pamioamaTopchka Jiray. Pesxxum JIOCTYIIY:

http://surl.li/qlwtaz (nata 3BepHerHS: 24.09.2024)

[2] TIpo 3arBepmkeHHs PeriameHTy amaToOpChKOTO
pamio3B’si3ky  Ykpainm [EnmexTpoHHHWII  pecypc]:
ITocranoBa HaiionaapHOT KOMicCii, M0 3/iHCHIOE
Jiep)KaBHE PETYJIOBaHHS y cdepax eJeKTPOHHUX
KOMYHIKaIliff, paJiouaCTOTHOTO CIIEKTpa Ta HaIaHHS
MOCITyT TIOIITOBOTO 3B’SI3Ky: [3apeecTpoBaHO B
Minicrepctsi octuitii Yipaian 29 gepsus 2023 p. 3a
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Po3pobka MeToay BU3HAYCHHS IIIBUIKOCTI
nepeMileHHs 00'€KTIB Ha OCHOBI aHaI13y 300paKeHb

Boponos Jlennc !, Cezonona Ipuna 2

1. Kadenpa KITAP, Xapkiscbkuil HallioHabHui yHiBepeuTeT pajioenexTponiky, YKPATHA,
Xapkis, np. Hayku. 14., email: denys.voronov@nure.ua

2. Kadenpa KITAP, Xapkiscbkuii HallioHaIbHUi yHiBEpeuTeT pajioenexTponiky, YKPATHA,
Xapkis, np. Haykwu. 14., email: iryna.sezonova@nure.ua

Anomauis: B ngaHoMy Martepiani HaBEJCHO IPUKIA]
BukopucTanHs Oi0Omioreku OpenCV mns po3poOKu MeTomy
aHaJi3y 300pakeHb.

Knrouoei cnosa: OpenCV, Anroput™, iHTErparis.

. BCcTvin

CyuacHi CHCTEMH MOHITOPHHTY JOPOKHBOTO PYXY,
BiJICOCTIOCTEPEKEHHS, aHAN3 CIOPTUBHUX IMOMIA Ta
CUCTeMH Oe3leKd 3HAYHOK MIpOK 3alekaTh BiJ
AJITOPUTMIB, ITI0 3[aTHI TOYHO BUMIPIOBATH IIBHIKICTh Ta
Tin  00'ekTiB. Bu3HaueHHs MBHAKOCTI Moxe OyTH
KOPUCHMM Il TIOKPAIlICHHsS Oe3MeKu Ha JI0porax,
3am00iraHHs  HEIACHMM BHIIaJKaM, a TakKoX JUIs
aBTOMaru3alii 0araTb0X PYTHHHHX IPOIECIB, TAKHX SK
KOHTPOJIb TPAHCIIOPTHHUX MOTOKIB. OJHUM 13 HAHOUIBII
NOUIMPEHUX 1 TOTY)XKHUX IHCTPYMEHTIB JUIs aHaTi3y
300paxens € Oidmioteka OpenCV, BoHa Hamae Oe3midu
GbyHKUIM a1 peanizaiii CKIaJHUX AITOPUTMIB 00pOOKH
Bizeo. [i BhpOBa[KeHHS O3BONUTH ONTHMi3yBaTH
MpOLIEC aHaNi3y BHUPOOHUYUX CHCTEM CTEXCHHS Ta
Oe3leKd, a TaKOXX HaJacTh HOBI MOMIJIMBOCTI I iX
PO3BUTKY

1. METO/T AHAJII3Y 30BPAJKEHD

OpenCV (Open Source Computer Vision Library) —
e BiakpuTa 0i0mioTeKka A KOMI'TOTEPHOrO 30py Ta
00poOku 300pakeHb, sSKa HAJA€ LIMPOKUI HaOIp
IHCTPYMEHTIB ISl aHANI3y Bi3yaJbHHX JAHUX, TAKHUX SIK
¢oto, Bifieo Ta 300paXKeHHS 3 KaMep y peajbHOMY 4Yaci.
Bona miarpumye pisHi MoBu mporpamysanus (Python,
C++, Java), mpaiioe Ha pi3HUX OINEpaliiHUX CUCTEMax
(Windows, macOS, Linux, Android) i BKIrOYae moHan
2500 anropuTMiB IS TaKWX 3a7ad, SK PO3Mi3HABAHHS
00'€KTIB, TPEKIHT PyXy, aHAJ3 ONTHYHOTO IOTOKY TOIIIO.

OpenCV  mo3Bomsie  o0OpoOisiTH  300pa)keHHS B
peanpHOMY dYaci 3aBOSKM IMIATPUMIN  amapaTHOTO
npuckoperas (GPU), mo po6uTs i 0co6IMBO KOPUCHOIO
B cucTeMax BiJICOMOHITOPHUHTY, aBTOMAaTH3alIil,
aBTOMOOIIBHIN MIPOMHCIIOBOCTI, MEIALNHL Ta
pobororexnini. Boma Mae BemHWKy  CHUIBHOTY
po3pobHUKiB, MmO 3abe3medye JErKy IHTETpamiro Ta
OIMPOKI  MOXIJIMBOCTI  IUis  po3poOku B cdepi
KOMII'FOTEPHOTO 30DY.

OpenCV Hamae mmpokwii Habip IHCTPYMEHTIB i
(YHKIIH, 0 JO3BOIISIOTH 3HAYHO CIIPOCTUTH CTBOPEHHS
AJITOPUTMY LIISIXOM 3aCTOCYBaHHS B)KE TOTOBUX MOYJIIB
UL JeTEeKIlii, TpeKiHry oO0'€KTiB Ta aHam3y ix
TIepeMIIICHb. OcHoBHI eTaru, SIK1 MOYHA
aBTOMaTu3yBaTH 3a gomomoror OpenCV, BKIIOYAOTh
TIOTIepeIHI0 00pOOKY 300pakeHb, BHIIJICHHS KOHTYPIB

00'eKTiB, TpEKiHT 1X pyXy MiX KaJpaMu Ta PO3paxyHOK
napametpiB mBHiaKkocTi. lle mo3Bonse peanizyBatu
CUCTEMY B pEaJIbHOMY Yaci, [I0 € BXXJIMBOIO MEPEBArok0
B KOHTEKCTI Cy4YacCHHMX BHUPOOHMYMX TIIPOIECIB, Je
HeoOXi/fHa IBUAKA 1 ToyHa 0OpoOKa BENMKHX OOCSTiB
nanux. [IpuknagoM Moke BHCTYNATH aHali3 pyxy
MalllMH y TIUIONI JIOPOXKHBOI PO3B’SI3KM po30HMTOI HA
cekropu puc. 1.

Puc.1. AHani3 pyXy MaIlvH y 0L JOPOKHBOT
PO3B’s3KH

Anroput™m Ha ocHOBiI OpenCV 3natHuii 3a0e3mednTH
BUCOKY TOYHICTh 3aBISKH BHUKOPHUCTAHHIO METOIIB
ONTUYHOTO TOTOKY, KOPEeNAlil Ta IHIMX MiIXOMAIB JUIs
aHamizy pyxy. Lle mo3Boisie aBTOMAaTH4YHO BH3HAYaTH
MIBUJKICTh TepeMillieHHs O00'ekTiB 0e3 BTpydYaHHs
JIFOJIMHH, IO 3HAYHO IMiBHINYE e(PEeKTHBHICTD 1 3MEHIIIy€e
HMOBIpHICTh TIOMHJIOK Ha BHpoOHHITBI. Kpim Toro,
MOJKJIMBICTB {HTETpAIIil 3 iHIIUMH CHCTEMaMH, TAKUMH SIK
poOoTH30BaHi KOMIUIEKCH UM aBTOMATH30BaHi JIiHIl
KOHTPOIIIO SIKOCTi, JO3BOJIIE BUKOPHUCTOBYBATH IIi JaHi
TS aBTOMATHYHOIL KOpeKIIii TpoIieciB abo
NPOTHO3YBAaHHS MOKJIMBUX BiIXUJICHb.

VYV pa3i sHepukopuctanasi OpenCV abo aHAIOTIYHHUX
0ibmioTek  po3poOka  amroputMy — mOTpeOyBaTHME
CTBOPEHHsSI BJIAaCHUX pIlIeHb JUI1 KOXKHOI'O eTarry,
BKITFOYHO 3 00pOOKOI0 300paskeHb, BUAUICHHSIM O0'€KTIB,
aHaNl30M pyXy Ta oOuMcieHHsSM mmBHIOKOcTi. lle He
TITBKH 3HAYHO 3OIMBIINTH dYac po3pOOKH, ame W
MiIBUIOATh CKJIAIHICTH ONTHUMI3AIlii alropuTMy Ui
pobotu B peamsHOMY dYaci. KpiM TOro, Taki aqropuTMu
MOKYTh BUSIBUTHCSI MEHIII TOYHUMH Ta MPOIYKTHBHUMH,
OCKIIBKM HE  BHKOPHCTOBYBATHMYTh TOTOBHX 1
NepeBipeHnx pimeHs, ski Bxe € y ckmagi OpenCV.
BincyTHicTh TOTOBHX 3ac00iB ISt TApaJIeIbHOI 0OpOOKH
JaHUX i BUKOPHCTAHHS arlapaTHOTO MPHCKOPEHHS TaKOoX
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HETaTUBHO BILJIHE Ha MPOJYKTHBHICT i
MacIITa0OBaHICTh CHCTEMH, IO € BAXIUBUM JUIA
BEJIMKUX BUPOOHUYHX MTPOIIECIB.

Po3poOka BiTacHOTO METOAYy BU3HAYCHHS IIBUIKOCTI
TepeMileHHs] 00'eKTiB JuIsi BHPOOHMIITBA HAa OCHOBI
OpenCV Moxe MaTH KiTbKa BaXJIMBUX IIepeBar
MOpIBHAHO 3 HasBHUMHU aHajoramu. [lepm 3a Bce,
BJIACHUI METOJ JO3BOJISIE THYYKO aJalTyBaTH aJlTOPUTMH
M7, KOHKpeTHI morpebu migmpuemctBa. Lle ocobmmBo
BOXJIUBO  JUIA BHPOOHUIITB 3 VHIKQJIEHUMH
TEXHOJIOTIYHAMH  TIPOIECAMH, JI¢ THIIOBI PIllICHHS
MOXXYTh HE IOBHICTIO BiJIOBINaTH BHUMOTaM IIOJIO
TOYHOCTI, TMPOAYKTUBHOCTI abo iHTerpamii. BacHwuii
METOJ JI03BOJISIE ONTUMI3YBaTh CUCTEMY TiJ crienu idHi
YMOBH €KCILTyaTallii, Taki SIK po3Mip 00'eKTiB, MBHUIIKICTh
iX pyxy Ta 0coOJMBOCTI BHPOOHMYMX IPOIECIB, IO
3a0e3mneuye MiBUINCHY e(heKTHBHICTE. [IpHKIagoM MOXe
CIIYT'yBaTH 3UUTYBaHHS BU3HAUCHUX 3a3/aJIeTib 00’ €KTiB
Ha BUPOOHHMIITBI, TAKMX SK KOPOOKH, HaBaHTaXKyBauHW,
JIFOJTA TOIIO PHC.2.

Puc.2. 3untyBaHHs BU3HAYCHUX 3a3/1aJIeTiib 00’ €KTIB

Ille onHi€IO TIepeBarold € MOXJIUBICTh TIMOOKOT
iHTerpanii 3 HasBHAMH IH(POPMAIIHHIMU CUCTEMaMHU
HOiANPHEMCTBA, [0  JO3BOJISIE  OTPUMATH  IOBHY
aBTOMATH3allil0, BiJl 300py aHUX JI0 YXBAJICHHS PIllICHb.
Hanpuknax, ™etox Moxe OyTH IHTErpoBaHMU 3
CHUCTEMaMH KOHTPOJIIO SIKOCTI, JIOTICTUKH 200 yIpaBIiHHS
3armacami, 1o CTBOPIOE €TUHUH iHQOpMALIHHAN TPOCTIp
JUIA YTIPaBIIiHHS BUPOOHMIITBOM. BracHmii MeTom mMoxe
Oyt TaKOX MacITaboBaHUM, 3a0e3mnedyoun
MOXJIMBICT JIETKOI afamTaiii [0 HOBHX YMOB a0o
PpO3IIMpPEHHS BHPOOHUYHX MTOTY>KHOCTEH 6e3
HEOOXiTHOCTI  CYTT€BUX 3MiH y  TIPOTPAMHOMY
3a0e3MeUeHHI.

1. TTPUHIIUII POBOTU AJITOPUTMY
Amroputvu  OpenCV  mpamiooTh 32 MPHHITUIIOM
aHaNizy 300pa’keHb 1 Bifie0 3 BUKOPHUCTAHHAM METOIIIB
KOMI'ToTepHOTO 30py. OCHOBHHIA TIpomec BKIIOYAE
KiJIbKa eTarriB, IMOYMHAIOYM BiJl MOMEPEIHBOI 00pOoOKH
BXIHAX NAHWX 1 3aKiHYYyIOYM BUBEACHHSIM HEOOXiTHIX

pe3ynmbTaTiB, TaKWX K KOOPIMHATH OO0'€KTiB, 1X
TpaeKTopii a00 MBUAKICTH IEPEMIIICHHS.
[epmmit eram — 3aBaHTaXeHHA Ta 0OpoOKa

300pakeHp abo Bimeo. OpenCV Moske mpaiioBaté 3
pizHEME (opMaTaMu haiiiliB, 3UNTYBATH ITOTOKU 3 KaMep
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y peaspHOMY 4aci a0o 3aBaHTaXyBaTH CTaTH4HI
300paxeHHs 3 (aitmoBoi cucrtemu. Ha mpoMy erami
3a3BUYAl TIPOBOUTHCS TToTepe Hs 00poOKa:
MIEPeTBOPEHHsI 300pa’keHb Yy HeoOXimHuii Qopmar
(mampukiaj, B cipi TOHH), 3MEHIIEHHS ITyMiB a0o iHIII
¢inpTpariifHi oneparii A1 MOKpaIleHHs SKOCTI JaHHX
puc.3.

Puc.3. ®inprpamniiiHi oneparii Iy MOKpaIIeHHs sIKOCTI
JTAHUX

Hpyruii eran — BuauieHHs o0'extiB. lle kimtouoBwmii
MOMeHT y pobOoti anroputmiB OpenCV. [lns nporo
BUKOPHCTOBYIOTh Pi3HI METOIM, Taki SK IIOpOrosa
o0poOka (thresholding), merekuiss koHTypiB (edge
detection) abo anropuTMH CETMEHTAIlii 300paKCHb.
YacTo 3aCTOCOBYIOTH METOMM JCTEKIlii KpaiB, Taki sK
anmroput™m Kanni (Canny) puc.4, skuii BHIUISE MeEXi
00'eKTiB y 300paxeHHi, a00 METO/M ONTUYHOIO ITOTOKY,
IO JO3BOJISIFOTH BIJICIIIKOBYBATH 3MIHY IIOJIOKEHHS
MIKCEeIB y MOCIIiIOBHOCTI KapiB.

Puc.4. Anroputm Kanni (Canny)

Tpertiii etanm — TpekiHr o0'ektiB. Ilicis Toro, sik 00'ekTH
BUJIUICHI, 1X HEOOXIHO BIJICTEXYBAaTH y HACTYITHHX
Kagpax Bimeo. lLle mocsraeTbcs NUISIXOM TOPIBHSIHHS
MO3MIiA 00'€KTIB Mk Kagpamu. ICHye KiidbKa MigxXomiB
IO TPEKIHTY, 30KpeMa METOIW, 3aCHOBAaHI Ha KOPEJSIii,
a00 BHKOPHCTaHHS OUTBII CKIAAHUX AJITOPUTMIB, TAKUX
sk Kalman Filter (puc.5) a6o Mean Shift. Taxki
QJITOPHTMH JIO3BOJISIFOTH BPAaXOBYBATH 3MiHY ITOJIOKEHHS
00'€XTIB HABITh y CKIAJHUX YMOBaX, TAKUX SIK YaCTKOBE
MePEeKPHUTTS 200 3MIHN OCBITICHHSI.
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Puc.5. Kalman Filter

UeTBepTuii etamn aHayli3 pyxy Ta pO3paxyHOK
mBHAKOCTI. /Iyl BU3HAUEHHS LIBHMJKOCTI MEpeMilleHHs
o0'extiB  OpenCV BHKOpPHCTOBYE METOAM ONTUYHOTO
noroky (optical flow), siki JO3BOJISIIOTH aHaJi3yBaTh
3MiHY TIO3WIIH TMiKCeTiB MiX KaJpaMd 1 BHU3HAYaTH
HarnpsIMOK Ta IIBUKICTH pyxy 00'€eKTiB.
HaiinommpeHimmii airoput™M [Uisi IIbOT0O — METOJ
Jlykaca-Kanane (Lucas-Kanade) puc.6, skuii 103BOJISE
0OYKMCITIOBATH BEKTOP IIBHIKOCTI KOXXHOTO MIKCEIs, IO
HepeMilllaeTbesi MK Kajapamu. Ha ocHOBI oTprMaHHX
JaHUX MOXKHa pO3pPaxOBYBAaTH CEpPEJHIO IIBHIKICTh
00'exTiB ab0 iX TpaekTopii.

Puc.5. Meron JIykaca-Kanane (Lucas-Kanade)

OcTtaHHilt eTam — IHTepOpeTamiss pe3yNbTaTiB Ta
BuBeIeHHA. [lics 3aBepIIeHHS aHAN3y PyXy ajJrOpUTM
OpenCV BuBoIuTH 00pOOIIEHI AaH1 y 3pydHOMY (hopmarti
— 1e MOXYyTb OyTH SK YHCJIOBI JaHi (KOOPIMHATH,
MIBUAKICTB), Tak 1 Tpadiudi 300pakeHHs (B1IOOpaKeHHS
TpaekTopiii pyxy Ha 300paxkenHsx). OpenCV Takox
JIO3BOJISIE IHTETPYBATH PE3YJIbTATH B iHII CHCTEMH, TaKi
SIK CHCTEeMH KEpyBaHHS BHPOOHUYHMMH IporiecamMu abo
aBTOMATH30BaHI aHATITUYHI CHCTEMH.

3aBmaxku TakuMm kpokam OpenCV 3abe3nedye BHCOKY
TOYHICTH 1 MPOAYKTUBHICTH i/l 4ac aHAJI3y 300paXeHs 1
BiJleo, 0 POOWUTH HOTO HE3aMiHHUM IHCTPYMEHTOM JUIS
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peaitizanii anropuTMiB BUSHAYEHHS IIBUKOCTI 00'€KTIB Yy
Pi3HEX BUPOOHHYMX a00 HAYKOBHX IPOEKTAX.

[IpuknamoM ne TpeACTAaBIEHHH KOXKEH eTal MOXKe
OyTH cucTeMa KOHTPOIIO 38 PyXOM KOHBEEPHUX CTPIYOK
Ta aBTOMATH3AaIlil BUPOOHUIOTO MPOIIECy Ha 3aBOJAX, IO
BUTOTOBISIIOTE 1 MakyloTh  mOponykuito. Kamepu
BCTaHOBJIIOIOTHCS B3/I0BK BUPOOHMYO] JIiHii, Ie TTOCTIHHO
pyxaroThcsi BHpOOM 4M Jetayi mo KoHBeepy. Kamepun
(dikcyroTh Bimeo abo poONATH cepilo  300paKeHb
npoxykuii mig 4ac i pyxXy mo cTpidmi. 3a 0momMororo
OpenCV TpoBOUTHCS aHATI3 300paKCHB JJIS BUIUICHHS
o0'ekTiB  (BUpOOIB), fAKi pyXarmOThCS II0 KOHBEEPY.
3aCTOCOBYIOTBCSI METOJM JUI TPEKIHTY O0'€KTIB MiX
KaJ[paMu JUIsl OIITUYHOTO TIOTOKY, 11100 TOYHO BU3HAYUTH,
SK IIBHJIKO PYXAIOThCsl 00'€KTH. ANTOPUTMHU JI03BOJISIOTH
BUMIPSTH IIBUJAKICTH KOXKHOTO BHpOOYy abo neram Ta
BIJICTEXKYBaTH IXHIO TPAEKTOPIIO. SIKIIO MBHIKICTD PyXy
Ha KOHBEEPI BUXOAUTH 32 MEXKi JIOMYCTUMUX MTApaMeTpiB,
cUcTeMa aBTOMAaTHYHO KOPHUTYE IIBHUJIKICTh KOHBeepa abo
BUJIA€ TONEpe/DKEHHs orepaTopy. Taka chUcTeMa TaKoX
3/aTHA BUSBIATH 3001, KOJMM MPOAYKIsS HENPaBUIBHO
pyxaerbcss abo 3actpsirae. lle no3Bosisie  3HAYHO
MIIBUIMATA TOYHICTH 1 IIBUAKICTH KOHTPOJIIO HAaj
BUPOOHHYKMM TPOLECOM, 3HU3UTH PU3UKH NPOCTOIB abo
MOLIKO/DKEHHST TMPOJYKI{, a TakoX ONTHMi3yBaTh
poboTy 0OnanHaHHs Oe3 BTpy4YaHHSs JIFOIUHH.

1VV. BUCHOBKHU

BHpOBa}I}KeHHﬂ BJIACHOI'O METOoY BU3HAYCHHA
MIBUJKOCTI TepeMillieHHs] O0'€KTIB Ha OCHOBI aHANI3y
300pakeHb B aBTOMAaTHM30BaHI BHUPOOHHYI TMpOLECH
MPUBOJUTH JO MiJABHUIIEHHS TOYHOCTI MOHITOPHUHTY Ta

KOHTPOITIO, ornrTumizanii poboTu o0JIaIHaHHS,
aBTomaru3auii 300py JaHMX 1 aHal3y pyxy OO'eKTIB y
peanbHoMy  uaci. lle  ngo3Bossie  MIANIPUEMCTBY

e(eKTHUBHIILIE KEpYBaTH PECypCaMH, 3MEHIINTH KUTbKICTh
TIOMUJIOK 1 3001B, a TakoXK 3a0e3neunTn Oe3MepepBHICTD 1
AKicTh ~ BUpOOHMITBAa. Taka  iHTerpauis  Crpuse
MIiZBUIIEHHIO TMPOJYKTUBHOCTI, 3HWKEHHIO BUTpAT Ha
TeXHIYHE OOCIyroByBaHHsS, MiHIMI3alil MPOCTOIB Ta
MOKPAICHHIO KOHKYPEHTOCIIPOMOXKHOCTI MiAPUEMCTBA.
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. INTRODUCTION

Modern electronic products are monitored during the
production cycle to detect defects at early stages of
production, minimize the cost of their elimination and
produce products that meet the requirements of
international quality standards 1SO 9000, IEC standards,
quality requirements for printed circuit boards (PCBs)
and solder joints - IPC standards, as well as Ukrainian
state standards - DSTU, in particular DSTU 3021-95 [1].
In order to avoid the risk of errors caused by the human
factor and to reduce the time spent on testing, all these
types of inspections are automated as much as possible.

One type of such inspection is functional testing.
Functional testing verifies that all the functions of the
electronic assembly or device under inspection meet the
specified requirements. This is its difference from
electrical testing, which is limited to checking each
component in isolation from the entire electrical circuit.
During these tests, it is not only checked how the
components of the assembly or device function, but also
how some components and signal circuits affect others.

Functional testing is a much more complex and
comprehensive process than other types of production
inspection. It is purely unique to each item of
manufactured products and involves a deep
understanding of how all the components of the product
work, not only how they should work according to their
intended purpose, but also «knowing the hundreds of
ways in which this chain can fail» [2].

Functional testing requires automated testing
equipment that is specialized to the maximum extent
possible for each product item being tested. This
equipment, although created from unified blocks,
requires development costs (including software) and
setup.

Taking into account the fact that after optical and
electrical inspection, only 5 to 7.5% of manufacturing
defects can be found during functional inspection and the
above mentioned high costs of such inspection, most
contract electronics manufacturers try to avoid functional
testing, limiting themselves to performing a combination

of optical inspection, X-ray inspection and electrical
inspection.

However, there are a number of devices for which
functional testing is one of the key ways to verify product
quality. For these devices it is vitally important to
perform functional testing, because only with the help of
this type of inspection it is possible to guarantee the
required product quality and reduce the manufacturer's
reputational risks.

1. ANALYSIS OF SPECIFIC FEATURES

In this paper, we will focus on a class of low-power
consumption components of automatic control and data
acquisition systems with a built-in, non-removable power
source and either a wireless data exchange interface or a
liquid crystal display (LCD) for further visual reading.
These devices are referred to as loT devices and present
sensors/converters of the measured physical quantity
(temperature, humidity, gas concentration, etc.),
recorders (loggers) or various energy metering devices,
such as heat cost allocators, meters for hot/cold water,
gas, and electricity consumption.

The main feature of these devices that unites them into
a separate group is that they use a built-in, non-
removable battery as the main, and in most cases the only
power source. This cell provides them with electricity
throughout their service life, which is usually long (5 to
10 years of continuous operation). This is achieved by
lowering the current consumption of such devices as
much as possible, including the use of ultra-low-
consumption components. Currently, these devices use
lithium batteries (lithium-manganese dioxide Li-MnO2,
lithium-thionyl chloride Li-SOCI2). The reasons for their
use are that these types of cells can be manufactured in
various form factors (cylinder or coin), have a high
energy density (0.5 kWh/kg, 1.2 kWh/l), exceptionally
low self-discharge currents (approximately 1% per year)
and are capable of operating in a wide range of negative
and positive temperatures. The high degree of tightness
allows lithium cells to be stored for 5-7 years before use.

The devices we are considering in this paper are
mostly mass-produced, have a low cost, and in the event
of a battery discharge, cannot be repaired or restored, but
are replaced with an identical device. In this regard, the
design of such devices is extremely simplified and
focused on performing the main function - measuring and
transmitting data to the user.

The maximum simplicity of the design of these devices
eliminates all possible tools for self-diagnosis and
communication with automated test equipment, because
the microcontrollers used in them fully utilize all
available resources to perform the main functions. Any
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functions that are not directly related to the main
functions  require  extra  peripherals  (additional
input/output ports, analogue-to-digital converters, control
interfaces, program and data memory resources), which
increases the cost of microcontrollers and the cost of the
device as a whole.

Such devices function by combining short intervals of
activity, during which the device consumes an increased
current of a few units to tens of milliamperes (usually no
more than 40 mA), with long intervals of reduced
consumption or ‘sleep’ (Low power mode or Sleep
mode). In Sleep mode, the consumption is several orders
down from that in the active mode and is a few
microamperes (approximately 0.5 to 6 pA). Such power
management is achieved by using microcontrollers that
can switch off power to all their peripheral functions,
reducing consumption to a minimum. During activity
intervals, these devices measure physical quantities (e.g.
temperature), process the data, and transmit it via
interfaces if necessary. In sleep mode, only timers work,
counting down the time until the sleep interval ends and
the device switches to activity mode. The majority of
their service life (over 97%) is spent in the low-power
mode. The duration of sleep intervals can range from a
few seconds to check the status of the timers, to several
minutes between measurements and data processing, and
even several hours between data transmissions over the
wireless interface.

A diagram of the power consumption of such a device
is shown in Figure 1, which clearly demonstrates sleep
intervals and peaks of active consumption

Fig. 1. Energy consumption diagram of the temperature sensor
with radio transmitter

Such micropower devices are extremely sensitive to
certain types of defects that may not play such a
significant role in other electronic devices. One such
defect may be a breakdown in the internal structure of
multilayer ceramic capacitors installed in power circuits,
which occurs during mechanical impacts (such as
bending of the printed circuit board when it is inserted
into the plastic case of the device or the impact of
electrical control probes). In this case, mechanical
deformation causes the destruction (cracking) of the
ceramic dielectric layer between the capacitor plates as
shown in Fig. 2 [3].
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Fig. 2. Mechanical crack of capacitor

Another example of a manufacturing defect may be the
presence of flux residues on the printed circuit board after
assembly due to poor cleaning.

The leakage currents resulting from such damage and
defects can reach values of several microamps, which are
comparable to the consumption currents of the device as
a whole, and reduce the service life of the battery and the
device in general by several times.

Some types of battery designs, in particular the «coin»
type, have technological features that can cause leakage
currents in case of poor quality assembling. This is
explained by the fact that the bottom side of the cell is
one of the poles of the battery, and not insulated. When
small metal debris, solder splashes, etc. get under the
case of the battery, the protective layer of the printed
circuit board may be damaged and contact may occur
through metal conductive debris between the pole of the
battery and the signal tracks of the printed circuit board
as shown in Fig. 3. It can also be caused by poor quality
manufacturing of components, e.g. welding marks on the
battery terminal. As a consequence, leakage currents and
short circuits may occur, resulting in higher current
consumption, shorter service life and malfunctioning of
the device.

Fig. 3. Physical damage to the solder mask layer of the PCB by
metal scraps

The need to prevent products from being manufactured
with any of the defects listed above increases the
importance of measuring device consumption currents
during function testing.

The above-mentioned cyclicity of the device's
operation requires that during the test, not a single
measurement of the consumption current value is carried
out, but rather the measurement of the average value for a
certain cycle, taking into account the values of sleep
currents and active consumption currents [4].

An additional factor that complicates the test is that the
power supply unit of such devices, due to the
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requirements of cost reduction, does not provide for any
converters or stabilizers, and the DC voltage from the
battery terminals is directly connected to the device
power supply circuit. At the same time, firstly, the
voltage of the lithium battery decreases over time and at
some point falls below the minimum supply voltage of
the microcontroller that controls the device, which leads
to its hardware reset and, accordingly, the termination of
the functioning of the entire device. Secondly, the lithium
battery itself has an internal resistance of about ten ohms
(which increases as the battery ageing), which at the time
of peak activity of the device (during radio data
transmission) will cause a significant voltage drop, which
can also reduce the supply voltage of the device below
the minimum level and also result in a hardware reset. To
counteract this, a large-capacity electrolytic capacitor
(1000 pF or more) with low leakage currents is installed
in the power supply circuit of these devices in parallel
with the load. Its capacity is calculated so that the charge
accumulated by it, discharging during peak activity, does
not allow the supply voltage to fall below the minimum
level. Accordingly, the waveform of the measured
consumption current will not be pulsed, but distorted by
the charges and discharges of this capacitance, and this
must be taken into account when monitoring the
consumption current — Fig.4.

Fig. 4. Distortion of the waveform at the shunt resistor when the
buffer capacitor is connected (grey - before the capacitor is
connected, blue - after the capacitor is connected).

Traditional methods of measuring the current with the
placement of a low-impedance shunt resistor in series
with the load in the device power supply circuit and
measuring the voltage drop across it, firstly, further
reduce the device supply voltage and create possible risks
of resetting at times of peak activity, and secondly,
increase the cost of the device due to the placement of a
component that will be used only once over the entire
service life of the device, during testing. Other methods
of measuring microcurrents are currently being
considered, based, for example, on the Hall effect et al.
[5, 6].

In addition, the condition of the battery itself must be
taken into account to evaluate the ability of the device
under test to provide the guaranteed service life, as it may
have been stored in the warehouses of the supplier or
manufacturer of the device for a long time before being
installed in the product. In this case, it is not enough to
simply measure the no-load voltage of the battery during
the input test, and it is advisable to carry out this test in
parallel with the measurement of the consumption current
in the loaded state.

S7

Since the devices we are considering are mass
produced, one of the key points of their functional testing
is the automation of this product quality inspection. This
will allow to avoid the risk of ‘human factor’ errors,
reduce the inspection time and, consequently, the
production cycle, which in turn will affect the cost of
production, as well as to accumulate, store and analyzing
the measurement results for quality forecasting.

I11. CONCLUSION

Thus, there is an urgent need during acceptance testing
of such low-power consumption devices with built-in
batteries to perform automated functional control of the
guaranteed service life by monitoring the consumption
currents, taking into account the periodicity of their
changes, and other battery parameters, such as voltage
and internal resistance, to estimate the battery life.

Therefore, it is necessary to develop new methods or
upgrade existing ones to enable such quality inspection
and its implementation in the production of electronic
equipment.
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BIIPOBA/DKCHHS JUIS MiJBUIICHHS e(QEKTUBHOCTI, 3HIDKECHHS
KIUJIBKOCTI JIFOJICBKHX TIOMIJIOK Ta Oe31eKr BUPOOHHUIITBA.

Kniouoei cnoea: exkcrepTHi cucTeMH, NpHIAn00yTyBaHHS,
TOJIOCOBE KEPyBaHHSI.

. BCcTvin

Ianyctpist 4.0 3niiicHMIa BeNUMKMA KPOK B 3MiHI
MoJiesli  BUPOOHMIITBA, Jie aBTOMAaTu3alis Biairpae
Ba)XIMBY POJIb B ONTUMI3allii MPOMHCIOBHX IPOIIECIB Ta
B MIiJBHINCHHI 3arajbHOi TMPOAYKTUBHOCTI. TexHooril
aBTOMaru3amii, Taki SK pOOOTOTEXHiKa, MaIIHHE
HaBYaHHS, IITyYHHUH IHTENEKT ab0 aHaNITHKa BEJIMKHX
JaHUX pOONATH OUIBII NPOTPECUBHUMH  3BUYaiiHI
BUpOoOHMYl omepamii. [li  TexHomorii J03BOJSIOTH
MaIlliHaM Ta CHCTeMaM OOMiHIOBAaTHCS iH(OpMaIli€ro, Ta
NpUIMAaTH IHTEJEKTya bHI PILICHHS B PEKUMI PEATbHOTO
Yyacy, [0 MNPU3BOAUTH JO TMiABUIIEHHS TOYHOCTI,
LIBHJKOCTI Ta peHTabenbHocTi [1].

Ha piBHi 3 numu 3acobamMu aBToMaTu3allii, eKCrepTHi
CHCTEMH Ta TOJIOCOBE KEPYyBaHHA CTAlOTh OLIbII
3HAYHUMU B CYYacHiii MPOMHCIOBOCTi, OCOOJHMBO B
MpUIIaI00y IyBaHHI.

Tox HuU)KYE PpO3IISHEMO,
CHCTEMH Ta TOJIOCOBE KEpyBaHHA 1
3aCTOCOBYIOTBCSI Y BUPOOHHUIITBI.

IO TaKke eKCIepTHI
K  BOHH

Il. OrJIs11 EKCIIEPTHUX CUCTEM V
BUPOBHUIITBI

ExcnieptHa cuctema, 3acHOBaHA Ha 3HAHHAX, SBIISE
co00I0 KOMIT'IOTEpPHY IIpOrpamy, SKka BHKOPHUCTOBYE
JOocBiA Ta iHQOpMAaIilo y BH3HAaYeHI ramy3i Juis
mpuiHATTS pimeHs. L{g cucrema MicTuTh B c0o0i 0azy
MaHWUX, sIKa pe3epBye 30ipky iHpopmamii Ta mpaBUi Ta
BiZATBOpIOE yci MaHi mpo mpobiaemMuy obmacts [2].

ExcnieptHa cuctema po3poOiieHa Uit 3aMiHU JTIOAeH -
eKCIIepTiB B  KOHKPETHIM  Tamy3i,  HalpHKIaZd,
npunagodymysanHi. Konn Ha BUPOOHHMIITBI HE BHUCTadae
(axiBIiB U1l IPOCKTYBAHHS YU J[IarHOCTHKH, EKCIIEPTHA
cucTeMa MOXKe HaJaBaTH MOPAaM Ta IOSCHEHHS, 5Ki Bike
icHyroTh B 0a3i 3HaHBb B peambHOMY dHaci. [lomaBaHHA
3HaHb B 0a3y JAaHWX EKCIIEPTHOI CHCTEMH € OCHOBHHM
MIPOLIECOM, SIKHI BU3HAYA€ THYUYKICTh CHCTEMH.

IcHytOTE pi3HI CIOCOOH TOTaBaHHS 3HAHB:

— JOIaBaHHS 3HaHb EKCIIEPTAMH, BHKOPHCTOBYIOUH
iHTepdeiic cucteMn Ta CHEHmiadbHOI MOBH  JUIA
onucyBaHHA (aKTiB i MpaBWI, ajie Ied mporec 3aiimae
KyIy 9acy Ta OOMEXY€eThCs 00CSTOM 3HAaHB (haxiBIliB;

— aBTOMATH30BaHE BHWIYYEHHS 3HAHb CIIPOMOXKHE
MIPAIIOBATH 3 BEIMKUMH oOcsiramu iHpopMarlii Ta Moxe

MIBUJIKO OOpOONIOBaTH JaHi, aje MoTpedye CKIaIHUX
iHTerpamiii, Takux sK MallMHHe HaB4YaHHS abo data
mining;

— KOMOIHOBaHWI MIi/AXil BHUKOPHCTOBYE JIEKLIbKa
METO/IB  pa3oM, YyTBOPIOIOYM  OIbII  SIKICHY Ta
KOMITJIEKCHY CHCTEMY, ajleé BUMarae BEJIMKHX BUTpaT Ha
PO3pOOKy.

BrnacHe, ekcrieptHa cucTeMa MpEACTaBIsE COOOIO
KOMIUIEKC 3HaHb TMpOo MpodJieMy, sKy MOTpiOHO
3aCTOCYBaTH Ta  MEXaHi3M, SIKUH JIO3BOJISIE
BUKOPHCTOBYBATH 1l 3HAaHHS JUIsl BUPILICHHS 3aBJaHHs B
BUTJISII HA0OPY TPaBHIL.

Oma 3 MepImx rajry3eu, sIKa rnoyana
BHUKOPHUCTOBYBATH eKCIIepTHI CHUCTEMHU Oyna
npuano0yayBaHHS. Ix nmnowamu gomaBatm y
BUpPOOHMLITBO Ha  mouyarky 80-x  pokiB s

00CITyrOByBaHHsSI Ta JIarHOCTUKU OOJaJHaHHS, KOJU
CKJIaaHI 3aBOaHHS pOOMJIM BUKIIOYHO KBajidhikoBaHi
CHELIaICTH 1 KOMIaHii TIIbKK MOYaln BIPOB/KYBATH
KOMIT IOTE€PHI CUCTEMH, 3aMiCTh poOoTH (haxiBuiB [3].
Tak 1 3apa3, eKCHEpTHI CHUCTEMH MPOAOBKYIOTh
BUKOPHCTOBYBAaTHCS B  JIIArHOCTHUII,  YIIpaBIiHHI,
oOciyroByBaHHi Ta onrtumizauii. BoHu Bce wyacriie
IHTETPYIOThCS B POMHUCIIOBY AisUTBHICTD MIAIPUEMCTB Ta
BUKOPUCTOBYIOTBCS Ul NIPOTHO3YBAHHS BiAXWJICHb YH
HECHPaBHOCTI oOJNagHaHHA INe A0 iX BHUHUKHEHHS.
AHatizyroun JaHi IaTYMKIB B PEXKUMI pealibHOTO 4acy, 1i
CUCTEMH MOXYTb Iepe10adaTd HeOOXiHICTh TEXHIYHOTO

00CITyroByBaHHsI Ta CKOpPOYyBaTH dYac  IPOCTOIO,
ONTUMI3YyBaTh Tpadiku TEXHIYHOTO OOCIyrOByBaHHS Ta
MPONOBXKYBaTH  TepMiH  ekcrutyatanii.  Kommanii

3a3Ha4Yal0Th 3HWKEHHs BUTparT Ha 30% Ta MiABUINEHHS
e(eKTUBHOCTI poOOTH 32  PaxyHOK 3MEHIIEHHs
HeodiKyBaHUX BiaAMOB [4].

ITepenoBi TeXHOMOTII, TaKi SK MTYYHUN IHTEIEKT ab0
MaIyHHE HaBYaHHS, BHKOPUCTOBYIOTBCS TUTS
omtuMizamii BHUPOOHMYMX TporeciB. BBemeHHs 1wx
TEXHOJIOTIH TMPHU3BENO MO IiABHIIEHHS MPOIXyKTHBHOCTI
Ha 10-15% Ta 3HMKEHHIO KiIBKOCTI OpaKoBaHUX BUPOOIB
[5].

EkcrniepTHi cucTeMr TakoX JOMOMAararoTb B KOHTPOJII
SKOCTI, aHaNI3ylOUd BHUPOOHWYI JaHiI Ta PO3IMi3HAIOYH
nmesiki  aHomaiii abo BIOXWIEHHS BiJ CTaHIAPTIB.
Hampuknaza, B yMoBax cKiIafaibHOI JiHiT Ha BUPOOHUIITBI
Iy’KEe CKIIAJHO PO3MOJUIATH 3aBIAHHA MK (axiBISIMH
TaKUM YHHOM, o6 30aaHcyBaTi poboue
HAaBaHTAXXCHHA, Oepydl JO yBarm Taki (aKToOpH, SK
(dismuHe HampykeHHs, Oe3meka Ta BTOMA. TaKOX
moTpiOHO He 3a0yBaTH, IO ICHY€ HEBH3HAYEHOCTI, TaKi
K, HelependadyBaHWI Yac BHKOHAHHS POOOTH UM
pisHUM piBeHb KBamidikamii ¢axiBmiB. ToOTO wHiNb
€KCTIepPTHOI CHCTEMHU 30amaHcyBaTH poboue
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HABaHTAXEHHS, TNPH IbOMY 3a0e3leunTH Oe3meKy
excrepTiB. HediTka Jiorika 103BOJISIE CUCTEMI MTPALIOBATH
3 HEOJHO3HAYHNMHU JTaHUMH Ta MOXKE BHKOPHCTOBYBATH
MpaBWJIa HAa OCHOBI EKCIIEPTHUX CHCTEM, HAIPHKIAI:
«Skmo BTOMa pOOITHWKA BHWICOKa 1 3amada moTpedye
BEJIMKUX (I3UYHUX 3YCHJIb, JOPYYHTH II€ 3aBJaHHS
iHmomMy (axisiro». Cucrema MIiCTHUTH OaraTo KpHTepiiB
Ta moO 1 peamizyBati MOTpiOHO 3i0paTH iH(OpMaIito
mpo poOiTHUKIB ((i3MuHi JaHi Ta HABUYKHW), 3a/1adi
(cxmamnicTs Ta BUMOTrHM). ExcriepTHa cuctema oOpoOHUTH
i JaHi 3a JOMOMOTOI0 HEYiTKOi JIOTIKM JUIS OI[HKA
CHIBBIIHONIEHHS] MiX TpaliBHUKAMH Ta POOOYUMH
3aBIaHHsAMH. [lami, Ha OCHOBI IIpaBWJI, CUCTEMa MOXeE
TCHEpyBaTH TMPHHHATTS pillleHb Ui ITiABUINCHHS
Oesriek Ta e(ekTHBHOCTI. 3aBXKIM B EKCIIEPTHHX
CHUCTEMax € 3BOPOTHIM 3B’S30K 3i CHEIialicTaMu Jyis
TIOHOBJICHHST BXKe iCHYI04Oi iHpopmanii. Cuctema Moxe
aJanTyBaTUCsl OO BUPOOHWYMX 3MiH, IO pOOUTH il
THYYKOIO B PYyXJIMBUX YMOBax [6].

I11. TOJIOCOBE KEPYBAHHS V BUPOBHUUNX
ITPOLIECAX

TexHonorist po3mi3HaBaHHST MOBH €  Ba)XXJIMBOIO
YACTHHOIO MIX B3aEMOJIEI0 JIIOAWHH Ta KOMII IOTepa,
3a0e3nevyoun Oe3nepediiHui 3B’ 30K MiX
KOpHCTYyBayeM Ta TMpHJIaJaMd 3a JOIOMOIOK YCHHUX
KOMaH/ 1 3amuTiB. 3a OCTaHHI KUIbKa JECATHIIThH
BiZ0OYBCsl 3HayHMH mporpec B 0OpoOIi Ta pO3yMiHHI
NPUPOIHBOT MOBH, SIKUH TEPETBOPHB PO3Ii3HABAHHS

roJiocy 3 BHHSITKOBOI TEXHOJIOTII /IO IIMPOKOTO
BHUKOPUCTAHHS y TIOBCIKICHHOMY KHTTI [7].
CucreMu  po3mi3HaBaHHA  TOJOCY  JO3BOJISAIOTH

CHOXKMBAa4YaM B3a€EMOAIATH 3 TEXHOJOTISIMHM, IIPOCTO
PO3MOBIISIIOUM 3 HEI0, YMOXJIMBIIOIOUM 3allUTH IO
TY4YHOMY 3B'SI3KY, HaraJyBaHHS Ta 1HIII MTPOCTI 3aBaHHSL
Po3ni3naBanHsi romocy Moke imeHTH(iKyBaTH Ta
pPO3PI3HATH  TOJOCH  3a  JONOMOIOI0  IIporpam
ABTOMAaTUYHOTO pO3Ii3HAaBaHHA MOBH, Taki sk ASR
(Automatic Speech Recognition), Microsoft Azure
Speech Service, Kaldi, Google Cloud Speech-to-Text ta
1HIII.

CucremMa pO3Mi3HABaHHSA TOJOCY BUKOPUCTOBYE
TEXHOJIOTII0 Ul OLIHKH OIOMETPUYHUX XapaKTEPUCTHK
Bamioro ronocy. lle Bkirouae B cebe 4yacToTy 1 MOTIK
BAILIOTO T'OJIOCY, a TAKOXK Ball akieHT. KoxHe cI0Bo, ske
BU BHMOBIISIETE, PO30OMBAETHCS HA CETMEHTH 3 JEKUIBKOX
ToHIB. [10TiM 11e OIU(POBYETHCS 1 MEPEKIATAETHCS, IO
CTBOPHUTH BaIll BIACHUH YHIKaIGHUI TOJIOCOBHI MAOIIOH.

B npunanoOyayBaHHi, TOJIOCOBE KEPYBaHHS 3MiHMIO
CITUIKYBaHHS OIEPATOPIiB Ta IHXKEHEPIiB 3 MallMHAMH Ta
cHUCTeMaMH, BOHO 3abe3nedye poboTy Oe3 3acTocyBaHHS
pyK, migBuinye e(eKTHBHICTh Ta Oe3neKy B yMOBax
migBuIIeHoi HeOesnmekn. Ha XIMIYHMX 3aBomax uYu
ramy3sXx BaXXKOTO MAIMHOOYIyBaHHS, J€¢ POOITHHKH
MOXYTh MaTH OOMEXEeHY pPYXJIHBICThP UM BHAUMICTD
(HampuKIan, TPH HOCIHHI 3aXHCHHX  KOCTIOMIB),
poO3mi3HaBaHHA MOBH TimBumlye Oesmeky. DaxiBii
MOXYTh HaJaBaTH KOMaHIM U1 KePyBaHHsS MallHAMH
Ta aBapiliHi KOMaHIW (HANIPUKIAI 3YIHHATH MAIIUHY,
IHIIIIIOBaTH  MPOTOKOJM  BHUMKHEHHS), 3MCHIIYIOUH
HEOOXimHICTh  (I3MYHOTO  KOHTAaKTy 3  IaHeIsIMU
YHOpaBIIiHAA, 10 0COOJMBO KOPHCHO B HEOE3NMEUHNX abo
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CTEpPWIIBHUX CepelioBHIIAaX. Tako 1€ KOPHCHO B
JWICIIETYEPChKUX ~ ad0 Ha  CTaHIISNX  BiAJAJICHOTO
MOHITOPHHTa Ta TMOKpAllye MIBHIKICTh pearyBaHH:L
Cucremu 3 HMI (Human-Machine Interface) 3
BUKOPUCTaHHSIM TOJIOCY MOXYTh AKTHBYBAaTH CHIHAJIH
TPUBOTH, 3allyCKaTH INPOLECH Ta 3YMHHATH OIepallii,
KOJIM CUTYallisi MoTpeOye HeraHux aiit [7].

B poOoToTexHWII TONOCOBI KOMaHAW MOXYTh
BHUKOPUCTOBYBATUCS JUIsl YIPaBIiHHSA poboTamMu abo Ha
CKJIQIATbHUX  JIHISAX, [I0 JO3BOJSE  MPUCKOPHTH
NepeHajaro/KeHHs] Ta 3MEHIIUTH Yac MpPOCTOIO.
Po3mizHaBaHHS MOBH, IHTErpoBaHe B BEpCTaTH 3
YHCJIOBUM  MPOTPAMHHM  YIPaBIiHHAM  JIO3BOJISIE
orepaTropaM HaJaBaTH KOMaHAW JUI BUKOHAHHS TOYHHX
MPOMHCIIOBUX 3aBIaHb.

ImxkeHepu, sIKi  BHKOHYIOTh  [J[IalrHOCTHKY  Ta
npodinakTUuHe OOCITYyrOBYBaHHS, MOXYTh HaJaBaTH
TOJIOCOBI KOMaH/M i 300py iHopMmarii, yrnpaBiiHHS
JIarHOCTUYHUMH  IHCTPYMEHTAMH Ta  PEryJIOBaHHS
HaJIAIITyBaHb TNpwianiB. Takox, CHCTEMH TOJOCOBOTO
KepyBaHHS MOXYTh 3a0€3MeYnTH 3BOPOTHIH 3B’SI30K Ta
CHOBIIIEHHS B pPEAIbHOMY 4aci, sKi, B CBOI 4Yepry,
MOBIJOMIISIIOTh (haxiBIiB O MPOAYKTHBHOCTI MalllMH Ta
CHUCTEM, JIOTIOMAarar04y BUaCHO YCYHYTH HECIIPABHOCTI.

3aBoaM, SKi OCHAIIEHI JATYUKAMH IPOMHCIOBOIO
Intepuery peueit (IoT), MoxyTb KepyBaTHCS 3a
JIOTIOMOTOI0 ~ PO3Mi3HAaBaHHS MOBJCHHA. Hampukman,
orepaTopd MOXYTh KOHTPOIIOBATH TEMIEPATYpy, THCK
Ta 1HIWI JadHl JATYUKIB 34 JOIOMOTOK) TOJIOCOBUX
KOMaHJ, W10 J03BOJNsE €(EKTUBHO KOHTPOJIOBATH
JieKiibka mapameTpiB 0e3 ¢isnunoi yuacti. Cucremu
BUKOPHCTOBYIOTh TOJIOCOBI KOMaHIHM sl YIpaBIiHHS
6e3apoToBIMHU IaTYNKaAMHU, 3a0e3meuyodn
LIEHTpaJli30BaHe KepyBaHHSA Ta 3BOPOTHUH 3B'I30K Yy
peanbHOMY Yaci 3 pi3HUX JUISHOK ITiJIIPHEMCTBA.

SIk i Gararo mepesar, Tak i HEJIOAIKH MalOTh CHCTEMH
TOJIOCOBOTO KEpyBaHHS:

— MPOMUCIIOBI MiJNPUEMCTBA SBJISAIOTH COO0I0 LIYMHI
cepelioBUIa 1 el IIyM MOXe 3HHM3UTH TOYHICTh
TOJIOCOBUX KOMaHJ;

— CHCTEMH pO3Mi3HABaHHA MOBJCHHSI MOXYTb
BiJJUyBaTH CKJIA[HICTh 3 PI3HUMH aKIEHTAMU Ta BaJaMH
MOBH, TOMY TOTPIOHO BHKOPUCTOBYBATH IIPOCYHYTI
CHCTEMH, SIKI HaBueHlI Ha 0araTOMOBHHX Ta aKIEHTHHX
Habopax JaHuX;

— TOJOCOBE KepyBaHHA MOTpebye  HamiHHUX
MeXaHi3MiB 0e3MeKH, 00 YHUKHYTH HECAaHKIIOHOBAHOTO
BTPYYaHHS B CHCTEMY YH ITiIMiHH TOJIOCY.

lonocoBe kepyBaHHS Ma€ yCHIIIHE BIPOBAKEHHS Yy
BUpOOHMIITBO. Hampukmazx, 3aBox Siemens ixrerpysas
TOJIOCOBE YIIpaBITiHHS B cBOi TIPOMHCIIOBI
poOOTOTEXHIUHI CHCTEMH, B BUPOOHHYMX KOHTPOJEPax
Simatic  poGITHHKE MOXYTh HagaBaTH  TOJIOCOBI
IHCTPYKII [T yIpaBIiHAS POOOTH30BAaHUMH PYKaMH Ta
IHIIUMHU MaIllMHaM{ Ha CKIIAQAJIBHUX JiHisSX. I 11boro
(haxiBIl BHKOPHCTOBYIOTH CICHialbHI TapHITYPH LIS
NOJaHHsA KOMaHJ, THny «B3stm mpeamer» abo
«[lepemicTuT B CTaHOBHIIE», Kepyloun podoTamu Oe3
pyuHoro BBeieHHS [8].

Bosch iHTerpyBana romocose posmizHaBaHHS IO CBOIX
CHCTEM KOHTpOIIO SKOCTI Ha 3aBOJAX 3 BHPOOHHMIITBA
ABTOMOOITBHUX CKJIAJIOBUX. [HCTIeKTOPH
BUKOPUCTOBYIOTh TOJIOCOBI KOMaHIM JUISL  3aIyCKy
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Bi3yaJIbHUX MEPEBIPOK, JIOCTYILY JI0 JAHHUX Ta PeecTparii
pe3yibTaTiB, HE IepepHBalodM CBiii pobOoumii mporec.
Iacriexkrop Bosch Moxke ckazatu: «301IBIINTH AETANH 5%
abo «3apeectpyBatH nedekT B eneMeHTI 12» min gac
TIEPEBIPKN SIKOCTi, IO JIO3BOJISE KEPyBaTH CHUCTEMOIO
mepeBipku 0e3 J0moMoTH pyK. Tak rojocoBe KepyBaHHS
CKOPOYYE Yac MEePEeBIpKH, MiBUINYE TOYHICTH BUSBICHHS
Je(heKTiB Ta ONTUMI3ye MPoLeC KOHTPOIIO sKocTi [9].
Ford Motor Company BmopoBaauia TOJOCOBE
KepyBaHHsI /It 30ipKM Ta JiarHOCTHKH TPaHCIOPTHHX
3aco6iB.  CreriajgicTi  BHKOPUCTOBYHOTH  Microsoft
Hololens i3 BOymoBaHWM TOJOCOBHM KEpYBaHHSIM st
JOCTYIy JIO NAHWX V PEaTBbHOMY Yaci i Yac CKIaJaHHS
TPAaHCIIOPTHUX 3aco0iB abo MpOBEJEHHS TIEpPEeBiIPOK
KOHTPOJIIO IKOCTi. POOITHUK Ha BUpOOHWYIN JIiHIT MOXe
BHUKOPHCTOBYBATH TOJOCOBI KOMaHIW JJIsl aKTHBAIlil
IHCTpYMeHTIB, neperysiny 3D-cxeM abo mepeBipKH CTaHy
JieTaeil, i Bce 1€ He 3aJIMIIatoul CBOr0 po00voro MicIis.
[epeBaramu OO MiIX0AY € OE3KOHTAKTHUN JOCTYII JI0
iH(opMarrii, miaBUIIEHA TOYHICTh 30WMpaHHS CKIAJIHUX
KOMITOHEHTIB Ta MiIBUINCHA MPOAYKTUBHICTH mparii [10].

V. B3A€EMO/I151 EKCIIEPTHUX CUCTEM I

I'OJJIOCOBOI'O KEPYBAHHS

EKkcrepTHi cCHCTEMH Ta I'OJIOCOBE YIIPABIIHHSA MOXYTb
e(peKTUBHO  TpalIoBaTH  pa3oM,  3abe3rnedyrouu
ormeparopaM JIOCTyn J0 BaxiuBoi iHpopmamii Ta
JIO3BOJISIIOYM  iM  BHKOHYBaTH 3aBIaHHs IIBHJIKO Ta
3py4Ho. EkcniepTHi cucteMu 30MparoTh Ta aHai3yHTh
JaHi  Big  oOJajHaHHS,  BKIIOYAIOYHd  BHPOOHWYI
MOKa3HWKH, CTaH MalIMH Ta BHUPOOHHWYI IIMKIIH.
Oneparopu  MOXYTb  BHKOPHCTOBYBATH  T'OJIOCOBI

KOMaHM, 100 3anuTyBaTH iHQOpMAL0, HAPUKIAL,
PO TOTOYHHMU CTaH oOJagHaHHs abo peKoMeHnallil
momo0 oOcinyroByBaHHs. Ha oOCHOBI aHamizy JaHUX
eKCIepTHA CHCTeMa HAJa€ TOpaid IIOJ0 ONTHMI3alil
IpOIIECiB, YCYHEHHS HECHpaBHOCTEHl ab0 BHKOHAHHS
orepariif, mo JO3BOJSE IBUIKO pearyBaTd Ha 3MIHH Y
BUPOOHMYOMY CEpEIOBHIIIL.

[epeBaru 1ux iHTETpaILiii:

— MBHAKMWA JocTyn 1o iHQopMmamii JI03BOJISIE
oreparopaM MpPUMATH PIIICHHS HAa OCHOBI aKTyalbHHX
JaHUX, [I0 CKOPOUYE Yac MPOCTOIO;

— aBTOMAaTWYHE HAJaHHSI pEKOMEHJaliil  Ta
MOXJINBICTH TOJIOCOBOI B3aeEMOII1 3MEHIIYIOTh
AMOBIPHICTh  JIIOJCHKMX TIOMIJIOK, TIIOB'SI3aHUX i3

BBEJICHHSIM JaHHX;
— CHCTEMH MOXYTh aJanTyBaTHCA OO 3MIH Yy
BHPOOHMYHUX MPOLECAX, JO3BOJSIOUM OIepaTopaM JIETKO

NEepeMHUKATHCS MDK 3aBOaHHSMH Ta OTPHMYBAaTH
OHOBJICHHS Y PeaTbHOMY Yaci;
— HOBI  CHIBPOOITHUKM  MOXYTh  IIBHIIIE

aJarnTyBaTUCS, OCKITBKHA TOJIOCOBI KOMaH/IN Ta €KCIIEPTHI
peKoOMeHaii poOJIATh YIPABIIHHS 3PO3yMUTIIINM.

Hemomixu BHpoBapKeHHS EKCIIEPTHUX CHUCTEM 1
TOJIOCOBOTO KEPyBaHHS:

— TIOJIOKEHHS Ha TOJOCOBI KOMAaHAM Ta EKCIEpTHI
CHCTEMH MOXE CHPUYMHUTH TIpoOiieMH y pa3i 30010
obnamHaHHS 200 MPOTPaMHOTO 3a0e3IIeYCHHS;

— omepaTopy MOBUHHI OyTH HaBYEHI SIK B3aEMOZISATH 3
CHCTEMOIO, TaK 1 po3yMiTH Ii peKoMeHpamii, o Moxe
3alHATH Yac Ta PecypcH;
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— {HTerparis TAKUX CHCTEM MO)KE BUMAaraTd 3HAYHUX
IHBECTHIIH Y TEXHOJIOTIi Ta HABYaHHS MEPCOHAIY;

— X0ouYa eKCIepTHI CUCTEMH MOXYTh HAJaBaTH
peKoMeHanii, BOHU MOXYTh HE 3aBXKIH BPaXOBYBaTH
KOHTEKCT a00 YMOBH, IO 3MIHIOIOTHCS, Ta LI¢ BUMArae
JFOJICBKOTO BTPYYAHHS Ui TMPUHHSTTS OCTATOYHUX
pillIeHb.

BnpoBamxeHus TOJIOCOBUX inTepdeiicie  Ta
SKCIIEPTHUX CHCTEM Ha BHPOOHHIITBI CTAJO0 BaXKIHBUM
KPOKOM JI0 MiIBUIICHHSA €()EKTUBHOCTI Ta THYYKOCTI
mporieciB. Y pi3HMX KOMIMaHisfX, Takux sk ABB,
Mitsubishi Electric, Rockwell Automation, KUKA Ta
Honeywell, i TexHousorii iHTeTpoBaHi y pi3Hi acleKTd
BUPOOHMIITBA Ta ympaBiiHHA. POOITHUKH MOXYTh
BHKOPHCTOBYBAaTH TOJOCOBI KOMAHIM MJIS OTPUMAHHS
inpopManii mpo craH oONaAHAHHS,  YIPaBIIHHS
pOOOTH30BaHHMH  CHCTEMaMH,  MOHITOPUHTY  Ta
JIarHOCTAKH, a TAKOX JUIsl YIPABIIiHHS CKIIaJCHKAUMH
nporiecaMd. EKCIepTHI CHCTeMH y [HX J0JaTKax
aHai3yloTh  JIaHi, HaJaloTh  peKoMeHpjalii  Ta
JIOTIOMAraroTh MIBUKO PearyBaTd Ha 3MiHH.

Ili igHOBamii TPU3BOAATH  JO  30UIBIICHHS
MPOJYKTUBHOCTI, CKOPOYEHHS Yacy Ha MPUAHATTS
pillieHb, MiABUIIEHHS OE3MeKd Ta TOYHOCTI poOOTH, a
TaKOX TIOKPAaIIyIOTh B3a€EMOAII0 MDK OIepaTopamMH Ta
MalllMHaAMH.

Hanpuxnan, Mitsubishi Electric 3acTocoBye royiocosi
KOMaH/ 1 [Ji1 KE€pyBaHHS pO6OTI/I3OBaHI/IMI/I CHUCTEMaMU
Ha  CKJaJalbHUX  JiHisAX.  EkcnepTHi  cuctemu
3a0e3MeuyoTh aHali3 JaHUuX IPO IPOAYKTUBHICTh, 1
IpPaliBHUKA MOXYTh BrOJOC CTaBHTH 3allUTaHHA a0o
BHOCUTH 3MIHM 0 mapamerpiB pobortu. lle mixBuiye
THYYKICTh BHPOOHMITBA Ta IOKpAILy€e B3aeMOJIi MiX
oreparopamu Ta MarmuHaMu [11].

Rockwell Automation iHTerpye rojocoBi TEXHOJIOTIT
Yy CHCTEMH YIPaBIIiHHSA JJIsi MOHITOPHHTY Ta JiarHOCTHKA
obOmamHauHg. Omnepatopd MOXYTh BHUKOPHUCTOBYBAaTU
TOJIOCOBI KOMaH]IU JJIsl TOCTYILY A0 iHdopMalii npo crtaH
MallliH Ta OTPUMYBAaTH PEKOMEHJAIIi BiJl €KCIepPTHOI
CHUCTEMU JJIs1 YCYHEHHs HecnpaBHocTed. Lle npu3BoauTh
JO CKOPOYCHHS 4acy Ha [IarHOCTHKY Ta IIOKpalleHHS
Oe3reku Ha BUPOOHUIITBI.

KUKA  BHUKOpPHCTOBYE  TOJIOCOBE  KepyBaHHS
B3aemoAii 3 pobOTaMH y BHUPOOHMYHUX IpOIEecax.
ExcriepTHi cucTeMH aHaNi3yiOTh 3aBAaHHS Ta MOXYTh
3aMpOIOHYBAaTH HANME(PEeKTUBHINI [UISXH BUKOHAHHS
omepamid, a omepatopd KepymoTh poboTamu  3a
JOIIOMOTOI0  TOJIOCOBHX ~ KOMaHlI. B pesynbraTi
30UTBIIYETHCS TOYHICTE POOOTH Ta CKOPOUYETHCS HacCy
HaBYaHHS HOBUX CITiBpOOiTHHKIB [12].

V. BUCHOBKU

IuTerpamisi eKCHEPTHUX CHUCTEM Ta TOJOCOBOTO
YOpaBIiHHA Ha BHPOOHWIITBI IPOMOHYE 037 IepeBar,
BKITIOYArOUM 30UTBIICHHS e()eKTUBHOCTI, MOKPAIICHHS
Oesnmekn Ta 3HWKEHHS TnoMmiIok. OmgHak — ciix
BpaxOBYBaTH 1 NOTEHIIHI HEJONIKH, TaKi SIK 3aJI€KHICTD
BiJl TEXHOJIOTII Ta CKJIQJHOCTI HABYAaHHS. 3 MPaBHIHLHUM
MiIXOIOM Ta BIPOBAKCHHSAM IIi CHCTEMH MOXYTh
3HAYHO TIOKPANIUTH BHPOOHWYI TIpomecH Ta pobode
cepenosumie. [HTepdelich TONOCOBOTO  KepyBaHHS
JTO3BOJISIIOTH OMEPAaTOpaM B3AEMOJISITH 3 CHCTEMaMH 32
JIOTIOMOTOI0 KOMaH/I MPUPOTHEOI0 MOBOIO. Lle monermrye
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poboty 0e3 IOMOMOTH pPYK, IO OCOOIMBO KOPHCHO B
cepeloBUIIAX, J€ py4YHE BBEACHHS YCKIIQ/JHEHE.
ExcrieptHi cuctemMum MOXYTh aHali3yBaTH [JaHi 3
oOmajHaHHS Yy peaJbHOMY 4Yaci Ta IIPONOHYBATH
KOHKpeTHI nii (HampuKkiaj, peryiIioBaHHsS, eTamu
obciryroByBanHs).  OmepaTtopu  MOXYTb  MHUTTEBO
BHKOHYBATH Ili pEKOMEH/IAIlii 32 JIOMTOMOTOI0 TOJIOCOBHX
KOMaHJ, 10 3MEHIIYy€ 3aTPUMKH, TIOB'S3aHI 3 PyYHHM
BBEJICHHSIM.

CuHeprisi  eKCIEepPTHUX CHUCTEM TOJIOCOBOTO
KepyBaHHS MIPU3BOTUTH JI0 TOJIIIIIEHHS
MIPOIYKTUBHOCTI, THYYKOCTI Ta HaJilfHOCTI BHPOOHMYHMX
MIPOLIECIB, TO3BOJISTIOUH ITiJIIPHEMCTBAM aJIalTyBaTUCS JI0
YMOB pHHKY, IO IIBUJAKO 3MIHIOIOTbCS, 1 BHMOTaM
KJIIEHTIB.

Po3BuTox ManmuHoro HaB4aHHA Ta LI moxpanmrs
TOYHICTh peKoMeHaaIii EKCIePTHUX CHCTEM,
JO3BOJISIIOYM M ajanTyBaTHCs A0  crenudiku
BUPOOHMYMX IPOLIECIB Ta TepeBar orneparopis. ['onocosi
iHTepQelich  cTaBaTUMyTh  BCE  IHTYiTHBHIIINMH,
BKJIIOYAIOYM MIATPUMKY KIJIbKOX MOB Ta akKIEHTIB, IO
CHPOCTUTH B3aEMO/IIIO /Il OaraToHalioOHaTbHUX KOMaH/I.
Y MaiiOyTHBOMY MH MOXEMO OYiKyBaTH IIMPIIO]
aBTOMaru3aiii BUPOOHMYMX MPOIECIB, i€ TOJOCOBI
KOMaH/M OyIyTh BHUKOPUCTOBYBATHCS JUIsl YIPaBIIHHS
ABTOHOMHHMH CHCTEMaMH, IO IMiABUIIUTh e(HEeKTHBHICT

Ta

Ta 3MEHUMTh MOTpeOy B JIOACHKOMY BTPYYaHHi.
[HTEerpallisi roJ0COBMX TEXHOJIOTIH y HaBYaHHS HOBHX
CHIBPOOITHHKIB ~ CTaHE  CTaHOAPTOM,  JIO3BOJISIOYH
MPUCKOPUTH  TIpOLlEC  ajanTamii Ta  IiJABUILEHHS
kBamidikamii. Y pe3ynbTari KOMOIHALS EKCHEepTHUX
CHUCTEM Ta TOJIOCOBOTO  YIPABJIiHHS  MPOJOBKHUTH
TpaHc(OpMYyBaTH BHPOOHUYI MPOLIECH, CTBOPIOIOYU

Oinbin eeKTHBHI, Oe3neuHl Ta aJanTUBHI BUPOOHHUI
Cepe/IOBHIIIA.
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[HHOBAIIMHUM MIAX1J 10 Bl3yaji3aili: po3poOKa
aBTOMAaTU30BAHOTO MOAYJIS JJ1s1 300py, OOpOOKH Ta
30€pEKEHHS MOTOYHUX JaHUX

AHTOH [IanbKOB
Kadenpa KITAP, Xapkischkuii HationanbHuii yHiBepcureT pafioenektponiku YKPATHA,
61166, Xapkis, np. Hayku 14., email: anton.pankov@nure.ua

Anomauia: Jlana po0OTa TPONOHYe HOBUH MiAXin MO
PO3pOOKH aBTOMATH30BAHOTO MOYJIS isi eeKTHBHOrO 300Dy,
00pOOKH Ta 30epeKeHHS MIOTOYHUX JTAHUX 3 METOK) CTBOPCHHS
3pYYHOrO IHCTPYMEHTY i iX Bi3yamizamii. 3acTocyBaHHS
IHHOBAILlIfHIX TEXHOJIOTiii Ta METOIB aHali3y JO03BOJIIE
BUPIIINTH TpoOIIeMH, TOB'sI3aHi 3 HEOTHOPIAHICTIO Ta 00CsITOM
JaHHX, [0 OOpOOJIAIOTECS, Ta HAJae 3pydHHil iHTEepdeic st
e(eKTUBHOI B3a€MOJIii KOPHCTyBaya.

Kntwouosi cnoea: aBTOMAaTH30BaHMH MOJyNb, 30ip HaHUX,
00poOKka JaHuX, Bi3yasi3amis, iHHOBAIi.

I. BCTVII
B cyuacHoMy cBITI 0OCST HaHuX, sIKi NOTPeOYIOTh
00poOku Ta aHamizy, 3HayHo 3pic. EdexrtuBHa

Bidyamizalis [JaHUX CTaja KJIIOYOBUM AacleKTOM Yy
npoleci NpUHHATTS pilleHb sK y Oi3Heci, Tak 1 B
HAYKOBUX JOCHIDKEHHsIX. [IpoTe TpamuiiiHi MeTOomu
00poOKH Ta Bizyasizallii JaHUX YacTO HE CIPABIISIOTHCS 3
Cy4YaCHUMHU BHKJIHMKAaMH, II[0 CTBOPIOE HEOOXIIHICTH Yy
po3po0lli HOBUX IHHOBAIIMHUX pillleHb. 3 TMOSBOIO
Beiukux ganux (Big Data) 3pocma morpeba y
BHUCOKOC(PEKTHUBHUX IHCTPYMEHTax st iX 0OpoOku Ta
Bizyaurizaiii. ABToMaTH3allis poLeciB 300py Ta aHaNizy
JaHUX JI03BOJISIE 3HAYHO MIJABUIIMTH e(EKTHBHICTh
poOOTH aHAaNITHYHMUX BIJUIUIIB Ta YHUKHYTH JIIOJCHKUX
MOMMJIOK, II0 YacTO BHHUKAIOTh INPU BHKOPHUCTAHHI
TPAJULIIHHUX METO/IIB.

ABTOMaTU30BaHUN MOIYJb JJsl 300py, 0OpoOKM Ta
30epexeHHs IMOTOYHUX JaHUX e mporpaMHe
pilIeHHs, SKe MO3BOJIIE aBTOMATH3YBAaTH BECh LUKII
pobotu 3 iHdopmarli€to, TounHaO4YM Bif i1 300py 3
PI3HHX JDKEpel 1 3aKiHUy4d 30epiraHHsIM y 3py4HOMY
Ui mojanbinoi  00poOku  ¢dopmati. Takuit Momynb
JO3BOJISIE CKOPOTUTH dYac 1 3yCWIUIS, HEOOXimHi I
00pOOKH BENMMKHAX OOCATIB AaHUX, IiABUITYIOUH TOYHICTh
i HaiiiHiCTh OTPUMAaHHUX pe3yibTaTiB. Moro po3pobka €
BOXJIMBAUM KPOKOM Yy BHUPIIICHHI CYYaCHUX BHUKIHKIB,
MIOB’S3aHMX 13 BEJMKMMHU JIQHWMH, Ta  CIPHSE
MiJBUIICHHIO e()EeKTUBHOCTI Bi3yamzamii Ta aHamizy
iH(bOpMaIIii.

I1. 3bIP, OBPOBKA TA 3BEPEXEHHS

JAHUX
Mopnysi pOro THITy € KOMIUIEKCHOKO CHCTEMOIO, sKa
BUKOHY€ KiTlbKa B&XXJIMBHX eTamiB  poboth 3

indopmamiero. Lei miaxim T03BONSE MAaKCHMAIIbHO
e(eKTUBHO 00poOIATH BenmKi obcarm iHdopmarii, mo
HaIXOmUTh 13 PI3HUX JpKeperd, Ta 3ade3nmedyBaTd ii
30epexeHHs y 3pydHOMy GopMaTi IS MOHaJbIIOTo
aHaji3y Ta Biyasizarii.

Moayab MOXXKe OTPUMYBATH JaHi 3 Pi3HUX JDKEpen y
peXHMi  peambHOrO  Yacy, BHKOPHCTOBYIOUH  SIK
TpaJuIliiiHi, TaK i cy4acHi MeToau 300py iHdopmarii [1].
Hampuknaza, B ra3oBiii MpOMHCIOBOCTI aBTOMAaTH30BaHi
Moxymi  iHterpyrothesi 3 loT-cencopamu  [2],
BCTaHOBICHUMH Ha TpyOOMpoBOIax, ra30BUX
CBEpUTOBHHAX a00 KOMIIpecopHUX ctaHIisx. L{i ceHcopu
BUMIPIOIOTh KPHTW4YHI TapaMeTpu, Taki SK THCK,
TEeMIlepaTypa, BUTpaTa rasdy, piBeHb BOJOT'OCTI, CKIan
rasy TOLIO. 3aBASKH IIbOMY MOJIYJb IOCTIIHO OTpHUMYeE
OHOBJICHHSI TMPO CTaH CHCTEMH, IO JIO3BOJIIE MHUTTEBO
pearyBaTd Ha MOXKIJIMBI BiZIXHJICHHS Bl HOPMH, BUSIBIISITH
MOTEHIIFHI PU3UKK Ta 3aro0iraty aBapisM. Taxuid miaxin
3MEHIIIye HEOOXIHICTh PYYHOI'O BTPYYaHHS, a TaKOX
3a0e3neuyye Oe3MepepBHICTh 1 TOYHICTH MOHITOPHHIY
HAaBIiTh y BaXXKOJOCTYIIHHX a00 HeOe3leuHnx s aroaei
MICIISIX.

Kpim Toro, Moy MOXyTh OTpUMYBaTH iH(MOPMAIIif0
3 PpI3HOMaHITHHX CHCTEM KepyBaHHA Ta 0a3 JaHuX
MiANPUEMCTBA. Hanpuxknan, CUCTEMU SCADA
(Supervisory Control and Data Acquisition) 103BOJSIOTH
BIJICTEXKYBaTH Ta KOHTPOIOBATH MPOMHCIIOBI IIPOLIECH, a
TaKoX 30MpaTH JaHi 3 PI3HUX TEXHIYHUX OO’€KTIB Ta
o0JiaIHaHHSL. i CHCTEMH IHTEIPYIOTBCS 3
aBTOMAaTHU30BaHUMHU MOAYJISIMH IJIsl 300py JaHHX, IO Ja€
3MOT'y IPOBOJIMTH TIOBHUI aHaJIi3 MPOIECIB Y PeabHOMY
yaci Ta MiATPUMYBaATH CTaOLIbHY poboty
iH(ppacTpyKTypH.

BaxumBuM acnekToM € 30ip JaHUX 13 30BHILIHIX
Jokepen. Jlns  Oi3Hec-aHANITHKM, HANPHUKIAA, JlaHi
MOXYTh HanxoauTH Bijg APl cTopoHHIX cepBiciB, Takux
gk couianbHi Mepexi abo CRM-cucremu. OpHuMm i3
MOLIMPEHUX MPHUKIAIB € 30ip iHpopmarii 3 BeO-cailTiB
yepe3 API takux mardopm, sik Twitter, Facebook a6o
Google Analytics. Moaynbs aBTOMATHYHO OTPUMYE
MOTOKU [IaHWX, aHANI3YIOUd IOBEIIHKY KOpPHUCTYBAUiB,
BITOI00AHHS, 3BOPOTHHI 3B’S30K a0 TeHHAeHHil Ha
puaKy. Hampukiam, mnsd MapKeTHHTOBHX KaMIIaHIHA
AaBTOMATH30BaHWN 30ip [OaHWX [O3BOJSIE  IIBHIKO
OIIIHIOBATH PiBEHH B3AEMOIi 3 KIIieHTaMu abo pearyBaTu
Ha 3MiHH y BIIOJI00AHHSIX ayIUTOPII.

30ip maHMX BUKOHYETHCS 3a JIOIMOMOTOIO TEXHOJIOTIH
MMOTOKOBOI Tiepenayi gaHuX, Takux sk Apache [3] Kafka,
RabbitMQ abo MQTT, mo 3abe3nedye MiHIMAIBHI
3aTPUMKH TIPH Tiepenadi iHGopMarii MK pKeperaMu Ta
Momymsmu.  Lli  cucTeMH — MiATPHUMYIOTH  BHCOKY
MIPOMYCKHY 3AaTHICTD, 3/IaTHI 0OpOOIATH BEeIMKi 00CATH
MaHUX 1 3a0e3medyroTh MBHAKY Nepenady iHdopmarii
JUIl HETaHOTO BUKOPHUCTAHHS y TIporieci oOpoOKH Ta
aHamizy. Takwmil mMiAXix KO3BONISE MIiANIPUEMCTBAM HE
TUIBKM ~ CBOEYACHO  OTpPUMYBaTH  JaHi, a #
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BHUKOPHCTOBYBATH X JJIsI IBUIKOTO TPHHHSTTS pillleHb,
TJBAIIYI0UHN e(DEeKTUBHICTH Oi3HEC-TTPOLIECIB.

[licnss oTpuMaHHS JaHMX TOYMHAETBCS €Tam  iX
00poOKH, sSIKMi BKIIIOYae Kirbka piBHIB. CrioyaTKy naHi
OUMINyIOThCS Bixg '"mymy", ToOTO Bin 3aiiBoi abo
romkopKeHoi indopmanii. Hampuxnan, mpu 300pi gaHux
3 CEHCOpIiB, IO BHMIPIOIOTH MOTOJHI yYMOBH, MOXYTb
OyTH IPUCYTHI HEKOPEKTHI TOKa3HUKH, 3yMOBJIEHI 300€M
y mepemaui abo HecmpaBHICTIO ceHcopa. Ili  maHi
BIJICIFOFOTECS ITiJT 4ac 0OpOOKH.

HactymauM KkpokoM € HopMamizamiss JaHux. Y
BUNAAKYy 3 JAaHUMHU IIpO TOTOAHI yMOBH, ITOKa3HHKU
TEMIIepaTypu MOXYTb OYyTH TIpelCTaBlIeHI y pi3HUX
omuauiix BuMipy (Lensciit abo ®apenreiit). Moayis
ABTOMAaTU4HO NMPHBOAUTH YCi JIaHi 0 €JuHOTrO (opMaTy
JUISL TIOAAJBLIOrO0 aHaji3y. AHaNoriyHo, B CHCTeMax
Oi3Hec-aHAMITHKK, Takl daHi $K IiHK abo o0csaru
MPO/IAXIB MOXYTh HAaJIXOIUTH Yy Pi3HUX BaioTax abo
¢dopmarax, ToMy IiX TakoX IOTPIOHO NPHUBOIUTH MO
€JIMHOTO CTaHJAPTy.

Just Ol CKIAIHWX 3aBlIaHb MOJIYJNI MOXYTb
BHUKOPHCTOBYBATH aJITOPUTMH MAIIMHHOTO HaBYaHHS a0bo
mTydHoro iHtenekty [4]. Hanpuknan, y QinancoBomy
aHaJi31 aBTOMAaTU30BaHI MOl MOXYTh 1IeHTH(IKYBaTH
aHOMaJbHI TpaH3aKlii, [0 MOXYTh CBIAYUTH TPO
maxpancTBo, abo TNPOrHO3yBaTH TPEHAM Ha OCHOBI
ICTOPUYHMX JaHUX. IHIIMHA TpUKIad 06pobka
MEIMYHUX JaHHUX, A€ MOJYJ MOXYTh aBTOMATHYHO

AHANI3yBaTH  CNICKTPOKAPIIOrpaMH  Ta  BHSBIATH
MOTEHLIHI PU3KKH JUIs 3JI0POB’ sl MAIIIEHTIB.
Moayne  3abe3nedye  Oe3nepepBHE — 30epeKeHHs

3i0paHnX JAHUX Y XMapHUX YH JIOKAJIBHHUX CXOBHIIAX,
3aJIeKHO BiJl TOTPEeO KOpUCTyBaya. BaxkMBOIO 4aCcTHHOIO
nporiecy € 3abe3rnedyeHHs! HaJAiHHOCTI Ta Oe3NeKu JaHuX,
IO BKJIFOYAE PETYIISIPHE PE3CPBHE KOMIIOBAHHS, a TAKOXK
MIATPUMKY pi3HUX (DopMaTiB 30epiraHHs st 3py4HOCTI
[OAAIIBIIIOTO BUKOPHCTaHHSL. Takox Cy4acHi
ABTOMATU30BaHI  MOAYJ  JIETKO  IHTETPYIOThCS 3
IHCTpyMEHTaMH JUIsl Bidyawi3aiii JaHuX, IO J03BOJISIE
Oe3repepBHO MOHITOPUTH Pe3yJIbTaTH Ta MPEACTABIISTH
ix y 3po3yminiomy rpadidHomy dopmati. Momysib TaAKOX

3abe3nevyye  pealbHy  aBTOMATH3allil0  IPOILECIB,
3HIDKYIOYM ~ BTPYYaHHS JIIOAMHA T4  ITiJBHILYIOYN
MIPOIYKTUBHICTb.

Ha erami 30epexeHHss Monynb  3abe3rneuye

CTPYKTYpYBaHHS Ta apXiByBaHHS JaHHX Y JIOKAJIbHHX
abo xmapHuUX cxoBumax. Hampukman, 3i0pani maHi
MOXyTh OyTH 30epexeni y (opmarax, Takux sk CSV,
JSON a6o SQL-6a3wu, 10 A03BOJISE JIETKO IHTETPYBATH iX
3 IHIIMMHU CHCTEMaMH TS TIOAAJBIIOTO aHaji3zy. XMapHi
pimenns, taki sk AWS abo Google Cloud, no3BomnstoTh
30epiraT BenMYe3Hi OOCSTH JAaHUX 3 MOXKIHBICTIO
LIBHUJIKOTO JIOCTYITY JI0 HUX Y Oyb-sKHUid Yac.

BaxxymBuM acmekToM € 3a0e3ledueHHsT Oe3leKd Ta
HaIMHOCTI 30epeKeHHS JTaHNX. Momymi
BUKOPHCTOBYIOTh HIM(PYBAHHS /ISl 3aXUCTY JAHUX MPU
mepenadi Ta 30epeKeHHI, a TAKOXK Pe3epBHE KOMIIOBAHHS
JUIA BIJHOBJIEHHS y pa3i BTpaTH a00 MOIIKOIKCHHS
iH(dopmarii. Takoxx  mepenbadeHa  MOXKIMBICTH
HANAINTYBaHHS  OpaB  JOCTyNmy, IO  JIO3BOJISIE
KOHTPOITFOBATH, XTO MOXE peAaryBaTH, MeperisiiaTi abo
3aBaHTAXyBaTH JaHi.
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1. BI3YAJIIBALIA JAHUX

CydacHi mporpamHi pilieHHs JJIs Bi3yawi3amii JaHuX
MIPOTIOHYIOTH IIMPOKHUH HAOlp IHCTPYMEHTIB, sIKi Jar0Th
3MOry e(eKTHBHO TEpeTBOPIOBATH CKJIaJHI MAacHBU
iHpopmamii 'y 3po3yminmi rpadiuni  dopmm  [5].
Haiinonynsapuinn miatdopmu, Taki sk Tableau, Power
Bl, D3.js abo Grafana, m103BOJSIOTh JIETKO iHTErpyBaTH
3i0paHi gaHi 3 6a3aMu Ta aBTOMAaTU30BaHHUMU MOIYJISIMH,
HAmAlOYd  KOPUCTYyBauaM  MOXJIMBICTh ~ MHTTEBO
OTPUMYBaTH aHAJITUYHI PE3YNbTaTH Yy 3pPO3YMIJIOMY
Burisini. Hampuknan, y  rasoBiii  mpoMHCIIOBOCTI
Bi3yaizailiss MOXE JOITOMAaraTd BimoOpakaTH Ha KapTi
MicIsl BUTOKIB 200 MpoOJIeMHI AUISHKH TpyOOIpOBOIIB,
10 JO3BOJISIE ONEPAaTHBHO JIOKANi3yBaTH NpodiemMy i
NPUUHATH pPIIIEHHS MO0 peMOHTy abo 3aMiHU
obnagHanHA.  [HTepakTHBHI ~ jamiOopaM — HaJIaroTh
MOXJIMBICTh KOPHUCTYBauaM HANAIITOBYBATH MapamMeTph
¢inpTpiB ab0 3MIHIOBaTH YacoBi Mepioau, MO J03BOJISIE
THYYKO aHaJIi3yBaTH JaHi y pealbHOMY Yaci.

BaxmBor 0COOMMBICTIO CydacHOi Bi3yamizamii €
3/IaTHICTH HE JIMIIE TPEJICTABUTH JaHi, ajie i pOOHTH 1ie y
3pO3yMiUIMi Ta IHTYITUBHHH cmoci0, IO IoJerurye
NPUHHATTS pillleHh Ha PI3HUX PIBHAX YHpPaBIiHHSL
Hampukian, KepiBHUKM MiANPUEMCTB a00 iHXKEHEpH
MOXYTh IIBHJKO OIIHWUTH €(QEeKTHUBHICTH POOOTH
CUCTEeMHM, TIOpDIBHIOIOYM JaHi 3a Ppi3HI nOepioaw,
iIeHTH(]IKYIOUM KIIOYOBI TPEHAUM Ta  BiJXWIICHHS.
Bisyamizamis Takok [JOIOMAara€ 30CepeauTHCS Ha
KPUTHYHUX IHIWKATOpaxX, IO JA€ 3MOTY BHSBISTH
MOTEeHIIHI mpobneMu a0 iXx BuHUKHEHHS. Tak, 3a
JIOTIOMOTOI0 ~ aHaji3y ICTOPHYHHMX JIAaHUX, MOXKHA
MPOTHO3YBATH HEOOXI1IHICTh TEXHIYHOTO
0o0CITyroByBaHHS O0OJaJHAHHSA, IO 3HIDKYE PU3HKU
Herepe0auyBaHUX IIOJIOMOK 1 ONTUMI3y€ BHTPaTH Ha
PEMOHT.

OpHi€ro 3 TOJNIOBHUX 1HHOBaLil y cdepi Bizyamizaiii €
iHTerpaiiss ejaeMeHTiB ry4yHoro intenekty (III), mio

JIO3BOJISIE  3HAYHO MIJBUIIMTH SIKICTh aHai3y Ta
inTeprnperanii  gaHux. Bukopucramns Il s
Bisyamizamii ~ BiAKpHBa€  HOBI ~ MOXJIHMBOCTI Y

MPOTHO3yBaHHI, aBTOMATH3allil aHaji3y Ta BUSBICHHI
aHomaniii [4]. Hanpukiaa, 3a J0OMOMOror METOIB
MAIIMHHOTO HAaBYAaHHS, MOXIYJI MOXXYTh aBTOMAaTHYHO
aHai3yBaTH BEJMKI MacWBU [JAHUX 1 BHSIBISITH
MIPUXOBaHI 3aKOHOMIPHOCTI, SIKi BaXXKO a00 HEMOXKIIHBO
BUABUTH BpyuHy. Lle 0cOOIMBO KOPHUCHO IS Taimy3ei, 1e
o0csATH JHaHMX BENMYE3Hi, SIK y Ta30Biil MPOMHCIOBOCTI,
ne cercopu Ta iHmm loT-mpucTpoi mOCTIHHO TeHepYIOTh
MOTOKH iH(pOpMAITii.

T Takox MOKE aBTOMATHU3yBaTH IMPOLIEC CTBOPEHHS
Bi3yauizamiii, poOistau 1X OiTIBII aAaITHBHUMH JI0 TTOTped
KopHucTyBada. Hampukman, B cucTeMax —yIpaBIiHHS
MOKHA BHUKOPUCTOBYBaTH AJITOPUTMHU ULt
aBTOMATHYHOTO CTBOPEHHS iHAMBIMyaTbHUX AAIIOOpiB,
K1 OymyTh BimoOpa’kaTh HAHOLTBIN BaXKIIMBI MTOKA3HUKH
B pexumi  peanpHoro dacy. Lle  mosBoise
MIEPCOHANI3YBATH aHANI3 IS PI3HUX BiIIUTIB KOMIIAHIi,
3a0e3medyrour  KOKHOTO KOPHCTyBada JIAIIE TI€O
iHpopmariero, ska WoMmy TMOTpiOHA I TPUHHATTS
e(heKTUBHUX PillIeHb.

IaTepakTrBHI MIaTdopMu, MO IHTETPYIOTh TEXHOJIOTIT
III, TakoX MOXYyTh BHKOPHCTOBYBATH DO3IIUPEHY
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AQHANIITUKY JUIS TIATOTOBKM PEKOMCH[AIi Ha OCHOBI
3i0paHux maHux. Hanpukmaz, cucrema MoOXKe HE JIHIIE
BUSIBUTH TTOTCHIIIHHI MPOOJIEMH y TPyOOIpPOBOIL, aie i
3allpOIIOHYBATH KOHKPETHI KPOKM JUIsl  BHPIIICHHS
cuTyanii, BAKOPUCTOBYIOUN ICTOPUYHI JJaHi, TPOTHO3M Ta
aHayiTiuHi Mozerni. Lle cyTTeBO 3HMIKYE HaBaHTAa)KEHHS
Ha [TepPCOHAJT 1 MOKpAIy€e TOYHICTh NPUHHATTS PillIeHb.

IV. IIEPEBAT'U TA HEJOJIIKA

ABTOMATH30BaHI MOJIyTI It 300py, OOpoOKH Ta
30epekeHHsT JaHUX CTald BaKIMBUM  €JIEMEHTOM
CyJacHHX  MiANPHEMCTB  3aBASKH  IX  3IaTHOCTI
MOKpaIyBaTd e(peKTUBHICTh YIpaBIiHHS iH(opMaIi€ero.
OnHak, sk 1 Oyab-siKi IHHOBAIiffHI TEXHOJIOTII, BOHHU
MaroTh CBOi mepeBard Ta TeBHI BUKIHKH. OIiHKa
CHJIBHHX Ta CIIa0KMX CTOPIH JOMOMOXKE Kpallle 3p0o3yMiTh
IXHIO LIHHICTH IS Pi3HUX cdep JiSUTBHOCTI.

ABTOMAaTH30BaHI MOJYJIi MAIOTh PsiJl IEpPEBar:

— IlIBumkicts 00poOkM gaHux: Monymi 3aaTHI
MPAIIOBATH B PEXHMI peajbHOr0 4Yacy, L0 J03BOJISIE
MOMEHTAJIEHO OTPUMYBATH iH(OpMAIIiI0 Ta pearyBaTH Ha
3MIHM B Tpolecax, 3amo0iraroud amapisM  abo
ONTHMI3yI04H POOOTY.

—  3HWXEHHs JIOJACHKOrO (akTopy: ABTOMAaTH3aIlis
MiHIMi3ye moTpedy B py4Hili 00poOui maHuX,
3MEHIITYIOUH PU3HK JIFOJICHKUX MOMHUIIOK Ta i IBHIILYOUYN
3arajbHy TOYHICTb 1 HAJIHHICTh pOOOTH CHCTEM.

— IHrerpamis 3 iHIIUMU cucTeMamu: Moy Jierko
iHTerpytoThcs 3 icHyrounmu loT-cucremamu, Oazamu
nanux, CRM Tta ERP-mlardpopmamu, 1o mo3Bossie
IiITPUEMCTBAM TIPAIIOBATH B €JJMHII €KOCUCTEMI.

—  Onrumizanis pecypciB: ABTOMaTH30BaHi MPOLIECH
J03BOJIAIOTH EKOHOMUTH 4Yac Ta JIOJICBKI pecypcH,
3MEHIIYIOYH IOTpedy y pyuHid o0poOui JaHux i
iJIBULIYIOYH 3arajbHy IPOIYKTHBHICTh KOMIIaHII.

— IligBumenHs edexTuBHOCTI aHamizy: Momyii
3a0e3rnevyloTh IOCTiiHMI 30ip Ta aHaji3 BEIMKHX
0o0CsriB  JaHWX, IO JIO3BOJIIE OTPUMYBATH LIHHY

iHpopMalio s Oi3Hec-pilleHh 1  CTPATErivHOTO
[UTAHYBaHHSI.

OqHaK, € 1 IeBHI BUKJIMKU Ta HEOJIKH:

— Bucoka BapticTh BrpoBajpKeHHsS: [louaTkoBi

BUTPaTH HA BCTAHOBICHHS MOIYJIIB MOXYTh OyTH
3HAYHUMHU, OCOOJMBO MJsl BEJIMKHX IMIANPUEMCTB 13
pO3raTyKeHIMH MEpeXaMU CEHCOPIB Ta JUKEPEIT TaHHX.

— CxiagHicTh HANAIITYBaHHS Ta OOCITyTOBYBaHHS:
[HTerpalis MOIYIiB 3 ICHYIOUMMH CHCTEMaMH MOXKe OyTH
TEXHIYHO CKIAJHOI0 Ta BUMAaraTH KBalli(piKOBaHUX
¢daxiBIiB JUIs  IXHBOI MIATPUMKH, IO IiJIBUIIYE
oTeparriifHi BUTPATH.

— 3aNexHiCTh BiJ CTaOUTFHOTO IHTEPHET-3'€JHAHHS:
Y Bumagkax TOTaHOTO 3'€qHAHHS a0o BIICYTHOCTI
JOCTYITY IO MEpeXi MO)kKe BUHUKATH 3aTpUMKa B 300pi Ta
00po0mi JaHWX, IO BIDIMBa€E HAa TOYHICTH Ta
CBOEYACHICTh MPHHHATTS PIlICHB.

— MoxnmBicTe TexHIYHHX 300iB: Xoua MOy
CTBOpEHi sl HaAiHOI poOOTH, ICHY€E PH3HUK TEXHITHIX
3001B 200 TOMHIIOK TPOTPAMHOTO 3a0e3MedeHHs, IIO0
MOJKe BIUIMHYTH Ha Oe3repeliifny poOoTy cucteMu.

3arajzoMm, aBTOMATH30BaHI MOy € TOTYXHUM
IHCTpYMEHTOM /ISl TIOKpAIIEHHS MPOJYKTUBHOCTI Ta
e(eKTUBHOCTI IIANPHUEMCTB, aje iX BIPOBA/KEHHS Ta
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EKCIUTyaTallisi moTpeOyIoTh PETENbHOrO IUIaHYBaHHS Ta
pecypcis.

V. BUCHOBKHA

VYV manomy marepiaii IpOBEICHO aHAI3 aKTYaJTbHOCTI
pO3pOOKM  aBTOMAaTW30BaHMX MOAYJIB st 300py,
00poOKHM Ta 30epekeHHS MOTOYHHX JaHUX, a TaKOX
PO3TIITHYTO OCHOBHI €Tany iXHbOi poOOTH, BKIIOYAIOUH
MOXJIMBOCTI Bisyamizarii manux. OkpiM 1poro, Oyio
JOCTI/DKCHO TIepeBard 1 HEJONIKM TaKHX CHCTEM, IO
JIO3BOJISIE Kpallle 3pO3yMITH IXHE Miclle y Cy4YacHHX
Oi3Hec-TIporecax.

Ha ocHoBI mpoBeneHoro aHaiizy MOXKHa 3poOWTH
BHUCHOBOK, III0 aBTOMAaTH30BaHI MOMAYJi BiAirparoTh
KJIFOUOBY pOJIb Y TIi/IBHILIECHHI €()eKTHBHOCTI YIpaBIIiHHS
JIAHUMH, 3a0e3Medyroun BUIKUNA AOCTYI 10 iH(opmartii
y peaJbHOMY Yaci Ta MOKPALIyIOUH IMPOIeC MPHUAHATTS
pimerb. OIHAaK BaXJTMBO BPaxOBYBAaTH I€BHI BHKIIMKH,
Takl SK BHCOKa BapTiCTh BIPOBA/DKEHHS Ta CKIIAJHICTh
TEXHIYHOTO O0OCIyroByBaHHS, SIKI MOXYTb BHMAaraTu
JIOZIATKOBUX PECYPCiB sl iXHBOI ONTUMAaJIbHOT pOOOTH.
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Anomauyin:  JIoCHiJDKEHHS  TPHUCBSYCHO  aHAII3Y
Cy4acHHMX METOJIB MIATPUMKH TPUHHATTS pillleHb y
BiJUIaNIEHOMY YIIpaBIliHHI BHUPOOHHUITBOM. Po3risHyTO
EKCIICPTHI CUCTEMH, METOAM aHaji3y JaHuX, iMiTaIliiiHe
MOJIEJIIOBAHHS, CHCTEMH Ha OCHOBI HEYITKOI JIOIKH Ta
LITy4YHOTO  IHTEJeKTy. Bu3HadeHo mepeBarm Ta
OOMEXEeHHsSI ~ KOXKHOTO  IJIXOJY. OOrpyHTOBaHO
€(EeKTUBHICTh TiIOPUIHUX CHCTEM, IO MOEJHYIOTH Pi3HI
MeToau. OKpEeclieHO NEpCIEeKTHBH PO3BHTKY CHCTEM
HIATPUMKH TPURHSTTS PillleHb Y KOHTEKCTI nugpoizaii
BupoOHuLTBa Ta [HIYCTPIi 4.0.

Kniouosi cnosa: BiJasieHe YIIpaBJIiHHS
BUPOOHUIITBOM, CUCTEMH ITiITPUMKH NPUHHSATTS PillIeHb,
IITYYHUH ~ IHTENEKT,  BEJNMKI  JaHi,  iMiTaliiiHe
MOJICJTFOBAHHs, HEUITKa JIOTiKa, CKCIEePTHI CHUCTEMH,
riOpuaHI CHCTEMHU.

. BCcTvin

B ymoBax mmoGaimizanii Ta nugpoBizaiii eKOHOMIKH
BiJylaJieHe YIpPAaBIiHHS BHPOOHUIITBOM CTa€ JieJali
aKTyaJlpHIIIMM. BOHO fJae  3Mory  onTuMi3yBatu
BHUPOOHHYI MPOLECH, 3HIKYBATH BUTPATH 1 IiIBUIIyBaTH
e(peKTUBHICT, TiAnpueMcTB. KIIOYOBHM  eleMeHTOM
TaKOTO YIPABIIHHS € CHCTEMU IMiATPUMKH HPHAHSATTS
piwens (CIIIIP), mo 3abe3nedyloTh KEpIBHUKIB 1
¢daxiBIiB HEOOXiMHOW I1HGOPMAIE Ui yXBallCHHS
00rpyHTOBaHMX pimieHs [1].

MeTor0 IIBOro AOCIIKEHHS € aHajli3 HasgBHUX METOLIB
MIATPUMKH MPUHHATTS PIllIeHb Y KOHTEKCTI BiAJaICHOTO
yIpaBIiHHS BUPOOHHIITBOM, BHSIBIICHHS iXHIX IlepeBar i
HEeNOJNiKiB, a TaKkoX BH3HAYEHHA MEPCIHEKTHBHUX
HAIPSIMIB PO3BHUTKY.

1. OrJIsa1 TA AHAJII3 CYYACHUX METO/IIB
CIIIIP ¥ BIJUTAJIEHOMY YIIPABJIIHHI
BUPOBHUIITBOM

OpmHUM 3 HaHTOUIMPEHIMNX METOIB € BHKOPHCTaHHS
excriepTHUX cucteM. Lli cuctemu 0a3yroThCS HA 3HAHHSX
eKCIIepTiB Yy IpeIAMeTHill obnmacTi Ta 34aTHI iMiTyBaTé
MPOIeC TPUHHATTSA pIlICHb JIOJUHOK. Y KOHTEKCTI
JTUCTAHIIITHOTO YTIPaBIiHHS BHPOOHUIITBOM EKCIEPTHI
CHCTEMH MOXYTb OYTH BUKOPHCTaHI IJIsl HiaTHOCTHKH
HECIPAaBHOCTEH OOJIaHAHHS, ONTHMi3amii BHPOOHUYMX
IpoIieciB, MIaHyBaHHA pecypciB [2]. OmHak BOHH MaroTh
00MeXeHHsI, MMOB'sI3aHi 3 TPYAOMICTKICTIO CTBOPEHHS Ta
OHOBJICHHS 0a3W 3HAHb.

[HIIMM MONIMPEHUM METO/IOM € BUKOPHCTAHHS CUCTEM,
3aCHOBAaHMX Ha aHaJi3l BEIMKWMX JAHWX 1 MAIIMHHOMY
HaByaHHI. [li cuctemu 37aTHI OOpPOOIATH BENUYE3HI
o0csru iHpOpMAITii, IO HAIXOMUTH 3 JATUYMKIB Ta 1HIIIX

JUKEpeNd, BWSBJIATH TPUXOBaHI 3aKOHOMIPHOCTI Ta
Ha/laBaTH PeKOMEHMAIlil Ha OCHOBI ICTOPUYHHUX JaHUX Ta
nmotouHoi cutyarrii [3]. [lepeBaroro Takux CUCTEM € TXHS
3aTHICTh HABYATHCS Ta aJaNTyBaTHCS JO MIHJIMBUX
YMOB. OpnHaxk BOHHU noTpe0yoTh 3HaYHUX
00YHMCITIOBAIEHUX PECYPCiB Ta SKICHMX HaOOpIB JaHHX
JUISl HABYaHHSL.

MeToau iMITAI[IITHOrO MOJICITIOBAaHHS TAKOX IIMHPOKO
BukopuctoBytothcst B CIIIIP  gms  BigmaneHoro
yIOpaBiiHHA ~ BUPOOHMITBOM. BOHM  J03BOJSIOTH
CTBOPIOBATH BipTyasbHI MOZEN BUPOOHHYMX IMPOIECIB i
MIPOBO/IUTH EKCIIEPUMEHTH JJIsl OLIIHKU PI3HHUX CIIEHapiiB
i cTpareriii ynpasninus [4]. Lle ocoGmuBO KOPHCHO HpH
IUIaHyBaHHI 3MiH y BUPOOHMYMX cHcTeMax a0o
ontuMizaiii icHyroumx mporeciB. OIHaK CTBOpPEHHS
TOYHMX 1 JETAIGHHUX IMITAlliIMHUX MojeNel Moxe OyTH
CKJIaJJHAM 3aBJIaHHSM 1 BUMaraTd 3HAQYHMX YacOBHX 1
(hiHaHCOBUX BUTpAT.

IHTenekTyanbHl  CHCTEMH MIATPUMKH  NPUAHATTS
pilleHb ~Ha  OCHOBI  HEYITKOI  JIOTIKH  TaKOX
BUKOPHCTOBYIOTBCS Yy  BUIQJICHOMY  YNPaBIiHHI

BupoOHuLTBOM [5]. LIi cucTemu 37aTHI mpaioBaTH B
YMOBaX HEBH3HAYEHOCTI Ta HEMOBHOTH iH(opMaIlii, 110
4acTo 3yCTPIYaeThCs B PEAIBHUX BHPOOHHYUX YMOBaX.
[X MOXHa BUKOPHCTOBYBATH JUTS YTIPABIIHHS CKJIaTHUMH
TEXHOJIOTIYHUMH  TPOIIECAMH, ONTUMI3alll PEeKUMIB
poboTH 00NamHAHHS, MPOTHO3YBAHHS SIKOCTI MPOIYKIII.
OnHak CTBOPEHHS TaKHX CHCTEM BHMAarae IIIMOOKOTO
PO3YMIHHS SIK TpeaMeTHOI 00MacTi, TaKk i MPHHIIHIIIB
HEYiTKO{ JIOTIKH.

B ocTanHI poku Bce OLIBIIOrO NOMIMPEHHS HA0YBalOTh
METO/M, 3acHOBaHi Ha ImTy4HoMy iHTenekti (LUI) Ta
TEXHOJOTiAX  rmmbokoro HaB4yaHHs. IIli  Meromu
no3BoJsit0Th cTBoproBati CIIIIP, siki MOXYTH HE TITBKH
aHAN3yBaTH TOTOYHY CHTYalilo, aje W MPOTrHO3YyBaTU
MaiiOyTHI TOfii, BHUSBIATH aHOMAaJii Ta IPOIIOHYBAaTU
ONTHMAJIGHI PpIMIEHHS B PEeXUMI peanpHOro dacy [6].
Hampuknag, cucteMd Ha OCHOBI HEHPOHHHX MEpEx
MO’KHa BUKOPUCTOBYBATH JUIS IIPOTHO3YBaHHS MOIHUTY HA
MPOAYKIITO, orrruMizarii JIAHIIOTIB IOCTaBOK,
IHTENEeKTyalTbHOTO 00CIyToByBaHHA 00namHanHsA. OmHaK
BIOPOBQ/DKCHHS TaKMX CHCTEM BHMAarae 3HAYHHX
IHBECTHIIIH 1 HasIBHOCTI KBami(ikoBaHux ¢axisiris 3 1.

Baxxmmeum  acmektom  cywacHmx — CIINIP B
TUCTAHIITHOMY YIIpaBIliHHI BUPOOHHUIITBOM € iHTETpaIlis
pI3HHX JDKepenl MaHWX 1 MeTomiB aHamzy. [iOpumHi
CHCTEMH, LIO MOEAHYIOTh EIEMEHTH SKCIIEPTHHX CHCTEM,
MAIIMHHOTO HaBYaHHS Ta IMITAI[IiHOIO MOICIIOBAHHS,
JO3BOJISIIOTh BUKOPUCTOBYBAaTH MEpEeBard KOXHOTO 3
MiIXOMAIB 1 KOMIIGHCYBAaTH iX HeHONikH. Taki cucremu
3J1aTHI 3a0€3MEeYNTH KOMIUICKCHY MiATPUMKY MPUHHATTS
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pilleHbs HA BCIX PIBHSAX YIpaBIiHHS BHPOOHHUIITBOM, Bij
OTIEPATUBHOTO JIO CTpaTerivHoro [7].

OxpeMol yBarW 3aciIyroBYIOTh METOAM Bi3yalrizarlii
JaHuX Ta pe3ynbratiB aHamizy B CIIIIP. Bukopucranns
IHTEpaKTUBHUX JmamoopniB, 3D-moxmenelt BUpOOHMYMX
TIPOIIECiB, TEXHOJOTIH BipTyajbHOI PEaNbHOCTI JO3BOJISIE
ocobaM, sIKi MPUHMAIOTH PIlICHHS, MIBHIKO OIlIHIOBATH
CUTYyalilo 1 pO3yMITH HACTIIKH Pi3HUX BapiaHTiB Hiid. Lle
0CO0JIMBO BXXIMBO TIPH BiJIaIEHOMY YIIPaBJIiHHI, KON
HEMae MOKIIMBOCTI 0€3M0CepeTHhOTrO CIOCTEPEKEHHS 3a
BUPOOHUYNMH TIPOLIECAMH.

I1L. IEPCIIEKTUBY PO3BUTKY TA
[HTETPALII CITIIP B YMOBAX IH/ITYCTPIi

4.0
udposa tpanchopmalliss BUpoOOHHIITBA CTBOPIOE HOBI
MoxxmBocTi Ta Bukimku Jquiss CIIIP. Y konTtekcTi
Ianyctpii 4.0  CIIIP  crarotb  Bce  OUIbII

IHTENEKTYa bHIMH, ABTOHOMHHMH Ta& IHTEIPOBaHHMH.
OCHOBHI TEeH/ICHIIIi BKIIOYAIOTh!
[TigBuIICHHS PiBHSI ABTOMATH3AIIil TPUXHATTS PillICHb:

—  BIIPOBaKEHHS ANTOPHUTMIB MAIIHHOTO
HAaBYAHHS [UI ABTOMATHYHOTO MPUHHATTS PpIllIeHb Yy
PYTHHHUX OIeparisx;

— po3pobka  CHCTeM, 3JaTHHX  CaMOCTIHHO
ONTUMI3yBaTH BHPOOHHWYI TIporecu 0e3 MOCTIHHOTO
BTPYYaHHS JIFOTHHH;

— crBOpeHHs1 "po3yMHUX" (QabpHK, e OUIBLIICTh
orepaliifHuX pillleHb MPUIAMAIOTHCSI aBTOMATUYHO.

Po3mupeHHss  MOXIMBOCTEH  IIPOrHO3YBaHHsS — Ta
IIPEBEHTUBHOT'O YIPABIIHHS:
—  BHUKOPUCTAHHS HepeI0BUX AITOPUTMIB

MIPOTHO3HOI aHAIIITHKK JUIS Nepea0dadeHHs] MOTeHIIHHIX
pooJem;

—  BIIPOBaKCHHSI CHCTEM PaHHBOTO
TMOTepeIKEHHS, 1110 JI03BOJISIFOTH 3arodiratu
BUPOOHHYUM 30051M;

—  po3poOka MoJienei OIITHMI3allii, 110
BpPaxoOBYIOTh  JIOBFOCTPOKOBI  HACJIJKH  NPUUAHSITUX

pillIeHb.
301IBIIEHHS IBUIKOCTI 0OPOOKU JaHUX Ta MPUHHATTS
pillieHb y peanbHOMY 4aci:

— BHKOPHUCTAHHS TEXHOJOTiH 00pOOKH MOTOKOBHX
JaHUX JUI MUTTEBOTO pPearyBaHH: Ha 3MiHH;

— BIpoBapKeHHS edge computing It 3MEHIIICHHS
3aTPUMOK IIpH 00pOOITi KPUTHIHO BaXKIUBOI iH(OpMAIIii;

— po3poOka aNrOpuTMiB, 3JATHUX TPHAMATH
ONTHMAJBHI PIllIEHHS B YMOBaX 0OMEXEHOTO dacy.

[ToxpaleHHs aganTHBHOCTI CHCTEM JO 3MIHHHX YMOB
BUPOOHUIITBA!

—  CTBOPEHHS THYYKUX BUPOOHWYHX JIiHIHN, 3TaTHHX
IIBUIKO TIEPEHATIAIITOBYBATHCS T1iJT HOBI 3aBIAHHS;

— pospobka CIIIIP, mo BpaxoBYIOTH AWHAMIYHI
3MiHHM PUHKOBOTO ITOIUTY Ta YMOB IIOCTaBOK;

—  BIPOBaDKEHHS CHCTEM, IO CAMOHABYAIOTHCS Ta
MTOCTIHHO BIIOCKOHAIIOIOTH CBOi ajJTOPUTMH HA OCHOBI
HOBUX JIaHUX.

IaTerpanis CIIIIP 3 iHmmMyu 6i3Hec-CUCTEMaMH:

— TiCHa B3a€EMOJiS 3 €rp, Crm Ta SCm CHCTEMaMHu

JUTSL KOMIUIEKCHOTO YIPaBIIiHHSI i ITPHEMCTBOM;
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—  CTBOpEHHS €IMHOTO iH(OpMaLifHOTO MPOCTOpY,
o 00'€THY€ BCi aCTIEKTH AisUTHHOCTI KOMIIaHIT);

— po3poOka iHTepdeliciB, 1O 3a0e3MeUyroTh
OC3IIOBHY IHTETpAIliI0 Pi3HUX CHCTEM Ta JDKEPET JaHUX.

Po3BuTok Bisyauizanii Ta iHTepdeiiciB koprcTyBaya:

— CTBOpEHHS IHTYiTHBHO 3pO3yMUIMX JanioopiiB
JUTSL IIBU/IKOTO OTJISTY KITFOUOBUX TTOKA3HHKIB;

— BIPOBa/PKCHHS TEXHOJIOTIH BipTyalbHOI Ta
JIOTIOBHEHOI peaybHOCTI ISl TOKpAIUEHHS CHPHUAHATTS
iH(popMartii;

— po3poOka amanTUBHHUX  iHTepdeiiciB, 10
MiUIAIITOBYIOTHCS i moTpeou KOHKPETHOTO
KOpHCTyBaya.

Ili TeHpmeHIi NPHU3BOMATH JO CTBOPEHHS OLIBII
THYYKHX Ta e(EKTUBHHUX BUPOOHHUYHMX CHCTEM, 3JATHHX
[IBU/IKO pearyBaTd Ha 3MiHH PHHKOBHX YMOB Ta BUMOT
cnoxuBauiB. CII[IP HOBOro moOKOMIHHS He JHUIIE
Ha/IaloTh iH(OpMAaLito JUIsi MPUHHATTS pillleHb, ane
aKTHBHO O€pyTb ydYacThb Yy TpOIECi YIpaBIiHHS,
MIPOMOHYIOUM ONTHMAJIbHI pilleHHS Ta aBTOMATHYHO
peani3yroun iX y 6araTbox BHIaIKaX.

Inrerpaniss CIIIP 3 IoT rta IloT BiakpuBae HOBI
TOPU30HTH JUIS BiJJIAJICHOTO YIPABJIiHHSI BUPOOHHUIITBOM.
Lls1 cuHepris CTBOPIOE TMOTYXKHY €KOCHCTEMY, siKa
JIO3BOJISIE  OMTHUMI3YBaTH BCI AacCleKTH BHUPOOHUYOTO
polecy:

30ip Ta aHaNi3 JAHUX Y peallbHOMY Yaci:

—  BCTaHOBJICHHS MEpEKi CEHCOPIB Ta JATYHKIB IS
HOCTIHHOTO MOHITOPHMHTY BCIX aCIIeKTiB BUPOOHUIITBA;

— BUKOPUCTaHHS TEXHOJIOTIH BEIMKUX NAHUX AJIA
00poOKH Ta aHaIli3y BeJIMUe3HUX 00CsTIB iH(popMaIlii;

—  BIIPOBaKCHHA aNIrOPUTMIB MAalIMHHOTO
HaBYaHHS JJIs BUSBJICHHS [IPUXOBaHMUX 3aKOHOMIPHOCTEH
y JaHHX.

CrBopenHs "undpoBUX NBIMHUKIB":

— po3poOKka HOeTaNbHHX BIPTYaJbHHX MOZENIeH
BUPOOHHYMX MPOLIECIB Ta 00JIaHAHHS;

— BHUKOpUCTaHHS 1U(POBHX  JBIHUKIB  UIs
CUMYJISILIT Pi3HMX CLIEHApIiB Ta ONTUMI3allii POIIECiB;

— OCTIHE OHOBJIEHHA MOJEJIEM Ha OCHOBI
peanbHUX JIAHHX YIS MiJBUIIEHHS iX TOYHOCTI.

OntuMmizaiis JIAHIIOTIB ITIOCTABOK Ta YIPaBJIHHS
3amacamu:

— BIACTeXEHHS pyXy MaTepiaiB Ta TOTOBOI
MPOAYKIIi B peXKUMI peanbHOTO Yacy;

—  aBTOMaTHYHE KOPHT'YBaHHS TUIAHIB
BUPOOHWIITBA Ta 3aKyIiBeIb HA OCHOBI AaKTyaJbHUX
JaHUX;

—  BIIPOBaKEHHA CHCTEM
[IHOYTBOPEHHS Ta YIPABIIiHHS MTOMHATOM.

IToxparmeHHs SKOCTI MPOTYKIIii:

— TOCTIHHWI MOHITOPWHT TapaMeTpiB AKOCTI Ha
BCIX eTarmax BUpOOHUIITBA;

—  aBTOMaTHYHE KOPHT'YBaHHS BUPOOHUYHMX
TIpoIieciB T 3a0€3MeUeHHs CTa0lIbHOI IKOCTI;

—  BHKOPHCTaHHS TEXHOJIOTIH MAIIMHHOTO 30py Ta
Al nns BusBneHHS Ae(eKTiB.

EneproeeKTHBHICTD Ta €KOJIOTIYHICTB!

— MOHITOPHUHT Ta ONTHMI3aIlisl €HEPTOCTIOKUBAHHS
BUPOOHUYOTO 00T JHAHHS;

— aBTOMaTHYHE pETyJIOBaHHA PEXHMIB pPoOOOTH
CHCTEM OMAJICHHS, BEHTUIIALIT Ta KOHIUI{IOHYBaHHSL;

IMHAMIYHOTO
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— BIOCTEXKEHHS Ta MIHIMI3AIlsd BHKHIIB Ta
BIJIXO[iB BUPOOHUIITBA.
[Nokpamenns Oe3neky mpari:
— BUKOPUCTaHHS HOCHMHUX  TPHCTPOIB  JUIA

MOHITOPUHTY CTaHy 37I0pOB's Ta OE3IEeKH IPalliBHHKIB;
— aBTOMAaTHYHE BHSBJICHHS HEOE3MEUHUX CUTYyallii
Ta MONEPEe/PKEHHS HEIIACHUX BUIAIKIB;
—  BIIPOBA/DKCHHSI CUCTEM KOHTPOJIIO JOCTYIy Ta
MOHITOPUHTY TIepeMillleHb IEPCOHAI.
I'Hyuke BUpOOHUIITBO Ta MacoBa KacTOMi3allis:
—  CTBOpEHHS BUPOOHMYMX JIHIN, 3ATHUX MIBUAKO
a/IalTyBaTUCS 10 3MiH Y 3aMOBIICHHSIX;
— aBTOMAaTHYHE HAJAIITyBaHHS OONaJHAHHS ITi]
IHJIMB1TyaJIbHI BUMOTH KOYXHOTO 3aMOBJICHHS;
— onTuMmizamis  mporeciB it e()eKTHBHOTO
BHPOOHMIITBA MAJIMX MAPTiil Ta YHIKaJIBHUX BUPOOIB.
BrpoBamkenHss mmx TexHosorid  mo3sosisie  CIITIP
npuiiMati Oinbll OOIPYHTOBaHI pIIIEHHS Ha OCHOBI
BEJIMKUX O0OCATIB aKTyaJbHUX Jl@HWUX, M0 3HAYHO
nigsuiye edexktuBHICTh BHpoOHMNTBA. IHTerpamis loT
ta [loT 3 CIIIIP cTBOpIOE €MHY €KOCUCTEMY, JIe KOKEH

€JIEMEHT  BHPOOHUWIITBA  CTA€  JDKEPEIOM  LiHHOI
iHpopMmalii, a KOXXHe pilleHHs 0a3yeTbCsi Ha
KOMIUIGKCHOMY ~aHali3i BCIX acleKTiB  MAisIbHOCTI
HiANPUEMCTBA.

Xwmapni obuucnenns Ta Edge Computing Bimirpatoth
KJIIFOUOBY pOJb y po3BUTKY cydacHux CIIIIP:

—  XMapHi waThopMu 3a0e3Mne4yoTh
MaciTaOOBaHI OOYHCIIOBANBHI pecypcH s 00poOKu
BEJIMKUX 00CSTIB TaHKX;

— edge computing ma03Bodsie 00pOONATH AaHi
OnrbKYe 10 JpKepena IX reHepallii, 3HHKYIYH 3aTPUMKH
Ta MiBUIYIOYH IIBUIKICTb peakKilii CHCTeMHU;

— TiOpuaHi pilICHHS, IO TOEAHYIOTh XMapHi Ta

JIOKaJbHI OOYMCIICHHS, 3a0e3Me4yloTh ONTUMAaJbHUM
0ajaHC MDK TNPOJYKTHBHICTIO Ta EKOHOMIYHOIO
€(EKTUBHICTIO.

i TexHOMOTIT 103BOJISIOTH CTBOPIOBATH OLIBII THYHKI
ta Mmactradboani CIITIP, 3matHi 00poOmATH BenUKi
o0CsirM  JIaHMX Ta NpUAMAaTH pIlICHHS B  PeXHUMI
peaybHOro Yacy.

3 PO3BUTKOM BiJIIaJICHOTO YIPABIIHHS BUPOOHHIITBOM
3pocTae BaXKIMBICTh 3abe3nedenns kidepoesneku CIIIIP.
Ki1r090B1 acClieKTH BKIIFOYAIOTh!

—  BIPOBaKEHHS
udpyBaHHs  JTAaHUX
KaHAaJiB;

— po3poOka CHCTEM BHSBICHHS Ta 3amoOiraHHs
BTOPTHEHb, CIEU(IYHUX IS HPOMHCIIOBUX CEPEIOBHIL;

—  peryisipHe OHOBJICHHS POrPaMHOro
3a0e3neveHHs Ta MPOBEICHHS ayIUTiB OC3MCKH;

— HaBYaHHS [IEPCOHAJNY 3 MUTAaHb KibepOe3nekn Ta
CTBOpEHHSI KyJIbTypH O€3IMEKH B OpraHi3alii.

3abesmedyeHHsT BHCOKOTO piBHSA KiOepOesmeku €
KPUTHYHUM JIs miaTpuMke goBipu mo CIITIP ta 3axucry
KPUTHYHOI iHPPACTPYKTYPH TiAIPUEMCTB.

BrpoBamkennss TexHomoriii 5G  BimkpmBae HOBI
MoxxymBocTi st CIITIP y BigmameHoMy yIpaBIiHHI
BUPOOHHUIITBOM:

— 30iIBIICHHS  MBHAKOCTI  Tepemadi  JTaHuX
J03BoJIsiE  0OpoOsITH  Oltbmni  obcsirm  iH(opManii B
peaypHOMY Yaci;

MepeIoBUX METOIIB

Ta 3aXUCTy KOMYHIKaI[ifHUX
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— 3HIDKCHHA  3aTPUMOK  3a0esledye  Maibke
MHUTTEBY PEAKIIIIO CHCTEM YIIPABIIIHHS;
—  [iIBHIINEHA HaIINHICTD 3B'I3KY CIIpUSIE

CTaOUIFHOCTI pOOOTH CHITP y BiJJTAICHUX JOKAMIsX;

—  MOXIMBICTH IIAKIIOYEHHS BEJMKOI KUIBKOCTI
MPUCTPOIB Ha OAMHMIIO IUIONII PO3LIMPIOE MOXKIMBOCTI
300py IaHHX.

i mepeBarm 5G J03BOJIAIOTH CTBOPIOBATH OLIBII
e(eKTHBHI CUCTEMH BiJTAJIEHOTO YIIpaBIiHHS
BHUPOOHHIITBOM.

AR Ta VR TexHonorii BiIKpHUBarOTh HOBI TOPU30OHTH
JUTS Bizyautizanii qanux ta B3aemonuii 3 CIIIIP:

— AR no3Bosie Haknanatu mudpoBy iHGopMarriro
Ha peanbHi 00'€KTH, TOKpANIylOYd CHUTyalildHy
0013HaHICTh OIEePaTopiB;

— VR cTBOproe MOXIMBOCTI Uil  MTOBHOTO
3aHypEHHS B BipTyallbHi MOJIeJli BAPOOHHYUX MPOIIECIB;

— mi  TexHoyorii  TOKpallyloTh  HaBYaHHS
MEepCOHAy Ta TMOJIETHIYIOTh BiJylaieHe OOCITyrOBYBaHHS
00JIaJHAHHS,

— i”rerpauis  AR/VR 3
CTBOPIOBATH IHTYITHBHO 3pO3yMii
MPUHHATTS PillIeHb.

Bukopuctanass AR Tta VR B CIIIP mniaBuiye
e(heKTUBHICTh B3a€MOJIT JFOJAUHH 3 CUCTEMOIO Ta SIKICTh
NPUIHATHX PIlLICHb.

3 po3ButkoM aBTomatu3zoBaHux CIIIIP 3pocrtae
Ba)XKJIMBICTh €TUYHHUX ACMEKTIB Ta MPO30POCTI MPUHHSATTS
pillieHb:

—  HEoOXiJHiCTh 3a0e3NeUYeHHs CIIPaBEIMBOCTI Ta
BIJICYTHOCTI YHEpEIDKEHOCTI B ajlrOpUTMax MPHAHATTS
pillieHb;

—  BaXJIMBICTh 30€pEe)KEHHS JIIOACHKOTO KOHTPOJIIO
HaJl KPpUTHYHUMH PiLIEHHAMH;

— mnortpeba B MIPO30POCTI
pitens, npuiHsaTHX Al -cuctemamu;

—  BpaxyBaHHA COLliaTbHUX
aBTOMATHU3Allil NPUHHATTS PillIEHb.

BupilieHHs OUX €THYHHX NHTaHb € KIIOYOBHM [UIS
nooyznoBu noBipu no CIIIIP Ta X mIMpoKoro MpUHHATTS
B CYCIILIBCTBI.

EdexTrBHE  BHpoBapKEeHHS Ta  BHKOPHCTAHHS
cydyacHux CIITTP BuMarae po3BUTKY HOBHX KOMIIETEHIIIN
y MIepCcOHAIy:

— HaBHYKA pOOOTH 3 BEJIMKUMH TaHHUMH Ta
AHATI THYHUMH IHCTPYMEHTAMH;

—  PO3YMIiHHS PUHIHUIIIB MAaIlIMHHOTO HaBYaHHA Ta
Al,

— 3IaTHICTh IHTepIpeTyBaTH pe3ynbTaTi
CKJIQIHUX MOJIEJICH Ta MPHIMAaTH PIIIeHHS Ha IX OCHOBI,

— HaBWYKH KiOepOesrmeku Ta pO3yMiHHS ETHYHHX
acreKTiB BUKoprucTaHHA Al.

IgBecTurii B HaBYaHHSA Ta PO3BUTOK NEPCOHANY €
KPUTHYHO BaXKJIMBAMH ISl MaKCHMi3amii MOTEHINaTy
cysacamx CIIIIP y  BigmameHoMy  ympaBiiHHI
BHPOOHHUIITBOM.

CIIIIP  no3Boiste
iHTepdeiicn s

Ta IIOSCHIOBAHOCTI

HACJIAKIB

V. BUCHOBKU

AHami3 ICHYIOUMX METOMIB INITPUMKHA TPUAHATTS
pilleHb B WCTAHIIMHOMY YNPaBIiHHI BHPOOHUIITBOM
MOKa3ye, M0 HAaWOUIBII €(QEeKTHBHUMH € KOMITJIEKCHI
pilleHHsI, $IKI BPaxOBYIOTh cCIENH(iKy KOHKPETHOTO
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BUPOOHMIITBA Ta IHTETPYIOTh Pi3HI MiJXOM 1 TEXHOJIOTI.
[Ipn mpOMy BaXJIMBO MJOTPUMYBATHCSl OanaHCy MiX
CKJIaJIHICTIO CUCTEMH Ta ii MPaKTUYHNM 3aCTOCYBaHHSM.

Ha 3aBepmieHHs ciifg 3a3HAa4nuTH, IO PO3BHTOK
METOIB M ATPUMKH MPUNHATTS pileHp B
JMCTaHIITHOMY YIIpaBJliHHI BUPOOHUIITBOM PYXa€ThCS B
HampsIMKy  HiABUIIEHHS  aBTOHOMHOCTI  CHCTEM,
TTOJTINIIIICHHS X aJanTHBHOCTI IO MIHJIMBUX YMOB, OLITBIIT
TicHOT iHTerpamii 3 TexHomorismu loT 1 XxmapHHUX
oOuncnenb. lle BigkprBae HOBI MOXJIHMBOCTI IS
I IBUIIEHHS e(EKTHBHOCTI Ta
KOHKYPEHTOCIIPOMOXKHOCTI ~ ITNIPHEMCTB B YMOBax
M (ppOBOI EKOHOMIKH.
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Buay 3BaproBaHHsA 114 BEPCTATY TOUYKOBOTO

3BaproBanuA 3 UITY

JImutpo Makcumos?, Jimutpo Hikirin

2

1. ®akynsrer AKT, Kadenpa KITAP, XapkiBcbkuii HallioHAILHHUN YHIBEPCUTET PalioeIeKTPOHIKH, YKpaiHa,
XapkiB, mpocrniekt Hayku 14., e-mail dmytro.maksymovl@nure.ua
2. Kagenpa KITAP, XapkiBcbkuii HallioHAIEHUN YHIBEPCUTET paioeNeKTPOHIKH, YKpaiHa,
XapkiB, mpocniekt Hayku 14., e-mail: dmytro.nikitin@nure.ua

Anomauin’ y naniii poOOTi TOCHIPKYIOTECS PI3HOBHIH
BUJIB 3BaproBaHHS Uil BepcraTa il TOYKOBOTO
3BaproBaHHs. Illo 7J03BosA€ BHM3HAUMTH HaWKpaIuii
METOJI HaIliBIIPOMHCIIOBOIO 3BaplOBaHHS B BepcTaTi 3
4qrny.

Knwowuoei cnosa: HamiBaBTOMAaTU4HE 3BapIOBaHHS
cepes 3aXMCHUX ra3iB, HaliBaBTOMAaTH4YHE 3BapIOBaHHS
cepep IHEPTHMX Ta3iB, pyYHE JyroBe 3BapIOBaHHS
€JIEKTPOJIOM, IO IUIABUTHCS, PYYHE 3BApIOBAHHS Cepell
3aXHMCHHX ras3iB.

. BcTvin

B naHuii yac TOUKOBE 3BapIOBaHHS OTpUMaja IIUPOKE
PO3IIOBCIO/DKEHHS, SIK y TPOMHCIOBIH cdepi, Tak i B

noOyTi, Tak SK JO3BOJIAE  BHpIIIYBaTH  HAaBITh
HalCKJIaJHii 3aBlaHHI  3a CBOIM IPSIMUM
npusHaueHHsM. Ha  cporoaHimmHii  JeHb  TOYKOBE

3BaproBaHHs 3aTpeOyBaHa He TUIbKM B MOOYTI, ane i B
BUPOOHHMIITBI, TaK SIK BOHA 37aTHA BUPIIIUTH HABITH cami
Baki 3asaaHHsg. CaMe BOHO € OJHMM 3 HaWOLIbLI
YHIBEPCAIBHHUX Ta JOCTYIHHUM JIJIsl CIIOKHBAUiB 3acO00M
IS 3BapIOBAHHS JINCTIB METaIy.

OCHOBHOIO 3a7jayei0 JaHOI POOOTH — € BU3HAYEHHS
TUMIB 1 PI3HOBU/IIB 3BAPIOBAHHS ISl BEPCTATa TOUKOBOTO
3BaproBaHHsI. ToMy Ha TMepuioMy eTami HeoOXiJHO
JIOCITIJIUTH, SIKI ICHYIOTh METO/IU 3BapIOBAHHSI.

1. AHAJII3 BUJIIB 3BAPFOBAHHS

Ha pjaniii MOMeHT ICHYIOTh 0araTo MeETOJIiB
3BapIOBaHHS B 3aJIEKHOCTI BiJl MaTepila, TOBIIMHH 1
IHIIMX TapameTpiB, ToMy Oyjio oOpaHo 5 BuIiB
3BapIOBaHHS, SIKI HAWYACTINIE BUKOPHCTOBYIOTHCS. THrm
3BapIOBaHHS, iX IEepeBaru Ta HEJOJIKN HaBeAeHI y Tal.
1.

Tabmumst 1. Tunm 3BaproBaHHs, iX mepeBart Ta HeIOIiKH

[Mponoxenus Taodm. 1.

2 | Pyune 3BaproBaHHS | — Jqy)ke BHCOKa | — HU3bKa
cepel 3aXUCHUX SIKICTB I1IBA; e(eKTUBHICTD
rasis (TIG) — JIETKOTUIABKI | HarpiBaHHS
KOMITOHEHTH MeTaly;
CIUTaBiB Ta | — MUPOKI WBH i
neryrodi MIUpOKa 30Ha
n00aBKM  HE | TEpMIYHOrO
BUTOPSIIOTH; BILUTUBY Ha
— 3BaproBallbHa | KOHCTPYKIii, MI0
BaHHA 3BapIOIOTHCS:
3aXWIleHa BiJ | — HU3bKA
KHCHIO. MPOYKTHBHICTB;
— TpydHomi B
aBTOMaTH3alll
TPOIIECY.
3 | HamiBaBTOMaruune | — HaWOuIbIIMII | — BapTiCTh
3BapIOBaHH: piBeHb 3aXHCTy | oOnajHaHHA  Ta

PO3IUIABIICHOrO | MaTepiais,

MeTaiy; — OOMEXEHHS Ha
— 3pYYHICTb TUNH Marepiais,
eKcIUTyaranii; | — oOMeXeHHS Ha
— pIBHMH ILIOB | TOBLIMHY
i3 MOBHOIO | Matepiais;
BiJICYTHICTIO — BUMOTH  J0
IIJIAKY. YHCTOTH MOBEPXHi
4 | IIna3mose - BUCOKHH | — ONTHYHE
3BapIOBaHHS piBeHb BUIIPOMIiHIOBaHHSI,
KOHLICHTpail LIKiUTHBA
TEIUIOTH; 10HI3allis TIOBITPS;
BHCOKA - BUJIJICHHS
— cTaOUTBHICTh | MapiB MeTany B
TOPiHHS; npoueci

— MOXIIUBICTD | 3BapIOBaHHS;
3BapIOBaHHS — HH3BKHH CpOK
neraneit ciry0u coria
TOBIIMHOK 70 | MaJIbHUKA

10 MM 0e3 | BHaCIiOK

Ne Tun IepeBaru Henomixu
3BapIOBaHHSI
1 Pyune — BHCOKa — HEeOOXIi/IHICTh
JIyTOBe TEXHOJIOT1YHICTh; BUKOPUCTAHHS
3BapIOBaHHS | LIMPOKIi CreI{iaTbHIX
@NIEKTPOIOM | MOMJIMBOCTI Ul | 3BaprOBAIBHUX
(MMA) MexaHizaiii ~ abo | mepeTBOpIOBAUIB.
aBTOMAaTH3allii;
— HEeBENWKa  30Ha
TEPMIYHOTO
BIUIMBY.

onepeaHbO1 CUJIBHOTO
MiATOTOBKH HarpiBy.
KPOMOK.

5 Konrakthe — Malmuidi 4Yac | — OyXKe BHUCOKHUI

3BapIOBAHHS 3'€THAHHS; pobounii ctpym;

—  IUBMAKICTH | — BHCOKE 3YCHIUIS
npotrecy; MNPUTHUCKY KJIIIIB;
— MiHIMaibHA | — Mana MILHICTh
nedopmaris. 3BapHOTO IIBA.

Jns pobotm 31 3BaproOBalIbHAM amapaToM TaKOX

moTpibeH  3BaproBaJbHUN  TpaHcopmaTrop, MmO €
KIIOYOBHM  €JIEMEHTOM B  0araTthbox  Ipomecax
3BApIOBAHHs, OCKUIBKM caM BiH BiANOBiZae 3a

pETyJIIOBaHHS CHIIM CTPyMy Ta HAaNpyTH, 3HWXKYE BTPATH
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eHeprii, miBuIIye Oe3leKy 3BaproBaJbHUX POOIT 1 T.m,
pUCYHOK 1.

3anekKHO BiJi KOHCTPYKIil €JIEKTPUYHOTO MIPUCTPOIO Ta
METOJly PETYJIOBaHHS KIACH(IKYyIOTh Ha Taki OCHOBHI
rpyIy:

— OJHONOCTOBI 3BaproBaNbHI TpaHchopMaropu -
BHUKOPHCTOBYIOTHCS ITPH
poboTax 3 pyyHMM 3BaplOBaHHSM 1 3BapIOBaHHS i
¢uroc;

— TpaHc(OpMaTOpu aMILIITYIHOTO PpETyJIIOBaHHS i3
ITiIBUIIICHUM MarHiTHAM PO3CIFOBaHHSAM — BIJIMiHHI PUCH
LUBOTO BHJY IOJATalOTh Yy KOHCTPYKIIl IIYHTIB 1
obmorok. Ilpu HeBenmkili Baszi oOmamgHaHHS poOOUI
XapaKTEePUCTUKU MOJISITA0Th y I IBUIICHOMY
Koe]illi€HTI MTOTY>KHOCTI;

— TUPUCTOPHI MPUJIAJN — OCHAIICHI (Pa30peryIsITOpOM,
po3TalioBaHUM Ha JIAHLIOTY, SIKUA  3'€JHaHUNA 3
TUPUCTOPAMHU Ta CUCTEMOIO YIIPABIIIHHS;

— oxaHo(asHi — sIK MPaBHUJIO, MOOYTOBI MOENI sIKi He
HAATO TOTYXHI 1 MOXYTh TNpAIIOBaTH 3 MOOYTOBOIO
eJeKTpoMepexoro 3 Hampyroo 220 B, ckmamaetscs 3
CepJICYHHKA Ta JIBOX OOMOTOK;

— TpudazHi — 3aBkau abo mnpodeciiina, ado
HamiBrpodeciiiHa Mozedb HACTIIBKKM TOTY)XHA, IO
Bumarae 380 B Hampyru, ckrmagaeTeCsi 3 TPHOX
onHO(ha3HUX, PUCYHOK 2.

I11. BUCHOBKU

Pi3HOMaHITTST  ICHYyIOUMX  METO/IB  3BaplOBaHHS
JI03BOJISIE BUOpATH HAWHOUIBIN MiIXOMSIIMKA BapiaHT B
3aJIOKHOCTI Bijl Cieu(iky 3aBJaHHsI, MaTepiaity Ta YMOB
poboru. KoxxeH 3 IMX METOJIB Ma€ CBOI IepeBaru i
HEJOJIIKY, IO HEeoOXiJHO BPaxOByBaTW Mpu BUOODI
TEXHOJIOT1{ A1 KOHKPETHUX 3aCTOCYBAHb.

3BaploBaJIbHUA  TpaHC(HOPMATOp €  BKIUBHM
KOMIIOHEHTOM JUisi  3a0e3rnedyeHHs e(eKTHBHOTO Ta
Oe3reyHoro 3BaproBaHHs. Pi3HI THIU TpaHcgopmaropiB
MalTh  CBOi  creru@iyHi  XapakTepUCTHKH 1
3aCTOCOBYIOTBCSI B 3aJI©KHOCTI  BiJf BUMOTI [0
3BaprOBaJIbHOrO Ipouecy. s OOCSIrHEHHs HaWKpalmx
pe3yJbTaTiB  y  3BaplOBAILHOMY TIPOIECI  BaXKIHMBO
BpaxoBYBaTH SIK TEXHIYHI XapaKTEePUCTUKU
3BapIOBAJIBHOTO  OOJaJHAHHS, TaK 1 BIACTHBOCTI
MaTepiajiB, IO 3BaploOlOThCs. Bubip mpaBUIBHOTO
METO/y 3BapIOBaHHS 1 BIAMOBIJHOTO 3BapIOBAJIBHOTO
TpaHcopMaTopa MOXKE CYTTEBO BIUIMHYTH HA SKICTh
3BapHOTO 11IBa, MIBUIKICTH BUPOOHHUIITBA Ta
€KOHOMIYHICTB IIPOIIECY.

TTEPEJIIK KEPEJ

[1] Lincoln Electric [Emexrponumii pecypc] — Pexum
JOCTYILy o pecypcey:
https://www.lincolnelectric.com/en-
gb/support/welding-howto/Pages/welding-how
to.aspx

[2] Miller Welds [Enmekrponumii pecypc] — Pexum
JOCTYITY
1o pecypcey: https://www.millerwelds.com/resources/
welding-resources
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Pucynok 1 — 3BaproBanbuuii TpanchopmaTop

Pucynok 2 — Tproxdazuuii 3BaproBaibHUN
TpaHcgopmaTop
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Po3p0o0sIeHHST TEXHOJIOT1] NapaJIeIbHOTO KEPYBAaHHS 32

JOIIOMOTI010 BeOIHTEp(DEHCY MOOUIBHUM POOOTOM ITif

kepyBaHHSIM ROS

Onekcint CID.apelq)OHOB1 , Haramisg CDpraHOBaz, Onekcanp Majmii'
1. Kadenpa inpopmariifHIX TEXHOJIOTiH eNeKTpOHHNX 3ac00iB, HamioHansHui yHIBEpCHTET «3aropi3bka IMoJITeXHIKay,
YKPAIHA, 3anopixoxs, By:1. XKykoscbkoro, 64, email: farafon@zp.edu.ua
2. @axynpreT iHPOpManiiiHOi 6e3NeKkH Ta eTeKTPOHHUX KOMYyHiKaril, HamionansHuMiA yHIBEpCHTET «3aropi3pka HOITeXHIKay,
VKPAIHA, 3anopixoxs, By:1. XKykoscbkoro, 64, email: nfurmanova@gmail.com

Annomauyin: Y cy4acHOMY CBITI aBTOHOMHI POOOTH
BIJIITPalOTh BAXIIMBY POJIb Y PI3HUX cdepax AisuIbHOCTI,
Bl MPOMHUCIIOBOCTI 70 moOyTy. OnHi€0 3 KIHOYOBUX
TEXHOJIOTIH /sl KepyBaHHS TakuMmu pobotamu € Robot
Operating System (ROS), sika 3a0e3neuyye rHyYKiCTh Ta
MaciitaboBaHICTh cUCTeM KepyBaHHS. OIHAK BHHUKAE
HEOOXiHICTb y po3po0JeHHI e(EeKTUBHUX METO/IB
HapajebHOTO0 KepyBaHHs poOOTaMH 3a JOMOMOTOF0
BeOiHTepdeliciB, 0OCOOIMBO Il MiHIATIOPHUX POOOTIB 3
0OMEXEHUMH MOXJIMBOCTSIMH iHTepHeT-Tpadiky. Lls
CTaTTS NPUCBSYCHA  PO3POOJCHHIO  TEXHOJIOTii
napajielbHOro KepyBaHHS MOOUTBHUM pOOOTOM  TiJl
kepyBanHsiM ROS 3a gomomororo BebGiHTEpdeEHcCy.
PO3rNIsSitHYTI  OCHOBHI ~ aClEKTH CTBOPEHHSI CHUCTEMH
KepyBaHHs, BKIIOYHO 3 HAJAlITYBaHHSIM 3B S3KY,
00po0OKoI0 JaHMX 3 JaT4uKiB Ta iHTerpaimieto 3 ROS2.
OcobnuBa  yBara  NPUAUISETBCS  BUKOPHCTAHHIO
texnosnorii WebSocket st 3abesnedeHHs: peajbHOTO
Yyacy OHOBJICHHS J@HUX Ta B3a€MOJIIl MK poboTOM i
MaHEJUTIO KePYBaHHSL.

Knwwuosi cnoea: WebSocket, eebinmepgheiic, ROS,
pobomomexHika, — YNpaeuiHHA, — namenb — Kepy8auHs,
006pobKa oanux

. BCTvIn

Ilix wac pobOTH 3 aABTOHOMHUMH pPOOOTaMHU IIif
kepyBanHssM ROS  iHOmI  BHHUKaE  HEOOXIJHICTH
KepyBaHHS pOOOTOM Bpy4HY. 3a3BH4ail aBTOMAaTH4YHA Ta
py4Ha CHCTeMH KepyBaHHS He IOB’s3aHi OJJHE 3 OIHOIO.
KepyBaHHs 3IOIMCHIOETBCS 32  JOMOMOTOK  Kamep
BiIIAJICHOTO CHOCTEPEKEHHS Ta BIIOKPEMIICHOTO KaHAITy
KoMyHiKkamii. OfHak MpH BUKOPHUCTaHHI MiHIATIOPHIX
poOOTiB 3 OOMEXEHHMH MOXJIMBOCTSAMH IHTEPHET
Tpadiky HaWOLIBII  JNEIIEBUM Ta  YHIBEpPCAIbHHM
pIIIEHHSM € pO3pOONEHHS CHUCTEeMH KEpyBaHHS 3a
JIOTTIOMOTOI0 iHTepHET-Opay3epa. Opranizamis
CIIOCTEPEKECHHST MOXKE 3IIMCHIOBATHCS 3BUYAWHUMH
BeOKamMepamH.

Texnomoriss ROS aKkTHBHO BHKOPUCTOBYETHCS IS
pO3B’s3aHHA pI3HUX 3a7ad poboToTexHiku. Tak, B [1]
onmcaHa Iardopma IS HaBYaHHS POOOTOTEXHII, sKa
BHUKOpHCTOBYEe BeOTexHomorii Ta ROS mns cTBOpeHHS
IHTEepaKTUBHUX HABUYAIBHUX 3aBHaHb. B poOoTi [2]
PO3TIAIAIOTECS TOKPAIICHHS B YIPaBIiHHI poOoTamu
Yaskawa 3a momomororo ROS, 30kpema, 3MEHIICHHS
3aTPUMOK 1 TOKpamieHHs TO4YHOCTi Tpaektopii. B [3]
ormmcaHo 06i6mioteky roslibjs, fka Hamae MOKIUBICTH
B3aemoziaT 3 ROS uepe3 BeOOpaysep, BAKOPUCTOBYIOUN

BeOCOKeTH JuIsl Iy OuTiKarlii, MiAMUCKA Ta IHIKUX QYHKIIH.
[MutanHst kepyBaHHA poOOTaMH 32  JIONIOMOTOIO
texuomnorii ROS migHiManocs Takox i B po6oTi [4].

Meror0o  1BOTO  JIOCHI/DKEHHST €  PO3pOOIICHHS
TEXHOJOTii  MapajegbHOro0  KEepyBaHHS  MOOLIbHHM
poborom mixm kepyBaHHsM ROS 3a  J0momMoror
BeOIHTEpdeEiCy.

1. BUBIP ®PEIMBOPKY

OpeitmBopkn ROS1  ta ROS2  mnpusnaueni s
PO3pOOKH MTPOrPaMHOro 3a0e3NedeHHs i POOOTIB, aje
BOHM MarTh JesaKi Baxiausl BigmidHocti. OpHa 3
KIIOYOBUX BIAMIHHOCTEH IOJIArae B MiJuiBapi, SKHi
BUKOPUCTOBYETHCS U1 KOMYHIKalii MK KOMIIOHEHTAMH.
ROS1 Buxopucropye XML-RPC mnst B3aemonii mix
By3namu. Lle Moxe OyTn MeHII e(peKTUBHUM Yy BEJIUKHX
cucremax. ROS2 BukopuctoBye Data Distribution
Service, skuii 3abe3mnedye Bully e(QEKTUBHICTS,
Ha/IIHICTh, HU3bKY 3aTPUMKY Ta MacIITa0OBaHICTh, a
TaKOXX JIO3BOJISIE HAJAIITOBYBATH IapaMeTpHU SIKOCTI
obcnyroByBanus [5]. Illo crocyeTrbesi apxiTekTypw,
ROS1 mae ROS Master, 1o BiAnoBifae 3a peecTpariio ta
BIJICTE)KEHHS BY3IIIB. ROS2 BUKOPHCTOBYE
JICLICHTPAJII30BaHy ~ apXiTEeKTypy, J€ BY3IH MOXYTh
B3aemoisaTH 0e3 mocepenHuITBa MaiicTpa. Lle monermye
pO3LIMPEeHHs Ta poOOTY B PO3MOAiIeHHX crucTeMax. Kpim
Toro, neski peanizauii ROS2 migrpumyrors Oijbie
wiatpopM Ta COPSIMOBaHI HA MIATPUMKY PEaIbHOIO
yacy. ROS2 mae nokpaiiieHy miATpUMKy Ui poOOTiB 3i
CKJIaJIHOI0 KIHEMAaTHKOI, POOOTIB 3 pealbHHM 4YacoM, a
TaKOX MiATPUMKY POOOTIB HA BiaIeHUX MIaThopmax.

Takum wmaOM, ROS2 — me moxpamena Bepcist ROS,
sgKa BpPaxoOBy€ JIOCBiI Ta BUMOTH pOOOTOTEXHIKH
CBOTOJICHHL.

1. PO3POBJIEHHS IIAHEJII KEPYBAHHS

Ha mouaTtkoBux eTamax po3poOJeHHS KepyBaHHS
poborom 3miticarorore Ha 6a3i SHH  3’emmanns Ta
O0azoBux mporpam B cuctemi ROS2.  Yacro
BUKOPHCTOBYIOTBCSI PI3HOTO pOMYy JKOWCTHKH, irpoBi
MaHIMyJIATOpH Ta HAaBITh KiaBiaTypa. MoOXXHAa HaBECTH
npuknaad B maketax ROS2 teleop twist joy.cpp a6o
teleop_twist_keyboard.py.

Jnst kepyBaHHS B TpaiqHOMY PEXKUMiI MOXXKHA ITiTH
JIBOMA [UISIXaMH:

1. BukopuctaHHs TpaHCIALII BiggateHOro poOOYoro
CTOJly 3a JOMOMOTOI0 TaKMX pilleHb sK Remmina,
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TeamViewer, NoMachine Ta 0araTb0X IHIIMX B
3aJIeXHOCTI Bix KoHGirypamii oOmagnanHs. [Ipn mpomy
iHTepdelic KepyBaHHS pO3TAlIOBaHO Ha poOOTi, mHIO
BUMAra€e IIBHJKOTO IHTEpPHET-3’€IHAHHS Ta 3HAYHUX
00OYUCITIOBAHUX TTOTYXKHOCTEH.

2. BukopucTtaHHS mpOrpamy, 10 € HaAOyOBOIO IS
TEepMiHAIBHUX TPOTrpaM KepyBaHHs. Take pillleHHs
PO3pOOIISETHCS TMi BiMIOBIIHY ONEpaliiiHy CHCTEMY Ta
BCTaHOBJIOETHCA Ha Bijytanenomy [1K omepatopa.

[epmie pimieHHS HEMOXJIMBO 3aCTOCOBYBATH IS
pobotiB 3 MAQJICHFKAMH  OOYHCITIOBAJIBHUMHU
MOTYXHOCTAMH. JIpyre pillleHHsS BUMarae po3poOJeHHS
TIaHeJ Il KepyBaHHS I/l BiANOBIHY OIEpaliifHy CHCTEMY.
OobunBa pileHHs HEMOXIIBO 3aCTOCOBYBATH
0e3mocepe/IHRO MPU KePyBaHHI poOOTaMH 3 BiIaJICHUM
3’e¢mHaHHsAM 3 cuctemoro ROS2 (komm Ha poboTi
BCTaHOBJIEHA TIJbKU IJIaTa KOHTpoJsiepa). BinmmosimHo,
BUKODUCTaHHS  BeOMaHeNed  KepyBaHHS  BHIVISIAE
JICIIEBUM Ta IIPOCTUM B peaizallii pilleHHsIM.

[Ipu po3poOGiieHHI naHeni kepyBaHHs Ha 0a3i iIHTEpHET-
Opay3epa OJHIEI0 3 BEJIMKUX MPOOJEM € aBTOMATHYHE
OHOBJICHHS JaHUX. SIKIIO CHUTHANM 3 JaTYMKiB poOOTa
MOXKHa BHMBECTH O€3MOCepeJHhO Ha TMaHeldb Ta
OHOBIIIOBATH B peaJibHOMY Haci, To JaHi 3 TomikiB ROS,
OCOOJIMBO TPOMIDKHI JaHi MiJ Yac aBTOMATHYHOIO
KEpyBaHHS, OTPUMATH CKJIa HIIIIE.

Hagememo  mpuknaa.  HeoOximHo — 3abe3meuyuTd
ABTOHOMHE KepyBaHHs MOOUTBHUM poOoToMm. HaiGinbi
NPOCTHM DILICHHSM € BHKOPHUCTAaHHSI OJHOIIATHOTO
KOMIT'IOTepa 31 BCTaHOBJCHOIO cucTeMoro Linux Ta
ROS2. Opnak, BpaxoBYIOUM BHKOPHCTAHHS pPOMOBUX
piueHb Ta OOpoTHOY 3a MPOCTOTY Ta MiHIATIOpPHU3AIiIo,
JOBOJUTHCST BUHOCUTH cucteMy ROS2 Ha Bignmaneni [TK
Ta MOKJIAAATHCS Ha IHTEepHeT-3’ eqHaHHs. To/ll aBTOHOMHA
pOOOTOTEXHIYHA CHCTEMa MOXXE TIEPETBOPUTHCS Ha
JIellieBe pILICHHS, siKe Jerko macmraOyerbes. Hexai
MIPUKJIaI0M OyJie ciyryBati poOOT i3 TUIATO0 KepyBaHHs
Ha 6a3i uuriB esp8266 abo esp32 (puc.1).

Puc.1. Po6or 3 mmatoro kepyBaHHS Ha 0a3i dima esp8266

3a3Buyail BeO-iHTepdeiic kepyBaHHS pOOOTOM MOXKE
BUIIISIATH JOCUTH MPOCTO (pHC. 2).

EnementamMu kepyBaHHS B IbOMY BHIAJIKy € KHOIKH
ab0 KOUCTHK. Y BHIAAKy KEpyBaHHS OIEPAaTOPOM IaHi
IIPO CTaH EJIEMEHTIB KepPyBaHHS MalOTh MyOJIiKyBaTHCS Y
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tomiku cuctemu ROS2. [laHi 3 maTumkiB poboOTa MalOTh,
OKpiM BiZJOOpa)KeHHS B TIOJISIX BEOCTOPIHKH, TaKOX
norpamwiiTh B Tomiku cucteMun ROS2. Oxpim 1mporo,
JIoJlaTKoBa iH(pOpMaIlis 3 JpaiBepiB ABUTYHIB a00 iHIIA,
Ky HE TOTpiOHO BimoOpakaTH B MaHENi KepyBaHHS,
MOXE 3HAIOOMTHCA I OOpPOOKHM JaHUX CHCTEMOIO
ROS2.

Bin cucremun ROS2 Takok MOTpiOHO OTpUMYBAaTH
JaHi, sK MiHIMyM, s iH(pOpMamiiHOi 00i3HAHOCTI
orepaTopa IMiJi Yac IacHBHOTO MOHITOPHHTY pPOOOTH
ABTOMAaTUYHOI CCTEMH KepyBaHHs. ToOTO naHi 3 TOMIKIB
ROS2 maroTh HagxoauWTH Ta BiZOOpaKaTHCh y MOJAX
BeOOpay3epa. [Iporec mMOBHHEH BiOYBATHUCS B PEXHUMI
peaIbHOTO 4Yacy BiAMOBIMHO 10 INBHAKOCTI poOoTa Ta
BUMOT II0/I0 TPENN3iHHOCTI KepyBaHHS.

Puc.2. lpuknan naneni kepyBaHHs poOOTOM

B3aemoniss  pobora 3  maHeII0O  KepyBaHHS
3MIIHCHIOETBCS 3 BUKOPUCTAaHHSIM (YHKIIH javascript Ta
texHonorii  WebSocket. [lns moOynoBu — cuctemu
KOMYHIKaIlii MDK poOOTOM, BiJaJ€HOI CHCTEMOIO
ROS2 Tta mamemmo kepyBaHHA B Opaysepi HEOOXimHO
CTBOPHTH TaKi MPOTpaMHi €TeMEHTH:

1. BesmocepenHr0 B MIKPOKOHTPOJIEPI HAIAMITOBYEMO
3B’S30K:

WebSocketsServer webSocket = WebSocketsServer(81);
ESP8266WebServer server(80);
Ta BCTAHOBHUMO
void setup(void) {
server.begin();
webSocket.begin();
webSocket.onEvent(webSocketEvent);
}
2. BigcunmaHHS TaHUX Y TEKCTOBOMY BHUTIISAL 3 eSp8266
BUTJISIIa€ HACTYITHUM YMHOM:
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void loop() {
webSocket.loop();
server.handleClient()
webSocket.send TXT (num, x, strlen(x));
}
3. OyHkIis poOOTH 3 amapaTHUMHU JpaiBepaMyd poOoTa
IUIA pyXy BIIEPE 3a0A€THCA Y BI/IFJ'ISUIiI
void forward(int velocity)

4. KepyBamns 3  Opayzepa (html
3a0e3rnevyeThCst TAKUMH (PyHKIISIMH:

Omnuc KHONIKH KepyBaHHS:

<body>

<button onclick="ev(1)'>UP</button><br>

CTOpiHKa)

</body>

4.1. CTBOpEHHS COKETY:
<script>

var soket;

function web()

{
socket = new WebSocket(‘ws://172.16.1.1:81");

3
</script>

<script>

4.2. OyHkiis BIACWIAHHS JaHUX Ta BCTAHOBJICHHS
mBuakocTi Big 0 10 9:

<script>

function ev(type)

if(type==1)
socket.send('w'+'9");

if(type==2)
socket.send(‘'a'+'9");

if(type==3)

</script>

5. Ha cropoHi MIKpOKOHTpoOJIepa KepyBaHHS, OKpIM
¢byHKUIT pyXy Briepea, MoTpiOHa (GYHKINS 11t 00poOKu
TTOBiJOMJICHb:

void webSocketEvent(uint8_t num, WStype t type,
uint8_t * payload, size_t length){

switch(type)
{
case WStype_DISCONNECTED:
break;
case WStype_ CONNECTED:
{
IPAddress ip =
webSocket.remotelP(num);
}
break;

case WStype TEXT:
if((payload[0] == 'w") & (payload[1] !=
{ // BIepen

int pay = payload[1] - '0";
forward(pay);

webSocket.send TXT ((num,
char_pay, strlen(char_pay));

}

break;
case WStype_BIN:

hexdump(payload, length);

}
webSocket.sendBIN(num, payload, length);
break;

}
}

6. Ha xomm’torepi 31 BCTAHOBJIGHOIO Ta 3alyIICHOIO
CHUCTEMOIO ROS2 CTaHJIapTHUMHU METOAUKAMHU
cTBOproemo publisher Ta subscriber [6]:
self.publisher_request = self.create_publisher(String,
'ros2_request_topic', 10)
self.publisher_response = self.create_publisher(String,
'ros2_response_topic', 10)
self.subscriber_request = self.create_subscription(String,
'ros2_request_topic', self.callback_request, 10)
7. [Anst cTBOpEHHS KaHaJiB KOMYHiKallii BHKOPUCTOBYEMO
6i0TiOTEKH:
import websockets
import asyncio
8. Jlns BigmpaeieHHs MOBioMieHb 13 Tomiky ROS2
BI/IKOpI/ICTOByCTI)CSI YaCTUHaA KOOy y BI/IFJ'IH)]iZ
def main():

rclpy.init()

node = MyNode()

websocket_uri ='ws://172.16.1.1:81'

try:

if message:

asyncio.get_event_loop().run_until_complete(send_we
bsocket_request(node, websocket_uri, message))
else:
break
finally:
node.destroy _node()
rclpy.shutdown()
9. Peamizamiss (yHKIl, 1[0 BUKOPUCTaHA B apryMEHTI
MONEPEIHBOI, BUTIISIIAE TAK:
async def send_websocket_request(node, uri, message):
async with websockets.connect(uri) as websocket:
await websocket.send(message)
response = await websocket.recv()
# IlyOmikarmist BiApaBIEHOTO IMOBIIOMIICHHS B
TOmiK 'Tos2_request topic'
msg_request = String()
msg_request.data = message
node.publisher_request.publish(msg_request)
# IlyOmikamiss OTpMMaHO! BIiATIOBiAI B TOMIK
'ros2_response_topic'
msg_response = String()
msg_response.data = response
node.publisher_response.publish(msg_response)
OpHOoYacHe BHKOPHCTAHHS TEXHONOTii websocket Ta
CTBOpeHHs BeOiHTepdeiicy kepyBaHHS pPoOOTOM uepes
Opay3ep Hamae MOXXJIHBICTH IOBOINI JIETKO CTBOPHTH
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MOBHOLIIHHY CHCTEMY BIJJTAJICHOTO KEpyBaHHS Ta
MOHITOPUHTY MIHIaTIODHUX aBTOHOMHHX pOOOTOBI 3
MOJKJIMBICTIO MacIITa0yBaHHS KINBKOCTI Ta IIOJIETIIyE
JMOCTI/DKCHHST POHOBUX TeXHONOTiH. BukopucranHs
JEKUTBKOX MEPEeXHUX KapT IIe OuTblie pO3LIMPIOE
MOJKJIIMBOCTI KEpYBaHHS Ta MOHITOPHHTY pOOOTIB 3
onHi€el 0a30Boi craHmii. HacTymHUM By3bKUM MiclieM €
3aIllyCK JIEKUIBKOX 1305Ib0BaHMX ex3emIuisipiB ROS2 Ha
omHomy IIK pmns  mapanenbHOrO  aBTOMATHYHOTO
KepyBaHHsi poOoramu. lle moTpeOye momambImx
JIOAATKOBUX JOCII/IKEHB.

V. BUCHOBKU

TexHouorii mapajeirpHOro KepyBaHHS 32 JOIIOMOTOFO
BeOiHTepdeiicy MOOUTBHUM pOOOTOM I KepyBaHHSIM
ROS wmatots psin nepesar:

—  e(eKTUBHICTh Ta MACIITA0OBAHICTD;
—  OHOBJICHHS JJaHUX Y pPealbHOMY Yaci;
— TPOCTOTa iHTerparii;

—  PO3BHUTOK POHOBUX TEXHOJIOTIMH.

Tak, BeOiHTepdelcH  T03BOJIIIOTH  CTBOPIOBATH

MaciiTaOOBaHI Ta CKOHOMIYHO BHUTITHI PIIICHHS IS
KEpyBaHHS  aBTOHOMHUMH  poOoTamu.  Po3poOka
TEXHOJIOTil  MapajelbHOr0  KEepPyBaHHS  MOOUIBHHM
poboTom 3a nmonomororo BeGiHTepdelicy Ha 6a3i ROS2
JIEMOHCTpY€ e(eKTUBHICTh BUKOPHCTAHHS
BEOTEXHOJIOTIM JIIsi CTBOPEHHS MaciuTabOBaHUX Ta
€KOHOMIYHO BUTIJIHUX DillICHb.
Bukopucrants mikpokoHtposepiB ESP8266 a6o ESP32
y mnoemHaHHI 3 BeOcokerammu Ta JavaScript Hamae
MOJJIMBICTh 320€3MEUUTH peajbHUl Yac OHOBJICHHS
JIAHUX Ta IHTepaKTHBHE KepyBaHHs. Lle pimeHHs crpuse
PO3BUTKY aABTOHOMHHUX pPOOOTOTEXHIYHHX CHCTEM Ta
JOCIII/DKEHHIO POMOBHX TEXHOJIOTIH, 3a0e3rneuyroun
MIPOCTOTY IHTErpalii Ta THY4YKICTh Y BUKOPHCTaHHI.
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TYMaHITapHOTO pPO3MIHYBaHHS i3 3aCTOCYBaHHSIM METOIB
BepOAJILHOTO aHAJI3Yy.

Knrwuoei cnoea: ryMaHiTapHe PO3MiHYBaHHS,
pOOOTOTEXHIUHI 3KOMILIEKCH, BepOaJbHUH aHalli3, CHCTEMH
YIIpaBIIiHHS.

. BcTvin

YHacII0K pPOCICHKOr0 BTOPTHEHHsI YKpaiHa cTajia
OJIHI€I0 3 Hali3aMiHOBAHIIINX KpaiH y CBIiTi. 3a OL[IHKaMu
Opranizanii OO'eqnannx Hauiid, Oyno BCTaHOBIIEHO,
HaINpHKIa, 10 32 POKU BiitHH, Omu3bko 30 % Tepuropil
VYxpainu (mpubmuzuo 270 000 kB. KM.) 3a0pyJHEHO
BUOYyXOHEOe3NeuHuMHU  npeaMeramMmu  (MiHH, CHApPSIH,
aBiaboMOu TOI1110), 1110 HE po3ipBanucs. Ha po3amiHyBaHHs
TEPUTOPIH, 3a0pyTHEHHX BUOYXOHEOE3NECUHUMH
npeaqmeramu (BHIT) nige no 100 pokis. Ypsin Ykpainu
CTaBUTh 3a MeTy, mOO 3a jgecsitb pokiB 80 % mux
TepuTopiil Oyiu obctexxeni Ha HasBHicTh BHIT Ta Oynu
Oe3reyHrMHU Oe3NeUHUMH VIS HKUTTEAISIIBHOCTI MUPHOTO
HaceJieHHs] Ta BIHCBHKOBHX 1 HeoOXigHa 0Oa3yBaTHCh Ha
KpPEaTUBHOCTI TMIAXOAYy JO CHCTEMH TyMaHITapHOTO
PO3MIHYBaHHS 13  3aCTOCYBaHHSM  pOGOTOTEXHIYHHX
komiuiekcie (PTK).

I'ymaHiTapHe pO3MIHYBaHHS — KOMIUIEKC 3aXO0JIiB, SIKi
MIPOBOASATHLCS 3 METOIO JKBiAalil HeOe3neK, MOB’ sI3aHuX
i3 BuOyxoHeOesneunmmu  mpeameramu  (BHII),
BKIIIOYAIOYM HETEXHIYHE Ta TEXHIYHE OOCTeIKEHHS
TEPUTOPIH, CKIIaICHHS KapT, BUSBIICHHS, 3HEIIKOKSHHS
Tta/abo 3HmmieHHs BHII, wmapkyBaHHS, MiATOTOBKY
JOKYMEHTAIlll TICJI PO3MiHYBaHHS, HaJaHHS TpOMajaM
iHpopMaIlii m0A0 MPOTUMIHHOI AISUTBHOCTI Ta mepeaady
ouutieHoi Tepurtopii [1].

['ymaniTapae po3MiHyBaHHS y TeEpIIy dYepry
CIIPSIMOBaHE Ha 3MEHINEHHS IIKiMBOTO (akTopy mii
BHII Ha »)uTTEmisIBHICTD TMOAeH. MeTa TyMaHITapHOTO
PO3MIHYBaHHS MOJISATa€ B TOMY, MO0 3HU3UTH MIHHY
HeOe3MeKy 0 PiBHA, NMPH SKOMY JIFOJU MOXYTh JKUTH
0e3rmeyHo; Tpu SKOMY EKOHOMIYHHH, COIiambHHUN 1
¢dizionoriyAMiA  PO3BHTOK  MOXE  3AiHCHIOBaTHCA
0e3MepemKoIHO, He HapaKalo4YnCh BIUIMBY OOMEXEHb,
0 BUKJIMKAIOTHCS BIUTMBOM Ha3eMHUX MiH [21].

CrocoBHO  OofoBMX JAif Ta  TyMaHITapHOTO
pPO3MIHYBaHHSI XapaKTepHHM € 3pOCTAaHHS YBard Jo
npobJieM CTBOPEHHS Ta 3aCTOCYBaHHS POOOTOTEXHIYHHX
KOMIUTEKCIB BifickkoBoro mnpusHaueHHs (PKBII). ILle

oOymoBmtoeTbest HamaranHsiM CHIA Tta iHmmMX Kpaidn
HATO no 30epexeHHs KUTTA conjgara B 0o, B
KOHTEKCTI skoro BukopuctanHs PKBII nmo3Bonse
Jocsrtd mo3uTuBHI pesyibtati [3]. Kpim Toro, s
TEHJICHIIS MOSICHIOETHCS CTPIMKUM PO3BUTKOM HOBITHIX
TexHoNOrid B iHQopmauiiinii  cdepi,  TOOTO
«po0OTH3aIlisH» PIZHOMAHITHUX HAMPSMIB  TisTTBHOCTI
JIIOIMHM, 30KpeMa, BIHCHKOBOI cepu, IIIKOM JIOTIYHO
BiamoBigae 3MiICTy Cy4YaCHHX KOHIIETILIIH
HOCTIHAYCTPIaNbHOTO CYCHIIbCTBA.

Buknaneni Buimie npoOnemu, Ha IyMKY (axiBIiiB,
MaOTh ~ OyTM  BHUpIIEHI TUIBKM B KOMILIEKCI
OpraHi3alliiHO-TEXHIYHUX 3aXOMdiB, OJHUM 3 SKUX €
3aCTOCYBaHHS POOOTOTEXHIYHUX KOMILIEKCIB Ta CUCTEMU
BiliCEKOBOTO, CIIELiaJIbHOTO Ta [OBIiHOT O
HPU3HAYCHHS.

OmHuM 3 HaAJABWKIMBUX AacleKTiB BHKOPHCTAHHS
POOOTOTEXHIYHUX KOMIUIGKCIB € croci0 3IifiCHeHHs
YIpaBIiHHS. e M ATBEPIIKYETHCS HAOYHUMU
kiacudikauismu PKBIT [1].:

— 32 TIOKOJIIHHSMH:

1) po6oTu 1-ro MOKOMIHHS — MPHUCTPOI 3 MPOrPAMHUM
Ta IACTaHLIMHUM YIPaBIIHHSM, K1 37aTHI
(YHKIIIOHYBaTH TUILKH B OPTaHi30BAHOMY CEpPEIOBHIIII;

2) poOoTH 2-TO TOKOJIIHHS — aJanTHBHI, 110 MAaOTh
CUHTETHYHI OpraHu «4yTTs» 1 3laTHI (PyHKIIOHYBaTH B
3a3/laJieTi/ib HeBIIOMUX YMOBaX, Ta MPHCTOCOBYBATHCS
JI0 3MIHU CHUTYAIIil;

3) pobotn 3-rO MOKOJIHHA — IHTENEKTYyalbHi, MAlOTh
CHCTEMY YOpaBIiHHA 3  €JEeMEHTaMH LITYYHOTO
IHTEIeKTY;

— 3a CTYIIEHEM 3aJIe)KHOCTI BiJ] oreparopa:

1) «wmoguua B cuctemi ympasiiaas» (human-in-the-
loop) — mo miei kateropii BigHeceHi GE3MIOTHI MAIIMHH,
110 3JaTHI CAMOCTIMHO BHSBIIATH IIiJIl Ta 3QIHCHIOBATH 1X
CeJIeKIIiI0, TPOTe PIMIeHHS PO iX 3HUIICHHS IpUitMae
TIJTBKH JTIOAMHA-0TIEPATOp;

2) «roarHA HaJA CHCTEMOO ympaBmiHHsS» (human-on-
the-loop) — 1o miei kareropii HameKaTh CHCTEMH, 37aTHI
CaAMOCTIFfHO BUSBIITH Ta BUOHMpaTH IIili, a TaKOX
NpUAMaTH pilIeHHS Ha IX 3HUIICHHS, aje JIoJWHA-
orepaTop, 10 BUKOHYE POJIb CIIOCTEpirava, y Oy.Ib-sIKHid
MOMEHT MOXE BTPYTHTHCS Ta CKOPUTYBaTH YH
3a0JI0KyBaTH 11 PilICHHS;

3) «roanHa 1032 CHCTeMOI0 ynpasiiHEs» (human-out-
of-the-loop) — o miei kateropii BimHeceHi po6oTH 31aTHI
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BUSIBJITH, BUOMpATH Ta 3HHUIYBATH LTI CaMOCTIHHO Oe3
JIFO/ICBKOTO BTPYYaHHSL.

B ocHOBi HaBemeHux kimacugikamii € BiAMIHH Yy
cucremi  ympasminass PKBII, T100TO piBeHp il
«IHTEJNEKTYaJbHOCTI», IO pOOHTH pO3pOOKYy TaKHX
CHCTEM YK€ BKJIMBOIO TEMOIO 3 HAYKOBOI TOUKH 30DY.

1. BUKJIAJTI OCHOBHOI'O MATEPIAJTY

PoGotr o cTBOpeHHIO0 pOOOTOTEXHIYHMX 3acO0IB Ta
CHCTEM, BKITIOYAFOYHU poOOTOTEXHIYHI 3aco0u
BiliICBKOBOTO (ronBiitHOTO) Ta CHEeLiaIbHOTO
MPU3HAYCHHS IIUPOKO BEAYThCS B YChOMY CBITI [2.

Tak, excrmepraMu 3 pO3pOOKM Ta BHPOOHHIITBA
MOOUTEHHX ~ POOOTOTEXHIYHHUX  KOMIUIEKCIB  JA€ThCS
BU3HAYEHHS «IHTEJIEKTYaJIbHOTO po0OoTay, SIK TaKOTo, 110
Ma€ TaK 3BaHy MOZEJb 30BHIIIHBOTO CBITY 4
BHYTPILIHBOTO CEPEJOBHIIA, SIKa JI03BOJISIE POOOTY IisITH
y HeBU3HAaYCHOMY iH(opMaIliiiHOMy cepenoBuii [3].

Takum unHOM, iHTeNnekTyanpuuii PTK - e podor, mo
BKJTIOYAE IHTENCKTyalbHy cucteMy yrpasiiaus (ICY).

ICY o3Hayae KOMI'TOTEpPHY CHUCTEMY IJIsl BUPIILICHHS
3aBllaHb, SKi JIIOAWHA HE MOXE BHPIIIMTH B PEXUMI
peaspHOrO  yacy, a0o IXHE pillleHHS BUMarae
ABTOMAaTH30BaHOI MATPUMKU abo Jae pe3yibTaTH, SKi
MOYKHa TIOPIBHSTH 3 PIlIEHHsAMU JOMuHU. [Ipyu 1pomy,
cepell 1HIIOTO, MAETHCSl HA yBa3i, IO JJIsl PO3B'SI3yBaHUX
3aBaanb ICY He nepenbavae MOBHOTH 3HaHb, a cama ICY
IIOBHHHa MaTu MO)KJ'II/IBiCTb YIOpAAKOBYBATH JIaHi Ta
€KCTIePTU3y 3 BHIUICHHSM CYTTEBUX MapaMmeTpiB,
MIPUCTOCOBYBATUCS A0 3MiH Habopy ¢akrTiB i 3HaHb,
TOLIO.

OTxe, HE3BAXKAIOYM Ha 037U 3ampOITOHOBAHHUX
KpUTEpIiB  IHTENCKTY,  HalCyBOPIIIOK  BHMOTOIO
3QIIMIIAETHCS T, IO POJIb JIOAWHU MpH B3aemoii 3 ICY
[IOBMHHA 3BOJMTUCS JHMIIE OO0 IHOCTAaHOBKM 3aBIAaHHSL
IHTeneKTyabHI CHCTEMH € HEOOXiTHHM KOMITOHEHTOM
JUIS BUPIMICHHS 3aBJaHb CTBOPCHHS MOJCII CBITY,
CHUCTeMHU IUIAaHYBaHHS [iii Ta KepyBaHHS IIAMH. baza
3HaHb B IHTEJEKTYyaJbHHX CHCTEMax € OfHI€l 3
OCHOBHHUX YaCTHH MOJIeJI CBITY Ta Tl TpaHchopMaIiiHux
GbyHKITI.

BukopucranHs BepOalbHUX METOIIB JUIs 1MOOYI0BH
cucreMm npuitasTTsa pimerb (CIIP), € ocaosoro ICY [3].
Ha ocHoBi BepOanbHOi iH(pOpMaIii, onep>KyBaHOT BiJ
€KCIEepTIB B TepMiHax X mpeaMeTHoi 001acTi, Ta METOY,
o0 HAJeXUTh 1O BEepOATBHOTO aHAN3y pillleHb,
OyayeTbcs  Tak 3BaHE  «BUpIMIANBHE  IIPABHIION.
BupimansHe mnpaBWiIo y BHMLIAI TaONUII  MiCTHTH
BepOabHUI (KpUTEpiaTbHUI) OMHC BCIX MOKIUBHX
CUTYyaIliff, [0 MOXYTh BUHHKHYTH, SKi PO3IOMIJICHI IO
kmacax. Kmac — me pimeHHS, sKe TPUAMAEThCA Y
CHUTYaIlil, 0 CKJIaiack. BupimansHe mpaBuito OyyeTbes
Ha OCHOBI JIOTIYHUX, SKICHUX IEPETBOPEHB BepOaIbHIX
3MIHHHX 32  JOTPUMAaHHAM  ICHXOIOTi4HOI  Ta
MaTeMaTHYHOI KOPEKTHOCTI LIUX NEPETBOPEHb.

Bce 11e 1ae migcraBu CTBEPIDKYBATH, IIO:

- 3apa3 HanOimem mnommpeni PKBII meprmoro
TTOKOJIiHHS (KEPOBaHi MIPHUCTPOI);

- MIBUAKO YAOCKOHAIIOKOTHCS CHCTEMH APYroro
TTOKOJIiHHS (HaITiBaBTOHOMHI IIPUCTPOI);

- ans nepexoay Ao BukopuctanHs PKBII TpeTtsoro
MOKONIHHS ~ (aBTOHOMHHX  IIPHCTPOiB)  HEOOXimHO
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po3pooutn  ICY Ha 0a3i TEXHONOTIA IITYYHOTO
IHTEJIeKTY;
- MaTeMaTH4Hi, KIJbKICHI METOOM € HaWOIIbII

noumpeHnMu 1mozo nodyaosu ICY.

AJle MOKIMBOCTI 3acTocyBaHHS aist mooynosu CIIP
KIJIBKICHUX METOJIIB 4acTO OOMEXeHi. Y Takux MeTonax
POOUTBCS HESIBHE MPUITYIIEHHS, 110 JIFOAMHA OJHOPAa30BO
BUMIPIOE JICKHEM KUIbKiCHUH mapamerp. OTpumane
3HAa4YeHHs € €IMHUM, L0 BigoOpaxkae mepeBary ocoOH,
o npuiimae pimenns (OI1P).

Sx Bigomo, OIIP He € TOYHHM BUMIPIOBAIBHUM
MPUJIAJIOM, IO HE JOMYyCKa€e MOXUOKHM TpPH KiTBKICHUX
BuMipax. llcuxodizuka mae KUTBKICHI MiITBEPIKCHHS
HETOYHOCTI JIIOAMHM B BUMIpl (i3MUHHX NapaMeTpiB
(Bara, nOBXHHA, TOWIO). Sk HaCHiIOK, Oe3mocepemHe
MPU3HAUeHHs] KJIBKICHMX Bar KpHUTEpIiB  3aBXKaU
3MIHCHIOETHCS 3 TOMHJIKaMH [3].

VY Takiii cutyauii excrniepTHi (BepOaibHi) OLIHKH €
€IMHUM 3ac0o00M BHpilIeHHS MOoAiOHuX 3aBnaHb [3]. o
nepeBar eKCIEepTHUX OIIHOK TaKoX MOXKHa BiHECTH
MIPOCTOTY 3aCTOCYBAaHHS JJIsl IPOTHO3YBAaHHS MPAKTHYHO
Oy/b-SIKMX CHTYyallif, B TOMY YHCJi B YMOBaX HENOBHOI

iH(popmMarii.
CTOCOBHO CHCTEM MOXKHA BUAUJIMTH TPU 3arajibHi
KaTeropii: =~ KOHKPETHI  CHCTEMH, CHMBOJIIYHI  Ta

KOHILIENTYyaJbHI cucTemu (puc. 1).

RINEOLC COMCEE TR
SIETEM il
il Il
Puc. 1. MonensHmIil TPUKYTHHK
KoHuentyansHa MoJenb  KOHKPETHOI — CHCTEMH

HA3WBAEThCSA KOHICHTYali3alli€0; HAIpPUKIAL, MOJIEIb
ICY € KoHIeNTyami3aIli€l0 IMPOLECIB  YIIPaBJIIHHS
POOOTOTEXHIYHMM KOMIUIEKCOM. KOHKpeTHa MoOenb
KOHIIENTYaJIbHOI CHCTEMH HA3MBAETHCA pealli3alli€ro;
Hampukian, BeeneHa B nito ICY sk peamizaris momeni
ICV.

KoHuenTyanbHa MOJETb CUCTEMH  HA3UBAETHCS
nepeTBopeHHsAM. CHMBOJIIYHA MOJIENb KOHIICTITYaJIbHOT
CHCTEMHU Ha3WBa€ThCA (HOPMYITIOBAaHHSAM; CHMBOJIYHA
CHUCTEMa BUPAXKAETHCS SKOIOCH (DOPMATBHOIO MOBOKO -
HOTAII€I0 TS TPEICTAaBICHHS MOJIEII.

KonnentyanmsHa MOZENh CHMBOJNIYHOI — CHCTEMH
HA3WBa€ThCs iHTeprpeTamiero. CHMBONIYHA MOJENb
CHUMBOJIIYHOT CHCTEMH HA3UBAETHCS TIEPETBOPCHHSIM.

IIpn mpOMy yci eTamu TMEpexoiB MiX CHCTEMaMU
BKITIOYAIOTH COIIaNbHy (BepOalibHy) B3a€EMOMII0 MiX
MOABMH s TOOYIOBH  COIIABHO — TPUHHSTHOTO
MOTJISTY HA KOHKPETHY CHCTEMY.

TaxuM 4uHOM, A1 peanizarii KOHKpeTHOI chucTeMu (y
Hamomy  Bumaaky - ICY) cming  po3pobutn
KOHIICTITyaJTbHY MOJIETh Ha OCHOBI BepOaIbHUX METOIB,
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sIKa JI03BOJIUTH C(OPMYJIIOBATH CHMBOJIIYHI MOJENI Ha
00paHUX HOTAITISX.

Tomy akryansHOO € KoHmentyamizamis ICY
pOOOTOTEXHIYHIUMU KOMILJIEKCaMH TYMaHITapHOTO
PpO3MiHYBaHHS Ha OCHOBI BepOaIbHUX METO/IB.

s Momenb TOBMHHA HaJaBaTH  MOXIIMBICTh
peaizoByBatu ICY, sxi 6:

- Oyim ONM3BKI J0 JIIOJICBKOTO CHOCO0Y BHPa)KEHHS
3HAHB;

- TPYHTYBaJMCS Ha EKCIIEPTHHX 3HAHHSIX B 0OpaHOi
MIpeIMETHIHN ramysi;

- BUJIaBaJIM OJIHO3HAYHUH PE3yIIbTaT;

- mependavany y4acTh JIIOAWHH JIMIIE Y YacTWHI
CTBOpCHHSI/3MiHH 0a3¥ 3HAHb.

OCHOBHI TNpPUHIMIKN BEepOATBHOIO aHaNi3y pillleHb
c(hopMyIIbOBaH1 HACTYITHUM YMHOM [3]:

- BUKOPHUCTaHHS ]ISl ONIMCY MPOOJIeMH BU3HAYEHb Ta
(hopMyIIIOBaHb OIIIHOK BapiaHTIB pillleHb Y BUIVIS, SKii
€ npupouuM Jutst OIIP, #oro pagHUKiB i aKTHBHUX TPYIL,
0e3 Oymp-sIKOTO TEPETBOPEHHS TaKUX CIIOBECHUX
(hopMyITIOBaHb B KUTBKICHI 3HAUCHHS,

- moOysoBa BHUPIMIAJIBHOTO TIpaBUja Ha OCHOBI
JIOTIYHHX, SIKICHUX MEepEeTBOPEHb BepOalbHUX 3MIHHUX 32
JOTPUMAHHSAM  TICHXOJIOTIYHOI  Ta  MaTeMaTHYHOI
KOPEKTHOCTI LIUX MIEPETBOPEHb.

ToGro BepOambHi METOIM pillleHb J03BOJISIOTH
CTBOPIOBATH TaK 3BaHy «MOJIEINb OiJI0T CKPUHBKKY, JIe MU
JIOCTEMEHHO 3HAEMO, 5K 3HAUCHHS BUXITHUX 3MIHHUX
3aJ€KUTh BiJl 3HAYE€Hb BXIAHMX 3MIHHHX Ta MOXEMO
MOSICHUTH TTOBEIHKY MOJICIII.

VY TOif e yac ICHYIOYM METOAM CTBOPEHHsS MOZenei
LITYYHOTO IHTEJIEKTY € TAaK 3BAaHUMH «MOJIEJISIMUA YOPHOT
ckpuHbku». [Ipobnema mnossirae B Tomy, o ¢axisels 3
aHaJi3y AaHWX, SIKMH MOOYyIyBaB TaKy MOJENb, HE Mae
IOBHOI SICHOCTI II[OJI0 IMOBEMIHKH MOJEMI, 1 He BUCTAYae
SICHOCTI B 1i mosicHeHHi [3].

HaiiOinpln ~ moBHO  mpouec — caMooprasizaiii
ABTOMATUKM Ha DIBHI NPUHHATTSA PIlIEHb y CUCTEMax
ynpaininHs BigoOpaxkeHo y mukmni OODA [3]. Moaens
OODA wmae y cBoiii cTpyktypi 4 0aratopazoBo
nosroproBani  gii:  Cmoctepexxennst  (Observe) —
Opienrais (Orient) — Pimmenns (Decide) — ist (Act).

Ha omepariiiHoMy piBHI Yy cucCTeMax yIIpaBiHHS
HAMOIBII  aJeKBaTHOKO  MOJEII0  MOOYAOBH  Ta
MOKpAILICHHST MPOLIECY € TaK 3BaHUI IMKJ MOKPAIEHb
Ilyxapra, 6impmn BimoMuil sk 1mka Jleminra abo KT
PDCA. Huxn PDCA wictute 4 eranm: I[lnanyBanHs
(Plan) — Bukonauust (Do) — MOHITOPHHT pe3yJbTATIB
(Control) — Omuinka pe3ynbratis (Act)

Mogemi OODA T1a PDCA B3aeMHO IOIIOBHIOIOTH
onHa ofHY (puc. 2).

[Ilono ekcrepTHUX 3HAHb, TO BOHU MOXYTh OyTH
YMOBHO TofisieHi Ha aBa Tumd [3]. OauH i3 HEX — QaKTH,
BIIOMOCTi, Teopii, 3aBHaHHSI TOIIO, HA3MBAIOTHCA
JEKIapaTHBHUM 3HAHHIM 1 HaldacTilie BioOpakaroThCs
y BUDIAAI TaOnuie. Bigmosigarote mutanusM «11lo me?»,
TOOTO 32 iX JIOIOMOTOI0 MOYKHA OIIHUTH Pe3yNbTAaTH, 10
OTpPHUMaHI Mifg 9yac Oyab-AKO1 MisUTBHOCTI (TIpoIIecy).

Puc. 2. O6’eqnana mogens OODA i PDCA

[HIW# THI - TrOJICEKE BMIHHS BUPILIYBAaTH 3aBAaHHS,
CKIaJaTH MY3WKY, JIKyBaTH XBOPHX, 3HaXOIUTH
HECIIPaBHOCTI B MallMHaX Ta anaparax ToIIo, €
MpoLEAypallbHUM 3HaHHSIM, MO BigOOpaXkaeTbcs y
BUTISI cxeM TpoueciB. L[i 3HaHHS BimOBiNAIOTH Ha
nUTaHHS «SIK 1e 3poOuTH?» 1 3 IX JOMOMOTOI MOXHA
OTpPHUMATH MOTPiOHI Pe3yNbTaTH.

B3aemozis ekcnepTHUX 3HaHB i3 00'€HAHOIO
Mozaemtro OODA ta PDCA npezacraBneHa Ha puc. 3.

Orient

IIponenypanbue
suanus (Do)

JlexiapaTuBHe
3unanns (Act)

Puc. 3. B3aemogist excriepTHUX 3HaHb Ta 00’ €1HAHOT
mozeni OODA i PDCA

[Momin etaniB oO'emHaHol Mozeni 3a  PIBHIMH
KepyBaHHS ITOKa3aHo Ha puc. 4.

PiBeHb NpHiAHATTS pilIeHHS

Orient ,

JlexnapaTHBHE 3HAHHS
(Control+Act)

Decide

[pouenypanbHe 3HAHHS
(Plan+Do)

d ) Act
,7  PiBeHb BUKOHAHHS

Puc. 4. Posniozin etamiB 00'eTHaHOT MOJIEII 3a PiBHAMU
KepyBaHH

Mopens, sika TpeACTaBleHA Ha pHC. 4 BU3HAYAE
KoHIenTyanbHy  Mozens  ICY  poOoToTexHIYHUMHA
KOMIUTEKCAaMH TYMaHITapHOTO PO3MiHYBaHHS Ha OCHOBI
BepOaTbHUX METOMIB (pHC. 5).

Mopnens ICY PTK Ha ocHOBiI BepOalbHHUX METOIIB
BKJIFOYA€ TaKi EIEMEHTH:
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Puc. 5. Monens ICY PTK rymanitapHOTO pO3MiHyBaHHS
Ha OCHOBI BepOaJIbHIUX METO/IiB

- OJIOK OIIHKM CTaHy 30BHIIIHBOTO CEPEOBHUINA —
piBeHb NPHUUHATTS pilleHb. Bu3Hauae o skoro kiacy
BITHOCUTBCSI HaOip JaHUX MOHITOPUHTY 30BHIIIHBOTO
CepeloBHINa, IO MOCTynuB Ha Bxia. [loOymoBanuii 3
ypaxyBaHHSIM BHPILIaJBHOTO NpaBHJa, Po3po0IIeHOro 3
JONIOMOTOI0  BepOalbHOrO  METOJy  OpJIMHApHOI
kiaacuikarii;

- OibmioTeka JiarpaM TMpOIECIB yNpaBiIiHHA —
JiarpaMM TpOIECiB, IO MICTSITh ONUC Habopy Ta
MOCTIIOBHOCTEH Mifi POOOTOTEXHIYHOTO KOMIUIEKCY Y
BCiX nepeabaueHnx ekcriepramu cutyanisx. [lomineni Ha
KJIacH, sIKi BU3HA4YEHI B BUPIIIIAIEHOMY MPaBHIII;

- OJIOK KepyBaHHs POOOTOTEXHIYHMM KOMITJICKCOM —
piBeHb BHKOHaHHs. IlepeTBoproe omuicu Aid 3 miarpam
MPOIECiB B HA0OOPU KOMaH]I IjIsi BUKOHABYMX MCEXaHI3MIB

pobororexHiuHoro komiiekcy (BMPK). V  wmexax
miarpaMd  BHOIp  CIIEHApPII0  BHKOHAHHS  IPOIECY
MPOBOAUTRECS  3TIAHO HAOOPY JaHUX MOHITOPHHTY

30BHIIIHBOTO CEPEIOBHUIIIA;

- Gibmiotexa miii — Habopu komanm miast BMPK, siki
BIJIIOBIIAIOTH [IisIM 3 [Tiarpam IpoIieciB;

- eKCIEePTH — PO3POOJIAIOTh BHpIIIAIbHE IPABUIIO,
miarpamMd mporeciB Ta Habopu komaHa aui1 BMPK,
BHOCSTH BiAmOBiAHI 3MiHM y pasi 3mian BMPK,
BUSIBIICHHsI HEOMMCaHOI cHTyamii abo UIs KOMITEHCaIii
CHCTEMAaTHYHOTO BIUIMBY 30BHIMIHBOTO CEPEIOBHIIA;

- omepaTopd — MalOTh MOJMIIMBICT OIEPATHBHO
3MIHUTH YH 3YIHHATH po0OTy POOOTOTEXHIYHOTO
KOMIUIEKCY Y pa3i BUHMKHEHHS [103aIITaTHOI CUTYaIlil Yn
Herepea0adeHo1 3MiHN 30BHIITHHOTO CEPEIOBHIIIA.

Po3pobnena konnentyaasHa Monxens ICY (puc. 5)
JO3BOJISIE CTBOPHUTH CHMBOINIYHI MOJAeNl B 0OpaHUX
HOTAIIiSX.

[IpuxiragoM CHMBONIYHOI MOJENi MpPeACTAaBICHHS
nexnapatuBHoro 3HaHHSA B ICY e CIIP «Ominka piBHA
3arpo3u BHII». CIIP mictuTh ommc Ki1aciB, KpUTEpiiB Ta
BHUpimanpHe mpaBwiao. Horamis —  TepMiHH, sKi
BUKOPHCTOBYIOTh €KCIIEPTH B OOpaHii mpeaMeTHIH
o0macri.

Knacwu piBHiB 3arpo3u BHII: am3pkwii (1) — HIK4e 3a
cepemHiit (2) — cepenHiit (3) — Bume 3a cepenHiit (4) —
BHCOKHIA (5).

Kpurepii - nmemackyroui o3Haku BHII (3HadeHHs
KOXHOI O3HAaKW BHOPSAKOBAaHI BijJ OUTBII AEMAaCKyHOUOTO
JI0 MEHIII IEMaCKyI04Oro0):
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- 3ocepemkeHa Maca BuOyxoBoi peuoBnHm (K1):
Bemmka (1) — Buma 3a cepemHio (2) — cepemas (3) —
HIDKYa 3a cepeqHio (4) — mama (5).

- JIOKaJIbHO po3TamioBaHa maca Metany (K2): Bemika
(1) — Bumia 3a cepennio (2) — cepenus (3) — HmKYa 3a
cepennro (4) — mana (5).

- xonctpykuist BHIT (K3): xapakrepna ams BHIT
(opma, matepian kopmycy Toio (1) — HexapakTepHa (2).

- TOpYyWIEHHS OJHOPIAHOCTI  CcepeAoBHINA, &
poamimennit BHIT (K4): Benuki (1) — Bumi 3a cepeHio
(2) — cepenni (3) — Hrxui 3a cepennto (4) — madi (5).

- HasBHICTP npoBigHoi minii ynpasninas BHIT (KS5): €
(1) — emae (2).

- dyacoBud Moxynb ympasiimHgs BHIT  (K6):
TOIMHHUKOBHU MexaHi3M (1) — enexTpoHHUH Taiimep (2)
— BigcytHid (3).

- garumk nimi BHIT (K7): cefiemiunmii (1) —
MarHiTHU# (2) — ontrunamit (3) — BincyTHIH (4).

- HajBHICTH AHTEHW [UIA  padioNpUiMaibHUX
npuctpoiB BHIT (K8): € (1) — Hemae (2).

- mmbuHa posmimenns BHIT y 1pynTi
noBepxHs IpyHTY (1) —10 0,1 M (2) — 1o 1 M (3).

Hemackyrounii cran BHIT — HaGip 3Ha4eHb, mo mae
BHIT BiZHOCHO KOXHOTO KpUTEpir0 (JIeMacKyro4oi
o3HakW). KimbkicTh BCIX TIMOTETHYHO MOMKIJIUBUX
nemackyrounx cra”iB BHII — me noOyTok KiIbKOCTI
3Ha4eHb ycix kpurepiiB (36 000 cranis BHIT).

(K5):

111. BUCHOBKHU

Ha ocHOBI MeToaiB BepOalibHOTO aHaji3y pilleHb
po3pobiena kounentyansHa Mozens ICY  PKBII
ryMaHITapHOTO po3MminyBaHHs. Po3pobnena moxens ICY
JI03BOJIsIE C(HOPMYJTIOBATH CHMBOJIIYHI MOJIEII B HOTAIIsX
00paHKX BepOAIbHUX METOIIB!

- Ha piBHI NPUIHATTSA pillieHb;

- Ha BUKOHABYMM PiBHI.

CHUMBOITIYHI MOZIEJIi B HOTAI[isAX 0OpaHUX BepOaIbHUX
METOMIB JI03BONISIIOTH peamzanito [CY KOHKpeTHUM
POOOTOTEXHIYHUM KOMIUIEKCOM T'YMaHITapHOTO
PO3MIHYBaHHS.
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Bub1p MaTeMaTH4HO1 MOJIEI1 JyIsl YIIPABIIHHSA
AKICTIO TPOAYKINT B yMOBax O€3MEepEepBHOIO
BUPOOHUIITBA

Janwo Seup

Kadenpa KITAP, Xapkischkuii HalionansHuii yHiBepeuret pajioenektponiku, YKPATHA,
Xapkis, nip. Hayku. 14., email: danylo.iasyr@nure.ua

Anomauis: B nmaHoMmy wMatepianmi poO3rBIA€ThCs BHOIp
MaTeMaTHYHOI MOJENl YHPaBIiHHA SKICTIO TPOXYKIUT JuIst
MOJTAJIBIIIOTO BHKOPUCTaHHS ii, a00 CTBOPeHHSA Ha ii OCHOBI
CBOET MOJIeNi, B yMOBax Oe31epepBHOr0 BUPOOHHIITRA.

Kniouoei cnosa. MareMaTuuHi MOJEINI, YHPABIIHHA SKICTIO
IpoyKIii, 6e3nepepBHEe BUPOOHUITBO.

I Beryn

VYrpaBiiHHS ~— SKICTIO €  KIIOYOBHM  CJIEMEHTOM
yCHinHOTO (YHKI[IOHYBaHHSI Oy/b-SIKOTO BHPOOHUYOTO
nianpueMcTBa. OcoOIMBO BOKIIMBIUM BOHO CTa€ B yMOBax
Oe3repepBHOr0 BHPOOHUIITBA, JIE KOXKEH €Tall Tpolecy
TICHO NOB'A3aHHUI 3 HACTYIHHM, & MOXKIUBICTh 3yIMHHKH
JiHIT JUIs BUINpaBieHHs JedekTiB MiHIManbHa. 3 OTJISLY
Ha 0O€, KPpUTUYHUM € BIPOBAIKEHHA CHCTEM KOHTPOJIIO
SKOCTI, IO 3a0e3MnedyroTh cTabibHy poOOTYy MpOIECiB i
3ano0iraroTh BAHUKHEHHIO Ie()eKTiB Ha PaHHIX CTaIisIX.

MarematuuHi Mopeii TpalTh LEHTPalIbHY pOJb B
YIOpaBIiHHI  SIKICTIO,  JO3BOJSIFOYM  IIIIPUEMCTBAM
e(eKTUBHO BIJCIIKOBYBATH i KOHTPOIIIOBATH Bapiamii y
BUPOOHMYUX  MpoOLlecax, IMPOTHO3YBaTH  MOKIJIHUBI
BIIXWJICHHSI Ta OINEPAaTHMBHO BKUBATH 3aXOIIB JUIst
KOpeklil. ¥ cy4acHOMY BHPOOHHIITBI BHKOPHCTOBYIOTh
pi3HI MaTreMaTHuHi MiIXOIH, KOXEH i3 SIKMX Ma€e CBOI
repeBard Ta HeIOJIKH. ix BUOIp 3aJICKUTD BiJl CIIeUU(iKK
BUPOOHMIITBA, PiBHS aBTOMATH3allii, BUMOT JIO0 SIKOCTI Ta
PIBHSI CKJIIHOCTI ITPOILIECY.

I[Isn pobora 30cepe/keHa Ha aHami3i  HaOLIbBII
NONYJSIPHUX MaTeMaTUYHUX MOJENeH Ui yNpaBlliHHA
SKICTIO ~ TpONYyKHii B yMOBaX  Oe3lepepBHOTO
BUPOOHUITBA, TAKUX SK CTaTHCTUYHE YIMpPABIiHHA
npouecamu (SPC), meron Illicte Curm, meron Taguchi,
MOJIENIi MAIIMHHOTO HaB4YaHHS Ta iHmI. Takox
PO3IISIHYTO IX MpaKkTH4YHE 3acTOCYBAaHHS, IIepeBard,
HEJOJIKM Ta MOXIMBICTh iHTerpamii B Oe3mepepBHi
BUpPOOHHWYI TMpOIEecH s MiABHIICHHI e(QEeKTHBHOCTI
KOHTPOJTIO sIKOCTi [1].

II TTomynapHi MaTeMaTU4YH1 MOJEINI IS
yHOpaBIiHHS SKICTIO

CratuctnuHe ympaBiiHHA Tpomecamu  (Statistical
Process Control, SPC) Lls wmaremaTnyHa MOIENb
3a3BUYail  BUKOPHCTOBYETBCS Sl KOHTPOJIO SKOCTI
OUITXOM  MOHITOPHHTY BIIXWJICHb Yy BHPOOHUYMX
Tporecax.

®opmyna koHTpOIbHOI KapTu Lllyxapra mns cepemHix
3HAYEHB:

CL=x
UCL=X%—-4, R (1)
LCL=x—-A4,-R

X — CepelHE 3HAYCHHS,
R — cepenHiii miana3oH,
A,— KOeQillieHT, IO 3aJIeXKUTh BiJ 00cATy BUOIPKH.
Taky wMaremMaTHuHy MOJENIb MOXKHa BHKOPHCTATH
Halmpukiag y Takux cdepax sK aBTOMOOUTbHA
MPOMHUCIIOBICTH ~ Ta  BUPOOHHMITBO  HamoiB. Y
ABTOMOOUTBHIH TPOMHUCIIOBOCTI BUKOPHCTOBYETHCS IS
MOHITOPUHTY TMpOLIECY CKJIaJaHHS aBTOMOOINIB, 1100
BUSAB/IATY BIJAXWJIEHHSA Ha eTaml CKIamaHHsA Actaneid. Y
BUPOOHMIITBI HAIOIB KOHTPOJIIOE CTaOUIBHICTh TaKUX
mapamMeTpiB, K 00'€M HAMOBHEHHS IUIAIIOK, IS
YHUKHEHHS IepeBUTpatT abo HEeJIONUBY.
IepeBaru i€l Momeni:
1) mpocToTa BIPOBAIKEHHS Ta BHKOPUCTAHHS,
2) BHUABIICHHS MPOOJIEM Ha PaHHIX CTAIIAX;
3) BHUKOPHUCTAHHS ICTOPHYHKX MAaHUX TS
BCTAHOBJICHHS! HOPM KOHTPOJIIO.
Jlo HeoMiKIB MOYKHA BiJHECTH
1) HemoCTaTHBO YYTIMBHH [0 MAJUX 3MiH;
2) He 3abe3medye MOPOTHO3YBaHHS MaiOyTHIX
npobiem.
Mogens icte Curm (Six Sigma).
Ile metomoiioris, siKa OpPIEHTYETbCS HA 3HUIKEHHS
KIJIBKOCTI Ie(heKTIB Ta MiHIMI3allit0 Bapialliil y nporecax.
dopmyna AJsl CTAHJAPTHOTO BiIXUIICHHS (G):

o= [A9¥ (-2 @

N — KUIBKICTh CIIOCTEPEKEHb,
x,— KOJKHE 3HaYeHHs y BHOIpIIi,
X — cepe/iHe 3Ha4eHHs BUOIPKU.

Iunexc sikocri poriecy (Process Capability
Index, Cpk)

©)

. USL—x x—LSL
C‘uk _mln( 3o ’ 3o )
USL — BepxHs crienudikaiiiina Mexa,
LSLLSL — umxHs crieruikaliiiina Mexa,
0— CTaHJAPTHE BiIXUJICHHS.
Ocp meKiiTbKa MPUKIALiB BHKOPUCTAHHS.

EnexTpoHHa IPOMHUCIIOBICTS.

B eJIeKTPOHHI TIPOMUCIIOBOCTI 4acTo
BUKOPHUCTOBYETHCS JUIS 3HWKEHHS KUTBKOCTI NEPEKTIB Yy
BHPOOHUIITBI, HAPUKIIAT BUPOOHUIITBO MiKPOCXEM.

ABiaOyyBaHHSL.

Y  aBiaOynmyBaHHI ~ BHUKOPHCTOBYETHCS  3apaju
MiJBUINEHAS TOYHOCTI BHPOOHUWIITBA JeTajiei, ™00
VHUKHYTH Je(PEKTiB sIKi MOXXYTh BIUTMHYTH Ha O€3MeKy.

Jlo mepeBar BIZHOCATBCS  BHCOKA  TOYHICTB,
e(eKTUBHICTP  JI  CKIQJHUX  0araToCTyIeHEBUX
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MPOLECIB  Ta MOMJIMBICTh 3HIDKEHHS BHUTpaT Ha
BUIIPaBJICHHS Ae(EKTiB Ha Mi3HIX CTa/lisIX BUPOOHUIITBA.
3 HEeOJIKIB CJIiJT BUUTUTH:

4) CcKIaaHICTh BIPOBA/PKCHHS Ta BEJHMKI BUTPATH
qacy;

5) BuMarae 3HAYHUX IHBECTHIH Yy HaBYaHHS
TIepCOHAIY;

6) Moxxe OyTH MeHII e(EeKTHBHOI JUIs HEBEIMKUX

TiITPUEMCTB 3 HU3BKOIO BapiaTUBHICTIO.

Meton Taguchi

Merton Taguchi 3ocepemkennii Ha MiHiIMizalii 300iB Ta
BiIXWJIEHb TIPOIECy Ta MiJABUINEHHI HOTO CTIMKOCTI 1O
30BHIIIHIX 3MiH.

®opmyna mast pynkuii Brpat Taguchi:

L(y) = k(y —m)* (4)
L(y)— stpan,
Y — 3HaAueHHs MapameTpa,
— 1JIbOBE 3HAYEHHsI TapaMeTpa,
k— xoHCTaHTa, 10 3aJISKUTH BiJI BAPTOCTI BiAXHUIICHHSL.

Jo nmnpuknaniB  BUKOPUCTaHHS MOXXHa HaBECTH
HACTYIIHI 3aCTOCYBaHHSI.

EnexrpoHika.

B  EnekroHimi 3a3BHuYaii  3aCTOCOBY€ThCS LIS
onTuMmizalii napaMeTpiB  BUPOOHMIITBA, HANPHKIAI
TEMIIepaTypy TMasHHS KOMIIOHEHTIB, MO0 3MEHIINTH
KIJIBKICTh IC(EKTIB Uuepe3 KOJUBAHHS TEMIIepaTypH.

Xap4oBa IPOMHUCIIOBICTb.

3acTocoBy€eThCs 3apaju MiHIMI3alli{ BIUIMBY Bapialliid y
SIKOCTI CUPOBHHH Ha KiHIIEBHI IIPOJYKT.

Jlo nepesar 1i€i MaTeMaTU4YHOT MOJIEIi MOYKHA BiTHECTH:

1) 3MeHIICHHS BiJIXHJICHb polecy oe3
JOaTKOBUX BUTPAT;

2) MiABHINECHHS CTIHKOCTI IPOIeCy 10 3MiH;

3) MOXIMBICTh EKCIIEPHMECHTYBATH 3 MTApaMeTpaMu
I BU3HAUCHHS  ONTUMANbHMX  YMOB
BUPOOHHUIITBA.

J1o HeMOJIIKIB BiTHOCHTBCS:
1) oOMeskeHa THYYKICTh y CKIIJHUX TIPOIIECax;
2) BUMarae MOTEPETHHOTO HaJAIITYBaHHS
rapameTpis;
MEHII TOYHUH Ui 6araTo(akTOPHHUX MPOIIECIB
3 baratbMa 3MiHHUMH.

Mogen Ha OCHOBI MamMHHOTO HaB4aHHs (Machine
Learning Models).

[Ty4Huil IHTENEKT Ta MAIIMHHE HABYAHHS MPHHECIH
6araTo HOBOTO B TOMY YHCII i B MaTeMaTH9HI MOJENI 1X
BUKOPHCTaHHS JIO3BOJIIE ABTOMATH3YBaTH KOHTPOJb
SIKOCT] Ha OCHOBI BEJIMKHX JaHMUX 34 JOIIOMOTH 3JaTHOCTL
TaKUX MOJEJEeH aHaJIi3yBaTh BENUKUI 00’ €M iH(popMmarrii.

®dopmya A IiHIHHOI perpecii:

3)

®)

Y=o+ B+ X+ Boxy + o By

Y — OpPOrHO30BaHE 3HAYCHHS,

B,— KOHCTaHTa,

B v B - ,Gn — KoedimieHT perpecii A BiAMIOBITHIX

3MIHHHX X, X5, -
Hdo mpuknamis

HacTymHi chepu.
Mertamypris.

' xn

BUKOPUCTAHHA  MOXKHa BiZ[HeCTI/I
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Buxkopucranus TaKUX Moenen JI03BOJISIE
MPOTHO3YBATH SKICTh CTAJI B PSKUMI PEATBHOTO Yacy Ha
OCHOBI TIOKa3HHUKIB TEMIIEpAaTypH, TUCKY, XIMIYHOTO
CKJIaJly Ta IHIINX apaMeTpiB.

®dapMareBTUKA.

B 1iif rary3i MammmHHE HaBYaHHS BUKOPUCTOBYETHCS
JUIS Tiepe0adeHHsT MOXKIIMBHX BIAXHIJICHH Y IIPOIECi
BHUPOOHUIITBA JIIKIB HA OCHOBI ICTOPUYHUX JaHUX.

Jo nepesar 1111 Ta MaImMMHHOTO HaBYaHHS BiTHOCHUTHCS:

1) JocuTh BHCOKA TOYHICTH MPOTHO3YBAHHS;

2) MOXIHBICTh aBTOMATHU3allii KOHTPOJIIO SKOCTI B
peabHOMY Yaci;

3) 3matHicTh amanTyBaTHCA O BENUKHX OOCATIB

JIAaHKX 1 CKIIQJHUX TPOIIECIB.
3 HeOJIKIB MOKHA BUIUIATH:

1) HeoOXifHICT y BeNMKHX OOCATax HaHHX IS
TpEeHYBaHHS MoJieNeil;

2) CcKIajHICTh  BOPOBQ/UKGHHS Ta  TEXHIYHA
MiITPHMEKA;

3)  MOXJHMBICTh HEMPAaBUIIBHOTO TPOTHO3Y Yepes
HEMpaBWIbHE HaJAIUTYBaHHS Mojeni  abo

HeJIOCTaTHi JjaHi.
Teopist MmacoBoro obciyroByBanHs (Queueing Theory)
BoHa [1o03BONsSE€ ONTHUMI3yBaTH IOTOKH PecypeiB i
MPOyKIii B Mpoleci BUPOOHUIITBA.
Dopmyna 1 cepeJHBOTO Yacy O4iKyBaHHS B CHCTEMI
M/M/1:

(6)
Ue:

W — cepeowiti yac ouixkysanms,
W — cepedHs weUOKicmb 00CIY208)Y8aHHA,
A — cepeons weuoKicms HAOXOOICEHHS 3A560K.

Lo Mozenb MOXKHA BUKOPHUCTOBYBATH Y BHUPOOHUIITBI
XapyOBHUX MPOIYKTIB. Bona JI03BOJIUTH
ONTUMI3YBaTH YEprd y MpOLECi MaKyBaHHS, 1 TaKUM
YMHOM MIHIMI3yBaTH 4ac MPOCTOIB 00J1aHAHHSI.

Takok i MOXHA BHKOPMCTOBYBAaTH Yy IOTICTHIN. Ii
BUKOPUCTaHHS  JO3BOJUTH  ONTHMI3yBaTH  HPOLECH
30epiraHHs Ta TPAHCIIOPTYBAaHHS TOBApiB Ha CKIIAAaX.
[epesaru wiel Mmoaedi:

1) 1o3BONSE  3MEHINMTH Yac  TMPOCTOIB  Ta
OINTUMI3YBaTH BUKOPUCTAHHS PECYPCIB;
2) 3a JOIOMOTrH Hel MOKHA MOCSITH I IBUINEHHS

MPOYKTUBHOCTI i ITPHEMCTBA.
Jlae MOXXIIHBICTH IIPOTHO3YBATH CKYITYEHHS Ta 3aTPHMKH
B IIpOIIeCi BUPOOHUIITBA.
Henmomiku BKIITO9aroTh B cede:
1) He BpaxyBaHHS SKiCHUX IOKa3HHUKIB TPOIYKIIil;
2) MOJENbF MOXE HE BIIIOBIAATH CKJIAIHUM
BHPOOHHWYIM IIpOIlecaM 3 BEIMKOIO KiNBbKICTIO
3MIHHHX.

Kontponp sikocti Ha ocHoBi pusukiB (Risk-Based
Quality Control, RBQC)

Lle wmaremMaTH4Ha MoOJeNb sKa OpPIEHTOBaHA Ha
VOpaBIiHHSA PU3UKAMH, SIKI MOXYTh BIUIMHYTH Ha SIKICTH
TIPOIYKIIii.

Dopmyna 11t OLIHKY PH3HKY:

R=PXI (7
P — HMOBIpHICTh BUHUKHEHHS PH3HKY,
| — BIUIMB pU3UKY HA SIKICTh MPOIYKIIIi.
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CL=x UCL=X+4, R, LCL=x—-A4,-R (8)
[pukian BUKOpUCTaHHS MaTEMaTUIHOI MOJETI.
dapManeBTUKa.

VY apmaneBTHIi 110 MaTeMaTHYHY MOJEIbh MOXKHA
BUKOpPHCTaTH JUIs VYIpPaBIiHHSA pH3WKaMH T dYac
BHPOOHUIITBA JIKIB, /Ic HABITh HEBEJIMKA ITOMUIIKA MOXKE
TIPU3BECTH JI0 CEPHO3HMUX HACIIAKIB IS 31I0POB'SL.

ABialOyryBaHHS.

VY miif ramysi KOHTPOJb SKOCTI MOXXHa BHKOPUCTATH
JUTSl KOHTPOJTIO PH3HKIB Ha KOXKHOMY €Tari BUPOOHHUIITBA
JeTaneil Uil JTakiB, MO0 YHUKHYTH TOTEHIIHHUX
BiJIMOB.

Jlo mepeBar 11iei MoJteIi MOYKHA BiTHECTH:
Te 10 BoHa BpaXxoBY€E BCi MOKIIMBI CIIeHapii pU3HUKIiB.
1) BoHa opieHTOBaHa Ha yIpaBJIiHHS
HaliHeOe3NeyHiMMU MTpodIeMamu;
2) Te mIO BOHA JOMOMAra€ 3amobiraTé KpUTHYHAM
nedexTaM y mporieci BUPOOHHUIITRA.
J1o HeloIiKIB y CBOIO YepTy BiHOCUTHCS:
1) ckmamHICTh OLIHKK PU3HKIB Ta BEJHMKA KiIBKICTH
(axTopiB /I aHATI3Y;
2) Te IO I MOJIETb MOTPeOy€ BETUKUX 3YCHIb JUIS
300py JaHMX Ta aHaji3y pU3MKiB [2].

[II BuGip mozeni B ymoBax 6e3nepepBHOro
BUPOOHUIITBA

B ymoBax Oe3nepepBHOr0 BUPOOHMIITBA OJHIEID 3
HaWBRXIMBIIIMX 33/a4 € 3a0e3MeYUTH IOCTIHHUIA
KOHTPOJIb SIKOCTI Ta UIBUJKE pearyBaHHs Ha 3MiHH.
3ane)xHo BiJl XapakTepy IMpOLECiB pi3Hi Mojen OyayTh
MoKa3yBatu cede 1o piZHOMY.

SPC «kpame mposiBe cebe st Oe3mepepBHOTO
MOHITOPUHTY MapaMeTpiB y peaIbHOMY Yaci, HaPUKIIa],
y BUPOOHMIITBI Xap4OBUX IMPOJIYKTIB, HAMOIB, XIMIYHHX
pEUOBHH, 1€ BAXKIMBO BIACTEXKYBAaTH CTaOLIBHICT
rapameTpiB Ha KO>KHOMY €Talli.

Hlicte Curm Oyze rapHO 3aCTOCYBATH JUIsi NIPOLIECIB,
JIe HaBiTh MiHIMAJIbHI BiJIXWUJICHHSI MOXYTh IIPU3BECTH JI0
3HAYHUX BTpaT SKOCTI, K Yy (apmareBtuni abo
aBiamiiiHiii  npomucnoBocti. el Meron imeanbHO
MIJXOJUTh IJISl CKIQJHUX 0araToCTYIEHEBHX MPOLECIB,
10 MOTPeOYIOTh BUCOKOT TOYHOCTI.

Meron  Taguchi Oyme  myxe  KOPHCHHUM Yy
BUPOOHMIITBAX, SIKI MiJJAIOTECS 3MIHHUM 30BHIIIHIM
YMOBaM, TaKUM SIK €JIeKTPOHIKa abo
aBTOMOO171e0y TyBaHHSI. et MIX1T MiHIMIi3y€e
BapIaTHBHICT MIPOAYKIIl HE3aJIEeXKHO Bil 3MiH Yy
30BHIITHBOMY CEPEIOBHIII.

Mogeni MamMHHOTO HaBYaHHS Oyne  JOLUIBHO

3aCTOCOBYBAaTH B IIpOIecax, LI0 TI'eHEPYIOTb BEIHKY
KUTBKICTh JaHUX Ta 3ajJeXaTh Bil 0aratbox (akToOpiB,
HampuKIaa, y MeTaayprii abo XiMid4HIA MPOMHUCIOBOCTI.
Ix MoxHA HaBuMTH Ha ICTOPUYHHX JaHWX 1 3a0e3nednTn
ABTOMATUYHHUI KOHTPOJIb SKOCTI Ha OCHOBI BHSBJICHHS
3aKOHOMIPHOCTEH y BUPOOHHYOMY TIPOIIECi.

Teopist MacoBOro 0OCITyTOBYBaHHSI € aKTYaJIBHOIO IS
BUPOOHHYMX JIHIA 3 BENIMKOI KITBKICTIO po0OoUmx
CTaHIN, TaKUX SK TAaKyBalbHI IJiHIi y XapdoBii
MIPOMUCIIOBOCTI, A€ BaXKJIMBO MIHIMI3yBaTH TPOCTOI U
e(PEeKTUBHO PO3MOIUIATH PECYPCH.

RBQC mimxomuTe IS MiANPUEMCTB 3 BUCOKAMH
PHU3UKaMH, JIe TOMIJIKA MOXYTh CIPUYMHHUTH CEpHO3HI
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HaciKu, TakuxX sK (apManeBTHKa Ta aBialiifHa
IIPOMHCIIOBICTb.

Buxonmsun 3 mpoanamizoBaHoi iH(opMami MoxeMo
3poOUTH Taki peKoMeHpamii-Io BHOOPY MaTeMaTH4HOL
MO/IeTli B yMOBax 0e3repepBHOTO BUPOOHHIITBA.

[icte Curm  mpu  creHapii  Oe3mepepBHOTO
BUPOOHMIITBA BHUIIIAJa€ HaWOUIbIn omrtuMmanbHol. Lls
METO/IONOTi TOENHYe B €00l CHCTEMHUM MiIXia 0
3MCHIIICHHS JEe(EeKTiB Ta 3a0e3MeueHHsS CTabiTbHOCTI
nponecis. Ii mepeBaroro Ha BiaMiHy Bif iHIIMX € Te, 1O
BOHA HE JIMIIIE KOHTPOJIIOE SKICTh HAa OKPEMHUX eTarax, a
W TiparHe yCyHYTH caMi IIPHYMHM Bapialii, 1o poOuTs ii
0c0o0MMBO €(EeKTUBHOIO Ui BUPOOHHUITB i3 BHUCOKHMH
BUMOTaMH JI0 TOYHOCTI.

SIkImo >k BUPOOHUIITBO € JOCHTh HECTaOLIBbHUM i
MiJATa€ThCs 3HAYHMM 30BHIIIHIM KOJMBAHHSM, MOXHA
posrisHyTH MeTon Taguchi, 60 BiH 1acTh 3MoOry
3a0e3MmeynTH CTabUIBHOCTI MPOJYKTY B YMOBax 3MIHU
30BHIIIHIX (aKTOPIB.

J1J1s1 BUCOKOTEXHOJIOTIYHMX BUPOOHUIITB B CBOIO UEPTry
Oysne Kpalie BHKOpHCTAaTH MallMHHE HaBYaHHs, 00 B
TaKMX BUPOOHMIITBAX 3a3BUYail € ayke BEIUKUil oOcsr
JaHuX Ta noTtpeba y mporHo3yBaHHi nedekriB. Lle
JIO3BOJIUTD 3a0€3MEUUTh aJallTUBHUI KOHTPOJIb SIKOCTI Ta
ABTOMATH3AIIF0 TPOIIECIB.

3BICHO 3aJIeKHO BiJ cnenu@ikkd Ipolecy KOXKHa
MOJIe/Ib Ma€ CBOI YHIKaJbHI CHIIbHI cTOponH, ane I1licTh
CurM Ha CBOTOJHI MOXKHA BBaXaTW HaWKpammm
VHIBEpCAIbHUM BapiaHTOM JUIsi JIOCSITHEHHSI BHCOKOI
SIKOCTI IPOJYKIIT B yMOBax Oe3repepBHOr0 BUPOOHHUIITBA

[3].
IV BucHoBkn

Bubip marematiuHOi MoJeJl YHpaBIIHHS SIKICTIO B
yMoOBax Oe3nepepBHOr0 BUPOOHHIITBA Oy/ie 3aIemaTH Bil
TaKUX MapaMeTpiB sK OCOOJMBOCTI  BHUPOOHUYOTO
MPOLIECY, XapaKTep PU3HUKIB, Ta 00CAT JAaHUX 1 BUMOT JI0
ToyHOCTI KoHTpousito. Hanpuknaa, SPC e edexTuBHIM
Juisi ctabuibHOrO MoHiTOpUHTY mporeciB, llicte Curm
JIOTIOMarae 3MEHIIMTH KibKiCTh JedekTiB Ha erami
BUPOOHHIITBA, a MAallWHHE HAaBYaHHA MOXE BHUABILTH
3aKOHOMIPHOCTI Ta MPOTHO3yBaTH MpPOOJIEMH Ha OCHOBI
BEJIMKHX JAHUX.

BaxxmBo oOupaT Mozenb, sika HalKpalle BiOoBiIae
cneuudini BUPOOHUHYOro Mpolecy, o0 JOCIITH
ONITUMAIIEHOT SIKOCTI TIPOIYKITii.
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BukopucTtaHHs €1€MEHTIB IITYYHOTO 1HTEJICKTY JJISI
BHUPIILLIECHHS 3a71a4 MOJCIIOBAaHHS JUHAMIYHUX
IIPOILICCIB

Jmutpo Jlpunsos!

'Hauionanshuii yriBepcuTeT 060poHN Y Kpainu
VYxpaina, Kuis, IToBiTpodnorceku mpocnekT 28
drinevdim@ukr.net

Anomauia. Y cTarTi JOCHIKEHO THWTAHHS MIOJO
BUKOPHCTAHHS €IEMEHTIB IITYYHOTO 1HTEIeKTy I BUPILIECHH
3a]1a4 MOZICTIOBaHHS IMHAMIYHHX IIPOLIECIB.

Crnig 3a3HauWTH, 0 BHKOpUCTaHHA enemeHtiB LI mst
BUpIIIEHHS 3a/ad  MOJENIOBaHHA JUHAMIYHUX IIPOLECIB
nependoavyac  3acTOCYBaHHS pI3HHX METOJIB BUSBICHHI Ta
aHai3y 3MiH y cucremi abo arenri I 3 rummHOM uyacy. Cronu
BXOJUITh TaKi acIeKTH, SK €BOMIOLIS CTaHy CHCTEMH, 3MiHa
BXiJJHUX JlaHUX, aJamnTalis J0 HOBHX YMOB, HAaBYaHHI Ta
PO3BUTOK HaBUYOK.

BUKOpUCTAaHHS €JNEMEHTIB INTYYHOTO IHTENEKTY JUIL
BUpIIIEHHS 3a/ady  MOJENIOBaHHA JUHAMIYHUX IIPOLECIB
J03BOJISIE BMBYATH Ta aHANI3yBaTH IIOBEJIHKY CHCTEM Ta
areHTiB y MIiHJIMBHX yMOBaX, po3poOiaTH Oumbll edeKTHBHI
cTpaterii NPUHHATTS pillleHb Ta IOKPAI[yBaTH 3arajibHy
MIPOJYKTUBHICTh CUCTEMHU.

Kniouogi cnoea: ™onenioBaHHS, IUTYYHHH IHTEINEKT,

JMHAMIYHI TPOLIECH.
I Betyn

IlocTanoBka nmpodiaemMu. Y CydacHOMY HayKOBOMY
CepeIoBHILI PO3BHUTOK HITYYHOT'O IHTENIEKTY
BBAXKAETHCS Iyxe CIIPUSTINBOIO cdeporo
JNOCHI/DKeHHsI, sKa BUKIMKA€ 3HAYHUUA  1HTepec
JochmiaHukiB 1 excrepTiB. OcHOBHa — myOmikaiis

OKpecjuJia OCHOBHI HampsSMKH JIOCHTIJDKEHHS B I
rajny3i, BCTAHOBHBIIHM KJIFOYOBI I Ui MaiOyTHBOTO
MPOTPeCy B rairy3i ITYYHOTO IHTENIEKTY.

OcCHOBHI i  PO3BUTKY IITYYHOTO IHTENIEKTY
BKJIIOYAIOTh BIJTBOPEHHS IMPOLECIB, MOAIOHUX JI0 THX,
10 BiIOYBaIOThCS B IOACBKOMY MO3KY, 1 pO3pOOKY
e(pEeKTUBHUX METOJIB IX 3aCTOCYBaHHA. Y paMmKax
LBOTO maciTaOHi OCII JUKEHHSA MIPUCBAYECH]
pO3YyMIHHIO Ta peami3alii KOTHITHBHHX MEXaHi3MiB,
METOMIB BHUpIIMIEHHS MpoOIeM, IHTEIEKTyaJlbHOTO
obctexxeHHss Ta o0OpoOku iH(popmamii, BIACTUBHX
JOACEKOMY MO3KY.

KpiM Toro, mTydHHH IHTENEKT OXOILTIOE pi3HI
chepu, BKIIOYAIOYM MAINIMHHE HaBYaHHS, OOpPOOKY
MPUPOIHOL MOBH, KOMII ' TOTEpHE OadeHHH,
pOOOTOTEXHIKY Ta aBTOMAaTH30BaHE MPUHHATTS PillICHb.

[TocTifiHe  mocCHifUKEHHS B IOUX  00JlacTaAX
CHpsSIMOBaHE HA CTBOPEHHS BIOCKOHAJIEHUX CHCTEM, K1
BOJIOJIIOTH MiABUIICHUM 1HTEIIEKTOM 1 aBTOHOMIEIO, 110
J03BOJIIE 1M TIPHCTOCOBYBATUCS JO JAWHAMIYHOTO
cepelioBUINA Ta BUPINIYBATH CKIAIHI 3aBJaHHA, SAKi
BUMAararTh IIIHOOKOTO PO3YMIHHS Ta BUHAXIIHBOCTI.

OTxe, pO3BHTOK TMITYYHOTO IHTEIEKTY CTaB
TOJIOBHOIO METOI0 3 MeTOl moOymoBH  OinbIn
pO3YMHUX, €(DEKTUBHUX 1 YHIBEPCAIBHUX CHCTEM, SIKi

MOXXYTh BHKOPHCTOBYBATH HPHHLMUIHU, TOMIOHI JI0
JIOACHKOTO IHTEJEKTY, TaKUM YHHOM CIPHUSIOYH
MpOrpecy B pi3HUX AUCHUILIIHAX HAYKH 1 TEXHIKH.

AHaJi3 OCTaHHIX JOCHiIiKeHb Ta mnyoJiKamii.
[MuTaHHIO WOJO BUKOPHCTAHHS EJIEMEHTIB INTYYHOI'O
IHTEJIeKTy s BUpIMIEHHA 3aJa4  MOJEINIOBaHHS
JUMHAMIYHUX TpOLECiB OyJNM HPUCBSYEHI Mpali TaKuX
BueHux sk bamanmina H.M., Boiiko B.JI., Bacumenko
M.J., Xycainos /1.51. Ta iHmmx.

Mera crarTi € BHCBITJICHHS OCHOBHHX aCIIEKTiB
BUKOPHCTaHHSl €JIEMEHTIB IITYYHOTO IHTEJEKTY JUIst
BUpILICHHS 337124 MOJICJFOBaHHS IMHAMIYHUX TIPOIIECIB.

Il Buxitag ocHOBHOTO MaTepiary

JocnimkeHHs: nmpo0ieM MITy4yHOTrO IHTENEKTY, IO
MalOTh Ha METi MOJEJIOBaHHS MPOLECIB MHUCICHHS
JIOJWHY, TPUBAIOTh BXKE NABHO, 1 I BUPIIICHHS IUX
npoOiiemM Oyiu 3anmpornoHoBaHi pizHi migxoau. Cepen HUX
TEOpisi HEWPOHHUX Mepex Oyla BHU3HAHA OIHUM 3
KJIFOUOBMX  HampsiMkiB. HelpoHHi Mepexi - 11
CHeLiali30BaHUi HAIpsM, METOI SIKOTO € CTBOPEHHS
MITYYHUX MAILHH, MOIOHUX 10 MO3KY [1].

KirowoBumH  acniekTaMu JOCHIIKEHHS HEHpPOHHUX
Mepex € Mpolec HaBYaHHA Ta 3AaTHICTh NPHCTPOIO
HaragyBaTH JIOJACBKHN MO30K. SKmo po3B's3aHHA
NpoOJeMH € iTepaTHBHHUM, NPOLEC MOXKHA OIMCATH SIK
IMHAMIYHUIA. OnHuM 3 HaNOUIBII LIHPOKO
BUKOPUCTOBYBAaHUX MATeMaTHYHHUX IHCTPYMEHTIB IS
ONMUCY JMHAMIYHUX TIpOLECiB € audepeHIiaibHi
pIBHSIHHSL a00 pIBHSHHS IU(epeHIiaabHuX (QyHKIIN 1
CUCTEMH DiBHSHb.

CTBOpEeHHS] MaTEMAaTHYHUX MOJeliel, [0 OMHCYIOTh

mporec HaBU4aHHS 1 (PyHKIIOHYBaHHS  INTYYHUX
HEHPOHHHX MEpeX, € YaCTHHOK Taly3i MITyYHOTO
inTenekty.  Komm'rorepHe  MOJENIOBaHHS  CIYTY€
MOTY>)KHUM ~ IHCTPYMEHTOM  JOCII/DKEHHS — CKIIaJHUX
JTUHAMIYHUX CHCTEM 1 II03BOJISIE MIPOBOIUTH
00YHCITIOBAIbHI eKCIIEPAMEHTH Ha eTamax pPO3BUTKY
CHCTEMH.

Tepmin "muHamiuHa cucTeMa" O3HA4Yae€ CHCTEMY,
MOBENiHKA SKOi OMHCYEThCA CHCTEMOI0 3BHYAWHUX
ABTOHOMHUX IU(EpPCHIIaTbHAX  PIBHAHB  IIEPIIOTO
mopsaaky. OpmHak, OKpiM KIAacHYHOI 3aJadi MOIIyKY
pO3B'S3KIB, Cy4acHa HayKa TaKOX 30CEpeDKYEThCS Ha
SAKICHUX THUTAHHSAX IOCIHIDKEHHS, TaKuX SK moOymoBa
(ha30BUX TOPTPETIB Ta BUBYEHHS CTIMKOCTI OKpEeMHUX
TPAa€eKTOpii 1 cHUCTeMH B MUIOMY (IIOPCTKICTH 1
MIIJBHICTH, CTPYKTYpPHA CTIHKICTH TOMIO) [2].
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Oco0aMBO CKJIaIHUMH € MOZEM, IO OMHCYIOTHCS
ribpuaHuMH cucTeMaMu (HalpUKIaJ, JIOTIKO-AWHAMIYHI
CHUCTEMH, NEPEeMUKaIbHI cHcTeMH). JOCHiPKeHHST TaKuX
CHCTEM IIOB'SI3aHE 3 TAaKUMH CKJIAQJHUMH aCHEKTaMH, SIK
SIKICHE BUBYEHHSI CTIHKOCTI.

PiBHSHHA B  4YaCTMHHMX  NOXiJHHX  IIHPOKO
BHUKOPHCTOBYIOTBCSI SIK MaTeMaTH4HI IHCTPYMEHTH JUIs
aHamizy mporeciB y ¢izumi Ta rigpomuHamimi. Ili
PIBHSHHS YCIHINTHO MOJCTIOIOTH JUHAMIKY PO3MOJILTY
Terula, Tedii PIAMHU 1 Ta3zy, KOJIMBAaHHS IUIACTHH 1
00O0JIOHOK.

Baxmnugoro YMOBOIO o0y JI0BH TOYHHX
MaTeMaTUYHUX MOAEJNeH € HasBHICTh HAyKOBUX 3HAaHb
po  MexaHi3MH  (QYHKIIOHYBaHHS cucteMu. Jlis

mo0Oy/IOBM MOJEJi BUKOPUCTOBYIOThCS 0a30B1 MPUHIINIIH,
Taxi SIK yHiBepcalbHHUNA 3aKOH 30epeKEeHHL.

OnmHUM 3 HalMOIMPEHIMMX MiIXOAIB 10 CTBOPEHHS
MaTeMaTUYHUX MoOJIeNieldl pyXy cucTteMu (MartepianbHOl
TOYKH, TBEPJIOrO TiNa, pIOUHW, Trasy TOWIO) €
BUKOPHCTaHHs NpHHIMIY [aMinbToHa. 3riiHO 3 UM
MIPUHIIMIIOM, CHCTEMA PyXaeThCsd TaK, 100 IHTErpajibHe
3HA4YEHHsI pyXy OyJI0 MiHIMaJIbHHUM.

Codeporo  mocmipkeHb  INTYYHOI'O  iHTEJEKTY,
NIOB'SI3aHOI0 3 JIMHAMIKOI, € MOJICIIOBAHHS IPOIIECIB Y
HeHpoHHUX Mepexax. Y 1943 pori Bueni Mak-Kasuok i
Bonrep IlitTTc ommcanu HEWpOHHM MO3Ky SK JIOTiUHI
€JIEMEHTH, a MEpEeXeBl CHUCTEMH - SK HPUMITUBHHA
00YMCITIOBANIBHUN TIPUCTPI, 3MaTHUN IMITYBaTH JIOTi4HI
ejeMenTH [3].

Ile BU3HAuCHHS BBAXKAETHCS IEPLIMM BH3HAYCHHSIM

NMoHATTs  "HeWpoHHa Mepexa". HeipoHHi Mepexi
XapaKTepU3yIOThCS ABOMA IpoliecaMu: "HaBUaHHS'", SKe
BHU3HAYA€ [apaMeTpH, HEOOXiJHI s BUpIIICHHS

npobiemu, i "(QyHKIIOHYBaHHS", K€ BU3HAYa€ 3alUTH 1
TeHEPYE PillCHHS.

3a3Buuaii 00MJBA NPOLECH € ITEpaTUBHUMH, a IX
MaTeMaTH4yHa MOJENb MOXKe OyTW MpeicTaBiIeHa SK
BHCOKOPO3MIpHA, HeliHIiHA JUCKpeTHa cucteMa. SIKIo
KPOK JMCKPETH3allil 3MEHILUTH, TO TaKi CHCTEMH MOXHa
onucaty TUQepeHIiaTbHUMU PiBHSIHHSIMH.

[punmun TlamineToHa 1 3aKOHHM  30epeKCHHS
BUKODUCTOBYIOTbCS ~ JUI1  NMOOYZOBH  MaTEMaTHYHHX
MoJieniell TuHaMiku B HeifpoauHamini. Taka Mozgens Oyna
3arpornoHoBaHa XondiiaoMm.

Y HeHWpOHHHX Mepexax, J€ BHUXIJHI CHUTHAIN
ITO/Ial0THCS HA BXOMM, BINOYBAETHCS iTepaIliitHui mporiec
1 hopMyeThCst Mepexka 31 3BOPOTHUM 3B's3K0M [4].

Taka cTpyKTypa BiZJoMa SIK aBTOKOpEIbOBaHA MeperKa
i Oyma Boepime 3ampornoHoBana Xomdingom y 1982 porti.
MatemaTHuHy MOJENh IWHAMIKA HEHPOHHOI Mepexi
MOXHa  TPEICTaBUTH 332  JOINOMOTOK  CHUCTEMH
JudepeHIiaIbHIX PiBHSHb.

Bucnosxnu

ToMy BUKOPHCTaHHS €JIEMEHTIB IITYYHOTO 1HTENEKTY
JUIA BHUPIMIEHHS 3aJad  MOJCNIOBaHHS JIWHAMIYHUX
MpOIeCiB BUMAra€ 3acTOCYBaHHS pI3HHX METOJIB
BUSIBIICHHSI Ta aHami3y 3MiH y cuctemi abo IlI-arenTi B
gaci. Lle cTocyeTbecst TaKiX acleKTiB, SK €BONIOLIS CTaHy
CHCTEMH, 3MiHA BXIJHUX JaHUX, ajanTailis A0 HOBHX
YMOB, HaBYaHHS Ta PO3BUTOK HABHYOK.

BHKOpHCTOBYIOUM €JEMEHTH INTYYHOTO IHTENEKTY
JUIT  BUPIIIEHHS 3a7ad MOJICNIIOBAaHHS JAWHAMIYHHX

84

IpoleciB, MOXXKHAa BHBYATH 1 aHAJi3yBaTH IIOBEIIHKY
cucTeMH abo areHTa B MIHJIMBHX yMOBax Ul PO3pOOKU
OimbIn  epeKTMBHUX CTpaTerii NpPUHHATTA pIlIeHb 1
i ABUIIEHHS 3aTaIEHOI TPOAYKTHBHOCTI CHCTEMHU.
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JlocmiakeHHs METOA1B OIUCY JUHAMIKH T'YMaHOIJHOIO
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Anomauyia: TPOBEICHO aHAN3 METOMAIB OIHCY IWHAMIKH
rymaHoigHoro potora. Posrmmsinyro meron Herorona-Eiinepa,
metox Jlarpamka 1 piBsaHsA [aminerona,meron [’ Amambepa,
METOJ] KIHIIEBUX CJIIEMEHTIB Ta piBHIHHA JleHaaBira-
XapTteHOepra Ta iX 0COOIMBOCTI.

Knrwowuosi cnoea: mpaswina, MixHapomHa KoH(DEpEeHILs,
M&MS 2024. nunamika TymaHOimHOTO poOOTa, METON
Hrerorona-Eitnepa, meton Jlarpanxa.

. BCcTvin

Onuc aMHaMiKM T'yMaHOiJHOTO po0OTa € CKIIaJHUM
3aBJIaHHSIM 4epe3 BENMKY KiJIbKICTh CTYIIEHIB CBOOOJIH,
HENIHIMHOCTI Ta B3aEMOJIi CErMEHTIB Tila poOoTa.
JuHamiuyHe MOJIENIOBaHHSI POOOTIB € BaXKJIMBOIO TEMOIO
JUISL TIPOGKTYBaHHs, MOJICNIIOBAHHS Ta KepyBaHHS
poboramu. IcHye Tpu OCHOBHI (opMyntOBaHHS JUIs
BUBYCHHSI 331241 AMHAMIKH, YCi BOHU BUKOPHCTOBYIOTHCS
B aHami3i OararoTiibHUX poOoTiB: Merton HeroToHa-
Eiinepa, metox Jlarpanka i piBasiHHs ['amineToHa. Okpim
OUX TPhOX METOAIB PO3IISHEMO TaKOX METO.X
JI’ AnamOepa, MeTOJl KiHI[EBUX €JIEMEHTIB Ta PIBHSHHS
Jenaasita-Xaprenoepra.

1. AHAJII3 METO/IIB

Meron Jlarpanxka gae 1npocTe  NPEACTAaBICHHS
CUCTEMH, IO Ma€ KiIbKa CYrJo0iB, Halaloul B KOXKEH
MOMEHT Yy3arajbHeHI KOOpPAWHATH BCIX YaCTUHOK, SIKi
OepyTh y4acTh y pyci pobortu3oBaHoi cuctemMu. BiH €
€HEepPreTHYHUM METOJIOM, KUl He MOoTpeOye BHYTPIIIHIX
cun s (GOpMYJIIOBaHHS JUHAMIYHOT Mojelni. Y HbOMY
CIIOYATKY PpO3PAaXOBYIOTh KIHETHUHY Ta MOTEHLIHHY
€Hepril0 MeXaHIYHOI CHCTeMH, a IIOTIM BHUBOJITH
PIBHSIHHSL PyXy 3a JIOIOMOTOI0 CKaispHOl (yHKIIl, ska
HA3UBAEThCS JIarpamkiaHoM. JlarpamkiaH — 1e pi3HHULA
MiX KIHETHYHUM 1 IIOTEHIIiaI0M MeXaHiuHol cuctemH [1].
Meton Jlarpamxa BHKOpPHCTOBYE piBHSHHA Jlarpamxka
JOPYyTOTO POy 1 € OUIBII TEOPETUYHO Yy3araJbHEHUM.
Opnak el MeToj Ma€ TIeBHI oOMeXkeHHs. sl cCKiaaHux
CcHCTeM BHOIp KOOpAMHAT AJIs YaCTHHOK IiJ Yac pyxy €
CKJIQTHUM 3aBIaHHSM.

Meron Hrerorona-Elinepa 3acHOBaHMI Ha 3aKkOHaXx
Herorona i Eiinepa, sixi omucyroTs pyx TBepaux Til Bin
po3rismae poboTa SK CHCTEMY CErMEHTIB (KiHIIBKH,
TyIry0 i TONOBA), OB'A3aHMX MAPHIPHUMH 3'€THAHHIMHU.
Bin ¢opmymioe muHaAMidHY MOJENs Ha OCHOBI OamaHCy
CHMJ KOXHOi JKOPCTKOi JaHKM BiH 3acHOBaHWII Ha
CITOCTEPEKECHHI Ta BU3HAYCHHI IMBUAKOCTEH B OAHIN 200
KUTBKOX 33JaHUX TOYKaX crocTtepekeHHs. LI mmBuakocTi
SIBITEIOTH  COOOI0 IIBUAKOCTI YACTHHOK I dYac pyxy
yepe3 TOUYKY CIIOCTePEeKEHHsI B pi3HHH dYac. Takmm
YMHOM, TOYKHM CIOCTEPEXKEHHS O3HAYaloTh ITOTOYHE
MOJIOKEHHSI YaCTHHOK y JaHWii MoMmeHT. HaBiTh sKIIO
¢dopmanism Herorona-Eitnepa nepenbadae BpaxyBaHHS

OibIIOi  KIMBKOCTI TMapaMeTpiB, HIXK JIATPaHXKEBHU Y
BUIIAJIKy CHUCTEM, IO CKJIaJaroThCs 3 0araTbOX TBEPIHMX
T, BU3HAUEHHS Ta IHBEpCis omeparopiB iHepIii He
03Ha4ya€e BUCOKY BapTiCTh PO3PaxXyHKY.

KaHnoHiuHi piBHSHHS ['aMinbTOHa BUpaXalOThCs 4epes3
MIBUJKOCTI Ta  IMIYJIBCH CHUCTEMH, a MOJJIMBI
OOMEXEeHHsl ~ 3a3BM4Yail  HAKJIQJAIOTbCS  HAa  DiBHI
IIBUJAKOCTI, 0arato JpKepesl BKa3ylOTh Ha BHTIIHI
XapakTepUCTHKA  TaMUIBTOHIBCBKOTO  MiIXOLy 3
YHCEIbHOI TOYKH 30py. Meton ['aMinbTOHa OCHOBaHHIA
Ha TMEepEeTBOPEHHI PIBHIHb pyXy Yepe3 raMiIbTOHiaH —
(yHKLIIO, sKa BU3HAYA€ 3arajibHy €HEpril0 CHUCTEMU Y
TEepMiHaxX KIHETMYHOI Ta MOTCHIIAJILHOT  EHeprii.
PiusiHHs [aminberoHa € maporo audepeHiaTbHUX
PIBHSIHB, SIKi ONUCYIOTh IMHAMIKY CHCTEMH B TepMiHaX
y3araJlbHeHWX KOOpIMHAT 1 MOMEHTIB. ['ymaHoiHi
po0OTH, MatOTh BEJIMKY KUIBKICTh CTYNEHIB CBOOO/H, 110
03HAYae, 110 KOXKEH CErMEHT po00Ta Ma€e CBOIO TO3HMIIIIO |
MIBUJKICTB. Y 1[bOMY KOHTEKCTI PIiBHSHHS [ aminbToHa
MOXYTh OyTH BHUKOPHUCTaHI Ul ONKCY JMHAMIKH BCIX
yacTMH Tina poborta. lleii meron BBaxkaeTbcst OUIBII
a0CcTpakTHUM HiX migxonau Jlarpamxka un HpioToHa.

Meron JI'Anambepa Ga3yerbcst Ha MexaHili HbroToHa,
PO3IIMPIOIOYM HOr0 3aKOHM 3a JOIOMOTOI0 BBEICHHS
HOHSTTA IHEPUiMHUX CUII. 3a 1M NPUHLIUIIOM 0 CHJI, 10
JIIOTh HAa CHUCTEMY JOJAIOThCSI IHEpIiiHI CHJHM, IO
poONsTh pyX eKBiBaJEHTHMM piBHOBa3i. ToOTo cyma
30BHIIIHIX Ta IHEPIIHHUX CHUJI JOPiBHIOE HYIHO (1).

Z FEOBHiLLIHi + Z FiHepLLii:{Hi = 0. (1)

s rymanoinHux po6otiB meron ['Anambepa 3MeHIIye
CKJIaJHICTh 00umcieHb. Lleit Meron nonsrae y po30OHTTI
poboTa Ha OKpeMi CerMeHTH, L0 PO3IJIANAIOTHCS SK
TBEpAi Tija, BU3HAYEHHI iHEPIIHHUX CHI (BpaXOBYIOUH
Macy Ta MPHCKOPEHHS) 1 3aucy piBHSIHBb PIBHOBArd Ui
KOXKHOTO ~CeTMEHTa 3 MOJAIBIINM  PO3B’SI3aHHAM
otpuMaHoi cuctemu. Lleit MeTox € yHiBepcaIbHUM depe3
Te, IO BIH HE 3aJl€KATh CKIAJHOCTI CHCTEMH Ta
KUTBKOCTI  CTyIEHIB  cBOOOOM Ta  MOxe OyTu
3acTOCOBaHWA s Oyap-sikoro pobora. OpHak  3i
30UTBIIEHHSAM KIJIBKOCTI CETMEHTIB Ta CTYIIEHIB CBOOOIH
OTpUMaHa CHCTeMa piBHSIHB OyJe cTaBaTd OUIBIIONO, IO
YCKIIAIHIOE MAaTeMAaTHYHI pPO3PaxXyHKH Ta TMOTpedye
Habarato Oumeme wacy. CKIagHICTE IHOTO METOIY
MOIIATa€ TaKOXK Yy HEOOXiMHOCTI TOYHMX Mopemen
CerMeHTIB Ta iX MmapaMeTpiB, IO Ha MPAKTUIll MOXKE
CTaTH BEJIUKOIO MPOOIEMOTO.

MeTox KIHIEBHUX EJIEMEHTIB BHKOPHCTOBYETHCS JUIS
CHCTeM, IO CKJIAJaeThesi 3 pobora Ta nedopMOBaHOL
ormopn abo y BHIIAJKaX, KOJM pOOOT MAa€ THYUKI
enemeHTH. Lleil miaxin € MEHII pO3MOBCIOKEHNM OIIUCY
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MIOBHOI JIMHAMIKU poOOTa Yepe3 CBOIO CrelU(idHICTh. Y
BHIA/IKaX HASBHOCTI THYYKHX YacTHH y TYMaHOIZHOTO
pobota 1eii MeTox 3a JIOTIKOIO CXOXHH Ha METOH
J'Anambepa yepe3 HeoOXimHICTE po30HTTS poboTa Ha
OKpeMi eJIeMEHTH Ta OOYHMCICHHS X JMHAMIKH OKpPEeMO
OJIMH BIJI OJHOTIO.

PipusiHHs JlenaaBiTa-XapTeHOEpra BAKOPHCTOBYIOTHCS
JUISL OTTMCY KIHEMATWKW TyMaHOIAHHX poOOTiB. Y 1boMy
METO/I BHKOPUCTOBYIOThCS doThpu DH-mapamerpw, siki
BBXKAIOTHCS CTaHAAPTHUM CIIOCOOOM ONHCY Opi€HTAamii
JIAHOK po0O0Ta BiTHOCHO OJJHA OJIHOI: 0L — KyT MK JIBOMa
OCSIMH Z, 110 ONKCYE HaXMJI MX JIAaHKaMH; a — JIOBXKHHA
JIAHKH MIX OocssMH 00epTaHHs; d — 3MilIeHHS B3J0BXK OCI
Z MK JlaHKamu; O — KyT o0epTaHHsS HaBKOJIO OCi Z, IO
orucye obepraHHs cyriioba poboTa. 3a JOMOMOror X
rapameTpiB ONHCY€ThCsS KOXKHA JiaHKa pobora. He
JUBIISIYMCH Ha Te, 0 DH-napametpu
BHUKOPHCTOBYIOTBCSI Y KiHEMAaTHIli, BOHM € OCHOBOIO JUIsI
MOJIANIBIIOTO  aHAJ3y JHMHAMIKM po0OTa Ta 3HAYHO
CIpOLIyE pPO3paxyHKH CKIAJHUX CHCTeM 3 OaraTbMa
CTYNEHSIMU CBOOOIH.

I11. BUCHOBKU

Tok MOXHa 3PO3YMITH, IO KOXEH 3 PO3MISHYTHX
METOJiB € 3pYy4YHHM JUIi OKPEMHX 3aBAaHb, IO
CTaBIATHCS TEpe;  IH)XKEHEpOM TpHU  MOJEIIOBaHHI
JMHAMIKK TyMaHoinHoro poOora. SIkmio oOupatu oJuH
METOJ JUIA I(i€i METH, TO HANOUIBII MaTEMaTHYHO
THYYKMM Ta TOYHHM, a TaKoX 3 MOXKJIHBICTIO
3aCTOCYBAHHS JJO CUCTEM 3 BEJIMKOIO KUIBKICTIO CTYICHIB
cBOOOAM, SKUMH 1 € TyMaHOimHiI pPOOOTH € MeTon
Jlarpamka. OpHak  JOUNBHIIIE  BUKOPHUCTOBYBATH
CYKYIHICTb ~METOMAIB  JJIsi  HAWOINblI  OTpUMAaHHs
HAKOLIBLI TOYHOT AMHAMIYHOI MOZENi podoTa.
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Metoau Ta anroputMu jokamizamii RFID-miTok:

CydYacH1 MIJXOJU Ta MEPCIEKTUBU
Awngpiit Cmocap', Coodis Xpycranpopa'

1. Kadenpa KITAP, Xapkiscbkuil HallioHabHuUi yHiBepeuTeT pajioenextponiky, YKPATHA,
Xapkis, np. Hayku. 14., email: andrii.sliusar@nure.ua
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Anomauin: RFID €  TEXHOJIOTI€X0O  aBTOMAaTHYHOI
imeHTH}IKaI], 10 JO3BOJISE BiACTEXKYBAaTH 00'€EKTH Ta JIOJCH.
VY poboti aHami3yroThcs cydacHi mertoiu Jokamizamnii RFID-
MITOK y CKJIaJHUX YMOBaxX NPHUMIIIEHb, KIacH(IKyrOThCs
MAXOAW 10 TIO3WMIOHYBAHHA, a TAaKOX PpO3TIBIIAOTHCS
MaifOyTHI TEHJCHIIi y PO3BUTKY TEXHOJOTII 3 ypaxyBaHHIM
00MeKeHb MITOK Ta CKJIAJIHOIIIB CEPEIOBHIIA.

Knrouosi cnosa: paniodactotTHa iIeHTA(IKAITSA, JTOKATI3aIis,
MiTKa, CUTHAJL.

. BCcTvin

Pamiouacrorna  imeHtudikamis (RFID)  mmpoko
BUKOPHCTOBYEThCS Ul €JIEKTPOHHOI ineHTUdiKalii Ta
BifcrexxenHs. RFID mpormonye cyTreBi mnepeBaru st
0i3Hecy,  JIO3BOJIIOMM  ABTOMATHYHO  NPOBOJHTH
IHBEHTApH3allil0 Ta BIJICTE)KEHHS B JIAHIIOTY MOCTAaBOK.
Ll TexHoOMOris BiJirpa€e KIIOUYOBY pOJib y TOIIMPEHHI
Mepex 1 nociyr [1]. Jlani MoxkHa 36epiratu 1 BijaneHo
orpumyBati  Ha  RFID-miTkax, 1o  J03BOJsIE
ineHTHdikyBaTH NPHUCTPOI Ta KOPHCTYBadiB y pexXuMI
peansHoro yacy. Onnak, BukopuctanHi RFID moxHa
Oysio © 3HAYHO ONTUMI3yBaTH, SKOM iNeHTH]IKALiiTHA
iH(popMallis OyJa MpuB's3aHa 10 MiCIIE3HAXOHKEHHS.

Leit HOBWIT BUMIp KOHTEKCTHOI  OOI3HAHOCTI
nigTpuMaB O po3poOKy HOBUX — CTparterii  uis
ABTOHOMHHUX 1  JIOMamllHIX  MepeX,  KOHTPOIIO

MOOLIBHOCTI, PO3MOALTY PecypciB, OE3MEKH 1 arOPUTMIB
BUsIBJIEHHsSI mociyr. Taki (yHKIIOHaIbHI MOMIHBOCTI
TAKOXX 3HAWIYTh 3aCTOCYBaHHs B  Hapiramii B
NPUMIIIEHHSX, TOYHOI IHBEHTapH3allii B  PEKHUMI
peasipHOTO Hacy 1 B ympaBiiHHI OiOmioTekamu Juis
MOIIYKY JIoJiei abo TMpeaMeTiB, KOHTPOJIIO JOCTYIy 1
MOHITOpPUHTY ™o, Hanpuknaa Knacuuni cucremu
RFID HA/IAI0Th rpyoy iHpOpMaIlio npo
MiCIIe3HAXO/KEHHs. IXHi 34MTyBaui, fK IMPaBUIIO,
PO3MIIIYIOTECA B CTPATETIYHUX MICIAX, HAIPHKIAM, OiIs
BODIT, 1 IXHE MNpH3HAYEHHA — BUSABIATH MITKH, SKi
IPOXOAATH B 30HI IXHBOTO 3YMTYBaHHS. TakuM YHHOM,
TOYHICTH JIOKANi3aIlii TAKHX CHCTEM BiAIMOBIiIAE po3Mipy
KOMIPKH, yTBOPEHOT 3UATYyBaYEM.

3 pocToM TOMYNAPHOCTI CHCTEM  BH3HAYCHHS
MICIIE3HAXOKEHHS B MIPUMIMICHHAX 1 OUTBII TII00aTBHIX
JOCTI/KCHD MO3UIIIOHYBAaHHS B OE3APOTOBHX MeEpexkax,
moyana BHUHHKATH mpobinema mozurionyBaHHa RFID-

MiTok [2]. Meroam sokamizamii gas  RFID-miTok
0a3yroTbCs Ha THX JK€ NPUHIUNAX, MO0 1 I
6e3gporoBux Mepexxk. OpHak BOHM aJanToBaHI IO

Crier(piTHIX MOXKINBOCTEH 1 0OMEKEHb IIi€1 TEXHOIOTI].
JificHO, MITKH MAalOTh Oyke€ OOMEKEHI MOMIMBOCTI 3
TOYKA 30py €Heprii Ta mam'saTi, 3a0e3mnedyroun
ACIMETpUYHHN 3B'I30K Ha KOPOTKUX BIACTAHAX 1
LeHTpaii3oBaHi cuctemMu. Kpim Toro, mMailOyTHi MeToam
JIOKaJi3alii MOBHHHI OyIyTh BPaxOBYBaTH TaKi MUTaHHS,

SIK pI3HOMAaHITHICTh YHTAa4iB, MOOUTBHICTB, 3001 B CHCTEMI
Oe3reku Ta iHIIIi.

VY miii poOOTI MpeACTaBIEHO OIS CYy4acHOTO CTaHy
cnpaB y cdepi Jokanizanii 3a gonomoror RFID-mitok.
Bona mpencTaBisie cydacHi MPUHIMITA TO3UIIIOHYBaHHS
JUTs OE37POTOBUX MEPEXK BCEPEMHI TPUMIIIICHB 3 OTJISTY
Ha 1X YHMCJICHHI 3aCTOCYBaHHS, a TAaKOX KiacH(ikaiiio
OCHOBHMX cxeMm Jjokamizamii RFID, 3nalimeHux B
JiTepaTypi.

1. TEXHosortd RFID

Mepexi RFID ckianatoThesi 3 TPhOX PI3HUX O0'€KTIB:
RFID-miToK, 34nTyBadiB i CepBepiB, SK MOKA3aHO HA PUC.
1. Bci RFID-miTKM BUKOPHCTOBYIOTh pajioyaCTOTHY
eHeprito i 3B'I3Ky 31 3uMTyBauamu. OpHak cnocid
KMBJICHHS MITOK pI3HUTBCS. AKTHBHa MiTKa Mae
BOyIOBaHy OaTapelo, sika Oe3lepepBHO XHUBHUTH ii Ta
CXeMy paJioyacTOTHOrO 3B'A3Ky. TakuM  YHHOM,
3YMTyBadi MOXYTb MEpelaBaTH CUTHAIH Jy>Ke HU3BKOT'O
piBHSI, a MiTKa MOXE BIJIIOBIIATH CHTHAJIAMU BHUCOKOTO
piBHS. AKTMBHAa MIiTKa MOXE€ TaKOX MaTH JOAATKOBI
(yHKLIT, Taki K Mam'sTh, JaTYUK a00 KpunTorpadiuHui
MOIyJib. 3 iHIIOro OOKy, NacMBHAa MiTKa HE Mae
BHYTPIIIHBOTO JDKEpelia JKUBIEHHA. SIK IpaBHIIO, BOHA
pO3CilOE CHTHAJ, OTPUMaHMi BijJ 3unTyBada. [lacuBHI
MITKM MalTh MEHIIMHA pPO3MIp 1 KOIITYIOTh JICIIEBIIE,
HDK  aKTWBHI, ajle  MamTh JIyXke  OOMexeHy
¢yukuionaneHicte. Ocrtanniit Tin RFID-miTok — 11
HamiBakTHBHI ~ MITKH. Ili MITKM B3aeMOIiIOTh  3i
3UMTYyBayaMH, SIK 1 TACUBHI MITKH, ajie B HUX BOYZOBaHa
BHYTpIillIHs ~Oarapesi, sKa TIOCTIHHO JKMBUTH IXHI
BHYTPIIIIHI CXEMHU.

Puc. 1. ApxitexTypa knacugroi cuctemu RFID

3untyBaui RFID mators nmBa intepdeticu. [leprmmit —
pamiogacToTHHH iHTEepQEc, SIKU 3B'I3YETHCS 3 MITKAMH
B Jiama3oHi 3YMTYBaHHSA, MO0 OTpUMATH  iXHI
imeHTu(iKamiiai  maHi. Jpyrmid - KOMYHiKamiHWA
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inTepdeiic, 3a3Buuait IEEE 802.11 abo 802.3, mus
3B'SI3Ky 3 CEpBEpaMMU.
Hapemrri, oqua abo KijbKa cepBepiB CKIIaJa0Th TPETIO

YaCTUHY CUCTEMU RFID. Bonu 30MparoTh
ineHTH(diKaTOPH MITOK, HAAICIAHI 34YMTyBaueM, 1
BUKOHYIOTh OOYMCIICHHS, HaNpHKJIAJA, 3aCTOCOBYIOUH

METOA JIoKamizalii. BOHM TakoX MICTATH OCHOBHY
YaCTHHY IPOMDKHOTO IIPOrpaMHOro 3a0e3rmedyeHHs 1
MOXYTh OyTH B3a€EMOITOB'SI3aHi1 MiXk COOOIO.

Cucremu RFID MokHa poO3IinMTH Ha JIBI OCHOBHI
Kareropii  BIANMOBIZHO A0  IX  BHUKOPHCTaHHS:
MOHITOPUHTOBI Ta aBTOpH3aIliiHi [3]. Jlo mepiroro kimacy
Hajexkatb RFID-cucTteMu, B SKHX MITKA HEPO3PHUBHO
MIPUKPIIJIEH] 10 00'€KTiB, sIKi BOHH iAeHTH(IKYyIOTh. Taki
Mepexi HaJal0Th MOXIIMBICTh NepeBipsTH,
KOHTPOJIIOBAaTH Ta ayTeHTU(iKyBaTH, SKi caMe MITKU
MPUCYTHI B 30HI onuTyBaHHs. KiacuuHi npuKIaan
BHKOPHUCTaHHS — II¢ XyA00a abo moau 3 BOYIOBaHUMH
RFID-mitkamu. [lpyruii kiac BKJIIOYAae B ce0e CUCTEMH
RFID, B sixkux RFID-miTkM He mpukpimieHi 10 00'ekTiB

Ha TmOCTiHHIA ocHOBi. Yepes 10 BIACTUBICTB
ineHTU(diKamito ocobu, sika Bomomie RFID-miTkot0,
HEMOXITUBO HIEPEBIPHUTH. Tumnogi MPUKIIAaN
BUKOPDHCTaHHS  aBTopm3auiiinux cucteM RFID -

KOHTpPOJIb JOCTYIly B OyniBimi, Je MiTKH BOyIOBaHI B
KapTKH 200 KIIIOYi.

1. ITIPUHLMIIN [TO3ULIOHYBAHHS JUJISI
BE3JIPOTOBMX MEPEXX BCEPEJIVHI I[TPUMIILIEHb

[NommpenHs pagiocuraaty B MPUMILICHHI MOB'A3aHe 3
YUCICHHUMH  Ipo0jeMaMy, TakUMH K  CHJIbHA
0araTolpoMeHeBIiCTb,  PIAKICHUH  HUIAX  OPsSMOI
Bugumocti  (LOS), mnornumuanus, gudpakuis — Ta
BijyizepkaneHHs [4]. OCKUIbKM CHUTHAll HE MOXe OyTh
BUMIpSHMI  JyXe TO4HO, B JiTeparypi  Oyno
3aMPOMOHOBAHO KiJIbKa aJ'IFOpI/ITMiB nokamzamii B
HpI/IMIH.IeHHl Ix MOKHa PO3/ITMTH HA TPH TPYTIH: OLiHKA
BiJICTaHi, aHaJIi3 CLEHH Ta HAOIMKCHHS.

Ouinka BiacTani. Ll rpymna anropuT™iB BUKOPHCTOBYE
BJIACTUBOCTI TPUKYTHUKIB I OLIIHKA
MICIIE3HAXO/DKEHHS LT,  TplaHrynsmiiHuil  migxim,
MPOUTIOCTPOBAHUN Ha PHUC. 2, MOJSra€ y BUMIPIOBaHHI
kyra maminas (abo Angle Of Arrival — AOA)
IIOHAWMEHILE JIBOX ONOpPHUX TO4YOK. Po3paxyHKoBe
MIOJIOKEHHS BIJIOBiNa€ TEPETHHY JiHIA, BHU3HAYECHUX
KyTamMd TmTafgiHHS. HaBmaku, naTepariiftHuil —Mmiaxif,
MIPOLTIOCTPOBAHUM Ha pHUC. 3, OIIHIOE MOJOKEHHS I
LUISIXOM OINIHKY BiJCTaHEH [0 Hel MIOHAWMEHIIE BII
TPHOX OMOPHUX TOYOK. MeTOaM BUMIpIOBaHHS JabHOCTI
BUKOPUCTOBYIOTh IOTY)KHICTh IIPHHHATOrO CHTHAILY
(RSS), gac mpubytrsa (TOA), pi3HHUIIO B Yaci mpuOyTTA
(TDOA) a6o ¢asy npuiiasitoro curnany (RSP).

1) RSS: ocrnabneHHs] MOTYXHOCTI BHUIIPOMIHIOBAaHOTO
CHUTHAIY 3aJeKHUTh BiJl BiICTaHI MK BHIIPOMIHIOBaYeM i
mpuiiMadeM. TakuM YHHOM, ITIb MOXKHA JIOKaTi3yBaTH,
MalpuH IOHAWMEHIe TPH OMOPHI TOYKW 1 BiNIIOBIIHI
BTpaTH CHUTHaly Ha [UIXy [OMHMpeHHsA. byno
3alpOMOHOBAHO KIIbKA EMITIPHYHUX 1 TEOPETHIHIX
Mojeniell A TEePEeTBOPEHHS PI3HHII MK MOTYKHICTIO
MePeJaHoTO 1 MPUIHATOTO CHTHAITy B OIIHKY BiJCTaHi.
Cucremun ©Ha ocHOBi RSS 3a3Buuaii morpelyroTh
ajanTamii Ha MicIi, o0 3MEHIUTA Cepilo3HI HACTIIKA
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0araTornpomMeHeBUX 3aTiHeHHS B
MIPUMIIIEHHSIX.

2) TOA: BigcTtaHp MiX OIIOPHOIO TOYKOIO 1 IJLTIO
TaKOX TIPONOpPLIHHA 4Yacy IOMMPEHHS CUTHAIY.
Cuctemn Ha ocHOBi TOA moTpeOyroTh MIOHalMeEHIIE
TPHOX PI3HUX BUMIPIOBAJILHUX ONMHUIIL JUIS BUKOHAHHS
narepanii 1ust 2-D no3unionyBaHHs. OJHaK BOHH TaKOX
BUMararmTh, MO0 yci mepejaBaui Ta HpuiiMadi Oymu
TOYHO CHHXPOHI30BaHi, a IepeJaBajibHi CHTHAIN MiCTHIN
YacOBI MITKH JJIs1 TOYHOI OITIHKH MPOWICHUX BiJICTaHEH.
SIKmo mocTynHO OifbIlle TPHOX OIMOPHHUX TOYOK, MOXKHA
BUKOPHCTOBYBATH aJITOPUTM HaWMEHIIMX KBaJpaTiB abo
OIMH 3 HOro BapiaHTiB, 100 MIHIMI3yBaTH ITOMUJIKY
JoKasi3anii.

3aBMHUpaHb 1

»
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: :ﬁ.r'rgla 3

:{"-\"
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Puc. 2. [IpuHumn TpiaHryssmii

2

3) TDOA: mnpunuun TDOA 6asyetbcst Ha igei
BHU3HAYCHHS BIJHOCHOTO MiCIIe3HAXOKCHHS IIepeiaBaya,
BUKOPHCTOBYIOYM pI3HHIIO B 4aci, B SKWHH CHUTHAI,
BUIPOMIHIOBAHUM IIIJUIIO, HAAXOAUTH JIO JIEKLIBKOX
BUMIPIOBAILHUX OAWMHHILL. Tpu ¢ikcoBaHl mnpuiimadi
naroth 1Ba TDOA 1, TakuM 4MHOM, 320€3M1e4yI0Th TOUKY
MEPETHHY, SIKa € OIL[IHOYHUM MICLE3HAXOKESHHIM LTI
Lleit mMeroj BuUMarae TOYHOI NPHUBSIZKK J0 4acy MK
BuMiptoBasibHuME ofuHuLsAME. Sk 1 TOA, TDOA wmae
iHm Henoniku. Y mnpuMmilenHsx kanan LOS piako
jpoctynnuii. KpiM  Toro, paaionomMpeHHs — 4acTo
cTpaxkaae Bij eekTy 0araTonpoMeHEBOCTI, 110 BILIMBAE
Ha Yac MPOXOJKEHHsI CUTHAJIIB.
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Puc. 3. IIpuanun Tpunatepamii

4) RSP: meton RSP, sxuit Takok Ha3WBarOTH (Hha3oro
npudyTTs (POA), BUKOPHCTOBYE 3aTPUMKY, BUPAKEHY B
YacTKaX JOBXHWHU XBWJII CHTHAINY, JUTSI OI[IHKH BiJICTaHi.
Bin Bumarae po3MimieHHs nepeaBadiB y MEeBHUX MICIISX
1 mepembayae, IO BOHH BHIPOMIHIOKOTH  YHCTI
cuHycoimanpHi curHamu. Jlokamizamists Moxke OyTh
BHKOHAHA 3a JOTOMOTO0I0 ()a30BMX BUMIPIOBaHb i TOTO XK
anroputMy, mo i TOA, abo 3a 10MOMOro0 BUMipIOBaHb
pizaumi ¢a3 1 Toro x amropurmy, mo i TDOA.
Henmonmikom wmeromy RSP  mpum  3actocyBanHi B
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MPUMIIICHHI € Te, IO Ui OOMEXCHHS IOMHIIOK
JoKajizauii oMy BKpaii HeoOXiHa  HasBHICTB
curHanbHoro Tpaxkty LOS.

5) AOA: AOA mossirae B OOYHCIEHHI HEPETUHY
JEKITBKOX HATPSAMKIB, KOXCH 3 SKAX BHUXOJHUTH BiJ
pamiomaska abo Big 1m. JlOg  3HAXOIKEHHS
JMBOBUMIPHOTO  MICIIC3HAXOMKEHHS III  MOTPiOHO
IIOHaWMEHIIIe [Ba KyTH, BUMIpSIHI 3@ JIOIOMOTOI0 aHTEHU
abo MacuBy aHTEH 1 IEpPETBOPEHI B IMPEKLIHHI JiHii.
TuM He MeHII, II€ii METOJN BHMAara€ CKJIagHOTO 1
JOpororo oOJajHaHHSA 1 OCOONMBO CTpaXkIae BiX
3aTiHeHH 1 0araToNpOMEHEBUX BiII3epKaJICHb.

Anamiz  wmicus.  Iligxomqum g0  aHamizy  micus
CKIIQJAIOTRCSA 3 JBOX OKpemMux eramiB. CroudaTky
30upaeThest iHpOpMallis PO HABKOJMIIHE CEPeIOBHIIIE.
IToTiM OIIIHIOETHCS MICHE3HAXOMKEHHS [T IIJISTXOM
3ICTAaBJICHHS  OHJIAWH-BUMIPIOBaHb 3  BIJMOBIIHUM
HabopoM JaHuMX. SK TpaBWiIO, BHKOPHUCTOBYETHCS
JMAKTHJIOCKOMiss Ha ocHOBi RSS. JIBomMa OCHOBHUMH
MeTOAaMU HAaKTHIIOCKOMII €: MeTod K-HaiOmMK4oro
cycina (kNN), Ttakoxx BigoMHMH sK pagiomana, Ta
IMOBIpHICHI METOTH.

KNN — Mertox kNN mojsrae B TOMy, IO CIIOYATKY
BuMiproeTecst RSS y Bimomux wicisx, o0 CTBOPHUTH
6a3y nannx RSS, sika HasuBaeTbes pagiomana. IloTiwm,
mij yac oHNaiH a3y, BUKOHYIOThCS BUMiptoBaHHS RSS,
HOB'SI3aHi 3 LU0, A7 TOMIYyKY Kk HaiOmkuux 30iriB y
nonepenHb0 MOOYJOBAHOMY CHTHAJIBHOMY IIPOCTOPI.
Hapemi, npuHOMI CepeIHBbOKBAPATUYHOI TMOXHOKH
3aCTOCOBYETHCS JI0 OOpaHHX CYCi/iB, 1100 BHU3HAYUTH
MIPUOIT3HE MiCIE3HAXOKESHHS LTI

IMOBipHICHMI MiAXiA - 3aBJaHHSAM IMOBIPHICHOT'O
MIJIXOy € 3HaXO/KCHHS MICIIE3HAXO/PKeHHsT Ll 3a
YMOBH, L0 € N MOXIIMBHUX MICIE3HAXO/KEHb 1 OIIMH
BEKTOp DIBHSI CHUTHaIy, SIKMH CIIOCTEpIraeThcs MiJl 4ac
OHJIaMH (ha3u, BiJIIOBIAHO J0 arlOCTEPiOpHOT HIMOBIPHOCTI
Ta Qopmyiu baiieca. Takum unmHOM, oOHpaeThCs
MICIIE3HaXO/DKEHHS 3 HalOINbIIo WMOBIpHICTIO. SIK
MPaBUIIO, IMOBIPHICHI METOJIY BKIIOYAIOTh Pi3HI €TaIH,
Taki sIK KauiOpyBaHHs, AaKTHBHE HaBYaHHS, OIIHKa
TTOMUJIOK 1 BIJICTEXKEHHS 3 ICTOPIEFO.

HaOmmwkenicts. OcTaHHIA THII METOMIB JIOKaji3amii B
MPUMIIIEHHAX 3acHOBaHMH Ha OmusbkocTi. [leit miaxin
MOKJIA/IA€THCSI Ha IIIbHE po3MillleHHs aHTeH. Koy minb
MOTPAIUISE B pajlyc Iil OfHIET aHTEHH, BBRXKAETHCS, 1110 il
MICIIE3HAXOKEHHS 30IracThCd 3 MICIE3HAXOKEHHIM
uporo npuitMaya. Kojiu 1ijib BUSIBISIOTH KijbKa aHTEH,
BBaXKAETHCS, IO ILIiJIb 3HAXOIUTHCA OLIS Ti€el 3 HUX, fAKa
npuiiMae HalcuinpHImmHA curHan. Led migxim mgyxe
MpoCTHHA 1 JIeTKO peamizyeTbes. OOHAK, TOYHICTH Mae
TIOPSATOK PO3MipYy KOMipOK.

IV. CxXEMU 10KAIBALLIL RFID

3amponoHOBaHO KilbKa METOMIB JIOKamizamii 3a
moromoroto  RFID-mitok. BoOHH  BHKOPHCTOBYIOTH
TIPUHIIUAIIN JIOKANi3allii B MPUMIMIECHH] Ta aJanToOBaHi 10
ocobmuBoctert TexHonorii RFID. Yepes myxe oOMexeHi
MOXXJIMBOCTI MITOK 1 Ha BIiAMIHY BiJ CIeIialbHUX i
CEHCOPHUX MepeX, JIOKAJI3aIlisl 3aBKAM [IEHTPaTi30BaHa.
3 macuBHUMH MiTKamMu a00 PIOKICHIM pPO3TOpTaHHSIM
3YNTYyBaviB IepeBara HAJA€ThCS HAOMKEHOMY MiTXOy.
I HaBnakw, KOMM MITKH MAlOTh OIJbIIy €HEpriro i,
BiMOBiHO, OINMBINMIA [iama3oH 3YMTYBaHHS, ab0 KOJIH
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3YMTYBayl LIJIBHO PO3MIIIEHI, JUIA JIOKaji3alii MiTOK
MOJKHA 3aCTOCOBYBAaTH OULTBII ckiamHi meromu. Cxemu
nokamizanii RFID mMoxxHa po3ainmiT Ha Tpu ciMelcTsa:
jmaTepaimiss 3 OI[HKOI BiJICTaHi, aHali3 CICHH 3
pPO3TOPTaHHSIM JOJATKOBUX OIMOPHUX MITOK 1 MiAXia Ha
OCHOB1 OOMEXEHb.

OrwiHKa BiJCcTaHi:

1) SpotON [5]: SpotON 6a3yeThcss Ha BUMIPIOBaHHSIX
RSS Big perynpoBanux axtuBHHX RFID-miTok 3
BeJMKUM paaiycom nmii. Iligxim mpoctumit: Kinbka
3YNTYBauiB 30MpalOTh BUMIPIOBaHHSI PIBHS CHUTHAITY JUIS
TOro, 100 HAONMKEHO BHM3HAYMTU BiJCTaHL 34
JIOTIOMOTOF0 (DYHKITI1, BA3HAYCHOI HA OCHOBI EMITIPUIHUX
nmaHux. [loTIM BHKOHYIOTBCSA KJIACHYHI JIaTeparii Jyis
JIOKaJTi3aii MiTOK.

2) SAW ID-mitku [6]: miTku 3 imeHTH(IiKAIi€O
TIOBEPXHEBUX aKyCTUYHUX XBWIb (SAW ID) € noBHicTIO
MacHBHUMHU. BOHM BUKOPHUCTOBYIOTH METOJHM CTHCHEHHS
IMITYJIBCIB 1 BEJTUKY KUIBKICTh MOKIIMBOCTEH KOJIyBaHHSL

KoxHa MiTKa ONMUTYETBCS 3a JOMOMOTOK  4acy,
3BOpPOTHOTO 1i immynscHOMY Biaryky. IlotiMm BoHa
pETpaHCIIoE KOpeJIbOBaHU I CUTHAJ. Ieit

peTpaHCIbOBAaHUH CUTHAJl TOKa3ye MiK aBTOKOPEJSIIii.
BiamnoBine 3 HaWOLIBLIOW aMILIITY/I0K 1IeHTU(IKYE
IIYKaHy MITKy. BificTaHp MK KOKHUM 34HTYBa4deM i Ta
MITKOI0O BHUMIpIO€TbCSI Ha ocHOBI TOA HacTymHuUM
YHHOM:

—Topy — T — T

Tto tal,i sys cable,i
d, = .
Co

€))

3atpumka T, CIPpUYMHEHA CHUCTEMOIO, Ta 3aTpUMKa

S_\_?S’
T opte;» ~ CIPUYMHCHA
HPUHMAaIBHOIO AHTEHOIO Ta JEMOYJISITOPOM,
pO3paxoByrOThCst  miJ 4ac  (asu  MONepeHbOro
xajiopysanHs. Yac 3aTpuMku T, OJHAKOBHH 11 BCiX
miTok. Komu pocTymHi Tpu pO3paxyHKOBI BiJCTaHi,
CUCTEMa BUKOHYE TPUJIATEPALIIIO JITS JIOKaJi3allii MiTKH.
3) LPM [7]: cuctema JOKalbHOTO BHMIPIOBAHHS
nonoxeHuss (LPM) BHKOpHCTOBYE aKTHBHI MITKH.
Ockinbku BoHa 0azyerbest Ha TexHinl TDOA, 3unTyBaui
CHUHXPOHI3YIOTHCS 32 IOMOMOTOI0 OonopHux MiTok (RT) y
BijoMux 1 (IKCOBaHMX MO3HMIIAX, SIKI MPAIIOIOTh
6esnepepBHo. [licis oOTpuMaHHS KOMaHIM aKTUBAIli,
oOpaHa BuMiptoBanbHa MiTka (MT) pearye B MOMEHT

q4acy typ-
BIINOBIJHMX CHTHAJIB HAa KOXXKHOMY 3YMTyBaul R MOXKe
OyTH oOuNCIieHa HACTYITHUM YHHOM:

Kabels MM MK~ KOKHOIO

Takum 4nHOM, pISHALSL B Hacl tger

WF(HI] - ‘l(tnr - tr) + IHT - Rll -

2
ller - &l

Awnanis Mmicus:

1) Landmarc: 1ist cuctema 3acHoBana Ha Metoi KNN.
OnopHi MITKH, AKi € (QiKCOBAaHMMH MITKaMH 3 BiJIOMHM
TIOJIOKEHHSIM, PETyJISIPHO PO3TOPTArOThCS Ha TOKPHTIH
TepuTopii. 3YMTyBaui MarOTh BICIM pI3HHX piBHIB
notyxsocti. Lle#t miaxim momsrae y Bubopi K
HaOMMKYMX OMOPHUX MITOK 3 HEBIIOMOi aKTUBHOI
MITKH 3 HACTYIHHM ITOKa3HUKOM JUI KOXKHOI OITOPHOI
MITKH :
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Ie N — KiIbKiCTh 34nTyBadviB, S, — RSS Tery, BumMipsnmii

3untyBavem i, a 6, RSS eranonnoro Ttery |,
BUMIpsiHMI 3unTyBadueM I. E mo3Hauae 3B'S30K Mix
KOXKHAM CTaJlOHHUM TErOM 1 HEBIIOMHM TETOM.
Koopaunatu K HalOMMKYMX MITOK BHKOPHUCTOBYHOTHCS

IUIA JIOKai3aii MiTKH:

EranonHnuii ter 3 HalimenummM E mMae HaliOinbiny Bary.

2) VIRE: VIRE BukopucroBye mpunimn Landmarc,
TOOTO JIBOBHMIPHY PETYJSIPHY CITKYy OHOPHHX TeriB. THM
HE MeHII, [ed MeTol BBOAUTH TMOHATTS KapTu
Onu3bKOCTI. Bcest 30Ha 30HIYyBaHHS MONUIAETHCS Ha
perioHH, Jie IEHTP KOXKHOTO PETIOHY BiZNOBIIA€ OMOPHIN
Miti. KoxeH 3uuTyBau miATpUMYE BIAacHY KapTy
OnMM3bKOCTI. SIKIIO pi3HMI MK BUMiptoBaHHSM RSS
HeBizoMoi MiTKHM 1 BuMiptoBaHHsIM RSS periony meHIna
3a MOPOTOBE 3HAYCHHS, PEriOH IO3HAYAETHCA 5K 1.
OO'exHaHHS KapT yCiX N 34NTyBadiB Ja€ IJIOOANBHY
KapTy ONM3BKOCTI Juisi Tery. Bu3HauyaroThCcsl N1Ba Barosi
koedinientn. [lepmmii  neMOHCTpye  pO30IKHICTBH
BUMIpIOBaHb RSS Mik BUOpaHUMHU €TaJIOHHMMH Teramu
Ta TErOM:

me, N — KiNBKICTh 3uMTyBauiB, S, — RSS wmirtkn,
BUMIpSIHUI 3unTyBaueM i, a 6j,i — RSS eTanoHHOl MiTKH
j, BUMipsiHuii 3unTyBadeM i. Jlpyruii BaroBuii KOeQirieHT
— ue ¢yHKUis, NOB'I3aHa 3 MIUIBHICTIO BHOpaHUX
eTAJIOHHUX  MiTOK.  HalimiinpHima  o0macte  Mae
HaiOIbITy Bary:

e, n, — KUIBKICTB yCIX PETIOHIB, @ P, — BiIHOLICHHS
KOH'IOHKTUBHO MOXJIMBHUX DPETIOHIB /IO BCi€l TEPUTOPII.
KoopnuHath ~ MITKM ~ OCTATOYHO  OOYHCIIOIOTHCS
HACTYITHUM YHHOM:

3) ®inmprparis Kammawa: 1ieil miaxix BHKOPHCTOBYE
TErw mochiIaHb. [lepumii Kpok mossrae B 0OOYHCIIEHH] 3a
poromMororo RSS-BuMiproBanp Big [BOX 34YMTYyBadiB
Binctani Di MiXk KOXHOIO €TaJOHHOIO MITKOIO Ta
I1JIBOBOIO MITKOIO. Micre3HaxomKeHHS TeTy
OTPUMY€THhCA IUIAXOM PpO3B'S3aHHS 32 JIONIOMOTOIO
ANTOPUTMY MiHIMaJTBHOL CepeTHhOKBAPATHIHOI
MTOXUOKY CUCTEMH HETIHIMHUX PiBHIHD:

(G —x)+@,-y) =D VYi=1.n  (8)

Jpyruii Kpok nomnsrae B mooyAoBi IMOBIpHICHOI KapTH
BHMIpPIOBaHHS MTOXMOKH JJIs1 30HH BUSIBIICHHS 3YNTYBadiB.
Ilepmmii KpoK 3aCTOCOBYETHCSA sl KOXKHOI E€TaTOHHOI
MITKH, 100 OOYHCIHUTH BiAMOBIMHY (PYyHKIIIFO pO3IOMLTY
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HMOBIPHOCTI  TOMHJIKM 32  JIOIIOMOTOI0  iXHBOTO
nepen0avyBaHOTO Ta PeajbHOr0 MiCIIe3HAXODKEHHS.
[otim ¢ineTp Kanmana iTepaTHBHO BHKOPHCTOBYETHCS
Ha [id  OHJAMH-KapTi, 1100 3MEHIIMTH BIUIMB
BAMIDIOBAaHHS TMOMHIJIKH RSS i, TakuM dYuHOM,
MIABUIIATH TOYHICTH JIOKAIi3aLil.

4) Scout: Scout HaJeXUTh O CiMeicTBa IMOBIPHICHUX
MeToqiB Jokamizamii. Ileli MeTon TakoK BHKOPHUCTOBYE
€TaJIOHHI TEeTH Ta JEKiJIbKa 3YMTyBadiB. AKTHBHI MITKH
JIOKANI3YIOThCsl B TpW eramu. [lo-mepiue, kamiOpyroThes
rapaMeTpy PO3IMOBCIOKEHHS 32 JIOTIOMOTOI0 €TaOHHUX
MiTok Ha Micui. [lo-gpyre, BiacTaHP MDK LIJILOBOIO
MITKOIO 1 3YMTyBauyaMH OI[IHIOETBCS 32 JIONOMOTOIO
iMoBipHicHOT Mozienti RSS. Hapernri, Micie3HaxopKkeHHs
MITKM BH3HAYa€ThCS 3a JIOMIOMOTOK 0aieCiBCHKOTO
BUCHOBKY. ITepaTMBHO pO3paxOBYIOTHCS MPOTHO30BaHi
BIPOTiJTHOCTI, SIKi TOTIM KOPHUTYIOTHCSI 32 JIONIOMOTOIO
CIIOCTEpEeXeHb J0 OTPUMAaHHS SIKICHOT MOJENi, 10 Jae
OIlIHEHY TUIOIY.

V. [IEPCITEKTUBU

be3npoToBi Mepexi MOTEHIIHHO MICTITh BEJHKY
KUTBKICTh iH(popMarii. KiTbKicTh 1 pi3HOMaHITHICTh IXHIX
KOMIIOHCHTIB MOXKe OyTH BHKOpPHCTAHA VIS ITiBHIICHHS

toyHocTi Jiokamizanii RFID-mitok. Tomy MaitGyTHi
METO/M JIOKaji3alii TOBHHHI BpaxOBYBAaTH KiJIbKa
aCIIEKTIB:

— paaiodyacToTHa MOJejb: OUIBIIICTh 1CHYHOUYHX

METO/IIB BUKOHYIOTH BuMiproBaHHs RSS. Opnak, sk
MPaBUJIO, BOHU BHKOPUCTOBYIOTh MOJIEJ, pO3pPOOJIeHi
st 6e3aporoBux Mepex. [Tommpenns RFID mae nesii
0COOJNMBOCTI, SIKi CIHiJi BpaxoBYBaTH Yy BIANOBIIHIN
panioyacToTHIN Mozelti.

—  HQJMIpHICTh  3YMTYyBadiB: HaJTUIIKOBICTh
3UMTYyBauiB  ciiJl  Oijabllle BUKOPHCTOBYBAaTH  JUISI
OTpUMaHHs OLNBIIOT KUIBKOCTI JaHWUX 3 ypaxyBaHHSIM
po0JIeM MpH IUILHOMY PO3MILICHHI 3UMTYBaYiB.

— PI3HOMAHITHICTh 3YMTYBadYiB: JIOKATI3aIlisl B MEPEexKi
RFID 3i 3unryBauamu, sIKi MaroTh pIi3HI Jiana3oHU
3UMTYBAHHS, aHTEHH 1 TOTYXKHOCTI, MOKe OyTH LIKABUM 1
OLIBII pealiCTHYHUM ITiIXOI0M.

—  IHTeNeKTyallbHi ~ OOMEXEHHs:  IHTENeKTyallbHi
OOMEKEeHHsI MOXKYTh OyTW BHUBEICHI 3 MeTaiH(opmailii.
Hanpwukiaza, B MITKH, 3aKpiljieHi HA OJHIN YIaKOBIIi,
BU3HAYAIOTh OOMEKeHHsT Ha (I3UYHY BIICTaHb MIX
HHUMH.

— MOOUIBHICTB: TIOPUOHI CHCTEMH 31 CTATHYHHMH Ta
MOOITPHUMHU 3YMTYyBadaMH TIOBHHHI PO3TIINATHCS IS
30UTBIIEHHS. KITBKOCTI Ta PI3HOMAHITHOCTI 310paHuX
JaHUX.

— MacmraboBaHICTh: MacImTaOOBaHICTL METOIB
nokamizanii RFID moBurHHa OyTH peTeapHO BUBUYCHA,
mo0 BH3HAYHATH KINBKICTH MITOK, fKi MOXYTh OyTH
3YMATaHI 3a TEBHHHA TeEpiof; YacTOTy YCHIIIHOTO
3YATYBaHHS i 1i BIUIMB Ha TOYHICTB, 1 CKUIBKH Yacy
3aiiMae po3paxyHOK JOKATi3aIlii.

— w™etpuku: cxemu Jokamizanii RFID we MoxxHa
0e3mocepeTHHO TTOPIBHIOBATH, OCKIIIBKHA BOHH 0a3yrOThCS
Ha pi3HUX TimoTe3ax. l[[ikaBOlO METPUKOIO, SIKy CIiJ
TOYHO BHW3HAYMTH, Oyna O TOYHICTH Yy TOpPIBHSHHI 3
BapTICTIO BCi€i cHCTEMH.

VI1. BUCHOBKU
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VY wiit cTaTTi po3MISTHYTO Cy4YacHWH CTaH JIOKajli3amii
32 JOMOMOTOK  pajiodyacToTHOi  igeHTH(ikamii.
[Ipencrasneni Meroqu Oymu Kimacu¢ikoBaHi BiJIIOBITHO
J0 IX MiAXomy: OmiHKa BIJICTaHi, aHai3y Michsi abo
TOIIOJIOTIYHI 0OMexxeHHs. [Ipr3HaueHi 1st macuBHUX abo
AKTHBHUX MITOK, JIESIKi METOIM BUMAraroTh pO3TOPTaHHS
€TAJOHHUX  MITOK, TOAI K iHII  TOTPeOyrOTh
cneniaNbHOTO OOJNIaZHAHHS JUIS BpaxyBaHHS 3MiH Yy
HaBKOJIMIIHBOMY  CEpElOBHIN Ta  TEpexoay 1o
KajxiOpyBanHs. | HaBmakm, nesiki MeTomu po3poOieHi
TaKUM  YMHOM, 100 OyT OUTPII ~ E€KOHOMIYHO
e(peKTUBHUMHU 1 JIETIIE aqanTyBaTHUCS O BUKOPHCTaHHS
pi3HOTO O0JIaHAHHS. 3 TOYKH 30py MACIITa0OBAaHOCTI Ta
JOCTYIHOCTI, Ili MeToan mosunionyBaHHs RFID matots
CBOI BaXJIMBI XapaKTEePHCTHKH TPH 3acTOCYyBaHHI B
peanbHUX yMmoBax. Bubip merony i TexHororii (mmacuBHi
a00 aKTHWBHI MITKHM) CYTTE€BO BIUIMBA€E Ha JCTANI3AII0 1
TOYHICTH 1HQOpMAIii PO MICLIE3HAXOKEHHS, a TaKOX
Ha 3arajibHy BapTicTh 1 epekTuBHIcTh cuctemu RFID.
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JloCT1IPKEHHS JUCTIEPCIMHUX XapaKTEPUCTHUK
MIKPOCTPYKTYPOBaHOI'O ONITUYHOTO BOJIOKHA B YMOBAaX

nedopmarrii
Bacwis Tys!,Bonogumup Uymakos?, Onekcanap @ununenko?, Oxcana Cuuosa?
1. Kacempa MEEIIII, Xapkischkuit HanionanbHuit yHiBepeuTeT pajioenextpoHiky, YKPATHA,
Xapkis, np. Hayku. 14., e-mails: vasyl.tuz@nure.ua

2. Kadenpa KITAP, XapkiBchkuii HallioHabHU yHiBepcuTeT patioenekTponiky, YKPATHA,
Xapkis, np. Hayku. 14., e-mails: oksana.sychova@nure.ua

Anomauin: JlocnmipkeHHS, TIpoBeAeHI B JaHiii poOoTi
TOKa3aJu, SIKHIIA BILIUB Mae nedopMmartis
MIKPOCTPYKTYPOBAaHOTO ONTHYHOTO BOJIOKHA Ha  JUCIIEPCIO
curHaiy. [loOymoBaHa MoJenb IONEPEYHOTO  MEPETHHY
MIKpOCTPYKTYPOBaHOTO OITHYHOr0 BOJIOKHa Oe3 nedopmartii, a
TaKoXX MOJIENb, IO IMITy€e 3MiHEHHS CTPYKTYpH BOJIOKHA, SIKE
BiZIOyBa€ThCS B Iporieci Horo aedopmarii y BUTIIIII BUTHHY Ta
ckpyuyBaHHs. [loka3aHo, Sk 3MiHEHHSI TeOMeTpii IMONIepeYHOr0
MEPEeTUHY ~ MIKPOCTPYKTYpOBAaHOI'O  ONTHYHOIO  BOJIOKHA
TIPU3BOJUTH 10 3MIHEHHS 3HaY€Hb XPOMaTHYHOI AUCTIEPCii.

Knrouosi  cnoea: JICTIEPCis; OINTHYHE BOJIOKHO;
MIKPOCTPYKTYpOBaHE  ONTHYHE  BOJOKHO,  KOMIICHCAIIiS
JMcHepcii; BTpaTh ONTUYHOTO CHTHAITY.

. BcTvin

B cuctemax nepenaui indopmariii Ha BeMKI BifCTaHi,
i BUKOPUCTOBYIOTh TEXHOJIOTII0 IILTBHOTO
CHEKTPaJIbHOTO MYJIBTHUINIEKCYBaHHS, 32 PAXYHOK Pi3HUX
HeraTMBHUX (HaKTOpiB, MOXXE BHUHUKHYTH JAWCIEPCis
curHamy. Jlucmepciss NpU3BOAUTH 1O CIIOTBOPEHHS
curHaiy 1 mpobimeM 3 HOro OTpUMaHHSIM  Ta
JIeKkoqyBaHHSAM. ToMmy, B TakuxX CHCTEeMax MJOLLIBHO
BUKOPHCTOBYBATH CIELiAJIbHI MPUCTPOT — KOMIIEHCATOPH
mucnepcii (Dispersion Compensation Module, DCM), siki
JI03BOJIAIOTH IIepeAaBaTi ONTHYHUN CHTHAJ 10 IpHiiMada
0€3 KPUTHYHHUX CIIOTBOPEHb.

B kommneHcaropax aucrepcii Hapsay 31 CTaHAAPTHUM
ONTHYHUM BOJIOKHOM, BUKOPUCTOBYIOTb
MIKpPOCTPYKTypoBaHi onTtuuHi BosnokHa (MOB), ski
3aBISIKM CBOiM crielM(ivHiil CTPYKTypl IOMEPEeYHOrO
MepeTHHY, MalOTh YHIKaJbHI BJIACTHBOCTI MOPIBHSHO 31
CTaHJAPTHUMHU OJHOMOJIOBUMU a00 0araToMoJIOBUMHU
ONTHYHUMHU BOJOKHAMH. MIKpPOCTPYKTYpOBaHE OITHYHE
BOJIOKHO — [I€ BOJIOKHO, SIK€ Ma€ CKIagHy CTPYKTypY
morepedHoro mepetuHy (puc. 1). OOGomoHKa Takoro
BOJIOKHA MICTUTBH HOBITPSIHI OTBOPH, a CEPLIEBUHA MOXeE
OyTH KBapI[0BOIO 200 MOPOKHBOIO.

Rt
R4 LA A R J
. #4600

Puc. 1. [onepeunuit mepeTHH MiKPOCTPYKTYPOBAaHOTO
ONTHYHOTO BOJIOKHA

B 3anexnocti Bix tuny MOB, po3mipy niametpis
OTBOpIB B 00OJOHIII Ta IX B3aEMHOrO pO3TalllyBaHHS,
ICHYIOTh Pi3HI CIHeIiali30BaHi IMAacUBHI Ta aKTHUBHI
eneMeHTH (DyHKIIIOHAJBHOI JIEKTPOHIKH Ha iX OCHOBI.

MOB 3 BenMKMM JiaMETpOM CEpUEBHHH MOXYTh
BUKOPHCTOBYBATHCS B SKOCTI CEpelOoBHIIA Iepenadi
CBITJIOBUX TIOTOKIB BHCOKOi iHTeHCHBHOCTI. B MOB
3 MAJIMMH PO3MipaMU CEpLEBUHH 3MEHIIEH] TOPOTH BCiX
HEMHIAHUX e(eKTiB, 0 BUKINKAE BEIMKHUN 1HTEpEC VIS
CTBOpPEHHsT  e(EeKTHBHMX  pPaMaHIBCBKMX  JIa3epis,
MIICHJIIOBAYiB, ONTHYHMX [EPEMUKAYIB, a TaKOX
TeHepaTopiB CyNepKOHTUHYYMY — JUKepela 01JI0ro cBiTia
3 JIy)K€ BHCOKOIO €HEpPreTH4HOI sckpaBicTio. Taki
JuKepella MOXKYTh 3aCTOCOBYBaTHCs B cuctemax DWDM.
3aBasgKu CBOIM YHIKaIbHUM JUCTIEPCIAHUM
BractuBocTsiM, MOB Bxe HaX0AATh CBO€ 3aCTOCYBaHHS B
SKOCTI ~ KOMIIGHCATOPiB  Jucrepcii B BOJIOKOHHHX
CHCTEMax 3B fA3KY.

JlocipKeHHs! ONTUYHUX BOJIOKOH, SIKI MalOTh CKIIA/IHY
CTPYKTYpY IIONEPEYHOIro IEPeTHHY, a TaKOX BIUIMB iX
ONTUKO-TEOMETPUYHUX TapaMeTpiB Ha pPI3HOMaHITHI
XapakTepUCTHKXA  Mepeiadi  CUTHay B IIpoleci
oprasizauii B3aeMoii MK CEHCOpaMH Ta BUKOHABYMMH
MPUCTPOSIMH  CYYaCHHX IHTENICKTyallbHUX OO0 €KTIB €
aKTyaJlbHUM, a JesKi 3ajgadl Bce Il SBISIOThCS HE
BupinieHuMu. JlaHa poOoTa MpHUCBSYEHA JIOCIHIPKEHHIO
BIUMBY Jedopmallii MIKpOCTPYKTYpOBAHOTO ONTHYHOTO
BOJIOKHA Ha WOT0 IUCTIEPCiiiHI XapaKTePHUCTHKH.

1. BIUIMB JE®OPMALIIT
MIKPOCTPYKTYPOBAHOI'O OIITUYHOI'O
BOJIOKHA HA IOI'O XAPAKTEPMCTHKU

Komnencarop aucnepcii — e macuBHUN MPUCTPIH, 110
TEXHOJIOTIYHO € BiIPi3KOM ONTHYHOTO BOJOKHA (iHOZI
JIOBXKMHOIO B JIEKiJbKa KIJIOMETpiB), PO3TAIIOBAaHUN B
Koprryci. OnThyHEe BOJIOKHO MAa€ BiJ €MHE 3HAYCHHS
mucrepcii, 3aBOSKA YOMY BiJHOBIIOE CIIOTBOPEHUMA
CHUTHAIL

[lix wac BKIAaJaHHS ONTHYHOTO BOJIOKHA Yy KOpITYC
KOMIICHCATOpa JUCIEPCii, BOJOKHO Ae(OpPMYETHCS,
YTBOPIOIOTHCS BUTHHH Ta CKPYYyBaHHS, IO MPU3BOAUTH
10 BUHUKHEHHS JOJAaTKOBHX BTPAT CHTHAIY 33 PaXyHOK
YTBOPEHHS BUTIKaIOUHX MO (pHc. 2).

Kpim 3artyxanus, nedopmaris MOB BmmmBae i Ha
mucriepcito  curHaiy. JucrepciiiHi  XapaKTepUCTHKH
MOB 3 TOpOXHBOIO CEpIEBHHOI0 HAa CHOTOIHIIIHI
BUBYEHI He B MOBHIA Mipi. CBITIO B BOJOKHaX TakKoro
THUITY, Ha BiMiHYy BiJl CTAaHAAPTHUX ONTHYHUX BOJIOKOH,
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PO3ITOBCIOKY€ETHCS TIepeBayKHO MOBITPSTHOIO
CEpIEBUHOIO, a He KBapLOM. TOMy IMCIIepcis Ta BTpaTh
3alekaTh  HacaMIepel  Bil  BIAOMBHOI  3IATHOCTI
MEPIONYHOI CTPYKTypH OOOJIOHKH B MONEPEYHOMY
HampsIMKy. A BOHa, B CBOIO 4Uepry, 3alieKHTb BiJl
JIOCKOHAJIOCTI TEPIOJUYHOI CTPYKTYpH, MPOTSHKHOCTI B
pazialbHOMY HAIpsIMKY Ta 4iTKOMY JIOTPUMAaHHIO yMOBHU
PIBHOCTI TIepiofly CTPYKTypH IJIOMY YHCIy HiBXBHIJIb
BUIIPOMIHIOBAaHHSI.

Puc. 2. Brparu curHaty Ha BUTHHI ONTHYHOTO BOJIOKHA

Ha Bigminy Bim MOB 3 MOpOXHBOI CEPIICBHHOIO
30HHa CcTpykTypa MOB 3 KBaplioBOIO CepLEBUHOIO
IIPOABJIAETBCA TiJ'II)KI/I HENpsAMHUM YHWHOM, a XBI/IHCBO}IHi
BJIACTHBOCTI BHM3HAYalOThCS B OCHOBHOMY e(dekTom
NOBHOTO BHYTPIMIHBOrO BiAOMTTS. B wiit curyamii
HEOOOB’SI3KOBOIO  SIBIISIETBCSI  YiTKa  TIEPIOIMYHICTH
po3TallyBaHHsS TOBITPSHUX KaHAJIB B OOOJIOHIlI, TOMY
0 BU3HAYHUM (HaKTOpOM € BENIMUMHA ii CepeIHBOTro
koedirienTa 3anomiieHHs. KibKicTh CIpIMOBaHUX MOJI B
kBapuoBiii cepueBuHi MOB  BU3HauaeTbcs  TINBKU
BEJIMYMHOIO BiJHOLICHHS J[iaMeTpa MOBITPSHUX KaHAIIIB
JI0 BIACTaH1 MiX iX OCSIMH.

BnactuBocti MOB  chpomieHoi  cTpyktypu 3
JllaMeTpOM MOBITPSHUX TPYOOK Maii’Ke TAaKUM CaMUM, SIK
BiJICTaHb M)XK HHMH, MOJIOHI BIACTUBOCTSIM KBapI[OBOTO
BOJIOKHA 30BCIM 0€3 000J0HKH. BHAacHigIOK BHCOKOrO
KOHTPACTy MOKa3HHUKIB 3aJIOMJICHHSI TIOJie CBITJIIOBOI
XBHJII IPOHHUKAE 32 MEXKI CEPIIEBUHH Ha BIICTaHb, MEHIITY
JiamMeTpa MOBITpsHOI TpyOku. ToMy BIUIMB CTPYKTYpHU
BOJIOKHA 11032 TEpIIOTO KiJblsl MOBITPSHUX TPYOOK
BUSBIIETHCS HE3HAYHUM. 3aBIAKU CHIIBHIN KOHLIEHTpaLil
cBiTJIa B cepueBuHi, BiacTuBocti MOB 3i crporieHoro
CTPYKTYpOIO MaJio BIJIPI3HSIIOTBCSL BiJl BJIACTUBOCTEH
MOB 3 BeJMKOIO KiJIbKICTIO OTBOPIB.

B MOB, sike MiCTUTbh BChOTO OJIHE KiJIbII€ MOBITPSHUX
TpyOOK, OTOUYYIOUMX CEpLEBHHY, MOXKHa OTPUMATH
CITONTyYeHHS CHJIBHOI HeNiHIMHOCTI 1 Mamoi mucmepcii
B IIEBHOMY Jiama3oHi IOBXWH xBmwis. MOB 3 wmamnoro
IUIOLICI0  CEpUEeBMHM Ta  BEJIMKUMH  OTBOPaMH
JIO3BOJISIIOTH OTPUMATH HEINiHIMHI e(EeKTH B BOJOKHAX
MaJIol TOBXKHHU.

KpiMm Toro, BHCOKMHA KOHTPacT IOKa3HUKIB
3aJIOMJICHHS 3a0e3leuye BeNuKe 3Ha4EeHHS XBHIICBOIHOL
mucriepcii, ska Moxe OyTH  BHKOpHUCTaHA  JUIA
KOMIIeHcaIlii MarepianpHOi aucmepcii  kBapiy. Lle
JIO3BOJISIE 3MICTUTH JOBXKHHY XBIIII HYJIBOBOI TUCIIEPCii B
Oyap-sKy TOYKY CIEKTpa, 30KpeMa B 00JIaCTh BHANMOTO
CBITIa, o € IIKaBUM JJIs peaizamii TeHeparii
CHEKTPaJILHOI'O CYNIEPKOHTHHYYMY.

Pazom 3 TumM, MOB 3 ceprieBHHOI0 MaJIOTO JiaMeTpa
Jy>Ke 9y TIIMBI 10 HE3HAYHHUX 3MiH X CTPYKTYpH.

Jucriepcito  MIKpOCTPYKTYPOBaHOTO  OITHYHOTO
BOJIOKHA MO>KHA BH3HAYUTH TAaKHM YHHOM:
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Jie C — MBHUJIKICTh CBITJIA B BAKyyMi;
Neff — €PEKTUBHUI MMOKAa3HUK 3asoMiteHHS MOB;

A — IJOBIKHHA XBHIII.

I11. EKCITEPUMEHTAJIbHI JIOCJIIJDKEHHS

Taxi pedopmanii MiKpOCTPYKTYPOBAaHOTO ONTHYHOTO
BOJIOKHA, K BUTHH Ta CKpPyYyBaHHs BIUTHBAIOTH Ha
pO3MOIII MOJOBOTO TIONS B CepueBHHi. I[IpoBesieHe
KOMII'FOTEPHE MOJICITIOBAHHS IEMOHCTPYE I1e (puc. 3).

a 0

Puc. 3. Brpatu curHaiay Ha BUTHHI ONTUYHOTO BOJIOKHA
(a — po3mogin momxoBoro monst B MOB 6e3 nedopmariiii;
0 - po3mnoaia MosioBoro moist B neopmoBanomy MOB)

Ha puc. 4 momano 3riamkeHuil rpadik 3alexHOCTI
XpoMaTHyHOl Jucrepcii Bix moBxuHM XBuwii it MOB
6e3 nedopmarii 3 pamiycom cepueBrHU 40 MKM KPOKOM
po3TalllyBaHHS MOBITPSIHUX OTBOPIB 12 MKM, JiaMeTpoM
MOBITPSHUX OTBOpIB 3,2 MKM (CyLiibHa IiHis), Ta
nedopmoBanoro MOB (myHKTHpHA JiHIf).

Puc. 4. Xpomarnuna aucrepcis aist MOB 6e3 gedopmarit
(cyuinbHa niHis) i neopmoBaroro MOB (yHKTHpHA JTiHis)

B Ttabmumi 1 momaHo 3HAaYCHHS XPOMATHYHOI
mucriepcis s 06ox moxeneit MOB, mo Opanu ydacTs B
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eKCTIIEpUMEHTI, a TaKOoXX pO3paxoBaHE 3HAYCHHS
abcomroTHOI pi3HHII MK HUMH. MoXHa 1mo0aduTy, 10
nedopmartis  cTpyktypu MOB y BuUDISI 3MiHCHHS
(dopMHu OTBOPIB, a TAKOX MOPYLIEHHS iX pO3TallyBaHHS,
Ma€ BIUIMB Ha Takuid TapaMeTp, SK XpOMaTH4HA
aucnepcis. B paHoMmy BHNanky MakCHMaibHa Pi3HHILS
XpoMaTnyHOi mucnepcii ckiamae 17 mc/(HM kM) Ha
JIOBXKUHI XBWI 1.6 MKM, a cepenHe 5,6 Tic/(HM KM).

TABIMI 1. XPOMATUYHA JUCIIEPCISI MOB

. . AbcomroTHa

Tossxun Hucnepcis Hucnepcis SHI

OBHHA MOB 6e3 nedopMoBa PISHHIL

XBHJT1, MKM 3HAYEHb

nedopmariii Horo MOB

cnepcii
0.6 -23.3 -18.1 5.2
0.7 -15.4 -10.3 51
0.8 -5.2 -21 3.1
0.9 0 4.3 4.3
1.0 6.1 8.4 2.3
1.1 12.3 11.9 0.4
1.2 20.0 14.8 52
1.3 25.2 19.2 6
1.4 30.1 22.7 7.1
1.5 32.3 24.1 8.2
1.6 33.0 16.0 17
1.7 35.4 28.2 7.2
1.8 34.0 30.1 3.7
1.9 33.2 29.3 3.9

V. BUCHOBKU

JocnimKkeHHs1, POBeieHI B JaHii poOOTi MoKa3ajw,
SKUW BIUIMB Mae aedopmarlisi MiKpOCTPYKTYPOBAHOTO
ONTHYHOIO BOJIOKHA Ha  [apaMeTpu CHTHANY, II0
nepenaerscs.  IloOynoBaHa  MopeNb  IONEPEYHOTO
nepetuny MOB 6e3 nedopmariiii, a TaKOXX MOJENb, 10
IMITy€e 3MIHEHHS CTPYKTYPH BOJIOKHA, K€ BiIOYBa€ThCS B
mpomeci  #Horo  ekcrutyatamii  abo  peamizaiii
PI3HOMAaHITHHX HPUCTPOiB, HAMPUKIAA, KOMIIEHCATOPIB
mucriepcii. Hacammepen, me nmedopmamii y Burisami
BUTHHY Ta cKpy4yBaHHs MOB.

3MmiHeHHsT TeoMmeTpii momepedHoro mepetuHy MOB
OPU3BOAUTG O 3MIiHEHHS 3HAa4eHb XPOMATHYHOI
mucriepcii. MakcumanbHe 3HAYCHHS TaKMX 3MiH B
HAIIOMY BHIIAAKY cKiazae 17 mc/(HM-KM) Ha JIOBXKHHI
xBuii 1.6 MkM, a cepemHe 5,6 mc/(HM'KM) Ha BCbOMY
Jiama3oHi JOBXKHH XBUJIb, IO TOCIIIKYBAIHCS.
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OCHOBHI eTanu po3po0JICHHS HA3EMHOT'0 MOOJIBHOTO

poboTa

Tumyp JIuxo!, Ceitnana Makcumosa?
1. Kadenpa KITAP, XapkiBcbkuii HarjioHanbHUH yHIBepcuTeT panioenekrponiku, YKPAIHA,
JIro6otuH, By IlIMmiara, 9, e-mail: tymur.lykho@nure.ua
2. Kadenpa KITAP, XapkiBchKkuii HaIliOHANBHMI YHiBepCHTET pagioenekTporiku, YKPATHA,
Xapkis, npoctt. Hayku, 14, e-mail: svitlana.milyutina@nure.ua

Anomauia: Y crarTi po3risIHyTO KJIIOYOBI €Tamy po3poOKn
HA3eMHOTO MOOUTFHOTO po0O0Ta, IO BKIFOYAIOTH BHU3HAYCHHS
¢yHKIIH Ta 3aBmaHp pobora, BHOIp amaparHOi IUIaThopMH,
MpOrpaMyBaHHS, TECTYBaHHS Ta ONTHUMI3allil0 CHCTeMH. Y
pesynbrari poboTH Oyne BH3HAYEHO OCHOBHI MiJXOIH IO
CTBOpEHHS po0OTIiB, iX TeCTyBaHHA i ONTHUMI3AIli 1A Pi3HUX
CepeIOBUII Ta 3aB/IaHb.

Knwuogi  cnosa:
poboTH30BaHa cHCTEMa

MOOUTEHUI  po0OT, pOOOTOTEXHIKa,

. AkTyanbHICTh pOOOTH.

VY Hamn yack MOOUNBHI poOOTH BiJIrpalOTh BaXKIHBY
poNb B aBTOMATH3AIlil MMOBCAKICHHUX, OIHOTHITHHUX
3aBJaHb, 110 A03BOJIIE 3HAYHO MIABUIIUTH €(PEKTUBHICTD
y Takux cdepax, SK JIOTICTUKA, BUPOOHHIITBO, arpapHUi
CeKTop, BilichkoBa crpaBa Ta iH. Po0OTH MOXYTh
BUKOHYBaTH CKIIaJHI a00 HeOe3meuHi, s JIIOJUHU
3aBllaHHS, [0 MIHIMI3ye puU3UKM Ta 30UIbLIye
MIPOIYKTUBHICTb.

Jinst po3poOneHHsT Ha3eMHOro MoOOUIBHOrO podora,
HEOOXIJIHO NpPOWTH TMEBHI €Talmud CTBOPEHHS po0OTa,
OCHOBHI 3 HUX Oy/ie BUCBITIICHO Y JJaHiii poOOTi.

II. Marepian 1 pe3yJabTaTi JOCIIHKCHb.

Po3pobnieHHss Ha3zeMHOro po0oTa 1€ TpUBAIWM Ta
KPOMITKHI TpoIec, 1110 TOTpeOye 3HaHb Y PI3HUX HayKax,
BiJl MaTeMaTuKu Ta i3uku A0 OioJorii Ta aHaTOMIl, ane y
3araJbHOMY JUIS [BOTO HEOOXiHO TpOWTH 4 eTamnw,
PO3IIISIHEMO KOXKEH 3 HHX.

1. BusnaueHHs GyHKIIN Ta 3aBAaHHs po0OoTa.

Ha paHomy erami po3poOHMKY HEOOXiTHO HiTKO
BU3HAUUTH OCHOBHI (YHKIIT Ta 3aBAaHHi poOOTa,
OCKUIBKH II€ BIUIMBAaTUME Ha IIONAIBIIMA  XIiJ
po3spobierts [1].

[epm 3a Bce, HEOOXiAHO 3’SCYBATH, SIKE 3aBJAHHS M€
BUKOHYBaTH pobot. Lle mMoxxe OyTH MOHITOpWHT (pHC.
l.a), matpymioBaHHs 00’ektiB (puc. 1.0), BHUKOHaHHA
nocTaBok (puc. 1.B).

B

Pucynok 1 — Burisg MoOinsHEX poOOTIB: a - po6oT
MOHITOpPHHTY 3a0pynHeHHs «Rasmusy [2], 6 - oxopoHHMIA
natpyisHUiA poboT «S5.2» [3], B - pobot-kyp’ep «Camelloy [4]

Takoxx BapTO BpaxyBaTH pobOUe CEPeOBHIIE Y SIKOMY
Oyne ¢ynkuionyBat poGot. Hampukman, MoOuTbHHI
po0OT, M0 MpAIfoe B YMOBaxX 3aKPHUTOTO TPHUMIIIECHHS,
notpedye 1HIIOro MiX01y A0 HaBIralii, Hi>k poOoT, SIKui
(yHKLIOHY€e Ha BIAKPUTUX NpocTopax abo y CKIaIHUX
MPUPOTHUX YMOBaX. Hast poborTiB, SIKI
BUKOPHCTOBYIOTBCSI B JIOTICTHYHHMX IIeHTpax abo Ha
CKJIaJ]ax, BXKJIMBO 320€3I€YUTH TOUHICTh MEPEMIILEHHS 1
3JIaTHICTh MPAIIOBATH B OOMEXEHHUX IPOCTOPAX, TOII 5K
pobOTH Ui 3OBHIIIHIX CEPelOBUIL MaloTh OyTH
CTIMKAMHU JI0 KIIMAaTUYHUX YMOB 1 IEpenaiiB penbedy.

He MeHIII BAYKITMBO BUPIIIMTH SIKUM YHHOM po0OOT Oy/ie
nepecyBaTtuch. Hampukiaz, o poGOTH B IPUMIIIEHHIX
HaifyacTille BUKOPUCTOBYIOThCS KOicHI pobotH (puc. 1)
yepe3 IX MPOCTOTY, BUCOKY MIBHIKICTH Ta MaHEBPEHICTh
Ha PIBHHUX TOBEPXHSAX. Y TOH dYac, TyCeHHuYHI poOOTH
(puc. 2.a) migxomsaTh Ui POOOTH B OUIBII CKIAIHHX
yMOBax, Ji¢ TMOTpiOHO Jjgonatu mepemkoad  abo
MpalioBaTH Ha HEpiBHUX MoBepxHAX. [lma pobGotu B
OCOONMBO  CKJIAAHUX CEpPEelOBHIIAX MOXYTb OyTH
3aCTOCOBaHiI Kpokyioui pobotu (puc. 2.0), sSKi MOXYTh
MepeMilIyBaTHCA HaBiTh MO JyXKe CKIaIHIi MiCIIEBOCTI.
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0
Pucynok 2 — Burinn MoOLTEHEX poOoTiB: a —
ryceHeuHui poboT Bix kommanii RoboTech Vision [5], 6
— KpOoKyrouuit po6oT «Spot» Bix BostonDynamics [6]

2. Bubip anapatHoi niatdopmu.

HeoOxinHo BU3HAYMTH, siKa anapaTtHa miatdopma Oyie
BHUKOPHCTOBYBAaTHCS SIK OCHOBHHI "MO30K" po0oTa.
Bubip 3amexuth Bi BHUMOT J0 OOYHCIIOBAJIBHHX
pecypciB, THIy 3aBlaHb, SIKIi BUKOHYBaTUME POOOT, Ta
HOro 1iHTEPaKTUBHOCTI 13 3OBHINIHIM CEPEJOBHILEM.
[MonyssipHuME  pillIeHHSIMH € MiKpoKoHTposiepu ESP32
abo Raspberry Pi.

ESP32 BiIOMUiA CBOEIO HHU3BKOIO
€HEepProcroKMBaHIiCTIO Ta iHTerpamiero 3 Wi-Fi T1a
Bluetooth, mo poOuTh #oro 4ymoBuM BHOOpPOM JIst
MOOUTBHUX POOOTIB i3 3aBAaHHSM 3B'I3KY Ta BiJIIaJIEHOTO
KOHTPOJTIO .

Raspberry Pi, y cBoro wuepry, 3abesmedye BuII
004U CIIIOBANIBHI MOTYXXHOCTI, J11(0) JI03BOJIAC
BHUKOPHCTOBYBAaTH OlnbIl  CKJIAJHI  aJNTOPUTMH,
HaNpUKIaJ, KOMII'IOTEPHOTO 30py Y1 HEHPOHHUX MEPEX .

Takox BaxiIMBO, 3a0€3NEUMTH JIOCTATHIA piBEHb

€HEeproXXMBieHHs,  oOpatm  Tunm  Oarapeit  abo
aKyMYJISITOPIB, SIKI JIO3BOJIATH POOOTY (YHKIIOHYBaTH
[POTATOM TPHBAJIOTO qacy 6e3 Hepeps.

HaiimommpeHimmmu BapiaHTaMu € JITiH-10HHI a0 JiTii-
MOJIIMEPHI aKyMyJISITOPH 3aBJASKH iX BHCOKIM HIITBHOCTI
€Hepril Ta KOMIIAKTHUM PO3MipaM.

CeHcopu Ta cucTeMa HaBiraiii BiirparoTh KIHOYOBY
poib y OpieHTyBaHHI po0OTa y HABKOJHUIIHBOMY
cepenoBulli. TyT po3poOHUKK MAlOTh OOpATH BiAMOBIHI
CEHCOpH, 30KpeMa YJIbTPa3BYKOBI Ta iH(pavepBOHi
JaTYMKH, sIKi 3a0e3[euyroTh MOXIIMBICTE  0OpOOKH
iHpopMmaiii npo BixcTaHb OO 00'ekTiB. [ipockomu Ta
aKceJIepoMEeTpH  JOMOMaraloTh y  Hapiramii  Ta
crabimizarii, Mo € KPUTHIHUM U1 MOOITTBHUX POOOTIB,
SIKI TIPAaIOIOTh Y JUHAMIYHUX yMmoBax. st Toro mo6
poboT Mir mepeMmimaTHCS ~aBTOHOMHO, BaXKIMBO
inTerpyBat cucreMy Hapiramii. lle wmoxe Oytu
Bukopuctanass GPS mis 30BHImHBOTO cepemoBuma abo
KaMepa s BHYTPIIIHBOTO TMpocTopy. Hagiramiitai
CHCTEeMH [aioThb po0OTy MOXJIHMBICTH HE JIHIIE
CIIIKYBaTH 32 CBOEIO TPAEKTOPIEIO, alle W YXHUIATHCS Bij
MEePEIIKOl, B3aEMOJIATH 3 IHIIUMH poOOTAMH HYH
00'eKTaM¥ HAaBKOJMIIHBOTO CEPEIOBUIIIA.

3. [porpamue 3a6e3neueHHs

Ha npomy ertami po3poOHUKY HEOOXiTHO, VIS TIOYATKY
BU3HAYUTHCH 3 MOBOIO pOrpaMyBaHHSL.
Ha#inomynspHimmi MOBH MpOTpamMyBaHH JUTS
pobororexniku [7] HaBemeHo y Tabmmmi 1.
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Pi3HI MOBHM mporpaMyBaHHS MOKHa KOMOIHYBaTH MiX
co00I0 B OJHIH CHCTEMi KepyBaHHS pPOOOTH30BaHOIO
CHCTEMOI0, HaIlpUKIaI;:

- C/C++ BUKOPUCTOBYETHCS IUIsl MPOrPaMyBaHHS
poboTH MOOUTEHOTO POOOTA;

— Python HeOOX1IHHI IS CTBOPEHHS
KOPHUCTYBAIBKOTO iHTEpENCy Il yIPaBIiHHSI pOOOTOM.

TABJIMLIA 1. MoBM nporpaMyBaHH#A AJ1s1 PO6OTOTeXHiKU

Mosa
porpamysa
HHSA

OcobnmuBocTi

C/C++  |€ po3BHHEHHMH MOBaMH MPOTPaMyBaHHS
3araJIbHOTO NMPU3HAYEHHS Ta 3a0€3IeUyIoTh
[TPOYKTHBHICTh Y peaJIbHOMY 4aci, To0To
3arporpamMoBaHi Jii BUKOHYIOTBCS y
BHU3HAYCHUIA Yac, 10 BAXKIUBO B

000TOTEXHILI

Python  |Oana 3 HAWIPOCTINIKX /TSt BUBYCHHS MOB
[pOrpaMyBaHHs, 110 CKOPOUY€E yac
[pOrpaMyBaHHsI, yCyBalOuH NOTPedy
BHU3HAYATH Ta NIEPETBOPIOBATH THITH 3MIHHHX 1
TO3BOJISIFOYM KOJYBaTH PYyXH B OTHOMY

crieHapii

Java [TomynsipHa MOBa cepeJi pO3pOOHUKIB, SIKi
MpaItooTh Y cepi MTYIHOTO IHTEIEKTY,
OCKIUIbKM MOYKHa CTBOPIOBATH HEHPOHHI
Mepexi, 0 JI03BOJISIE CTBOPIOBATH

JTIOMUHOTIOIOHUX POOOTIB.

C# UacTo BUKOPUCTOBYETBCS JJIsl PO3POOKU
MEpPEKEBHUX 1 KOMYHIKAIL[IITHUX CTPYKTYD,
TaKHX SIK TIOPTH Ta COKETH, 110 POOUTH HOro
XOpOLIMM BHOOPOM ISl iHTerpailii cHCTeM

HEHPOHHOT MEepeKi B pOOOTH30BaHI IIPOTrPaMHu.

4, TecTyBaHHS, HaJArO/DKEHHST Ta ONTHUMI3allis
CHCTEMH.

Ha wupomy erami mepen pO3pOOHMKAMHU CTaBHTHCS
3a/aya nepeBipuT QYHKIIOHYBaHHS JaTUYUKIB Ta CHCTEM
HaBiramii, Ta iX KamiOpyBaHHs, 3a HEOOXIJHICTIO.
BaxutBo nepeBipuT poOOTY ABUTYHIB, IO JO3BOJISIOTH
poboTy mepecyBaTUch y HpocTopi. Takoxk BaXiIMBO
BIJUIarOMTH MepexeBi (YHKII, SKIIO KepyBaHHs
poGOTOM MOTPEOYyE YIACTI IO IHU.

Yacto gmms 3a0e3medyeHHS JOBrOTpUBANOl poOOTH
MOOiTBHOTO po0O0Ta TakoX HEOOXITHO ONTUMI3yBaTd
SHEProCIIOKUBAHHS, L€ MOXKHA 3pOOUTH 32 JOIIOMOTOI0
BCTaHOBJICHHS PEKUMIB CHY Ui pPOOOTa, MPH aKTHUBAIIil
SIKOTO MOOITBHHN POOOT OyZe MPU3YMUHATH BHKOHAHHS
MEHIII BAXJIMBHUX 3aBJaHb HA IEBHUH Yac.

He meHm BaxnmBHM, Ha JaHOMY €Tali, € MepeBipKa
pobora y peampHHX yMoBax #oro po6Gortu. Ilig dac
TECTYBaHHS OIIHIOEThCS, HACKUTBKM €(EeKTUBHO BiH
BHUKOHY€ TIOCTABIICHI 3aBIAHHS, SIK BIH pearye Ha pi3Hi
30BHIIIHI YMOBH Ta IIEPEIIKO/IH.

3a pe3ynbTaTaMu TeCTyBaHb MOKYTb BHOCUTHUCS 3MiHH
B arapatHy 4YacTHHY a00 BIOCKOHAJIFOBATHCS AJITOPHTMHU.

III. BucHoBkn

1. OCHOBHI pe3yJIBTaTH JOCIiKEHb!
- BU3HAUCHO KJIIOYOBI €TaIy po3poOKH MOOITBHUX
poOoTIiB, SIKi BKIIOYAlOTh BH3HAUYCHHSA (YHKIIA poOorta,
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BuOip  amapatHoi  mardopmu,
TECTYBaHHS Ta ONTHMI3aIlil0 CHCTEMH;

- M0Ka3aHo, K pi3HI THIH MOOIIBHUX POOOTIB
(KomicHi, TyCeHWYHI, KpOKYIO4i) MOXYThb  OyTH
a/IanToBaHi IiJl crenugiyHi YMOBH eKCILTyaTarlii;

- OITMCAaHO MepeBard Ta HEIOJIKA BHUKOPUCTAHHS
MOMyJISIpHUX IIaTdopM I MOOITBHUX POOOTIB, TaKHX
sk ESP32 Ta Raspberry Pi, B 3aje)XHOCTI Bij 3aBIaHb i
pecypcis;

MporpaMyBaHHs,

- HaBEJCHO pi3HI MiAXOMW 10 HaBiramii Ta
BHKOPHUCTaHHS CEHCOPIB JUTSE 3a0e3TeueHHs
ABTOHOMHOCTI poOOTH POOOTa.

2. [IpakTiuHa MIHHICTB:

- po3poOKa Ha3eMHUX MOOLTBPHHX pPOOOTIB Mae
BEJMKY IpPaKTHYHY IIHHICTh JUIss 0araThbOX Tajy3ei,
TaKuX SK JIOTICTHKA, OXOPOHA, CUIbCBKE TrOCIOJApCTBO,
BHUPOOHHIITBO TOMIO;

- poOOTH MOXYTh BHUKOHYBATH 3aBJAHHS, SKi
BaXXKO a00  HeOe3NeyHO  BUKOHYBAaTH  JIFOJIUHI,
MiJBULILYIOUH e(DEeKTUBHICTh Ta Oe3MeKy;

- JOCIIUKEHHS. NIPOJEMOHCTPYBANO, SIK Cy4acHI
TEXHOJIOT] MOXYThb OyTW I1HTETrpOBaHi Ui CTBOPEHHA
POOOTIB 3 BHCOKOIO MaHEBPEHICTIO, aBTOHOMHICTIO Ta
3IATHICTIO JI0 BUKOHAHHS CKJIQJHUX 3aBJaHb y PI3HUX
cepeloBHIIAX.

3. [Moxanbiii NepcreKkTHBH:

- HOAaNbIli  JOCHDKEHHS  MOXYTh  OyTH
CHPSIMOBaHI Ha TOKpAIIEHHS aBTOHOMHOCTI POOOTIB 3a
paxyHOK iHTerpauii IMTy4YHOro 1HTEIEKTY Ta MallMHHOTO
HaBYaHHA A1 Kpalloro po3Mi3HaBaHHS CEpelOBHIIA Ta
ONTUMI3allil MapLIPYTIB;

- PO3BUTOK HOBUX €HEProe()eKTUBHHUX PIILICHb 1
Oarapeil crpusTEMe 30UIBIICHHIO 4Yacy aBTOHOMHOI
poOOTH MOOLITLHUX POOOTIB.
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Using the Dempster-Shafer theory in Data Fusion
solutions for collaborative robotic manipulators within
Industry 5.0
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Abstract: The paper considers the application of the
Dempster-Shafer theory for solving Data Fusion problems in
collaborative manipulator robots within the framework of
Industry 5.0. Approaches to the integration of data from various
sensors, such as cameras, ultrasonic sensors, and strain gauges,
are described to improve the accuracy of decision-making in the
processes of capturing and manipulating objects. An analysis of
the effectiveness of this methodology in complex production
environments with heterogeneous data was carried out.

Keywords: Industry 5.0, Data Fusion, Collaborative robots-
manipulators, Sensory integration, Decision making.

. INTRODUCTION

Data Fusion research is extremely important for
decision-making in the work of collaborative robotic
manipulators in the framework of Industry 5.0, as it
allows the integration of data from different sensor
systems and sources to create a more complete picture of
the working environment. Industry 5.0 involves close
interaction between humans and robots, so the accuracy
and speed of decision-making play a crucial role in
ensuring the safety, productivity and flexibility of
production processes. The use of Data Fusion allows you
to efficiently process large volumes of data received from
sensors and minimize the impact of noise and incomplete
information, which increases the reliability of decisions.
This is especially important for collaborative robots that
work in unpredictable or dynamic environments, where
information from a single source may not be sufficient
for correct decision-making. Thanks to data integration,
the robot can quickly adapt to changes, adjust its actions
and avoid potential dangers. Data Fusion also helps
improve the accuracy of manipulator positioning and
control, which is critical for complex tasks. In the context
of Industry 5.0, this research is key to ensuring a high
level of automation, adaptability and safe human-robot
collaboration.

Il. MATHEMATICAL MODEL OF DATA
INTEGRATION BASED ON DEMPSTER-
SCHAEFER THEORIES

To develop a mathematical model of data fusion for a
collaborative manipulator robot that grabs objects from
human hands, we use the following sensors: a camera
that covers the working area of the gripper, two HC-SR04
ultrasonic sensors for measuring the distance by the
triangulation method , and two strain gauges BF350-3AA
for measuring the pressure on the legs of the gripping
device. The Dempster-Shafer theory allows combining

these disparate sources of data in conditions of
uncertainty and conflict to make decisions about
capturing the object.

Then we give a description of data sources for
modeling:

- camera, input data from the camera represent the
position of the object in the working area in the form of
Coordlnates (x('mm y(‘(lm.’ Z(‘am )’

- yasrpa3BykoBi ceHcopu HC-SRO04, sk BUMIpIOIOTH
Bigcrani ultrasonic sensors HC-SR04, which measure
the distances d; and d,, allowing to calculate the position
of the object using triangulation. The triangulation
system provides an estimate of the coordinates
(xultra »Yuitrar Zuitra }v

- strain gauges BF350-3AA, measure the force of
gripping the object, which can be expressed as F; and F,,
on both legs of the gripping device, estimating the
pressure necessary to reliably hold the object.

To form a mass of beliefs for each data source
according to the Dempster-Shafer theory, each sensor
evaluates its own "belief" in the compliance of the object
with a certain position or force. Let's give an example:

- for the camera, we have the mass of belief m ., ,
which determines how confident the camera is in the
position of the object;

- for ultrasonic sensors, we have the mass mq,
which characterizes their accuracy in distance
measurement;

- for strain gauges, we US€ 1m;.,z0, Which determines
how confident the sensors are that the grip force is
sufficient to hold the object.

The unification of masses of beliefs according to the
Dempster-Shafer theory, this Unification of beliefs of
different sensors occurs using the Dempster combination
rule, which in this case has the following form:

1
1= Ysnc=om (B)m,(C)

BNC=A

mcomb(A) ==

where Mo, (4) — is the joint belief mass for hypothesis
A. It indicates the degree of confidence that hypothesis A
is true based on the fusion of the two data sources. This
value is the result of a combination of masses of beliefs
from two sources;

my (B) — is the belief mass for a subset of hypotheses B
given by the first data source (for example, one of the
sensors). It characterizes the degree of confidence of this
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source that one of the hypotheses from the subset B is
true;

m, (C) — is the belief mass for a subset of hypotheses
c, provided by a second data source (another sensor).
Just like m, (B), this value characterizes the degree of
confidence of this source regarding one of the hypotheses
in the set C;

BnC =0 — this is a conflict condition between
hypotheses B and ¢. If the intersection of sets B and € is
empty, it means that hypotheses B and ¢ contradict each
other. The sum ¥z cx0 1, (B)m, (€) is used to calculate
the conflict between two data sources. This conflict
reduces the impact of conflicting hypotheses on the final
decision;

BnC=A this is a matching condition for
combining hypotheses. In this case A is the intersection
of sets B and ¢, that is, when both data sources agree on
the truth of hypothesis A. The sum ¥z .c_. m, (B)m,(C)
calculates the contribution of the agreed hypotheses to

the final united belief;
1

1-Zrna=za M (B)Ma(C)
that takes into account the conflict between hypotheses. It
ensures that the sum of the combined belief masses stays
between 0 and 1, adjusting the value if the data sources
strongly contradict each other.

Let's expand model 2, for three sources of information
(camera, ultrasonic sensors, strain gauges):

— is a normalization coefficient

O]

’

where m, (B)m,(C)ms(D) — masses of beliefs that
represent confidence in a certain hypothesis from each
individual source of data (cameras, ultrasonic sensors and
strain gauges);

A —a hypothesis or statement for which a combined set
of beliefs is calculated. In this case, A can represent the
agreed position of the object and the quality of its capture
by the manipulator based on data from the camera,
ultrasonic sensors and strain gauges;

B, C,D — hypotheses or statements made by individual
data sources (camera, ultrasonic sensors, and strain
gauges). They describe various options for the position
and state of the object, which are calculated based on the
readings of these sensors;

BncnD=A — the part of the equation that
determines the consistency of hypotheses from different
data sources. If hypotheses B, C, and D coincide and
correspond to hypothesis A, this indicates that all three
sensors are in agreement about the position of the object
and the grip;

BncnD =0 — conflicting hypotheses, when data
from different sensors do not agree (for example, the
camera and ultrasonic sensors show different positions of
the object). It is important to consider these conflicts to
avoid making incorrect decisions based on conflicting
data;

Yencopeay (B)m,(C)my(D) — the sum of the
masses of beliefs for those hypotheses that agree with
each other. In other words, this is the part of the equation

100

that takes into account those cases where all three data
sources (camera, ultrasonic sensors and strain gauges)
indicate the same position of the object and the
correctness of the capture;

YBncnpzo My (B)m, (C)ms(D) the  sum  of
conflicting masses of beliefs when data from different
sources do not agree. This sum reflects the level of
conflict between sensor readings and affects the
calculation of overall confidence in the hypothesis A.

Meomp (A) — the final joint belief mass for hypothesis
A. It represents the agreed belief that the object is in a
certain location and correctly captured by the
manipulator, based on all three data sources.

Thus, the model combines information from all sensors
to make a decision about the correct capture of the object,
taking into account possible conflicts between the data.

We will give an example of calculating m,,,,,; (4) or
three sensors, where A4 — is the agreed position and
capture of the object, and B, ¢, D — are hypotheses from
each sensor about the position of the object or capture.
Let the mass of beliefs from the camera
m, (B = A) = 0.7 (high confidence that the object is in
the correct position, ultrasonic sensors m,(C = A) = 0.8
(ultrasonic sensors indicate that the object is at the correct
distance) and strain gauges m,(D = A) = 0.9 (the strain
gauges confirm that the object is captured correctly).
Mass of conflicting hypotheses, where n ¢ n D =0, then
conflicts: m, (B = A) = 0.3; m,(C + A) = 0.2;
ma(D # A) = 0.1. Using (2), we will calculate the
combined mass of beliefs:

- step 1, Calculate
BncnD =0:

the conflicting hypotheses

©)

’

- step 2, calculate the

BncCnD=A:

agreed  hypotheses

(4)

’

- step 3, substitute the obtained values in (3-4) values in
formula (2):

1
1-0.006

mcomb(A) = +0.504 = ;4 ~ 0.507,

0.99 (5)
Based on the obtained calculation  results
Meomp (A) =~ 0.507 indicates that the overall confidence
that the object is in the correct position and correctly
captured is 50.7%, taking into account the data from all
three sensors (camera, ultrasonic sensors and strain
gauges ) and possible conflicts between indications.

I11. CONCLUSION

The research findings confirm the effectiveness of
using the Dempster-Shafer theory to solve Data Fusion
problems in collaborative manipulator robots. The
integration of data from cameras, ultrasonic sensors and
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strain gauges allows to reduce uncertainty and increase
the accuracy of decision-making by 15-20%. This
approach provides more reliable control of the capture
and manipulation of objects, especially in difficult
production conditions. Quantitative analysis showed that
the accuracy and stability of the system increases
proportionally to the number of sensors, and also allows
minimizing conflicting hypotheses within the framework
of the Dempster-Shafer theory.
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A Model of Using Computer Vision to Monitor the
Environment of a Collaborative Manipulator Robot
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Abstract: The paper considers a model of using computer
vision to monitor the environment of a collaborative
manipulator robot in the context of Industry 5.0. The sequence
of stages of image processing is described, including detection,
tracking and classification of objects, which allows the robot to
respond adaptively to changes in the environment and ensure
safe interaction with a person. The model contributes to
increasing the flexibility and efficiency of robotic systems in
modern production processes.

Keywords: Industry 5.0, Computer vision, Collaborative
manipulator  robots, Image processing, Environmental
monitoring.

I. Introduction

Modern trends in the development of Industry 5.0 are
focused on the integration of humans and robots into
single production processes, where collaborative
manipulator robots perform complex tasks, closely
interacting with people. The use of computer vision to
monitor the environment of such robots is becoming an
important tool for ensuring the safety, flexibility and
adaptability of systems. The relevance of this research
lies in the need to develop an effective model of image
processing that will ensure accurate detection of objects,
assessment of the situation and decision-making in real
time. The model should include computer vision
algorithms for segmentation, classification and tracking
of objects in a dynamic environment, which will allow
the work to quickly respond to changing conditions and
avoid potential threats to the operator. This is especially
important for the development of cyber-physical
production systems, where the high integration of
automated processes and human control is a key aspect of
the success of Industry 5.0.

Il. COMPUTER VISION MODEL FOR
ENVIRONMENTAL OBSERVATION

Image processing is the main step that involves the
digital processing of visual information received by
collaborative robots through cameras or other sensors.
This process includes improving image quality, removing
noise, changing contrast and resolution, and other
operations to prepare the image for further analysis.
Image processing in the context of Industry 5.0 is
particularly important because it allows robots to quickly
adapt to the changing conditions that arise when working
with people in a dynamic environment. Algorithms such
as Gaussian filters, or morphological processing
techniques such as erosion or dilation, are used to
highlight important image details.

The next stage is segmentation, which consists in
dividing the image into several segments or clusters of

pixels for a better understanding of the structure of the
image. For collaborative robots, segmentation is crucial
because it allows you to isolate key objects in the work
area, such as people, tools, machines or obstacles.
Segmentation can be done using a variety of methods,
including threshold-based  segmentation, k-means
clustering, or the use of neural networks. Within the
concepts of Industry 5.0, it allows robots to work in real
time, quickly reacting to the presence of people or
changing the position of objects, which ensures safe and
effective collaboration.

Object recognition is the process of identifying and
classifying objects in images received from sensors. For
collaborative robots, object recognition is critical because
they need to clearly understand what is in their field of
vision and make decisions based on that. Recognition
algorithms can use patterns or be based on deep learning,
such as using convolutional neural networks (CNN). In
the context of Industry 5.0, these algorithms allow robots
not only to see objects, but also to predict their behavior,
analyze human movements and predict further actions.
This becomes the basis for adaptive planning of
trajectories and avoidance of potential threats during joint
work with a person.

Therefore, image processing, segmentation and object
recognition are integral components of collaborative
robots in Industry 5.0. They allow robots to more
accurately  perceive the environment, interact
interactively with people and adapt their behavior to
changes in the work area.

The general mathematical model of using computer
vision to observe the environment of a collaborative
manipulator robot can be represented as a set of equations
and expressions describing the process of image
processing, object recognition and decision making. It
includes several main stages: receiving input images,
segmentation, localization of objects, recognition and
motion planning.

The process begins with the collection of images from
the camera. The input image is a matrix of light
intensities in pixels, and can be described as follows:

106y) = f(x,,0), )

where I(x, ¥) — pixel intensity at coordinates (x,¥);

[ (x,y,t) —afunction that describes brightness changes
depending on spatial coordinates ¥ and ¥, as well as time
t

The camera converts the 3D world into a 2D image, so
calibration is required to determine the camera's internal
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and external parameters. The perspective projection
model is presented in the following expression:

1 fx 0 X X
=205 5 olfr @

where (X,Y,Z) _ coordinates of a point in space;
(u,v) — coordinates of a point on the image;

fe, Ty —focal lengths;

cx, ©v — coordinates of the optical center of the camera.

Segmentation is the process of selecting objects in an
image. The segmentation operation can be represented as
a pixel clustering function:

1, if the pixel belongs to an object
0, otherwise ’

sCey) = | ©

where S(x,¥) — binary segmentation function that
determines whether a pixel belongs to an object.

X u
Y|=K1'|v|z (4)
Z 1

where K — matrix of internal parameters of the camera;

(X,Y,Z) —three-dimensional coordinates of the object;

(u,v) — coordinates of the object in the image.

Machine learning algorithms such as Convolutional
Neural Networks (CNN) are used for object recognition.
Formally, the recognition process can be described as:

P(clD) = fo(D), ®)

where P(clI) — the probability that the object belongs
to class ccc in the image /;

fe(I) — a neural network model with parameters 0 that
predicts the class of an object.

Algorithms for planning trajectories are used for safe
and effective control of the manipulator based on the
received data on the location of objects. This can be

represented as the minimization of the cost function for
the movement:

J(©) = fj L(x(0),u@®)dt (6)

where 7(T) —trajectory cost function 7;

L(x(t),u(t)) — the instantaneous cost of movement
depending on the state X(t) and management ©(©);

T _task completion time.

This is minimized under the constraint of robot
dynamics:

x(t) = f(x(6),u(t)), (7

where X(t) — changing system state over time;
f(x(@),u(t)) — robot dynamics model.
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Multiple data sources (cameras, sensors, LiDAR, etc.)
are used for a more accurate understanding of space. Data
integration is done by merging (Data Fusion):

®)

Xf =w X; +wo X, + o+ wan’

where X7 — result of data fusion;

X1, X3, .., Xn — data from various sources;

Wy, Wa, .., Wy — weighting factors of each source.

Thus, the mathematical model of computer vision for a
collaborative robot includes image collection, camera
calibration, object segmentation, their localization,
recognition and motion planning based on data fusion.
These stages allow the robot to reliably observe the
environment and effectively interact with it in real time.

I11. Conclusion

The article summarizes the importance of developing
and implementing a computer vision model for
monitoring the environment of a collaborative
manipulator robot, especially in the context of Industry
5.0, where the integration of humans and robotic systems
is a key component of production processes. The
described model of image processing provides effective
detection, analysis and tracking of objects, which allows
manipulator robots to quickly respond to changes in the
environment and make decisions in real time. Such a
system increases the safety of cooperation between robots
and people, reduces the risks of emergency situations and
increases the overall productivity of production lines. The
use of computer vision also opens up new opportunities
for flexible adaptation of robotic systems to various
production tasks, making them more autonomous and
intelligent. In the context of Industry 5.0, the proposed

model increases the level of automation and
personalization of processes, contributing to the
development of cyber-physical systems and the

harmonious coexistence of humans and robots on the
same production site.
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Po3po0Oka cuctemu 11eHTUIKAaLIl1, pO3MI3HABAHHS Ta

TPEKIHT'Y JIJI1 KOJIa0OpaTUBHOTO poOOTa

Bitaniit Teteps', Csitnana Makcumona?
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Anomauia: B naniii poOOTi NPOIOHYIOTHCS TIOYAaTKOBI eTaru
pPO3poOKM cHucTeMH ineHTHQiKamii I KoIabopaTHBHOTO
po6ota. OnmcaHo OCHOBHI MOy PO3POOIIIOBAHOI CHCTEMH, a
Tako)X I1X TpW3HA4YeHHs . 3a3HadyeHl KIIOYOBI IIepeBaru
PO3p0o0IIEHOT CTPYKTYPH CUCTEMH, 1I0 PO3POOIIOETHCS.

Knrwouosi cnosa. KonabopatuBauii po0ot, IneHTmdikaris,
PosmiznaBanns, Industry 5.0.

. BCcTvin

Y cydacHOMy CBIiTi Bce OUIBIIE PO3MOBCIOJKYETHCS
BUKOPUCTaHHS MOOUIBHHX POOOTIB y PI3HUX Tally3sX,
NOYMHAIOYM 3  BUPOOHHWITBA  PI3HUX  HAIPSIMIB,
3aKiHYYyIO4YM TOOYTOBOIO Ta COIajbHOK cdepamu.
Hapa3i mMu 0auumo, 1110 BHKOPHCTaHHS 130JIbOBaHOI
poOoTH poOOTIB HE 3aBXKIU TO3BOJISE SIKICHO BHPIIIATH
nocTaBJjeHi 3aaauyi [1-4].

BignoBigHO [0 LBOr0 BHMHUKAE HEOOXIiOHICTH
MO€EHYBaTH pOOOTy IIOAMHU 13 poOOTOK poboTta Jyist
JOCSITHEHHS HalKpaworo pe3yiabTary. Taka

HEOOXIIHICTh TNpH3BEia JO0 BUHUKHEHHS HOBOI rajiysi
JOCII/DKEHb B POOOTOTEXHill po3podOka i
BUKOPHCTaHHs KOJIAOOpaTHBHUX POOOTIB, TOOTO pOOOTIB,
SIKi TIPAIFOIOTh y TICHIM 3B s3mi i3 mroauHOm0 [5-7]. Are
TYT BUHHMKAIOTh IIJBUIICHI BUMOTH 10 Oe3neku podoTH,
0 B CBOIO Yepry NPU3BOJUTH A0 HEOOXITHOCTI Ha/IaHHS
POOOTY MOXUIIMBOCTI OaYUTH Ta PO3IMi3HABATU 00 €KTH, B
TOMY YHCII 1 TFOUHY, B CBOiH pobouiii 30Hi [8-10].

TakuM 4YHMHOM BHHHMKA€ HEOOXIJHICTH PO3POOKH
cuctemu ieHTH(]IKAIIT, PO3Mi3HABAHHS Ta TPEKIHTY JUIs
KOJIAOOpaTHBHOTO POOOTA.

1. PO3POBKA CTPVKTYPU CUCTEMHU
IIEHTUDIKALII TA TPEKIHI'Y

I[Ipu po3poOmi cTpykTypum cuCTeMHU imeHTH]iKamii
MOOWHA B poOoUiil 30HI KomabopaTuBHOro poOoTa
BJIMBO BpaxyBaTH KUIbKa KIIOYOBHX acmekTiB. Ilo-
nepie, HeoOXiTHO 3a0e3MEeUNTH TOUHICTh Ta HaAIHHICTD
imenTrdikarii TFOMMHA B YMOBAX Pi3HOTO OCBITICHHS Ta
3MiHHOI cepenoBuIHOI oOcTaHoBKu. lle BriIOYae
BUKOPHCTaHHS  CYYaCHHX  MOJeNedl  MAaIlMHHOTO
HaBYaHHS, [UIA PO3IIi3HABAHHS Ta Kiacudikamii 00'eKTiB
y peambHOMY 4daci. BaXImBO TakoX IHTETpyBaTH
QITOPUTMHU TPEKIHTY, JJIsl BIJICTEXKEHHS PyXY JIOJMHU
micast 11 igeHTHGiKamii, MmO J03BONIAE 3a0e3MeUnTH
CTIHKICTh CHCTEMH 10 3MiH Y TIOJIOKEHHI Ta Opi€HTaIlii
o0'exra.

OxpiM 1BOTO, CHCTEMa TTOBHHHA OYTH aJalnTOBaHa IO
OBUAKAX 3MiH y CEpPElOBHINI, TOMY Ba)XIMBO
BHKOPHCTOBYBAaTH €(DEeKTHBHI allrTOPUTMH OOpOOKH Bizneo
Ta 300pakeHb, SAKi 37aTHI ONCPATHBHO pearyBaTd Ha

3minn. CHcTeMa Ma€e TaKOX BPaXOBYBaTH MOXKIIMBI
MePeIIKoM a0 iHI 00'€KTH B 30HI CIIOCTEPEKEHHS, SIKi
MOXYTh BIUTMBATH HAa TOYHICTH pO3Mi3HaBaHHsA. JIst
[[bOTO BAKIIBO 3a0€3MECUNTH HAJICKHY SKICTh TAHUX, KA
BKJIIOYAE TPAaBWIbHE HANAIITYBaHHS KaMepu Ta
OMTHUMI3AIII0 AITOPUTMIB 0OPOOKH.

Onuriemo NpU3HAYCHHS KOXHOTO 6710Ka
po3pobasieMoi  cucTeMH  iMeHTH(DIKAIT 3HAXOKCHHS
JIIOJWHU B po00Uiil 30HI KoJabopaTBHOTO podota. BoHa
CKIaJaeThCsi 3  JIBOX  E€JEeMeHTiB: poboya 30Ha
KoMabopaTHBHOTO  pobOTa  Ta  MaTeMaTHYHOTO,
METO/IONIOTIYHOTO, AJITOPUTMIYHOTO Ta MPOrPaMHOTO
3a0e3mneyeHHs. Po3risiHeMO NMPUHIMI POOOTH KOXKHOTO
Onoka:

— poboya 30Ha KOJaOOPATUBHOTO PO0OOTa, CKIAACTHCS
3 HaCTyIHHX eJ'IeMeHTiB: JIIOAWHA, sdKa 3HaXOAHUTHCA
Oe3rocepe]HO B poOOUYil 30HI pPOOOTa, Ta BUKOHYE
pobOTy cCHiBHO 3 pOOOTOM BIJMOBIHO KOHIIEMIIN
Industry 5.0. [y po3yminHs 1110 BiZIOyBa€eThCs B poOOUiit
30Hi pobora, BUKOPHUCTOBYETHCS cucTemMa
KOMII'IOTEPHOT0 30pY, SIKa Ja€ MOXJIMBICTH OTPUMYBATH
JIAHHI1 Y BUIVISZII TIOTOKOBOTO BiJIEO B PEXHMI peaIbHOTO
yacy. JlaHi (BiZeo NOTIK) mepenaloTbcs Ha CUCTEMY
posmizHaBaHHs Ta ifAeHTH(IKAII] 3HAXOPKEHHS JIIOIMHA
B po0ouiii 30HI KonabopatuBHOro podora. /lana cucrema
CKJIQJIA€ThCS 3 HACTYITHUX MOMYJIIB;

— MOZYJb PO3IMi3HaBaHHS JO3BOJIIE TOYHO BHU3HAUYUTU

ta KiacudikyBatn o0O0'€KTH Ha OCHOBI Bigeo abo
300pakeHb. lleii Momyns 3a0e3rneuye MOMIIUBICTH
ABTOMATHYHOTO BHSBICHHS JIIOfed Cepei  IHIIHMX

00'eKTIB, IO € HEOOXimHMM 11 Oe3meyHoi B3aemomil
poboTa 3 nroauHOM. BiH /103BONISIE CHUCTEMI IIBHIKO
pearyBaTd Ha TPUCYTHICTh a00 TepeMilleHHs IIOUHH,
0 BaXIMBO I aJanTamnii MOBEOIHKHM poOoTa Ta
3armobiraHAs MOXJIMBUM 3ITKHEHHsM abo HeOe3mekam.
3aBASKH [HOMY MOAYNIO, CHCTEMa MOXE €(EeKTHBHO
IHTeTpyBaTHCA B poOOYE CEpeNOBHINE Ta 3a0e3MEUNTH
Oesmeuny © e(eKTHBHY CHIBOpAIl0 3 JIIOIACEKAM
IIEPCOHAIIOM;

— Mmoaynb igeHTHdikamii B cucTemi ineHTH}IKAIT
JIOAWHA B poOOYid 30HI KOIAOOPAaTHBHOTO pPOOOTa
moTpibeH UIsI TOYHOTO BH3HAYEHHS 0co0W, o
nepedyBae y 30HI B3aeMoii 3 poboTom. Bin 3abe3nedye
MOJKJIMBICTH PO3II3HABATH KOHKPETHY IIOAWHY Cepes
iHOmMX O0O0'ekTiB 1 MOke OyTH HaNAINTOBAaHWUN IS
po3mi3HaBaHHA 0COONMBHUX O3HAK a00 iMeHTH(IKAITHNX
mapameTpiB, TakuxXx fAK ocoba abo ¢opma Tima. lle
JO3BOJISIE  POOOTY  aJanTyBaTH CBOIO  ITOBEHIHKY,
3abe3nedyroun Oe3neKy Ta e()eKTHBHICTH B3a€EMOIIi;
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— MOAYNb pPO3paxyHKy WMOBIPHOCTI HEOOXiTHWH Ui
OIIHKM TOYHOCTI Ta JIOCTOBIPHOCTI pO3IMi3HABaHHS
00'exTiB. BiH 103BOMNSE OWIHUTH WMOBIPHICTH TOTO, IO
BHUSBIICHHIA O0'€KT MIMCHO € JIFOAWHOI, IO JOIIOMArae
3MCHIUTH  KITBKICTh XHUOHWUX  CHpAalbOBYBaHb  Ta
MiIBUIUTH ¢(DEKTHUBHICTh CHCTCMH. 3aIy4YCHHS IIHOTO
Moaysis 3abe3neuye  OUTHIT  HaAiiHE  BH3HAUYCHHS
MIPUCYTHOCTI JIIOAWHH, AO3BOJSIIOUM POOOTY Oe3redHo
B3aEMOJIATH 3 00'ekTamu B Horo cepenosuiii. Kpim Toro,
BiH CHpHsi€ ajanTaiii CHUCTEMH JO 3MIHHHX YMOB
HaBKOJMIIHBOTO CEPENOBHINA Ta MOKPALIyE 3arajibHy
TOYHICTh Ta CTAaOLIBHICTH POOOTH CHCTEMU;

— MOAYIb TPEKIHTY € KPUTHYHO BAXKIMBUM JUIS
3a0e3rneyeHHss  Oe3MepepBHOTO  MOHITOPUHTY — Ta
BIICTOKEHHS TICPEMIICHHS JIFONUHHA. BiH J03BOJISE
CHCTEMI BiJICJIIIKOBYBAaTH 3MIHM B TIOJIO’KEHHI JIIOJIMHU B
peaNbHOMY dYaci, 110 € KJIFOYOBMM JUIS amamTarlii i
poboTa B 3aJeXHOCTI BiJ NepeMilleHHs ioauHu. be3
LOTO MOJYJIsl CHCTEMa He MorJia O KOPEKTHO pearyBaTh
Ha JIMHaMI4Hi CHUTYyallii, 10 BUHUKAIOTh y poOouiil 30HI,
0 MOXE TIPHU3BECTH /IO HEOaKaHUX 3ITKHEHb abo
HeedeKkTUBHOI B3aemomii. BrpoBapkeHHsST TpeKiHTy
TakoX 3a0esneduye OUIbIIY TOYHICT Ta HAAIHICTH B
npoueci igeHTudikamii Ta KOHTPONIO Haja poOOYHMH
OTIepallisIMU;

— MOAyJb Bi3yamizaiii HEOOXiAHWH s HAOYHOTO
BiZIOOpa)KeHHsI pe3yJNbTaTiB ifeHTH(]IKAIil Ta TpPeKiHTy.
Bin 3a0e3nedye peaqbHU 4ac MOHITOPUHTY MOJOKCHHS
JIIOJMHM, 10 [O3BOJISIE oIleparopaM abo cHucTeMi
LWIBH/ILIE pearyBaTH Ha 3MIHM B po0odill  30HI.
Bisyauizaiiist joromarae BUSBUTH NOTEHIIHI TpoOiemMH,
Taki sIK mepeukoan abo HeOe3MeKH, 10 3HIKYE PHU3HKU
Ta MOKpallye Oe3MeKy.

3amporoHoBaHa ~ cxeMa  CcUCTeMHM  ineHTHdikamii
3HAXOJ/KEHHsI JIIOAMHYU B po0OoYiid 30HI K0JIa0OpaTHBHOTO
poboTa Mae KijlbKa CyTTEBUX TEpeBar.

[o-nepmie, iHTerpaiiss MOIYJiB  pO3IMi3HABAHHS,
inenTudikamii Ta TpekiHry 3abe3nedye BUCOKY TOYHICTh
Ta HaJIHHICTh Y BU3HAYCHHI Ta BIJICTEXKEHHI MPUCYTHOCTI
JIFOJIVHHY, IO 3HWXKY€E PH3HUK IIOMUIIKOBUX CIIPAllbOBYBaHb
Ta MOKpaliye 0e3neKy podovoro cepe1oBUIIA.

[o-mpyre,  Momyjiap  po3paxyHKy  HMOBIpPHOCTI
JIONIOMArae 3MEHINUTH KUIBKICTh XHOHUX TO3UTHBHHX
pe3yibTaTiB, IO MiABUIILYE 3arajibHy e(eKTHBHICTh
CHCTEMH.

[To-Tpere, Bizyaumizallis pe3ysibTaTiB B pealbHOMY daci
MIOJIETIITYE MOHITOPHHT 1 OIEpaTHBHE pearyBaHHA Ha
3MiHH, TOKpPAlIylOYd B3a€EMOMII0 MK poOOTOM i
monuHOK. Takok BaKIMBO, LIO CHUCTEMA JO3BOJISE
3MIACHIOBATA TEPCOHANI30BAHUN TMAXiJ A0 KOXKHOTO
KOpHCTyBaya, IIO MiJBUIIYyE €(PEKTUBHICTH PoOOTH Ta
6e3mexy B ymoBax Industry 5.0.

I111. BUCHOBKU

B 3amporionoBaniii poOOTI HABOIHUTHCS y3aralbHEHA
CTPYKTypa CHCTeMH imeHTH(iKamii, po3Mi3HaBaHHI Ta
TPEKIHTY [T KorabopaTuBHOTO poboTa. Ciix 3a3Ha4nTH,
o MIPOEKTYBaHHS KOJIAOOPAaTUBHOTO pobota
YCKIamHIOETECS (B TOPIBHAHHI 31  3BUYaHHUMH
MOOITPHUMH POOOTaMH) THM, IO HOTO POOOTa TICHO
MOB’s3aHa 13 JIIOAMHOIO. Benmkoro Miporo 3aBIaHHS
BHUKOHYIOTHCS B IIUIBHIN 3B’sI311 JIIOAWHHU Ta poOOTa, 110
ITiIBUIIYE€ BAMOTH JO OE3IEeKH, a 3HAYUTh, IO TPEKIHTY
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pobdora. Takoxxk Tpeba 3a3HAUMTH  HEOOXIITHICTH
CTBOPEHHSI CHUCTEMH ineHTH(iKanii 00’€KTiB B pobodiit
30HI poboTa, a TakoXX IX posmizHaBaHHA. B poboTi
HABOIUTBCSA JACTANBHHN OMUC MOMIYJIB PO3POOIHOBAHOT
CHCTEMH Pa3oM i3 X MPU3HAYCHHSM.
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Abstract: This report considers the use of the
triangulation method to measure the distance to objects in the
working area of a collaborative manipulator robot. The
proposed approach provides high accuracy and speed of
determining the positions of objects, which is critically
important for safe and efficient performance of tasks. The use
of triangulation allows robots to adapt their actions to changing
environmental conditions, helping to increase productivity and
reduce risks. The results of the study confirm the importance of
the triangulation method as an important tool for the integration
of robotic systems into modern production processes.

Keywords: Industry 5.0, Collaborative manipulator
robots, distance measurement, triangulation method.

I. Introduction

In the context of the concept of Industry 5.0, which
emphasizes the harmonization of cooperation between
people and robots, the use of the triangulation method to
measure the distance to objects in the working area of a
collaborative  robot-manipulator  acquires  special
importance. This method provides high accuracy in
determining the positions of objects, which is critical for
the safe and efficient performance of tasks. Triangulation
allows robots to adapt their movements to changing
environmental conditions, helping to increase the
efficiency of production processes. The relevance of this
study lies in the need to integrate the latest technologies
to improve the interaction between people and robots,
which is the basis for the implementation of the
principles of Industry 5.0. Thanks to the use of
triangulation, collaborative robots can more accurately
assess their capabilities, which allows to reduce the risk
of errors and ensure higher productivity. In today's
environment, where speed and accuracy are the
determining factors of success, the introduction of such
technologies has the potential to significantly change
approaches to automation. Therefore, the study of
distance  measurement  methods, in  particular
triangulation, becomes an integral part of the
development of innovative solutions for robotic systems
within the framework of Industry 5.0.

Il. COMPUTER VISION MODEL FOR
ENVIRONMENTAL OBSERVATION

The triangulation method based on two HC-SR04
ultrasonic sensors can be used to determine the position
of an object in the working area of a collaborative robot-

manipulator. This approach allows you to obtain two-
dimensional or three-dimensional coordinates of an
object by measuring the distances from two known points
to the object, which makes it useful for creating a
dynamic model of the robot's working environment,
according to the concepts of Industry 5.0.

Triangulation is based on measuring distances from
two or more points to an object and then calculating the
coordinates of this object in space. In the case of the two
HC-SR04 ultrasonic sensors, each of them measures the
distance to the object, and these distances are used to
determine the coordinates of the object in 2D space.

Suppose that two ultrasonic sensors are located at

known positions (*¥1,¥1) and (¥2:¥2), and the measured

distances to the object are 41 and 4.

Then the object is located at the intersection of two
circles, the radii of which correspond to the measured
distances from each sensor to the object:

- d; — distance from the first sensor to the object,

- d; — distance from the second sensor to the object.
The equations for calculating object coordinates based
on the intersection of circles are as follows:

(xfxl}z + (3’ 73}1)2 = d'[l2 (1)
(x—x,)* + (y — y,)* = d3.

The solution of this system of equations allows you to

get the coordinates of the object (X, ¥).

To find a solution to (1), you can use geometric or
numerical methods. One of the approaches is to solve the
system of equations analytically, by substitution and
simplification, which will give such possible values of
the coordinates for the object.

It is suggested to use the following steps:

- take the system of equations for two circles;

- subtract the second equation from the first, which
will get rid of quadratic terms;

- a simplified linear expression can be solved with
respect to X or ¥, and then substitute the found value into
one of the original equations to find other coordinates.

After simplification, we get a linear equation:

20y —x)x + 2(y, —y)y =

2
—d? —d? - (x2 - y2) + (- y2), @)
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This equation can be solved relatively X and Y.
For triangulation simulation based on two ultrasonic
sensors, the following parameters are important:

- sensor coordinates (X1,¥1,X2,¥2) — are fixed points
in space where HC-SR04 sensors are installed. The
distance between them is also important for triangulation
accuracy;

- measurement time, this is the signal transit time
between the sensor and the object, on the basis of which
the distance is calculated;

- speed of sound (V) — 343 m/s at room temperature is
accepted as standard;

- radii (d1, d2) — are the distances from each sensor to
the object, which are calculated based on the signal time.

We will give an example of a program implementation
in Python, which allows you to calculate the position of
an object in 2D space based on the measured distances
from two HC-SR04 sensors.

import math

# Coordinates of two ultrasonic sensors

x1,y1 =0, 0 # first sensor at position (0, 0)

x2,y2 =10, 0 # second sensor at position (10, 0)

# Measured distances to the object (d1 and d2)

d1 = 7.0 # Distance from the first sensor to the object

d2 = 5.0 # Distance from the second sensor to the
object

# Solving the system of equations to determine (X, y)

# Calculate x and y analytically

def calculate_position(x1, y1, x2, y2, d1, d2):

A=2*(x2-x1)

B=2*(y2-yl)

C = d1**2 - d2**2 - (x1**2 + y1**2) + (x2**2 +
y2**2)

# Simplification for finding coordinates

ifB!=0:

y=C/B

X = math.sqrt(d1**2 - (y - y1)**2) + x1

otherwise:

x=C/lA

y = math.sqrt(d1**2 - (x - x1)**2) +y1

return x, y

# Call the function to calculate the coordinates of the
object

X, ¥ = calculate_position(x1, y1, x2, y2, d1, d2)

print(f"Object coordinates: x = {x}, y = {y}")

Let's conduct an experiment using the triangulation
method based on two HC-SR04 ultrasonic sensors and
estimate the measurement error, let's define the main
parameters, the experiment plan and the method of
calculating the error.

The purpose of the experiment: to determine the
distance to the object using two HC-SRO04 ultrasonic
sensors using the triangulation method, as well as to
estimate the measurement error at different distances.

Experimental setup: two HC-SR04 sensors are
installed at known fixed positions at a distance of L=10
cm from each other; the object is placed at different
distances from the sensors along the x-axis (for example,
50 cm, 100 cm, 150 cm, 200 cm); For each position of
the object, the distances @1 and 9= rom the sensors to the
object are measured.

Steps of the experiment:
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- place two HC-SR04 ultrasonic sensors at known
coordinates (x1, 1) = (0,0) and (x2, ;) = (10,0);

- place the object in four different positions (50 cm,
100 cm, 150 cm, 200 cm from the sensor axis);

- measure distances for each position &1 and @2 using
both sensors;
- using the triangulation method, calculate the real

coordinates of the object X, V;

- determine the measurement error (€) based on the
calculated and real values of the distances. The error is
calculated using the formula:

e=1L, — L 3

where L2 —measured value, and L1 — actual distance.
The measurement results obtained during the
experiment are presented in Figure 1.

Figure 1 — Graph

As can be seen from the table, the measurement error
is no more than 0.2 cm, which is consistent with the
technical error of the HC-SR04 ultrasonic sensors. Since
the accuracy of the sensors is £3 mm (0.3 ¢cm), the values
obtained are within the permissible error.

I11. Conclusion

In the context of Industry 5.0, collaborative work
should have a high level of interaction with people and
the environment. The use of triangulation allows you to
create more adaptive and intelligent systems that can not
only accurately determine the position of objects in the
working area, but also dynamically respond to changes in
the environment.

Thus, the method of triangulation based on ultrasonic
sensors is an important tool for creating intelligent,
dynamic systems of interaction between robots and the
working environment in the context of Industry 5.0.
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Jloc1IPKEHHST MEXaHIYHUX TTapaMeTPIB THYUYKHX
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poOOTH30BaHMX MIATHOPM
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Anomauia: Y po6oTi po3risiHYyTO (aKTOPH, SIKi BIUTUBAIOTH
Ha (DI3UKO-TEXHOJIOTIUHI MapaMeTpU THYYKHX KOMYTaIliHHUX
CTPYKTYp y CKJIami MOOUIBHHX pOOOTH30BaHHMX ILTAT(HOpPM
[UBUTBHOTO Ta BIMCBKOBOrO Mpu3HaueHHs. [IpoaHaizoBaHO
0cO0JIMBOCTI MEXaHIYHMX BIUIMBIB HA TaKi CTPYKTYpH. 30Kpema
HABE/ICHO PpE3ylbTaTH EKCNEPUMEHTAIbHOTO  JIOCIi/KEHHS
CTIHKOCTI MOMIiMIHMX THYYKHX KOMYTAIiHHUX CTPYKTYp IO
0araropa3oBHX JHUHAMIYHUX BHUTHHIB.

Kniouoei  cnosa: THyuKi  KOMyTaliifHi  CTPYKTypH,
poboTH30BaHA miathopma, TTOJIIMI, MeXaHIvHI
HaBaHTAXEHHS.

|. Bctvn

BayJmMBUM HampsAMKOM Cy4YacHOI eNEeKTPOHIKH €
PO3BUTOK THYYKHX KomyTamiitaux crpykryp (I'KC) [1].
Ix 3aCTOCYBaHHSI B POOOTOTEXHilli BIJIKPHBAE
NEepPCIEeKTHBU JIUIsl CTBOPEHHS MOOUTBHUX TardopMm 3
MIJBUIIICHOI0 MaHEBPEHICTIO Ta (DYHKIIOHAIBHICTIO 3a
paxyHOK MiHiaTIOpu3allii Ta aJlallTHBHOCTI KOMITOHEHTIB
[2-9]. TluTaHHSAM BHUKOPHCTaHHS TAaKWX THYYKHX
KOMIIOHEHTIB Y PI3HUX TEXHIYHHMX 3ac00aX MPUCBSIYCHO
0araro JOCJiDKEHb BITYU3HSIHUX 1 3aKOPJIOHHHUX aBTOPIB
[10-14].

AXTyaJbHUM € JOCIIDKEHHS MEXaHIYHUX MapaMeTpiB
TaKuX CTPYKTYp, BIUIMBY 30BHIIIHIX HABaHTaXeHb Ha
LIJTICHICTh, JOBIOBIYHICTh SIK CaMUX JieJIeKTPUYHHX

MIJKIAJ0K, KOMYTAIliHHOI CHCTeMH, TakK 1 Miclb
3’€THAHHS 3 KOHEKTOpamH [15-16].
1. IIOCTAHOBKA 3ABJIAHHS

Y xoxi mocmimkens [17], BUKOHyBaHUX Ha Kadeapi
KITAP XHVYPE, aBropamu Oyi0 3ampoIIOHOBAaHO
MOJIEpHI3yBaTH YyHIBEpCallbHy MOOUIbHY pPOOOTH30BaHy
wiarpopmy (PII), mnpusHaueHy s BHKOHAHHS SIK
LUBIUTBHUX, TaK 1 BIICPKOBHX 3aB/IaHb, i3 BHKOPHCTAHHIM
THYYKHX 1 THYYKO-)KOPCTKUX KOMYTalilHUX CTPYKTYp Ha
TIOJTIIMIHIH OCHOBI.

Enexrpuuni MiK3’eqHaHHS y pyxoMuxX dactuHax PII
BUKOHYBAaTUMYTBCS 32 JONOMOIOI0 TaKWX CTPYKTYp LIS
3MEHIIEHHSI iX Ta0apUTHO-MAaCOBHX XapaKTePUCTUK i
3a0e3nedeH s CTa0lTbHOCTI 3B’ SI3KIB MiXK 3’ €THYBaHUMH
Momymsmu  PIT Hapith 3a ymoBH BBy Ha PII
necTabimi3ylounX 30BHINIHIX YWHHUKIB, HAIPHKIAL,
BiOpamiit 1 yaapis mix gac pyxy PIL.

Ha puc.l HaBemeHo 3arambHHN BUTISAX MOOUTEHOL
pobotu3oBaHoi  1mIatdopmu, I€  TIPOTIOHYETHCS
BHUKOPHCTATH THYYKO-)KOPCTKI MiXK3’€THAHHSI, Ha pHC. 2 —
30ibIIIeHe 300pa)KEeHHS AUITHKH TPOKIAaIaHHS THYYKOTO
meiida Big amapatHoro 3abe3medeHHs A0 PYyXOMOI
yactuHu PII.

Mertolo TIpOBelEHHSI JIOCTiKEHb OyJl0o BUBYEHHS
(hi3MKO-TEXHOIOTTHHUX napameTpiB nomiimMigHIX
THYYKUX 1 THYYKO-)KOPCTKUX KOMYTAaI[ifHUX CTPYKTYp Ta
iX exkcrnepuMeHTajJbHE JOCTIDKEHHS 3 YypaxyBaHHIM
MOXIIMBUX JeCTaOiIi3yl0unX BIUIMBIB Ha HUX IijJ dYac
eKCIuTyaTarii y cknaai Mooineaux PIT.

Puc.1. 3aranbHuii B1I MOOLIBHOT pOOOTH30BaHOT
IaTGOPMH 3 THYYKO-)KOPCTKUMH M3’ € THaHHSIMU [17]

Puc.2. JlinsgHKa MpoKiIalaHAS THYYKOTO nuteta
BiJl amlapaTHOTO 3a0e31edeHHs 10 pyxomoi yactuHu PIT

M&MS 2024, 25-26 October, Kharkiv, Ukraine



I1l. IIAPAMETPU MEXAHIYHIX BIUIUBIB HA 'KC

Cykynnicts mapameTpie ['KC Bkmowae B cebe
KOHCTpYKTWBHI K, enexkrpuuni FE, wMexaHiudi M,
ekcmuyataniiai O ta TexHojoriuni 7 mapamerpu [11,
16]:

F={K E,M, O, T}, @)

e K — KOHCTPYKIVBHI XapakTepuCTWKH; £ — eNeKTpHuHi
XapaKTepucTuku; M — MexaHiuHi xapakrepuctuky; O —

SKCIUTyaTalliiiHi ~ XapakTepuCTUKy; 1  —  TCXHOJOTIYHI
XapAKTEPHUCTUKH.
BusHaueHi OCHOBHI XapaKTEPHCTHKAMH THYYKHX

CTPYKTYP, 5IKi y3araJbHEHO 3aITUCaHi B MOJICIh:

TKC=<T,P,,Pyy P, P K >,

con?

o)

neT — tun TKC; B, — Habip mapameTpiB OCHOBHOTO
wapy; P,y — Habip mapameTpiB 3B’s3yBaJbHOTO MIapy;

P.on — Habip mapametpiB mpoBigHHKOBOro mapy; P, —

Habip mapaMmeTrpiB apMmyrouux aisHOK; K
KOHCTPYKTUBHHX IIapaMeTpiB.
Tunu THYYKHX CTPYKTYp

HaCTyl'lHI/IM YUHOM:
t, [1r]
T =11, [TIK],
to, [ 10K |

— Habip

MOXHa MIpPEACTaBUTU

®)

ne t; — reyuki apykoBani miaty; t, — rHyuki apykoBaHi
kabeni; ;3 — THyYKO-)KOPCTKI ApyKOBaHI IUIaTH.

Habip mapamerpiB mapy mifKiaJKki MOKHA TIPEICTABUTH
SIK:

Py =<MT,,6AE>, 4

TeMIepaTypa

e M

CKIyBaHHS; & — BIJJHOCHA Ii€JIEKTpUYHA ITPOHHKHICTB;
A TOBLIMHA OCHOBHOTO wiapy;, FE MOJIYJTb
MPY>KHOCTI.

Habip napameTpiB 3B’513yBaJIbHOTO
XapaKTepu3yeTbcss  KOe(IlliEHTOM  B’SI3KOCTI
a[Ire3WBHOI 3/IaTHOCTI, 8 TAKOXK TOBLIMHOO LIaPy:

P =<K,.Ky,Agg >,

— Oasosnit marepiam; Ty

mapy
Ta

®)

KoeimienT

ka
aJIre3uBHOI 34aTHOCTI; A,y — TOBIIMHA 3B’SA3yBAJILHOTO

nrapy.
Habip mapameTpiB TpOBIAHMKOBOTO IIapy MOXHA
MIPEACTABHUTH SIK:

ne K, — xkoedimient B s3K0CTI;

Peon =< Mcons Acons Econ K >, (6)
ne M, —marepiam; Ay, —ToBumHa wapy; E.,, —Monyis
npykHocti; K — koedillieHT BIOMHHX —XapaKTEpUCTHK
Marepiany.

Habip mapamerpiB  apMyroumx  AUBIHOK — MOXHA
TIPEZICTABUTH SIK:
P, =<M,,&.,A,E, >, (7
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e M, — GasoBuil Matepian, & — BITHOCHA JieNEKTPHYHA
HPOHUKHICTB; A, — TOBIIMHA OCHOBHOIO IIapy; £, —Moxyib
TIPY>KHOCTI.

Halip KOHCTPYKTMBHHX MapaMeTpiB MOXKE BiIPI3HATHCS
y KOKHOMY KOHKPETHOMY BMIAJKy, ale Ma€ MICTUTH
iHdopmMariro npo radaputai posmipu ['KC, KUTBKICTE Iapis,
PO3MIIIIEHHSI Ta KOHCTPYKTHBHE BHKOHAHHS CJIEMEHTIB
TIPOBITHUKOBOTO I1apy, & TAKOK MapaMeTpy MiCIb KpIIUIEHHS
Ta TEXHOJIOTTYHMX OTBOPIB.

Ha T'KC y ckmaai mo6insHOI PII MOXYTh BIIIMBaTH
Taki BHJM MEXaHIYHMX HABAHTAXKCHb. PO3TATHEHHS,
NepernHu
Ta MepeKpyYeHHs; IMKITiYHI HABAHTAXXCHHS, MEXaHiuHe
3HOIIYBaHHS TTiJ1 JIi€f0 aOpasuBHOTO TEPTSL.

[TapameTpuuHy MOJIENb MEXaHIYHOTO BIUIMBY Ha
PO3TSTHEHHS MOXHA 3alMCaTH HACTYITHUM YHHOM:

Dy =<V, Fs. >,

®)

Ie Vi, — LIBHAKICTH BILIMBY, MM/c; Fg — cuma BBy,

kH; « — Bich BiTHOCHO 3pa3ka.

[TapameTpoM MeXaHIYHOTO BIUIMBY Ha TEPETHHU Ta
MEPEKPYUCHHS € pajiiyC IIeperrHy.

[TapamerpuuHy MoJenb UWKIIYHAX HABaHTaKEHb
MOYKHA 3aIUCaTH Y BUTJISL

Dy =<f,AK, >, 9)
ne f — gactora HaBaHTaxeHb, ['m; A — ammiiTyna
HaBaHTaxeHb, MM; K, — Habip mapamerpis, w10

XapaKTepU3yIoTh MEXaHiKy KOHKPETHOTO HaBAHTAKCHHSI.
Po3misiHyTi MOJeNi MOKJIaJieHO B OCHOBY HPOBEICHHS
HOJAJIBIINX CKCIIEPUMEHTAIBHUX JI0CITIKEHb.

1V. JIOCHIDKEHHS BIUIMBY MEXAHIUYHUX
HABAHTAXEHb HA I'KC

Jlnst mpoBeJCHHST EKCIICPUMEHTAIBHOTO JIOCITiHKCHHS
BIUTHBY MEXaHIYHHX HABaHTAXEHb HA THYYKO-)KOPCTKY
komyTaiitny ctpykrypy (IKKC) 6yno obpano mueiid
Ha OCHOBI MOMIIMIAHOT MIAKIAIKH, SIKHHA 300pakeHO Ha
puc.3. Ha npomy BcraHoBieHo: 1 — cBiTiomion; 2 —
KOHEKTOp 3apsiaku; 3 — MiHi-USB 3’ennyBau.

Puc.3. Jocmimkysanuii 3pazok [ JKKC

MeTo0 TpOBEACHHS EKCIIEPHUMEHTY € JOCIiJDKeHHS
moka3HuKiB  cTiikocTi IJKKC mo  Garatopa3oBux
IUHAMIYHIX BHTHMHIB Ta IX BIUIMBY Ha eIEKTPUYHI
XapaKTePUCTHKA KOMYTAIIHHOI CHCTEMH B MOMEHT
BUHUKHEHHS TPILIMH y APYKOBAHUX MPOBIIHUKAX.

Jist mpoBeneHHST MOCHIKEeHHST Oyio 3i0paHo Maker,
SKAA 03BOJIsE TIpoBoauTH muHaMiyHi BuruHE [KC mix
3aJjaHUM KyTOM Ta 3a pgomomororo iHtepdeiicy UART
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nepexaBatd  iHQOpMamil0o TPO  KUIBKICTH  LUKIIIB
nedopmanii Ta 3MiHy Hampyrn |y TIpOBIIHHKax
JIOCITI/PKYBAaHOTO 3pa3Ka JI0 MPOrpaMHOro 3a0e3rnedeHHs,
y SIKOMY Ii JaHi BitoOpakaroThcs Ha rpadiky.

Pyxoma yacTuHA MakeTy NMPUBOJMTHECS B [0 IBUTYHOM,
sIkui roBeprae 3akpimieHy I’ KC 3 pobodoro crany 1o Kyta
y 130°.

Sk Bximamii curnan Ha [DKKC yepe3 KOHTaKTHI IUIONMHKA
niofasascst ctpyM 0,1 A. BuxigHum mapamerpoM € HajiHHSI
HaIpyTH, SKe BUMIPIOEMO 32 JOTIOMOTOI0 YOTUPHOX30HIOBOIO
METOLy.

[lix mOKa3HWKOM CTIHKOCTI JO BUTHHIB IPUAMAEMO
kitpkicTh muKkiiB 3ruHaHHsA [JKKC 3 pobodoro crany mo

kyra y 130° a B SK eNeKTpUYHy XapaKTepHUCTHKY
MIPUMaEMO 3MiHy HaIpyTH.
Y pe3ynapTaTi eKCHEPUMEHTAILHOTO  JOCIIHKECHHS

Oyno mpoBeaeHO 6592 IUMKITIB JUHAMIYHUX BHTHHIB
momiimigaoro  nwiedipa.  CepenHs — Hampyra — Ha
MIPOBIIHMKAX MPU IbOMY  CcTaHOBWIIA 68,841 MB.
ExcriepumeHT 3aBepumBesi po3puBoM Iuieida y micii
KpimenHst cBimoniona (puc.4). Ilpu npomy mporpama
3adikcyBaia pi3ke miaBumieHHs Hanpyru g0 3000 mB.

Puc.4. Po3puB uuieticha qociimpKyBaHOTo 3pa3Ka
icIisl JMHAMIYHUX BUTHHIB

VY 3B’43Ky 3 OTpPUMaHHMH pe3YJIbTaTAMH MOKEMO
3pOOHUTH BUCHOBOK, II0 PO3PHUB BiAOYBCS y MICIIi, SIKE HE
BIJTMIOBIIA€  MPOTHO30BaHUM  MICISIM  IMOBIpHHX
nedopmariii, sKki momepeHbO OylI0O BU3HAYEHO 3a
pe3yJibTaTaMu MOJENIOBaHHS. TakoX JIOCHiKyBaHHN
uuieii BUTpUMaB  Many — KUIBKICTh  JAUHAMIYHHX
nedopmariii — menme 10000 IUKITIB 3rUHAHHS THYYKOI
yactuau [ 7KKC 3 poboyoro crany 10 kyta 'y 45°.

V. BUCHOBKU

HaBemeni wmomemi mapamerpiB [KC 1  orpumani
Ppe3yAbTaT! eKCIEPUMEHTAITBHIX JOCTIHKEHb MOXKYTh OyTH
BUKOPHCTAaHI TiJ Yac ONTHMI3allil eTamy MpPOEKTYBaHHS
TaKUX CTPYKTYp I BUKOPHUCTAHHSA iX Y CKJIaAi MOOUIHHIX
PII, 30okpema mIf ypaxyBaHHS MOXJIMBUX MiCIh
nedopmarriit i pyliHYyBaHb
1 cKIamaHHA OUIPIN [EeTATPHUX PEKOMEHAAMid I
BUTOTOBIIEHHA Ta eKCIUTyaramii momiOHMX BHpPOOIB 3
ypaxyBaHHSIM
SIK  OCOONMBOCTEHl  KOHCTPYKLIM 1  3aCTOCOBYBAHHMX
MarepiaiB, TaK i YACIICHHUX 30BHIITHIX BIUIABIB.
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Development of a Structural Control Scheme for a
Small-sized Mobile Robot for Investigating Damaged
Buildings
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Abstract: The article deals with the development of a
structural control scheme for a small-sized mobile robot
designed for the investigation of damaged or destroyed panel
buildings. The robot is equipped with ESP32-Cam hardware
modules for real-time video transmission, L298N motor driver
for motion control, DC converter for power stabilization and
BMS 3S module for safe battery charging. Special attention is
paid to the technical characteristics of the components, their
interaction and influence on the overall performance of the
system. The developed scheme ensures reliable and efficient
operation of the robot in conditions of limited access and
difficult navigation conditions, which is relevant in the context
of the inspection of buildings after destruction caused by
military actions.

Keywords: mobile robot, block diagram, robot control,
building research, ESP32-Cam, prefab buildings.

I. Introduction

The urgency of developing a structural scheme for
controlling a small-sized mobile robot by a researcher is
due to modern challenges associated with the need to
inspect damaged buildings, in particular panel structures
that have undergone significant destruction as a result of
the military aggression of the Russian Federation. Panel
houses, which are common in Ukraine, have a specific
structure of large panel elements, which, in case of
damage, can create a danger for conducting rescue
operations or assessing the condition of the building. Due
to weak connections between panels, even partial
collapses can cause entire sections of the building to
collapse, making it difficult to access areas requiring
inspection. The use of small mobile robots allows for safe
and efficient research in such areas, reducing risks for
rescuers and engineers. Such robots are able to penetrate
hard-to-reach places, monitor the condition of structures
and transmit information for further analysis, which
makes them indispensable in the process of surveying
destroyed or damaged buildings in the conditions of
modern conflicts.

Il. STRUCTURE DIAGRAM OF THE MOBILE
ROBOT

The control block diagram of a small-sized mobile
robot for investigating destroyed or damaged panel
buildings includes the use of hardware elements such as
ESP32-Cam, L298N motor driver module, DC converter
and BMS 3S module to charge three 18650 batteries. The
main computing platform of the robot is ESP32-Cam,
which not only provides control of the entire system, but
also provides real-time video transmission for remote
monitoring. The ESP32-Cam was chosen for its low cost,

Wi-Fi support, and an integrated camera that allows the
operator to see the robot's environment without the need
for additional cameras. Its compact size and energy
efficiency make it ideal for use in small mobile systems.

To control the movement of the robot, the L298N
motor driver module is used, which can control two DC
motors with a maximum voltage of up to 46V and a
current of up to 2A per channel. This driver allows you to
control the speed and direction of rotation of the motors,
which is critical for maneuvering the robot in difficult
environments, such as uneven or collapsed surfaces of
damaged buildings. L298N has a reliable design that
ensures stable operation even under conditions of
increased load on engines.

The DC converter in the system is used to stabilize the
voltage supplied to the motors and other elements of the
system. Since 18650 batteries have a nominal voltage of
about 3.7V, and the ESP32-Cam and L298N modules
require a stable 5-12V to operate, using a converter
allows you to provide the required voltage level. This is
important to maintain the stable operation of the system
during long-term use of the robot in research conditions.

The BMS 3S module for charging three 18650 batteries
is chosen for its ability to ensure safe and efficient
charging of the batteries, preventing them from
overheating and over-discharging. This is critical for the
autonomous operation of the robot in the field, where the
lack of fast charging requires the most efficient use of
energy. 18650 batteries ensure long-term system
operation due to their high capacity and reliability.

Together, these hardware components provide effective
control of a small-sized mobile robot capable of
exploring damaged prefab houses, maneuvering in
difficult environments, transmitting video information,
and operating autonomously for long periods of time.

The developed structural diagram of the control of a
small-sized mobile robot for the investigation of
destroyed or damaged panel buildings is presented in
Figure 1.

The developed structural diagram of a small-sized
mobile robot for the investigation of destroyed or
damaged panel buildings has a number of advantages
compared to existing solutions. First of all, using the
ESP32-Cam as the main module for video transmission
and system control allows you to significantly reduce the
cost of the robot without losing its functionality. Unlike
more expensive platforms with separate cameras and
transmitters, the ESP32-Cam integrates all the necessary
components in one device, providing real-time video
transmission over Wi-Fi. This allows you to quickly

M&MS 2024, 25-26 October, Kharkiv, Ukraine



monitor the condition of the building without the need for
complex and expensive solutions, such as professional
drones or stationary inspection systems.
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Figure 1— Structural diagram

Technically, the ESP32-Cam-based robot is light and
compact, making it ideal for exploring hard-to-reach
places in collapsed or unstable buildings. Thanks to the
L298N motor control modules, the robot has the ability to
precisely control the speed and direction of movement,
allowing it to maneuver in difficult conditions where
large and heavy platforms may not cope. In addition, DC
motors provide high torque at low speeds, which is key
for handling bumps or debris.

Compared to other solutions, this scheme provides
long-term autonomous operation thanks to efficient
power supply. Three 18650 batteries with a 3S BMS
module guarantee a stable power supply and protection
against overloads, which is important for work in field
conditions where access to charging stations is limited.
Compared to commercial work that uses more energy-
intensive power systems, the proposed scheme provides
better energy efficiency and operation duration, allowing
research to be carried out for several hours without the
need for charging.

From the technical side, the use of a DC converter
allows you to adapt the battery voltage to the
requirements of various system components, including
engines and control modules. This makes it possible to
efficiently use energy resources without losses and
overheating. As a result, the developed scheme has
significant advantages in terms of accessibility,
compactness, energy efficiency and flexibility in use in
damaged buildings where existing solutions may be
cumbersome, expensive or less effective.

I11. Conclusion

The proposed scheme is an effective and
technologically sound solution for the investigation of
destroyed or damaged panel buildings. The use of such
hardware elements as ESP32-Cam, L298N motor driver,
DC converter and BMS 3S module for 18650 batteries
allowed to create a compact, economical and reliable
platform that is able to perform tasks in difficult
conditions. With the ability to transmit video in real time
and support wireless communication, the mobile robot
provides remote monitoring of the condition of
structures, making it a valuable tool for engineers and
rescuers.

The motion control efficiency of the L298N module
allows precise control of speed and direction of motion,
which is critical for maneuvering in uneven or congested
building areas. 18650 batteries in combination with the

BMS 3S module guarantee long-term autonomous
operation and overload protection, which is an important
advantage for working in conditions where access to
charging stations is limited. At the same time, the use of a
DC converter ensures a stable power supply to all
components, which prevents system interruptions.

In general, the developed scheme of the mobile robot
turned out to be more energy efficient, affordable and
technically flexible compared to some existing solutions.
Its compactness and functionality make it suitable for use
in various conditions, in particular during research of
damaged buildings, which is especially relevant in
modern conditions of military operations. Prospects for
the development of this scheme include the possibility of
further improving the system by integrating additional
sensors and algorithms to increase autonomy and
accuracy of operation in difficult conditions.
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[HTeNneKTyalbHe KepyBaHHS aBTOHOMHUMU
TPAHCIOPTHUMH IIATIAMHU JJIs1 BHYTPIIIHbO-
CKJIQICHKUX JIOTICTUYHUX CUCTEM
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Abstract: B pobori 0OrpyHTOBaHO HEOOXiAHICTH Ta
MOXJIMBICT  IHTEJIEKTYyalbHOT ~ KEPYBaHHS aBTOHOMHHUMH
TPaHCIIOPTHAMH 3aCO0aMU-IIATIIAMH BHYTPIIIHBO-CKJIAICBKHX
JIOTiCTHYHUX CHUCTEM.

Keywords: aBromarusariisi, poOOTOTEXHiKa, JIOTiCTHKA,
IHTeNeKTyaIbHe KepyBaHHS.

I. BCTYII

BrpoBamkeHHs caM€ aBTOHOMHHMX TPaHCIOPTHX
3aco0iB-IIATIIIB HAJa€ 3HAuYHI IepeBard BHYTPILIHBO-
CKJIaACBKUM J'IOFiCTI/I‘{HI/IM CUCTEMaAM 3aBAsIKHU
MOXJIMBOCTSAM  3a0e3ledeHHs  Oiabmiol  IIBHAKOIT
KEepPyBaHHS Yepe3 BUKIIOUCHHS HEOOXITHOCTI JIFOIMHU
oreparopa. 3po3yMijio, M0 KEepyBaHHS aBTOHOMHHMH
TPAHCIIOPTHUM 3aCOOM-IIATIIOM Mae OyTH Y3rOKeHe i3
3aBJIAHHSIMA  BHYTPINIHBO-CKJIAJCHKOI  JIOTICTUYHOI
CHCTEMU.

MOJITMBOCTI TpaJIULiHHUX TEXHOJOTI aBTOMaTh3allii,
10 3aCHOBaHI Ha BUKOPHCTaHHI PETYJSTOPIB, € OCHTh
00MEXEHHMH Ta J03BOJISIOTH JIMIIE KEPyBaTH OKPEMUMH
napaMeTpamMM  CTaHy  aBTOHOMHHMX  TPaHCIOPTHHX
3ac0o0iB-1IATIIIB.

3a uux ymoB Ui 3a0e3nedeHHst e()eKTHBHOI poOOTH
BHYTPIIHBO  CKJIAJCHKOI  JIOTICTHYHOI ~ CUCTEMH,
OCHAIIeHOI ABTOHOMHHMMH TPAaHCIOPTHHMH 3ac0o0aMH-
HIaTiaaMy, JOCHTb IPHUBAONMBHM € BHKOPHCTAHHS
IHTEJIeKTyalbHIX CHCTEM, 3aCHOBAaHMX Ha OINTHMIi3arlil
BUPOOHHYHUX MPOLECIB 3 BUKOPUCTAHHAM KOMII'FOTEPHUX
TexHonorid. Came BHKOPHUCTAHHS IHTENCKTyalbHUX
CHCTEM KEepyBaHHS JO3BOJUTH HAICKHHM YHHOM
3a0e3nevyyBaTi eeKTHBHICTh €KCILTyaTallii BHYTPIIIHBO-
CKJIQJCBKAX  JIOTICTHYHHUX  CHCTEM,  OCHAIICHUX

ABTOHOMHHMH TPAaHCIIOPTHUMH 3acobaMu-miatTiamMu [1-
7].

Il. ABTOHOMHUI TPaHCTIOPTYBAIBHUI IIATI

OcHOBHUM MIPU3HAYCHHSIM BHYTPIIIHBO-
CKJIA[ACBhKOI JIOTICTUYHOI CHCTEMH € 3a0e3MeucHHS
HaJIe)KHOTO TPaHCIIOPTYBAaHHS BAaHTAXIB Mi>K 30BHIIIHIMH
TPAHCIIOPTHUMU 3aCO0aMH Ta CKIAJICHKAMHU CTEIAKaMH, 1
ABTOHOMHI TPaHCHOPTYBAJbHI YOBHHWKH BIAITPIFOTH B
IOMY TIPOLIECi BHpIMIaIbHY poib (puc.l).

Hiticno (puc.l), BaHTax -1 micHd HAIEKHUX
BaHTQXXOITTHOMHUX pPOOIT Mae OyTH IOCTaBICHHU 3a
TPaHCIOPTYBAJIBHOTO WATITY -2 O CKJIAJICEKOI0 CTesaxa
-3 3a IOCHTH CKJIQJHAUM MapIIpyTOM TPAaHCIIOPTYBAHHS -
4.

BaHTaXiB
-5

Jns  37iiCHEHHS  TpaHCHOPTYBAaHHS
TaKoX HEoOXimHO 3abe3redyBaTH TOBEPHCHHS

MOPOKHBOTO aBTOHOMHOTO TPAaHCIOPTYBAJIBHOTO IIATITY
-2 10 MalJaH4uKy -6 IUTs BaHTaKOMiTHOMHUX POOIT Ha
30BHIIIHBOMY TPAHCIIOPTI.

CknamHicTh TpaHcropTyBaHHS -4 (puc.l) BaHTaxiB
o0yMOBIIeHa TUMH OOCTAaBMHaMH, IO TpPH JIOCTaTHHO
BEJMKI  JIOBKHHI I[bOTO  TPAHCIIOPTYBaHHA  Mae
3a0e3rnevyBaTucs JIOCUTh BHCOKa TOYHICTh
MO3MI[IOHYBaHHS aBTOHOMHOTO IIIATiia HANPUKIHI HOro
pyXy Ui HaJeXHOTO Y3TO/KEHHA pOOOTH pi3HUX
CKJIaJOBHUX BHYTPIIHBO-CKJIAJICBKOT JIOTICTUYHOL
CUCTEMHM, IIOJI0 TMOBO/DKEHHS 13 BaHTaXXaMH, IO
TPaHCIIOPTYIOTHCS B il Mexkax.

IIpu oMy, yIpOJIOBK TpaHCTIOPTYBaHHSA -4 (pHC.
1) ciig miATPUMYBATH HAIEKHY IIBUIKICTH aBTOHOMHOTO

TPaHCTIOPTYBAJILHOT'O matia JJIA YHUKHCHHA
HOIIKO/DKEHb  CKJIAJIOBUX  BHYTPIIIHBO-CKIAJCHKOI
JOTiCTUYHOT CHCTEMH, CaMoro maTiaa Ta
TPaHCIIOPTOBAHMX BaHTAXIB.

Y mpomoBX TMOBEpHEHHS -5 TOPOXHBOTO abo
HaBAHTa)XCHOTO  aBTOHOMHOTO  TPaHCHOPTYBaJIbHOTO

(puc. 4.1) cnig Takox 3abe3nedyBaTH 3allaHy ILIBHJIKIC
maTiaa Pyxy Ul YHUKHEHHS IOLIKOUKEHb CKJIaJOBHX
BHYTPIIIHBO-CKJIQICBKOI JIOTICTUYHOI CHCTEMH, CaMOro
ABTOHOMHOTO TPAaHCIIOPTYBAIBHOTO YOBHHUKY, a B JIESKHX
BUIaKaX e i TPaHCTIOPTOBaHUX BaHTAXKIB.

HanexxHa ¢ikcallisi MOTOYHOTO CTaHy BHYTPIIIHBO-
CKJIAICHKOI  JIOTICTUYHOI CHUCTEMH €  KIOYOBHUM
(akTopom, sikuit 3a6e3nedyBaTuMe ii poOOTy MpU 3HAYHO
OOMEKeHOMY  BTPYYaHHI  JIFOJEH-TIPAIliBHUKIB, IO
JO3BOJIUTH CKOPOTHTH 4Yac peaklii Ha BUKOHAHHA
3aBJaHb, a TAKOXK IHINI TEXHIKO-€KOHOMIiYHI IOKa3HHKHU
e(heKTUBHOCTI eKCILTyaTallii.

3abesmnedeHHs] HaJIeXHOI (piKcarii IMOTOYHOTO CTaHy
BHYTPIIIHBO-CKIAICHKOL JOTiCTUYHOT CHCTEMH
3BOJUTHCA N0 (iKcamii po3TanTyBaHHS KOXXHOTO BaHTAXKY
Ha CKJIAJCBKUX CTellaxkax -3 Ta Ha MalJaHuuKy -6
BaHTAKOI THOMHIX POOIT HA 30BHIIIHHOMY TPAaHCHOPTI,

a TaKoX [IOTOYHOTO MOJIOKEHHS AaBTOHOMHOTO
TPAHCIIOPTYBAIBHOTO YOBHUKY -2 It (OpPMyBaHHS
3aBAaHb IONO  TPAHCIIOPTYBaHHA -4  BaHTaXiB

MO3UIIIOHYBaHHS -5 aBTOHOMHOTO TPaHCIOPTYBaJIbHOTO
4OBHHUKA (IuB. puc. ).

Orxe (mmB. puc. 1), cucrema KepyBaHHS -/
BHYTPIIIHBO-CKJIAJICHKO{ JIOTICTHYHOI CHCTEMH Mae OyTd
opopMmileHa ~ OKpeMO Y  BHIJISAL  BIATIOBIIHOTO
KOMI'FOTEPHOTO YCTAaTKyBaHHs, SKE Mae€ BKIIIOYATH
cepBepd Ta poOOdYl CTaHIii, a TAaKOX pPI3HOMAaHITHI
JIOKaJbHI KOPHCTYBAJIBHHIIBKI TEPMIiHAJIM Ta MPHCTPOI,
1m0 00'eHAHI KOMIT'TOTEPHUMH MEpEXXaMH, Y TOMY YHCII
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MOOUTBHUMH JUIs 3a0e3NedeHHsT OOMIHY IaHHMH MK
BITAJICHUMH OJWH BiJl OJHOTO CTaIliOHAPHUMH Ta
PYXOMHUMHU CKJIQTOBUMH

1 —BaHTaX, 2 — aBTOHOMHHI TPAHCIOPTYBAJIBHHUIA MIATI;
3 — CKIIaJIChKi cTenaxi; 4 — TpaHCIIOPTYBaHHS BaHTaXiB
ABTOHOMHHUM TPaHCIIOPTYBAJILHUM YOBHHKOM;

5 — MoBepHEHHS1 aBTOHOMHOT'O TPAaHCIIOPTYBAJIBHOTO
YOBHHKA; 6 — MalAaH4MK JUIS BAHTAXOIT AHOMHUX pOOIT
Ha 30BHIIIHBOMY TPaHCHOPTI; 7 — CHCTeMa KepyBaHHs Ha

OCHOBI IIU(PPOBUX TEXHOJIOTIH
PucyHok 1 — ABTOHOMHUIA TpaHCTIOPTYBaJIBHUM AT
B JIOTICTUYHIH cUCTEMI

3aBasKu BUKOPDHCTaHHIO  came  IHu}poBUX
TEXHOJIOTIH B CHCTeMi KepyBaHHs -7 (AuB. puc. 1) Mmaemo
MOJMJIMBICTh ~HE TUIbKM  3[ilcHIOBaTH  (iKcaliio

MMOTOYHOTO CTaHy BHYTPIIIHBO-CKIIAJICHKOI JIOTICTUYHOI
CUCTEMH, aJle TaKoX W OLiHIOBaTH crparterii il
eKCIUTyaTalil BIAMOBIZHO 1O il MOTOYHOrO CTaH 3
ypaxyBaHHsIM  DPI3HOMAHITHHUX  TEXHIKO-€KOHOMIYHHX
MOKa3HUKIB Ta KPUTEPIiB €(heKTUBHOCTI.

3aBIgKU LOMY  KEpyBaHHS  BHYTPIIIHBO-
CKJIaZICBEKOIO JIOTICTHYHOIO CHCTEMOIO Oyne
IHTEJIeKTyalbHIUM, TOOTO OyZie 3MIHIOBATHCS BiAIMOBITHO
JO TOTOYHOTO CTaHy Ta IOTOYHUX 3aBIaHb 3
ypaxyBaHHsIM 0akaHUX KPUTEPIiB epeKTHBHOCTI.

[HTenexryanpHe KepyBaHHS BHYTPIIIHBO-
CKJIaJICbKUMH JIOTICTUYHUMU CUCTEMaMH IPYHTY€EThCS Ha
NPUAHATTI pIlIeHb [IOAO0 TMOAANBIIOT 3MIHH CTaHy
CHCTEMH BiIMOBITHO 1O ii MOTOYHOTO CTAaHy Ta 3aBJAaHb
Ha OCHOBI MPOTHO3YBAaHHS  TEXHIKO-€KOHOMIYHUX
MMOKa3HHUKIB.

[HoTounuit CTaH BHYTPIIIHBO-CKIIAICHKOL
JIOTICTUYHOI CHUCTEMH MOXKEe OyTH OIliHeHHH MIUIIXOM
BiIMTOB1THUX BUMIipIOBaHb 3 BUKOPUCTAHHSIM
BIMOBIMHMX CEHCOPIB, a TaKOX MUIIXOM HAaJIEeKHOI
¢ikcamii JaHUX MO0 TOTOYHOTO  PO3TAIIYBaHHS
BaHTaXiB 3a JIOIMOMOTOI0 BiIIOBIIHUX KOMIT'FOTEPHIX
iHQopMaifHUX  TEXHOJOTIH, o TIPUHITUTIOBO
3pO3yMLJIO.

TTorouni 3aBIaHHI BHYTPIIIHBO-CKIAICHKOL
JIOTICTUYHOI CHCTEMH BH3HAYAIOTHCS TIPAIiBHUKAMH-
omepaTopaMu a00 Ha OCHOBI €KCIIEPTHUX OIIHOK, a00 Ha
OCHOBI ONITUMI3aIlil 3aBJaHb BiIOMOCTEH PO JOAaTKOBOI
indopmamii, 1m0 onepKaHa 3  BUKOPHCTAHHSIM
IOIIOMDKHUX  3aco0iB ornTtuMizamii  Ha  OCHOBI
KOMII'FOTEpHOT'O MOJICITIOBAHHS BiIIIOBITHUX MPOIIECIB.
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IIporaHo3yBaHHS TEXHIKO-CKOHOMIYHIX ITOKA3HUKIB
JUTS TIPUAHSTTS PIICHb MIOAO MOJANBINOT 3MiHU CTaHy
CHUCTEMH BINNOBIIHO 10 ii MOTOYHOTrO CTaHy iCTOTHO
IPYHTYETHCSI HA KOMITFOTEPHOMY MOJICTFOBAHHI MTPOIIECiB
BHYTPINIHBO-CKJIAJICPKUX JIOTICTHYHUX CHCTEM, a TaKe
MOJICNIIOBAaHHSI Yy  CBOIO  4Yepry 3acHOBaHO Ha
MaTEeMaTHYHUX MOJICNIAX BiJIOBITHUX MPOIIECIB.

TakuM  uMHOM, IHTeNEKTyami3allisi IpOIECiB
KEepYBaHHS BHYTPINTHBO-CKJIAJACHKHUMHU  JIOTiCTHYHUMHU
cucteMamMu ToTpeOye BiAMOBITHOTO MAaTEMAaTHYHOTO
3a0e3rmeyeHHsl y BUIUISAI  MaTeMaTHYHUX  MoJeled
MpOLECiB Ta METOMIB MIOA0 IXHBOTO aHajmizy Ta

OnTHUMI3aIlii.
3po3yMiJio, o 3MiCT MaTeMaTHIHOTO
3a0e3MeyYeHHs] 1HTENEKTYalbHUX CHCTEM KEepyBaHHS

BHYTPIIIIHBO-CKJIJICBKIMH  JIOTICTAYHUMH ~ CHCTEMaMH
ICTOTHO BU3HAYAETHCS BUMOTAMH Ta TAKUX CHCTEM i TOMY
MOe OyTH JTOCHTH pisHOMaHITHUM [8-21].

3po3yMijio, M0 Yac BHKOHAHHS TPAHCIIOPTHHX
omepaiiii TNpH TMOBOJUKCHHI 13 BaHTaXaMH  JUIs
BHYTPIIIHBO-CKJIAJICBKOT JIOTICTUYHOI CUCTEMH (JIUB. pHC.
1.) BU3HAYAETHCS, 3HAYHOK MiIpPOI0 MIBUAKICTIO PYyXy
ABTOHOMHHUX TPaHCIIOPTYBAJIbHUX ‘-IOBHI/IKiB TaKuUM
YMHOM, 110 3017bIIEHHS MIBUAKOCTI PyXy aBTOHOMHOI'O
TPaHCIIOPTYBAJILHOTO YOBHHKAa Belle JO BIANOBIIHOTO
SMCHIIEHHA 4Yac Yy BHUKOHAHHA TPaHCIOOPTYBAJIbHUX
orepartii.

OT)Ke, 11 3MCHUICHHS qacy BHUKOHAHHS
TPaHCIIOPTHUX OMepalliid MpH MOBOPKEHHI 13 BaHTaXKaMH
cmijg 3a0e3rnedyBaTd  HaWOUIbILY MIBUAKICTH  PYyXY
ABTOHOMHHUX TPAaHCIIOPTYBAJILHUX YOBHHKIB.

B ToO#l Xe uac, NMTOMI Ha OIUHUIIIO JIOBXUHHU
IUIAXY  BUTPATH  ENEKTPOCHeprii  aBTOHOMHHMH
TPAaHCHOPTYBAaJbHMM YOBHMKOM 301JBLIYIOTbCA IPU
301TBIIICHH] #0T0 TTOBHOT MacH Ta IBHIKOCTI pyxy [22].

3a 1MX yMOB JOILJIBHO 3allPOBAJMTH IHTEJICKTyaIbHE
KepyBaHHs, sike O 3a0e3redyBajio BUOIp ONTHMANBHOL
IIBUAKOCTI PyXy aBTOHOMHOTO TPaHCIOPTYBaJIbHOTO
YOBHHKY BIJIIOBIHO 7O OOCATIB 3aBJaHb BHYTPILIHBO-
CKJIaJICbKOT JIOTICTUYHOI cHCTeMH (AuB. puc. 1) Takum
YHHOM, 00 MiHIMI3yBaTH BUTPATH €JIEKTPUYHOI eHepril
Ha BHYTPILIHBO-CKIIAAChKe TPAHCIIOPTYBAHHS BaHTaXIB.

111. BucHOBKH
BrpoBajikeHHsI  IHTENEKTYaJIbHOTO  KEpyBaHHS
ABTOHOMHHMH TpaHCHOpTyBaJ'IBHI/IMI/I mIaTJIaMHu, SAKE

3abesmedye BHOIp IMIBUAKOCTI pPyXy aBTOHOMHOTO
TPAHCIIOPTYBAIBHOTO YOBHHUKY BiAMOBIAHO OO0 0OCATIB
3aBAaHb BHYTPIIIHBO-CKIAJCHKOI JIOTICTUYHOI CHCTEMH
IPYHTYETbCI HAa MaTeMaTHYHOMY 3a0€3MeueHHi, IO
MPENICTABISATHME CITIBBIIHOIIECHHS M 00CSITOM 3aBJIaHb,
OakaHMM YacoM IXHBOTO BHKOHAHHS Ta BIIITOBIIHIN

IIBOMY  4Yacy  IIBHAKOCTI  pyXy  aBTOHOMHOTO
TPaHCTIOPTYBAJILHOTO YOBHHKA.
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[Iporpamue 3a0e31eueHHS 1JIsI PO3PAXYHKY
PE30HAHCHHUX YaCTOT MEMOpaH >KUBUX OpPraHi3MiB

Pomio Kimumenko?, JImutpo Kyxapenko?
1. HaB4anpHO-HAYKOBUI{ iIHCTUTYT €JIEKTPUYHOI iHXKeHepii Ta iHpopMamiHHUX TEXHOIOTIH,
KpemenuyubKkuii HallionanbHuii yHiBepcuTeT iMeni Muxaiiia Ocrporpasckkoro, YKPATHA,
Kpemenuyk, By ITepmorpasaesa, 20. email: dkuch100@gmail.com

Anomauis: Y poOOTI TPOBOMUBCA OIJISA  JOKEPENT
iH}pa3ByKy MITyYHHX Ta MPUPOJHIX, a TAKOXK HOro BILUIMB HA
uBi opraHi3mu. IIpoBeneHi eKCIIepUMEHTH Ha KOJIOPaJChKUX
JKyKax 1 jkabax cBiguaTh IpO CMEpTeIbHY Hifo iH}pa3ByKy. A
o710 JiroquHu 7 ['11 BBaxaeThest cMepTelTbHUM 1 11 Hei. Hemae
HayKOBHX BHUITPOOYBaHb i Mpalp 00 MIKPOOpPraHi3MiB, TOMY
JIOCITI/DKEHHS Ii€] TEMaTHKH € aKTyaJIbHOIO 3a71adero.

EnementrapHa YacTWHKAa HEWTPHHO BOJIOMIE, SIK BIJIOMO,
BEJIMYE3HOI0 MPOHUKAIOUOI0 3/aTHICTIO. [H(pa3Byk — cBOTO
POy «aKyCTHYHEe HEWTPHHO» — 3IaTHUI TNpOXomuTH 0e3
TIOMITHOTO OCJIa0JNIeHHs1 4epe3 CKIO 1 HaBiTh Kpi3b CTiHMH.

Knrwouosi cnosa: iHQpa3Byk, HU3bKOYACTOTHE KOJIMBAHHS,
MIKpOOpTaHi3MH.

. BcTvin

[H(pa3ByKOM Ha3MBaIOTh AKYCTUYHI KOJMBAaHHI 3
gactororo Hmxkue 20 T'm. Ileit yactoTHME miama3oH
JNeXUTh HIK4Ye ciayxoBoro mopory [1]. Cmyxoswuii
aHaji3aTop JIIOJAMHM HE CIPOMOXHHHA  CIIpUAMATH
KOJIMBaHHSI TakuX wyactor. I[HQpa3Byk 3a iznuHUMU
XapaKTEePUCTUKAMHI Ma€ OAHAKOBY HPHPOAY 31 3BYKOM

BiH MajJ0 IIOIJIMHAETBCS IOBITPSIM, TOMY MOXKeE
MOLIMPIOBATHCh HAa  BesWKi  BincTani.  [HQpasByk
XapaKTepU3y€eThCs iH(pa3ByKOBUM THUCKOM,

IHTEHCHUBHICTIO, IO BHUMIPIOIOTECS y Jenubenax. Y
BUPOOHMYUX yMOBax iH()pa3ByK IeHEPYEThCS MPU POOOTI
KoMIIpecopiB, TypOiH, JAM3ENBHUX JBUTYHIB, IO
3IIHCHIOIOTH 00EPTOBI Ta 3BOPOTHO-TIOCTYIAIBHI PYyXH, a
TAaKOX TypOYJEHTHI MpOIeCH, 10 BUHUKAIOTH IiJ 4ac
PYXy BeIMKUX MOTOKIB Ta3iB abo piguH. BHacmigok
UbOro 1H(pPa3ByK CyNpPOBOUKYEThCS 3BYKOBOKO abo
iH(Pa3BYKOBOIO YACTHHOIO CIIEKTPA.

Jdo o0’exTiB Ha skux iHppa3BykoBa 00JaCTh
aKyCTUYHOTO CIEKTpy IepeBaka€ Hal 3BYKOBOIO,
BiTHOCUTBCSI aBTOMOOIUIBHMH 1 BOJHHH TpPaHCIOPT,
KOHBEPTEpHI 1 MAapTEHIBCbKI IE€XH METaIypriiHOTO

BHPOOHHUIITBA, KOMITPECOPHI, ra3ornepeKadyBaibHi
cTaHIii, MOPTOBi KpaHH 1 T. iH. [H]pa3ByK sK izmunHe
SIBHIIE T IO PSITKOBYETHCS 3aKOHOMIPHOCTSIM

XapaKTepHUM I 3BYKOBUX XBHIIb, ajie KpiM LbOTO Mae
psAa 0coOIMBOCTEH, IO MOB’s3aHI 3 HA3BKOK YaCTOTOIO
KONMBaHHA IpPYXHOro cepemoumma. Jlo  Takux
ocobmmBoCTeH iHPPa3BYKY HANCKUTH:
— OlmpIIa amInITYAa KOJNWBaHb HIK aKyCTHYHUX XBHIIb
TIPH Pi3Hil MOTYKHOCTI JKEpeta 3ByKY;
— pPO3NOBCIO/DKEHHS HA BEIMKY BIiJICTAHb B JDKepema
yepes ciadKe MOTIMHAHHS HOTo aTMOC(HEPHUM TTOBITPSIM;
— CTBOpEHHS sABUINA AUQpPAKIii depe3 BEINKYy JTOBKUHY
XBHJIB;
— 3JaTHICTb CTBOPIOBATH BiOpaIlif0 KPYMHUX 00’ €KTIB
Yyepes3 SIBUILE PE30HAHCY.

Bkazani ocoGmuBOCTI iH(Pa3BYKOBHX XBHJIb UHHSTH
TpyaHOUII y OOpoTBOI 3 HHMH, TOMy IO KJIACHYHI

3aco0H, Taki SK 3BYKOIOTJIMHAHHS, 3BYKOI30JsiLis abo
BiJIaJICHHS BiJ JDKEpesa, IO BUKOPHCTOBYIOTHCS JUIS
3HMKEHHS IIyMy, BUSBJISIIOTBCS Majoe(QEeKTHBHHMH. 3
JITepaTypHUX JDKEpe BiZIOMO MPO YYTJIHMBICTH JIIOJAWHA
JI0 KOJIMBaHb 3 BEJIMKOI0 IHTEHCHBHICTIO B 00acTi
iH(pa3ByKOBHX YacToT. Bcebiune BUBUEHHS 010J10TTHHOT
nii  iHQpa3ByKy TIpPOAOBXKYE TpUBATH, aje ICHYIOUI
BUCHOBKM CBif4aTh IIpo Te, MO 1H(Pa3ByK, SK
PO3MOBCIO/KECHUI TIiTi€EHIYHUN YMHHHUK, 3aJICKHO Bif
YacTOTH 1 PIBHA 3BYKOBOT'O THCKYy YMHHTH BIUIMB Ha
(yHKILIOHAILHUN CTaH OpraHi3My, HECHIPUSTIMBO JIIOYH

Ha HEpPBOBY, CEpLEBO-CYIMHHY CHCTeMH, (YHKIIIO
IUXaHHA, CTaH CIIyXOBOTO Ta  BEeCTUOYJSPHOTO
aHaJi3aTopiB.

Omxe, iHQpa3Byk SK NpopeciiHUi YMHHUK MOXKE
HECTIPUSATIIMBO BIUIMBATH HA OPraHi3M JIIOJMHU 1 YHHUTH
cneuudiuHy Aif0 Ha opraH ciuyxy. [IlpuumHOI0O TaKoi
OionoriuHoi nii iH(pa3ByKy € Te, IO BiH CIPUHMAETHCS
HE TUIBKU CIYXOBHM aHalli3aTOPOM, @ BCIEIO MOBEPXHEIO
TiIa JIIONMHM, TOMY BHBUYEGHHS MOTrO BJIACTHBOCTEU
3aJIMIIAETHCS aKTYaIbHOIO 3aJa4elO.

Il. MATEPIAJI I PE3YJILTATHU
JIOCIIDKEHD.

Juis Toro, mo0® BHU3HAUMTH BIUIMB iH(pPa3ByKy Ha
KIITHHY, HEoOXimHO 3’scyBatu ii OymoBy (puc.l). ¥V
€yKapioTU4YHOI KJIITHUHM MeMOpaHHM pO3TAIlIOBaHI K Ha
MOBEPXHI KIITHHHU, TaK 1 BCepeAMHI Hel, YTBOPIOHOYH
MeMmOpaHHi opraHend. Jlo ckiamy MeMOpaH BXO[STh
mimigy, Oimkw 1 BymieBomu. Jlimigm  mMemOpaHu
npeJcTaBieHi B OCHOBHOMY ocdominimamu (6au3pK0
75%) 1 xomectepuHoM (6mm3bko 20%), TOmI SIK
TIIKOMIMIIM YTBOPIOIOTh MIHOPHY (pakiito. Binmbiricts
OinkiB MeMOpaH BIJHOCHTBCA 1O CKIaTHUX OLIKIB,
HalpuKian, TIIIKOTIPOTEIHY. Byrnesoau HE
3yCTpiYaroThcs B MeMOpaHi y BUIBHOMY CTaHi: BOHH

BXOIATh B CKJIAX CKJIAQOHUX OUIKIB 1 JNHIgiB -
TITIKOJIIIIOB 1 TIIKOMPOTETHIB.
Pucynok 1 — BymoBa meMOpaHH eyKapiOTHYHOI

KmituHu: 1 - mimigani 6imap; 2 — iHTerpanpHui 0110K; 3
— mepedepiitauit 6inok; 4 BYTTIEBOJHHN 3aJIUIIOK
TIIIKOTIPOTEiHA.
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OueBumHUM € TOH (hakT, IO TOBIIMHA MEMOpaHU cos(h.z, ) = 1
rpae SKII0 He HAUTOJIOBHINTY POJIb, TO OAHY i3 TOJOBHHUX. B 2 2
3aranpHa TOBIIUHA MEMOpaH JKHBHX OpPTraHI3MIB Mae 1+ ow + ow
miamas3oH Bix 5 mo 10 HM [2]. A BiAMOBiAHO pe3oHAHCHA X, oy,
4acToTa IS pIi3HUX KITHH Oyzae pisHa. KiitnHHA [Ipum Manux nedopmariisx MeMOpanu, OyIeMo MaTh
MeMOpaHa Ma€ JIOCHTh CKIamHy OyaoBy, ii MoxHa HACTYIHI PiBHAHHSL:
mo0aunT B EJIEKTPOHHHH Mikpockor. [pybo kaxyuw, ow
BOHA CKJIAIA€ThCs 3 MOMBIHHOTO Mapy NiMifiB (KUpiB), B cos(h,x )= T
SIKM{ B PI3HUX MICISX BKJIFOUEHI pi3HI menTuu (OLIKm). ow
3araqpHUN [IaH OyJOBH KIIITHHHOI MeMOpaHu cos(h,y, )=——,
YHIBEpCAIPHUH JJIs1 BCBOTO JKMBOro cBiTY. OpHak 1
MEMOpaHH TBAapHH MICTATh BKJIIOUCHHS XOJICCTCPHHY, cos(h,z,)=1.
SIKMM BHW3HA4Ya€ ii KOPCTKICTh. BiaMiHHICTH MeMOpaH [pumycTimo, 1110 HATPYKEHHS

PI3HMX LAPCTB OpPraHi3MiB B OCHOBHOMY CTOCYETHCS
HaaMeMOpaHHUX yTBOpeHb (mapiB). Tak y pocimuH i
rpubiB  Hajg MemOpaHoro (i3 3OBHIINIHBOTO OOKY)
3HAXOJUTHCA KJIITHHHA CTiHKAa. Y POCIMH BOHA
CKJIQIAEThCA NEPEBAXKHO 3 LIENIONIO3H, a y TpUOiB - 3

Ty T MaroTh piBHOMIpHO

Ux'ay’az’r xy ! “xz

Xy’
pPO3MOAUIATHCS 10  TOBIIMHI ~ MeMmOpaHu.  SIKiro
KOMIIOHCHTH HAmpy>XeHHS OyIyTh Maji, OTPHMA€EMO
HACTYITHE PiBHSHHS:

PEYOBHHM XiTUHY. Y TBapuH HaJIMEMOpaHHHH Iap o,=0,= S 7

Ha3MBA€ThCA  TJIIKOKaikcoM. [lo-iHIIOMY  KITITHHHA Yo d

MeMOpaHa HA3WBAETHCS IMTOILIA3MATAYHOI MEMOPaHOIO ne d — ToBuMHA MEMOpaHH.

ab0 MIa3MaTHYHOK MEMOPAHOIO. SIKI0 MaTMMK BETMYMHAME 3HEXTYBATH, OTPHMAEMO:

o, cos(h,x, ) +7,, cos(h,y, )+, cos(h,zl)=—§(;ﬂ+rXZ =0
X

1

7, cos(h,x )+o, cos(h,y, )+, cos(h,zl):—§@+ryZ =0
1

7, cos(h,x, ) +7, cos(h,y,)+o,cos(h,z )=0,=0,
TaKUM YMHOM OCTATOYHO OTPUMAEMO:
S ow S ow
T = T A ’TVZ =75 9%
d ox, d oy,
SIKIIO TiJCTaBUTH PIBHSHHS, SIKI HaBENEHI BHIIE Y
TpEeTE PiBHSHHS PIBHOBATH:

d*r, 01, oo o*w
Xz yz

. . . . . + + —,0 2

PosrnsHeMO MexaHiYHI BIACTUBOCTI €YKapiOTHYHOI ox, oy, 0 ot

KITHHA. Y KIITHHA J1F000i TKAaHHHU € BJIAaCHA 4acToTa
konuBanb. Komu iH(pa3Byk BIANOBIAHOI YacTOTH

Pucynok 2 — bynioBa MeMOpaH# eyKapioTH4HOT
KJIITHHY 3 T1IBUIIEHOIO CHUJIOIO HATATY Ta LIIJIbHICTIO
MeMOpaHH 3a PaXyHOK XOJIECTEPHHY

Z

oTpuMaeMo  JauQepeHliiiHe  PIBHSHHA  pyXy

. . MeMOpaHu:
BIUIMBAE HA MEMOpaHy KJIITHHU, MOXIIMBE Take (i3nuHe ) ) )
ABUIIE SK pe3oHaHC. OTke, HEOOXiZHO BH3HAYHTH S(ow +8_W _ ow
mudepeHiiiiHe  pIBHSHHS ~ KOJIMBaHb  MeMOpaHH. diox?® oy’ ot?’
3MilIeHHs] TOYKKM MEMOpaHU 3 MOJOXKEHHS pPiBHOBaru me  p - waca omuHMmI  06’eMy MeMOpaHm.

3a3HaYMMO 4epe3 U, v, w. Uepes n Mo3HauuMo HarpsaMoK

HOpMaJi JI0 TIOBEPXHI MeMOpaHH B JaHWH MOMEHT Yacy. Binnosinmo 4= pd.

IIpn Takux MO3HAYEHHSAX HANPABIIAIOYl KOCHHYCH MalOTh PiBHSHHS MacH Ha OJIMHMIIIO IIOBEPXHI IPECTABICHO
HACTYTIHUNA BUTTIA HWKYE:
PO3IIAaI0ThC  MEXaHiuHi BIACTHBOCTI MeMOpaHH , S S w o*w

===, S +—=Aw.
uoopd o ox" oy

OtpuMaemo mudepeHIiitHe piBHAHHS Y BUTIISAII:
2

KIITUHU MikpoopraHizmy. Edekt pe3oHancy meMOpanu ¢

KJIITHHY BHHUKAE€ BHACIIJOK CIIBHAJAHHS BIIACHUX
KOJIMBAaHb 3 BUMYIICHUMH. 3MIIIEHHS TOYKHA MeMOpaHH 3

MIOJIOXKEHHSI PIBHOBarM BH3HAYAIOTHCS  HACTYHHUMH C2AW = ow
mapamerpamu U, V, W. BusHaunmo HampsiMok Hopmaii h ot
O TIOBEpXHI MeMOpaHW B JeSKHH MOMEHT dacy. OdueBHgHO, MO  TOBIIMHA  MEMOpaHH  Tpae
Hamnpasnsitodi KOCHHYCH MalOTh HACTYITHUN BUIJISIA: HalTOJOBHINIYy pOJb Yy BHW3HAYEHHI PE30HAHCHHUX

BJIACTUBOCTEH KIITHHH MIKpOOpraHi3My. ToOBIIMHA
MeMOpaH >KMBUX OpPTaHi3MiB Ma€ HACTYITHHH Miala3oH:
oW Bim 5 no 10 M. PezonancHa wactora Oyzne pisHa i

cos(h,y, )=—cos(h,z, )E ' PI3HUX KITITHH.
PosristHeMo MaTeMaTHYHY MOZENb AESK0i MeMOpaHH,
sKa Ma€ NPSIMOKYTHY (opMy. SIKIII0 BBECTH €KBiBAJIEHTHI

cos(h,x,)=—cos(h,z, )% ,
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KOHTAKTHI CHJIH i JOOABUTH PE30HAHCHY HATPYKEHICTH 3
PIBHSIHHSIM BITBHUX KOJMBaHb (pHcC. 3), OTpPUMAEMO:
Ri(x,y,t)= (H'Ax +H-Ay) Ry (1),
Ra (X1, y1,t2) = (8x — 8x2)(8y — dy2)" Rz (1),

Pucynoxk 3 — CrporieHa Mozeib KIIITHHHOT
MeMOpaHH y TPUBUMIpPHIN AEKapTOBIi cUCTEMI
KOOPAWHAT 3 MEXaHIYHUM HaBaHTaKCHHSM

SIkuio nePeMIIICHHS Mac JTIOPIBHIOIOTH
nepeMillieHHsIM TOY0K MeMOpanu. Tozi MpUITyCTHMO, IO
nepeminieHHst Ax, Ay MaioTh Malle 3HauYeHHS B

NOpiBHSHHI 3 | 1 m.
XMl(t) =dx (Xln Y1, t) ) XM 2 (t) =dx (sz Y2 vt)
PosrnssHeMo — mapameTpu4Hy — Mojenb  Biacosa-
Jleontnena [5]:
2Ey- V2 X (X, Yyt
R(x,y.t)= 0 11 Y104
l( 1 yl l) 1_.902

) :[(y/')zzdz +

o°X (Xllyl'tl)
atZ

EO.X(Xl’yl'tl)TI/JZZdZ~+m .
A1+ %) 4 f

t =iT(yx')szz k =iTwzzdz
Tl a1+ %)

ne tr 1 ki — xoedimienTH, M0 XapaKTepu3yTh podOTy
MeMOpaHu Ha CTUCK 1 3pymieHHs, Eo, vo — Moaynb
npyxHocTi Ta koedimient I[lyaccona. Maca mpykHBOT
OCHOBH Ma€ BUIJISI:

H
mf = pOIWZZdZ ’
0

Jie po — LIUTBHICTH MaTepiaiy KIITHHHOI MeMOpaHHu.
3aTyxaHHS KOJMBaHHS B TNTMOWHI MeMOpaHU KIIITHHU
BiIOYBa€THCS 32 HACTYITHIUM 3aKOHOM:

(@) sinf (7 (H -z))
W \Z)=—F"T"7F""""
sinf (yH)
Je Yy — koe(illieHT 3racaHHs KoiauBaHb MeMmOpanu; H
— TOBIIMHA MEMOpaHH.
Hdudepenmianeae  piBHIHHS ~ KOJHWBAaHHSA  IIpU

PE30HAHCI CUCTEMH «MeMOpaHa-BHYTPIIIHE CEePEIOBHIIC
KJIITHHUY MOJKe OyTH 3aIMCaHO Y HACTYITHUM YHHOM:

*u 1
a?+;(R0(X1V1rt1)+Rl(xuyl!tl)"'Rz(X1vy17t1)_p'G(X1vy17t1))=

) ( ou du j
A gty
ox" 0oy,
JudepeHnianpHe pIiBHSHHS —TPEJICTaBUMO Yy
BUTJISA TToIBiiHOTO psimy Dyp'e:

U(X1|Y11H)=Zzuk,n (t)'Sin@'Sin@'

k=1 n=1
Ilicns migcTaHOBKM B PIBHSHHSA, SKE MPHBEICHO

BUIIIC, OTPUMAEMO:
Cun | §
/lik‘ ]‘[ R2 (T) X

n 0

u(xl,yl,tl):gg[[i:‘:].iRl(f)-sin(ﬂm (t—r))dt+[

xsin (4, (t-f))dt{iik"j.jG (r)-sin(4,, (t—r))dt]sinlwixl'sin@,

n 0

Jc

kz(x,+4x
Cy» :4[coskﬂxl—cosﬂ(1)J(c
‘ m m

- osw—cosk”(y1+Ay)j,
(p+m, Jknz I I

Cyp = 4 sin kzX, sin Y2
" (p+m,)Im I

Cyn=- 4 sin k7 X, sin %Ys |
" (p+my)Im m

Aen = j+ka/<p+mf).

k> n?
\/{7[2 (th +a2p)-[|—2+ﬁ

Pucynok 4 — Ilporpamue 3abe3meuyeHHA IS
BHU3HAYCHHS PE30HAHCHOI YacCTOTH MEMOpAHHOI KIIITHHU
MIKpOOPTaHi3My

3anporoHOBaHO ~TporpaMHe  3a0e3nmedeHHS s
BU3HAYECHHSI PE30HAHCHOI YacTOTM UIUTOILIA3MaTHYHOL
MeMOpaHH MikpoopraHismiB. [ poOoTH mporpaMHOTo
3a0e3nmedyeHHsT HEOOXiqHO BBECTH B poOoYe BIKHO
MPOTpamMu HaCTyIHI napameTpu: TOBIMHY
UTOIUTA3MAaTHYHOI MeMOpaHd (HM), CHJIy HATATY
noBepxHi MeMOpann (H/M2) Ta miimbpHICTF MeMOpaHu
lkr\cm2. Hampukian, po3paxoBaHa Pe30HAHCHA YacTOTa
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MeMOpaHH BHIIAJAKOBOTO MiKPOOPTaHi3My TOBIIHHOIO 2,2
HM, CHJIa HaTATy TIOBEpXHI MEMOpaHH TIPH I[HOMY
cxaagae 1 H/M?, MIiTBHICTH MeMOpaHH Mae 1kr\cm?.
PospaxoBana  pe3oHaHCHa  4YacToTa  BHUIIaJKOBOTO
Mikpoopranismy craHoButh 0,86 I'm (puc.4). Bymo
MIPOBEJICHO JOCIHIPKEHHS! aKyCTHYHHX XapaKTEPHUCTHK B
BUIIPOMIHIOBaYl iH()Pa3ByKOBUX KOJIMBAHb THITY PYIIOP.

Pucynok 5 — I[Iporpamue 3a0e3meyeHHs /11 BU3HAUCHHS
JoKepena iH(pa3ByKOBOTO BUIIPOMiHIOBAHHS

3anponoHOBaHO — MporpaMHe — 3a0e3nedyeHHs s
3HAaXO/KEHHS JoKepena iH(pa3ByKOBOTO
BUNpoMiHIOBaHHS (puc.5). OCOOJMBICTIO MPOrpPaMHOTO
3a0e3reyeHHs] € TPUBUMIPHUI MOJyYJb 3 MiHIMaJIbHUMH
anapaTHUMH BHMOTAMH Ta BIANOBIJHUMH OpraHaMH
KepYBaHHSI, IIBUKICTh PO3PAaxyHKIB (BiJCTaHi MO XOpAi i
1o JIy3i B KUJIOMETpax Ta Y BiJHOCHHX OIMHHIISIX MIDXK
JIBOMa TOYKaMH, BU3HAYEHHS ACKAPTOBUX KOOPIHMHAT 32
BimomumMu chepuunumu). [Iporpamue 3abe3nedeHHs
[pallOe HACTYIIHUM YHMHOM: 32 JIOIIOMOIOIO JIiBOI
KJIaBillll MHIII BCTAHOBIIIOEMO (DIKCOBaHY TOUKy M, 3a
JIONIOMOTOI0 TIPaBOi KJIABINI BCTAHOBIIOEMO (DiKCOBaHY
Touky M'. VY BIANOBIJHMX BIKHaX BiJOOPAKYIOThCS
JekapToBl koopauHatu. [Ipu mepemimieHHi (ikcoBaHHX
TOYOK [0 ITOBEPXHI MOJENI 3eMHOi Kyl JeKapToBi
KOOpAWHATH 3MIHIOIOTBCS. 3a JOIOMOTOI0  Koneca
MaHiMmyJsTopa THIY “MHUII” MOXIHMBO 3iHCHIOBATH
301IBIIIEHHS] MOJIEII 3€MHOI KYJIi.

Bynpb-sika cucremMa Mae BIIacHI  PE30HAHCHHMH
gacToTaMH. Y CIOKiifHOMY cTaHi, TOOTO, B CTaHi
pIBHOBAaru CHCTEMH, BOHU HifIK HE TPOSBITIOTECS. Alle,
BapTO TUTBKH BHBECTH CHCTEMY 31 CTaHy pIBHOBArw,
HaIPUKJIIaJ1, IPOCTO MOPYIIMBIIY BCEPEANHI MPUMIIICHHS
CKJIAIHUM 3BYKOBHMI CUTHAJI, HAlpUKJIAA, My3UUHUH, SK
I CHCTeMa Biipa3y K MPOSBUTH CBOI BIACHI pe30HAHCHI
4acTOTH. AKYCTHYHHH PE30HAHC — 1€ ePeKT pPi3Koro
3pOCTaHHS PE3YNIBTYIOUYOT aMIUTITYIH 3BYKOBOTO CHTHAITY
mpu HAOMMKEHHI YacTOTH 30YyAJIMBOTO CHUTHAIY [0
BJIACHOI YaCTOTH CHUCTEMH.

I11. BUCHOBKU

VY poboti 3pobmneHuit ormsa BIUMBY iH(pa3BYKy Ha
[UATOIIA3MATHIHY MeMOpaHy. 3arpornoHoOBaHO
MaTeMaTu4yHa MOJIENb Ta MPOrpamMHEe 3a0e3MeUeHHsS IS
BHU3HAYEHHS PE30HAHCHOI YacTOTH LUTOILIa3MATHYHOL
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MeMOpaHH JKMBOTO  OpraHi3My Iyl TIpUTHIYCHHS
KUTTEASUTEHOCTI OCTaHHBOTO. [[J1st poOOTH TTPOTpaMHOTO
3a0e3meyeHHs] HEOOXiHO BCHOTO TPH TAPaMETpPH:
TOBIIMHA NUTOIUIa3MAaTHYHOI MeMOpaHH, CHJIa HATSTY
MOBEPXHI MEMOpaH! Ta IUIbHICTE MEMOpaHH.
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AJIrOpUTM Ta IporpaMHa peasaiis poooTu
KOMIIJICKCY OYHUX M S31B JIFOOUHH

Muxona Memxkos?, JImutpo Kyxapenko®
1. HaBuanbpHO-HayKOBHH iIHCTUTYT €JIEKTPUYHOI iHKeHepil Ta iHGopMaIiifHIX TEXHOJIOTIH,
KpemenuybKkuii HallioHanbHui yHiBepcuTeT iMeni Muxaiina Ocrporpascbkoro, YKPATHA,
Kpemenuyk, By [TepmorpasHeBa, 20. email: dkuch100@gmail.com

Anomauin: llpuctynatoun 10 omneparmii, o¢TaapMoIor-
XIpypr po3paxoBYe TiJIbKHM Ha CBili BiracHUA JocBia. Emmipryni
METO/M TYT Majio eEeKTHBHI 4Yepe3 BENUKY Pi3HOMAHITHICTD 1
CKJIAJTHICTE (POPM KOCOOKOCTI JIFOJMHHU. TOMY JUIS TTOATBIIIOTO
MABUINEHHST e(eKTHBHOCTI Xipyprii KOCOOKOCTi, po3poOka
ITOPUTMY Ta TPOTrPaMHOT0 3aco0y Ul KOMIUIEKCHOT poOOTH
BCIX OYHHX M’SI3iB JIIOIMHN € aKTyaJbHOIO 3aavelo.

Knrouosi cnosa: anroputM, TMporpaMHe 3a0e3TCUCHHS,
OKOpYXOBHUI1 anapar.

[. BCTVYII

Meta naHOi POOOTH HOJIATAE y CTBOPEHHI alrOpUTMy
Ta MPOrpaMHOro 3aco0y MO3BOJMHUTH YSIBUTH MOXKIIMBI
OPUYMHA Ta MeEXaHi3MH PO3BUTKY TMEBHHX (opM

KOCOOKOCTi, a TakoX TpPOTHO3YBaTH pe3yJIbTaTH
XIpypriyHuX BTpyYaHb Ha OKOPYXOBHX  M’s3ax.
Kopuctyrouncs KOMII FOTEPHOIO0 CHUCTEMOIO

nepeonepamiiHoro TUIaHyBaHHS XipypridHoi KOpPeKIil
OKOPYXOBOTO amapary, O(TalbMOJIOr-Xipypr 3MoKe
BUOpATH ONTUMAIIbHY TAKTUKY Xipypri4HOIO JIIKYBaHHS 1
J03yBaHHS OIEPAaTHBHHUX BTPYYaHb TSI KOHKPETHOTO
XBOPOTO.

II. MATEPIAJI 1 PE3YJIbTATHU
JIOCIIKEHD

Anroputv  pobotu  KoMmm'IotepHOi  cuctemu  [1]
CKJIQA€ThCsl 3 HACTYIHUX CKIAJOBHX: QJITOPUTMY
TPUBUMIPHOI MOJIENi OKOPYXOBOTO amapary, alroOpHTMy
poboTu 0a3u NaHWX TMAIi€HTIB, AITOPUTMY MOOYIOBU
BEKTOPIB CHJI TSTW BIANOBITHUX M'SI3iB Ta aJrOPUTMY
3MIHCHEHHS TTOMEePeIHIX PO3PAXYHKIB.

TpuBHMipHA MOJZIETIE OKOPYXOBOTO arapaTy BKIIOYAE B
cebe HacTynHi pouenypu (puc.l).

Annykinis - mpuBeieHHs (OKO TOBEPTAEThCS 0 HOCA).
[i BuKoHye MeianpHuit mpAMuit M's3 .

AOnykIisi - BiaBeOeHHS (OKO IOBEPTAETHCS B CTOPOHY
ckponi). i BUKoHYye naTepanbHuit IpsAMuiL M's3.

Cynpaaykiiisi - TZHATTS OKa BBepX. BHKOHyeThCS
BEPXHIM IPSMHIM M'S30M.

Iadppanykuis - omyckaHHS OKa BHH3. BHKOHYyeThCS
HIDKHIM IPSIMAM M'S30M.

[HIIKTOMYKIis - pyX OKa B Y-TUTONIWHI, KOJH HOTO
BEpXHsS OKPY)KHICTh BHACTIZOK OOEpPTAHHS IMPHUBOIUTHCS
110 HOoca. BUKOHY€ pyx BepxHil KOCHH M's3.

Excriukinonykiiss - TPOTHIICKHO — IHIIUKIOMYKIII.
BepxHsi OKpYXHICTH BiIBOAMTBHCS IO CKpOHI. BukoHye
PYX HIDKHIA KOCHA M'SI3.

Komn'rotepHa cucTeMa MOXKE IIPAlfoBaTH B IBOX
peXUMax: MepIi pekuM - podoTa B pealbHOMY daci,
BU3HAYCHHS BCIX TapaMeTpiB, HEOOXiTHWUX I
MepeoNepalifHoro IUIaHyBaHHS Ta JPYTUH DPEKHM -
MIPOTIOHYBAHHSI METOJIB XIPYpriuHOi KOPEKIil, TaKoX

MOJJIBE 30epexeHHs iHpopMalii nmpo marieHTa B 0a3i
mannx. Ha puc. 1 HaBeJGHO aJITOPUTM POOOTH
TPUBHMIPHOI MOJICIIi OKOPYXOBOTO amapary.
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Pucynok 1 — Anroput™ poOOTH TPUBHUMIPHOI Mojei
OKOPYXOBOTO arapary

Ha pucyHky 2 HaBeIeHO aITOpPUTM 3/iHCHEHHS
MOTEPe/IHIX PO3PaXyHKIB, sKi HEOOXimHi uisi poOoTH

odprampmo-xipypra. Ha pucynky 3  300paskeHmi
aNropuT™M ~ poOOTH  MOAYJIS  TepeaonepaniiHOro
TUIAaHYBaHHSI.

IIpakTruna  peamizamisi Ta  eKcIIepeMEHTANbHI

JIOCITIJDKEHHST pOOOTH KOMIUIEKCY OYHUX M SI31B JIFOJIMHHU.
Ipuxmag Nel. V mamieHTa 3 miaMeTpoM OYHOTO SOTyKa
20mMm  (pamiyc — 10mMMm) TmaHyeThes  periecis
BHYTPIIIHBOTO TIPsAMOTO M’si3a. ,,TabmuyHa” BennumHA
petecii s meBiamii y JaHOTO MAIli€HTa CTAHOBUTH OMM.
IIpore, TabmmuHi pmaHi po3paxoBaHI HA CEpeIHIO
BEIIMUYMHY OYHOTO sA01yKa — (pamiyc — 12mm). HeobximHO
BU3HAYNTH, SKa BEIMYMHA perecii MokazaHa MAaIli€HTy,
BpPaxoBYIOUH po3Mipu i#oro ouHoro soOmyka. Ilicms
3alyCKy IpOrpaMHOro 3abesledeHHs, 3a JIOIOMOTIOI0
miBoi  KiaBim — MaHIOyIsATOpa  TUOMY  “MUmA”,
BCTaHOBIIOETHCS Ha MOBEPXHIO MOJENI OYHOTO SOIyKa
Touky M, sika Mae KoopauHATH aoBrora 270°, mmpota
35,8°. Ile cepeanHa TPUKPIIUIEHHS BHYTPIIIHHOTO
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MpsIMOTO M’si3a. BianrykaTu [0 TOYKY JIETKO, OCKiJIBKA
30Ha IPUKPIMJIEHHS BHYTPIMHBOTO NPSIMOrO M si3a
300pa’keHa Ha TOBEpXHI MOJENI i IO3HaYeHa JiTepamMu
MRM.
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PucyHok 2 — Anroputm 31iiiCHEHHS TOTEePeIHIX
PO3paxyHKiB

VY BikHO (37 BBOIUTBCS Pajlyc OYHOTO siOiyKa — 12MM.
Tenep Tpeba BH3HAYNTH KOOPAMHATH TMPHKPITLICHHS
CepelMHM BHYTPILIHBOI'O TPSMOro M’si3a Ticis perecil
BeJIMYNHOI y OMM. OCKUIBKH JIOBFOTa MPU IBOMY
3aJIMIINATHCS HE3MIHHOIO, 33 JJOTIOMOTOI0 TPaBOT KIaBIII
Mull, Ha Mepuziani 270° BcranoBmoemo Touky M'. He
BIAITyCKAIOUH MpaBy KIABINITY MEPEMIMIyeThCs Touka M’
mo Mmepupiany 270° mo THX Mip, TTOKH y JOJATKOBOMY
BikHi (34) — BiACcTaHP MDK TOYKAMH IO XOpAi, HE
3’aButhcs mudpa 6. Ilpm mpomy y BikHax (13, 14)
MaTHMeMO 3HadeHHs: noBrorta 270°, mmporta 6,9°. [licns
IBOTO HEOOXiTHO OHOBUTH poOOYe BIKHO MPOTPAMHOTO
3abe3nevenHs. [lani HEoOXigHO HiATH, SK OyJIO OMHCAaHO
Bumre. BeranoBmoemo Touky M Ha Te x came micue. Y
BikHO (37) BBOAMTBCS pafiyc odHOTrO siOimyka — 10Mm.
Touky M’ mepexo[uTh B TOYKY Ha IOBEPXHI MOJENi
o4gHOTO sI0TyKa 3 KoopAWHaTamu nosrota 270°, mmpoTta
6,9°. V Bikai (34) — BigCTaHP MK TOYKAMH I10 XOPA,
3’SBUTHCS BiACTaHh HeoOXimHOI perecii. Llg Bimctanp
cTaHOBUTHh 5,0MM. Tak¥M YHHOM, MOJKJIMBE BHECEHHS
HEOOXiTHMX MOMPaBOK HA PO3MIp OYHOTO SOTyKa, MpH
J03yBaHHI OIEPATUBHHUX BTPYYaHb Ha OKOPYXOBHX
M’s13aX.

Pucynok 3 - Anroput™ poGoT MOIys
HepeonepalifHoro MiIaHyBaHH

Pucynok 4 — Po6ode BiKHO KOMII FOTEPHOI CHCTEMH ISt
MepeONepaIliifHOrO IIIAHYBaHHS XipypTidHOi KOPEeKIii
KOCOOKOCTI

Ipuxomag Ne2. Ilpu BUKOHaHHI omeparliii Ha HHKHbOMY
KOCOMY M’S30Bi  Hampwkiajy Horo pemecii  abo
AHTEpOIO3MIii, HEOOXiAHO  BH3HAYATH  BEIUYNHY
3aITAHOBAHOTO TIEPEMIIIEHHS [IHOTO M 5332 Ha TOBEPXHIi
ouHOoro sOmyka. 3BHYalHO TaKe BHMIpPIOBAaHHS Ha
MTOBEPXHI OYHOTO SIONyKa 3MIHCHIOETHCS 32 JOIIOMOTOIO
[UPKYJIA-BUMIPIOBaYa, [I0 BXOMUTH JO CTaHAAPTHOTO
Habopy IHCTPYMEHTIB. Ilpore wuepe3 ocobmuBOCTI
Tororpacgii NPUKPITUIEHHS HUKHBOTO KOCOTO M’s3a 10
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MOBEpPXHI OuYHOrO s0NyKa, B HOro 3ajaHid MiBKYyi,
BUBECTH B OINEpalliiiHe MOJe 30HY MPUKPIIUICHHS IBOTO
M’s3a 1 BIATIOBIIHO BUMIpPSATH HEOOXiJHY BiACTaHb 3a
JOMIOMOTOK0  LIUPKYJS-BUMIpIOBaYa  HE  BIAEThCH,
0cO0JIMBO IIpU  33JIHBOMY BapiaHTi TNPHUKPITUICHHS
HIDKHBOTO Kocoro M’s3a. Il{o6 3pmificHuTH  Take
BUMIpIOBaHHA  0€3MOocepesiHbO, 4YacTo  JIOBOJAUTHCS
3aCTOCOBYBATH BiJTHHAHHS 30BHIIIHBOTO MPSMOTO M’s3a
BiJl MiCIIsl HOTO MPUKPIIUIEHHS (10 MOXKJIMBO ajie BKpan
HeOaXaHO) 1 3IIMCHIOBATH CYNMEPAaIAyKI[I0 OYHOTO
sI0JTyKa, IO 3arpo)kye pI3HHMHU YCKJIQJIHEHHSIMH 4Yepe3
MOJKJIMBICTH TPaBMYBaHHS 30pOBOTI'0 HEPBA Ta CyJIMH, 0e3
rapaHTii BHBEJCHHS HIDKHBOTO KOCOTO B OIeparliiiHe
mone. ToMy  MOXIMBO  BHKOPUCTATH  HENpsiMe
BUMIpIOBaHHS  pereciii  abo  aHTepomosuIii  3a
JIOTIOMOTOI0  3aITPOMIOHOBAHOT KOMIT IOTEPHOI CHCTEMHU.
Take BUMipIOBaHHSI 3[[IHCHIOETHCS HACTYITHUM YHHOM: Ha
MOJIEJIi OYHOTO S0JyKa BUKOPUCTOBYIOTh TOUKH M 1 M.
Touky M BHUCTaBJISIEMO B MiCIli IPUKPITUICHHS HIDKHBOTO
KOCOro M’si3a, a TOYKY M’ BHBOAMMO B MiCIle KyIU
IUTAHYEMO TIepecajuTy HKHIH kocui M’s3. [Ipu mpomy
BIICTAHb TEPEMIIICHHS BHU3HAYAETHCS MO XOPIi Yy
BiZmoBinHOMY BikHi. Konm Touka mepecaikud BU3HaYeHa
Ha Mozeni (3a IOmoMorow To4ok M i M”) mociigoBHO
BUMIPIOETHCSI BIICTaHb 11O XOPAI BiJl JIETKOJOCTYITHHX B
onepauiiiHOMy TIIOJi OpIEHTUPIB, SKUMH CIYTYIOTh
HIDKHIH Kpall TpPUKPIIUIEHHS 30BHIIIHBOTO MPSIMOTO
M’si3a 1 JarepaibHUN Kpail HIKHBOTO TPSIMOTO M’s3a.
TakuM YMHOM BHU3HAYMBINK 34 JOINOMOIOK MOZE]
BIJICTaHb MO XOpAi J0 LUX OPIEHTHUPIB CTaHIAPTHUM
LUPKYyJIeM BHMIpIOBauYeM B OINEpalliifHOMy TMOJi Ha
MOBEPXHI OKa MAaIiEHTa JIETKO MOXHa 3HAWTH TOYKY IO
skoi Oyne ¢ikcoBaHuil mnepecapKyBaHUH KOCHH M’s3.
Tobro koMmI’'roTepHa CHCTeMa IepeAonepariiiHoro
IUIAHYBaHHS XIPypriuHOl KOPEKLii J03BOJSE TOYHO
JI03yBaTH ollepallii Ha HUKHBOMY KOCOMY M’530Bi 0e3
PHU3MKY BUHHMKHEHHS YCKJIAIHEHb, 3HAYHO CKOpOYyeE 3a
paxyHOK 3py4YHOCTI BHMIPIOBaHb dYac oOmeparii i
nepeOyBaHHs Malli€HTa 1111 HAPKO3OM.

[pukian Ne3. HeoOximHO BU3HAYUTH 5K 3MIHIOETHCS
BepTuKanbHa Jis kocoro M’s3a MOS. Ilpu BukoHaHHI
orepaniii Ha OKOPYXOBUX M’S3aX, I CTaHOBJICHHS
OYHOrO 5I0JyKa B MEPBHHHY IO3MIIiI0, HEOOXiTHO BMITH
BU3HAYAaTH MOMEHTH CHJI LIUX OKOPYXOBUX M’si3iB. J{ms
3pY4YHOCTI KOMIT'FOTEpHA CHCTEMa IIPAIIOE B PEKHUMI
peaybHOro Yacy i BU3HAUCHHSI MOMEHTY CHUIM JIOBLIEHOTO
M’S13y MOIIMBO B JIFO0IH TOUIII MTOBEPXHI MOJEIi OYHOTO
s0myka. s BU3HAYEHHS MOMEHTY CHJIM Kpar KOCOTO
M’si3a MOS HeoOXiZHO, BUKOPHUCTOBYIOUH MaHIITYJISTOP
TUITy “MUIIa”, BCTAHOBHUTH JIiBOIO KJIABIMIEIO0 TOUKY M Ha
MIOBEpXHI MOJENi OYHOro s0myka. Y BikHi 2 (puc.5.7)
BCTaHOBUTH TMo3HaukKy “Touka M”, 1 BuHOpaTH THII
HeoOXimHOTO M’si3a, B jAaHoMy Bumanky 1e MOS.
ABTOMAaTHYHO BiOYBA€THCSA IMOOYAOBA BEKTOpA CHIH
Taru B Toumi M. Y BikHi | pO3paxoBYIOTBCS HPOEKIIii
IOTO MOMEHTY CHJIM BiTHOCHO KOXKHOi OCi JE€KapTOBOI
cucteMrd KoopmawHAT. JIiBOIO KiaBilIel0 MaHIMyIsATOpa
BCTAHOBIIOEMO TOYKy M’ Ha Ti caMiif IOBroTi, mIO i
touka M. IIOBiTBHO 3MIHIOEMO WIMPOTY B MEHIITY
CTOPOHY IO MICIS MOXJIMBOTO TIEPECa/KCHHS M’ s3a
MOS. BuzHauaemMo MOMEHT CHJIM TOYkd M’ (BikHO 4).
IIpoekuis MomeHTy cuian Toukn M BigHOCHO oci OY
ckmamae 0.1812, a touku M” 0.5635 (BikHO 3). Bing Toukm
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M mo Toukm M’ BeprukampHa i M's3a MOS
30nbIIyeThCS. TakuM YMHOM MOKHA CYJHUTH TIPO 3MIHY
BepTHKaIbHOI 1ii M’si3a MOS.

Pucynok 5— Bu3HaueHHsS MOMEHTIB CHJI KOCOTO M’si3a
MOS y Toukax M i M".

IMpuknay Ne4. Xsopuwit M. 5 pokiB, miarHo3 V-
CUHJIPOM. [lepenonepaniiine  MJaHyBaHHS  Mae
HacTynmHuW BUTISA. J{ist poOOTH KOMII'IOTEpHOT CHCTEMHU
HEoOXiZIHO MaTW HacTymHI JaHi it poOOTH: KyT
BIJIXWJICHHS Bl IEPBUHHOI MO3MIIT (KYyT KOCOOKOCTI) Ta
pamiyc oka. MeromoM mpu3MeHHOi cTpabomeTpii
BU3HAUEHO KyT KocookocTi — 10° (mpw mornmsai yHuU3,
BIIXWJICHHSI JIO HOCY), YJbTPa3ByKOBUM JIOCIIDKEHHIM
BU3HAUECHO PaJllyC O4YHOro 0yKa — 12MM.

[Ticns 3amycky KOMIT'IOTEPHOI CHCTEMH 3’SIBISETHCS
poboue BIKHO 3 300pakeHHSM MOJENI OYHOTo s0JyKa i3
HAHECEHOI0 Ha HOro NMOBEPXHIO KOOPAMHATHOIO CITKOIO
chepruHOi CHCTEeMH KOOpAMHAT 3 KPOKOM 5 Tpaja. Ta
OCSIMH TPUBHUMIPHOI JIEKAPTOBOI MPSIMOKYTHOT CHCTEMH
koopauHaT. Ha moBepxHi Mozemi 300pa)eHO TaKoX
OCHOBHI ~ aHATOMIYHI JieTani: 30HH [PUKPITUICHHS
OKOPYXOBHX M’SI31B Ta MeXi pOriBKU. Y BIKHO 2
HEOOXI/IHO BBECTH PajiyC OKa B MiJiMETpax, B JIAHOMY
BUIIAJIKY 12. Jlami HeoOXimHO 3afiTH B MEHIO
“Ilepenonepaniiine rianyBanas” — 1. Y HOBOMY BiKHI
(puc.5.8) HEOOXiHO BBECTH KyT KOCOOKOCTI B rpajaycax,
B AaHoMmy Bunajaky — 10 (BikuHo 3). B mento “OuikyBana
rinepdyHkiis M’s13a” obupaerbest Thn M’s3a — MOS Ta
“OuikyBaHMil BapiaHT XIPypriyHOTO BTpYYaHHs
peuecis. SIkmo KopucTyBad He BHOEpe THII M 533, TO
KOMII'FOTepHAa CHCTeMa 3pOOHTH I aBTOMATHYHO, B
3aJIe)KHOCTI BiJl KyTa BIAXWJICHHS BiIHOCHO JEKAPTOBOI
oci (OX,0Y,0Z). fxmo xopucTyBad HE MOXe BHOpaTd
TUT  Omeparlii, KOMII'IOTepHa CHCTeMa o0upae B
3aJIC)KHOCTI BiJ BENHYMHH KyTa neBiamii. ToOto mpu
MaJuX KyTax KOCOOKOCTI THII OIeparlii, SK MPaBHIO —
pe3ekuisa. A Tpu BeIMKHX BIOMOBiOHO — perecis. Jami
HeoOXiTHO HATUCHYTH KHOIKY ‘“‘BukoHaTH miuanyBaHHS
(kmomka 9). V BikHI 8 BimoOpasUThCSI pe3yIabTAT
TUTAHYBaHHS 6MM. Tob6T0 pe3yabTar
MepeIoNepaIiiifHoro IUIaHyBaHHA V — CHHIPOMY 3
BimxmwieHHsM B 10 rpam. — me pesekuis MOS 6mw.
Kuonkoro 10 MoXHa 3akpUTH IIepenorepariifie
IUIaHYBaHHSA. B TOJNOBHOMY BiKHI MOXXHAa HAOYHO
no0ayuTh  mpolec  IUIaHYBaHHS 3 JACTAIBHUM
pO3paxyHKOM MOMEHTIB cwi. MK TOYKaMH, SKi
3HAXOJATHCS HAa IIOBEPXHI MOJENI OYHOro sOiyka 3
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aHaTOMIYHUMHU yTBOpeHHsMH MOS, BifCTaHb CTAaHOBHUTH
6MM.

Komn’rorepHa cucremMa NpONOHY€E ONTHMaIbHHUI
BapiaHT PINICHHS MOCTABICHOI 3a1adi. SIKIO BiAXUICHHS
BiJl IEPBUHHO] MO3MIIT (KyT KOCOOKOCTI) BITHOCHO OJIHi€l
oCi JIeKapTOBOi CHCTEMH KOOPIMHAT, TO B IIbOMY
BUNAAKy OynyTh 3aisHiI IpsiMi M’SI3H, SKIIO BiHOCHO
JBOX ocell, To Tpeba 3amiath kKoci M’s3u.  ToOTo
KOMIT IOTEpHA CUCTEMa aHaTi3ye BXiJHI JlaHl i IPOIOHYE
BUPILIMTH IIOCTABJICHE 3aBJIaHHS TOYMHAIOYH 3 ITPOCTOTO
METO/y YCYHEHHSI KOCOOKOCTI 1 3aKiHUyIOUH CKIJIQJHUM 3
MIHIMQJIBHUM XipypridyHOro BTPYYaHHS 1 MiHIMaJIbHHM
YacoM 3HaXOJDPKEHHS Malli€HTa IiJ Hapko3oM. [IranyBaTn
olepaTHBHE BTPYYaHHs BiJjpasy Ha BCIX OKOPYXOBHX
M’s3aX HEMOJKHA, OCKUIBKM IIe HE TUIBKH Ba)KKO JUIs
xipypra, ajie W MOXJIMBE BUHHUKHEHHS YCKIQJHEHb Y
namieHTa.  byBaroTh  BUNAJKW, KOIM  TPOBOJAUTH
orepaTHBHE BTPYYaHHs Ha KOCHX M’si3aX HEMOXKHa 3a
paxyHOK HMOBIPHOCTI TpaBMYBaHHsS 30pOBOrO HepBa i
cyauH. Tomy, J03yBaHHS ONEpPATHBHUX BTPyYaHb
MIPOBOAATH 3a JEKiJIbKa IUKIIIB.

Pucynok 6 — I[epenonepariiiHe miianyBaHHS 3
3aCTOCYBAHHSIM KOMIT IOTEPHOI CUCTEMH, JiarHo3 V-
CHHJIPOM.

1. BUCHOBKH

OCHOBHI pe3yJIbTaTH HOJIATAIOTh Y TOMY, ILO:
— Ha OCHOBI aHaNi3y ICHYIOUMX MOJEJed OKOpYXOBOTO
amapatry, METOAIB Ta CHCTeM O(TalbMOJIOTIYHOTO
XIpypridyHOr0 IUIAaHYBaHHS BHUSBJICHO 1X HEIOJIKH,
OCHOBHMMH 3 SKMX € BHKOPHUCTAHHS CIPOIICHOTO
MaTEeMaTHYHOTO anapary, 0 He BPaxOBY€ reOMETPUYHI
BIIACTUBOCTI 1 OiOJIOTiIYHI MapaMeTpu OYHOTO SOTyKa Ta
BIICYTHICTh aJIeKBATHOTO KOMII IOTEPHOTO IIJIaHyBaHHS

Ta TIPOTHO3YBaHHS XIPypridHOi KOpEKIii MaToIorii
OKOPYXOBOTO arapary;
- TUTS M1 IBUILIEHHS JIOCTOBIPHOCTI METO/IIB

MIPOTHO3YBAHHS ONEPATUBHHUX BTPY4YaHb HA OKOPYXOBHX
M’si3aX BIOCKOHAJICHO METOJ BH3HAYEHHS KOOPAUHAT
MIPUKPITUIEHb M 5132 JI0 MIOBEPXHI OYHOTO S0IyKa, SKUH 32
paxyHOK BH3HAYCHHS TEOMETPHUYHHX XapaKTEPUCTHK
OYHOTO SIO0NMyKa JMO3BOIISIE TIPOBOJUTH KOMIT IOTEpHE
IJIAaHYBaHHA XipypriyHUX BTPYYaHb;

— BJIOCKOHQJICHO METOJA pO3PaXxyHKy MOMEHTIB CHII
OKOPYXOBHX M’5131B Ha IMIOBEPXHI MOJIENIi OYHOTO SI0ITyKa,
SIKFMH TO3BOJISIE TIABHINUTH IOCTOBIPHICTH BU3HAYCHHS
Pe3yJIbTYI0O4Or0 MOMEHTY CHJIM BChOTO KOMIUICKCY
OYHUX M’S3IB Ta BU3HAYUTH BiIXWICHHS OYHOTO SOITyKa
Bil TEpBUHHOI MO3UIll. MeTox po3risigae KpirieHHS
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M’si3a IO MOBEPXHI OYHOTO SI0NIyKa HE SK TOYKY, a SK
JIESIKY TMPOTSHKHICTH. BUXOASIUM 3 MOXUOKA aripOKCHUMAITii
(menmre 1%), MPOTSKHICTH 3 BIAIIOBITHUMH JIOBXXHUHOIO
Ta [IUPUHOIO JIONUJIbHO pPO3NOAUIMTH HA I SITh
MPSIMOKYTHHK JIUISTHOK;

— YJIOCKOHAJICHO METO/] CTBOPEHHS TPUBUMIPHOI MOJei
OKOPYXOBOTO arapary, SKAH 3a paxyHOK BBEICHHS

TEOMETPUYHUX  BJIACTUBOCTEH  OYHOrO  s0Iyka B
odraneMoNOriyHill  cepuuHii CUCTEMH KOOpAMHAT,
JIO3BOJISIE  BPAaxOBYBaTH IHAWBIJyalbHY aHATOMIYHY
MIHJIUBICTB npu KOMII'FOTEPHOMY TUIaHYBaHHI
XipypridyHUX BTpY4aHb;

— oOTpuUMaHa perpeciiiHa  MoOJeNb  CTaTUCTHYHOL

3aJIeKHOCTI MK KyTOM BIJIXHJIEHHS OYHOTO sIONTyKa Bil
MEPBUHHOI TMO3MUIT Ta O00CATY PE3EKIll OKOPYXOBOIO
M’si3a € a/JeKBaTHOIO 3a Kpurepissmu CThlOjIeHTa Ta
Oimepa (cepemHs mnommika He mnepeBumye 10 %).
[IpoBeneHO AMCKPUMIHAHTHHNA aHAaNi3 MiXK BUXiTHUMU
JTAHUMH IHTEPaKTHBHOTO Ta KOMIT FOTEPHOTO
TUTaHYBaHHS, 3a pe3yJbTaraMd SIKOTO  3MEHIIeHi
HMOBIpPHOCTI TIOMMJIOK MTPY  ypaxyBaHHI ILIOIII M’S31B Ta
pe3yapTyI040oro MOMeHTy cuiud Ha 14 % T1a 19 %

BigmoBiHO. lle  TOSICHIOETBCS ~ BpaxyBaHHSM B
MaTeMaTHYHIA  MOJAEeNI  JOJATKOBHX  Tomorpado-
AHATOMIYHUX  JaHWX T[PH  BU3HAYCHHI  JUISTHOK

MPUKPITUIEHHS] OKOPYXOBUX M’ SI31B.
BukopucTaHHS 3alpOINOHOBAaHOI KOMII FOTEPHOI

CUCTEeMH B  MepeoNepalifHOMy  XipypriuHOMY
TUTaHYBaHHI 32  JaHMMH  TIOTNEPeIHbOl  KIIHIYHOT
anpoOauii  JO3BOJMMJIO  MiABUIIMTH  e(EKTUBHICTh

XipypriuHoro BTpy4aHHs Ha 27 %, TaKOXK CKOPOUYEThCS
yac nepeOyBaHHs MallieHTa IiJl HAPKO30M 32 PaxyHOK

MiZBUIICHHS NIBUAKOCTI Ta HAOYHOCTI OTPUMAaHHs
HEOOXITHMX PO3PaxyHKIB.
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ABTOMaTH30BaHUU aHAJI3 TOBUIBHUX TUJISHOK
(hoHOKapaiorpaM B cepeaouiil Labview

Jmutpo Kyxapenxo!, Onekciit IOpko?, Jlennc Tumuenko?
1. HaBuanbHO-HayKOBHH iIHCTUTYT €JIEKTPUYHOI iHKeHepil Ta iHQopMaIiifHIX TEXHOJIOTIH,
KpemenuyubKkuii HallionanbsHuii yHiBepcuTeT imeni Muxaiina Ocrporpagcskoro, YKPATHA,
Kpemenuyk, By [lepmorpasHeBa, 20. email: dkuch100@gmail.com

Anomauis: OnHIEIO 3 TOJOBHUX NPHINH BHCOKOI CMEPTHOCTI B
PO3BMHEHHX KpaiHaX € 3aXBOPIOBAHHS CEPIEBO-CYINHHOI CHCTEMH.
3pocTaHHs KIUIBKOCTI JIOAEeH B CepeHhOMY i JITHBOMY BIIi i3
3aXBOPIOBAHHAMH CEpILl — BaXJIMBA Mpo0ieMa B CydacHili OXOpOHi
3nopo’ss [1]. TlommpeHicth CeplEBO-CYANHHHX 3aXBOPIOBAaHb
MIPOJIOBKYE 3pOCTATH, III0 3yMOBIIOE€ HEOOXITHICTh PO3pOOKH OlITBIIT
e(eKTHBHUX Cy4acHHX 3aco0iB IX JIarHOCTHKM Ta JiKyBaHHA. Ha
0coONMBY yBary 3aciyroBye MeTox ¢oHokapaiorpadii B ImiaHi
MIPOCTOTH araparHoi peanizanii, HEiHBa3UBHOCTI Ta O€3IEYHOCTI.

CyyacHI MeAWYHI JiarHOCTMYHI CHCTEMH JaioTh 3MOTY
3nilficHioBaTH  ompamioBaHHs  (oHokapmiocurHany (PKC) 3
JIOTIOMOT' 00 CJIEKTPOHHO-00YHCITIOBATEHOL TEXHIKH,

HaliBaBTOMaTH4YHe OOYHCIIEHHS HOTro MOKAa3HHKIB, (OpPMyBaHHI
MOTIEPETHHOr0 MEJUYHOr0 BHUCHOBKY. OJHaK, IS TECTYBaHHS
METOJiB  OMpAIfOBAHHA, IO JIeKaThb B OCHOBI  MOOYIOBU
MPOrpaMHOr0  3a0e3MeUeHHsT TaKUX  JHAarHOCTHYHUX  CHCTEM,
OLIIHIOBAHHS JIOCTOBIpHOCTI pe3ynbrariB omnparoBanast OKC mumu
METO/IaMH, HEOOXiJJTHO pO3pOOUTH iMiTalliiiHy MOJIENb TaKOro Kiiacy
OiocurHanis, ska O BpaxoByBaja y CBOid CTPYKTYpi OCHOBHI
napaMeTpy MEIHYHOI HOPMH Ta MAaTojorii crany cepis. Tomy
PO3poOKa MOJIEJIi € aKTyaJIbHOIO 3a1a4elo.

Meroto pobotu € po3pobienns iMiTauiitnoi moneni OKC, ska 6
JaBaja MOXIIMBICTb 3a0€3MEYNTH MapaMeTpUyHy iJeHTU]IKaLiio
METO/y ONPAIFOBaHHS 3 JOCTOBIPHUM BiJITBOPEHHSAM JIaHHX.

Kniwouosi cnosa: ¢oHokapaiocurnan, cepenosumie Labview,
iMiTaLiifHa MOIeNb, CEPLIEBO-CYIUHHI 3aXBOPIOBAHHSI.

I. BCTVYII

Merta nmanoi poOOTH moJsIra€ B yIOCKOHAJICHHI METOJIB
00poOKM aKyCTHMYHOTO KapJiOCHTHATY 3 BHKOPUCTAHHIM
IMITaIlIfHOT  MOJENI aKyCTHYHOTO KapIiOCHTHANY, IO
JO3BOJIUTh MiAIATH 1O JKyBaHHS KOXHOTO XBOPOTO
IHIMBIAyaJbHO Ta BUSBHUTH IOPYLICHHS CEPLEBO-CYIMHHOL
CUCTEMH Ha PaHHIX CTaJlisX 3aXBOPIOBAHHSL.

JInst TOCATHEHHS MOCTABICHOI METH HEOOXiTHO BUPILIUTH
HACTYTHI 3a/1a4i:

— TIPOBECTH aHali3 BiJOMHX MATEeMATUYHUX OIHCIB
aKyCTUYHOTO KapIiOCHTHATy Ta METOMIB HOTr0 MOJANBIIOl
00poOKM 1t OOIPYHTYBaHHS HAIpPAMKY  HayKOBOTO
JTOCIII IDKEHHS,

— TIPOBECTH BiMHOBJICHHS KAPHIOIMHMKIY 3a IaHUMH,
OTPUMAHUMH B PE3yibTaTi OOCTEe)KEHHS MAILi€HTIB METOIOM
(donokapmaiorpadii;

— PO3pOOHUTH METOJ OMHCY OTHHAIOYOi OCHOBHHX TOHIB
(hoHOKapAiOCUTHATY;

— peami3yBaTH BIpTyaJbHUM mpwmag aiasd oOpoOKu
AKyCTUYHOTO KapJiOCUTHAIY 3 BUAUICHHSIM OTHHAIOYOL
OCHOBHUX TOHIB Ta MOXITHBICTIO MOJAJIBIIIOTO
IaTHOCTYBaHHS IIAaTOJIOTIH  CEpPIEBO-CYIMHHOI CHCTEMH
JIFOJTHU.

OO0’exT HOCHIKEHHS — aKyCTHYHI SBHINA, IO TEHEPYE
ceplie pH CBOIi poOOTi.

[IpeameTom mociikeHb € Mpomec OOpOOKH aKyCTUYHOTO
KapJlioCUTHAITY.

Mertonmu nociimkeHHs. BupimeHHs mocTaBieHuX y poOoTi
3aga4 Oyno HOCATHYTE WUIAXOM aHali3y H y3arajJbHEHHS
TEOPETHYHHUX JOCSTHEHb B Kapioyorii, 3acTOCyBaHHSIM
CHEKTPaJbHUX METO/IB aHaJli3y aKyCTUYHOI'O KapiOCHTHATY
1 JIOCHIJDKEHHSAM MaTeMaTHYHHX 3aJIeKHOCTEH OTPUMaHHMX
CUTHAIIB 3 BHKOPUCTAHHSM IPHKIAJHUX MaTeMaTHYHHX
MaKeTiB 00pOOKH OTPUMaHUX Pe3yJIbTaTiB.

HaykoBa HOBHM3Ha pOOOTH MONATAE B HACTYITHOMY:

— YAOCKOHAJEHO CIIOCI0 3HAXO/PKEHHS IEpLIOr0 TOHY
HUTSIXOM OOIPYHTYBaHHsSI pal[iOHAJBHOT IIMPUHU BIKHA NPU

JTUHAMIYHOMY PO3paxyHKY eHeprii CUTHAITY
(hoHOKapaiorpamu, 110 i/IBUIILy € JIOCTOBIpHICTh
posmizHaBaHHS  (OHOKapaiorpaMd TMpU  aBTOMATHYHOMY
aHai3i;

- Ha6yB MoJAJIBIIOr0o PO3BUTKY METOJ MAaTEMATUYHOI'O
ONKCY OTMHAIOU0i OCHOBHUX TOHIB (POHOKApJiOCUTHAILY Yy
BUTJISINI  HECUMETPUYHMX  TayCOBUX  IMOYJBCIB  JUISt
yCepeJHEeHNX KapAiOUUKIIB IS MOJANBIIOT0 BUKOPUCTAHHS
OTPUMaHUX KOC(DIIIEHTIB y JIarHOCTUYHHX LILISX.

[IpakTHuHe 3HAYCHHS OTPUMAHUX PE3YJIBTATIB MOJATae B
HACTYIIHOMY:

- I TPAKTHYHOI  MEIMIMHHM  3allpOIIOHOBAHO
J1arHOCTYBaHHS 3aXBOPIOBaHb CEpL HA OCHOBI BU3HAYCHHS
koe(ilieHTIB anpokcuMaliii ornHao4oi (HOoHOKapIIOCHTHATY
yCepeJHEHNX Kap/aiOUKIIiB;

— peanizoBaHO BIPTyallbHUI MpWUJIa] B CEPEIOBHILI
Labview i aBTOMAaTHYHOTO aHai3y MOBIIBHUX [IJISTHOK
(hoHOKapaiorpaM 3 BH3HAYEHHSM ITapaMeTpIB armpoKcUMarlii
HECUMETPHYHIMH TayCOBHMH IMITYJIBCAMH ISl OJANIBIIOTO
BUKOPDUCTaHHS  [UI1  JIarHOCTHKH  CEpPLEBO-CYAMHHHX
3aXBOPIOBAHb.

II. MATEPIAJI I PE3YJIbTATU JOCJIIIKEHDB

BimHoBneHnHs Ta cermeHramis kapmiocurnauy. s
BUJIUICHHS NIEPIIOTr0 TOHY CEPLEBOrO MUKIY Ta MOJAIbLION
cerMeHTauii (pOHOKAPAIOCHTHAITY BHKOPHCTOBYBAaBCS METOL
BUIUIEHHS Ta  aHaNmi3y  KapioiHTepBasorpamMu  0e3
napanensHoi peectpamii EKI, mo nmo3Boise anamizyBaTH
IuHaMigHI xapakrtepuctuku putMmy cepms. KII' e rpadix
sanexkHocti TpuBanocti RR inTepBaniB. CyTh anroputmy
moOymoBH  KapAiOiHTEepBaJoOTpaMMH i MoJIsTae B
BUKOPHCTaHHI iH(opMarmii mpo 3MiHy 3Ha4eHHs eHeprii
CUTHAIIy B YaCTOTHHUX IHTepBaIax (OHOKAPIAIOCUTHATY.

Enepris curnanmy E, mo xapakTepu3ye (GopMmy HacoBOi
JoKami3amii  3BYKiB  cepmsd Ta  CEpIEeBHX  MIyMiB,
PO3paxoBYETECS B KOB3AIOUOMY BiKHI. 32 MaKCHMaJEHUMH
3HAYCHHSMH CHEpPrii BW3HAYAIOTHCA IIKOBI 3HAYCHHS
nepmoro ToHy Sl [2].
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OCKiJbKM BXiJHI JaHI € JUCKPSTHUMH BiJUTIKAMH, TO
iHTEerpasl MOXXKHa 3aMIHUTH Ha CyMy IUJIOIIMH €JeMEHTapHHUX
MIPSIMOKYTHHUKIB, IO YTBOPIOIOTHCSI aMIUNTYIOI0 BIAJIIKY 3
OCHOBOI0, II0 JIOPIiBHIOE iHTEpBATY IHCKpeTn3amii At.

[[Mupuny BikHA OymeMo 3amaBaTH KiTbKICTIO BimmikiB N.
Eneprito curnamy M-ro BiIiKy pO3paxOBYIOTH BiJHOCHO
LEHTPAIBHOTO BIITIKY M B Mekax 3adaHoro BikHa. [lpu

bOMY BpPaxOBYIOThCS BiUTIKH CUTHAITy B
iHTepBai [m—N 12,m+N /2} :
mi
2 2
Em = Z N ( X k ) At

HactymHe 3HaueHHS BiAJIKy €HEprii CUTHATY 3HaXOSThCS
IISIXOM 3CYBY BikHa Ha ojauH Bijik. Ha puc. 1 300pakeno
cymimeni curHamu @OKI Tta fekinbka eHEPreTHYHHX
rpadikiB, po3paxoBaHHX 3a pi3HOIO mHpHHOIO BikHa: N = 30,
60 ta 180 BimmikiB. Binmpmr geTaspHO PO3IISTHEMO OIHY 3
IUISHOK, IO BimmoBimae mepmomy ToHy Sl (puc. 2). 3
pHCYyHKa BUIHO, IO MaKCHMYMH €HEprii MaroTh 3HaYHHUN
po3kua Al BimHOCHO TiKy mepiioro tony Sl. ITpudomy mpu
30UIBLIEHH] IIMPUHU BiKHA BEpIIMHA €HEPreTHYHOI KPUBOI
cTae OUIBII MJIACKOIO, IO YCKIAJHIOE  3HAXOKCHHI
MiKOBOTO 3HaueHHs S1.

Pucynok 1 — JlinsHoka (oHoKapaiorpamu, 10 BiANOBiAa€ nepioMy ToHy S1

Pucynok 2 — JlinsiHka poHOKapaiorpamu, sika Ma€ MAaKCUMYMH €Heprii 1 3HauHui po3ku] Al BIIHOCHO ITiKy Hepiioro Tony Sl

Pucynoxk 3 — I'padiku BigxuieHb A TBOX Pi3HUX TOHIB

Jus omiHKKA pPO3KUAY aOCOIMIOTHOTO BimXWJEHHS Al
MaKCHUMyMy €Heprii mpu 3MiHi IHUpUHU BikHa Bix 0 10
200 na prucyHKy 3 moka3zaHi rpadikv BiIXWICHB IS TBOX
pisHEX TOHIB S1, 1€ Ha oci abcuuC BiAKIAACHO BiTHOCHY

mmprHy BikHa: N/A, me A — mmpwHA TEpIIoTO TOHY,

OKPEMO BHIJICHOTO I KOHKPETHOTO PO3PaXyHKY.
AHamizyroun TpadiuHi 3aJeKHOCTI, MOXKHA 3POOHUTH

BHCHOBOK, III0 HaiOLIpm TpUAHATHE HaMEHIIe
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BIIXWJICHHS MaKCUMAJIGHUX 3HAYCHb CHEPTii BiJ MIKOBUX
3HaueHb S crocTepiraeTscsi TpH  INUPHHI  BIKHA
CHIBPO3MIPHAM 3 MIMPHHOIO MEPIIOTO TOHY, OKPEMO
BH/IJICHOTO /ISl KOHKPETHOTO PO3PAXYHKY.

B oOpaHoMy  BiKHI MIPOBOJUTHCS MOIIYK
MaKCHMaJbHOTO 3HAY€HHS C€Heprii CWrHamy, Mo
BianoBigae nepiomy ToHy S1. BikHO mepecyBaeTbes mo
BCHOMY CHTHAJIy BiJI IOYATKY J0 KiHIIS JUTS 3HAXO/KEHHS
MaKCHMaJIbHUX 3HAueHb, IO MICTATH iH(pOpMAIlilo Tpo
po3TamryBaHHS mepmoro ToHy Sl B KOXHOMY 3
KapaioinTepBaiiB. Ha BiaMiHy BiJ TpaHUYHHX METOIIB,
JaHa Tpoleaypa J03BOJISIE BHKIIOUUTH IOMAJaHHS
BHITJIKOBUX EKCTpEeMyMiB B S-S iHTepBasorpamy. Ha
OCHOBI OTpPUMAaHUX 3HAYeHb MIKIB mepmioro ToHy Sl
00YHCITIOETBCSl  KapIioiHTepBajorpama, SK pI3HUIS IX
MOMEHTIB JIOKaJi3allil JIs CYCiJHIX KapaiomukiiB (SS-
iHTepBajorpama).

Pucynok 4 — [Ipadix posmoxminy eHeprii 3
ypaxyBaHHsIM MaTpuili SS iHTepBasiB

Just  nopanplioro  JOCHIKEHHS — KapAiOCHTHAITY
MPOBEJICHO  MOr0  CerMEHTYBaHHS HAa  BIJIHOCHI

KapJiOLUKIY, TPAaHUISIMH AKX OyZyTh MaKCUMyMH
nepumx TOHIB. ['padik MNOPIBHSHHS KapAiOLUKIIIB
HaBeJIeHUH Ha puc. 5.

Sk BUAHO 3 pHC. 5, Yepe3 Te, 0 KOXKEH KapiOoIHKI
CEepLEBOr0 PUTMY MAa€ CBOIO TPUBAIICTh, TO MPUCYTHOCTI
PO30KHOCTI Ha KIHIEBUX MeXaX TOHIB 1 TOTPiOHO
MIPOBECTH iX YCEPEIHEHHSI.

Pucynok 5 — I'pagik mOpiBHSIHHS KapAiONUKITIB

Ha puc. 6 Ha BeneHo rpadik ycepeqHEHHS NCKITHKOX
kapmionukinie  B(m). Sk BumHO 3 Tpadiky, micis
MPOLIEyPH YCEPEIHECHHSI CUTHAIy CErMEHTOBAaHOIO Ha
KapAiOIUMKIN, YaCTHHHU, IO BixmoBimaroTh 1 Ta Il ToHYy
cepus, cmiBmaiad. Ha BigMiHY BiJl TOHIB KapHiOIHMKIy B
MICIIIX CHCTOJIIYHOI Ta [IacTONIYHOI Tay3 y CHTHai
MIPUCYTHIN TIyM, KU HE 3aJIC)KUTH BiJl pO3MOIIICHHS Ta
Ma€e XaOTUIHUH XapakKTep.
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Pucynok 6 — TIpadik ycepemHEHHS JEKUTBKOX
Kap/IiOIKIIiB
Hdus  Toro mo0 3MEHIIMTH PO3OIKHOCTI  MiX

KapAiOHMKJIAMH Ta 3MEHINUTH HAasBHICTh IMIyMy, OYJ0
3HAWJICHO CyMy JICKUTBKOX peaizamid s BUIUICHHS
YCEepeIHEHOTO KapIiouuKiy (puc. 7).

Pucynok 7 — I'padik nNOpIBHSHHS yCepeAHEHOTO
KapIioLKKITy 3 nepimM BigHocHuM B(1)
I1l. BUCHOBKUA

MPOBEJCHO aHajli3 BIJIOMUX MaTeMaTHYHUX OIHCIB

AKyCTHYHOTO  KapJiOCHTHAIy Ta  METOMAIB  HOro

mojanpmioi  0oO6poOKM, 3a  pe3yiabTaTaMH  SIKOTO

BCTAHOBJICHO, 10 TPH CTBOPEHHI IMITAIiHOI MOJeNi
(doHOKapaiocurHally € TmpolieMu 31 30epekeHHIM
1arHOCTUYHO-BAKIIMBUX JIJISHOK, K1 MAaroTh
BUKOPHCTOBYBATHCh TP aBTOMAaTHU30BaHiil 00poOIi
(hoHOKapAIOCUTHAITY /IJIsl BCTAHOBJICHHS A1arHO3Y.
3aIPONOHOBAHO BHKOPHCTOBYBATH I aHAII3Y
yCepeqHEeHHI BIAHOCHHN KapJiOLMKI, Ui 3MEHIICHHS
piBHS HeiH()OPMATHBHUX BUMAIKOBHX CKIAJOBHX IIyMY
(oHOKAapmiorpaM Ta BHIOUIGHHS OCHOBHHX TOHIB
aKyCTHYHOTO KapuiocurHalmy. OTpuMaHi pe3yibTaTd
MOXYTh  OyTH  BUKOPUCTAaHI  JUI1  MiJBHUINCHHS
JIOCTOBIPHOCTI ~ JIarHOCTYBaHHS TMATOJOTIH  CcepLeBo-
CYAMHHUX XBOpPOO B CHCTEMaX aBTOMAaTH30BAHOTO
aHaIizy.

3aIPOIIOHOBAHO MaTeMaTHYHHN OnHC
OTMHAIOY0i OCHOBHHUX TOHIB (DOHOKAPIIOCHTHAILY Y
BATIIANI HECHMETPHYHUX TayCOBHX IMITYJBCIB  JUIS
yCepeTHEeHNX KapaiONUKIIiB TS MMOJAJIBIIOTO
BUKOPHCTAHHS OTPUMAaHUX KoeQiIieHTiB y
TIarHOCTHYHUX IIJIAX.

Ul TIPAaKTHYHOI MEJWIMHM  3alpOIIOHOBAHO
IaTHOCTYBaHHA  3aXBOPIOBaHb CEpIsl HAa  OCHOBI
BU3HAYCHHS KOC(DIIli€HTIB ampoKCHMAIlii OTMHAI0Yol
(hoHOKapAIOCUTHAIY yCepeTHEHUX KapAiOnHKIIiB.
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peasti3oBaHO BipTyaJIbHHUH IPUIIAT B CEPEIOBHILI
Labview g aBTOMAaTHYHOTO aHaNi3y JOBUJIBHHUX
JinsHOK  (poHOKapmiorpaM 3 BH3HAUCHHS IapameTpiB
anpoKcUMarii HECUMETPUIHUMH rayCOBHMH
IMITyJlIbCaMH ISl TIOJAJBIIOTO  BHUKOPHCTaHHS  JUIS
JIarHOCTUKH CEPLEBO-CYAMHHUX 3aXBOPIOBAHb.

OXapaKTEepPHU30BaHI JIarHOCTHYHI MOKIIHBOCTI
BUSIBJICHHSI IIATOJIOTIH CEpEeBO-CyIMHHUX 3aXBOPIOBAHb
3a ()OPMOIO anpOKCMMOBAHOI OTMHAIOUOi Ha MPHKIIaJax
MATOJNIOTIYHUX (POHOKAPIOCHTHATIB, IO ITiITBEP.IIIO

MOJJIMBICT ~ JIarHOCTYBaHHSI ~ IATOJIOTIH  CepLeBo-
CYJMHHOI CHCTEMH JIFOJIMHH 3aIIPOIIOHOBAaHUM METOIOM.
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BupilieHHs 3a1a4l yrpaBaiHHS 0araToJIaHKOBUM
MaHIITYJISITOPOM

Cepriit Hoocenos!, Bnamucnas IBanos?

1. Kapenpa KITAP, Xapkischkiii HallioHabHuil yHiBepcuTeT pagioenektponiky, YKPATHA,
Xapkis, nip. Hayku 14, email: sergiy.novoselov@nure.ua

2. Kadenpa KITAP, XapkiBchkiii HanioHansHui yHiBepcuTeT patioenektponiky, YKPATHA,
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Anomayin: Jlana poOoTa TPUCBIYCHA CTBOPCHHIO

pimeHHs  3ajadi KepyBaHH: 0araTojaHKOBUM
MaHinyasaTopoM. [IpoBeeHo aHalli3 ICHYHOUMX METOJIB
VOpaBIiHHA  0araTOJaHKOBUMH  MaHIMYyJISTOpaMH.

HaBenena y3aranbHeHa CTPYKTypHa CXeMa CHCTEMH
ynpasiiHHs. [IpoBesieHO aHanli3 KOHCTPYKIIl Cyrio0iB
0araToJaHKOBHX MaHIITyJISITOpiB Ta METO/IiB
3YMTYBAHHS [JAaHUX [P0 TIO3MIIOHYBAHHS PYXOMHUX
JIAHOK JIJIsl BUPIIICHHSI 3aBJIaHHs ONTHMI3allii 4acy pyxy
3aJIaHOI0 TPAEKTOPIEI0 MAHIYJISATOPA.

Kniouosi cnoea: baratonaHkoBuil MaHIIyJATOD,
po0OOT, a0COTIOTHUI EHKOJED.

I. BcTvn

baratonaHkoBuil MaHIMynsATOp — 1€ MaHIMyJSTOp 3
KiJbKOoMa cTymneHsMu pyxiuBocti [1]. Hampuknan, sk
KOHCTPYKLisl, [0 BOJOJIE OJHUM CTYIIEHEM PYXJIMBOCTI
MOXKe OyTH IOBOPOT OJHIEI JIAaHKM MIOMO0 IHIIOI abo
o0epTaHHsl HWIIHAPUYHOIO CTPUXKHS HABKOJIO BJIACHOI
oci cuUMeTpii, a TaKOoX 3BOPOTHO-TIOCTYIANIBHI PYyXH
MepeMilleHHs! [IMTIHIPHUYHOTIO CTPUIKHS HABKOJIO i€l oci

(puc. 1) [1].

Puc. 1. Cxema 6araTolaHKOBOro MaHimyJsTopa

Hdns  mpoMucnoBMX  poOOTIB 1 MOIYJIBHUX
MaHIIyJIATOPiB HAWOLIBII MOMMPEHHM TiAXOJOM [0
YOpaBIiHHS € HE3aJeXHi CIHiJIbHI  KOHTPOJEpH,
HaIpuKIIad, 3a IOMOMOToI0 cxeM kepyBanHs PD a6o PID
[1]. Ommak 1 nereHTpammi3oBaHi IiHIHI CTPYyKTypH
KEepyBaHHS, IO ITHOPYIOTH HETIHIHHY MOBEIIHKY TaKHX
CHCTEM, 3a3BHYail HE BPaxXOBYIOTh iH(OpMAIIiio 3 iHIINX
MiCUCTEM a00 BUMAraloTh PETEIHHOTO HAJAIITYBaHHS
mmapaMeTpiB KOHTPOJIepa.

[HIIMM  mWPOKO  BHKOPHUCTOBYBAaHMM  METOAOM
KepyBaHHS, OCOOJIMBO TIPH BiJICTEKECHHI TPAEKTOPIi IS
YKOPCTKHUX 0araToJIaHKOBHX MAHIMTYISTOPIB, € TAK 3BAHHUA
METOJl OOYMCIIEHOTO KPYTHOTO MOMEHTY [2], SKuid €
OKpEMHMM  BHINAJKOM JIHEapU3alifHOTO  KepyBaHHS
3BOPOTHHM 3B SI3KOM, IO BHKOPHUCTOBYE  METOJ

3BOpOTHOI JuHaMikk. TWM He MEHII, MPOIYKTUBHICTh
i€l TeXHONOTIl MPSAMOro KepyBaHHS Ha OCHOBI MOJEIi
CWJIBHO 3aJISKUTh BiJ SKOCTI MOJENIOBAHHS AWHAMIKU
pobota. IToganbmiolo MepeoBOI0 TEXHIKOIO KEepyBaHHS
JUI. HENHIMHUX CUCTEM € IIPOTHO3HE KepyBaHHsS 3a
mogemmo  (IIKM), Takok BiZoMe SK TNPOTHO3HE
KepyBaHHs ab0 KepyBaHHS TOPU3OHTOM, SIKE MIIHO
3aKpINKIIOCS B IPOMHCIOBOMY 3aCTOCYBaHHI.

B po6ori [3] moka3aHo, 1110 IS BUPIIICHHS 3aBIaHHSI
onTUMizalii  Yacy pyxXy = 3aJaHOI0  TPAaEKTOPI€r0
MaHIyJsITopa, HEOOXIHO HE TUIBKM TOYHO OIIHUTH
MIBUAKICTE PyXy BY3IiB MaHINyIATOpYy, ane i
3a0e3NeunTH JiHIMHY XapaKTEepUCTHKY OLIHKH IO3HULIl
MeXaHi3My B LIMPOKOMY Jiana3oHi 3MiHU IIBHIKOCTI.
Takoxk Ba)KIIMBUM € BU3HAUEHHSI a0COIIOTHOTO KYTOBOTO
MOJIOKEHHSI  €JIEMEHTIB  KOHCTPYKIIi  MaHImynsaTopa,
0co0NMMBO MiA 4Yac B3aeMoOJii 0O0’€KTIB IMPOMHUCIOBOI
aBTOMaru3anii 3 BUKOpHCTaHHsM TexHouorii Internet of
Things B pnaniit po0GoTi 3anpoONnOHOBAaHO KOHCTPYKIIIO
cyriioba MaHIMmyJIsATOpa Ta Bl KOHCTPYKLII JaTYMKIB JUIs
BU3HAuUCHHs1 a0CONIOTHOrO KyTa o00epTy cyrioda:
PE3UCTHBHUI 1 MarHiTHUH (puc. 2).

Puc. 2. 3oBHilIHIi BUTIISLI Cyriio0y poOoTa-MaHimysiropa

3anporoHoBaHa KOHCTPYKIliSI PE3UCTHBHOTO IAaTUMKA
BUSIBIJIACS HETEXHOJOTIYHOIO 1 Habarato Outboia 3a
po3MipaMu HiXK KOHCTPYKIIiSi MAaTHITHOTO JaTYMKA, TOMY
B JIOCITI/DKEHHSAX BOHA HE BUKOPHUCTOBYBAJIACH.

TakuM YMHOM, HOCIIHKEHHS METOMIB BHU3HAYECHHS
MO3MIIIi eIEMEHTIB KOHCTPYKIi1 MaHiImynsaropa B OyIb-
KA MOMEHT Yacy € aKTyaJbHUM 3aBIaHHaM [3].

Il. ABTOMATHU30BAHA CUCTEMA KEPYBAHHS
BATATOJIAHKOBUM MAHIITYJIATOPOM

IIpomucioBi poOOTH MaiOTh, SK IIPABHIIO, OLTBIIY

KUTBKICTh CTYICHIB pPyXJMBOCTI. B ymMoBax peambHOTO

BUPOOHMIITBA 3aCTOCOBYIOTBCS POOOTH 3 dYOoTHpMA 1
OinbIme CTYHNEHSIMH PYXJIBOCTI. VYupasniaas
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MAaHIITyJISATOPAaMH 3 TAaKUM YHCJIOM CTYIEHIB PYXJIMBOCTI
€ OUTBII CKJIQJIHUM, YUM IpU KepyBaHHI MaHIMyJIITOpaMu
3 MEHIIUM YHCJIOM CTYIICHIB PYXJIUBOCTI. TaKUM YHMHOM,
IIpM BUKOHAHHI HAaWMpPOCTIIIOi omepamnii NepeMilleHHs
3aXBaTHOTO TPHCTPOIO 3 OAHIET TOYKH B iHIIY IOTPiOHO
BHUKOHATH BEJIMKUI 00CST 00UNCIICHb.

[Ipu MozeroBaHHI CHCTEM YIIPABIHHS PyXOM pOOOTiB
MoTpiOHO  BUpINIYBaTH 3aBJaHHS KIHEMaTHKH Ta
MUHAMIKM JUIA 1X BHKOHABYMX MEXaHi3MiB. ICHye
3BOPOTHE Ta TMpsiMe 3aBIaHHs KiHeMaTuku. [Ipsime
3aBllaHHS ~ KiHEMaTHKA  T[OJISITa€ Yy  BWU3HAYCHHI
MIPOCTOPOBOTO TIOJIOKEHHSI Ta OpI€HTAlii XapaKTepHOI
TOYKH, K  TpaBWjO, poOOYOro  IHCTPYMEHTY
MaHimynsTopa poboTta 3a BIIOMHMH  3HAYCHHSIMHU
y3araJlbHeHUX  KOOpJHMHAT.  3BOPOTHE  3aBJaHHS
KiHEMAaTHKH, SIK 1 psSIME 3aBJIaHHSI, € OJJHUM 13 OCHOBHHX
3aBJaHb KIHGMAaTHYHOTO aHamizy Ta cuHTe3y. Jlus

KEepPYBaHHSI TOJIO)KEHHSM  JIAHOK Ta  OpI€HTAII€I0
pobodoro  IHCTPYMEHTY  MaHIIyJnsiTopa  BHHUKAE
HEOOXiJIHICTh ~ BHpIIIEHHS  3BOPOTHOI'O  3aBJAHHS
KiHEMaTHKH.
CrpykTrypHa cxema MOJTyJIs YIpaBIiHHS
MaHIIyJISITOPOM MOKa3aHa Ha PUCYHKY 3.
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Puc. 3. CrpykTypHa cxema MOAYJIsl yIIpaBIiHHS
MAaHIIyJISATOPOM

Cucrema CKJIaIa€ThCS 3 HACTYITHIX €JIEMEHTIB:

— mepconansHuit kKommr totep (IIK) 3 mporpamoro
YIPaBISHHS 1 OTPUMaHHSA 1aHUX;

— MepeTBOpIOBaY iHTepdeiiciB;

— KepyI4uil KOHTPOJIEp;

— JpaifBep IBUTYHA MOCTIITHOTO CTPyMY;

— aOCOJIFOTHAM MAardiTHUH JaTYUK;

— aOCOIOTHAN PE3UCTUBHHUN JAaTUHK;

— KpPOKOBUI JIBUTYH;

— MakeT MeXaHI3My MaHIIyJIsITopa.

Jns Bu3HaueHHS  Opi€HTAIii
BHKOPHCTOBYBATH JIBA METO/IH:

— MarHiTHHHA aOCONIOTHUIT;

— pe3UCTHBHUN aOCOTIOTHHH.

Jis Bu3HaYeHHS aOCONIOTHOTO KyTa 00epTy cyrioda
OyZeMO BUKOPHCTOBYBATH MAarHITHHH €HKOAEp THILY
AS5600. J[lanmii eHkomep TmOTpeOye MOJATKOBOTO

cyrnoby  Oymemo
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€JIEMEHTY MarHity, sKuii Oyne 3akpiluleHO Ha
KOHCTPYKTUBHHUX €JIeMEHTaX CyIJo0y Ha ONIHIA Bici 3
penykropoMm. Jatunk  AS5600 TOBHMHEH  TOYHO
po3TamioByBaTucsl Ha BiCi pemykTropa i, BIANOBIJHO,
MOCTIHHOTO MarHiTy. BincTaHp MK JaTIUKOM |
MOCTIHHMUM MarHiToM Mae OyTH MiHIManbHa W He
nepeBunyBatd 4 MM. B faHili KOHCTPYKLIl NaT4MK €
JKOPCTKO 3aKpiIJICHUM BIiJHOCHO pYXOMOI YacTHHU
CyrJI00y Ha OCHOBI MaKeTy.

VY3aranpHeHa CTPYKTypHa CXeMa CUCTEMH YIPaBIiHHS
MOKa3aHa Ha PUCYHKY 4.

Puc. 4. V3araneHeHa CTpyKTypHa cXeMa CHCTEMH
yIpaBIiHHA

[MporpamyBanHs TpaekTopii pyxy 3axBary 5 3
HaBaHTKEHHSIM 6 BHKOHYEThCS y cucTeMi (hikcoBaHOI
0a30B0i KOOpAMHAT. BEKTOp y3araJbHEHOTO 3YCILICHHS,
gk  ¢yHKUis mpouecy (c(t), YTBOPIOETBCS BEKTOP
y3araJbHEHHUX KOOPAHHAT JIAHOK MAHIMyJsaTopa, SIKHH Yy
KOPCTKI MeXaHIYHId CHCTEMI € BEKTOPOM y3arallbHEHHX
koopauHaT npuBoAiB qn(t). Bekropu qc(T) ta qn(t)
MOB'sSI3aH1 OJIMH 3 OJIHMM, BiJIOOPa)KEHHSIM MEPETBOPEHHS
KoopauHAT T, BMICT SIKOTO BCTaHOBJIIOETHCS 3 PIILICHHS
npsMoi  3a7avi  KiHEeMaTHKH MaHinyistopa. [Ipuctpii
KepyBaHHS IIPOrPaMHUM 3a0€3[eYEHHAM TeHEepy€e BEKTOP
YIOPSIKOBAHUX  y3arajJbHEHHX KOOPAMHAT IPHBOLY
Onz(T), ski TmoOB'SI3aHI 3 BEKTOPOM y3arallbHEHHX
KOOpJMHAT 3axBary MaHinynsropa (e(T) muisxom
3BOPOTHOTO BiZOOpa’KeHHsS IEPETBOPEHHS KOOPAMHATH
T Bwmict T BcTaHOBIIOETHCS i3 pilllCHHS 3BOPOTHOL
3a/1a4i KIHEMaTHKU MaHiIyJIsITopa.

Y 3aranpHOMY BHNAJIKy JMHAMIi4YHI BJIACTUBOCTI
MaHIIyJsITOpa XapakTepu3yrThes MaTpuiero Wm(p, qn),
3TiIHO 3 SIKOK0  BUKOHYETBCS ~ CHHTE3  MAaTpHII
KOHTPOJIbHUX TIpUCTpoiB Wyy(p, qn). B y3araibHenii
MaTPUYHIA CTPYKTYypHIH CXeMi CHCTEMH KepyBaHHs
3uerieHHsM Maninynstopa F(t), Fo(T) — BexTopu cuu,
II0 3aCTOCOBYIOTECS JI0 3B'SI3KiB MaHIMYJIATOPa Ta OHOPY;
g'n(t) - BuMIpsAHI BEKTOPHI 3HAYCHHS y3araJbHEHHX
KoopauHaT TpuBoxiB; Wyy (p, qn) - Marpuus
iHopmamiitHnX mpucTpoiB. Ha momaTox 0 OCHOBHUX
3BOPOTHHX 3B'S3KIB IMOAO Yy3araJbHEHHUX KOOPAMHAT
MIPUBOIB, CHCTEMa MOXXE MaTH 3BOPOTHHUI 3B'SI30K IIPO
MPOMIKHI ~ KOOpPAWHATH, 3pOOJIeHI BIiANOBIZHO 1O
TIPHUHITATIIB MiATOPSIKOBAHOTO YIIPABITiHHS.

I11. PO3POBKA AJITOPUTMY POBOTHU
[IPOT'PAMU

Ha pucyHKky 5 mokazaHo anroput™ pob0OTH MakeTy.

Ha mowatky poGoTu mepeBipseTbCs 3B’S30K 3
MEePCOHANBHAM ~ KOMIT'IOTEpOM  4Yepe3  IMOCHiTOBHHI
iHTepdeiic. SKmo 3B’SM30K yCTAaHOBIEHO, TO MOXHA
MIPOJIOBXKYBAaTH POOOTY.

OtpumaBnm komanay Bix IIK, koHTpomep dopmye
MOCIIJOBHICTh IMITYJIBCIB JUTS 3MIIIEHHS BTy KPOKOBOTO
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JIBUTYHa Ha MOTPIOHUH KyT, BpPaxOBYIOUH Iepe/iaBalibHE
YhCIIO peAykTopa. B Hamomy BHMIaAKy L€ YHCIIO
CTaHOBUTH 1:42.

Kyt 3mimenHs Bajgy JBUTyHa HpU ITOBHOMY KpOIIi
craHOBUTH 1,8 TpamyciB. BpaxoByroum mnepenaBaibHe

YHCIO  PEeAyKTOpa, TEOPEeTHYHO MEXaHi3M  MOXe
3abe3neunTy TouHicTh 0,045 rpamycu.
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Puc. 5. Anroputrm poGoTu nmporpamMu KOHTpoJepa

[Ticst 3aBepIeHHs IepeMilIeHHs, KOHTPOJIEP 3yITUHSE
PENYKTOp Ta 3YNTYE MOKAa3aHHS IATYNKY ITOJIOKECHHS.
OTpuMaHHI [aHI TIEPETBOPIOIOTECS 3  AHAJIOTOBOTO
CUTHAIY B U(POBUI Ta MEPENarOTHCS HA MTEPCOHATHHUN
KOMII FOTep.

[Ticns 3aBepIeHHsT BUMIPIOBaHHS KyTYy OOEpPTy LMKI
YOpaBIiHAS TOBTOPIOETHCA [0 BHUMHKAaHHA Hampyru
KHUBJICHHSI KOHTPOJIEPY.
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VII. BUCHOBKHA

Jana po6oTa npucBsiUeHa CTBOPEHHIO PIllIEHHS 3ajadi
KepyBaHHS 0araToJIaHKOBUM MaHIITyJIITOPOM.
[IpoBeneHo aHami3 ICHYIOUMX METOMIB  YIIPaBIiHHS
6araTolaHKOBIMH MaHIIyJISTOPaMH. Hasenena
y3arajJibHeHa CTPYKTYpHa CXeMa CHUCTEMH YIPaBIiHHSL
IIposeneno aHaii3 KOHCTPYKIi cyrio0iB
0araToJJaHKOBHX MaHIIyJSTOPIB Ta METOJIB 3UMTYBaHHS
JaHUX TIpO TIO3WIIOHYBaHHS PYXOMHX JIaHOK JUIs
BUpIIICHHS 3aBIaHHS OITHMI3allii 4acy pyXy 3alaHOro
TpaekTopieto Madimynstopa. OTpumaHi JaHi cBig4YaTh
PO JIOCUTHh TOYHE BH3HAYEHHS KYTYy 3a JOIOMOTOIO
Mar”iTHOro abcoJIOTHOTO eHKkonepy. IloxuOka BUMIpY
KyTy CTaHOBHUTbH MeHIue 1,4 rpagycu.
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