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INNOVATIVE SOLUTIONS FOR SMART CITIES: HOW 10T AND 5G CAN CHANGE
ROAD INFRASTRUCTURE AND REDUCE EMISSIONS

A. Yechevskyi

Kharkiv National University of Radio Electronics Ukraine, 14 Nauky Ave.

E-mail: anatolii.iechevskyi@nure.ua

Abstracts: The report discusses innovative solutions for smart cities based on IoT and 5G
technologies. The main focus is on adaptive traffic management, which reduces congestion, optimizes
traffic flows, and reduces CO[ emissions. The technical aspects of implementing such systems and their
impact on sustainable development are analyzed. A comparison of traditional and innovative solutions
shows the benefits of using [oT in transport infrastructure.

Keywords: Internet of Things, 5SG, smart cities, transportation, ecology

Today, Internet of Things (IoT), Big Data, and robotics technologies have become key drivers of
digital transformation in all spheres of life [1-3]. IoT devices, from smart home systems to industrial
sensors, generate huge amounts of data that, thanks to Big Data technologies, can be efficiently analyzed
to gain valuable insights and make informed decisions. Robotics, in turn, uses this data to automate
processes and create intelligent systems that can adapt to changing conditions [4]. The synergy of these
technologies opens up unprecedented opportunities for optimizing production, improving the quality of
life of people and developing innovative solutions in medicine, logistics, agriculture and other industries.

In today's world, cities face several challenges related to transportation infrastructure, including
congestion, air pollution, inefficient traffic management, and high carbon dioxide (CO[J) emissions. One
of critical solutions to overcome these problems is introduction of Internet of Things technologies
combined with 5G capabilities, which allow for creation of intelligent transportation management
systems. The development of 5G opens up new opportunities for IoT deployment on massive scale due to
its high data transfer speeds and minimal delays. This allows cities to implement real-time adaptive
solutions that help optimize traffic flows, reducing congestion and, as result, reducing CO[| emissions.

The Internet of Things enables new models of transport infrastructure management where all elements
of road system interact with each other. Sensors, cameras, smart lights, and other devices connected to
single network can collect and exchange data in real time. This allows for accurate traffic control
decisions based on current load on roads.

One of most promising solutions is smart traffic lights and road signs, which can regulate traffic flow
depending on current road situation. For example, traffic lights can automatically adjust their cycle to
provide so-called "green wave" - when several traffic lights work in unison, allowing cars to move
without stopping at intersections. This not only reduces travel time but also helps to reduce emissions, as
cars are not idling while waiting for green signal.

Adaptive road signs can change their information depending on current situation, for example, to
provide traffic direction recommendations in case of traffic jams, accidents, or other emergencies.

One of main benefits of IoT-based adaptive traffic management systems is their contribution to
sustainable urban development. Reducing vehicle idling time in traffic jams and optimizing traffic flows
directly affect reduction of CO[] and other harmful air emissions.

To effectively implement IoT and 5G solutions in transportation infrastructure of smart city, several
vital technical aspects must be taken into account. First, infrastructure for low-latency data transmission is
provided by 5G networks and intelligent systems for processing vast amounts of information in real-time.

Advantages of 5G for IoT in transportation: providing data transmission speeds of up to 20 Gbps,
which allows for transfer of large amounts of data in real-time; latency in 5G networks has been reduced
to 1 ms, which is essential for operation of adaptive traffic management systems; 5G allows millions of
IoT devices to be connected in small area, making it possible to massively deploy sensors and cameras to
monitor traffic in megacities.

Implementing such system requires comprehensive infrastructure that includes:

- sensors and cameras to collect data on traffic flows;



11
- cloud computing systems for processing large amounts of data;
- artificial intelligence (AI) systems for real-time data analysis and decision-making in transportation

management. Table 1 compares traditional and innovative traffic management solutions.

Table 1 — Comparison of traditional and innovative traffic management solutions

Parameter Traditional traffic Smart systems based on IoT and 5G
management systems
Type of control Fixed traffic light cycles Adaptive cycles that change in real
time
Delay in decision-making High (manual control) Low (less than 1 ms, automated
solution)
Data collection Local, limited Scalable, by IoT sensors
Traffic optimization Limited High, taking into account real
workload of tracks
Environmental impact High due to standing in Reduced due to optimized movement
(COLJ emissions) traffic jams and reduced time idle time
Implementation of new Difficulties in Easy integration of new technologies
technologies modernization and updates

The introduction of innovative IoT and 5G-based systems into transportation infrastructure of smart
cities has significant impact on sustainable development. One of the most apparent advantages is
significantly reducing negative environmental impact.

A study conducted in smart cities such as Barcelona and Amsterdam showed that introducing adaptive
traffic management systems can reduce COL| emissions by 10-15 %.

Adaptive traffic management can reduce need to build new roads and expand transportation
infrastructure, which helps preserve natural green spaces in cities. This contributes to better
environmental situation and preservation of biodiversity in urban areas.

CONCLUSIONS. Innovative solutions based on IoT and 5G have vast potential to change cities'
transportation infrastructure. Introducing smart traffic lights, adaptive road signs, and traffic monitoring
systems can significantly improve traffic management efficiency, reducing congestion, cutting
greenhouse gas emissions, and increasing overall level of comfort for city residents.
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ECOSYSTEM MODEL OF THE CONCEPT OF INDUSTRY 5.0

Vladyslav Yevsieiev

Kharkiv National University of Radio Electronics

Ukraine, 61166, Kharkiv, Nauky av., 14

E-mail: vladyslav.yevsieiev@nure.ua

Annotation: The ecosystem model of the concept of Industry 5.0 provides for the integration of
technologies of the fourth industrial revolution with a focus on the human factor and sustainable
development. This model emphasizes collaboration between robots and humans, implementing artificial
intelligence to improve productivity while maintaining ecological balance. It also envisages the creation
of synergies between digital innovation and social needs, promoting the development of cyber-physical
systems within the framework of sustainable production.

Keywords: Industry 5.0, ecosystem, concept.

The evolution of Industry 5.0 technologies differs from the digital revolution of Industry 4.0 in that it
transforms human labor into a joint activity of robots and creative individuals in order to produce
customized products and services that meet the tastes, wishes and financial capabilities of consumers.
Theoretical and empirical studies by scientists [1-5] allow us to assert that Industry 5.0 is comprehensive
and universal and has progressive development potential, that is, the ecosystem model of the concept of
Industry 5.0 can be presented in Figure 1.
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Figure 1 — Ecosystem of the Industry 5.0 concept

The methodology of Industry 5.0 as a relatively new direction has an interdisciplinary nature and
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provides for the analysis of economic, social, informational and environmental globalism differentiated
by the tools of analysis. It is especially important for such research to take into account the scale and
dynamics of the process of forming a system of global management of the planet's resources and
redistribution of world income. Industry 5.0 becomes, on the one hand, a source and stimulator of
competition, providing new opportunities for development, and on the other hand, it creates
contradictions and challenges of a local and general civilizational scale. In our opinion, from a theoretical
and methodological point of view, there is a systemic asymmetry of socio-ecological economic
development, caused by the growing interdependence between macro- and micro-level economic entities.
A systematic study of the origins and manifestations of the fifth industrial revolution involves the analysis
of the main trends that characterize Industry 5.0. The first trend assumes that Industry 5.0 will
quantitatively cover all countries, and qualitatively - all spheres of human activity. The fifth industrial
revolution involves collaboration between humans and intelligent systems such as robots. At the same
time, we are talking about robots that help people work better and faster, using advanced technologies:
the Internet of Things, big data, virtual and augmented reality technologies. People and systems will act
as partners, not competitors. At this stage of industrial development, automated mechanisms will perform
monotonous, repetitive tasks, and human resources will be responsible for the creative component,
control management systems and the level of production quality. Therefore, the goal of Industry 5.0 is the
synthesis of cognitive computing capabilities with human intelligence and ingenuity in complex
production, management and business processes. The second trend is the fact that Industry 5.0 will be
based on the bioeconomy. Optimum use of biological resources for production purposes will help achieve
a balance between ecology, industry, society and economy.

CONCLUSIONS. The ecosystem model of Industry 5.0 aims to harmonize technological progress
with social and environmental challenges, emphasizing a human-centric approach. It emphasizes the
importance of cooperation between humans and robots, which opens up new opportunities for sustainable
development, increased productivity and improved quality of life in the context of digital transformation.
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Annotation: This paper presents the development and design of an automated access control and
management system (AACMS) for industrial facilities. The structural diagram integrates key modules
such as facial recognition and RFID-based identification, ensuring multi-factor authentication for
enhanced security. The system includes a camera for biometric facial recognition, an RFID reader for
card-based identification, and an electronic lock mechanism. A microprocessor module (MM) acts as the
control unit, processing data from the RFID module and communicating with a laptop or single-board
computer. The system operates by scanning both the user’s face and RFID card, verifying the data, and
providing access if both criteria are met. The integration of these two identification methods — biometric
(facial recognition) and RFID — ensures a robust and secure access control process, improving the overall
safety of the industrial facility.
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Security.

Automated access control systems are an integral part of modern industrial enterprises, as they ensure
security and efficient personnel management. One of the critical stages in the development of such
systems is the design of the structural diagram, which provides a comprehensive understanding of the
system's functioning, the interaction of its components, and the logical sequence of operations. This
allows not only for process optimization but also for increasing the reliability and security of the system,
ensuring its adaptability to potential future changes [1-2].

The design of the structural diagram for an automated access control system (AACS) is a crucial stage
that ensures a comprehensive understanding of the system. The diagram identifies key elements such as
sensors, controllers, and information processing systems. It helps to detect potential risks, optimize
component interaction, and improve system reliability. Important criteria in the design process include
contactless employee identification using computer vision and wireless technologies (RFID, NFC), which
enhance system efficiency and security [3-4].

Based on the selected criteria that the AACS being developed for the industrial facility must meet, as
well as the selected technologies presented in Table 1, the following structural diagram of the AACS for
the industrial facility is proposed, as shown in Figure 1.

Camera Control system
|
Laptop :
1
Face recognition |||
MM module !
—> :
1
RFID data |
module :
|
1
1

Lock e - !

Figure 1 — Structural diagram of the layout of the automated system of access control and
management in production
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The structural diagram shown in Figure 1 illustrates a management system based on an automated
access control and management system (AACMS), which integrates various modules for facial
recognition and identification using RFID. Below is a description of the purpose of each component:

— Camera, responsible for capturing images or video of a person’s face for further analysis. It is used in
the facial recognition module to identify the user based on biometric data.

— RFID, this module reads RFID cards or other identifiers. It contains a reader that interacts with an
RFID chip embedded in a card or another object to confirm the identification of a person or object.

— Lock, an electronic lock or access blocking mechanism that receives signals from the control system
to open or lock doors after successful user identification via the facial recognition or RFID modules.

— Microprocessor Module (MM, the system’s control unit, which processes data received from the
RFID module. It reads user card data, decodes the information, and transfers it to a laptop. The MM also
receives data from the laptop and controls whether the electronic lock should open or remain closed.

— Laptop, a device responsible for data processing and system management. It contains two primary
software modules: the facial recognition module and the RFID data module.

— Facial Recognition Module, the system’s software component that analyzes data from the camera
and determines whether the user’s facial image matches the pre-recorded biometric data. If the
identification is successful, the data is transmitted to the control module to grant access.

— RFID Data Module, a software module that stores RFID code data, which grants access rights to the
industrial premises.

CONCLUSIONS. Operation Principle of the AACMS Model for the Industrial Facility: the identified
object approaches the access control point at the facility, the system scans the face and reads data from
the RFID card, the data from the camera is directly transmitted to the laptop or single-board computer,
while the RFID card data is decoded in the MM and sent via a USB port as a 16-digit code to the laptop
or single-board computer, on the laptop or single-board computer, the facial recognition module analyzes
the received facial image and checks it against the stored samples, while simultaneously verifying the 16-
digit RFID card code. If both parameters match positively, the system sends a command via the MM to
unlock the door. If one or both parameters do not match, the system does not unlock the door. The
developed system combines two identification methods — biometric (facial recognition) and RFID —
providing a multi-factor approach that enhances access security.
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Annotation:. Analysis of the functional capabilities of classical manipulator robots and collaborative
robots shows key differences in their areas of application, interaction with people, and flexibility in
performing tasks. Classic robots are focused on high productivity in an isolated environment, while
collaborative robots ensure safe and effective collaboration with people in a shared workspace. This
opens up new opportunities for automation, especially in the context of flexible and adaptive
manufacturing processes.
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Comparing the functional capabilities of classic manipulator robots and collaborative robots (cobots)
is important because of their different fields of application and technological features. Classic robot
manipulators are usually used in heavy industrial environments where monotonous or high-speed
operations need to be performed with high precision. They work in conditions of isolation from humans
due to the high level of risk, but are able to perform tasks that require a large carrying capacity. At the
same time, collaborative robots are optimized for safe interaction with people, making them ideal for use
on production lines where flexibility and adaptability to different processes are required. Cobots are easy
to set up and operate, which allows them to be used in small and medium-sized enterprises, as well as in
scientific research. Therefore, comparing these types of robots allows you to better understand their
strengths and weaknesses, which is key to choosing the optimal solution for specific production tasks. A
comparison of the functional capabilities of a classic manipulator robot and collaborative robots (Cobot
Fanuc CRX-251A, KUKA LBR iisy 15 R930) is shown in Table 1.

Table 1 — Comparison of the functional capabilities of a classic manipulator robot and collaborative
robots

Functional A classic manipulator robot Cobot
capabilities
1 2 3
Appointment Mainly for heavy industrial For collaboration with people, easy

tasks, repetitive operations in an | automation of tasks in different
environment with a high degree | environments

of automation
Security Requires fencing, sensors and Integrated force, moment and
safety barriers to prevent safety sensors allow you to work
accidents alongside people without
additional barriers

Programming More complex programming Intuitive programming via tablets
systems require knowledge of or HMI, easy setup for non-
robot programming languages professional users

Repeatability of High accuracy and repeatability | High accuracy, but designed for
operations for similar tasks more diverse and flexible tasks
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Continuation of table 1

1 2 3
Flexibility of use Limited, intended for narrow Flexible, easily integrated into
tasks and programmed various production processes,
operations possibility of quick reconfiguration
Speed of work Usually faster, for high-speed Less fast, optimized for safe
production collaboration with people
Sensors and sensors | Limited or absent safety Integrated sensors for force and
sensors, optional equipment moment control, ensuring safety
possible and adaptability
Mobility Usually stationary, heavy Compact, easy installation,
installation possibility of use in different
places
Cooperation with a | Requires complete isolation Specially designed for safe
person from people due to high risk of | collaboration with a person
accidents (collaboration)

Table 1, comparing the functionality of classic manipulator robots and collaborative robots, shows
that each type has its own unique advantages and limitations. Classic manipulator robots are more
suitable for large productions, where high speed, accuracy and the ability to work with heavy loads are
important. However, their use requires additional safety measures, as they cannot work next to people
without isolation. Collaborative robots, on the other hand, are optimized for safe human interaction,
making them more flexible and convenient to implement in environments that require rapid adaptation to
changes in production processes. They have lower load capacity and speed, but offer greater flexibility
and ease of programming, making them ideal for small and medium-sized businesses.

CONCLUSIONS. A comparison of classic manipulator robots and collaborative robots shows that
collaborative robots offer greater flexibility and safety when working with humans, making them more
adaptable in modern production environments. At the same time, classic robots remain effective for tasks
that require high precision and speed in an isolated environment.

References:

1. Yevsieiev, V., Abu-Jassar, A., Maksymova, S., & Gurin, D. (2024). Human Operator Identification
in a Collaborative Robot Workspace within the Industry 5.0 Concept. Multidisciplinary Journal of
Science and Technology, 4(9), 95-105.

2. Yevsieiev, V., & Gurin, D. (2023). Comparative analysis of the advantages and disadvantages of
collaborative robot control methods within Industry 5.0.

3. Attar, H., Abu-Jassar, A. T., Yevsieiev, V., Lyashenko, V., Nevliudov, I., & Luhach, A. K. (2022).
Zoomorphic mobile robot development for vertical movement based on the geometrical family
caterpillar. Computational intelligence and neuroscience, 2022(1), 3046116.

4. Abu-Jassar, A. T., Attar, H., Amer, A., Lyashenko, V., Yevsieiev, V., & Solyman, A. (2024).
Development and Investigation of Vision System for a Small-Sized Mobile Humanoid Robot in a Smart
Environment. International Journal of Crowd Science.

5. Yevsieiev, V., & Gurin, D. (2024). Study of Methods of Dynamic Description of The Environment
for Collaborative Robots-Manipulators in the Concepts of Industry 5.0 (Doctoral dissertation, Collection
of scientific papers «SCIENTIA»).

6. Maksymova, S., Abu-Jassar, A., Gurin, D., & Yevsieiev, V. (2024). Comparative Analysis of
methods for Predicting the Trajectory of Object Movement in a Collaborative Robot-Manipulator
Working Area. Multidisciplinary Journal of Science and Technology, 4(10), 38-48.



18

3ACTOCYBAHHA HEfIPOHHHg( MEPEK Y IPOMUCJIOBUX CUCTEMAX JJIA
OIITUMIBALIII BUPOBHUYHUX ITPOLECIB

B.B. Kapramosa, A.l. bponHikos

XapKiBChbKUIl HAllIOHATBHUN YHIBEPCUTET PaiOCIEKTPOHIKH

VYkpaina, 61166, Xapkis, np. Hayku, 14

E-mail: varvara.kartashova@nure.ua, artem.bronnikov(@nure.ua

Anomauin: B 1iii poOOTI TOCIIIKY€ETHCS 3aCTOCYBaHHS HEHPOHHUX MEPEX Yy POMHCIOBUX CHCTEMAaX
Ui onTuMizanii BUpoOHHYUX mporieciB. OIIHIOETbCS BIUIMB TEXHOJOTIH MITYYHOTO IHTENEKTY Ha
MIJBUIIEHHS NPOAYKTHUBHOCTI, 3HM)KEHHS BUTpAT Ta MOJIMIIEHHs yMOB mnpaini. [IpencraBieHo anamis
OCHOBHHMX aJITOPUTMIB HEHPOHHHUX MEPEX Ta iX 1HTerparis 3 IHIHUMH Cy4YaCHUMHU TEXHOJIOT1SIMH.

Knwuoei cnosa: Tnpyctpis 5.0, IITy4HU IHTEIEKT, IPOMHUCIIOBI CHCTEMH, HEHPOHHI MEpeXi,
ONTHUMI3allisl BUPOOHHIITBA.

Innyctpis 5.0 BuMarae BIPOBA/DKEHHS CY4YaCHUX TEXHOJIOTIM, TakuX $K LITYYHHH IHTEJEKT Ta
HEHpPOHHI Mepexi, Ui JOCATHEHHS OUTHII MPOIYKTHBHOTO Ipolecy. Mera mi€i poOOTH — OIIHUTH
IepeBaru Ta MEpCINEeKTUBU BUKOPHCTAHHS LUX TEXHOJOTIH, NOCHIIUTH iX MOXJIMBOCTI Ta NPUKIATU
3aCTOCYBaHHA JJIsl ONTUMI3alii BUpOOHULTBA. B mpoMucioBux peanisix, BApOOHUYI MPOLECH MOCTIIHO
CTAlOTh OUTBII CKJIAJTHAMH, TOMY IHTErpaIlisl MITYYHOTO I1HTEJICKTY € BaXJIMBOIO CKJIAOBOIO IS
3a0e3neueHHs! CTIHKOTr0 PO3BUTKY Ta KOHKYPEHTOCIIPOMOKHOCTI Ha pUHKY [1].

3acTocyBaHHSA HEHMPOHHUX MEPEX y MPOMUCIOBOCTI Ma€ BEJIMKE 3HAUYEHHS, BOHU 3/1aTHI aHali3yBaTH
BEJIMKI 00CSTM JaHUX, MPOTHO3YBAaTH MOKIIMBI 1epe0oi 00aHaHH, a TAKOXK, aJalTyBaTUCS 10 3MIHHHX
YMOB BUPOOHHIITBA, IO € OCOOJMBO BAXJIMBUM Yy Cy4daCHUX yMoBax. HeilpoHHI Mepexi aKTHBHO
BUKOPHUCTOBYIOTHCSI B PI3HUX MPOMUCIOBUX TaTy3dX Ul IMiJBUIICHHS €()EeKTUBHOCTI Ta aBTOMAaTH3aIlil
nporieciB. Harmpuknan, Tesla 3acrocoBye ix mias aBrominora, General Electric ontumizye enepromepexi, a
Shell mporuosye TexHiuHe 0OCITyroByBaHHs OOJaJHaHHS. Siemens IHTErpye HEHpPOHHI Mepexi Ui
aBTOMAaTH3aIlii BUPOOHUIITBA, TOAl K Amazon ONnTUMI3y€e poOOTy cBOiX ckmaniB. Y (apmanestuii Pfizer
BUKOPUCTOBY€E HEHPOHHI Mepexi s po3podku nikiB, a BMW ta BASF minBuIyoTh SKiCTh IPOIYKIIT
Ta e()eKTUBHICTh BUPOOHUIITBA 32 IOMTOMOTOO ITUX TEXHOJIOTIH.

JlocsTHYTI pe3yibTaTH BKIIOYAIOTh CKOPOYCHHS 4Yacy MpPOCTOIB, 3HMKEHHS BHUTpAT Ha TEXHIYHE
00CITyTOBYBaHHsI Ta IMABHINECHHS SKOCTI Mponykiii. [le 1ae MOXIMBICTH MiANPHEMCTBAM MPAIOBATH
OlnpIl  e()EeKTUBHO, 3HWKYIOUM BHUTpPaTh 1 30UIBLIYIOYHM KOHKYPEHTOCIIPOMOXHICTh Ha PHHKY.
BrpoBa/pkeHHsT HEMpPOHHUX MEpEeX CIpHs€ Mepexoqy [0 OUIbIll THYYKOro, aBTOMATH30BaHOI'O
BUPOOHUIITBA, 110 BiAmoBigae Bumoram [uaycrpii 5.0 [2].

AJNTOPUTMH, IO JIeKaTh B OCHOBI HEMPOHHUX MEPEXK, BIIrPArOTh KJIIOYOBY POJb Yy peaiizarii ix
MOTEHIlialy B oNTHMi3auii BUpOOHMUYMX mporeciB. Hanpukinan, anaroputmMu TiIMOMHHOTO HaBYaHHS
3a0€3Mevyr0Th 3AaTHICTh MEPEK BUSBIIATH CKJIAIHI IIa0JOHM B JaHUX, IO JO03BOJISE HE JIUIIE BYACHO
pearyBaTh Ha TMOTEHI[IMHI HECHpPAaBHOCTI, aje ¥ 3MEHIIYBaTH WMOBIPHICTh IX BHHHUKHEHHS B
MailOyTHbOMY. BHKOpUCTaHHS TakuX aJrOpUTMIB CIpHsS€ CTBOPEHHIO MPOTHOCTHMYHMX MOJENeH, sKi
3a0e3neuyroTh MiABUILEHY TOYHICTh Y TUIaHYBaHHI TEXHIYHOTO 00CIyroByBaHHs [3].

JlonatkoBo, OMTHMI3AIIHI QJITOPUTMH, SIKI TMPALIOIOTh y CHHEPrii 3 HEHPOHHUMH MEpEeXaMu,
JI03BOJISIIOTH MIANPUEMCTBAM €()EKTUBHO PO3MOAUIATH PECYpPCH, YIPABIATH JAHLIOTAMH MOCTaYaHHS Ta
HaJAlTOBYBaTH BUPOOHWYI TIPOIECH BIAMOBIMHO JO aKTyaJbHUX PHUHKOBHUX YMOB. 3aBISKA UM
QITOPUTMaM, KOMIIaHii MOXYTh CTBOPIOBATH MUHAMIiyHI Oi3HEC-MOJeNi, SIKi aJanTyIOThCS O 3MiH y
TIONUTI Ta MPOMO3UIIii, IO € OCOOIMBO BAYKJTMBUM B YMOBaX IIBUIKO 3MIHIOBAHOTO PUHKY. Y PE3yJIbTaTi,
BITPOBA/KEHHSI TAKUX aJTOPUTMIB HE JIMILE MiIBUILY€E e€(EeKTUBHICT BUPOOHUIITBA, ajie i BiAKpUBAE HOBI
TOPU3O0HTH JIsl IHHOBAIlIM 1 PO3BUTKY, BijnoBinatoun BumoraM [aaycrtpii 5.0 (puc. 1).
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Pucynok 1 — HeitpoHHi Mepexi Ta BAPOOHHIITBO

BUCHOBKMWM. [locmikeHHs BKa3ylOTh Ha Te, M0 HEUPOHHI MEPeXi HaIaloTh MPOMHUCIOBUM
cHCTeMaM CYyTT€BI KOHKYPEHTHI MepeBard, 30KpeMa B MiJABHIICHHI MPOJYKTUBHOCTI Ta BJIOCKOHAJICHHI
MPOLECIB YIPABIIHHSA SAKICTIO. IXHS 371aTHICTH 0OPOOISATH BEINUE3H] 00CATH JAHUX y PEKHUMI PeanbHOTo
Yacy J03BOJISIE 3HW)KYBAaTH BUTPAaTH Ha BUPOOHWYI MpOIECH 1 OOCIYroBYyBaHHS, a TaKOX 3MEHIIYBAaTH
WMOBIpHICTh BUHUKHEHHS 300iB y BHpOOHHMITBI. OCHOBHI NepeBaru HEUPOHHUX MEPEK BKIIOYAIOTH
aBTOMATH3AaIllI0 pyTUHHHUX OIEepaliid, MOXKIUBICTh TOYHOTO ITPOrHO3YBAHHS MOKJIMBUX HECIIPABHOCTEH, a
TaKOX TOJIIMIIEHY e(pEeKTUBHICTh KOHTPOJIO SKOCTI MpoaykKiii. [le 0cobauBO BaXKIMBO 11l CEKTOPIB, /1€
IIBUKA QJanTallis M0 3MiH y MONUTI Ta MiJBUIICHI CTaHIAPTH SKOCTI € KPUTHYHUMH, HANPUKIAL, B
aBTOMOOUTBHIM uM (apManeBTHUHIN ramy3i. [lepcrekTuBH BOPOBAIKEHHS HEHPOHHHX MEPEXK ¥
MIPOMHCIIOBICTh OOILSIOTh MOJANBIIMNA PO3BUTOK INTYYHOTO IHTENEKTY, IO BIIKPHE HUIAX A0 OLIbII
IHTEJIEKTyaTbHUX 1 aBBTOHOMHUX BUPOOHUUYHWX TIpolieciB. BukopucTanHs MeToaiB TNIMOMHHOTO HABYAHHS 1
HaBYAHHS 3 MIJKPIIJICHHAM JO3BOJHTH IHTErpyBaTH TexHoiorii 3 Inrepuerom peueit (IoT) i
aBTOMATH30BaHUMH CHCTEMaMH, IO CIPHUSATHME CTBOPEHHIO «PO3YMHHX» BHPOOHHIITB, SIKi 3/aTHi
CaMOCTIHO ONTUMI3yBaTH CBOi omepaiiii 6e3 moTpedu y M0ChKOMY KOHTPO [4].
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Annotation: The work discusses main automation technologies used in concept of "smart home" on
Modular House platform. The advantages of modular approach to construction and integration of
automation systems, including IoT, automated systems for climate control, security and energy
management, are described. The features of increasing comfort due to such solutions, as well as issues
regarding safety and energy efficiency of housing, providing users with opportunity to flexibly manage
their environment, are determined. Attention is paid to prospects for development of similar technologies
in future.
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Modern automation technologies are becoming integral part of our daily lives [1-4]. One of most
relevant concepts is "smart home", which provides automatic control of various building systems:
lighting, climate control, security, energy consumption, etc. The innovative architectural platform
Modular House, based on principles of modularity and adaptability, greatly simplifies implementation
and management of such technologies in residential premises. The study will consider key aspects of
smart home automation based on Modular House platform, which is timely and in line with current trends
in development of technologies in modern industries.

The Modular House platform is based on idea of modular design, which allows you to create living
spaces from individual modules that are easy to assemble and customize according to needs of user. This
approach not only reduces construction costs, but also creates convenient basis for integration of
automated systems.

A modular approach to building house provides following functional points:

1. Flexibility in installation of automation systems, i.e. when module can be equipped with necessary
sensors and controllers at production stage.

2. Scalability, which makes it possible to add new automated functions when expanding or
reconfiguring house, which occurs without complex changes in existing infrastructure.

3. System interoperability, which means easy integration of modules with different automation
protocols and platforms, allowing for variety of hardware and software.

Within framework of "smart home" concept, various automation technologies are used with Modular
House, which significantly increase comfort, safety and energy efficiency of home.

The central technology is IoT (Internet of Things), which allows you to connect variety of devices and
sensors to single network, providing ability to remotely control lighting, temperature, alarms and other
parameters using smartphone or computer. Climate automation systems, including temperature, humidity
and air quality sensors, as well as smart thermostats, are also important element. Thanks to these systems,
energy consumption for heating and air conditioning is optimized, which creates comfortable conditions
with minimal resource consumption.

Automated security systems, such as video surveillance camerasthe , motion detectors, access control
systems, and alarm systems, contribute to level of home security [5, 6]. They can be integrated with other
devices for remote monitoring and prompt notification of danger. In addition, automation technologies
allow for efficient energy management: The systems monitor operation of electrical appliances, observe
energy consumption, and optimize their use to reduce overall costs. The last important aspect is
customization of automation scenarios, with help of which user can set different modes of home
functioning, for example, automatic shutdown of all appliances upon leaving or individual climate
settings for each room.
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In context of Modular House, informatization and Big Data technologies play significant role.
Processing large amounts of data from all sensors and devices allows system to constantly improve its
performance [7, 8]. Based on collected information, behavioral patterns of residents are predicted, which
allows optimizing operation of all systems in house. Machine learning ensures that automated systems
adapt to individual user needs and optimize energy consumption based on historical data.

The study identified advantages of smart home concept with Modular House:

- improving comfort as main goal of implementing such systems, when automated systems provide
ability to individually adjust environmental parameters in each part of house;

- energy efficiency, as integration of smart solutions allows to reduce energy consumption and reduce
housing maintenance costs through rational use and redistribution of resources;

- security, as by using variety of technologies that directly interact with building as single system,
automation devices create higher level of protection for building from both external threats and internal
accidents, such as gas leaks or fires.

CONCLUSIONS. Automation technologies in context of Modular House platform open up new
opportunities for integrating intelligent solutions into construction. The use of IoT, intelligent security
systems, climate control and energy efficiency allows us to create environmentally friendly and functional
buildings adapted to needs of modern people. The development of such technologies has prospects not
only in private housing, but also in large-scale infrastructure projects, making them relevant for future
generations of engineers and architects. This research will be prerequisite for further development of new
system for smart home.
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The Internet of Things (IoT) (Fig. 1) opens up new opportunities for various sectors of economy,
providing increased efficiency, security, and process automation. Through combination of sensors, data
processing systems, and communication technologies, IoT enables real-time monitoring and optimization
of production processes, reducing resource costs, and increasing safety of personnel and equipment.
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Figure 1 — Classification of Internet of Things

Effective implementation of IoT technologies in various industries is becoming an extremely important
aspect of modern automation and robotics [1-5]. With growing need to increase productivity and optimize
production processes, IoT opens up new opportunities for integrating intelligent solutions into automated
systems. Thanks to ability to collect and analyze large amounts of data in real time, the implementation of
IoT allows for better adaptation of systems to changes in production conditions [7, 8].

The purpose of this work is to study current trends and challenges that arise during implementation of
IoT technologies in various industries, as well as to study limitations that affect effectiveness of these
systems.

Objectives of study:

1. Analysis of current state of development of IoT technologies in industry, energy, agricultural sector
and other industries.
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2. Overview of main types of sensors and their characteristics for monitoring and controlling
processes.

3. Study of different types integration principles of sensors into unified IoT systems.

4. Assessment of identified limitations impact on efficiency of IoT systems.

5. Analysis of existing methods of overcoming limitations and evaluation of their effectiveness.

The main challenges of IoT implementation. The integration of IoT into various industries is
accompanied by certain challenges:

1. Technical limitations — need to create more reliable and secure sensor systems that can operate
effectively in variety of environments.

2. Software constraints — development of software that ensures efficient processing of large amounts of
data.

3. Security is cybersecurity issue, including data protection from unauthorized access.

4. Economic aspects — analysis of economic feasibility of implementing IoT technologies, including
equipment and operating costs.

CONCLUSIONS. In course of study, it was determined that introduction of IoT technologies is
effective tool for improving production processes and increasing energy efficiency. However, there are
certain technical, economic, and security challenges that need to be addressed. Further development of
IoT technologies is associated with improvement of methods for integrating sensor networks, improving
security and optimizing costs of their implementation.
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Manufacturing facilities play important role in many industrial sectors. High productivity and security
of work processes at these locations are priority to achieve effective results and reduce potential risks.
Modern sensor technologies offer new approaches to control and management of production conditions
that ensure optimal conditions at production sites and contribute to creation of comfortable environment
for personnel and equipment [1-6].

The use of sensor technologies in production directly contributes to sustainable development both in
Ukraine and at global level. They enable businesses to use resources more efficiently, which reduces
energy consumption and emissions, and promotes environmental sustainability. By continuously
monitoring conditions, sensors help maintain optimal environment for production processes, reducing risk
of equipment breakdowns and reducing repair and replacement costs. This, in turn, extends life of
equipment, reducing need for new resources and reducing waste.

The purpose of this study is to analyze existing approaches to ensuring proper conditions in production
using IoT sensor technologies and identify their limitations.

Tasks to be completed to achieve goal: analysis of current state of use of IoT sensor technologies in
production environment; investigate main types of sensors and their characteristics used to monitor
production conditions; analyze principles of integration of different types of sensors into single IoT
system for monitoring production conditions; investigate impact of identified limitations on efficiency of
systems for monitoring and managing production conditions; analyze existing methods of overcoming
identified limitations and evaluate their effectiveness.

One of innovative approaches to ensuring proper conditions in production is integration of QR codes
into monitoring system. For example, employees can scan QR codes placed on equipment to gain instant
access to information about device's status, maintenance history, and safety recommendations. This not
only increases awareness of employees, but also contributes to faster response to possible problems,
which can significantly improve working conditions [7-10].

Formulation of task to overcome identified limitations:

1. Technical limitations — identify and address deficiencies in existing sensor technologies, ensuring
their integration with IoT to improve monitoring of working conditions.

2. Software limitations — developing software that enables efficient analysis and processing of sensor
data, as well as integration with existing control systems.

3. Safety constraints — implementing additional measures to improve worker safety, including
automated monitoring and early warning systems for hazards.
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4. Economic constraints — analysis of costs of introducing new technologies and their effectiveness, in order
to ensure economic feasibility of investments in improving working conditions.

CONCLUSIONS. As result of study, modern approaches to ensuring proper conditions in production
with help of IoT sensor technologies have been analyzed and their main limitations have been identified.
It is determined that integration of IoT technologies into production processes is effective tool for
improving labor safety, optimizing energy consumption and improving working conditions for personnel.
The main types of sensors for monitoring production conditions, including temperature, humidity, air
quality, noise, vibration and energy control systems, are systematized. The key constraints of existing
principles have been identified and classified, which include technical (sensory, network, energy),
software (data processing, integration), security (cybersecurity, physical security) and economic (cost,
operational) aspects. It is found that use of IoT sensor technologies contributes to sustainable
development of enterprises by increasing energy efficiency, reducing environmental impact and
optimizing use of resources. To overcome these limitations, it is necessary to develop standards for
integrating IoT devices, improve security systems, and optimize data processing methods. The results of
study can be used in design of new and modernization of existing production facilities.

References:

1. Xamimonos . 1., Ta inmii. (2024). CTBOpeHHS IHTEIEKTYaJIbHOTO MOAYJIO JIJIi aBTOMAaTH30BaHOTO
MOHITOPUHTY CEpEIOBHIIA Y TPUBATHUX TAa KOMEPIIIMHUX MPUMILICHHAX 3 BUKOPHUCTAHHIM KOMII'TOTEpHO-
iHTerpoBannx TexHouyorii. International Conference on Advanced Trends in Radioelectronics and
Telecommunications dedicated to the 85th anniversary of the Department of Theoretical Radio
Engineering and Radio Measurements, PP. 176-181.

2. Hubar, A. Y. et al. (2024). Impact of automation and cals technologies on human factor in production.
The 8th International scientific and practical conference “European congress of scientific achievements”
(August 12-14, 2024) Barca Academy Publishing, Barcelona, Spain, PP. 243-249.

3. Kaponkin, V. et al. (2024). The role of big data in improving functionality of search engines. The
8th International scientific and practical conference “European congress of scientific achievements”
(August 12-14, 2024) Barca Academy Publishing, Barcelona, Spain, PP. 69-76.

4. Sotnik, S. V. et al. (2024). Analysis of searching methods for explosive objects using information
technology and computer modeling. Ctan, JOCSTHEHHs Ta TEPCIEKTUBU 1H(OOPMAIIHHUX CHUCTEM 1
texHonoriii / Matepiamu XXIV BceykpaiHChkoi HayKOBO-TEXHIYHOI KOH(EpEeHIT MOJOAUX BUCHHX,
acriipaHTiB Ta ctyaeHtiB. Oxeca, 18-19 kBitas 2024 p., PP. 20-22.

5. Cornuk, C. B. Ta ixmi. (2023). Anani3 cucteM aBTOMaTH3allii BU3HAUYCHHS YMOB Y JKUTJIOBHX Ta
poOOYMX TPHUMIIIECHHSAX 3 BHKOPUCTAHHSIM KOMII FOTEPHO-IHTETPOBAHMX pillleHb. ABTOMaTH3aIli,
eslekTpoHika Ta pobotorexnika (AERT-2023), PP. 32-35.

6. 3apy0in, 1.C. ta ixmm. (2024). EdbexkTHBHICTD BUKOPUCTAaHHS pOOOTH30BAaHUX CUCTEM Y BUPOOHUIITBI.
KoM’ 1oTepHO-IHTErpoBaHMX ~TEXHOJOTIH, aBToMaru3auii Ta poOortoTexHiku 2024: wmarepiamu I[-oi
Bceyxkpaincekoi konhepenttii, Xapkis, 16-17 tpasas 2024 (CITAR-2024), PP. 150-153.

7. Deineko, Zh., et al. (2022). Confidentiality of Information when Using QR-Coding. International Journal
of Academic Information Systems Research (IJAISR), Vol. 6, Issue 9, PP. 10-15.

8. Deineko, Zh., et al. (2022). Dynamic and Static QR Coding. International Journal of Academic
Engineering Research (IJAER), Vol. 6, Issue 11, PP. 1-6.

9. Deineko, Zh., et al. (2022). Usage and Application Prospects QR Codes. International Journal of
Engineering and Information Systems (IJEAIS), Vol. 6, Issue 7, PP. 40-48.

10. Sotnik, S., et al. (2023). QR codes in production. Manufacturing & Mechatronic Systems 2023:
roceedings st International Conference, Kharkiv, October 19-20, 2023, PP. 19-21.



26
DEVELOPMENT OF THE RUKHIV VIVALENNA SYSTEM AT NEARBY ENTERPRISES

Vladyslav Tokar

Kharkiv National University of Radio Electronics

Ukraine, 61166, Kharkiv, Nauky av., 14

tel. +38(066) 721-66-71, e-mail: vladyslav.tokar@nure.ua.

Annotation: This research paper explores the development and analysis of a motion detection system
in enterprise premises. The advantages, including precise personnel tracking and energy optimization, are
discussed, alongside the system’s drawbacks such as high costs and privacy concerns. A comparative
analysis with alternative methods and a risk assessment are presented, ultimately emphasizing the
system’s potential as a robust solution for enhancing security and efficiency in enterprise environments.
The expanded research provides a comprehensive understanding of the motion detection system, its
development process, benefits, drawbacks, and comparison with alternative methods. It concludes with an
analysis of potential risks and a summary of the system’s potential as a powerful tool for ensuring safety
and efficiency in enterprise premises.

In the global context of rapid technological development, the development of motion detection systems
in the premises of enterprises is becoming an important aspect of ensuring security and optimizing energy
consumption. Aimed at highlighting the key aspects of this issue, this research paper covers the process of
system development, the basic principles of its operation, and a comparison with the use of alternative
motion detection methods. It is important to note that the implementation of a motion detection system in
the premises of an enterprise can have a significant impact on its productivity and efficiency. This may
include reducing energy costs, improving security, and increasing employee comfort.

Modern requirements for security and optimization of enterprise resources cannot be imagined without
the use of advanced technologies. The development of an indoor motion detection system is the answer to
these requirements. When it comes to innovation, it is important to consider not only hardware but also
software components, as they interact to achieve the best results. A motion detection system can use
different technologies, such as infrared sensors, radio frequency identification (RFID), or video
surveillance. It is important to choose the technology that is best suited for a particular enterprise [1-4].

One of the key advantages of a motion detection system is its ability to detect motion in real time. This
means that the system can immediately respond to motion, including turning on or off lighting or air
conditioning systems. Motion detection has a number of significant advantages. First, it allows you to
accurately determine the number and location of people in the room, providing access control.
Recognition of authorized and unauthorized persons helps to identify employees and visitors, as well as to
detect potential intruders [5-8].

A motion detection system can significantly reduce energy costs by automatically turning on or off
lighting and air conditioning systems depending on detected motion. One of the key advantages of the
system is its ability to interact with the enterprise infrastructure. Turning on and off lighting and air
conditioning depending on motion detection reduces energy costs and maintains an optimal microclimate.

One of the main disadvantages of a motion detection system is its high cost. However, given the
potential energy savings, this cost may be justified. In addition, possible privacy concerns can be
addressed through appropriate policies and procedures. One of the main disadvantages of a motion
detection system is its high cost. However, given the potential energy savings, this cost may be justified.
In addition, possible privacy concerns can be addressed with appropriate policies and procedures. For
example, motion data can be anonymized or encrypted to prevent misuse [9-10]. Other methods of motion
detection exist, such as the use of pyrometers or radar. However, these methods may be less accurate or
more expensive compared to a motion detection system. In addition, they may not have the same
flexibility or ability to integrate with other enterprise systems.

When implementing a motion detection system, it is important to consider potential risks, such as
privacy violations or incorrect motion detection. However, based on the findings of this paper, we can
conclude that motion detection is a powerful tool for ensuring the safety and efficiency of enterprise
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premises. It is also important to note that a motion detection system can be used not only to ensure
security, but also to increase the productivity and efficiency of an enterprise [11-12].

CONCLUSIONS. The research findings emphasize the importance of integrating monitoring and data
analysis technologies to ensure security on the territories of enterprises. The use of motion detection
systems allows for the timely detection of possible threats, providing a prompt response to potential
violations. The introduction of such systems increases the level of automation of security processes and
reduces the risk of unauthorized intrusions, which is an important step towards creating modern cyber-
physical production environments.
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The analysis of features in the design of small-sized robots is an important aspect of modern robotics,
which opens up new opportunities for their use in various fields of industry, medicine and research.
Small-sized robots have advantages in mobility, maneuverability and flexibility, which allows them to be
used in narrow spaces and hard-to-reach places. They are often used for tasks that require high precision,
such as inspection, repair or data collection in difficult environments. The design of small-sized robots
implies a reduction in weight and size, which necessitates the use of more compact components and
energy-efficient solutions. It is also important to consider the balance between performance and
autonomy, which affects the choice of energy sources and control systems. Unlike classic robots, which
are focused on performing large tasks in large-scale industrial processes, small-sized robots have a
smaller lifting capacity, but at the same time provide greater flexibility and adaptability. Table 1 shows a
comparison of the main features in the design of small-sized and classical robots.

Table 1 — Comparison of the main features in the design of small-sized and classic robots

Parameter Small works Classical works
Size and weight Compact, light Big, heavy
Maneuverability High limited
Carrying capacity low High
Energy efficiency Priority Not always a priority
Field of application Narrow spaces, research Large-scale production
Energy source Compact, autonomous Powerful, stationary
Flexibility in setting High Average

Analysis of the comparison table of compact and classic robots reveals several key differences in their
design features. Small-sized robots have a significant advantage in their mobility and maneuverability,
which allows them to be used in difficult conditions and limited spaces. At the same time, their lower
load capacity and limited energy resources can reduce efficiency in performing heavy industrial tasks,
which is an advantage of classic robots. Classic robots, with their high productivity and ability to work in
large-scale processes, are better suited for large production lines, but are inferior to small-sized robots in
flexibility and adaptability. Small-scale robots require energy-efficient solutions due to limited power
options, while classic robots can rely on more powerful, stationary power sources. In general, each type
of robot has its strengths and weaknesses, which determines their optimal application depending on the
specific requirements of the task.

CONCLUSIONS. The conclusions of the analysis of features in the design of small-sized robots
indicate the importance of optimizing size and weight to ensure mobility and maneuverability in narrow
spaces. The design of such robots requires the use of energy-efficient solutions and the use of compact
components, which allows to increase their autonomy and reduce energy consumption. Although small-
sized robots are inferior to classic robots in terms of carrying capacity, their flexibility and adaptability
make them indispensable in tasks that require work in limited space or difficult conditions. In addition, an
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important aspect is finding a balance between performance and compactness to ensure efficient
performance of tasks with minimal dimensions. Design solutions for small-sized robots must take into
account the specifics of tasks where classic robots cannot provide the required level of mobility or
precision. Thus, small-sized robots find their place in specialized industries, where their compactness and
flexibility are key advantages.

References:

1. Yevsieiev, V., Abu-Jassar, A., Maksymova, S., & Gurin, D. (2024). Human Operator Identification
in a Collaborative Robot Workspace within the Industry 5.0 Concept. Multidisciplinary Journal of
Science and Technology, 4(9), 95-105.

2. Yevsieiev, V., & Gurin, D. (2023). Comparative analysis of the advantages and disadvantages of
collaborative robot control methods within Industry 5.0.

3. Attar, H., Abu-Jassar, A. T., Yevsieiev, V., Lyashenko, V., Nevliudov, 1., & Luhach, A. K. (2022).
Zoomorphic mobile robot development for vertical movement based on the geometrical family
caterpillar. Computational intelligence and neuroscience, 2022(1), 3046116.

4. Abu-Jassar, A. T., Attar, H., Amer, A., Lyashenko, V., Yevsieiev, V., & Solyman, A. (2024).
Development and Investigation of Vision System for a Small-Sized Mobile Humanoid Robot in a Smart
Environment. International Journal of Crowd Science.

5. Maksymova, S., Yevsieiev, V., Nevliudov, 1., & Uluhan, N. (2024). CONSTRUCTING AN
OPTIMAL ROUTE FOR A MOBILE ROBOT USING A WAVE ALGORITHM. Journal of Natural
Sciences and Technologies, 3(1), 282-2809.

6. Nevliudov, 1., Yevsieiev, V., Maksymova, S., Demska, N., Kolesnyk, K., & Miliutina, O. (2023,
September). Mobile Robot Navigation System Based on Ultrasonic Sensors. In 2023 [EEE XXVIII
International Seminar/Workshop on Direct and Inverse Problems of Electromagnetic and Acoustic Wave
Theory (DIPED) (Vol. 1, pp. 247-251). IEEE.

7. Nevliudov, 1., Yevsieiev, V., Maksymova, S., & Chala, O. (2023). 4 Small-Sized Robot Prototype
Development Using 3D Printing (Doctoral dissertation, FACULTY OF MECHANICAL ENGINEERING
BIALYSTOK UNIVERSITY OF TECHNOLOGY).

8. Yevsieiev, V., Starodubcev, N., Maksymova, S., & Stetsenko, K. (2023). A Small-Scale
Manipulation Robot a Laboratory Layout Development.

9. Gurin, D., Yevsieiev, V., Abu-Jassar, A., & Maksymova, S. (2024). Using the Kalman Filter to
Represent Probabilistic Models for Determining the Location of a Person in Collaborative Robot
Working Area. Multidisciplinary Journal of Science and Technology, 4(8), 66-75.

10. Gurin, D., Yevsieiev, V., Maksymova, S., & Alkhalaileh, A. (2024). MobileNetv2 Neural Network
Model for Human Recognition and Identification in the Working Area of a Collaborative
Robot. Multidisciplinary Journal of Science and Technology, 4(8), 5-12.

11. Maksymova, S., Abu-Jassar, A., Gurin, D., & Yevsieiev, V. (2024). Comparative Analysis of
methods for Predicting the Trajectory of Object Movement in a Collaborative Robot-Manipulator
Working Area. Multidisciplinary Journal of Science and Technology, 4(10), 38-48.

12. Yevsieiev, V., Abu-Jassar, A., Maksymova, S., & Gurin, D. (2024). Human Operator Identification
in a Collaborative Robot Workspace within the Industry 5.0 Concept. Multidisciplinary Journal of
Science and Technology, 4(9), 95-105.

13. Yevsieiev, V., & Uskov, S. (2024, July). SECTION: AUTOMATION AND ROBOTICS
DEVELOPMENT OF THE LAYOUT CONCEPT OF A SMALL-DIMENSIONED MOBILE ROBOT
WITH INCREASED ACCESSIBILITY. In XXXI International scientific and practical conference
«Scientific Research in the Conditions of Rapid Development of Information Technologies»(July 17-19,
2024) Helsinki, Finland. International Scientific Unity, 2024. 201 p. ISBN 978-617-8427-23-8 (p. 33).



30

MATEMATHUYHI MOAEJII IHTEJIEKTYAJIBHOI'O KEPYBAHHS MIKPOKJIIMATOM
HA BUPOBHHUITBI 3 BUKOPUCTAHHAM KIBEP®IBUYHUX CUCTEM

Irop I'osion

XapKiBCbKUI HAllIOHATBHUI YHIBEPCUTET PaIi0eNEeKTPOHIKH,

Vkpaina, 61166, Xapkis, np. Hayku 14

E-mail: ihor.holod@nure.ua

Anomauyin: Y cTaTTi pO3MNIANAIOTHCS MaTEMaTHYHI MOJEN YNpaBIIHHA MIKPOKIIMATOM Ha
BUPOOHUITBI 3 BUKOpUCTaHHAM KiOepdiznunux cucreM (K®PC). 3abe3nedeHHs ONTHMAIbHUX YMOB
MIKPOKJIIMATy € KpPUTHYHO BKJIMBHM JUISI TiABHIICHHS €(EKTUBHOCTI BHPOOHMYMX TIPOILIECIB,
3MEHIIIEHHS €HeproCHOXHMBAaHHS Ta MOKpAIlEeHHs Oe3MeKu npaliBHUKIB. BrpoBamxennsa moaenein y KOC
JIO3BOJISIE THTEIIEKTYAITBHO YIIPABJISATH MIKPOKIIMATOM, IO MiABUIIYE CHEProe(EeKTUBHICT 1 CTA0LTBHICTD
TEXHOJIOT1YHUX MPOLIECIB.

Knrouosi cnosa: mikpokiiMat, KiOep(di3WdHI CHUCTEMH, MaTEeMaTHYHI MOJENI, IHTEJICKTyalbHE
yOpaBIiHHS.

OnrtuMizallis MIKpOKJIIMATy y BHPOOHMYMX NPUMINICHHSIX € CKJIQJHWM 3aBIaHHSM, II0 BHMAarae
JOCSATHEHHSI HEOOXITHMX MapaMeTpiB TEMIIepaTypH, BOJIOTOCTI Ta IHIIKUX (aKTOpiB HpU MiHIMI3aIil
eHeprocrnokuBanHsa. OnNTUMaabHI yMOBH CHPUSIOTH €(EKTUBHOCTI BHUPOOHHUIITBA Ta 3J0POB'TO
MPaLiBHUKIB. 3HWKECHHSI €HEPTOCIIO)KUBAHHS Ta BUKU/IB MAPHUKOBUX ra3iB CTUMYIIOE PO3POOKY HOBHX
METOIB ympaBiiHHA MikpokiaimMatoMm, Ae K®C BimirparoTh KIOYOBY pPOJb, IHTErpyroun (¢i3wduHi Ta
KOMI'IOTEPHI MOJIEII.

MarteMaTtryHi MOZENI KOMI'FOTEPHOTO MOJICIIIOBAHHS MIKPOKJIIMATY JTO3BOJISIIOTh TOYHO MPOTHO3YBATH
Ipolecu 3 MiHIMaJIbHUMHM OOYMCIIOBAIBHUMH BHUTpAaTaMH, MIATPUMYIOYM CTaOUIbHUNA KOHTPOJIb Ta
e(heKTUBHICTh BUPOOHUIITBA.

Knacuuni nudepennianeHi piBHIHHS TemioBoro Oamancy Oyaisii. Lli piBHSAHHS BHKOPUCTOBYIOTHCS
JUTST MOJICJTFOBAHHS TEIUJIOBUX TPOIECIB Y BUPOOHWUYHMX NpHUMIMICHHSIX. OCHOBHE PIBHSHHS TETUIOBOTO
OaaHCy MOXKHA 3aIHCaTH SIK:

dT

CE — Q?’n - Qo-ut + Qgen.

ne: C — TeII0EMHICTh IPUMIIICHHS;

T — remnieparypa;

Qin — TertoBa eHepris, U0 HAIXOAUTh Y CUCTEMY (BKITIOYAIOUH 00IrpiB);

Qout — BTpaTH Temna;

Qgen — TeruIOBa €Hepris, 0 TeHEPYETHCS 00JIaJHAHHAM a00 TPOIIeCaMH.

PMV (Predicted Mean Vote) wmomens. Llg wmomens mnepenbadae cyO'€eKTUBHE CHOPUHHATTS

TEMIIEpaTypy JIOABMH 1 BUKOPUCTOBYETHCS ISl OLIHKH KOM(OPTHOCTI yMOB y npumimieHHi. ®opmyna
PMYV Burnsapae tak:

PMV = [0.303¢ "% 4 0.028] - (M — W —3.05-10 ° - (5733 — 6.99 - (M — W) — Pa))

Jle: M — metaboumiuna Teriora (Bt/m?);

W — 30BHimHS poboTa (B1/M?);

Pa — tuck Bogsinoi mapu (I1a).

PID ympasninna. IIpomopuiitHo-iHTerpansHo-nudepenmiansie (PID) ynpaBiiHHS € KIacHYHUM
METOJIOM peryJitoBaHHs Mikpokiimary. Perynarop PID BukopucToBye Tpy KOMIIOHEHTH:

de(t)
u(t) = Kpe(t) + K; [ e(t)dt + Ky g
ne: e(t) — momMuiIka Mk Oa’kaHUM 1 TOTOYHUM 3HaYCHHSIM TeMIIepaTypHu abo BOJIOTOCTI;
Kp — koedirieHT mponopiiitHoro KOMIOHEHTA;
Ki — koediieHT iHTEerpaibHOr0 KOMIIOHEHTA;
Kd — koedimient audepeHIiiaTbHOro KOMIOHEHTA.
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VYnpaBiaiHHSA Ha OCHOBI HEYITKOiI JIOTikM. HediTka jorika 03BOJISIE YHPABISATH MIKPOKIIMATOM Yy
BUPOOHMYMX NPUMIMICHHSX 32 YMOB HEBU3HAYEHOCTI, KOJIM HEMOXXJIMBO TOYHO BHUMIpATH abo
nepeadauuTu Aeski napaMmerpu. BoHa BukopucToBye "SKIIO-TO" mpaBWia JUIs NPUHHATTS pillleHb 1
JI03BOJISIE TIPAIIOBATH 3 HEUITKUMHU BEIWYMHAMHU, TaKUMH SK "BHCOKa Temmeparypa" abo '"cepems
BOJIOTiCTh". OCHOBHE PIBHSIHHS JIJIsl HEUITKO1 JIOT1KU BUTTISA€E TaK:

u(t) = FuzzyLogic(e(t))

VYrpaBniHHA Ha OCHOBI HEHPOHHHUX Mepex. HeiipoHHi Mepexi 3/1aTHI MOCITIOBATH CKJIaIHI HEJTiHIHHI
MPOIeCH, AKI BaKKO OMHMCATH MATEeMaTHYHO. Y CHUCTEMax YMpPaBIiHHSA MIKPOKJIIMATOM BOHH MOXYTh
HaBYaTHCS HA OCHOBI ICTOPUYHHX JaHUX 1 TIepeadadaTy, K 3MiHIOBATUMYThCS ITApaMETPH MIKPOKITIMaTy
3aJIeKHO BiJl BIUTUBY Pi3HUX (akTopiB. OCHOBHE PiBHAHHS HEMPOHHOI MEPEXi BUIIIAIAE TaK:

Y=o (X, wa; +b)

Jle: y — BUXi HEHPOHHOI MEPEXKI;

Wi — BaroBi KoeimieHTH;

X1 — BX1JHI CUTHAJIH;

b — 3MilIeHHs;

© — akTuBaniiiHa ¢yHkiis [1].

Heiipo-neuitki cucremu. Helipo-HediTKi CHCTEMH KOMOIHYIOTh IepeBaru HEUPOHHHX MEpex 1
HEYiTKOi Joriku. BoHM 31aTHI HaBYaTHCS HAa OCHOBI pealbHHX JaHUX 1 aJanTyBaTHCS OO0 3MiH,
BUKOPHCTOBYIOYHM HEYITKI MpaBWja IS NMPUUHATTS pimeHb. Lle mo3Boisie moOyayBaTtu cUCTEMy, sKa
MOKe €(eKTUBHO YHPAaBIATH MIKPOKIIMAaTOM, HaBITh SKIIO JEAKI MapaMeTpH 3MIHIOIOTHCS 3 yacoM. Y
koHTekcTi K®C Helpo-HeUiTKi CHUCTEeMH MOXYTh OyTH OCOONMBO KOPHUCHI JJIsl  YNpaBIIiHHS
MIKpOKJIIMAaTOM Ha BUPOOHHIITBI 3 BUCOKOI TUHAMIKOIO 3MiH, [I¢ MOTPiOHI IMIBUIKI aJamnTaiii 10 3MiH
yMOB [2].

Tpaguiiiiai MeTou, Taki sIK KJIACH4HI AuQepeHIlianbHi pIBHSIHHSI, 3THIIAIOTHCS MTOMYJISIPHUMHE Yepe3
ix mpocToTy, ane noTpedyloTh 3HAYHNX EHEPTeTUYHUX BUTPAT 1 HE € IOCTATHHO THYYKUMHU ISl Cy9acHOTO
BUpoOHMLTBA. CydacHi 1HTEJIEKTyalbHI METOH, 30KpeMa HeuiTKa JIOTiKa Ta HEHPOHHI Mepexi, MOXKYTh
ONTUMI3yBaTn eHeprocnoxuBanHs 10 30% Ta WiABMIIUTH CTaOiIBHICTH TEXHOJOTIYHHUX IIPOLECIB.
[ToeqHaHHs 1HTENEKTyadbHUX MeTOZiB ympaBimiHHA 3 K®C 3abe3nedye KOMIUIEKCHY ONTHUMI3aLilo
BUPOOHWYMX TPOLECIB, 3HWKYIOUM EHEPreTUYHI BUTPATH 1 MIATPUMYIOUH CTalOiIbHI mMapaMeTpu
MIKpPOKJIIMATY, 1110 € BaYKITMBUM [l SIKOCTI MPOAYKINT Ta €(PEeKTUBHOCTI TEXHOJOTTUHUX MPOIIECIB.

BUCHOBKM. IaTerpamis kibepdiznunux cucreM (KDC) i3 cyyacHUMU MaTeMaTHYHHUMH MOJEIISIMHU
yOpaBiHHSA, TAKUMU SK Au(epeHIianbHi piBHIHHSA, METOM HAa OCHOBI HEYITKOI JIOTIKM Ta HEHPOHHUX
MEpEeX, CHpUSE PO3BUTKY IHTEICKTYAIbHUX pIMIEHb Ui KOHTpONIO Mikpokiaimaty. lLle mo3Boisie
3HIDKYBATH €HEPTreTUYHI BUTPATH, MiJBUIIYBATH CTAOUIBHICTh TEXHOJOTIYHUX MPOIECIB Ta 3MEHIIYBaTH
HETaTUBHHI BIUTMB HA HABKOJIMIITHE CEPEOBHUIIIC.
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AHAJII3 MOXXJIMBOCTEM BITPOBAI)KEHHSI Al TA 3D-TEXHOJIOI'TA ¥ PI3HI
I'AJIY31 HABYAHHA
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Anomauin: Y poOOTI BUKOHAHO aHAJI3 MOXJIHMBOCTEH BrpoBakeHHs Al Ta 3D-TexHozorii y pi3Hi
ramy3i HaBuaHHs. Po3rnsHyTo mepeBaru Ta mpukiaau iHTerpamii Al Tta 3D-TexHonoriii B OCBITHIM
po1ec.

Knrouoei cnosa: Al, 3D, monentoBaHHs, aHami3, HAaBYaHHS, BIpTyalbHa JabopaTopis.

OckinbkH, y cBiTI HaOupae obepTH po3BUTOK ITyuHOro iHTenekty (Al) ta 3D-texHonoriid, To €
JOPEYHUM DPO3TIISA] BIPOBAKEHHS IIUX TEXHOJIOTIH B yKpaiHChKHN IU(POBUI OCBITHIN Tpolec, amke
Taki IHCTPYMEHTH BXX€ CTalld BXXMBAaHMMH B 0araThboX 3apyOiKHHMX YHIBEPCHUTETaxX Ta HaBYAIbHUX
mwiardopmax. [IIBHIKHIA PO3BUTOK ITUX TEXHOJOTIH J03BOJISE BUKOPUCTOBYBATH IHHOBAIlIHHI TIIXOAH B
HaBYaHHI, ITIBUIYIOYN HOTO SKICTh, €PEKTUBHICTH 1 JOCTYIHICTb.

JHana poboTra 30cepekeHa Ha aHami3l MPUKIAAIB Ta MOXJIMBocTed 3actocyBaHHs Al Ta 3D-
TEXHOJIOTI! y HaBYaJIbHUX JJAOOPAaTOPHHUX poOOTax, a TAKOXK HA MEPCHEKTUBAX CTBOPEHHS aJallTUBHOIO
HABYAJILHOTO CEPEIOBHINA Y BipTyalbHIi peaabHOCTI.

OcCHOBHI 3aBJaHHS, SIK1 CTaBJISITHCS B MEKax pOOOTH:

- MPOBECTH OIS JIITEpaTypu IIOJO0 CY4YacHOro craHy BUKopucTaHHsS Al Ta 3D-texHomoriili y
HaBYaJIbHUX MpOLIEcax;

- IOCHITUTH METOAM 300py U 00poOKM maHUX 3a momoMoror Al ams BMOCKOHAJeHHs TaOOpaTOpPHHUX
3aHSATB;

- BU3HAUUTH MOXKJIMBOCTI BUKOPHUCTaHHS BIPTyaJbHOT'O MPOCTOPY JAJsl MPOBEACHHS JaOOpaTOPHHUX
pooiT;

- 3'sICyBaTH BIUIMB aIalITUBHUX TEXHOJIOT1H Ha e()eKTUBHICTh HAaBYAHHS 1 HAOYTHI IPAKTUYHUNA JTOCBI]
y BUKOPHUCTaHHI Cy4aCHUX HABYAJIBHUX CEPEOBHUIII.

3acrocyBanHs Al B HaBYaJIbHHMX JIaOOpATOpisAX JIO3BOJISIE ABTOMATUYHO 30MpaTH, aHAIi3yBaTH Ta
IHTEpIpEeTyBaTH JaHi, OTPUMaHI Mg 4dac podbotu cryAeHTiB. lle momomarae BuKIamadam 3pO3yMITH
piBEHb MiATOTOBKU KOXKHOTO CTYJCHTA, BUSBUTH 3arajibHi MOMHJIKH, & TAKOXX OLIHUTH, HACKIJIBKU J0Ope
CTYACHTH 3aCBOUIN MaTepiai. 3a JornoMororw Al MokHa BIJCTEXKYyBaTH BUKOHAHHS 3aBJaHb, KOPUT'YBaTH
HaBYaJIbHI MAXOAM Ta 3a0e3MeuyBaT iHANBIAyaTbHY MIATPUMKY CTyJIeHTaM. TakoX BUKIAAadl MOXKYTh
MPU3HAYATH BIpTyalbHI JIAOOpAaTOpPHI POOOTH Il TIOJOJIAHHS TIOYATKOBHX TPY/IHOIIB 3aCBOEHHS
CKJIaTHUX KOHLIECMIIi} Ta pO3BUTKY OCHOBHHX HABUYOK y CTYJICHTIB.

¢ Optimizs mambrm. : Bioreactor workbench
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Crynentu Labster [1] MOXyTh mpoxoauTH 1a00paTOpHi JOCHiIKeHHs (puc. 1) y CBOeMy BJIacHOMY
TEMITi, OTPUMYBAaTH MHUTTEBUI 3BOPOTHHUI 3B'A30K 3a momomoror Al, skuii BiAmoBimae ix po0oti, Ta
MOBTOPIOBATHU JIA0OPATOPH1 JIOCIHIIXKEHHSI CTIIBKU pa3iB, CKUIbKH iM MOTPIOHO AJIi OCBOEHHS MaTtepiany,
10 Y CBOIO Yepry IMiBHUIIIYE 3aTy4eHICTh 1O HaBUAHH Ta CIPHsIE MOKPAIICHHIO 3aTajbHOTO Pe3yIIbTaTy.

3D-MopentoBaHHA Ta BipTyanbHa peanbHICTh (VR) 103BOMNSAIOTH CTBOPUTH 1HTEPAKTHBHI BipTyalbHI
naboparopii, e CTYACHTH MOXYTh TNPAIIOBATH 3 PEATICTHYHUMH MOJCISMHU O00'€KTiB, BIITOYYBATH
HaBUYKM Ta EKCIEPUMEHTYBaTH 0e3 pHU3MKy IMOMMJIOK. Y TaKuX J1abopaTopisix MOKHA IPOBOAUTH
KOMIUIEKCHI JIOCHTiH, siKi Oysio 6 mpoOieMaTHYHO peali3yBaTH Y pealbHOMY CBITI 4epe3 BUCOKI BUTPATH
YH BIICYTHICTh HEOOX1HOTO 00IaTHAHHS.

Posrnsmaroun peanbHi MPOEKTH 13 3aCTOCYBaHHSAM 3D-TEeXHONIOTiH, MOXKHA BiJ3HAYHTH HABYAIBHY
mwiatrgopmy VRLab Academy [2] Ta cTBepmKyBaTH, IO TaKUil MigXi KOPUCTY€EThCS MOMysipHicTio. Ha
PUCYHKY 2 MOXHa O0auYUTH NMPAaKTUYHI BipTyallbHI CTEHIU JUIS PI3HUX Taly3eld HayKH, IO JEMOHCTPYE
BEJIMKI MOKJIMBOCTI 3D-Mo/1e/1I0BaHHS Ta KOMIT FOTEPHUX TEXHOJIOT1H JJ1 HABUaHHSL.
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Pucynok 2 — JlabopaTopHi CTEHU BIPTYaJIbHOTO ITPOCTOPY

Kommiekc 3 Al ta 3D-TexHOoMOriH MOXE JOMOMOTTH CTBOPUTH QJaNTHBHE HABYAJIIBHE CEPEIOBHIIE,
sKe pearye Ha Iporpec KO>KHOTo CTYAEHTA Ta MPOINOHY€E i1HIUBIAyaTi30BaHUM MiAXid A0 HaBYaHHA. Take
3aBIaHHS pO3TJsifae, Hampukian, yHiBepcuter Kapueri-Memnon [3], a BipTyansHi jabopatopii, mae
CTYJEHTH MOXYTh MPAIIOBATH 3 TPUBUMIPHUMH MOJICISIMH Ta BUBYATH CKIIAJHI TOHATTS, BiIKPUBAIOTH
HOBI MEPCIIEKTUBY JIJIsl HABYAHHS 1 JAIOTh 3MOTY OTPUMYBATH MPAKTUYHUH JIOCBIJ, 1110, CBOEID YEProlo,
3MEHIIIy€ BUTPATH Ha OOJaTHAHHS W MiABUIIYE AOCTYMHICTh HaBYAHHS IS IIUPOKOTO KOJa CTYICHTIB.
BukopucTaHHs aganTUBHUX TEXHOJIOTIH 3a0e3ledye CTyAEHTIB MOXIMBICTIO 3aCTOCOBYBAaTH 3HAHHS B
pEANICTUYHUX CHUTYallisIX 3aBISKH CHMYJIAIISM, IHTEPAaKTUBHUM CTEHJAM Ta CIEHapisM, sKi
BiI0OpakaroTh peanbHi mpooOsiemu. lle momomarae copmyBaTH TpaKkTUYHI HABUYKH, HEOOXIAHI AJIS
poeciiftHOTO KUTTH.

BUCHOBKM. Otxe, BipTyanbHi JabopaTopHi, peanizoBani 3aBasiku Al ta 3D TexHOJIOTIsM, MOXYTh
OyTH BIIPOBA/KCHI y 3arajilbHUi HABYAJIBHUN TPOIEC, MIO JOTMOMOXKE IMiJBUIINTH €()EeKTHBHICTh Ta
JOCTYIIHICTh HaBYaHHs, 3a0€3MeYylOTh I1HAMBIAYyAIbHMM MIAXiJ 1 J03BOJUTH CTyJEHTaM O€3IMeYHO
HaBYaTHCs B pi3HUX ymoBax. [lomambinie DOCHiIKEHHS Ii€] TEMHU MOXE MPHU3BECTH 10 CTBOPECHHS
yHIBEpCaJbHUX OCBITHIX IIaTdopM, 1m0 nmoeanyBatuMyTh Al Ta 3D 3 iHIIMMHU HOBITHIMHU TEXHOJIOTISIMH
JUTSI TIOTTIUOJIEHOTO 1HTEPAKTUBHOTO HABYAHHSI.
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Annotation: The article discusses the structure and components of a robotic assistant designed to
support people with disabilities. The main attention is paid to the choice of a Raspberry Pi 5
microcomputer, as well as a camera, microphone and speakers that provide interactive interaction
between users and the system. The rationale for choosing each of the components and their alternatives is
given separately.

Key words: robotics, microcomputers, visual perception, sound recording, interfaces for people with
disabilities.

INTRODUCTION: Modern technology is opening up new opportunities for people with disabilities,
allowing them to improve their quality of life and ensure greater autonomy. Robotic assistants that use
intelligent technologies are becoming increasingly popular in this area. In this article, we will look at the
block diagram of such an assistant, which consists of the main components: a Raspberry Pi 5
microcomputer, a camera, a microphone, and speakers. Each of these elements performs important
functions that ensure effective user interaction with the system.

COMPONENT SELECTION: The Raspberry Pi 5 is a powerful, compact computer that provides
high performance and the ability to connect to a variety of peripherals. Its use allows for real-time data
processing, image and audio processing, and control of other system components. Due to its
characteristics, the Raspberry Pi 5 is the ideal choice for creating a Table 1 robotic assistant.

Table 1 - Comparison of microcomputers

Model Processor RAM Price (UAH)
Raspberry Pi 5 8GB ARM Cortex-A76 2.4 T 8 I'b LPDDR4X-4267 5396
BeagleBone Black ARM Cortex-A8 1.0 I'T1g 512 Mb DDR3 4627
NVIDIA Jetson Nano ARM Cortex-A57 1.43 T 4TBb LPDDR4 11063

The Raspberry Pi 5 has an ARM Cortex-A76 clocked at 2.4 GHz, which provides high performance
for real-time data processing. The BeagleBone Black with ARM Cortex-A8 (1.0 GHz) lags far behind in
performance. The NVIDIA Jetson Nano, although it has a more powerful ARM Cortex-AS57, cannot
match the Raspberry Pi 5 in terms of frequency.

The Raspberry Pi 5 is equipped with 8 GB of LPDDR4X-4267, which allows you to perform several
tasks simultaneously without significant delays. The BeagleBone Black with 512 MB of DDR3 is limited
in terms of multitasking. The NVIDIA Jetson Nano has only 4 GB of LPDDR4, which also limits its
ability to handle complex tasks.

The Raspberry Pi 5 is an ideal choice for building a robotic assistant due to its powerful architecture,
high RAM, and competitive price. This microcomputer offers flexibility in programming as well as the
ability to connect to a wide range of peripherals, making it ideal for developing interactive systems aimed
at supporting people with disabiliti es.

The use of a camera allows the robotic assistant to perform visual monitoring, face and object
recognition. This is especially useful for people with disabilities, as it can help them navigate and identify
their environment.

The Raspberry Pi Camera Module 3 uses a Sony IMX708 sensor, which provides high sensitivity and
image quality, especially in low light conditions. The Logitech C920 HD Pro is equipped with a Carl
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Zeiss sensor known for its accuracy and high image quality, but the price and functionality may not
justify the choice for specific tasks.

The Raspberry Pi Camera Module 3 has a resolution of 12 MP, which is sufficient for many
applications, including face and object recognition. The Logitech C920 HD Pro has a higher resolution of
15 MP, which can be useful for some scenarios, but is not critical for most robotic assistant tasks.

The Raspberry Pi Camera Module 3 has a 75° field of view, which is good for focusing on specific
objects. Logitech's C920 HD Pro, with a 78° angle of view, offers a slightly wider field of view, which
can be useful for covering a larger area.

The Romazan microphone provides clear audio capture, allowing the assistant to interact with users by
voice. This is critical for assisting people with disabilities who may have difficulty using conventional
interfaces.

Both microphones are condenser microphones, which provide high quality sound capture. This makes
them suitable for use in voice interfaces.

The Romazan has a frequency range of 20 Hz to 20 kHz, which covers the entire human hearing range
and allows you to capture both low and high pitched sounds. The Blue Snowball has a slightly narrower
range of 40 Hz to 18 kHz, which may limit the capture of some low frequencies. This can be important if
you need to play sounds that are at the lower end of the range.

The Romazan has a sensitivity of -42 dB, which indicates the ability to capture sounds clearly in noisy
environments. The Blue Snowball with -38 dB sensitivity has a slightly higher sensitivity, which can
provide better sound capture in quiet environments.

Considering the specifications, Romazan is the best choice for a robotic assistant because its frequency
range covers the entire auditory spectrum and it offers an economical price. Despite slightly lower
sensitivity compared to Blue Snowball, Romazan can provide adequate sound quality for voice
interactions.

The Defender SPK 170 speakers provide high-quality sound for audio playback, voice commands, or
notifications, making interaction with the assistant more convenient and intuitive.

The Defender SPK 170 are two-channel (2.0) speakers that provide stereo sound suitable for simple
applications. Logitech Z313 are three-channel (2.1) speakers that include a subwoofer. This allows for
deeper bass and improves overall sound quality.

The Defender SPK 170 has 3W of power, which is sufficient for small rooms, but may not be enough
to reproduce loud sound in larger spaces. The Logitech Z313 with 25W of power can deliver much more
powerful and surround sound, making it a better option for larger rooms or active use.

The Defender SPK 170 has a frequency range of 100 Hz to 20 kHz, which is sufficient for most voice
commands and simple music playback. The Logitech Z313 covers a frequency range of 50 Hz to 20 kHz,
allowing it to reproduce low frequencies that can enhance the sound when listening to music or sound
effects.

The Defender SPK 170 is a great option for those looking for a cost-effective solution for simple
sound reproduction. However, if the project involves more interaction with audio, the Logitech Z313 may
be a better choice due to its higher power, bass reproduction capability, and overall sound quality.

CONCLUSIONS. Developing a robotic assistant for people with disabilities is an important step
towards improving their quality of life. The selected components, such as the Raspberry Pi 5, camera,
microphone, and speakers, ensure effective interaction and adaptation of the system to the needs of users.
The use of modern technology opens up new horizons for improving communication and interaction with
the environment, contributing to the independence and comfort of people with disabilities.
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PO3MiHYBaHHS.

Knrouogi cnoea: MonemoBaHHS, TYMaHITapHE PO3MiHYBaHHS, POOOTOTEXHIYHI KOMIUIEKCH, CUCTEMHU
yIpaBIiHHS.

VY Bepecni 2015 poky 193 unenu Opranizanii O6’eqHanux Hamiif yxBamwin IUIaH JOCATHEHHS
CHUTBHOTO Kpamoro Mai0yTHeoro ta 0yio 3arBeppkero 17 Llineit cramoro po3sutky (LICP). OnHiero i3
ILICP € ckopodeHHsI MOIMPEHOCTI BCIX ()OpPM HACHIHCTBA Ta 3MEHIICHHS TOKA3HHWKIB CMEPTHOCTI BiJ
L[BOTO SIBUIIIA B YCbOMY CBITI.

YHacnigok pociiichkoro BTOpTHEHHs YKpaiHa cTajia OJHIE0 3 HaWO1IbII 3aMIHOBAaHUX KpaiH CBITY. 3a
ouinkamu OOH, Oyio BCTaHOBIIEHO, HANPHUKIAJ, 10 32 POKU BiitHH, 6mu3bko 30 % Teputopii Ykpainu
(mpubnuzro 270 000 kB. kKM.) 3a0pyaHEHO BHOYXOHEOE3NMEUHWMH TMpeaMeraMu (MiHH, CHApSIH,
aBiabomOu  Tomo), 1moO He posipBamucia. Ha  po3MiHyBaHHA ~ TepuUTOpid, 3a0pyTHEHUX
BrOyxonebe3neunnmu npeameramu (BHII) mige no 100 pokis.

I'ymaniTapHe po3MiHyBaHHS y TNEpIIy Yepry CIpsIMOBaHE Ha 3MEHIIECHHS IIKIJUIMBOTO (akTopy mii
BHII Ha XUTTENISUIbHICTD Jt0JeH. MeTa TyMaHITapHOTO PO3MIHYBaHHS IOJISITAE B TOMY, 00 3HU3UTH
MiHHY HeOe3leKy 0 piBHS, MPH SKOMY JIIOAM MOXYTh JKUTH O€3MEYHO; MPHU SIKOMY EKOHOMIYHHIA,
coriabHUH 1 (i310JOTTUHUIA PO3BUTOK MOXKE 31HCHIOBATUCS O€3MEPEIIKOIHO, HE HApa)KalOUHUCh BILTUBY
00MeXeHb, III0 BUKJIMKAIOTHCS BINIMBOM Ha3eMHUX MiH [1, 2].

MATEPIAJI I PE3VYJIbTATU JOCJIIJI’)KEHbB. Exciepramu 3 po3poOku Ta BUpOOHHUIITBA MOOITEHUX
poboroTexHiunux komruiekciB (PTK) maeTbes BU3HAUECHHS «IHTENIEKTYaIbHOTO POOOTay», SIK TAKOTO, IO
Ma€ TaK 3BaHy MOJIEJNIb 30BHIITHBOTO CBITY UM BHYTPIIIHBOTO CEPEIOBHUIIA, KA JO3BOJISIE POOOTY MIATH Y
HEeBU3HaueHOMY iH(popMariifHoMy cepenoBuii. Takum unHOM, iHTenekryansHuil PTK - e po6or, mo
BKJIIOYAE 1HTEJIEKTyallbHY cucteMy yrpasiinas (ICY).

ICY o3Hayae KOMM'IOTEpHY CUCTEMY [UIsl BUPINICHHS 3aBIaHb, SKi JIIOJWHA HE MOXKE BUPIIIUTH B
peXUMI peasbHOTO 4Yacy, abo IXHE pIIIEHHs BUMarae aBTOMaTH30BaHOI MIATPUMKH a00 Jae pe3yabTaTH,
SIKi MOYKHA TIOPIBHATH 3 pillleHHAMU ToauHU. [Ipu oMy, cepei IHIIOro, MAEThCsl HA yBa3i, IO IS
po3B's3yBaHux 3aBaaHb ICY He mepenbadae MOBHOTH 3HaHB, a cama ICY mMoOBHMHHA MaTH MOKJIUBICTH
YIOPSIKOBYBAaTH JaHI Ta €KCIEPTU3Y 3 BUIUICHHSIM CYTTEBHUX IapaMeTpiB, NPUCTOCOBYBATHCS 10 3MiH
Habopy (aKTiB 1 3HAHB TOMIO.

OCHOBHOI0O BHMMOTOI0 3QJIMIIAETHCS T€, IO POJb JIOAMHU Tpu B3aemonii 3 ICY moBuHHA 3BOAMTHUCS
JIMIIIE 10 TIOCTAHOBKH 3aBJaHHS. [HTENEKTyaabHI CUCTEMHU € HEOOX1THUM KOMITOHEHTOM JIJISI BHPIIICHHS
3aB/IaHb CTBOPEHHSI MOJZEJi CBiTy, CUCTEMH IUIaHyBaHHS il Ta KepyBaHHS LiIsAMHU. ba3a 3HaHb B
IHTEJIEKTyTbHUX CHCTEMaX € OJIHIE€I0 3 OCHOBHHMX YaCTHUH MOJIeN Ta ii TpaHchopMamiitHuX QyHKITIH.

Bce 11e nae migcraBu CTBEpAKYBATH, 1I0:

- 3apa3 HanOeI nomupeHi PTK meproro mokosiHHs (K€pOBaHi MPUCTPOI);

- IBUJIKO YJJOCKOHAIOIOTHCS] CUCTEMH JPYToro MOKOJIiHHA (HariBaBTOHOMHI IPHUCTPOI);

- st mepexony no BukopuctanHs PTK Tperboro moxosiHHS (aBTOHOMHHX TPHUCTPOIB) HEOOXITHO
po3pobutn ICY Ha 6a31 TEXHOJIOTIN IITYYHOTO IHTEIEKTY;

- MaTeMaTUYHI1, KIJTbKICHI METOJIM € HAaHOUIBIII MOMMPEHUMH 11010 o0y 108U ICY.

Ane MoXIHMBOCTI 3acTocyBaHHs i moOynoBu CIIP KibKICHMX METOJIB 4acTo OOMEXeHi. Y Takux
MeTofax pOOUTHCS HEsBHE MPHUIYIICHHs, IO JIIOJAWHA OIHOPA30BO BHUMIPIOE NESIKWN KUIBKICHUN
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napameTp. OTpuMaHe 3HAUYEHHS € €IMHUM, L0 BifoOpakae mepeBary 0ocoOW, L0 NMpHUiMae pilieHHsS
(OITP). Mogens, sika mpeacTtaBieHa Ha puc. 1 Bu3Havae koHnenrtyansHy moxaenb ICY PTK y cdepi
TYMaHITapHOTO PO3MiHYBaHHS Ha OCHOBI BepOaIbHUX METO/IIB.

Bukopucransas BepOanbHUX METOIB s OOynoBU cucteM npuiHATTS pimeHs (CIIP), € ocHOBOIO
ICY [2]. Ha ocHoBi BepOanbHOI iHpOpMalii, 01ep>KyBaHOI BiJ €KCIEpTIB B TEPMiHAX iX MPEIMETHOI
00IacTi, Ta METOAY, IO HAJEKUTH J0 BEpOATBHOTO aHAIIi3y pillleHb, OYIY€ThCS TaK 3BaHE «BUpIMIAIBbHE
MpaBwiIoy. BupimanabHe MpaBWiIo y BUTJSAL TaOMUII MICTUTh BepOandbHHUM (KpUTepialdbHHI) OMUC BCIiX
MOJJIMBHX CHTYaliid, 0 MOXYTh BHHHUKHYTH, SIKi pO3MOAiIeHI mo kiacax. Kimac — me pimeHHs, sike
MpUIMaeThCs y CUTYaIlil, 10 CKJIalachk. BupimanbHe npaBuio OyayeThCs HA OCHOBI JIOTIYHUX, SIKICHUX
MEPETBOPECHHb BEPOATBHUX 3MIHHUX 3a JOTPUMAHHSM MCUXOJIOTTYHOI Ta MaTEMAaTUYHOT KOPEKTHOCTI ITUX
NIEPETBOPEHbD.
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Pucynok 1 — Mogens ICY PTK rymanitapHOTO po3MiHyBaHHS

Mogens ICY PTK Ha 0cHOBI BepOaIbHUX METO/IB BKIIIOYAE TaKi CJICMCHTH:

— OJIOK OLIIHKH CTaHy 30BHIIIHBOTO CEPEIOBHIIA;

— 0i0uioTeka JiarpaM mpoIieciB yIpaBITiHHS;

— ONOK KepyBaHHS POOOTOTEXHIYHUM KOMILIEKCOM;

— 010ioTEeKA it

— omeparopu, siki kepyoTs PTK.

BUCHOBKHU. Ha ocHOBI MeTOIiB BepOAJLHOTO aHali3y pillleHb pO3pOo0JieHa KOHIENTyalbHa

mozenb ICY PTK y cdepi rymanitapHoro posminyBanHs. Mogens ICY nosBonsie ooparu CIIP gk Ha
PiBHI IPUIHATTS PIIICHb Ta HA BAKOHABYOMY DiBHi.
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Anomauia: Y NONOBiNI PO3IIISIAIOTECS CyYacHI acClEKTH 3aCTOCYBAHHS CUCTEM YIPABIIHHS SIKICTIO
Quality 5.0..ITpobnemu BupoBamkenHs Quality 5.0 mepenbadaroTh: CTBOPEHHS HOBHIX I[IHHOCTEH IS
PO3BUTKY Traiy3i B MalOyTHbOMY Ta comialpHOI TpaHcdopmarlii, peopraHizaiis €KOHOMIYHUX 1
COLIaTbHUX BUKJIMKIB, OlNbINa MiATPUMKA HAYKH, TEXHOJIOTIi Ta iHHOBAIii), BCTAHOBJICHHS CHCTEMHHX
LUKIIIB JIOACHKUX PECYPCiB, 3HAHB 1 MOTEHITiANy AJIsl IHHOBAIIii.

Kniouoei cnosa: cucreMa yHOpaBIiHHSA — SKICTIO, KOHIEMINS, aBTOMATHU3allisd, yIpaBIiHHS
BUPOOHUIITBOM, BIIPOBAKEHHS.

Y 2015 pomi Bci OOH yxBanuna 1uiaH JOCSATHEHHSI CHIJIBHOTO Kpamoro MaiOyTHROTO Ta Oyiio
3arBepmkeno 17 Limelr cramoro possutky (LICP). Opmiero i3 LICP € 3abe3meueHHs mepexomy 10
palioHaJIbHUX MoOJeNiel CIOoXKMBaHHA 1 BUpoOHHUIITBA. CydacHHMI CBIT mepedyBae B MPOIEC MIBHAKUX
3MiH Y BCIX c(epax KHUTTSA. Y BCIX 3 HUX ICHYIOTh IPOOJIEMH, sIKi MOTPeOyIOTh TEPMIHOBOTO BUPILLICHHS.
[Tepexin mo xoHemnii yeTBepToi MpoMucaoBoi peBosroiii Industry 4.0 3MIHUB MOTJISAT HA TPOMHCIIOBICTD
y 21 cTOMITTI, a TAKOXK JIaB BIATOBI/II HA BUKIUKHU, 3aCHOBaHI Ha KOHIICTIII CUCTEMH YTPABIIHHS SKICTIO
(Quality 4.0). 3a octaHHi AecATh POKIB PO3pOOJICHO KOHIIETINIO SMOHCHKOTO Society 5.0, sika moTpedye
po3poOeHHst KoHuenuii ynpasminas sKicTio Quality 5.0.

MATEPIAJI I PE3VYJIbBTATU JOCIIJI’)KEHbD. Tenaentii 21 cT. moisiratoTh y CTBOPEHHI PO3yMHOTO
cycrninberBa. [l mporo Oyjia CTBOpeHa KOHIeNLii yeTBepToi npoMuciioBoi peBomonii (Industry 4.0) i
po3ymHa sikicth (Quality 4.0). UeTBepTa mpomuciIoBa PEBOJIOIIS — MOHATTS, 10 O3HAYa€ PO3BHUTOK i
3MUTTS aBTOMATH30BAaHOTO BHUPOOHUITBA, OOMIHY JaHUX 1 BHUPOOHMYMX TEXHOJIOTIH B €IUHY
CaMOPETYJIbOBaHYy CHUCTEMY, 3 SIKHAUMEHIIUM a00 B3araji BiJICyTHIM BTPYYaHHSIM JIOJUHU Y BUPOOHUYUH
mpouiec [1]. Tepmin OyB BU3HAYCHWIA SK TOHSTTA MJII TEXHOJIOTIM Ta KOHIENIN opraHizamii
BHPOOHUIITBA 3 BUKOPUCTAHHAM KiOepdizuunux cuctem, [HTeprery peueit (IoT) tomro. Industry 4.0 — e
(aza MPOMUCIOBOI PEBOJIONII, sIKA XapaKTEPU3YETHCS 3IUTTAM TEXHOJIOTIH, IO PO3MHUBAE MEXI MIiX
¢dhizugHOI0, 1TM(pOoBOIO Ta OGiosmoriunoto chepamu. Industry 4.0 gae 3mory 30upaTH Ta aHaII3yBaTH JaHi 3
pi3HUX TPUCTPOIB, 3abe3meuyroyn OULTbII MIBUAKI, OLTbII edeKkTHBHI Ta OUIBII THYYKI MpOIecH
BHUPOOHUIITBA TOBAPIB BUIIOT SKOCTI 32 3HUKECHUMU I[IHAMH.

Jo xmouoBux texHoiorii Industry 4.0 BimHOcAThCS: mTy4yHMid iHTEnekT, [HTepHer peueit (IoT),
poboTtu3ariiss Ta Kojabopu3zarisi, posyMHHi 3aBoj (Smart Factory), 6e3misoTHI TpaHCIOPTHI 3aco0w,
TEXHOJIOT11 CUMYJIALII, sIKI TOTIOBHEHI PEaIbHICTIO, XMapHi TEXHOJIOT1i, O10iH)KeHepisi Ta HOBI MaTepiaiy,
aHaJi3 BeMWKHX 0a3 maHux, 0e3MexHUN N0CTyn 10 [HTEpHETY Ta pO3BUTOK 1H(POPMAIIHHIUX TEXHOJIOTIMH,
K1 111e HeABHO 3/1aBajkcs PaHTaCTUKOIO, CTAIOTh peabHicTIO [1].

Ho ocHoBHuX ckiamoBux koHnemmii Quality 4.0 (puc. 1) Hamexars: mani (data), aHamiTHKa
(analytics), B3aemonis (connectivity), cmiBnpans (collaboration), po3poOka nonatkis (app development),
CHUCTEMH YTIpaBJliHHA (management systems), BiIMOBIIHICTh BUMoram (compliance), kymnbTypa (culture),
nigepctBo (leadership) Ta komnereHiii (competency).

Taxkum umaOM, KoHmemmis Quality 4.0 He 3aMmiHIOE TpaAMIiiiHI METOAM YIMPABIIHHS SIKICTIO, IIIO
PO3BHBAIOTHCSA B paMKax CHCTEM YIIPaBIIiHHS SKICTIO MIANPHUEMCTB, @ OYAYyEThCS Ta BIOCKOHAIIOETHCS Ha
ix ocHoBi. IIpomec ymockonanenHs TtexHosorii Industry 4.0 BigOyBaeThCsi B YCIX TEXHOJOTIYHO
PO3BHHYTHX KpaiHax CBITY.
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Pucynok 1 — Crmamosi konmemnii Quality 4.0

ToMy icHYIOTH MpoOJEeMH IHTErpaIlii Ta BKIIOYCHHS JIOAMHH y TPOIEC PO3BUTKY PO3YMHOTO
cycniiberBa  Society 5.0, a Takox mpobiemu criiikocti cuctemu Industry 5.0, sikocTi kUTTS mronei
tomo. Lle mamo Bukmmku st po3poOku koumemnii sitkocti Quality 5.0. IMepexin Bim Industry 4.0 mo
Industry 5.0 — me Ttpanchopmanis HUPPOBOro BHUPOOHUITBA B IM(POBE CYCHUILCTBO. Bumipu
KOHBEPTCHTHUX TEXHOJIOTii MaroTh piBHI [2]:

1. 3HavyeHHS A1 MiAMTPUEMCTBA.

2. LinHicTs anst GipMu (MiAIPUEMCTBA).

3. 3HayeHHs AJI rany3i.

4. L{iHHICTD 1151 CYCHIbCTBA.

5. LligHICTh 11T 0OCOOUCTOCTI.

VYeci piHi micTsate enemertu Quality 4.0 (piBHi 1, 2 1 3) 1 Quality 5.0 (piBHi 4 1 5).

[Ipob6nemu BrpoBamxeHHss Quality 5.0 mependadaroTh: CTBOPEHHS HOBUX I[IHHOCTEH JJISI PO3BHUTKY
ragy3i B MailOyTHbOMY Ta coLialbHOI TpaHCcdopmalii, peopraHizallisi €KOHOMIYHHX 1 COIIaJIbHUX
BHUKJIMKIB, OUIbIIa MATPUMKA HAYKH, TEXHOJOTIi Ta I1HHOBAIlii), BCTAHOBJIEHHS CHCTEMHHUX IIHKJIiB
JIOICBKUX PpEeCypcCiB, 3HaHb 1 TMOTEHLIaMy Ui iHHOBalid. Bynau BH3Ha4YeHI YOTHUpPU XBWJI 3MIH 7S
niepexony Big Quality 4.0 mo Quality 5.0:

1. Ilepma xBuist (2010-2020 pp.) 3 MOBUIBHUM PO3BUTKOM TEXHOJOTIH 1 MEPIIUM BIPOBAHKEHHSIM
PO3YMHUX PIIIICHb.

2. Hpyra xsuisa (2020-2030 pp.) 3 IHHOBaILIWHOIO CTpATETi€l0 PO3BUTKY, MOB’si3aHO0 3 RFID,
TEJIEMETPIEI0, THTErPAIIE€I0 TOIIO.

3. Tpers xBuns (2030-2040 pp.) 13 camockiamaHHsSM, MacoBUM 3D-apykom, camMOCTiHHUMU
MOKYTKaMH TOMIO.

, 4. Yetrsepra xBuis (2040-2050 pp.) 3 mapagurMoro BIEBHEHOCTI, IO MiIATPUMYETHCS MEPEIOBUMHU
pPOOOTOTEXHIYHUMH CHUCTEMaMH Ta IITYYHUM IHTEJIIEKTOM, aBTOHOMHHMH TPAaHCIOPTHHMH 3aco0amu,
MIOBHOIO aBTOMATH3a1li€l0 BUPOOHUIITBA TOLIIO.

BUCHOBKMU. Takum unnom, konnenmis Quality 5.0 He 3aMiHIO€ TpaaMIliiHI METOIN YNPaBIIHHSA
AKICTIO (LII0 PO3BUBAIOTHCA B PAMKaX CHUCTEM YIPABIIHHSA SKICTIO MAMPUEMCTB, a MBUAMIE OYIy€eThCs Ta
BIOCKOHAJIFOETHCA Ha IX OCHOBI.
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Annomauia: Y cydyacCHOMY KOHTEKCTI MEIMYHOI A1arHOCTUKH Majo YBaru NMpUAUISETHCS MapaMeTpaMm
IHAMBIAYyaIbHOI aHATOMIYHOI MIHJIMBOCTI, MapaMeTpaM MEANYHOT HOPMH Ta MaTOJOTIi cTaHy cepiisd. Tomy
po3po0eHHsT iHpOpMaNiiHO-aHAIITHYHOTO 3a0e3MeUeHHsT I aHaji3y IUITHOK (OHOKapIaiorpaM B
cepenouii Labview, mo 3a0e3nedyyroTh NapaMeTpUuHy iAeHTH(]IKaIil0o MeToAiB 00poOku 3
JOCTOBIPHUM BiITBOPEHHSIM JIaHUX, € aKTyaJIbHIM 3aBJIaHHSM.

Knrwuoei  cnoea: cepepoBume Labview, ¢oHokapaiorpamma, — iHGopMaliifHO-aHATITHYHE
3a0e31eUeHHs.

MeToro 1hOTO JIOCIHIIPKEHHS € BIOCKOHAJICHHS METOIIB OOpOOKM aKyCTUYHHX CHUTHAJIB CEpIs 3
BUKOPHUCTAHHIM IMITAIlIHHUX MOJENIEH aKyCTUYHUX CUTHAIIB CEpIls, IO JACTh 3MOTY 3aCTOCOBYBATH
IHAVBIAYaTBHUMA MIAX1 A0 JIIKYBaHHS KOXKHOTO TAIIEHTa Ta BUSIBJISTH CEPIIEBO-CYIUHHI MOPYIICHHS Ha
PaHHIX CTaAisAX 3aXBOPIOBAHHSI.

3amadi JOCIIKESHHS:

1. mpoaHamizyBaTH BIJOMHH MaTeMaTHUYHWUN OMUC aKyCTHYHOTO KapAiOCHTHAIY Ta METOIU WOTO
MOJIAJIBLIIOTO OIPALIOBAHHS, 1100 00paTH BEKTOP HAYKOBUX JOCIIJIKEHb;

2. BITHOBUTH CEPIICBUH ITUKJI 33 TAHUMH, OTPUMAHUMHU 32 JJOTIOMOT'OI0 eXOoKapaiorpadii;

3. po3poOUTH METO/IU OMUCY OTMHAIOUOI OCHOBHOT'O 3BYKY Ha eXOKapiorpami cepiis;

4. peamizyBaTd BIPTYaJbHUA TPWIAM I8 BUIIJICHHS OTHHAIOYOT OCHOBHOTO 3BYKY Ta OOpOOKH
AKyCTHYHOTO KapJIOCHTHATY 3 MOMKJIMBICTIO TMOMAIBINOI JiarHOCTUKH MATOJOTIA CEepIeBO-CYIUHHOI
CUCTEMH JIIOJJUHH.
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Pucynok 1 — Ctpykrypa poHOKapaiorpadgiuHoi cucteMu

Crpykrypa ¢oHOokapaiorpadiuHoi cucreMu mae 6 ocHOBHUX vacTuH: 1. [latumk: MikpodoH, 110
IIUTEHO TIPUJISITAE IO TIOBEPXHI IPyAHOI KIIITHHH, BiH IPUIMAaE Ta MEPETBOPIOE IIIyMH CEPIS B €IEKTPUUHI
curHand. 2. IligcumioBad: oTpuMaHMid 3 MIKpO(OHY CHUIHATl HAIXOAWUTh N0 MiJCUIIIOBaYa, SKUH
JOTIOMAarae MOKPaIIuTH MoJaIbiry (inbTpamito. 3. DimbTp: «OUHIIaey MiJACHICHUH CUTHAI BiJI IIyMiB Ta
BUJUISIE MOTPiOHI B MOJANbIIOMY ckianoBi. 4. AHajoro-umpoBHil MEepeTBOPIOBAY: MEPETBOPIOE BKE
Bi(IBTPOBAaHUI aHAJOTOBUH CUTHAN B NU(MPOBUA. 5. Moy MOPIBHAHHS Ta MPUAHATTS PIlICHb: 3a
JIOTIOMOTOI0  TIONEPEHbO BCTAHOBJIEHOI 0a3M eTaloHIB BiAOyBae€TbCs TOPIBHSAHHA OTPUMAHOIO
pe3yspTaTy 3 THMH, IO 3HAXOIATHCS B 0a3i. BimoOpakeHHs pe3ynpTaTy MOKIJIMBE Ha MOHITOpI abo y
MOOUTBHOMY JIOJIaTKy KoOpucTyBada. 6. Monyne mnepenadi JaHUX: 3a JIOIOMOIOI0 0€3pOTOBHX
TEXHOJIOTIH 3MIIACHIOEThCS Tepeaada OTPUMaHUX JaHWX Ha cepBep, TenedoH Jikaps abo MalieHTa.
30epiraHHs pe3yibTaTy BijOyBaTUMEThCs Ha cepBepi [1].
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Pucynok 3 — JIunpoBa naHesnp BipTyajJbHOIO IpUIaLy

VY pesynbraTi Oyno CTBOPEHO BIpTyadbHMH Mpuiaja Juisd ampokcuMallii oOBiHOI 3a JAOINOMOIOO
ACUMETPUYHOI TaycoBoi (yHKIii. AHaM3 OTpUMAHUX KOCQIIIEHTIB Jae 3MOTY BCTAHOBHUTH BiJIOBIIHI
CepeHi A1arHOCTUYHI KPUTEPii AJI1 HOPMAIbHUX 1 MATOJOTTYHUX CTaHIB.

BUCHOBOK. Jlns monanemioro BUKOPUCTAHHS OTPHUMAHUX KOEQIIEHTIB y JIarHOCTHYHHX IUIAX
OyJ1I0 BJIOCKOHAJIEHO MaTeMaTH4YHy MOjejb, 110 ONUCye 00BinHY ocHoBHOro ToHy EKI' y Burmsai
ACHMETPUYHOTO TayCOBOTO IMITYJIbCY.

1. U1 MpakTUYHOI MEAMLIMHY TPOTOHYETHCS 1IarHOCTHKA 3aXBOPIOBAaHb CEPLsl HA OCHOBI BU3HAUEHHS
KOeiIiEHTIB alpOKCUMAIllii OTHHAI0U01 ycepeIHEHOi (POHOKApAIorpaMu CEPIIEBOT0 IUKITY;

2. Qs BU3HAYCHHA KOE(DIIIEHTIB ampoKCHMalllii acMMETPUYHUMH TayCOBHUMH IMITyJIbCaMU B
cepenoBuii Labview peanizoBaHo BipTyaJlbHUI NPHIAA U1t aBBTOMATUYHOTO aHANI3y JOBUIBHHUX AUISTHOK
EKT', mo nqomomarae B J1arHOCTHIII CEPIIEBO-CYIMHHUX 3aXBOPIOBAHb.
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pexxum noctymy: https://conf.ztu.edu.ua/wp-content/uploads/2022/04/150.pdf



42
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Anomauisn: Y cTaTTi PO3MISHYTO aKTyallbHI MIXOMU JO OIIHKH 4Yacy B Meropojorisx Agile mis
nporpamMHoi po3poOku. OcoOnMBa yBara HpuiiieHa OCHOBHMM TEXHIKaM OIIHIOBAHHS, Cepel] SKHUX
Planning Poker, Story Points, Ta pi3Hi BUAM OIIIHOK, 30KpeMa PHU3UKO-OPI€EHTOBAHA Ta €KCIIEPTHA OIIIHKH.
[IpencraBneHo MpakTUYHI PEKOMEHJAIl MO0 BUOOPY METOAMK OILIHKH 3aJeKHO BiJ CHenugiku
MIPOEKTY Ta KOMaHJIHUX BUMOT.

Knwuoei cnoea: Story Points, Agile, nporpaMHa po3po0Oka.

ToYHI OLIHKK Yacy € KPUTUYHO BXKJIUBUMH JJIsi YCIIIHOTO YHPABIiHHS MPOCKTaMHU 3 MPOTrPamMHOT
po3poOku. BoOHM J03BONISAIOTE ONTHMI3YBaTH pPO3IONIT PECypCiB, KOHTPOJIOBAaTH BHUTpPATH Ta
3a/I0BOJIBHATH OYiKYBaHHsI 3aMOBHHKIB IIOJI0 CTPOKIB BUKOHAHHS. TOYHICTH OI[IHOK Yacy € OCHOBOIO JJIS
YCHIIIHOTO YIPaBIiHHS MpoeKkTaMHu. BoHa BIUIMBaE Ha PO3MOALT pecypciB, poboUi mporecu KOMaHIu Ta
BI/IMOBITHICTh OYIKYBaHHAM 3aIlikaBiieHux ocio [1].

Ba)kko BCTaHOBUTH YiTKi BUMOTH Ha BCbOMY €TaIll IPOEKTY, a TEXHIUYHI BUKIMKH Ta 30BHIIIHI 3MiHU
MOJKYTbh 3HAYHO BIUTMHYTH Ha TUIAHYBaHHS Ta BUTPATH 4acy.

Icaytors sk Tpagumiiiai (Waterfall, V-moznens), tak 1 Agile meromonorii (Scrum, Kanban, Lean),
KOJKHA 3 SIKUX Ma€ CBOI IUIFOCH ¥ MIHYCH Yy 3aCTOCYBaHHI JI0 OITIHKH Yacy:

-Waterfall, V-moznens - noknanne miaHyBaHHs, 00MeXeHa THYUYKICTb [2].

- Scrum, Kanban, Lean - iTepatuBHU#N T11X11, TPIOPUTET THYUKOCTI W aanTUBHOCTI [3].

B Agile npucytHi pi3HI TEXHIKM OLIHKM 4Yacy: OLIHKAa B TOJUHAX, 1J€aNbHUX HAX, PH3HKO-
opieHTOBaHa oIliHKa Ta Story Points (CmiBBIIHOCHI OIIHKK 3 aKIEHTOM Ha PHU3WUK Ta CKJIAJIHICTD).
Texniku, sx Planning Poker i Wideband Delphi, normomaraioTs yHUKHYTH 1HAMBITyadbHUX YIEPEIKEHb
Ta CIIPHUSIOTh KOMaHTHOMY OOTOBOPEHHIO JIJISl TIOCATHEHHSI KOHCEHCYCY.

Agile-meTozonorii nepeadadaroTh JIEKiJbKa MiAXOMAIB J0 OIIHKH Yacy, KOKEH 13 SKUX BUOHPAETHCS
3JIC)KHO BIJ] 3aBJIaHb MPOEKTY [4-5]:

- ExcriepTHa OILliHKA: TPYHTYETHCS HAa TOCBiAI KoMaHu. BoHa eekTrBHA 7151 HEBEIUKHUX a00 TUTIOBHX
3aBJaHb, IPOTE MOXKE OyTH CY0'€KTHUBHOIO.

- AnanoroBa oOILliHKa: 3aCHOBaHa Ha NOPIBHSAHHI 3 MOAIOHMMH MPOEKTaMu B MUHYynoMmy. Lleit meton
KOPUCHUH TSI CXOKHMX MPOEKTIB, ajie 00MEKESHMIA, KOJTM HOB1 IPOSKTH 3HAYHO BIAPI3HAIOTHCS.

- Ominka 3a Story Points: 103BoJisie BpaxoByBaTH CKJIQJHICTh Ta PU3UKHU 3aBJaHb 0€3 MPUB'S3KH 10
KOHKPETHOTO 4Yacy, 10 HaJa€ KOMaH/Ii THy4YKOCTI.

- OuiHka B TOAWHAX Ta 1I€ATbHHUX JHAX: MIAXOIUTH IJs T0Ope BU3HAYCHHMX 3aBIaHb, JO3BOJSIOUU
JIeTaTI3yBaTH IJ1aH, MPOTE MOKE BTpayaTH TOYHICTD MMPHU CKIIATHUX 3MIHAX.

- TprOX TOYKOBA OIliHKA: BKJIIOYA€ ONTUMICTUYHHNA, TIECUMICTUYHUI Ta HAWBIPOTIMHIIINI ClieHapii,
110 JI03BOJISIE Kpallle yIPaBIATH PU3NKAMHU Ta HeTlepe10adyBaHiCTIO TIPOCKTY.

BUCHOBKMU. YV nuHaMiYHOMY CEpEOBHUIII PO3POOKH MPOTrpaMHOro 3a0e3NedeHHs] BUKOPHUCTAHHS
Scrum sk KoMIIeKCHOI Metomoiiorii Agile, pa3oMm i3 CTOpi-MOWHTAMU SK OJWHMIISIMU OI[IHKH, CTa€
MOTY>KHUM 1HCTPYMEHTOM JUISI TOCATHEHHS YCIIiXy B poekTax. BusHaueHi poii, nepeMoHii Ta apredaktu
Scrum cTBOPIOIOTH IPO30pE Ta KOJIEKTUBHE CEPEIOBHUIIIE, IO CIIPHUsIE€ KOMYHIKAIli Ta 3a0e3nevye MBUIKY
peakiiito KomMaHJ Ha 3MiHy BuUMOr. CTOpi-IOMHTH, SIK BiHOCHA Mipa 3yCWIb, HaJalOTh THYYKUH 1
aJanTUBHUN CTOCIO OIIHUTH CKJIAIHICTh 3aBIaHb. 30CEPE/DKYIOYMCh Ha CKJIQJHOCTI, PU3HKY Ta
HEBU3HAYEHOCTI, a HE Ha (IKCOBAHUX OAMHUILIX Yacy, CTOPI-TIOMHTH JO3BOJISIOTH KOMaHIaM pPOOUTH
OibII OOIPYHTOBaHI OIIHKU. Take BIAHOCHE OLIHIOBAHHS CHPHSIE JICTIIOMY BHU3HAYEHHIO MPIOPHUTETIB 1
IUTaHYBaHHIO, 1110 POOUTH YacOBI PAMKU MPOEKTY OUIBII peaTicTUYHUMU Ta cTiiikumu. [loeananus Scrum,
cropi-oitHTiB Ta Planning Poker crBoproe 1mimicHUN MiAXix A0 ymnpaBiiHHS npoektamu. KomaHman
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OTPUMYIOTh MOXMJIUBICTh €(EKTUBHO pearyBaTd Ha 3MiHH, aJanTyBaTUCS 1O HOBUX BHMOT 1
MiATPUMYBATH BUCOKHI piBEHb criBIpali. Lle moTyxHe moeTHaHHS CIpUsi€ YCIiXy MPOEKTIB, CTBOPIOIOYH
CepeoBHILE, JIe MPO30PICTh, THYUYKICTh 1 MOCTiIHE BIOCKOHAJCHHS 3HAXOIATHCS HA MEPIIOMY Miclli B
mporeci  po3poOku. Pe3ymbraT MpOBENEHOTO JOCTIIKEHHS C(PEKTUBHOCTI BHUKOPUCTAHHS PI3HUX
KOMOiHaIi#l miIX0/iB, OLIIHOK Ta CAaMOT0 MPOILECY OL[iHIOBaHHS MOKHA oOaynTu HUx4e (puc. 1).

Mopisununa edeximuuoc Meroononii poapodkn y komBiHanii 3 Meroiasmn oninkw yacy

8
1] I | I | | |
MO0 Kanban
pert | - nalog Fvalustion  mSiory Points

‘Waterfall V-mnaer n Lean Scrum
Amalog Fval w1 lour/Tdesel Diry Fvaluation Three-point Evaluastion

PucyHok 1 - Pe3ynbraT mopiBHAHHS METOI0JIOTIH
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Annotation: This paper presents an application of Newton's method for real-time trajectory correction
of drones in dynamic environments. The method iteratively computes optimal adjustments based on
trajectory deviation, enabling drones to quickly adapt to changes in course caused by wind, obstacles, and
sensor inaccuracies. The findings demonstrate Newton’s method as a highly efficient solution for
maintaining trajectory accuracy, enhancing operational stability in fields such as agriculture,
infrastructure inspection, and environmental monitoring.

Keywords: Newton’s method, trajectory correction, real-time control, drones, optimization.

As drones are increasingly used in various sectors, their ability to accurately correct trajectory in real-
time becomes essential. Environmental factors such as wind and obstacles can disrupt a drone’s path,
creating the need for efficient, responsive correction algorithms. Newton's method, with its iterative
optimization properties, offers a straightforward and effective approach to managing trajectory deviation
in real-time applications.

Newton's method, typically used to find the roots of a function, iteratively adjusts values by
approximating the zero points. The general formula is:

.f (an)
£ lx,)

Kyl = Xy —

In this context, x represents the position correction required to return the drone to its intended path,

while £(x) is a function of the positional deviation. §'(x) (the derivative of f(x)) provides the rate of
change, essential for quickly converging to the correct path.

The Newton iteration for trajectory correction involves:

1. Measure deviation from the target path using sensor data (GPS, gyroscope, accelerometer).

2. Apply Newton's formula to compute the positional adjustment, minimizing the deviation.

3. Repeat steps iteratively until the deviation f(x,) is within acceptable limits, ensuring rapid
convergence.

Drones equipped with sensors such as GPS for positioning, gyroscopes for angular orientation, and
accelerometers for motion detection are well-suited for continuous feedback. This data allows the system
to quantify deviation as a function f(x), which represents the difference between the drone's current and
intended positions.

The iterative correction begins once deviation exceeds a predefined threshold, ensuring that only
necessary corrections are made to avoid excessive adjustments. Newton’s method is applied iteratively,
where each cycle reduces the deviation, thus guiding the drone back towards its optimal path.

Compared to traditional PID (Proportional-Integral-Derivative) controllers often used in trajectory
correction, Newton’s method theoretically exhibits a faster convergence rate and reduces the need for
multiple parameter adjustments. In particular, the ability to use a single iterative formula without
extensive tuning of parameters makes Newton’s method highly adaptable for various environments and
operational demands.

The effectiveness of Newton's method in maintaining a stable flight path under different conditions
underscores its suitability for high-precision applications such as environmental monitoring, crop
assessment, and infrastructure inspection. Figure 1 illustrates the correction cycle, where each loop back
to deviation calculation ensures continuous alignment with the target trajectory, ultimately achieving a
path that closely follows the intended route.

Consider a drone that drifts off course due to wind. The initial deviation function represents the
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distance from the target trajectory. Using Newton's method:
fG)= af =4, f(x) =2x
Suppose the drone is initially at x = 3. Applying Newton's formula:

F}.
X — 4

Lxn
The method rapidly converges to x = 2, reducing deviation close to zero within three steps.

Table 1 - Results of each Newton's Method iteration for trajectory correction

Iteration Xy Deviation f(xp)
1 2,17 0.49
2 2,0046 0,0092
3 2,00001 0,00004

CONCLUSIONS. Newton's method is a powerful tool for real-time trajectory correction in drones. Its
rapid convergence allows for efficient path correction, making it highly suitable for dynamic
environments where continuous adaptation is crucial. This study confirms that applying Newton's method
can reduce trajectory drift effectively, enhancing stability in high-precision applications such as
environmental monitoring and infrastructure inspection.
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INDUSTRY 5.0 INMODERN MANUFACTURING
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Annotation: The article examines the main aspects and prospects of Industry 5.0. This stage of
production development emphasizes the interaction between people and machines, focusing on human-
centricity and sustainable development. If Industry 4.0 focused on autonomous systems, then Industry 5.0
is aimed at the symbiosis of humans and robots, which allows combining the creative abilities of people
with the precision and productivity of machines.

Key words: Industry 5.0, Industry 4.0, robotics, Human-centricity, Cobots.

Industry 4.0 involved integrating the Internet of Things (IoT), big data, and artificial intelligence to
automate processes. However, Industry 5.0 shifts the focus to the collaboration of humans and machines.
Robots do not replace workers, but help them solve problems with high accuracy, freeing up time for
creative and intellectual aspects of work.

Let's consider the key aspects of industry 5.0:

1. Human-Centric — Industry 5.0 places people at the center of the production process, increasing their
influence on the final product. Machines and robots act as assistants, increasing productivity and
precision;

2. Collaborative robots (cobots) — Unlike traditional robots, cobots are safe to work near people. They
perform tasks that require precision, strength or repeatability, while people focus on management and
control;

3. Product customization — Industry 5.0 allows for the production of goods according to individual
customer requests, while maintaining the scale of mass production. This is relevant for industries with a
high level of product customization;

4. Sustainable development — Industry 5.0 technologies contribute to the environmentally friendly
operation of enterprises. Attention to resources, waste reduction and the use of renewable energy are
important components that help reduce the environmental footprint of production.

The main feature of Industry 5.0 is the focus on humans as the central element of the production
process. In this paradigm, humans and machines work hand in hand, complementing each other. Robots
do not replace humans, but help them perform complex tasks that require high levels of precision or
repeatability. This allows humans to focus on more creative, innovative aspects of their work.

One of the key technology trends of Industry 5.0 is the introduction of collaborative robots, or cobots.
These robots differ from traditional industrial robots in that they are specifically designed to safely
interact with people in the same workspace. Cobots can perform tasks that require physical strength,
endurance, or precision, freeing people up for more intellectual work.

Industry 5.0 also facilitates mass customization of products. Thanks to the flexibility and adaptability
of robotic systems, businesses can produce goods that meet specific customer requirements on a mass
production scale. This trend is directly related to the increasing demand for unique and personalized
products.

Another important aspect of Industry 5.0 is the focus on environmental and social factors.
Manufacturing companies strive to reduce their carbon footprint, minimize waste, and use resources more
efficiently. Humans, as active participants in the production process, bring awareness and critical
thinking, which helps to implement sustainable practices at all stages of production.

Consider the Benefits of Industry 5.0

— automated systems perform routine tasks, freeing people for creative work and decision-making;

— joint work of people and cobots allows to improve accuracy and reduce product defects;

— liberation from monotonous tasks and participation in creative processes increases motivation and
involvement of workers;
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— human-centricity of Industry 5.0 allows to optimize resource consumption and implement
environmentally responsible practices.

But there are always aspects that create challenges. The introduction of new technologies requires
training employees to interact with cobots and digital systems. Small and medium-sized enterprises may
face difficulties in integrating robots and automated solutions due to high costs. There is a need to address
employment issues and the ethical use of technology to ensure a safe and comfortable working
environment.

The future of Industry 5.0 promises a deep integration of people and machines in production, opening
up new opportunities for innovation. Robotics, artificial intelligence, and sustainability technologies will
play a key role in solving global challenges such as climate change and resource depletion. Industry 5.0
makes production adaptive and environmentally responsible, and improves working conditions,
encouraging a sustainable and conscious approach to production.

CONCLUSIONS. Industry 5.0 is the next stage of industrial evolution, which combines technological
advances with human capabilities. The main difference between this concept and previous ones is its
human-centricity, where humans and machines work closely together to achieve higher productivity and
quality. Despite existing challenges, such as the need for personnel training and significant
implementation costs, Industry 5.0 opens up new horizons for production, making it more adaptive,
individualized and sustainable.

Industry 5.0 not only increases production efficiency, but also improves working conditions, enhances
the role of humans in creative and intellectual processes and promotes sustainable development. This new
stage in the industrial revolution promises to be key in building a more harmonious and balanced
interaction between humans and technology, which will not only allow us to reach new heights in
production, but also solve many global problems of our time..

References:

1. Yevsieiev, V. Comparative Analysis of the Characteristics of Mobile Robots and Collaboration
Robots Within INDUSTRY 5.0. / V. Yevsieiev, D. Gurin // Sectoral research XXI : characteristics and
features : collection of scientific papers "SCIENTIA" with proceedings of the VI International Scientific
and Theoretical Conference, September 8, 2023. - Chicago : European Scientific Platform, 2023. - P. 92-
94.

2. Rahman, M. M., Khatun, F., Jahan, 1., Devnath, R., &amp; Bhuiyan, M. A. A. (2024). Cobotics: The
Evolving Roles and Prospects of NextlIGeneration Collaborative Robots in Industry 5.0. Journal of
Robotics, 2024(1), 2918089.

3. Gurin , D., Yevsieiev , V., Maksymova , S., & Alkhalaileh , A. (2024). MobileNetv2 Neural
Network Model for Human Recognition and Identification in the Working Area of a Collaborative Robot
. Multidisciplinary Journal of Science and Technology , 4 (8), 5-12.

4. Zafar, M. H., Langas, E. F., & Sanfilippo, F. (2024). Exploring the synergies between collaborative
robotics, digital twins, augmentation, and industry 5.0 for smart manufacturing: A state-of-the-art review.
Robotics and Computer-Integrated Manufacturing, 89, 102769.

5. Yevsieiev, V., Abu-Jassar, A., Maksymova, S., & Gurin, D. (2024). Human Operator Identification
in a Collaborative Robot Workspace within the Industry 5.0 Concept. Multidisciplinary Journal of
Science and Technology, 4(9), 95-105.

6. Abu-Jassar, A. T., Attar, H., Amer, A., Lyashenko, V., Yevsieiev, V., & Solyman, A. (2024).
Development and Investigation of Vision System for a Small-Sized Mobile Humanoid Robot in a Smart
Environment. International Journal of Crowd Science.

7. Maksymova, S., Yevsieiev, V., Nevliudov, 1., & Bahlai, O. (2024, May). Balancing System For A
Zoomorphic Spot Type Mobile Robot Development Using An Accelerometer MPU 6050 (GY-521).
In 2024 IEEE 19th International Conference on the Perspective Technologies and Methods in MEMS
Design (MEMSTECH) (pp. 39-42). IEEE.



48
AUTOMATION SYSTEMS FOR EUROPEAN GREEN AND DIGITAL TRANSITIONS

Irina Kolupaieva', Igor Nevliudov', Yurii Romashov', Laszl6 Vértesy’

'Kharkiv National University of Radio Electronics

Ukraine, 61166, Kharkiv, Nauky av., 14

2Hungarian University of Agriculture and Life Sciences (MATE)

Hungary, 2100, G6doll6, Pater Karoly u. 1

E-mail: yurii.romashov@nure.ua

Annotation: The development of automation systems in the accordance with the energy and resource
efficiency criteria is discussed taking into account with the European green and digital transitions. It is
highlighted, that the improved mathematical modelling of the inherent processes including resources
consumptions, and the solving of related constrained optimisation problems are required to achieve the
resource efficiency for automation systems.

Key words: Automation system, mathematical modelling, resource e saving, optimisation, green
transition, digital transition.

The green and the digital transition are the important priorities of the political guidelines for the
European Commission [1, 2] supported by the correspondent European directives and laws, whose create
the novel environment for the European society, the economics, the industry to provide the sustainable
development at present and in future. It is necessary to highlight, that the digital transition is actually not
the own goal, but it is the tool to achieve other goals including the green transition related with minimum
environment pollutions and resources consumptions accompanied with the people economic activities. At
the same time, the decreasing of the environment pollutions and resources consumptions cannot be
achieved by means only the political directives, but all these require the related scientific and engineering
innovations firstly. So, the researches about the energy and resource efficiencies are particularly relevant
at present, although the relevance of such researches is permanent and outside of the times, because of the
economic effects from the business point of view.

To achieve the significant decreasing of the energy and resources consumptions, the sustainable
technological renovations are required. At the same time, it is difficult to propose the foundation for such
sustainable technological renovation, because of such foundations must be built on the basis of the related
scientific results and the related engineering solutions, whose must be developed, but long times are
required to do it. A lot of researches directed to develop the foundations for the sustainable technological
renovations are not systematic and they consider the particular tasks without general vision on the
problem. The purpose of this research is in development of the general vision on the development of the
foundations for the sustainable industrial renovation through the improvement of the automation systems.

The various automation systems are the consequents of the different industrial, agricultural, business
and household technical systems consuming the energy and the resources during the operation. The
automation systems form the controls defining the processes during the operation of the technical
systems, so the manner of the control forming inherent for the automation system has the influences on
the energy and resource consumptions. This circumstance leads to the idea, that the correspondent
renovation of the automation systems allows to decrease the energy and resources consumptions during
the operation of the technical systems without renovations of the own systems component not related
directly with the automatization. Although, such approach to provide the implementations of the
sustainable renovations is limited due to the inherent existence of the obsolete equipment and structures,
but in a lot of cases it can significantly increase the energy and resource efficiencies, and it is important to
provide the relatively efficient exploitations before the making of the total renovations. Such approach is
widely used at present for buildings renovations through the implementations related automation systems,
as it is discussed in the research [3] for an example, but it is possible to expand such approach for others
applications, and, moreover, to consider it as the foundation for the sustainable technological renovations
directed to the decreasing of the energy and resources consumptions. The effects from the renovations of
the automation systems is related with the significant development of electronics, which is used in the
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automation systems. Besides, the costs required to the renovations of the automation systems are
significantly less than the costs required for the total renovations of the technical systems.

If the modernisation of the automation systems is assumed as the foundation for the sustainable
renovations directed to the energy and resource efficiencies, then the novel automated systems must be
especially developed to provide the energy and resource efficiency during the operation. The principal
way to develop such automated systems is in the improved mathematical modelling of the inherent
processes, as well as the energy and resources consumptions as the results of these processes. In this
modelling it is necessary to represent the automation systems through the set of the scalar parameters,
whose are the weights of the basic controls for the transient modes automation [4], or they are the
parameters of the automatic governors for the steady state modes supporting. Such mathematical
modelling allows to formulate the constrained optimisation problem to define these scalar parameters
defining the automation system regarding with the energy and resource efficiency criteria [4]. The
objective function for this constrained optimisation problem represents the depending of the consumed
energy and resources on the scalar parameters defining the automation system [4], but the inequality
constraints are related with the restrictions on the controls. Besides, the inequality constraints with the
stability conditions for the parameters of the automatic governors are required, if the steady state modes
are considered, and the equality conditions related with the definitions of the initial and final states are
required, if the transient modes are considered [4]. Such formulated constrained optimisation problem can
be solved practically only by means the numerical methods and the related computer technologies, so the
automation engineering must be based on the digital tools supporting the development of the automation
systems providing energy and resource efficiency operation. The usage of such computer-aided tools for
automation system engineering requires the related fundamental education, the digital education and skills
for the automation engineers.

CONCLUSIONS. The development and the implementation of the novel type of automation systems
providing the energy and resource efficiency can be assumed as the foundation for the sustainable
technological renovations for green and digital transitions. To provide the competencies required to make
such development, the scientific researches of the energy and resource efficiency of the automation
systems are required. Besides, the education in the field of the automation engineering must be improved
through the advanced study in the mathematics, mechanics and others with the numerical methods
predomination, as well as in the scientific programming.
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The usage of the digital twins for automation engineering is in agreement with the green and digital
transitions declared as the principal priorities of the European Union development until 2030 year, as it is
highlighted in the political guidelines of the European Commission [1, 2]. Indeed, such approach allows
to exclude the energy-consuming tests and material-consuming physical models from the researches. So,
the relevance of this research is due to the agreement with the modern trends supported by the European
green and digital transitions.

The digital twins are used usually to illustrate the properties of the researched objects, as it is discussed
in the research [3] for the heat exchanger stations. The digital twins are based on the mathematical
modelling of the processes inherent for the researched object, as it is discussed in the research [4] to
consider the optimal controls for the transient processes of the heat conduction. The general approaches
for the mathematical modelling of the heat exchangers as the automation objects proposed in the research
[5] are based actually on the usage of the digital twins, so that the results of computer simulations of heat
exchangers are used as data for the parametric identification of the linearized mathematical model
representing these heat exchangers as the automation objects. The purpose of this research is in the
continuation and development of the research [5] through the consideration of the more detailed
representations of the heat exchangers as the automation objects.

The schematization of the heat exchanger is under the assumption, that the heat conduction is through
the equivalent plane wall (Fig. 1), as it is in the research [5]. Such schematization leads to the following
representations of the processes in the heat exchanger (Fig. 1):
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where ¢,z are the time and the coordinate along the height of the wall; a,b are the coordinates of the
boundary surfaces wall; T (t,z),T (©) (z) are the temperature and its initial value; A,c,p are the heat

conductivity, the heat capacity and the density of the material of the wall: o, 4, ,c

a

,p, and o,,4,,¢,,p,
are the heat transfer coefficient, the heat exchanging area, the heat capacity, the density of the heater and
coolant mediums; 7\, T\ and T T\ are the input and output temperatures of the heater and

coolant mediums.
The mathematical model (1)—-(3) allows to define the output temperatures for the given input
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temperatures of the heater and coolant by means the related numerical methods allowing the
correspondent computer simulations, so this mathematical model represents the digital twin the heat
exchanger.

heat exchanger housing

Figure 1 — The schematization of the heat exchanger and inherent heat conduction processes

The input temperatures of the heater and coolant must be considered as the controlling parameters, but
the output temperatures of the heater and coolant must be considered as the controlled parameters of the
heat exchanger.

CONCLUSIONS. The digital twin is developed on the basis of the simplified assumptions, that the
heat transfer between the heater and coolant mediums inside the heat exchanger is through the equivalent
plane wall.

References:

1. European Commission, Directorate-General for Communication, Leyen, U. (2019) A Union that
strives for more : my agenda for Europe : political guidelines for the next European Commission 2019-
2024. Publications Office. https://data.europa.eu/doi/10.2775/018127.

2. European Commission: Directorate-General for Communication and Leyen, U., Europe’s choice —
Political guidelines for the next European Commission 2024—2029, Publications Office of the European
Union, 2024, https://data.curopa.eu/doi/10.2775/260104.

3. Benesl, T, Husak, M., Mihdlik, O., Vancl, R., & Z. Bradac, Z. (2024). Digital twin of heat exchange
station, IFAC-PapersOnLine, 2024, Volume 58, Issue 9, P. 311-316.
https://doi.org/10.1016/j.1facol.2024.07.415

4. Nevliudov, I.Sh., & Romashov, Yu. V. (2020). One numerical approach to optimal control the linear
heat conduction processes, Visnyk of V. N. Karazin Kharkiv National University Ser. “Mathematics,
Applied Mathematics and Mechanics”, 2020, Vol. 92, P. 25-43. https://doi.org/10.26565/2221-5646-
2020-92-03.

5. Nevliudov, 1., Ratushnyi, O., & Romashov Yu. (2023). Development of General Approaches for
Mathematical Modelling of Heat Exchangers as Automation Objects / Manufacturing & Mechatronic
Systems 2023: Proceedings of VIIst International Conference, Kharkiv, October 19-20, 2023: Thesises of
Reports / [Ed. I.Sh. Nevlyudov (chief editor).] .- Kharkiv .: [electronic version], 2023. - 163 p. - pp. 153-
157.




52

IMEPCOHAJII3OBAHI 3D-MOJEJI AJISI CTEPEOEHJIOCKOIIIYHOI XIPYPTIi ITA3YX
HOCA: CHHEPI'TSI AIMTUBHUX TEXHOJIOT'INA TA IU®POBUX IHHOBAIIA Y
PUHOJIOI'Ti

Coxkoabuos A. O., AppyHnin O. T'.

XapKiBCHKUH HAIllOHATBHUN YHIBEPCUTET PaliOeIEKTPOHIKI

VYxkpaina, 61166, Xapkis, np. Hayku 14

E-mail: andrii.sokoltsov@nure.ua, oleh.avrunin@nure.ua

Anomauin: Y poOOTI AOCHIKEHO BUKOpHCTaHHS 3D-ApykoBaHUX Mojejeil Ta cTepeoeHI0CKOoIi B
Xipyprii HOCOBHX Ma3zyX JIUIsl MOKpAIIEHHS MepeoNepaiiHoro MjiaHyBaHHsS, HaBYaHHS Ta 3HIKEHHS
pu3uKiB y maiieHTiB. [lepconanizoBani Mojeni, cTBopeHi Ha ocHOBI KT-maHuX, MO3BOJSAIOTH Xipypram
BIITBOPIOBATH CKJIAJHI aHATOMIYHI CTPYKTypW W BIANpPAIbOBYBATH MAaHEBPH B KPUTHYHUX 30HAX. Y
poOOTI TaKo>K BUCBITIEHO IMEpEBaru aJUTUBHUX TEXHOJOTIH y KOHTEKCTI €KOHOMIYHOi e(eKTHBHOCTI,
3MEHIICHHS YCKJIaIHEHb Ta ITiIBUIICHHS TOYHOCTI OTIePaIliid.

Knrouoei cnosa: 3D-npyk, nepcoHasizoBaHi MOJIEN1, PUHOJIOTIS.

B cyuacHiii Menu4HIA TIPaKTUIIl BUKOPHUCTAHHS TpuBUMipHOTO (3D) MomenmtoBaHHS CTa€ BaXKJIMBUM
IHCTPYMEHTOM JUIsl TUIaHYBAaHHS OIEpaliii Ta MiArOTOBKM MEIUYHOTO MEPCOHATY, OCOOJMBO B 00JACTi
punosorii. Po3Burok (yHKIioHanpHOI eHpockomiyHoi xipyprii mazyx Hoca (FESS) Bumarae Bucoxoi
TOYHOCTI Ta CHEUiaIbHUX HABUYOK, OCKIIBKU MpOLEAypa 3IIACHIOEThCS B CKJIAJHOMY TPHUBHUMIPHOMY
MPOCTOpPi 3 OOMEKEHUM JOCTYNOM J0 aHaToMiyHuUX CTpYKTyp. Ockinbku FESS € mamoinBasmBHOIO
MPOLEAYPOI0, 0 MOTpedye OiMaHyanbHOI MalCTepHOCTI, ii €()eKTUBHE BUKOHAHHS € KPUTUYHHUM IS
3MEHIIICHHS PU3UKIB JJIS MAIIEHTA 1 JOCATHEHHS ONMTUMAJIBHUX Pe3ynbTaTiB [1-4].

3a3Buyaii, Tpanuuiine HaB4anHs FESS 31iiicHIOEThCSI Ha TPYITHUX 3pa3Kax, MPoTe Taki METOIU MAIOTh
HU3KY HEIOJIKIB, 30KpeMa €THYHI Ta EKOHOMIYHI OOMEKEHHS, a TaK0K pU3HK 1H(DEKIA. Bukoprucranus
3D-napykoBaHUX MOJENel M03BOJIIE YHUKHYTH IIMX OOMEXEHb, HaJIal0Ud MOKJIMBICTh 1HAWBIAYaTIbHOTO
HaBYaHHs 3 BpaxyBaHHSIM KOHKpPETHOI aHaTowmii marieHta. 3D-moferni, CTBOpeHI Ha OCHOBI JaHUX
KOMI'IOTepHOI TOMOTrpadii, MOKyTh OyTH aJanTOBaHi 10 KOXKHOT'O Malli€HTa, 10 pOOUTH iX MPUBAOIUBUM
BapiaHTOM IS KJIIHIYHUX YCTAHOB, Ji€ JOCTYII JO TPYIHOTO MaTrepiany oOMEXEeHHMH ab0 PeryoeThes
3aKOHOJABCTBOV [5-6]. 3D-Apyk 103B0JIsi€ BIATBOPIOBATH CKJIaIHI aHATOMIUHI CTPYKTYpH, 3a0€3MeUyI0un
peaicTUYHUI JO0CBiA poOOTH 3 TKAHWMHAMH, IO BAXKJIUBO IS pUHOJOTI. TpUBHMIpHI MOJENI, OKpIM
€KOHOMIYHOI JOCTYIHOCTI, MOXYTh 0araropa3oBO BHKOPHUCTOBYBATHUCh, IO CHpHUsie e()EKTUBHOMY
HaBYaHHIO Ta MIJATOTOBIII 0 CKJIATHUX OmNeparliii. ¥ MopiBHSAHHI 3 TpaIULIMHUMHU MeTogamMu, 3D-mozaemi
3a0e3neuyoTh CTaOUIBHICTh AHATOMIYHHX CTPYKTYp Ta BIJICYTHICTh BapilaTUBHOCTI, IOB'S3aHOI 3
TIOTIEPETHIMH OTIEePaIliIMH YA OCOOJTUBOCTSIMU TAII€HTIB. MOJIei 3 BUCOKOIO JIETaIi3aIlEr0 J0ITOMararTh
CTa)KepaM TPEHyBaTH MaHEBPYBaHHS Ta TE€XHIKM, HEOOXiJHI JJis Oe3MeYHUX €HJOCKOMIYHHUX omnepariil y
30HaxX 3 OOMexeHMM aoctynoMm. [lomepemHi cnpoOw HaBYaHHS BKJIIOYAIM BUKOPHUCTAHHS OBOYIB Ta
TKaHWUH TBApHWH, aJIc BOHU HE BIATBOPIOBAIH CKJIAJHICTh JIFOJICBKUX TKAHWUH, 0 3yMOBUJIO PO3BUTOK 3D-
MPUHTOBAHUX MOJEJNEH Ul TOUHIOI miAroToBKU. [1-2]. Po3BUTOK anmuTUBHUX TeXHOJIOTIH 3poduB 3D-
JPYK IOCTYMHIIIMM Ta JO3BOJHMB CTBOPIOBATH 1HIWBiAyasli30BaHI MOJEl Ha OCHOBI MOTpeO Malli€eHTa.
Cyuacuuii 3D-apyK BIATBOPIOE HE JIMINE aHATOMIIO, aje W MOJENIOE CTaHW TKaHWH, SK-OT XPSIIl Ta
KICTKH, IO BaXIUBO Ui PEKOHCTPYKTHBHHMX ormepamiid. Taki Mojaeni MiJBUILYIOTh TOYHICThH 1
nepeadadyBaHIiCTh TPEHYBaHb, 3MCHIIYIOUM PU3UK YCKIaaHeHb. OpHAK BapTICTh MOJCIEH MOXKe
3pocTatu yepe3 noTpedy y BUCOKIM TOYHOCTI Ta PeaiCTUYHOCTI. [HHOBAIiMHI MiAX0AH, IK-OT AOMOBHEHA
peanbHicTh (AR), mokpanryroTh HaBUYaHHSI, T03BOJISIOUH IMITYBaTH XIpypriuHi CUTYaIlli Ta 3a0e3nedyBaTH
TaKTWIBHUA 3BOPOTHHM 3B’S30K. AR-TexHONOrii nomoMararoTh Xipypram BIATOYYBaTH HaBUYKH,
KOHTPOJIFOBATH CHJIy THCKY Ta 3MEHIIYBAaTH BIJICTaHb MK 1HCTPYMEHTAMH, IO CHPUSIE MIBUIICHHIO
MaiicrepHocTi. [7]. Ilepconamizamis XipypriyHux Mojieleld Ha OCHOBI KOHKPETHHMX NTaHMX IMaIli€eHTa
miaBuInye e(OEeKTUBHICTh XIPyprii, TO3BOJSIOUM JIKApK THOIMIE O3HAMOMUTHUCS 3 aHATOMIYHUMH
0COOJIMBOCTSIMU KOHKPETHOTO BHUMAJKY. Lle BaXKIMBO HE TUIBKH JUIsl TOYHOTO IUIAHYBaHHS omepailii, a i
JUTSL 3HWDKEHHS PU3HKIB 1 3MEHIIICHHST HMOBIPHOCT1 yckimaaHenb. Hanpukian, 3D-npykoBaHi Mojeni, 110
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BIITBOPIOIOTh CKJIQJIHI CTPYKTYpU HOCOBUX Ma3yX, MOXXYTb OyTH BUKOPHUCTaH1 Ui TPEHYBaHHS Iepen
OTIepali€lo, HAIAal0YM MOXIIMBICTD BIAMPAIIOBATH MaHEBPHU B KPUTUYHUX 30HAX, YHUKATH KOHTAKTIB i3
XKHUTTEBO BAXUIMBUMHU CTPYKTYypaMH, sIK-OT OYHHUI a0 coHHa apTepis. IlepconanizoBaHi Mozemni TaKoxX
JAI0Th 3MOTY OLIIHUTH TEXHIYHI HaBUYKHU Xipypra 3a JOMOMOTOI0 00'€KTUBHOI CTPYKTYPOBAHOI OIlIHKH
(OSATS) 1 moBTOpHUX TpeHyBaJbHMX omepauii. Lle n03Boisie onTHMMI3yBaTH HaBYAIBHHH MpoOLEC,
3MCHIIYIOYM 4Yac aJanTarii 10 OIEepamiifHOro cepeloBUIa Ta 3a0e3Medyroud IBUIINIC HAOYTTS
NPaKTUYHUX HaBUYOK. KpiM TOro, BUKOPUCTAHHS TaKuUX MOJEJIEH CHpUs€e pPO3poOILl CTaHAAPTHUX
HiIXOIIB IO CKJIQAHUX TPOLEIYp, € KOXKHA 3 aHATOMIYHHUX OCOOJMBOCTEW MallieHTa BPaXOBYETHCS Ha
eTari miaHyBaHHs [5].

BUCHOBKMW. Po3BUTOK aAWTUBHUX TEXHOJOTiH Ta HU(PPOBUX IHHOBALIN, TAKMX SK IOMOBHEHA
peaNbHICTh, BIAKpPUBAE€ HOBI MEPCIEKTHBM B PHUHOJOrII Ta Xipyprii HocoBux masyx. Lli TexHomorii
HAQ/Ial0Th MOJKJIMBICTh TOKPALIUTH MIATOTOBKY XIpypriB, 3a0e3nedyroyd Oe3nedHinmn 1 TOYHimIi
omepaiiiHi BTpPy4YaHHs, a TaKOX JO3BOJIAIOTH IEPCOHANI3yBaTH MiAXiJ A0 KOXXHOTO TMAIli€HTa.
BpaxoByroun €KOHOMIYHI Ta E€THYHI TepeBard, BHKOPHCTaHHsS IepcoHaimizoBaHux 3D-mozpeneit y
HaBYaHHI Ta MIArOTOBII XIPYpriB cTa€ ONTUMAIbHUM BapiaHTOM AJIA KIIHIK, O[O0 MParHyTh MiJBULIUTH
piBeHb HaJaHHSI MEIWYHHUX TOCTYT. 3aBASKH HOBUM IIiXOJaM y HaBUYaHHI PHUHOJIOTIYHOI Xipyprii,
MEIUYHUN TIEPCOHANT 3MOXE PO3BUBATH CBOi HABUYKH B OE3MEYHOMY CEPENOBHIII, 0€3 PHU3UKIB IS
nanienTiB. [loganemmii po3BUTOK 1 BOPOBAXKEHHS 1HHOBALIN, TAKUX SK MOJIEIIOBAHHS 3 BUKOPUCTAHHSIM
AR, 3a0e3neunTh MEIUIIMHY HOBUMH I1HCTPYMEHTAMH, 3JaTHAMH 3MIHMTH WIiAXiA A0 IUIaHyBaHHS
orepalii i maroTOBKU MepcoHaly.
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Anomauin: B poOOTI 3ampoNOHOBAHO MiAXiJ IIOJO BIPOBAKEHHS IUPPOBUX TEXHOJOTIH s
TpaHcdopmarii cygyacHOro BUPOOHHMIITBA B YMOBaxX BO€HHOTO cTaHy. IIpoBemeHo rimOokuil ormsa Ta
aHaiiz mpoOsieM (yHKIIOHyBaHHA BHPOOHUYMX MIiANPHEMCTB y NPUGPOHTOBUX TEPUTOPIAX YKpaiHW.
Busnadeni TexHoJOrii, SKi JOIUIBHO BUKOPHCTOBYBaTH Maiisi ycmimHOI IudpoBoi TpaHchopmarii
BUPOOHUYHX ITiIIPUEMCTB 33 1S MIABUIIECHHS KOHKYPEHTOCTIPOMOXKHOCTI T4 €KOHOMIYHOTO 3POCTAaHHSI.

Knrouoei cnoea: uudposa Tpanchopmailis, BUPOOHHMITBO, LU(POBI TEXHONOTIl, Il CTAJIOTrO
PO3BHTKY.

Croromni Hamia gepkaBa nepeOyBae B Kpall CKJIQJHHX YMOBax 4yepe3 MOBHOMACIITA0OHE BTOPTHEHHS
Bilicek Pociiicbkoi @enepanii. Yepes 11e OLIBIIICTD MiIMPUEMCTB, OCOOIUBO 3 TPU(POHTOBUX TEPUTOPIH,
BUMYIIICHI 3/IIMCHIOBATH PEJIOKAIliI0 a00 3HAYHO 3MEHIIHMTH CBOI MOTYKHOCTI. Taka ekoHOMIYHA KpHu3a 1
Hajaa e OUTBIIOro MOIITOBXY A0 MiJBUIICHHS 3HAYYIIOCTI MU(PPOBUX TEXHOIOTIN s TpaHchopmarrii
BHPOOHHIITB 3 METOIO 3a0€3IeUeHHsI €EKOHOMIYHOT CTIHKOCTI YKpaiHu.

VY HHUHIOIHIA cUTyalii eKOHOMIYHOI Ta COIIaJIbHOI KpU3H, IO CIPUYMHEHI Ha MOYATKy MaHIEMI€I0
COVID-19, a Ttemep BiliHOI, TaKOX 3ax0aH (PI3UYHOTO AWCTAHIIIOBAHHS TPHUCKOPWIN 0Oarato 3MiH,
OCKIUJIBKU TIepeBara HaJa€ThCsl OHJIaMH-KaHaaM y chpoOi 30eperTd NMeBHHUM piBeHb aKTUBHOCTI. Takuit
TeMnn 1MpoBoi TpaHcopMmalli y BUPOOHHUIITBI Ta CIOKMBAaHHI BXKE € HE3BOPOTHIM. BoeHHMII cTaH
KpaiHM CTBOpUB OUTbLIY MOTpeOy 1 MoKa3aB BaXIIUBICTh IHU(PPOBUX TEXHOJOTIH A BIJHOBJICHHS Ta
PO3BHUTKY MIAMPUEMCTB Ta O13HECY B IIJIOMY.

Hudposi TexHONOrii MOBUHHI BHKOPHCTOBYBAaTHCS Ui NOOYJIOBH HOBOrO MailOyTHBOTO dYepes
€KOHOMIYHE 3POCTaHHS, CTBOPEHHS POOOYMX MICIh, 3MEHIIICHHSI HEPIBHOCTI Ta 30UIBIIEHHS CTIAKOCTI.
He musax go nocsraenHs [opsaky nenHoro y cdepi cramoro po3Butky 10 2030 poky Ta JOCATHEHHS
[ine#i cTanoro po3Butky. Came Takui MiAXiJ CIPHUSIE €KOJOTTYHUM 1HHOBAIISM, SIKI CIIPUSIOTH CTAJIOMY
PO3BHUTKY, 3MEHIIYIOYH BIUIUB HA JOBKUUIA Ta ONTUMI3YIOUH BUKOPUCTAHHS PECYPCIB.

Jlo ocHOBHUX ITU(GPOBUX TEXHOJOTINA MUPOKOTO BUKOPUCTAHHS MOXKHA BIAHECTH XMapHI1 0OUMCIICHHS,
BIpTyaJlbHy pealbHICTh, [HTEpHET peuel, BeNMKI MacHBM JaHUX, OE3APOTOBI TEXHOJOTIi, IITy4YHUH
IHTEJIEKT, BITAJICHUI Ta MOOLTLHUHN JOCTYII, TPUBUMIpHUH ApyK [ 1-3] Toto.

Hanpuknan, posropranHs Mepexx 5G HeoOXigHa yMoOBa s HOBHX MOJENEH IMPOMHUCIOBOTO
BUpOOHUITBA. [1'iT€ MOKOMIHHA MOOUIBHUX MEpeX CTaHe MPOPUBOM Ui TPOMUCIOBOI Oprasizamii Ta
BUPOOHUIITBA 3aBISKHU CBOIM TEXHIYHHM XapaKTepUCTHUKaM (BHUIIA IIBUIKICTh mepenadi naHux, 10 20
I'6it/c), HamHamiiiHICTh, HH3bKAa 3aTPHMKa, IIJBUIICHA Oe3Meka Mepexi Ta eHeproeeKTHBHICTH
npucTpoiB. TakuM YMHOM, pO3TOPTAHHS IIMX MEPEX JACTh 3MOTY MOIIMPUTH O€3POTOBI MIMPOKOCMYTOBI
MOCITYTH 332 ME&X1 MOOUTBHOTO [HTEpHETY 10 CKJIaJHUX CHUCTEM [HTEepHETy pedeid 3 HU3BKOKO 3aTPUMKOIO
Ta BUCOKMM DIiBHEM HAJIIHHOCTi, HEOOXIIHUM MAJisi MIATPUMKHA KPUTHUYHO BaXXIMBHX JOAATKIB Yy BCIX
CEKTOpax €KOHOMIKH. 3aCTOCYBaHHS raiy3eBUX Mepex 5G 3aleXHO BiJ HEOOXiTHOTO PIBHS 3aTPUMKHU
HaBeJeHO Ha puc. 1.



55

Health

Sensorized clothing (ffe

Latency
requirements Ultra-dow m Controlled

Pucynok 1 — 3acrocyBanHs raimy3eBux Mepex SG 3aliexHO BiJl HEOOX1THOTO PiBHS 3aTPUMKH [4]

B mimomy nmdpoBa TpaHchopMmaliis BUPOOHHYOTO CEKTOpPY HaOyBae (OpMHU HOBHX MOjelei
ynpaBiliHHs, Oi3Hecy Ta BUpoOHUITBA. [lomupeHHss IpoMHUCIOBOro [HTEpHETY, IHTEIEKTYaIbHUX CUCTEM,
BIpTyaJIbHUX TJI00aIBHUX JIAHITIOTIB JIOAAHOI BAPTOCTI Ta MMTYYHOTO IHTEIEKTY Y BUPOOHHUHUX ITpOIiecax
MIPUCKOPIOE 1IHHOBALIIT Ta MIABUIIY€ NPOITYKTHUBHICTD, 110 MO3UTUBHO BIJIMBA€ HA €KOHOMIYHE 3POCTaHHS.
30Kkpema, «pO3yMHI» BUPOOHWYI MOZENi MOXYTh MiJBUIIUTH KOHKYPEHTOCIIPOMOXHICTH 3 MEHIIUM
BIUIMBOM Ha HAaBKOJIMIIHE CEPEOBUIIE, OCKIJIBKM KOMIaHii BUKOPUCTOBYIOTh IIM(PPOBI IHCTPYMEHTH IS
3MEHIIICHHS! CBOTO BIUIMBY Ha HABKOJMIIHE CEPEIOBUINE, 00 OLIHUTH CBili BIUIMB Ha 3MiHY KIIiMaTy Ta
MoaudikyBaTH cBoe BUPOOHHUITBO. JlifiCHO, Takuil MiAXif € qy>kKe CKIaJHUM, OaraTopiBHEBUM, BUMarae
3HaYHMX (PiHAHCOBHMX BWTpAT, aje 0e3 meBHOI TpaHchopMmalii BUpOOHUUI MiAMPUEMCTBA HE MAaTUMYTh
3MOTHM BW)KUTH Ta €(QEKTHUBHO PO3BUBATHCH 3aJUl1 €KOHOMIYHOI MIATPUMKHU Jep’KaBH, L0 OCOOIMBO
BaXXJINBO B YMOBaX BOEHHOTO CTaHy.
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Annotation: In this research the energy efficiency controls are discussed for the automated control of
the transient models of the electric drives with the direct current electric motors. The development of such
energy efficiency controls is through the consideration of the related problem of the optimal control
theory, whose are reduced to the equivalent constrained optimization problems. It is shown, that the
implementation of the optimal controls allows to decrease the energy consumption on the transient modes
of the automation objects.
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The elaboration of the energy efficiency controls for the electric drives with direct current electric
motors is in the agreement with the green and digital transitions envisaged as the principal pillars of the
development of European Union as it is highlighted in the following political guidelines [1, 2]. So, the
relevance of this research considering the energy efficiency control for the transient motors of the electric
drives is due to the relation with the novel demands to the technical systems involving the energy and
resource efficiency during the exploitation.

The energy efficiency of the electric drives is widely discussed it in the scientific publications, and the
research [3] is one of example of it. The energy efficiency controls for the electric mechanical systems are
consistently developed at the department of Computer-Integrated Technologies, Automation and Robotic
in Kharkiv National University of Radio Electronics last years, as it is presented in the published
researches [4, 5]. In these researches, it is proposed to develop the energy efficiency control for the
transient models of the electric drives with the direct current electric motor through the consideration of
the related problems of the optimal control theory, and in the reducing of these problems to the equivalent
constrained optimization problems. It is shown, that such approach allows to design the optimal controls
providing the energy efficiency of the transient modes corresponded to the acceleration of the electric
drives from the state of the rest to the given angular velocity during the given time. This research is
significantly based on the results of the published researches [4, 5], but the particular purposes of this
research is the detail consideration of the transient processes in the electric drives.

The development of the energy efficiency control for the transient modes of the electric drives with the
direct current electric motors is significantly based on the mathematical modelling and the related
computer simulations to represent the properties of the researched complicated object by means the
numerical methods, is it is discussed in the researches [4, 5]. The mathematical models of the processes
inherent for the considered electric drive with the direct current electric motor is developed in the view of
the system of the ordinary differential equations defining the angular velocity of the output shaft of the
electric drive and the electric current in the circuit of the winding of the rotor of the electric motor. These
differential equations are complemented by the differential equation defining the energy consumption in
the considered electric drive. These ordinary differential equations are considered with the required initial
condition defining the state of the electric drive at the initial moment of the time. To formulate the
problem about the optimal control, the final condition is considered as the given angular velocity on the
given time after the initial time. To solve numerically such formulated optimal control problem, it is
proposed to reduce it to the equivalent constrained optimization problem, which is suitable to be solved
by using the numerical methods, whose are well known and developed at present. To make such reducing,
the control is considered as the linear combination of the different given control modes, and the weights
of this modes are the unknown in the equivalent constraining optimization problem. Such approach
allows to build the optimal controls relating with the energy efficiency for the transient modes of the
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considered electric drive. Computer simulations are made by using the Scilab free open-source software
development for scientific and engineering computing and simulations.

Although, the optimal controls related with the energy efficiency of the considered electric drive are
widely presented in the researches [4, 5], but the results about the accompanied processes are not
discussed. At the same time, such processes must be researched to substantiate the strength and the
operability of the mechanical and electrical parts of the considered electric drive with the direct current
electric motor. So, exactly such processes are researched, and their characteristic properties are presented.
Such researched processes are the time dependences of the angular velocity of the output shaft of the
electric drive and the time dependencies of the electric current in the winding of the rotor of the direct
current electric motor. It is necessary to substantiate, that the electric current is not so big to damage the
electric motor, and that the acceleration is not so big to damage the mechanical parts of the electric drive.
Besides, the smooth of the motions can be important also to provide the comfortable condition or to
exclude the damages. Mathematical modelling and the computer technologies for making the simulations
allow to research the processes inherent for the electric drives as the electromechanical systems having
the significantly interacting mechanical and electrical parts. It is shown, that the computer simulations
have the advantages comparing with them measurement on the rail systems due to the possibilities of the
estimating of the magnitudes, whose cannot be measured directly. Besides, it is possible to consider the
operational modes related with the damaging of the mechanical and electrical part of the electric drive.

CONCLUSIONS. The development of the energy efficiency controls for the transient motors of the
electric drive with the direct current electric motor must be complimented by the researches of the
inherent transient processes. Such processes are related with the changing during the time of the angular
velocity of the output shaft of the electric drive and of the electric current in the winding of the rotor of
the direct current electric motor. The manner of the implementation of this research is in agreement with
digital transition promoted by the European Union, because of all results are elaborated by means the
mathematical modelling and the usage of the computer technologies for making the required simulations.
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The parametric identification of the automation object is important to achieve the resource and energy
efficiency during the exploitation, wolves are the novel requirement on the technical systems due to the
green and digital transitions, promoted by the European commission is the principal pilots for the
European Union development as it is highlighted in the political guidelines [1, 2]. So the relevance of
This research is due to the agreement with the modern requirement to the aftermation systems related
with energy and resource efficiency.

The procedures of parametric identification are widely researched at present because of it is important
to provide the digitalization of the products to have the principally new properties and qualities, including
related with the energy and resource efficiency, and the research [3] either one of the example of this. The
parametric identification procedures are research also in the articles [4, 5] answer that part of the
complicated scientific and engineering problems. The purpose of This research is in consideration of the
uniform approaches for the making of the parametric identification irritable for the automation objects
define linear ordinary differential equations with different orders.

The parametric identification is the problem about the defining of the parameter of the differential
equation representing the mathematical model of the automation object through the given control it and
controlling parameters of this automation object. The control and a controlling parameter of the
automation object for the parameter identification are usually presented in the digital form as the set of
the correspondent values related with the discrete time moments, provided by the analog to digital
converters during the measurements. The principal difficulties of the parametric identification procedure
is in agreement of the differential equation with the district data about the controlling and control it
parameters of the automation object. Such agreement must be due to the transformation of the differential
equation representing the considered automation object to the equivalent discrete form. To make such
discretization of the differential equation representing the considered automation object, it is necessary to
use the related finite differences formulas. Although, is it techniques of the application of the finite
differences formulas are well known, but in the case of differential equation having the higher orders such
application is related with some not principal but technical difficulties. These technical difficulties add
you to the various possibilities of the usage of different finite differences formulas for the same, as well as
due to the cumbersome transformations. To overcome these difficulties, it is necessary to consider
especially chosen examples about the parametric identification for the automation objects defined by the
linear ordinary differential equations having the different orders. The experience of the consideration of
such examples can be generalized in the form of the recommendations for that usage of the finite
differences formulas four said this criticization of the linear differential equations representing the
automation objects.
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The principal attention of the researches must be to the chore of the finite difference formulas. Indeed,
it is possible to use the phoenix differences formulas having the different accuracy, but increasing
accuracy of the finite differences formulas is related with the complication of this formulas do you two
increasing the counts of the items. Taking into account this circumstances it is necessary to substantiate
the choosing of the accuracy of the finite differences formulas which is the most suitable for the
discretization of the differential equation for making the parametric identification of the information
objects. It is necessary to highlight that such resources are cumbersome due to the usage of the
complicated formulas having the big counts of the items. At the same time such resources are important
to formulate the recommendation for the usage of the phoenix differences formulas for making the
parametric identification of the automated objects on the digitalised data about the controller and
controlling parameters. To make such resources it is necessary to consider their examples of the
parametric identification with the usage of the finite differences formulas having the different accuracies.
The comparison of the results of such parametric identification allows to formulate the recommendation
about the usage of the finite differences formulas.

CONCLUSIONS. The development of the uniform approaches for making the parametric
identification of the information object define it by the differential equations having the high yeah orders
is important to research the complicated automation objects.
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The energy and resource efficiency during the exploitation of the automation objects are defined by
their technical state, which is changed during the time. So, the reliable approaches to estimate the current
technical state of automation objects are important for the supporting of the green and digital transitions,
whose are the primary priorities of the European Union development [1, 2]. The relevance of this research
is due to the agreement with the trends in digitalisation of the products to provide the estimations of their
current state for the achievement of the exploitation efficiency.

The modern approaches for the technical diagnostic are based on the usage of digital to analog
conversions of the measured signals with the following computer analysis of the data by using the
different mathematical models and numerical methods, as it is discussed in the research [3]. as an
example. This research is the continuation of the previous studies [4] about the technical diagnostics of
the electromechanical platforms through the parametric identification, but it is related with the relatively
independent problems about the techniques for the parametric identification and their possibilities.

The technical state of the automation object is defined by the finite set of some parameters [4]:

00Oy (1)

where N and a,,k=1,2,...,N are the count of the parameters defining the technical state of the

automation object and these parameters themselves.

The senses of the parameter (1) can be different, so that they are related with the particularities of the
considered automation object. From other side, the automation object can be defined by the linearised
differential equation relating the controlling and controlled parameters and having the following general
view [4]:

d i ..+a1@+a0x:b M+...+bld—u+bou, 2)
dt" dt dt

an

where x = x(t) and u = u(l) are the controlled and controlling parameters of the considered automation

object, whose are the function of the time #; n and m are the counts of the variables of the controlled
and controlling parameters involved in the differential equation representing the mathematical model of
the considered automation object; a,,k=1,2,...,n and b ,k=12,...,m are the parameters of the

mathematical model representing the considered automation object.

In the mathematical model (2), it is assumed, that the considered automation object is defined only by
one controlled parameter and one controlling parameter, to exclude the not necessary complications in the
case of several counts of the controlled and controlling parameters requiring the related vectorisation. The
parametric identification problem for the automation object represented by means the linear ordinary
differential equation (2) can be imagined as the mapping:

u(t),x(t)—P)an,...,al,aO,b

mo e

,b,, by, 3)
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where P is the method of the parametric identification.

The parameters of the mathematical model (3) are defined by the constitution of the automation object
and by their characteristics, so these parameters can be represented through the parameters (1) defining
the technical state of the automation object:

a, =a,(a,0,,....,ay), k=12,..,n, b =b (0o, 0a,,...,0,), k=12,....,m, 4)

where a, (a,,a,,...,0, ), k=1,2,...,n and b, (a,0,,...,0y ), k=1,2,...,m are some given relations.

The idea is to estimate the parameters (1) defining the technical state of the automation object through
the parameters defining the mathematical model (2) of this automation object by means the relations (4),
so that the technical diagnostic is reduced to the consequences of the mappings

u(t),x(t)—>a,,...,a,,a,b,,....b,by—"—>0,,0,,...,0,, (5)

where D 1s the method allowing to define the parameters o,,ca,,...,a, through the parameters
a.,k=12,...,n and b,,k =1,2,...,m by means the relations (4).

The principal difficulties of such approach is having the data about the controlled and controlling
parameters, and to overcome it, the digitisation of the related signal is proposed to the usage:

t=0,t, =t +Atu, =u(t,), x, =x(t,), k=12,...,N,. (6)

where Af and N, are the time discretisation interval and the count of these intervals.

The digitalisation (6) of the measured signals allows to reduce the technical diagnostic problem (5) to
the more suitable view:

P, D
tou,x, k=1,2,....,N,—*—>a,,...,a,,a,,b,,....b,b,——>0,,0,,...,0, . (7)

where P, is the method of the parametric identification by means the discrete data of the measured

signals.
Although, the approach (7) is clear for the implementation, but it is necessary to research the influence
of the value of the time discretisation interval on the results of the parametric identification by means the

method P,,, because such influences are on the results of the technical diagnostic also.

CONCLUSIONS. The digitalisation of the measurements of the signals representing the controlled
and controlling parameters of the automation object allows to use the result of the parametric
identification to estimate the current technical state of this automation object. At the same time, the value
of the time discretisation interval has the influences on the results of such technical diagnostic, and this
value must be substantiated for the used method of the parametric identification.
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the regularization excluding the computations of the derivatives.

Key words: Digitalised signals, parametric identification, automation object, mathematical modelling,
finite differences, regularization, time discretisation interval.

The improved parametric identification is significantly required to provide the energy and resource
efficiency of the exploitation of the automation objects on the different operating modes, and only the
digitalised measurements can provide it. Due to these circumstances, the development of the
improvement procedures for the parametric identification based on the digitalised measured data is
relevant with the green end digital transitions, whose are the primary priorities of the development of
European Union, as it is highlighted in the political guidelines [1, 2]. So, the theme of this research is
relevant due to the agreement with the modern trends related with the ambitions in the green and digital
transitions.

The development of the procedures for the parametric identification is permanently relevant due to the
continuous improvement of the products, and the research [3] can be as one of examples of this. In the
research [4] it is shown, that the improvement of the parametric identification procedures allows to
improve the opportunities of the instrumental measurements due to the possibilities of the estimations of
the magnitudes, whose cannot be measured directly in principle. In the research [5] it is shown, that the
parametric identification allows to make the continuous technical diagnostics of the automation objects.
Nevertheless, to use the improved opportunity of the parametric identification, it is necessary to use the
related improved mathematical model represented by the higher ordered ordinary differential equations,
but the parametric identification of such complicated mathematical models has some difficulties, if the
measured signals are represented in the discrete form. Such difficulties are due to the incorrectness of the
computations of the derivatives for the data with the even very small disturbances. So, the purposes of
this research are in the development of the improved parametric identification of the linear automation
objects taking into account the usage of the digitalised measured data.

So, mathematical model of the linear automation object is represented in general by means the higher
ordered ordinary differential equation. If the measured signals are presented in the discrete form, then to
apply the procedure of the parametric identification, the differential equation representing the
mathematical model of the considered automation object must be equivalently transformed to the related
discrete form, and the finite differences technique must be used to do it. At the same time, the usage of
the finite differences formulas is significantly depended on the order of the considered differential
equation. Besides, it is possible to use a lot of different finite differences formulas for discretization of the
considered or generate differential equation. Taking into account all these circumstances, it is necessary
to research, what kinds of the finite difference formulas are the most suitable for the discretisation of the
ordinary differential equation to make the parametric identification procedure, and it is necessary to
research the possibility of the uniform way to use the finite differences formulas for discretisation of the
ordinary differential equation having the different orders. To do all these, it is necessary to consider the
particular examples of the automation objects representing by means the linear ordinary differential
equations having the second and higher orders. Because of the low experience of the parametric
identification for the automation objects representing by the higher order linear differential equations, it is
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necessary to begin researches from the relatively simple example about the automation object represented
by means the second order linear differential equation. Such equation allows to research the general
principles of the usage of the finite differences for the transforming of the linear ordinary differential
equation to the discrete form. Indeed, to complete second derivatives it is possible to use a lot of different
finite difference formulas, whose can have the different interactions with the finite difference formulas
defining first derivatives also presented in the differential equation of second order. Such consideration
allows to find the most suitable finite difference formulas for the equivalent transforming of the
differential equation having second and higher orders to the discrete form.

The calculation of the derivatives has the inherent incorrectness so that that even the small
disturbances of the input data lead to the theoretically infinite disturbances of the results. Such
incorrectness has the significant influences on the results of the parametric identification made on the
digitalised data of the measurements. So, it is necessary to research the suitable regularization procedures,
and one possible way is in permutation of the items involved in the finite difference formulas used to
calculate the different variables to transform the linear differential equation to the discrete form. The
different ways to do such permutations are possible, but it is necessary to propose the most suitable way
to do it for the linear differential equations having the different orders. It is the difficult complex problem,
because of the way of permutation of the items for the regularization is related significantly with the finite
difference formulas used for the equivalent transforming of the linear original differential equation to the
discrete form related with the digitalised measured data for making the parametric identification of the
considered automation object.

CONCLUSIONS. The improvement of the parametric identification procedures for the automation
objects requires of the development of the suitable finite difference formulas taking into account the
necessity of the uniform applications for the differential equations having the different orders, and taking
into accounts the necessity of the regularization through the permutation of the items in the differential
equations represented in the discrete form.
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JUIsT MOOUTBHMX pOOOTIB. 30KpeMa, aHami3ylThCs Taki METOIU, SK TPiI-OpIEHTOBAHI MiJIXO[H,
TOTIOJIOTIYHI METOIY 3 BUKOPUCTAHHSM jiarpaM BoOpoHOTO Ta MiAXOOM HAa OCHOBI HaBYaHHS 3
HiIKPITUICHHSM, 30KpeMa Q-HaBUaHHS.
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OpHi€r0 3 KIIOYOBUX MPOOJIEM pOOOTETIXHIKY € 3aBIaHHs Opi€HTAIlil Ta HaBiramii MOOITBHUX POOOTIB
(MP) y cepenoBuili, 10 MOCTIHHO 3MIHIOETHCS. 31 30UIBIICHHSAM CKJIaJHOCTI poOOYMX YMOB, 3pOCTa€
HEOOXITHICTh y €(PeKTHBHUX METOJax MPEACTaBJICHHS JAUHAMIYHOTO mpocTopy. ChoromHi Bix poOOTIiB
BHMAaraeTbcsl He TUTbKH (DIKCYBaTH IMO3MINT CTAaTUYHUX 00 ’€KTIB, a M pearyBaTH Ha PyXOMi MEPEIIKOIN
i1 e(heKTUBHOI CIIBIIpaLll 3 JTIOAMHOIO. Lle € BUMOroro Jiist CTBOpEHHs MOJIeNiell cepeioBHILa, 110 3/1aTHI
B1I00pakaTH Ta MPOTHO3YBATH HOTO 3MIiHH.

Haiipo3noBcroKeHIMM METOIOM MOJETIOBAHHS CEpeIOBUILA € METO CITKH ab0 Tpii-opieHTOBaHUN
Meto. CITKM BHKOPHUCTOBYIOTHCS MJIsi TPEACTABJICHHS poOodoro mpoctopy MP y BuUrisal piBHHX
KBaJpaTHUX KiIiTHHOK. KokHa xomipka a0o mpoxigHa, ToOTO joriunuit 0, abo 3aKkpHuTa MEpeIKoaolo,
TOOTO JoriyHa 1, sIK Moka3aHo Ha pUCYHKY 1. KokHa komipka i7eHTH(IKY€EThCS YHIKATLHUM HOMEPOM,
KU Ha3MBaeThbcsa «anpecoro» [1]. 3a3Buyail po3Mip CITKM BH3HAYA€THCS BIAMNOBIAHO 10 (PAKTHUYHOTO
po3Mipy pobota. SIKmo po3Mmip CITKM HEBEIWKHM, TO MOJENTb CEpeloBHINA Oyne AyKe YITKOI0, a
3ariaHoBaHl NUIAXM Oe3neunuMu. OHAK 1€ 3aiiMaTUMe OaraTto Micis uis 30epiraHHs B CHCTEMi, a
TaKOXX TEHEpPyBaTHME OiJbIlle CHTHANIB MEPEHIKOA, II0 MPU3BEAE O TPUBAIOTO IUIAHYBAHHS MUIAXY.
SIKmo po3Mip CiTKM OUTBIIMM, TUIaHYBaHHS LUIAXY 3aiiMae MeHIIE yacy, aje SKIo iH(opmalis Mpo
CepeIOBHIIIE PO3MHUTA, 1€ HE CIIPHAE IIaHYyBAHHIO NUIAXY. MeTO/I CITKM XapaKTepu3y€eThCs MPOCTOTOIO Ta
JIETKICTIO BIPOBA/DKEHHS, a TaKOX JIETKUM po3IupeHHsM 1o 3D-cepenoBuml. OpHak BiH Ma€ MEBHI
BHMOTH JI0 PO3Mipy po60o40i 30HHU. SIKI0 007aCTh 3aHAATO BEJIMKA, KITBKICTh CITOK Pi3KO 30UTBIITUTHCA, 1
BUHUKAE MMpodsieMa KOMOIHATOPHOTO BUOYXY MiJl Yac MOIIYKY HUIAXY [2].

Pucynok 1 — I'pig-opieHTOBaHe cepenoBHIle

Tononoriyauii MEeTOA — 116 METOJ MOJICTIOBaHHS HaBKOJIMIIIHBOTO CEPEIOBUIIA, OCHOBHA i€ SIKOTO
MoJisirae 'y BUKOPUCTaHHI BY3JIB JUIA TIPEACTABJICHHS IIEBHOTO pO3TAallyBaHHSA Ta pebep ams
NpeACTaBIICHHS 3’ €JHAHHS LUX Miclib, ke MoxHa Bupa3utu sk G = (V, E) s xapakTepucTuKu BiTbHOTO
pocTopy, Ae V TNo3Hayae MHOXXMHY BepiinH Ta E mo3Hauae HaGip pebep, 1m0 3'€AHYIOTh BEPUIMHU.
Hiarpama Boponoro 3a3Bu4aii BHKOPHCTOBYETHbCS MJISI TPEICTABICHHS CKeJeTa MOXJIHMBOI 00JacTi
cepenoBuina. OCHOBHA i/iesl IbOTO METOJY TOJIATaE B TOMY, 100 CTBOPUTH Mexi Boponoro 3 mozeni
CEepEeIOBHIIIA, SIKa MA€ OJJHAKOBY HAHKOPOTIIY BiJICTaHb O KOXKHOI MEPEIIKOIH, 1 CPOpMYyBaTH BEPIINHH
rpada Ha ctuky pebep. Jiarpamu BopoHOTO crioyaTKy 3aCTOCOBYBAIMCS IUISl JOCHIHKEHHS MPOOJIEMU
ONMM3bKOCTI TOYOK Ha TuiomuHi. [Ipobmema OAM3BKOCTI O3HaYae, 110 SKIIO Ha JaHii IUIOMIMHI € TEeBHI
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TOUYKH Ta PO3ALTUTH IUIOMIMHY BIAMOBITHO A0 IIUX TOYOK, TO Oyb-sike Miciie B obsacTi Oyae Ommxkue 110
IEHTPATBHOI TOYKH, HDK JO 1HIIMX ICHTPATbHUX TOYOK (puc. 2). [ImaHyBaHHS NUIAXY TOTOJIOTIYHHM
METOJIOM € e(DEeKTHBHUM, aje BOHO BHMAarae Majio MICI JIs 30epiraHHs, TOMYy BOHO ITiJIXOJUTH JIJIs
JOJIaTKIB y BelMMKoMacmTaObHuX cepenoBumiax. OgHAK TOMOJOTIUHI KapTH CKJIAIHIIIE CTBOPIOBATH Ta
MIATPUMYBATH, 1 BOHU CXWJIBHI 10 TUTyTAaHUHU, KOJIM B CEPEOBHILI ICHYIOTh JIBa MOA10HI MICIIS.

Pucynok 2 — liarpama Boponoro

Buxopucrtanns HaBuanHs 3 migkpituienasM (HIT) qis anropuTmiB AMHaAMIYHOTO YHUKHEHHS TIEPEIITKO/
1 TUTAaHYBaHHS MIIAXY CTa€ BCe OUTBII MOIMYJISIPHUM B ocTaHHI poku. Llei meton 3acTocoByeThes 10 MP,
10 JI03BOJISIE IM HABYATHUCS Ta PO3BUBATHUCS JI0 HOBUX MPOCTOPIB 1 3aBaaHb. AnroputM HII HaBuaeThcs,
B3a€EMO/IIFOYH 3 HABKOJIMIITHIM CEPEIOBUIIEM, 1 IOBEIIHKA POOOTA 3MIHIOETHCS Y BIJIMOBIIb HA 3BOPOTHUM
3B’SI30K BiJ] HOT'0 HABKOJMIIHBOTO cepenopuia. Lle mo3Bossie poOoTy BUMTHUCS HA CBOIX MOMUIIKAX, 11100 3
4acoM TIOKpallyBaTuCch. MP BHKOPHCTOBYIOTH BIJIOMHH alJTOPUTM HAaBYAHHS 3 MIAKpIIUICHHIM Q-
HaBYaHHS, 1100 3HAWTH HaWKpallli CTpaTerii /Ui BUKOHAHHSA 3aBJlaHb. BubOuparouu aii, ki MaKCUMI3YIOTh
OYiKyBaHI MalOyTHI BHHAropoiu, pPoOOT BUUTHCS OPIEHTYBATHUCS B HABKOJHUIITHHROMY CEPEIOBHIIIL.
HaiiedekTuBHImIOW Mi€I0 € Ta, KA 3 YCIX MOTCHLIMHUX Jii Mae HaiiBuie 3HaueHHs Q. 100 BuzHAUNTH
HaWKpamuid crocid Jid, areHT BUKOPHUCTOBYE HAWOUIBIN OYIKyBaHI 3HaueHHS Q miJ dYac mporecy
HaBYaHHS. Q-HABYaHHS MOEJIHYE HABYAHHS YaCOBUX PI3HUIIb 13 TAKUMU TEOPisIMHU, SIK piBHSHHS bennmana
Ta TIPOIEC NPUUHATTS pimieHb MapkoBa. ATEHTHM MOXYTh HABUWUTHCS HaWKpaiie IOBOIUTHUCS B
pEeryIbOBaHUX MapKOBCHKUX JoMeHaX. . OmgHoeramHe Q-HaBYaHHS, siIKe € HOro (hOpMOIO, BHU3HAUYAE
PIBHSIHHS:

Q (s, 2) = (170)Q(s, 2) + a(r +y max(Q(s',va')))

Q(s, a) omiHIOE 3HaYEHHS JI1i MICIIs 3aCTOCYBAaHHS [Iii B CTaHi S, JIe T — HeraifHa OTpMMaHa BUHAropo/ia,
Y — Koe(ili€HT JUCKOHTYBaHHS, a 0. — IIBUKICTh HaBYaHHA [3].

References:

1. AJEIL, Fatin Hassan, et al. Grid-based mobile robot path planning using aging-based ant colony
optimization algorithm in static and dynamic environments. Sensors, 2020, 20.7: 1880.

2. LIU, Lixing, et al. Path planning techniques for mobile robots: Review and prospect. Expert Systems
with Applications, 2023, 227: 120254.

3. ALMAZROUEI, Khawla; KAMEL, Ibrahim; RABIE, Tamer. Dynamic obstacle avoidance and path
planning through reinforcement learning. Applied Sciences, 2023, 13.14: 8174.



66
JOCAIIKEHHA 3AJTEXKHOCTI TAPAMETPIB 3D JIPYKY HA MIITHICTh JETAJIEN

Yepuos K.A.

XapKiBCHbKUI HAIlIOHATBHUN YHIBEPCUTET PaliOeIEKTPOHIKU

VYkpaina, 61166, Xapkis, np. Hayku 14

E-mail: kyryl.chernov@nure.ua
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“[I1IbHICTH 3aTIOBHEHHS .
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AKTyanbHICTh JTOCHIIKCHHS 3aJIeKHOCTI mapameTpiB 3D apyky Ha MIIHICTh JAeTaneil 3yMOBJeHa
CydyaCHUMH BUKIIMKAMH, 30KpeMa BiifHOIO B YKpaiHi, sKa TOCTaBWIa Ha TEPIIUN TUTaH TmOoTpedy y
HaJIMHUX, CTIHKUX MaTepiaiax, siki MOXKYyTh OyTH IMIBUAKO HaApykoBaHi Ha 3D mpunrepi[l]. MinHIicTh
Ha/IPYKOBaHUX JIeTajeil € KpUTHYHO BAXKIIMBOIO SIK ISl BINCHKOBUX 3aCTOCYBaHb, 30KpEMa BUTOTOBJICHHS
oOJyaTHaHHs, 3aXMCHUX €JIEMEHTIB 1 3aMYacTHUH, TakK 1 JIJIs IMBUTBHUX 00'€KTIB, 10 3a0€3MeUyI0Th O€3MeKy
Ta CTilKicTh iHpacTpykTypu. B yMoBax oOMexkeHUX pecypciB Ta HEOOX1THOCTI MIBUAKOTO BUPOOHHIITBA
JOCJIIJDKEHHS BIUIMBY IMapaMeTpiB APYKy Ha MIIHICTh JO3BOJIUTH OINTHMI3yBaTH MPOIEC Ta TOCITTH
BHCOKOT SIKOCT1 MPOTYKIIii.

B xo11 eexcriepuMeHTy MU 3BY3UMO 00J1acTh JOCTIHKEHHS Ta OyaemMo po3risaaTu Tiabku FDM npyk,
gk oauH 3 HainmonynspHimux, Ta CoPET mmactuk y sKocTi Marepially Tak sIK BIH IIHPOKO
3aCTOCOBYIOTHCSI B IMIPOMUCIIOBOCTI MPU BUPOOHHUIITBI METOJIOM JIMTTS 7] TUCKOM. 32 PaxXyHOK BHCOKOI
MPO30POCTI 1 HETOKCUYHOCTI, 3 HUX BHUPOOJISIOTH XapyoBY Tapy, BUPOOM MEAMYHOTO MPU3HAUYEHHS,
TJIACTUKOBI TUISAIIKY JIJIs1 BOAM 1 T.11.[2].

Jnst mocnmimpkeHHs OyJio CIIPOEKTOBAHO Ta BUTOTOBIEHO CTEHA Uil mepeBipku (puc. 1). 3Bepxy Ha
cTeH | OyJo 3aKpiluieHo JAeTaii Jyis TecTyBaHHs, BurotosiieHi Ha 3D mpuntepi 3 CoPET mmactuky. B
KOXKHOI Ha KOXKHY JeTajb 3aKpiIuloBajiacs CTaTHYHA Bara Ta BUMIpIOBajacs MIIIHOCTI 3a JOMOMOTOIO
TEH30pE3UCTOPA.

—

1

Pucynok 1 — MakeT cTeHna Jyisi TECTyBaHHS MIITHOCTI

Hetans (puc. 2) Oyna cupoeKTOoBaHa TaKUM YHHOM, 100 B MOJAJBIIOMY MOXHa OyJI0 3aKpiUTH
Bary Ha pi3Hy BIJCTaHb BiJ KpirjieHHs 10 cTeHay. [1ig gac excriepumenty Oyno oOpaHO J1Ba mapaMeTpH,
SIK1 3MIHIOBaJIMCS TIpH 00y 10B1 TecToBoi aeranmi. Lle “KinpkicTs niHii ctinku” (2 4 ta 6) Ta “llinpHICTD
3anoBHeHHs” (nianazoH 10-100 3 kpoxom 10).
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Pucynok 2 — Jlerainsp, mo Oy/ie TecTyBaTHCS

[Ticns mpoBeneHHsS eKCIIepUMEHTY OyJi OTpUMaHi HacTymHi pe3ynsTatu (puc. 3). Sk 1 odikyBajocs
MIILHICTh 3pOCTa€ 3 30UIbLIEHHSM MMapaMeTpy 3alOBHEHHS CTIHKHM Ta 31 30LIBIIEHHAM KITBKOCTI CaMUX
CTIHOK. 3 I[IKaBOTO MO’KHA BiIMITUTH T€, IO MIIIHICTh JETaji 3 MEHIIOK KUIBKICTIO CTIHOK MOXeE OyTH
OlNIblIIe, HIXK Y JeTalll 3 OUIBIIO KIJIBKICTIO CTIHOK MPY NMEBHUX MapaMeTpax 3aloBHEHHS CTIHKU.
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400
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B

- -

100

10 20 30 40 50 G0 70 80 a0 100
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PucyHnok 3 — Pe3ynbratu eKCiepuMeHTy

Takox BapTO BIAMITUTH Te, 110 HANpyra Ha TEH30PE3UCTOP1 3pOCTa€ HE JIHIMHO 31 3pOCTaHHSIM
3allOBHEHHSI CTIHKH, IO MOXKE CTaTH MPHBOJOM JJIsl aHami3y IbOrO IapaMmerpy, Ta BUSBICHHS
ONITHMAJIbHUX TTaPaMETPiB JUI KOHKPETHUX TOTPEO.

BUCHOBKM. Y po6oti 0OyJi0 eKCIepUMEHTaIbHO IMOKA3aHO, IO aHalli3 MapaMeTpiB JPYKYy €
MEPCIIEKTUBHUM HANPSMKOM, OCKUIBKH J03BOJISIE TOCATATH OJHAKOBOI MIITHOCTI J€Tajieil MpH 3HAYHHX
BIIMIHHOCTSIX y TlapameTpax apyKy. Lle BiIkpuBae MOMXIMBOCTI JUIsl ONITUMI3aIlil BUPOOHUYOTO MPOIIECy,
aJpKe JIeTali 3 pi3HUMU MapamMeTpaMy BUMAaraloTh Pi3HOT KUIBKOCTI MaTepially Ta 4acy Juis ApyKy. Takwuii
MiAX17 TO3BOJISIE 3MEHIIUTH BUTPATH MaTepiajiiB Ta CKOPOTHUTH Yac BUTOTOBJICHHS 0e3 BTpaTH SKOCTI Ta
MIIIHOCTI BHUPOOIB, IO € OCOOMMBO BAXKIMBUM Y CYYacHHX YMOBaX, KOJIM PECypcH Ta IIBHIKICTb
BUPOOHHUIITBA MAIOTh BUPIIIAIbHE 3HAYCHHSI.
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Anomauin: CtaTTs npuUCBsYEHA TIOPIBHAHHIO CUCTEM YIPABIiHHS CKIAAChKUMH mpouecamu (WMS)
Ta KoHBeepHMMHM JiHIAMH (WCS). AHami3yloTbCsi OCHOBHI (DyHKIII, BIIMIHHOCTI Ta OCOOJIMBOCTI
3aCTOCYBaHHSA KOXKHOI CHCTEMH JJIsi ONTHMI3allii JIOTICTUYHUX TpoIleciB. Bu3HaueHO cUTyalii, y SKHX
Kpaiue BukopuctoByBatu WMS a6o WCS, a Takok MOKJIMBICTb 1X KOMOIHOBaHOI'O 3aCTOCYBaHHS.

Knwuoei cnoea: WMS, WCS, aBToOMaTH3aIlisl CKIIaay, JOTICTUKA, YIIPABIiHHS.

VY cyuyacHMX yMOBaxX aBTOMATH3allis CKIAJAy € BaXKIUBUM acleKTOM €(QEKTHBHOTO YTPaBIiHHS
JoricTHYHUMU omnepauisMu. Xoua cucreMd WMS 1 WCS MoXyTh 31aBaTHCS CXOKUMH 32 (QYHKIIISIMH,
BOHM BHUKOHYIOTH pi3HI poJli B ONTHMi3amii CKJIaAChKUX mporeciB. CucTeMa YIpaBIiHHS CKIAJIO0M
(Warehouse Management System, WMS) 3a0e3nedye KOMIUJICKCHE YTPaBIIiHHS TOBAPHUMH 3alacamu Ta
IpolecaMyl Ha CKJIajli, TOAl sIK cuctema ynpaniiHHs koHBeepoM (Warehouse Control System, WCS)
(hoKyCy€eThCSI Ha KOHTPOJII aBTOMATH30BAHOTO OOJIaIHAHHS, HANPHUKJIAJ KOHBEEPIB Ta POOOTH30BAHMUX
cucteM [1].

Ile mocmiKeHHS cpsMOBaHe Ha po3yMiHHs BiaMiHHOCTEH Mk WMS 1 WCS, Bu3HaueHHS iX mepeBar
Ta HEJIOJIIKIB 1 peKOMEHaIlii I0/JI0 ONTUMAILHOT'0 BUOOPY JUISl JIOTICTUYHUX ITiJIPUEMCTB.

3aBpanusaMu pobotu € nopiBHsHHET WMS Ta WCS, a came:

1. Amnani3 QpyHKUIOHATBHUX BiaMiHHOCTEeH Mix WMS 1 WCS.
2. BwusHaueHHs iX IPUAATHOCTI TSI PI3HUX TUITIB CKJIAIIB.
3. Hapanns pekomenaniii o710 Bu6opy Ta KOMOIHOBaHOTO BUKOPUCTAHHS [IUX CHCTEM.

WMS € KOMIUIEKCHUM TpOrpaMHUM 3a0€3MEUYCHHSIM I YOPABIIHHS Ta ONTHUMI3AIli CKIAIChKHX
orepauiid, TakKUX SK KOHTPOJb 3amaciB, YIpPaBIiHHSA POOOYMMH pecypcamH, BUKOHAHHS 3aMOBJICHB 1
iaTerparis 3 ERP-cucremamu. Bona no3Bossie eheKTHBHO KepyBaTH 3amacaMi, BUKOHYBATH TTOTIOBHEHHS
TOBApiB Ta PO3MILICHHS Ha CKJIa/i, 1110 CIIPUSE MiBUIICHHIO IPOIYKTUBHOCTI cKiaay [2].

WCS Bukonye pons mocepennuka Mibk WMS Ta oOmamHaHHAM CckjiIaay (KOHBEEpaMmu,
POOOTH30BAHMMH CHCTEMAaMH TOIIO). 1i OCHOBHI (YHKIi BKIOYAIOTh YIPABIiHHA ABTOMATH30BAHUM
o0JiafHaHHSIM, KOHTPOJIb pOOOTH KOHBEEPHUX CUCTEM y PEAIbHOMY Yaci Ta ONTHUMI3allil0 poOOTH MaIllvH,
110 € 0COOJIMBO BXKJIMBUM JUIsI BUCOKOTEXHOJIOTIYHUX CKJIa/IiB 3 IHTEHCUBHOIO aBTOMaTu3ariero [3].

Bigmianocti mixx WMS ta WCS 3a ocHOBHUMH TTapamMeTpaMu HaBeAeHO B Ta0OmuIll 1.

Ta6muns 1 — OcHoBHi BigMinHocTi Mixxk WMS ta WCS

Kpurepiii WMS WCS

ITligTpuMye nexinpKa CKJIaaiB Ta
ATPUMYE I A [lepeBaXkHO BUKOPUCTOBYETHCS IS

Omnepariitnuit LIEHTPIB PO3HOALITY, 3a0e31eUy0un
p P1B P ) Y ) Y OZHOTO CKJIaZy 3 BUCOKOIO
o0csT LEHTPaII30BaHE YIPABIiHHA .
aBTOMAaTH3AaIlI€I0
3aracaMu

YrpaBItiHHS 3armacaMu Ta

®dokyc Ha . VYnpaBiiaag 001aJHAHHAM, ONTHMI3allis
. npoIecaMu, MiATPUMYE OOMEKECHY . .
aBTOMaTH3aLlI0 . BUKOPUCTAHHS KOHBEEPIB, POOOTIB TOIIO
ABTOMATH3AIIII0
JlaHi po 3amacu OHOBITIOIOTHCS 3 .
. PeanbHuit yac po6otu 3 00J1aAHAHHAM
PeanbHuii yac HEBEJIMKUM 4acOM 3aTPUMKH, 1110

. . JUTS IIIBUJIKOT KOPEKIii poOOTH Ha CKIIai
IIIIXOUTH JUIsl BEJIMKUX CKIIA1B

IaTerpamis 3 ERP-cuctremamu ta
[aTerparis IHIIMMH KOPTIOPATUBHUMHU
miaThopMamMu

IMinxmrouenus no ITJIK Ta inmoro
aBTOMATU30BAaHOr'0 O0JIaqHAHHS
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Y pe3ynpTarTi TPOBEACHHS MOPIBHAJIBHOTO aHAi3y HTaHMX CHCTEM MOXKHA CTBEPIDKYBaTH, IO
BUKOpHCTaHHA WMS fominpHe i BETUKUX TMIANPUEMCTB 13 YUCICHHUMH 00’ €KTaMH, 3HAYHHUMH
3armacaMy Ta CKJIaJChbKUMU OMNepalisMH 3 0OMEXEeHOI aBTOMAaTH3alli€ro, e moTpioHa inTerpaiis 3 ERP-
CHCTEMaMH.

Y cBow uepry, BukopuctanHs WCS € onTuMaabHUM [ BHUCOKOABTOMATH30BaHUX CKIAAIB 13
BHCOKHMH BUMOTaMHU JI0 TIPOYKTUBHOCTI O0JIaTHAHHS Ta 3HAYHUM TTOTOKOM TOBapiB.

AJe TakoX MOXHa CTBEP/KYBaTH, 10 TiOpuaHuid miaxia, To6to moeananuas WMS 1 WCS, nozBosse
MIIBUIIATH ¢EKTUBHICTh YIPABIIHHS 3amacaMy Ta MPOAYKTHBHICTH OOJaJHAHHS, 10 € ONTUMAIbHUM
PIIICHHSIM ISl CYYaCHUX JIOTICTUYHHX IIEHTPIB.

BUCHOBKM. Ha ocHOBI ipoBeieHOT0 aHaii3y BCTaHOBIEHO, 0 WMS ta WCS 10moBHIOIOTH 0/1HA
OJTHY B aBTOMAaTH3allil CKJIAJChKuX omeparii. WMS 3a0e3nedye 1eHTpai30BaHe YIPABIIHHS 3amacaMu
Ta 00poOKo0 3amoBiieHb, Tomi sk WCS cremiani3yerbess Ha onTuMmizamii poOOTH oOnamHaHHS B
peanbHOMY uYaci. BUKOpUCTaHHS [HMX CHCTEM Yy TIOEJIHAHHI J03BOJIIE MaKCUMAJIBHO €(PEKTHBHO
MaciTaOyBaTH CKJIaJIChKi Oreparii.

[Tomanpii qOCHiHPKEHHS JOLULUIBFHO CIIPSAMYBATH Ha PO3pOOKY IHTErpOBaHHUX pillleHb, 10 00’ €THAIOTH
MO>KITUBOCTI 000X CHCTEM ISl ITiABUIICHHS 3araJibHOT €)eKTUBHOCTI JIOTICTUYHHX TIPOIICCIB.
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Anomauin: B paniii poGOTi HaBOIUTHCS OIJISAJ OCHOBHHUX 3aBJaHb CHUCTEM KOMII IOTEPHOTO 30pY.
PosrissHyTO mpukiaan Takux cucreM. HaBOASTHCS HANMOMIMPEHINT 3aBJaHHS TaKMX CHUCTEM, a TaKOX
ixus knacudikamis. Po3risgHyTo Taki 3aBHaHHS: pO3Mi3HABaHHS 00pasiB, OLIHKA MO3U, BIACTEXKEHHS
00’ €KTiB, pO3Mi3HABAHHS 00JIAY.

Knrouoei cnosa: Pobot, KoM’ totepHuii 3ip, po3ii3HaBaHHsI, BIICTEKEHHS 00’ €KTiB, OI[IHKA MO3H.

Komm'torepHuii 3ip K HayKOBHH HANpPSMOK JOCHIDKYE TEOPIF0O Ta METOAW CTBOPEHHS INTYYHHX
CHCTEM, 3JaTHUX OTPUMYyBaTH iHQOpMalil0 Yy BHIVIAAI 300paxkeHb. Binmeoindopmaris Moxe OyTu
Npe/CTaBlIeHa y pi3HUX (opmarax, BKIIOYAIOYM BiJIEOTIOTOKH, 300pak€HHS 3 JEKUIBKOX Kamep abo
TPUBHUMIpHI JJaHi, OTpHMaHi, HAIIPHUKIIAI, 3 MEIUIHUX CKaHEpiB. SIK iHKEHepHa rairy3b, KOMI'TOTEpHUIA 3ip
Tparde 3acTOCYBaTH 11l TEOPETHYHI OCHOBU Ta MOJIEII ISl PO3POOKH CHCTEM 3 aBTOMAaTUYHOI 00pOOKOIO
Bi3yanbHOI iH(opmartii. [IpukinagaMu Takux CUCTEM €:

- CHCTEMH YIPaBJIiHHSA MMporecamMu (IPOMHUCIOB] POOOTH, aBTOHOMHI TPAHCIIOPTHI 3aCO0M);

- CHCTEMH BiJICOCIIOCTEPEKECHHS;

- cHCTeMHM oprasizaiii iHpopMmarii (HampuKIiIa, iHaeKcais 6a3 TaHuX 300pakeHb ),

- CHCTeMH MOJCIIOBaHHs 00'€KTIB 200 HABKOJIUITHHOTO CEPEIOBUINA (aHATI3 MEUYHUX 300paKEeHb,
TonorpadiyHe MOICITIOBAHH);

- cHcTeMH B3aeMojii (MpUCTPOi BBEJCHHS JJIsl CHCTEM JIFOJMHO-MAIIMHHOI B3a€MO/IIT).

Komm'roTepHmit 31p MOXHaA pO3TIISAATH K JIOMOBHEHHS, @ HE MMPOTHCTABJICHHS 010JI0TIYHOMY 30py. Y
61010111 TOCIIIKY€ETHCS 30pOBE CHPUUHSATTS JIOACH 1 PI3HUX TBapWH, 3 MOJAIBLIMM MOJEIIOBAHHSIM
poboTH X cucTeM 4yepes3 (Hi310JI0TIUHI Mporecu. Y TOH ke Yyac KOMITIOTEPHUM 31p aHaJli3y€e Ta OIMHUCYeE
amapaTHI YW MpOrpamMHi CHCTEMH, NMpHU3HAueHi Juid oOpoOKu Bi3yanbHOI iH(popmarii. CoiBopamns Mix
010JIOTTYHUM 1 KOMI'FOTEPHUM 30POM BUSBHJIACS MTPOTYKTHBHOKO I 000X HAYKOBUX JTUCIIMILIIH.

Haiinommpenin 3aBnaHHs MoOXHa po3autuTH Ha 3 rpynu. Koxkna rpyna mae HaOip 3aBaaHb, SKi
JTOTPUMYIOThCSI TIEBHOI mapaaurmu. Hampukman, Oynb-ske 3aBHaHHS Ha KiacH(ikallilo o3Havae
MIPUCBOEHHS MEBHOTO SIPJIMKA IMEBHOMY 00'€KTy (Ll MOke OyTH IIijie 300pa)keHHs, 00'€KT Ha MAaIIOHKY
tomro). OCk Taki TPyIH 1 BIAMOBIIHI IM KOHKPETHI 3aBJIaHHS:

1) Knacudikariis — mpuCBOEHHS IEBHOT MITKH IIEBHOMY 00'€KTY:
1.1) Knacudixkariist 300paxeHs;
1.2) TeryBanHs 300paKeHb;
1.3) IIporno3yBaHHs aTpuUOYTiB.
2) BusiBjieHHs1 — BUSIBJICHHS Ta Kiacu]ikailist IeBHOro 00'eKTa:
2.1) BusBnenns 00'ekTiB.
3) CermeHraiiist - O 300paKeHHS HA OKPEMi YaCTUHU a00 MIJISTHKU:
3.1) CemaHTHUHA CErMEHTAITIS,
3.2) CermeHTallist €K3eMILISPIB;
3.3) [lanonTHYHA cerMEHTAITis.

Po3niznaBanHs 00pa3iB nossrae y xiacugikanii BXIZHUX JAHUAX IIISIXOM BHOKPEMIICHHS KIHOYOBUX
O3HaK, sIKI BIAPI3HAIOTH Il JaHI BiJl HECYTTEBUX eleMeHTIB. [Ipu mocTaHOBI 3amad po3mi3HaBaHHS
MparHyTh BUKOPUCTOBYBATH MaTeMaTHUUHUI amnapar, 1110 J03BOJISIE 3aMIHUTH €KCIIEPUMEHTAJIbHI MiXO0/IH,
AK1 € XapaKTepHUMHU I Teopli MTYyYHUX HEHPOHHUX MEpEeX, Ha JIOT14YHI MIPKyBaHHS Ta MaTeMaTHYHI
noKa3u. 3ajnava ieHTudikalii mojsrae y BUOOpi KOHKPETHOTO 00'€KTa 3-IIOMIK CXOXKHUX HOMY 0O0'€KTiB
[1-3].

OmiHka TO3M € 3aBJaHHSIM BI3yaJbHOIO IITYYHOTO IHTENEKTY, IO TMOJIArTa€ y BU3HAYCHHI
MIPOCTOPOBOTO TIOJIOKEHHS Ta OpieHTaIlli 00'€KTiB 200 JIOJACHKHUX T1J1 HAa OCHOBI Bi3yaslbHHX AaHuX. Llei
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MpoLIeC BKIIIOYAE OLIIHIOBAHHS MOJOXEHHS 1 Opi€HTalii MEeBHUX KIOYOBHX TOYOK Ha 00'ekTi abo Timi
JIFO TV HH.

BinctesxxeHHsT 00’€kTiB — 1€ Oe3nepepBHE 3aBIaHHS KOMIT FOTEPHOTO 30pYy, METOK SKOTO €
BIJICTC)KCHHSI TICBHOTO 00’€kTa a00 KUTBKOX OO0’€KTIB y TOCIIJOBHOCTI KaJpiB, HANpPHUKIAd, Ha
BifeortiBii. KiHIIeBOIO METOIO OyAb-SKOTO alrOPUTMY BiICTEKEHHSI 00 €KTIB € BUSBICHHS HEOOXITHUX
00’€KTIB 1 CTeKEHHS 32 HUMH, KOJH BOHHM PYXalOThCS Ta 3a3HAIOTHh 3MiH 30BHIIIHBOTO BUTJISAY YU MO3U
[4,5].

PosmizHaBaHHS 00NHMY € 3aBIaHHSAM KOMIT IOTEPHOTO 30Dy, CHPSIMOBAaHUM Ha ifcHTH(]iKaIio abo
BepHdiKkallilo 0coOM Ha OCHOBI XapaKTepHUX O3HaK ii oOmuyus. lle mocsraeTbes HUISIXOM BUIIICHHS
KITIOYOBHX pHUC OOMMYYSl Ta iX TOPIBHSHHS 3 0a3010 JaHUX BiOMUX 0ci0. TexHoorisl po3mi3HaBaHHS
00JIMY MIMPOKO 3aCTOCOBYETHCS IS 1iIel imeHTudikamii ta aBrentudikamii. OgHUM 13 HalBiAOMIIINX
puKIaaiB 1€l TexHonorii € cuctema Face ID Bixm xommanii Apple. TexHoorisi po3mi3HaBaHHS 00IUY
0a3yeTbCs Ha aJIrOpUTMaxX MAIIMHHOTO HAaBYAHHS 1 TIMOOKOTO HaBUaHHS, SKI aHAMI3YIOTh OOIMYYs,
BU3HAYaIOUM KIIIOYOBI O3HAKH, Taki sIK BIJICTaHb MiX oumMa, (hopMa HOCa Ta POTa, KOHTYpU OOIUIYS
tomo. L{i 03HaKkM MOTIM MOPIBHIOIOTHCA 3 6a3aMu AaHuX AJs iAeHTudikaii abo Bepudikariii ocoou.

BUCHOBKM. IIpoBeacHO OrJIsi CHCTEM KOMIT IOTEPHOTO 30py. B mporeci aHamizy 3’sCOBaHO, IO
ICHye HH3Ka 3a7ad, sIKi po3B’s3yl0Th Taki cuctemMu. Cepeq HUX HEOOXIAHO BHIAUIATH OIIIHKY IIO3H,
po3mizHaBaHHA 00 €KTIB, BIACTE)KEHHs OO €KTIB, a TaKoX po3Mmi3HaBaHHs o6nu4. lle Ham3BU4aiiHO
MEePCIEKTUBHA TaTy3b JJIS TOCIIKeHb, PE3yJIbTaTH KX MOXKYTh OyTH BIPOBAKEHI Y PI3HI Tally3i 1 HE
JIMIIIE HAYKH, a 1 TOOYTOBOTO Ta COIIAIbHOTO JKUTTS.
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Anomayia: B poOOTI MPOBOAMTHCS aHai3 MOXXJIMBOCTI BUKOPHCTAHHS YaCTKOBO CIIOCTEPEXKYBaHOI
MapkiBcbKoi MoJeni Uit peajizalii cucteMu ineHTudikamii JroauHu B poOoUiid 30HI K0Jab0paTHBHOTO
poGoTa. JletambHO pO3IJSIHYTO OCHOBHI TI€pEBardM BHKOPUCTAHHS JAHOTO METOAY Ul DIlIeHHS
MOCTaBJICHOT 3a1aui

Knrouoei cnoea: Ingyctpis 5.0, pobot, MapkiBcbka MoJieb, KOIa0OpaTUBHUN poOOT, 1eHTH(IKALTIS,
pO3Mi3HABaHHS.

[Tpu po3polIIi CTPYKTYpH CUCTEMH 1eHTH(IKAIIT JTIOAMHNA B poOoUiil 30HI KolabopaTUBHOTO poboTa
BAXKJIMBO BpaxyBaTH KIJbKa KJIFOYOBHX acrekTiB. [lo-mepimre, HEoOXigHO 3a0e€3MeUnTH TOYHICTh Ta
HAJAIMHICTh 11eHTH(IKALT JIFOJUHA B YMOBAX Pi3HOTO OCBITJIEHHS Ta 3MIHHOI CepeIOBUILIHOI 0OCTaHOBKH.
Ile BriIOYaE BUKOPUCTAHHS CYYacCHHUX MOJENECH MAIIMHHOTO HAaBYaHHS, UIsl PO3II3HABaHHS Ta
knacudikaimii 00'ekTiB y peanbHOMY 4Yaci. BakiaMBO TakoX IHTErpyBaTH ajirOPUTMM TPEKIHTY, IS
BIICTe)KCHHSI PyXy JIOAWHU Ticas 11 iaeHTU(IKaIi, M0 J03BOJSIE 3a0€3MEUNTH CTIHKICTh CUCTEMHU 0
3MiH Yy MOJIO’KEHHI Ta opieHTalii 00'eKTa.

OkpiM 1IbOTO, CHCTEMA MMOBHHHA OYTH aJanToBaHa JI0 IIBUIKHUX 3MIH Yy CEPEIOBHII, TOMY BaKIHUBO
BUKOPUCTOBYBaTH €(EKTUBHI aNropuTMH OOpoOKM BiZeo Ta 300paskeHb, fAKi 3/1aTHI ONEpaTHBHO
pearyBaTu Ha 3MiHH. CHUCTEMa Ma€ TaKOX BPaXOBYBATH MOJKJIMBI MEpemkoau abo iHim 00'€KTH B 30HI
CIIOCTEPEXKEHHS, SIKI MOKYTh BIUIMBAaTH Ha TOYHICTb po3mi3HaBaHHs. /|1 LbOro BaXJIMBO 3a0e3MEUUTH
HaJIe)KHY SAKICTh JaHHWX, SKa BKJIIOYAE MPABWJIbHE HAJAIITYBaHHS KaMEpPH Ta ONTHUMIZAIIO0 aJTOPUTMIB
00poOKH.

Bukopucranus yactkoBo crnoctepexyBaHoi MapkoBcbkoi mozemi (HMM) mns peamizamii cuctemu
imeHTudiKaIii 3HaXOHKEHHI JIFOIMHU B POOOUiil 30HI KOJIabopaTUBHOTO poOOTa € JOUUIFHUM B PaMKax
koHnenmiii Iagyctpii 5.0, sika opieHTOBaHA HA I1HTETpAIl0 JIOJWHA Ta TEXHOJOTIA IJii CTBOPEHHS
PO3YMHHX, aJalTUBHUX 1 Oe3MeYHNX pobounx cepenouin. OAHIEI0 3 OCHOBHUX ITiIeH

Ingyctpii 5.0 € migBUIEHHS B3a€MOJIi MDK JIOJBMH Ta poOoTaMu, 3a0e3medeHHs OE3MeKu Ta
KOMGOPTY [IJs MPaliBHUKIB, @ TaKOX IMOKPAIICHHS €(PEKTHUBHOCTI BUPOOHMYMX NPOILECIB. Y LBOMY
koHTekcTi HMM Hajmae mOTyXHHH IHCTPYMEHT Ui MOJICNIOBAHHS Ta MPOTHO3YBAaHHS MOBEIIHKH
JIOIMHU HA OCHOBI HEMOBHUX 1 HIIYMHHUX JaHHMX, OTPUMaHUX 3 CHUCTEM KOMIT'toTepHoro 3opy. HMM
JI03BOJISIE BPaxXxOBYBaTH WMOBIPHOCTI TEPEXOMy MK CTaHAMH, IO TPEACTABISIOTH DPi3HI ITOJIOKEHHS
JIOIMHYU, 1 WMOBIPHOCTI OTPUMAaHHS KOHKPETHHUX CIIOCTEPEKEHb BiJI CUCTEMH KOMITIOTEPHOTO 30pY,
HaBITh KOJIM CIIOCTEPEKECHHSI € YaCTKOBO TOUYHUMH a00 3amrymyieHUMH. Lle € KpUTUYHO BaXKITUBUM ISt
3a0e3neueHHs] TOYHOTO Ta HaJAIMHOTO MOHITOPUHTY MICIIE€3HAXO/DKEHHS JIIOJUHU B poOouiil 30Hi, 110, B
CBOIO 4epry, 3HWXKYE PU3MKHU aBapiil Ta MmiABHUINY€E 3araibHy Oe3mneky. Kpim Ttoro, HMM € pocratHbo
THYYKOIO MOJIEJITIO, 110 JIO3BOJISIE JIETKO aJanTyBaTHCA 0 PI3HUX poOOYMX yMOB 1 THMIB obnaaHaHHs. Le
CIpHsi€e CTBOPCHHIO YHIBEPCAIBHHUX PIIIEHb, SKI MOXYTh OYTH 3aCTOCOBAaHI B PI3HHUX Tally3sx
MIPOMHCIIOBOCTI, BiJl BUPOOHHUIITBA IO JIOTICTUKU. BaxkinuBo Takox Te, mo Bukopuctanus HMM copusie
BIPOBAKEHHIO TTPUHITUIIIB TIEPCOHANI3AINI], SIKI € KIIF04oBUMH B [HAyCTpii 5.0, 103BOISAIOUN aaNTyBaTH
po6oui mpoLecH MiJy KOHKPETHI MOTPeOH Ta MOBEIHKY MPAaLliBHUKIB.

3actocyBanass HMM B cuctemax iaeHTH}IKAIT TAKOXK CIPUSIE MTOKPAIEHHIO B3a€MOJIT Mi1XK JIFOAHHOIO
Ta poOOTOM, MiABHILYIOYH PIBEHb PO3YMIHHS Ta MPOTHO3YBaHHA Al monuHu. Lle no3Bomse poGoram
Kpalle pearyBaTd Ha 3MIHM B po0OOdYild 30HI, OUTbII €(PEKTHBHO MATPUMYBATH Ta JOMOMAraTu
MpaLiBHUKAM, 1[0 3HAYHO IiIBUIIY€E MPOAYKTUBHICTH Ta 3a/10BOJICHICTH pOOOTOIO.

VY3aranpHIOIOYHM, BUKOPHUCTAaHHS YacTKOBO CIIOCTEpPEKyBaHOI MapKOBCBKOI MOJEINi Ui CHCTEMH
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imeHTudikamii 3HAXO/PKEHHS JIOAMHU B poOOYill 30HI KOIAOOpaTUBHOTO poOOTa € BHUIMPABIAHUM 1
MEePCIICKTUBHUM BHOOpOM B pamkax Koumemmiid [Hmyctpii 5.0. Ile mo3Boisisie cTBOpUTH Oe3rmeyHi,
e(deKTUBHI Ta aJanTHBHI poOOYl CepelOBMINA, K1 MiABUIIYIOTh PIBEHb B3aEMOIl MIX JIIOJWHOIO Ta
TEXHOJIOT1SIMH, CIIPUSIOYH 3araIbHOMY PO3BUTKY 1HAYCTpIaIbHUX MPOIIECIB.

Buxonsun 3 MeTd JaHOro MOCHIKEHHA OyAeMO pO3MIsgaTh HACTYNHUH MIAXiJ OO BUPILICHHS
MOCTABJICHOTO 3aBAaHHS, YaCTKOBO crocTepexyBaHa MapkoBcbka monens (HMM) Oyae Buctymatu
e(eKTUBHUM IHCTPYMEHTOM JJIsl MOJIEJIIOBAaHHS CUCTEM, JIe CTaH HEe MOXKHa 0e31ocepeIHbO CIIOCTepIirary,
aJie MOKHA CIIOCTEpIraTé BUXOJAM, 3aJICKHI BiJ CTaHy. Y BHIAJKy ileHTH]IKaIii MicIe3HaXx0KEeHHS
JIOAUHU B poOoUiil 30HI KOJaOOPAaTUBHOTO POOOTA, CTaH CHUCTEMH MPEICTABISLE MICLE PO3TAlTyBaHHS
JIFOJIHM, a CTIOCTEPEIKEHHS — 1€ JIaHi, OTPUMaHi 3 CUCTEMH KOMITFOTEPHOTO 30DY.

BUCHOBKUM. B 3amnponoHoBaHiii po0OOTi NpOBEJEHO aHali3 BHUKOPHCTAaHHS  YacTKOBO
crioctepexxyBaHoi MapKiBChKOI MOJEII IS IMITIEMEHTAIii CUCTeMH iAeHTU]IKAIl JTIOIUHE B poOoUiii
30H1 KonabopatuBHOro pobota. IIpoaHanizoBaHO OCHOBHI mepeBaru, siki Hece B co0i Taka MOJENb Y
BIZIOBITHOCTI J10 KoHIemnii [amxycTpii 5.0.
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Anomauin: B 1iii 10MOBIAlI MOBENEHO BaXIJIMBICTh KOHTPOJIIO SIKOCTI BUTOTOBJICHHSI PaliOTPaKTy
6e3nporoBux ceHncopiB loT, HaBeAeHO MOPIBHSIIBHUMA aHaNi3 METONIB BHPOOHHYOTO KOHTPOIIO Ta
OOIpyHTOBaHO BHOIp METOJy BUMIpPIOBaHHS piBHSA cuUrHaimy, mo npuiimaerscs (RSSI). Posrmsnytn
MepeBaru Ta HEMOJIKH JaHOTO METOJNy IMEPEBIPKH Ta 3pOOJIEHO BHCHOBOK IMOJO0 HEOOXIIHWUX IUISIXIB
BIOCKOHAJICHHSI.

Knwuoei cnosa: RSSI, 6e3npotosuii intepderic, pyHKIIIOHATBHAN KOHTPOIIb, PaIiOTPAKT.

VY cyuacHomy cBiTi loT-nipuctpoi HaOyBawOTh JAeaaii OUIBIIOrO MOMIMPEHHS. 3TiTHO 3 MPOTHO3AMH
OUIKYy€eThCs, 1m0 10 2025 poky 3arayibHa KUTbKICTh [oT-mpucTpoiB y cBiTi csarHe 22 MinmbsSpaiB mTykK [1].
3HayHy YacTUHY LUX MPHUCTPOIB CTAHOBUTUMYTH O€3ApPOTOBI JAaTUMKH 3 BOYJOBAaHUM €IIEMEHTOM
JKUBJIEHHA. Taki MPUCTPOi MOXYTh SBISITH COOOIO SIK JATYMKHW/TIEPETBOPIOBAYl BUMIPIOBAHOI (Hi3UIHOL
BEJIMYUHM (TeMIIepaTypH, BOJOIOCTI, KOHIIEHTpaLii ra3iB 1 T. 1.), peecTpaTtopu (JOrrepu), Tak i pi3Hi
MPUCTPOi  OOJIIKY EHEePropecypciB - JIYWIbHUKU-AUIOKATOPH TeIia, JIYWIBHUKA CIIOKHUBAHHS
rapsuoi/Xoy0/1H01 BOJH, ra3y, enekrpoeneprii. [logioHi nmpucTpoi BUITyCKalOThCsS MacoOBO, TOMY OJHI€IO 3
KJIFOYOBHX BHMOT JO0 TaKHX TNPHUCTPOIB € TMOTpeda 3HIKEHHS COOIBAPTOCTI 3aBMASIKA CHPOIIECHHIO
KOHCTPYKIIIi Ta CKOPOUEHHIO TPUBAJIOCTI BUPOOHMYOro nukiy. Ilepen BupoOHHKaMH paiioeneKTPOHHOT
amapaTypu MOoCTa€ MUTaHHS 3a0e3MeUeHHsT BUITYCKY SIKICHOT MPOAYKIIIi, 10 rapaHTy€e BIAMOBIIHICTh YCIX
BHUMOT JI0 HAJIIHOCTI Ta TEPMiHY CITYKOH.

L{i mpucTpoi 3 METOI0 €KOHOMIT pecypcy BOYIOBAaHOTO €JIeMEHTa JKMBJICHHs (JIITIEBOT OaTapei) 3HaUHYy
YaCTUHY CTPOKY CIIy>)KOM TmepeOyBaloTh Yy pPEXUMI 3HMKEHOIO EHEProClOKMBAHHS, MEPIOAUYHO
KOPOTKOYAaCHO TEPEMHUKAIOYUCh y PEKUM AaKTHUBHOTO CHOXHUBAaHHS [UIsl BHUMIPIOBaHb 1 Nepenadi
BUMIPSIHUX JIaHUX Ha TOPIBHSHO BEJIMKI BIJICTaHI - BiJl KUIBKOX COTeHb MeTpiB 70 15 kM (y pasi
Bukopuctanas LoRaWAN). Jlns nmepenavl JaHX BUKOPUCTOBYIOTHCS MajionoTyxHi (Bix 25 mo 100 mBT)
nepenaBayi, siki IpalpTh y cyOrirarepiioBomy Aiama3oni 9actoT B 150 - 960 MI'11 (BUKOPHCTOBYIOUH
gactoth 424, 868, 915 MI', poboTa Ha SKHX HE MOTpeOye OCOOTMBUX TO3BOJIB BiJ] JEP)KaBHUX OpraHiB
KOHTPOJIO). SIK MpOTOKOIM MOXYTh 3actocoByBatucsi Wireless M-Bus, ZigBee, LoRaWAN, a Takox
PpI3H1 IpOTIpiETapHI MPOTOKOJH [2].

3 Meroro 3a0e3MeueHHs BUITYCKY MPOIYKIi, 110 BiANOBiae BUMOraM MIDKHApOJHUX CTaHAAPTIB
axocti ISO 9000, cranmapram MEK (IEC), a takox nepxkaBHuM ctanmaptam Ykpaiam - JICTVY, ycs
MPOAYKLIsl paioeIeKTPOHHOT MPOMHUCIIOBOCTI Ml 4YaCc BUTOTOBJICHHS IOBUHHA MiAJIaBaTHCA MEpPEeBipKaM,
AK1 3a0e3MeuyloTh SKHAUOUIbIIE OXOIUICHHS CKJIAJOBHX YacTHH MaiOyTHHOTO BHPOOY. 3 METOIo
MiHiMi3allil pU3KKIB MOMWIOK, BUKIMKAHUX HAsBHICTIO JIFOJCHKOTO (hakTopa, 1 yacy, 10 BUTPAYAEThCS HA
TepEeBIPKH, BC1 111 BUU KOHTPOJIIO MMOBUHHI OyTH MaKCUMaJIbHO aBTOMAaTH30BaHi.

OnTuyHMii KOHTPOJb - HAHOUIBII INIBHUIKOMIIOYMM BUJA NEPEBIPKH, ane 16 MeTOoA He Ja€ 3MOTU
TePEBIPUTH TIPAIE3IaTHICTh BCTAHOBIICHUX KOMITOHEHTIB 1 SIKICTh iXHHOTO MOHTaXY (TIalKH).

3a 0MOMOTOI0 E€JIEKTPOKOHTPOJIO0 MOXKHA MEPEBIPUTH IMpale3aTHICTh KOXKHOTO 31 BCTAHOBICHHX
KOMITIOHEHTIB, OJTHAK MOJIMBOCT1 €JICKTPOKOHTPOIIO 0OMEX)eH1 HEOOX1THICTIO HAsIBHOCTI Ha IPYyKOBaHIM
1ati BUpoOy, IO MEPeBIPSAETHCS, KOHTAKTHUX TOYOK IS MiKIIOUeHHs 30H[1B. CydacHa eNeKTpoHiKa
JTUKTY€ TIJIBHIICHI BHMOTH 10 TPAacCyBaHHS pPaaiOTPaKTy, PO3MIPIB CHTHAIBHUX JTOPDKOK, IXHBOTO
B3a€EMHOIO pO3MIIIEHHS Ta MiHiaTIOpu3alii KOMIIOHEHTIB (y KojaX paJioTpakTy MOXYTh
3aCTOCOBYBaTHUCS KOMITIOHEHTH Turopo3MmipiB 0402 1 0201). 3 ypaxyBaHHSM MiHIQTIOpHUX PO3MIpPIB
caMMX TMPHUCTPOIB, 10 MEPEBIPSIOTHCA, 1 3a3HAYCHUX BUIIE BUMOT - Y PO3POOHUKIB MOJIOHUX MPUCTPOIB
3a3BHYail (HI3UIHO HEMA€ MOXKJIMBOCTI PO3MICTUTH Ha CHTHAJIBHUX JOPDKKAX JIAHIIOTIB PalOTPAKTy
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KOHTaKTHI1 TUTOMIAJIKH 1 3a0€3MeYUTH MOXKIIUBICTD €1EKTPOKOHTPOIIIO.

OyHKIIOHATHHUNA KOHTPOJIb MOXKE MICTUTH B COO1 MpHUAOM 1 po3mm(pyBaHHS NPUHHATUX aHUX,
BUMIp S-mapameTpiB, BUMIPIOBAaHHS PiBHS CUTHANY, 110 mpuiiMaeTbes (RSSI).

Sk TmoKa3ye TpakTUKa, MPOCTOTO TMPHHOMY IMEpeJaHuX paiOKaHAIOM JaHUX HEAOCTATHBO JUIS
OJIHO3HAYHOTO BHMCHOBKY IPO BIAMOBIIHICTh SKOCTI BUTOTOBIEHHS PaliOTPaKTy yCIM BHMOTaM, IO
BUCYBAIOTHCS. BHACTITOK MOXKIIMBOTO OpaKy 3aCTOCOBAaHMX KOMIIOHEHTIB CUTHAJ, IO TIEPEAAETHCS, MOKE
OyTH 3HAYHO OCIAOJICHWH, OJHAK JaHi NMPH LBOMY MPUAMATUMYTHCS 1 JEKOIYBATUMYTHCS 3Pa3KOBUM
MpUHMAIBHUM TIPUCTPOEM, TOMY HEOOXi/THE BBEJACHHS JI0IaTKOBHX TEPEBIPOK.

[TepeBipka HUIIXOM BUMIPIOBAHHS S-IIapaMeTpiB BUMarae 3a0e3Me4eHHs] MOXKIUBOCTI MiJ'€THAHHS 10
BUXOJIy PaZiOTPaKTy BUCOKOTOYHOTO Ta BiAIOBITHO JOPOrOr0 BUMIPIOBAJILHOTO OO HAHHS (BEKTOPHHUX
aHaIi3aTOPIB TOIIO) 3aMICTh aHTEHHU, a OTKE, HAIBHOCTI B MPUCTPOI, IO MEPEeBipsI€TbCA, KOHTAKTHUX
3'€THYBaYiB JIsl TAKOTO TTi/'€THAHHS.

TakuM 4YMHOM, HAWNPHUUHATHINIMM BapiaHTOM Ui (YHKIIOHAJIBHOTO KOHTPOJIO PaXiOTPaKTy €
BUMIipIoBaHHs piBHs npuitHaToro curnaiy (RSSI - received signal strength indicator). L ¢dynkuis Hapasi
HiATPUMYEThCS aOCONIOTHOIO OUIBIIICTIO IHTETPATbHUX MIKpOCXeM MpUiMadviB 1 mpuiioMornepeaaBayis,
IO BUTOTOBJSIFOTHCA JUIS (PYHKILIOHYBaHHS B cyOrirareproBoMy niana3oni. [yns maGopaTopHOTO
BIIMpAIfOBaHHS PIICHb, IO IPYHTYIOThCS Ha BUMiproBaHHI RSSI, MokHa BUKOPHCTOBYBATH BiJIa04uHI
IUTaTH Ta TPOTpaMHI MaKeTH, sIKi Ha/JaloTh BUPOOHUKH LIMX KOMIIOHEHTIB, Hampukian, SmartRF Studio
Bix Texas Instruments [3]. ToOTo me¥ meTon mMEpeBipKH SKOCTI BUTOTOBJICHHS BUPOOIB € BITHOCHO
MIPOCTHUM, IIBUIKUM 1 MAJTOBUTPATHUM Y peaji3allii, TOMy 110 He MOTpedye Jopororo ooiajHaHH.

[eit MmeTox mossirae y BU3HAYEHH] BITHOCHOI MOTYKHOCTI IPUHHATOTO PaIiOCUTHAIY BiJ MPUCTPOIO,
0 TEPeBIPSEThCS, B yYMOBHHX OJUHMIIIX (/€Ki BHPOOHUKH YHIICETiB BHKOPUCTOBYIOTH dBm -
nenubenn-miniBatu). Pi3Hi BUpOOHWKHM YMIICETIB MPOMOHYIOTH Pi3HI Bapiamii JUCKPETHOCTI 3HAYCHHS
RSSI - Big 0 mo -100, a6o Big 0 g0 -127 Tomo. Yum Ommxde BUMipsiHE 3HadeHHA 10 0, TUM CHIBHIIINN
CUTHAJI TPUHUMAETHCS MPUMMAYEM.

OnHak 1ed MeTox MEepeBIPKU SIKOCTI TakoK Mae cBOi Heloidiku. 3HaueHHs RSSI 3anexuts Big
BIICTaHI MK TMPHUCTPOEM, IO TMEPEBIPAETHCA, 1 MPUIMAIOUOIO amapaTtyporo cTeHaa (DYHKI[IOHAIBHOTO
KOHTPOJIIO, HassBHOCTI MEPEIIKO MIXX HUMH, L0 3aBaXKAIOTh MOUIMPEHHIO PalioXBUJIb Ta MOCIAOIIOIOTH
pamiocurHai. Takosx i 9ac mepeBIpKr HEOOXITHO 3a0€3MEeUNTH TaKi YMOBH MPUHOMY, 32 SIKHUX CHTHAJ,
10 MPUIMAETHCS 3pa3KOBOIO arapaTyporo, 3HAYHO MEPEBEPIIy€E PIBEHb IIYMIB Ui KOPEKTHOTO aHANi3Yy.
MeHmo Mipol0o Ha pe3yJbTaTd BHMIPIOBaHb BIUIMBAIOTh YMOBH HAaBKOJIMIIHBOTO CEPEIOBHINA
(TeMmepaTypa Ta BOJIOTICTb HOBITPsI), sIKi Oa)KaHO BpPaxOBYBAaTH Mij 4ac aHAI3y NPUHHATUX JaHUX.

BUCHOBKM. IcHye akTyanbHa HayKOBa 3a/1a4a 11010 MEPEBIPKH SIKOCTI BUTOTOBIJICHHSI PaJlio TPAKTY
6e3nporoBux ceHcopiB loT. Meron (yHKIIOHAIBHOTO KOHTPOIIO PAio TPakTy 3a JOHOMOTOIO
BumiproBaHHs RSSI € HaiOWIbIl TpUAATHAM IS aBTOMAaTH3allli MepeBipoK, aje moTpedye
JIOOTIpAIIOBaHHs JUIsl OLHKM BIUIMBY B3a€MHOI KOHGQIrypauii MmpuUCTpOiB, BIAHOCHO OJUH OJHOTO,
BIICTaHI BiJI amapaTypd CTEHIy Ta KIIMAaTHYHUX YMOB B SIKHMX TMPOBOJUTHCS TIEPEBIpKa Ha aHami3
pe3yJIbTaTiB BUMipIOBaHb.
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Digital education integrates modern digital technologies and tools into the learning process to improve
the quality of knowledge and skills. It includes online courses, e-resources, mobile applications, cloud
platforms and social networks that simplify access to knowledge and make the learning process more
interactive and personalised. In the context of the digital transformation of society and the transition to
Industry 4.0, digital education is becoming both a convenience and a necessity. This form of education
includes all educational processes that use digital tools and platforms to support and optimise learning.
Essential components of digital education include online platforms that provide access to learning
materials anytime and anywhere, interactive tools such as virtual laboratories, simulations and VR/AR
technologies for hands-on experience, and artificial intelligence that enables personalised learning
through adaptive systems and intelligent prompts. In addition, digital education includes the acquisition
of digital literacy, which involves the development of information, communication, creativity and safety
skills.

Digital education plays a vital role in sustainable development through its ability to break down social
and geographical barriers and open access to quality knowledge for all population segments. It contributes
to a more equitable society where everyone has access to learning resources regardless of where they live,
financial means or physical limitations. One of the critical benefits of digital education is its
environmental aspect, as using digital technologies helps reduce the consumption of paper and resources
used to print materials. It also reduces the carbon footprint, eliminating the need for transport and
physical premises, which is essential for the environmental component of sustainable development.

In addition, digital education contributes to developing skills needed for the future. In an ever-

changing labour market, specialists who can work with new technologies and adapt to innovations are
required. Digital education helps develop the competencies of the 21st century: critical thinking,
creativity, data skills, digital literacy, and the ability to solve complex problems. Thus, it prepares society
to respond effectively to challenges, contributing to sustainable development.
Digital education is essential for supporting global sustainable development goals, particularly the
following UN goals: 4 (Ensure inclusive and equitable quality education and promote lifelong learning
opportunities for all), 5 (Achieve gender equality and empower all women and girls) and 10 (Reduce
inequality within and among countries) [1]. It helps to ensure access to quality education for different
groups of people, including vulnerable groups, which allows to bridge social and economic gaps. The use
of cloud technologies and artificial intelligence provides opportunities for adaptive learning, which means
that content can automatically adjust to the needs of each learner, offering individual learning paths and
increasing learning efficiency.

The European Digital Innovation Hubs (EDIH) are an essential part of the European Union's strategy
to support the digital transformation of the economy and society, focusing on the digitalisation of
education [2]. These hubs create a network of centres that help small and medium-sized enterprises,
public institutions and organisations to implement the latest digital technologies effectively. The main
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goal is to build an infrastructure that supports innovation, increases competitiveness, and promotes
sustainable development.

EDIHs promote the digital transformation of the educational process by offering a variety of training,
seminars and study programmes aimed at developing digital skills. This allows employees and students to
learn new technologies and be prepared to work in the digital economy. Modern teaching methods and
advanced technologies, such as artificial intelligence, the Internet of Things and blockchain, make the
learning process informative, interactive, and tailored to individual needs.

Hubs also support education development through cooperation with educational institutions, providing
access to laboratories and test environments where students and teachers can experiment with new
technologies. This contributes to developing competencies required for the modern labour market and
ensures the integration of innovations into the learning process. In support of small and medium-sized
enterprises, EDIH also provides specialised courses to improve digital literacy and professional training.

The European Digital Innovation Hubs network covers all EU member states, including regions with
less developed infrastructure, to guarantee equal access to digital services and educational opportunities.
The Digital Europe programme provides funding for developing this infrastructure, enabling each region
to build its academic and technological capacity. Thanks to EDIH's activities, the population's digital
literacy is growing, which is an essential factor for the sustainable development of society. This support
for the digitalisation of education helps to create a competent population that can adapt to rapid change
and actively participate in the digital economy, strengthening the EU's position as one of the world's
leaders in innovation.

The European Digital Innovation Hub (EDIH) at the National University “Zaporizhzhia Polytechnic”
is essential for developing digital education and introducing modern technologies in the region. The hub
provides a platform to support small and medium-sized enterprises, organisations and educational
institutions in digital transformation. Through partnerships with educational institutions, EDIH promotes
the development of digital skills through educational programmes, trainings and workshops that introduce
participants to the latest digital solutions and tools. One of the hub's critical activities is organising
specialised courses and seminars to improve the population's digital literacy and develop the professional
competencies required to work in the digital economy. Through advanced teaching methods, such as
modelling real-life situations and using modern software platforms, participants gain theoretical
knowledge and practical experience. In addition, the hub is actively introducing innovations such as
artificial intelligence and the Internet of Things into educational programmes, making them more adapted
to the challenges of the modern digital world.

CONCLUSIONS. The European Digital Innovation Hub in Zaporizhzhia Polytechnic contributes to
developing competencies necessary for digital transformation. It supports digital education as an essential
component of training for sustainable development of the region and the country.
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In the third decade of the 21st century, the most essential digitalization tool is mobile technology,
specifically the smartphone. Therefore, from the end of 2024, Hungary's identification, administration,
and signatures will also move to mobile. We are developing a mobile application that is accessible to all
Hungarian citizens. With the help of this central mobile app, Hungarians will be able to handle their
affairs more easily and quickly than ever before. Through the app, they can verify their identity and settle
payments to the state with a single click. One of the National Digital Citizenship Program's core
principles is that users choose whether to take advantage of the opportunities digital citizenship offers.
The National Assembly recently adopted Act CIII of 2023 on the digital state and certain rules for
providing digital services. This law entered into force on July 1, 2024; while Part V enters into force on
January 1, 2025.

In the new system, there will be two types of administrative processes: event-based, introduced by this
bill, and the other includes existing, widely used options such as the fully revamped ePapir (ePaper). The
most common cases for event-based administration involve births and vehicle ownership transfers. This
legislation enables these two types to be among the first accessible via mobile devices. Prioritizing user
experience, administration will be initiated with a single click, and the state will collect the necessary data
and documents.

With the involvement of market players, citizens can use simplified identification and digital
signatures within the central app for processes like contract signing, banking, or insurance transactions.
Besides significantly simplifying citizens' lives, digital citizenship digitalizes state operations, providing a
competitive edge to all sectors of the Hungarian economy.

The goal is to establish a new statutory-level regulation to support the implementation of the National
Digital Citizenship Program, laying down essential rules related to state digitalization, digital service
provision, and service usage in the digital space. This aims to offer citizens simple, convenient, and
efficient online services. The law introduces and regulates digital citizenship, prioritizing digitally
supported administration and services, promoting technological advancement and digital transformation,
and enhancing interactions between citizens and the government in the digital space. The main objectives
and provisions are as follows:

e Broad Digital Services: Provides citizens access to various digital services, including online
identification and signatures, secure electronic communication and document management, and online
payment systems.

e Optimization and Digitalization: Promotes the digitalization and optimization of state services to
enhance efficiency and better serve society.

e Mobile-Friendly Approach: Prioritizes administration via mobile phones and other portable
devices, allowing citizens to access needed services anytime, anywhere.

e Unified Digital Administration: Defines the framework of digital citizenship, regulates the
provision of digital services, and establishes obligations for participating organizations.

e Data Usage and Cooperation: Supports the public use of data available in state registers and
fosters cooperation among state bodies.

e Digital Private Transactions: Facilitates the digital handling of private legal relationships,
modernizing legal processes and transactions.

According to Article XXVI of Hungary's Fundamental Law, the state strives to apply new technical
solutions and scientific advancements. This emphasizes the state's role as a service provider by ensuring it
keeps pace with technological advancements, leveraging new technical solutions and scientific
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developments to improve efficiency and the quality of public services. This law replaces the Electronic
Administration Act (E-Administration Act), a milestone in Hungary's e-government development.
However, lawmakers have recognized that advancing information and communication technologies
fundamentally transforms our lives, necessitating a renewed regulatory environment capable of adapting
to rapid social and technological changes.

The law aims to create a portable device-optimized framework in the digital space that provides a
unified interface and consistent logic for a wide range of value-added digital services, both state-linked
and non-state-linked. It offers essential services like e-Identification, e-Signature, e-Post, e-Document
Management, and e-Payment through a government-designated digital citizenship service provider.

To ensure unified service access, the law establishes a unique and permanent identifier (referred to as a
digital citizenship identifier) for individuals listed in the personal and address registry, aligning with
ongoing EU regulatory preparations. This identifier significantly simplifies daily administration by
relieving citizens of the need to provide their data during each transaction repeatedly. Digital interaction
with the state will primarily be conducted through a user profile created with the digital citizenship
identifier, with users free to activate or deactivate this profile at will. The law also paves the way for a
digital personal data wallet, which, beyond storing citizens' documents and personal information, will be
able to verify various attributes (e.g., age) and entitlements in the future. The law shifts away from "case"
and "case management" as central concepts, redefining these within the broader digital services
framework. It prioritizes integrated, life event-based case management, establishing a life event registry.
The paradigm shift in life event-based administration focuses not on administration or official cases but
on the client and the specific life event to be addressed. A novel aspect of the law dedicates a section to
organizations—termed "organizations mandated to provide digital services"—that are required to ensure
the use of e-Identification and e-Signature services as part of the unified administration. Public utility
providers will continue to be subject to existing obligations.
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