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MOBILE ROBOTS AND AUTONOMOUS VEHICLES IN THE MOBILITY AS A SERVICE
(MAAS) CONCEPT

Vladyslav Yevsieiev

Kharkiv National University of Radio Electronics

Ukraine, 61166, Kharkiv, Nauky av., 14

E-mail: vladyslav.yevsieiev@nure.ua

Annotation: The development of autonomous vehicles and mobile robots plays a key role in the
concept of Mobility as a Service (MaaS), which aims to integrate various transport solutions into a
single digital ecosystem. The use of artificial intelligence, the Internet of Things (IoT) and cyber-
physical systems allows for effective urban transport management, congestion reduction and resource
optimization. The article examines the technological aspects of the development of autonomous
mobile systems within MaaS, their advantages and implementation challenges. The impact of
autonomous transport on the sustainability of urban ecosystems, environmental aspects and prospects
for integration into modern cities are analyzed.

Keywords: mobile robots, autonomous vehicles, Mobility as a Service, urban mobility, artificial
intelligence, transport automation.

Modern urban processes require radical changes in approaches to the organization of transport
infrastructure. The growth of the number of vehicles leads to environmental problems, congestion
and inefficient use of resources. In this context, the concept of Mobility as a Service (MaaS) acquires
particular importance, as it involves the integration of various transport solutions into a single
platform based on digital technologies. The development of mobile robots and autonomous vehicles
allows to significantly increase the efficiency of urban mobility, reduce the impact of the human
factor on road safety and reduce CO2 emissions. The introduction of cyber-physical systems and
artificial intelligence in the transport sector opens up opportunities for the creation of intelligent
routes, adaptive control systems and decentralized flow management. In addition, autonomous
vehicles can be integrated with environmentally friendly energy sources, which contributes to the
development of sustainable transport. The paper considers technological approaches to the
implementation of MaaS, the challenges of introducing autonomous transport in urban conditions and
the prospects for the development of this concept.

Mobility as a Service (MaaS) is a modern concept that involves the integration of various modes
of transport into a single digital platform to ensure continuous and efficient mobility. The key
element of such an ecosystem are autonomous vehicles (AVs) and mobile robots that are capable of
independently performing the functions of transporting passengers and goods. Innovative solutions
such as machine learning, cloud computing and blockchain allow for the creation of smart transport
networks that adapt to the current needs of users.

One of the main advantages of using AVs in MaaS is the reduction of transport costs and
improvement of the accessibility of public transport. Autonomous vehicles can operate on-demand,
that is, at the request of users, which allows to significantly reduce the number of private cars and
optimize the use of road infrastructure. In addition, thanks to demand forecasting systems and Big
Data analysis, MaaS can effectively manage transport flows, preventing congestion and ensuring
rational allocation of resources.

Mobile robots that perform the functions of autonomous delivery of goods are also an important
component of MaaS. Such solutions are actively used in the field of logistics, for example, for the
delivery of food, medicines or goods within the city. The use of robotic platforms for transporting
goods allows you to reduce logistics costs, increase delivery speed and minimize the impact of the
human factor. In addition, autonomous mobile robots can be integrated with urban infrastructure
systems, including road markings, smart traffic lights and traffic control systems.

“Sustainable smart cities and communities: business and innovation solutions” (SSC&C2025) 7



Despite the significant potential of ATR and mobile robots in MaaS, there are certain challenges to
their implementation. In particular, it is necessary to ensure the reliability and safety of autonomous
systems, develop effective decision-making algorithms in complex situations, and also take into
account the legal and ethical aspects of the operation of such technologies. An additional important
problem is standardization and interaction between various participants in the MaaS ecosystem, since
for effective functioning it is necessary to ensure the compatibility of digital platforms, sensors and
communication protocols.

The prospects for the development of MaaS in combination with autonomous transport include the
widespread use of V2X (Vehicle-to-Everything) technologies, which allow ATC to interact with each
other and with the infrastructure. This contributes to increasing road safety, minimizing accidents and
reducing delays in traffic flows. In addition, the development of alternative energy sources for
autonomous transport, such as hydrogen energy and new generation battery systems, can significantly
increase the environmental efficiency of MaaS solutions.

CONCLUSIONS. The concept of Mobility as a Service is a promising direction for the
development of urban transport, combining autonomous vehicles, mobile robots and digital platforms
to ensure sustainable mobility. The use of ATC in MaaS contributes to the optimization of urban
transport flows, reducing congestion and reducing the environmental load. At the same time, the
integration of mobile robots into logistics processes allows to increase the efficiency of goods
delivery and reduce operating costs. Despite numerous advantages, the implementation of MaaS
faces technical, regulatory and security challenges that require further research and development of
innovative solutions. Further development of VV2X technologies, artificial intelligence and renewable
energy sources will contribute to the widespread implementation of MaaS in smart cities of the
future.
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AUTOMATION OF URBAN INFRASTRUCTURE BASED ON PREDICTIVE
MAINTENANCE AND loT

Svitlana Starykova

Kharkiv lyceum 178

Ukraine, 61105 Kharkiv, Monushka str., 1

E-mail: svetlanastarykova@gmail.com

Abstract: Modern cities face challenges related to the operation and maintenance of critical
infrastructure, including transport networks, energy systems and water supply facilities. The use of
Predictive Maintenance technologies in combination with the Internet of Things (loT) allows
ensuring the uninterrupted operation of urban systems, increasing resource efficiency and reducing
repair and maintenance costs. The article discusses the concept of Predictive Maintenance for urban
infrastructure, the principles of its implementation and the impact on the sustainability of urban
development.

Keywords: Predictive Maintenance, loT, urban infrastructure, automation, Smart City, digital
transformation.

With the development of the concept of "smart cities”, the automation of urban infrastructure is
gaining particular importance, which contributes to the efficient use of resources and an increase in
the level of comfort of residents. Traditional methods of servicing urban systems are often reactive,
which leads to unplanned downtime, significant financial costs and even threats to public safety. The
use of Predictive Maintenance allows you to monitor the condition of urban facilities in real time,
predict possible malfunctions and prevent their occurrence. Combining this technology with loT
provides flexibility in management and integration of various urban services into a single digital
ecosystem. In the context of growing urbanization and the need to reduce the negative impact on the
environment, automated infrastructure management is becoming a key factor in sustainable urban
development.

Predictive Maintenance technology is based on the use of 10T sensor networks to collect data on
the condition of urban facilities and the application of machine learning and artificial intelligence
algorithms to analyze the information obtained. In urban infrastructure, this concept can be applied in
various areas, including the management of transport networks, monitoring the condition of road
surfaces, optimizing the operation of lighting systems and energy supply.

One of the key elements of the implementation of Predictive Maintenance is the integration of
sensors and 10T devices into critical infrastructure facilities. For example, smart sensors in water
supply systems can monitor pressure, leaks and water pollution levels, transmitting this data to a
single control center. Similarly, in transport infrastructure, sensors placed on roads and bridges can
monitor vibrations, loads and the level of wear of the surface, allowing to prevent emergencies and
carry out maintenance in advance.

The use of 10T in Predictive Maintenance involves the use of analytical platforms that process
large amounts of data and perform automatic analysis of trends and patterns. For example, artificial
intelligence systems can predict the probability of elevator failure in multi-story buildings or detect
overloads in power supply systems. This allows utilities to quickly respond to potential problems,
reducing the cost of emergency repairs and increasing the reliability of urban systems.

One of the advantages of Predictive Maintenance is the reduction of the human factor in
infrastructure maintenance. Automated systems can operate continuously, monitoring and controlling
the condition of objects in real time. This allows not only to optimize maintenance costs, but also to
reduce the negative impact of urban infrastructure on the environment. For example, effective
management of urban power grids helps reduce energy consumption, and timely maintenance of
sewage systems helps prevent water pollution.
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However, the widespread implementation of Predictive Maintenance requires addressing a number
of technical and organizational issues. The main challenges include security and data protection, as
attackers may try to gain access to critical city systems. Also important are issues of technology
compatibility, standardization of data exchange protocols, and the economic feasibility of integrating
l0T solutions into existing city infrastructure.

CONCLUSIONS. Automation of urban infrastructure based on Predictive Maintenance and 10T is
a promising direction for the development of smart cities. The use of advanced technologies for
analyzing and predicting the state of critical urban facilities allows to increase the efficiency of
resource management, minimize emergency situations and improve the quality of life of residents.
Despite a number of challenges associated with the implementation of these technologies, the
advantages of their use are obvious. Further research in the field of Predictive Maintenance will allow
to improve forecasting algorithms, ensure a high level of reliability of urban systems and contribute
to the sustainable development of modern megacities.
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DEVELOPMENT OF AN AUTOMATED SYSTEM FOR THE TECHNOLOGICAL
PROCESSES OF A "CONCRETE PLANT" (A COMPANY FOR THE PRODUCTION OF
CONSTRUCTION COMPONENTS).

Oleksii Fomin
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Annotation: This work presents the development of an automated system for a concrete plant,
which includes the development of control system software to optimize the processes of mixing,
transportation, and storage of concrete mixtures. The effectiveness of the proposed system has been
studied and analyzed in terms of quality control of technological processes, reporting on the
operations of concrete mixers, and calculating the materials used. The results obtained can be useful
for engineers and developers in the field of production process automation.

Key words: Automated system, software, concrete plant server, control system, process
optimization, quality control, reporting, concrete mixer, production materials, automation.

In the current conditions of industrial development, automation of technological processes has
become one of the key factors in improving production efficiency and reducing costs. Concrete
plants, which specialize in the production of various types of concrete mixtures, constantly face
numerous challenges related to optimizing production processes, ensuring high product quality, and
reducing resource consumption. This includes issues related to equipment management, material and
product quality control, as well as the efficient use of energy and labor resources. Automation of
technological processes at a concrete plant is an important step not only for increasing overall
production productivity but also for achieving significant reductions in energy costs and labor
intensity, which in turn helps to substantially lower the cost of the finished product. Furthermore, an
automated system allows for detailed control over material usage throughout the entire production
cycle—from the manufacturing stage to the storage and delivery of finished mixtures to end
consumers.

The project was implemented using a number of advanced technologies, including PHP, React.js,
Python, and MySQL. PHP handles the server-side part of the system, request processing, and
interaction with the database. React.js is used to create an interactive user interface that ensures fast
and convenient interaction with the web application. Python is responsible for acting as an
intermediary between the server and the control panel, forming statuses, ttns, and so on. MySQL is
used to store and manipulate data, providing a reliable and scalable database for storing all necessary
information. The MQTT protocol is used to ensure secure and fast communication between systems,
especially for interacting with control panels and other devices in real time.

An important element of the project is the use of advanced visualization technologies that allow
the creation of dynamic and interactive graphical interfaces. These technologies make it possible to
effectively display data, providing users with clear and understandable representations of information
in the form of graphs, charts, and other visual information, which helps in decision-making and
process optimization.

The development of an automated system for the concrete plant will include the creation of
software for quality control, raw material usage, and reporting. By implementing such innovative
approaches, production will not only be faster and more productive but also capable of providing
accurate reports on the materials used, the status of the automated mixers, and the quality level of the
product at each stage of production. The main goal of this qualification work is to develop a system
that ensures effective control over the quality of technological processes at the plant, automates the
storage of data on the materials used, and allows for the rapid generation of reports on the operation
of technological equipment, significantly simplifying managerial tasks.
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Additionally, the implementation of this automated system will enable the integration of real-
time data analysis and predictive maintenance. By constantly monitoring the performance of
equipment and material consumption, the system will be able to predict potential malfunctions or
inefficiencies before they occur, allowing for proactive interventions. This predictive approach will
not only prevent downtime but also extend the lifespan of the plant's equipment. Moreover, the
integration of data analytics will provide valuable insights into production trends, enabling
management to make informed decisions that further optimize processes and reduce costs. This
holistic approach to automation will ensure that the plant remains competitive and capable of meeting
increasing demands while maintaining high operational standards.

Thus, the development of an automated system for technological processes at a concrete plant is
an extremely important and relevant task that contributes to improving production efficiency,
enhancing product quality, and significantly reducing costs at all stages of the production cycle. The
implementation of such technologies will have a major impact on optimizing all processes, making
production more flexible and stable. This will be an important step towards modernizing concrete
plants and significantly improving their competitiveness in the market, allowing companies to adapt
to changes in the external environment and market demands, increasing their resilience to economic
fluctuations and technological challenges.

CONCLUSIONS. Automation of concrete plant processes increases efficiency, reduces costs,
and ensures quality control. Implementing a management system optimizes production and material
accounting, contributing to cost reduction and productivity growth.
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The modern development of automated process control systems requires high-performance
computing using open compilers and integrated development environments. Open software tools
allow you to avoid licensing restrictions, reduce the costs of implementing new technologies, and
ensure technological independence.

Using commercial development environments is often associated with significant financial costs,
vendor lock-in, and limited customization. In contrast, free IDEs such as Code::Blocks, Eclipse,
Visual Studio Code, and Geany offer a wide range of tools for programming, testing, and debugging
without the need to purchase expensive licenses.

The purpose of the work is to study existing open development environments and analyze their
effectiveness in the field of HPC for automated systems within the framework of the "smart city"
concept.

The research was conducted by conducting a comparative analysis of development environments
in terms of performance, integration capabilities, and flexibility for learning and development. The
study includes an analysis of IDE functionality and their extensibility using plugins.

Based on the analysis, the main characteristics of the development environments were determined
(Table 1).

Table 1 — Comparative characteristics of development environments.

.. Code:: . Visual Studio Jet_Brains
Characteristic | Eclipse VS Code Geany o IntelliJ IDEA
Blocks (KoMeplIiiiHe) o
(komepiiiiine)
License Free Free Free Free Paid Paid
Programming / Java, JavaShcrlpt, C, C++, C#, C++, Java, Kotlin,
languages CiC++ Ci+, Python, Python Python Python
Python C++
Productivity Low High Middle Low High High
Integration
With Version | iited | Builtin | Built-in Low Built-in Built-in
control
systems
EXtension | | imited | Wide Wide Limited Wide Wide
possibilities
Price Free Free Free Free From $45/mn | From $149/an
Owner None None Partly None Full Full
dependency
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A comparison of existing solutions was also conducted, the results are recorded in Table 2.

Table 2 — Comparative analysis of existing solutions.

Characteristic Free IDE (Eclipse, VS Code) Commercial IDE (VS,1J)
Price Free From $100/an
Flexibility Open source, modifications Limited extention
Functionality Large set of plugins, limitations | Premium tools, integration with CI/CD
Performance Lighter, faster, more productive Performance-dependent
Support Developer community, forums Official technical support
Dependency Complete independence Owner dependency

The result of the comparison of existing commercial solutions is recorded in Table 3.

Table 3 — Comparison of commercial solutions

Name Owner Languages Price 2024
VS Microsoft C#, C++, Python, JS $45-$250/monthly (Pro, Enterprise)
1J JetBrains Java, KOTSn’ Python, $249/ann (Personal), $599/ann(Enterprise)
PyCharm | JetBrains Python $99/year (Personal), $249/year (Enterprise)
CLion JetBrains C, C++ $199/ann (Personal), $549/ann (Enterprise)
MATLAB | MathWorks MATLAB $860 base version + supplements

CONCLUSIONS: The results of the study confirm that the use of free IDEs is an effective
solution for developing automated systems in smart cities, as they provide high performance,
scalability, and vendor independence.

The results obtained can be used to select the optimal development environment in educational
institutions and research projects related to the automation of technological processes.
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Anomauin: Y poOOTiI pO3rIAIAIOThCS THTEIEKTYalIbHI CHCTEMH MIATPUMKHU MPHUUHATTS pillleHb
(ICTIP) mms onTmmizamii MIKpOKIiMary B NMPOMHCIOBHX yMmoBax. ONUCaHO OCHOBHI KOMIIOHEHTH
ICIIP, 30KkpeMa eKCIEpPTHI CHCTEMH, HEHPOHHI Mepexi, aJIrOpUTMU ONTHUMI3alii Ta Mojeni
MIPOrHO3YBAHHS, a TAaKOX IX 3aCTOCYBaHHS B YIPaBJIiHHI IapaMeTpaMu TEMIEpaTypu Ta BOJOIOCTI.
OcobnuBa yBara mnpuauieHa iHTerpamii l0T TexHosOriM Uii MOHITOPUHTY Ta KOpPWUTYBaHHS
MIKPOKJIIMATy B pPEaJIbHOMY 4Yacl, IO CIPHUSE IMIBUIICHHIO €HEproeeKTUBHOCTI Ta CTaOUIBHOCTI
BUpOOHMYMX TpoueciB. OOroBoprOIOTHCS METOAM peanmi3alii TakKuX CHUCTEM 3 YpaxyBaHHSIM
CHEelU(pIYHUX YMOB KOKHOTO HIANPUEMCTBA, a TAKOX BAXKIMBICTH KiOepOe3neku Ta MEeTOJO0JIOTiH
DevOps i Agile mis 3abe3nedeHHs HaIIHHOCTI Ta Oe3MePEPBHOTO PO3BUTKY CHCTEM.

Knrouoegi cnoea: InrenexryanbHl CUCTEMH, MIATPUMKA IPUWHATTS pillieHb, MIKpOKJIiMaT, 10T.

[HTEeNnekTyanbHi CUCTEMH MIATPUMKH TNPUHHATTS pIlIeHb — 1€ KOMI'IOTEPHI CHUCTEMH, IO
BUKOPUCTOBYIOTh METOJIM ILITYYHOI'O IHTEJEKTY JUIsl JIOMOMOIHM JIIOJUHI B TMpoLeci MNPUHHATTS
CKJIaIHUX pILIEHb, 3a3BUYAll y CUTYyalisix, e MOTpiOHO 0OpoONATH Benuki oOcAru iHopmamii Ta
BpaxoByBaTu uucieHHi 3MiHHI ¢aktopu. ICIIP 371aTHI aHani3yBaTH AaHi, MPOrHO3YBAaTH HACIHIJIKU
MOXJIMBUX pIIIEHb Ta HaJaBaTH peKoMeHAalii abo HaBiTh aBTOHOMHO MpuilmMaTu pimieHHs. B
tabmuii 1.1 omucani ocuoBHi ckmamosi ICTIP [1].

Taomuis 1.1 OcuoBHi cxitaxosi ICITP.

HaitmenyBanHs

Ormrc cucreMu Tlimxin [Tpukman
CHCTEMHU
. Bupiienss 3aBIaHb KepyBaHHS
Cucremu, 1o iMmiTyloTh | BuxkopuctoByrors mpasuna | . .
. . " " MIKpPOKJIIMaTOM 3a JOIIOMOI'OI0
Excnepthi mporec HNPUNAHATTS | THUILY SIKILO-TO", 110
. . | mpaBun I HaJAITyBaHHA
CHCTEMH pilleHb eKcrepTaMH 3a | BU3HA4YarOTh Jii Ha OCHOBI . .
. . TEMIIEpaTypyd 1 BOJOIOCTI Ha
JOIOMOTor0 0a3 3HaHb. | aHaII3y BXIOHUX JAHUX. . .. )
OCHOBI 30BHINTHIX (haKTOPIB.
Maremaruyni  mogzeni, | HaBgatotecst Ha  OCHOBI .
. . IIporuo3yBaHHs 3MIH
. . sKI ~ HABYaIOThCS  HA | ICTOPHYHUX TaHUX, .
Heiiponni . . Temreparypu abo BOJIOTOCTI B
. OCHOBI  JaHWX Ui | KOPUI'YIOUHU CBOi ITapaMeTpu . :
Mepexi CepeoBHILI Ha OCHOBI
BUSBJICHHS  CKJIQJHUX | [UI1 JOCATHEHHS TOYHHX | .
. - . ICTOPUYHHX JTaHUX.
3aKOHOMIpHOCTEH. PE3yNbTaTIB.
BukopucroByrors meroau, | Ilomryk ONTUMAaNbHUX
Mertonu ans TOWIYKY | Taki K JiHifHE | mapameTpiB TeMmepaTypu Ta
AnroputMu HalKpamux BapiaHTiB | IpOTpaMyBaHHS, TEHETHYHI | BOJOTOCTI [Uis 3a0e3reueHHs
OITAMIi3aIii pIIEGHHS B  yMOBax | alrOPUTMH, U | eHeproeeKTUBHOCTI pu
00OMEXeHb 1 PecypciB. JOCSITHEHHSI ONTUMAJIBHOTO | CTaOUIBHUX yMOBax
pITICHHSI. BHPOOHHYOTO IIPOIIECY.
Mogneni, mo | BuxopucroBytots  wacosi | IIporHosyBanus 3MiH
Mo BHKOPHUCTOBYIOTBCSI [UIS | PSIU Ta iHIN CTATUCTHYHI | TeMmmepaTypu abo BOJIOTOCTI B
DOIHO3VEANS nepeadayeHHs METOAM UIsl IPOTHO3YBaHHs | HACTYNHI TOAMHM a00 OHI IS
P B MaiiOyTHIX pe3yJbTaTiB | HA  OCHOBI  ICTOPHMYHHUX | KOPUT'YBaHHS YIIpaBIiHHS
Ha OCHOBI JaHUX. TaHUX. MIKPOKJIIMAaTOM.

Peanizanig B mpoMHCIOBUX yMoBax. Peanizallis iHTEIEKTyallbHUX CUCTEM HIATPUMKH NPUHHSATTS
pillieHp A7 onTHMi3amii MIKpOKJIIMaTy B IPOMHUCIOBUX yMOBax MoTpeOye iHTerpauii CydacHHX
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TeXHONOTiH, 30kpema IHTepHery peueit (IoT), siki aKTUBHO 3aCTOCOBYIOTHCS JUIsl aBTOMATH3aIlil
BUpoOHMYMX npoueciB. Texnounoriga [oT no3Bonsie minkaO4aTH 10 CUCTEMH YHCICHHI CEHCOpPH Ta
MPUCTPOI, IO A€ 3MOTY 3JIHCHIOBATH MOHITOPMHI Ta KEpyBaHHS IapamMeTpamMyd MIKpOKIIMAaTy B
peanbHOMY Haci [2].

3aBnsiku 3actocyBaHHIO [oT-cucTem, sIKi BKIIIOYAIOTh TATYMKU TEMIIEPATypH, BOJIOTOCTI Ta iHIII
MOKAa3HUKH, MOYJIMBO aBTOMAaTHYHO KOPUTYBAaTH YMOBH HAaBKOJIMIIHBOTO CepeAoBHINA. 30ip Ta
aHaJli3 JaHUX 13 CEHCOPIB B peabHOMY 4Yaci JO3BOJISI€ BHSIBJISITH TCHJICHIII1, 110 BHHUKAIOTH, Ta
OIIEpPaTUBHO pearyBaTu Ha 3MiHM. Lle crpuse miaTpuMmIil ONTUMAIBHUX YMOB JJISI TEXHOJOTTYHHX
MIPOIIECIB 1 3HIKYE CHEPreTHYHI BUTPATH.

VY mpomneci peamizamii ICIIP B mpoMUCIIOBHX yMOBax Ba)KIIMBUM € BUKOPHCTAaHHS METOJIOJIOTIH,
takux sk DevOps Ta Agile, axi 3a0e3nedyytoTh CTaOUIBHICTh Ta €()EKTUBHICTH PO3POOKH Ta
CyIpoBOJy Takux cucteM. Meronororiss DevOps 103BoJisie aBTOMAaTH3yBaTH MPOLECH JOCTAaBKH Ta
TECTYBaHHsS INPOTrpaMHOro 3a0e3MedeHHs, 110 3abe3nedye Oe3lepepBHE OHOBIIEHHS CHCTEMHU Ta
3HIKEHHS pU3HMKy 30010 11 pobotu. lle € ocobmBo BaxnuBuM mst loT-cuctem y mpomMucioBux
yMOBax, Jie HenepeaoauyBaHi 3001 MOXKYTh IPU3BECTH IO 3HAUHUX BTpaT.

TakoX BaOXIIMBUM acTEKTOM € 3a0e3MedeHHs Ki0epOe3neK Ta 3aXUCTy NaHUX Y TaKUX CHCTEMaXx.
3pocTaHHs KUIBKOCTI MIAKIIOUEHUX MPUCTPOIB BUMAarae MoCTIHHOrO KOHTPOJIIO 3a O€3MEeK0I0 JaHuX,
10 o6poossitoThes. [Ipaktuku DevOps goromMararoTs IHTETpYBaTH OHOBJIEHHSI O€3MEKH Ta 3aXUCT BifT
Ki0ep3arpo3 y npoiiecu po3poOku Ta excruryaTanii loT-cucrem.

Peamizariiss Takux CHCTEM BHUMAara€ TaKOX TIOCTIHHOTO MOHITOPMHTY Ta CYNpPOBOAY, IO
3abe3nedye ix cTabuTbHY Ta €)EeKTUBHY POOOTY MPOTATOM BCHOTO ITUKITY KUTTS CUCTEMH. [HTErparis
0T y mpomHCIOBICTh J03BOJISIE HE JIMIIE ONTHUMI3YBAaTH BHUPOOHWYI IMpOLiECH, aje | MiJABUIIUTH
3arajibHy MPOIYKTUBHICTh Ta €HEProe(DEKTUBHICTD.

Jnst yemimuoi  peanizamii ICIIP B mpoMuCIOBHX yMOBax BaXJIMBO TaKOX BPaxOBYBaTH
crenudiuHi yMOBH KOXXHOTO ITANMPUEMCTBA, 30KpeMa pi3HI TEMIEpaTypHi [iara3oHM Ta 1HIII
(dakTopu, 1110 MOXKYTh BITUBaTH Ha MikpokiaiMat. ICTIP MoxyTh 311liCHIOBATH KOPEKIIIIO TTapamMeTpiB
MIKpPOKJIIMaTy B aBTOMAaTUYHOMY DPEXKHMi, 3 ypaxyBaHHSM 3MiH 30BHINIHIX yMOB, IO 3a0e3mnedye
CTablIBHICTH BUPOOHUIOrO MPOIIECY Ta MiHIMI3y€e pu3uku [3].

BUCHOBKMU. ICIIP edekTMBHO ONTUMI3ZYIOTh MIKPOKIIMAT y TPOMHUCIOBUX YMOBAax,
BHKOPHUCTOBYIOUM TexHOJorii 10T, HeHpOHHI Mepexi, eKCIIEPTHI CUCTEMHU Ta arOPUTMHU ONTUMI3AIlil
JUIs aBTOMAaTMYHOTO KOPUTYBaHHS mapameTpiB cepenoBumia. lLle 703Bojisie  MmOKpamuTa
eHeproe(eKTUBHICTh, 3a0€3MEeUNTH CTAaOLIBHICT BUPOOHWYMX NIPOIECIB 1 3HM)KYBATH BUTpPATH.
BpaxyBanHs crienugiyHIX YMOB KOXKHOTO MIIPUEMCTBA Ta iHTEerpaiis metoaooriid DevOps 1 Agile
CHpUSIOTH CTa0UIBHIA pPOOOTI Ta Oe3meli TakuxX CHCTeM, IO IMiJBHINYE iX e(EeKTHBHICTh Ta
HaJIHHICTh Y TPOMHCIIOBOMY CEPEIOBHIIII.
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Annotation: In this paper, considers modern approaches to solving the problems of tracking
objects in collaborative robotic systems using intelligent algorithms. Special attention is paid to the
use of the CAMShift algorithm and the Kalman filter, which are actively used to track the dynamics
of object movement in various environments. The principles of operation of both methods, their
advantages and disadvantages, as well as the possibilities of integration into collaborative robotics
systems are analyzed. The article also contains a comparative table that summarizes the key
characteristics of the algorithms and contains reflections on the prospects for their use in real-time
conditions.

Key words: Industry 5.0, CAMShift, Kalman filter, cobot

Modern robotics is developing rapidly, and one of the important tasks is to ensure autonomous
tracking of objects in a dynamic environment. With the development of collaborative robotic
systems, where humans and robots work together, the need for accurate and fast-tracking algorithms
is growing, allowing robots to respond in a timely manner to changes in the position of objects and
adjust their activities. Among the many proposed methods, the CAMShift algorithm and the Kalman
filter stand out. Both methods have their own specific features, which makes them appropriate for
different application scenarios.

The purpose of this article is to provide a detailed analysis of the principles of CAMShift and
Kalman filter operation, consider their application in collaborative robotic systems, and evaluate their
effectiveness in various operating conditions. The discussion will focus on technical aspects that
allow us to understand the advantages of each algorithm, as well as possible directions for their
further integration into complex automatic control systems.

Intelligent tracking algorithms are an integral part of modern robotic systems, as they enable
robots to recognize and track moving objects in real time. Among the numerous approaches to
solving this problem, CAMShift and the Kalman filter occupy a special place due to their flexibility
and high adaptability.

The CAMShift algorithm is based on the analysis of the color histogram of an object, which
allows you to determine its location in the video stream. The main idea of the algorithm is to
iteratively search for the center of gravity in the region of interest using the Mean Shift method, after
which the size of the region is automatically adjusted according to changes in the object. This
approach allows you to effectively track objects that undergo deformations or changes in size, which
is important in real-time conditions, when work takes place in an unpredictable environment.

The Kalman filter is a mathematical tool for estimating the state of a system, based on a linear
dynamic model. Its application is to predict the future position of an object, taking into account
measurements that may contain noise. Due to its recursive nature, the Kalman filter allows for real-
time estimations with high accuracy, which makes it indispensable for tasks of automatic control of
robot motion in complex operating conditions.

Applications in collaborative robotic systems. Collaborative robotic systems involve close
interaction between humans and robots, requiring extremely high accuracy in tracking objects and
predicting their motion. In such systems, tracking algorithms are used to control manipulators,
coordinate motion, and avoid collisions.

When using CAMShift, the main advantage is the system's ability to adapt to changes in the
appearance of the object. For example, when the robot is working in conditions of changing lighting
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or in the presence of partial obscurations, CAMShift is able to quickly adjust the size of the region of
interest, while maintaining tracking stability. This characteristic is especially important when
performing tasks that require high flexibility, such as sorting objects on conveyor lines or in
environments with unpredictable changes in parameters.

The Kalman filter, on the other hand, is notable for its ability to predict the trajectory of an
object's movement. This allows not only to accurately determine the current position, but also to
predict future positions, which is critically important for systems where data processing delay can
negatively affect safety and efficiency. For example, in robotic systems operating in a shared space
with a human, the ability to predict movement in advance allows you to avoid potential collisions and

optimize movement routes.

Comparative analysis of CAMShift and Kalman filter. Both algorithms have their own
characteristics that affect their application in different conditions. A comparison of the main
characteristics of the algorithms is presented in Table 1.

Table 1 — Main characteristics of the algorithms.

Characteristic

CAMShift

Kalman filter

Working principle

Adaptive color histogram analysis,
using the Mean Shift algorithm to
determine the center of the object

Recursive system state estimation,
forecasting based on linear dynamic
model

Flexibility to
object changes

High adaptability to changes in object
size and shape

Focused on prediction, less adaptive
to sudden changes

Noise resistance

Can be sensitive to changes in lighting
conditions

High stability thanks to mathematical
prediction model

Real-time

Suitable for tasks with high data
refresh rates, but may lag under
complex conditions

Provides stable real-time operation,
even under conditions of high
measurement inaccuracy

Resource usage

Relatively easy to implement, does not
require much computing power

May require more resources to
calculate predictions, especially in

the case of nonlinear systems

This table clearly shows that the choice of algorithm depends on the specific requirements of the
task. In situations where adaptability to visual changes is important, CAMShift may be preferred. If
the main task is accurate trajectory prediction in conditions of high noise level, it is more appropriate
to use the Kalman filter.

One of the key trends in modern robotics is the integration of multiple tracking algorithms to
achieve greater accuracy and adaptability. The use of a combination of CAMShift and the Kalman
filter allows solving typical problems of individual methods. For example, the preliminary estimate of
the object position using CAMShift can be corrected using the prediction performed by the Kalman
filter. This approach provides both a fast response of the system and its resistance to sudden changes
and noise.

In practical applications of these algorithms, parameter settings play an important role. When
using CAMShift, it is necessary to take into account the color histogram parameters, as well as
environmental conditions, such as lighting and contrast. The Kalman filter requires an accurate
definition of the object's motion model, which may include not only linear but also nonlinear aspects.
Therefore, the integration of algorithms requires both a preliminary analysis of the system
characteristics and a constant adaptation of the algorithms to changes in the working environment.

An important area of research is the application of combined algorithms in real-time. Modern
collaborative robotic systems often operate in unpredictable conditions, where every millisecond can
be crucial for safety and efficiency. The use of intelligent tracking algorithms makes it possible to
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optimize robot movement routes, quickly respond to changes in the situation and ensure high system
performance. In practice, this can mean both improved production lines and increased safety in
workplaces where people and robots coexist.

Experience in implementing such algorithms in various industries demonstrates that the optimal
combination of CAMShift and the Kalman filter helps reduce the number of false positives of the
system, and also allows you to reduce the reaction time to changes in the environment. Despite the
fact that each of the algorithms has its limitations, their combined use allows you to obtain a more
comprehensive solution that can take into account both the visual features of the object and the
mathematical model of its movement.

CONCLUSIONS.As a result of the analysis, it can be concluded that the combined use of both
algorithms allows to significantly improve the quality of tracking in robotic systems, reducing the
number of false positives and optimizing the decision-making process in real time. The integration of
these methods into collaborative robotics systems opens up new opportunities for increasing the level
of safety, productivity and flexibility of production processes. The use of modern artificial
intelligence technologies, combining different approaches to signal processing, allows to create
systems that are able to adapt to constantly changing conditions and effectively cooperate with
humans.
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Anomauin: Y il po6oti posrasgaerbes moToyHui crtaH €C 3 00JIKOM PO3MOMUICHUX BTpAT
Teruia B 0araTOKBapTHPHHUX JKUTIOBUX OyJMHKaX, HOro BIUIMB HA €HEPTro30€pEeKEHHS Ta 3HUKCHHS
BukuaiB CO, mepeBaru Ta HEOOJIKH Pi3HUX MeToniB 00miKy. IIpoaHami3oBaHO cydyacHi TEHIEHIIil
noOy/I0OBH aBTOMATH30BAHUX CHCTEM OONIKY 3 BHKOPHCTAaHHSIM O€3ApOTOBHX TEXHOJIOTIH OOMiHYy
JTAHUMHU, TIPOTIOHYIOTHCS MEPCIIEKTUBHI HAIIPSIMKH PO3BHUTKY.

Knrouosi crosa: Annokarop terna, HCA, ACKO, Wireless-MBus, LoRaWAN.

3rijiHo 3 KJItoyoBUMH noiiTHuHuMu npiopureramu OOH 1 €Bpoxomicii, ogniero 3 et (s 12
OOH mna 2025-2030 pp., npiopurer €Bpokomicii Ha 2024-2029 pp. Ha 1OOYIOBY YHUCTOT
MIPOMUCIIOBOCTI Ta HUPKYJISIPHOI €KOHOMIKM) € 3a0e3MeyYeHHs] CTIMKUX MOJIeJIeH CIOKMBaHHS Ta
BUPOOHMIITBA, CKOPOYEHHSI CHOXMBAHHS HEBITHOBIIOBAIBHUX EHEPrOpEeCypCiB Ta 3HUKCHHS
3a0pynaenns. Hwuni B €Bpomi Ha onaneHHs OyiBeslb BUTpadaeThes Onu3bko 40% cCriokuBaHHS
nepBuHHOI eHeprii 1 npumnagae 36% Bukunais CO2. Ilpu npomy mnonaa 35% OyziBenb MarOTh BIK
crapuie 50 pokiB [1, 2]. Takum YuHOM, TiABUIIEHHS eHEProeeKTHBHOCTI Oy 1iBEJIb Ma€ MPU3BECTH B
KkpaiHax €C 10 3HaYHOTO 3HIKEHHS CIIO’KMBAaHHA eHeprii Ta 3MeHieHHs 00cariB Bukuais CO2. Kpim
BIIPOBQ/PKEHHSI TEXHOJOTH, CHOpSMOBAaHUX Ha 30epeXeHHs TeIula 1 MIHIMI3alilo TeIUIoBiigayl
OyIIBJISIMH, OJHUM 13 MPIOPUTETHUX HAMPSAMKIB MiJBUIICHHS €HEProePeKTUBHOCTI € BIPOBAIKEHHS
00JTiKy PO3IMOAUICHNX BUTPAT TeIIa B OaraTOKBapTHUPHUX KUTJIOBUX OYJIWHKaX, SKUW 0a3yeThCs Ha
OIIHIIl (PAKTUYHOTO I1HIWBIMYyaJPHOTO CIOXKHMBAHHS TerioBoi eHeprii. Llei oOmik mgae 3mory
ONTUMI3YBAaTH YIIPABJIiHHS ONAJICHHSIM, 3HU3UTH HAIMIpHI BUTPATH 1 3SMEHIITUTH BUAATKH MEIITKAHIIIB,
CTUMYJIIOIOUH TXHE 3aJTy4eHHS JI0 MPOIecy eHepro30epeKeHHsI.

st oOiky po3MoAUly BHTpPAT TeIJIa MOXYTh BUKOPHUCTOBYBATHCS SIK HEMPSAMI METOIH,
HAIPHUKJIa 3aCHOBaHI HAa BUMIPIOBAHHI Yacy BBIMKHEHHS KOJKHOTO OMAIIOBAIBHOrO MpHiIaay (3rigHo
crangapty Itanii UNI/TR 11388), Tak i npsimi, 3acHOBaHi Ha BUMIpPIOBAaHHI TeMIIEpaTypH pajiaTopa
OTATIOBAJILHOTO TIPIIIay ab0 Pi3HUII TeMIIepaTyp paaiatopa i MOBITPS B MPUMIIICHHI.

OCHOBHHMM €JIEMEHTOM aBTOMAaTH30BaHUX CHCTeM KOHTpoyto Ta o0aiky (ACKO) posmomiry
Butpar Temia € ajgokatop Termwia (HCA - heat cost allocator), mpuctpiii, skuii MOHTYEThCS Ha
pazaiaTop ONalfoBAILHOTO MPUJIaAy, B TOMY YKCII 1 Ha paJlaTOpu EHTPaTi30BaHUX CUCTEM BOJSHOTO
OMaJIieHHS JUIsl peecTpalii TerioBoro motoky. Ilepiri amokaTopu, 10 MacoBO 3aCTOCOBYBAjd B
Himeuuuni 3 1920-x, siBisu co00r0 TepMoauHaMivHiI (BUIIApHI) MPUIaan 3 KaliOpOBaHOK PiTUHOIO
B KamuIsIpHid TpyOIll IO peecTpyBaja 3arajibHy KUIbKICTh TEIUIA, MOTJIUHYTY 3 MOBITPS HA 10J1a4y 10
Ti€l, mo BuAuanacsa paaiatopom. [lounnatoun 3 1980-X pokiB MIMPOKOTO 3aCTOCYBaHHS HAOyBarOTh
€JIEKTPOHHI AJOKAaTOpU TeIlIa, 110 MAlTh Y CBOEMY CKJIaJi OAMH (Ui BUMIPIOBAHHS TEMIEpaTypu
pamiatopa) abo 1Ba (JOAATKOBO [UIs BHUMIPIOBAHHS TEMIEpaTypud TMOBITPS B MPUMILICHHI)
TEPMOJIATUYMKH Ta MIKPOKOHTPOJIEP AJIsl KepyBaHHS BUMIPIOBaHHSAMU U oOuncieHHsMu. KoHeTpykiis
i IPUHIKIT POOOTH IUX MPHUCTPOIB BU3HAYAETHLCS BUMOraMu eBporeiicbkoro cranaapty EN 834 [3].
OCKUIBKM alIOKaTOPH MOHTYIOTHCS B )KUTJIOBUX MPUMIILEHHSX, TO OJHUMHU 3 OCHOBHUX BUMOT JI0 HUX
€ MiHlaTIOpu3allisl 1 HasgBHICTh BOYJOBAaHOIO JUKepesa KMBJICHHs (JIiTieBa OaTapesi) 3 MiHIMAJbHUM
CaMOpO3psIIOM, L0 37aTHUH 3a0e3MeunTH TpUBAIUN TepMiH ciyxO0u (Bix 5 1o 10 pokiB), a Takox
3a0e3neueHHs] MiHIMaJIbHOTO €HeprocrnokuBaHHs. s 3amobiraHHs crmpobaM BTPYTUTHCS B OOJIK
HUIAXOM JEMOHTaXY a00 3JI0My aJoKaTOpa 3aCTOCOBYIOTHCS TaMIepH AJIS BIACTEXKEHHS LITICHOCTI
Kopmycy. EnexkTpoHHi anokaropu Teria MacoBo BUpooOmsitoTs koMmnanii QUNDIS (4 miH mt. Ha pik -
3aBoa B Epdypri), Techem, Apator, Zenner, Siemens, Engelmann, Danfoss.
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CrniouaTKy mpwiIagy HE Majl MOMJIMBOCTI JUCTaHIIMHOro 300py AaHUX 1 mependavaiv TiTbKH
Bi3yaJlbHE 34YMTYBaHHSA pe3yJbTATiB BUMIPIOBAHHS KOPUCTYBAayaMH, SIKi IICIS IIOTO CaMOCTIHHO
nepeaaBagy JaHi /0 pO3paxyHKOBHX IIEHTPIB abo a0 Kepyrouumx kommadid. Hapasi 3 metoro
3HIKEHHSI BUTPAT Ha 00CIyrOBYBaHHSA MOJIIOHI Bi3yallbHi aJJOKaTOPH TAKOXX 3HAXOAATH 3aCTOCYBAHHS
B HU3bKOOIO/DKCTHUX CUCTEMAaX OOIIKY.

3 PO3BHUTKOM O€3IpPOTOBHX TEXHOJIOTiH OOMiHY JaHUMH B EJIEKTPOHHUX aJIOKaTopax Teria
3HAWIUIN 3aCTOCYBAaHHS ONTHYHI Ta panio-iHTepdeiicu. B amokaTopax 3 onTHYHUM iHTEpdeiicom
JaHl MOXYTh OyTH 3uMTaHi 3a jJonomororo iHdpadepBoHoro (IY) amanrepa mijx'eqHAaHOTO JI0
MEPEHOCHOTO KOMIT'FoTepa a60 MoOibHOTO pucTpoto. [ToaioHi mpucTpoi ckianHi B 00CIyroByBaHHi
1 CTBOPIOIOTH HE3PYYHOCTI MEUIKAHISIM, OCKIJIBKH MOTPEOYIOTH PETyJSPHOTO JOCTYIYy J0 KBapTHUP
KBaJI1(DIKOBAHOT'O MEPCOHANY 3 00JaAHAHHSM, TOMY 3aCTOCOBYIOTh iX TUIBKH TOJI, KOJH 3 SIKUXOCh
MIPUYMH BiJICYTHS MOXKIIUBICTH MEpEIaBaHHs JaHUX I10 pajlioKaHamy.

B anokaropax 3 pamio-iHTepdeiicoM aisi mepeaaBaHHs JaHUX BUKOPHUCTOBYIOTh MaJIOMOTYKHI
(Menme Hik 25 MBT) mepemaBadi, 10 TpAIfOIOTh Y HETIIIEH30BaHUX jiana3oHax yactor 433/868
MI'n (€spoma) ta 915 MI'm (CHIA). [dns npuilMaHHS JaHUX MOXYTh BHKOPHCTOBYBATHCS
CTalllOHapH1 By3JIK (ITOBEpXOBI/Mi/'13H1/OyIMHKOBI), sIKi 200 MalOTh KaHaJ 3B'A3KYy 3 PO3paXyHKOBUM
LEHTPOM, a00 3'€eTHAHI B MEPEXY IiJ YIPaBIIHHIM KOHLEHTPATOpa, 1110 Mae Buxia B [HTepHeT, abo
MepeHOCH1 mpuiiMayi 31 cupsiMoBaHuMU aHTeHaMu (walk-by cuctemu). Haltuacrime ans nepenaBaHHs
JAHUX BHUKOPUCTOBYIOTH 1HTepdeiric Wireless-MBus i3 miarpumkoro mnpotokony Open Metering
System (OMS). Pimgme BHKOPUCTOBYIOTH mpompiertapHi iHTepdeiicu. He3Baxkaroun Ha IIHPOKE
MOIIUPEHHS, B aJOKaTOpax HE BHUKOPUCTOBYIOThCSA pamiointepdeticu Bluetooth/BLE (uepes
HEJIOCTATHIO TAJIBHICTB 3B's3Ky - 110 15 M) 1 WiFi (uepe3 BUCOKY €HEPrOBUTPATHICTb).

Hapasi mommpennst HabyBae intepderic LoORaWAN, mo 3abe3neuye mepemaady MaJoONOTYXKHUM
nepeaaBayeM HEeBEJMKUX o0cATiB iH(opMaIllii Ha BeuKi BiAcTaHi (25 KM y npsiMiid BUIUMOCTI abo 1-
2 KM B yMOBaxXx MiChKOi 3a0yJI0BH), Yepe3 IO 3HAYHO 3HWXKYETHCS TOTpeda B NpUUAMAILHIN
anmapatrypi. TakoX OZHMM 13 TEPCIEKTUBHUX HAMPSIMKIB € BHUKOPUCTAHHS MEII-MEPEXkK, ajie IIe
notpedye  MOJANBIIMX  JIOCHIDKEHb  aITOPUTMIB  MapHIpyTiB  3B’SI3Ky 3 ypaxyBaHHSIM
eHepro30epekeHHSI.

CyuacHi JOCHIDKEHHSI TaKOK 3BEPTAIOTh yBary Ha BUKOPHCTAHHS MAalIMHHOT'O HAaBYaHHS IS
pPO3paxyHKy ONTHMAJIbHUX MapaMeTpiB paiaToOpiB 1 OHJIAWH-KaIiOpyBaHHS IXHIX TEIUIOBUX MOJCIICH
Ha ITiJICTaB1 IaHUX, OTPUMAHUX BiJ AJIOKATOPIB Y PealbHOMY 4Yaci.

BUCHOBKMWM. CyyacHi nochipKeHHSI B rajiy3i 3aCTOCYBaHHS aJIOKaTOPIB TeIla BIIKPHUBAIOTh
HOBI TOPH30HTH TMOOYJOBHM CHCTEM aBTOMATHYHOrO OOJIKY pO3MOAUICHHX BTpaT TeIUIa.
Buxopucranas LORaWAN, 3actocyBaHHS TPOCYHYTHX QJITOPUTMIB TOOYJOBH MEII-MEPEK,
MalIMHHOTO HAaBYaHHS, EHEPrOEMHHUX JITIEBUX BOYJOBAaHUX JDKEPEN SKHUBIICHHS, 3HUKCHHS
€HEepProcroXUBaHHs alOKaTOPIB, A€ 3MOTY 3HAYHO MOJETUIUTH IMIUIEMEHTAI[II0 CHUCTEM OOJIKY B
koHnenmito Smart City, 3HU3UTH BUTpATH NMEPBHUHHUX €HEPropecypciB Ha OMAJICHHS Ta 3MEHIIUTH
Bukuau CO2.
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Annotation: The general approach to develop digital twins to represent properties of automation
objects with the improved detailing of the inherent processes is proposed for smart cities related
applications. This approach is reduced to the mathematical modelling of the processes inherent for
the automation object with a given controlling parameter and on the mathematical modelling of the
controlled parameter through considering dependencies on the state and controlling parameters. It
allows considering different levels of detailing of inherent processes to represent properties of
automation objects.

Key words: automation object, digital twin, mathematical modelling, smart sites.

RELEVANCE. Applications of digital twins is the modern way to represent properties of
automation object in the most agreement with circular economy principles and trends of the
digitalisation of engineering activities. Indeed, the usage of digital twins allows minimising flows of
materials through excluding developments of physical models, as well as it allows to research the
automation objects of the dangerous operating modes near the states related with high-scale
technogenic disasters. Due to these circumstances, applications of digital twins are crucially
important for smart cities as the environments to provide the sustainable development and the safety
for the societies, so this research is relevant due to the connections with the novel views on the
engineering activities related with the EU green and digital transitions for the competitiveness
economy achievement [1].

The overview of existing researches like [2] for an example proves that, applications of digital
twins can adopt the modern technological achievements to the challenges in efficient governance of
the smart cities, but influences of digital twins on urban governance are not fully research at present,
so the relevant researches are required. In the research [3] it is shown how the improved
mathematical modelling of the automation objects allows to develop the resource efficiency controls
for transient modes. The purpose of this research is in general approach to develop digital twins to
represent properties of automation objects with the improved detailing of the inherent processes.

RESULTS. An automation object can be imagined as the object defined by the controlled

parameter x=x(t) and by the controlling parameter u=u(t), whose are functions of the time t

having some dependence, which can be represented through the mapping:
u(t)—=-x(t), (1)
where 27 is the mathematical model of the automation object.

The mapping (1) between scalar functions does not limit the generality of the considerations,
because this mapping (1) represents the separate automation loop, so that the complicated automation
object can be represented by the several such automation loops. The mathematical model 27
defining the dependency (1) between the controlled and controlling parameters is the result of the
processes inherent for the considered automation object, but it is principally impossible to represent
these processes only in the terms of the controlled and controlling parameters. So, to have the
detailed representation of the processes inherent for the considered automation object, it is necessary
to consider the vector of state parameters representing the state of these processes during the time and
to build the differential equations and the necessary initial conditions defining these state parameters
for the given controlling parameter:
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—t=q(t.qu(t)), a(ty)=do, )
where q=¢ (t) is the vector of the state parameters defining the processes inherent for the considered
automation object for the given controlling parameter; q(t,q;u(t)) is the built velocities of the
changes of the state of the processes in the automation object; t, is the given moment of the time

assumed as the initial, and q, is the given vector of state parameters at the initial time t =t,.

The particular view of the mathematical model (2) is not principal in this research, because it can
be different in agreement with the processes inherent for the considered automation object. It is
principal that, the controlled parameter of the automation object is depended by the state parameters
of the inherent processes for the given controlling parameter, and such dependence in general case
can be defined by means the differential equation with the necessary initial condition

dx

T = X(tau(), x(t)=x, ()

where X(t,q;u(t)) is the built velocities of the changes of the controlled parameter due to processes
in the automation object for the given controlling parameter; X, is the given value of the controlled
parameter at the initial time t =t,.

The differential equation and the necessary initial condition (3) cannot be solved without
consideration of the mathematical model (2) defining the processes inherent for the considered
automation object, so it is possible to say, that the coupled mathematical models (2) and (3) are the
general representation of the mathematical model 27 defining the dependency (1) between the
controlled and controlling parameters of the automation object. The level of the detailing in the
mathematical model 7 representing in the view (2), (3) is defined by the dimension of the vector

q :q(t) used to represent the state of the processes inherent for the considered automation object.

So, the proposed general approach to represent the mathematical model of an automation object gives
the way to have less and more detailed mathematical modelling. The more detailed mathematical
modelling (2), (3) is the relatively separate problem, so that if the details of usages of the
mathematical model (2), (3) are hidden, then it can be assumed as the digital twin of the considered
automation object. A digital twin can be used for different problems from mathematical modelling of
automation object to making training simulators for industrial staff.

CONCLUSIONS. The development of digital twins of automation objects can be reduced to
build the coupled mathematical models representing inherent processes and representing the
controlled parameters for the given controlling parameter in the form of system of ordinal differential
equations with the necessary initial conditions. It gives general representation of the dependency
between the controlled and controlling parameters of the automation object. The level of the detailing
in the mathematical model representing in the view is defined by the dimension of the vector used to
represent the state of the processes inherent for the considered automation object. If usages of
mathematical models are hidden, then it can be assumed as the digital twin of the considered
automation object.
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Anomauin: Y cTaTTi PO3TISNAETBCS TEXHOJIOTiS KOMITIOTEPHOTO 30py JUISl AMCTAHIIHHOTO
KepyBaHHS MIPUCTPOSIMH, 110 0a3y€eThCsl HA PO3ITi3HABaHHI KeECTiB 1 00po01Ii 300paKeHb Y peaTbHOMY
gaci. OnucaHo 3acTOCyBaHHS IIi€i TEXHOJIOTII B MMPOMHCIOBOCTI JIJII aBTOMAaTH30BAHOT'O KOHTPOITIO
SKOCTI, Y MEAULMHI 151 O€3KOHTAKTHOIO YIPaBJIiHHSA OOJaJHAHHSAM Ta B MOOYTI JUIsl B3aEMOJIl 31
cMapt-nipuctposimu. HaBeneno npukian peaiizaiii Ha ocHoBi 0i0miorexku MediaPipe Bin Google, sika
JI03BOJISIE IIBU/IKO Ta TOYHO PO3II3HABATH KECTH, NEPETBOPIOIOYM X y KOMAaHIH ISl KOMITIOTEpA.
Bi3HaueHo rHyUKICTb 1 NEPCIIEKTUBH PO3BUTKY III€] TEXHOJIOTII.

Knrwowuoei cnosa: Komn’rotepHuii 3ip, po3ni3HaBaHHS KeCTiB, 00poOKa 300pakeHb, MallIMHHE
HaBYaHHS, AITOPUTMH IITYYHOTO 1HTEJIEKTY.

Komm’roTrepHuii 3ip y cuctemax AWMCTAHIIHHOIO KEPyBaHHS — TEXHOJOTisS, II0 BHUKOPUCTOBYE
KaMepu Ta aNropuTMH oOpoOKM 300pa’keHb JIJsl pO3Mi3HABAHHS JKECTIB, aHAJI3y CepeloBHIIA Ta
B3a€MOJIII 3 MPUCTPOSMU Ha BiJcTaHi. Takuil miaxiag ycyBae HEOOXiIHICTh Y (i3MUHUX KOHTpoJIepax
Ta CEHCOPHUX €KpaHax, 3a0e3MeuyouH 3pyyHille i 1HTYITUBHE KepyBaHHS.

Ili cucremn 0a3zyrOThCs Ha PI3HUX TEXHOJOTIAX. s BUSBICHHS OO0'€KTIB 3aCTOCOBYIOTHCS
QITOPUTMHU MAITMHHOTO HaBYAaHHS 3 MOXJIMBOCTSIMH ieHTH(]iKalii 00'€KTIB 1 pyXy B peaTbHOMY
yaci. Hampukiaz, cyyacHi kamMmepu MOXKYTh PO3ITi3HaBaTH IMOJOXKEHHS PYK Ta 1HTEPIPETYBAaTH HOTO
K KoMaHay s npuctporo. Cepen HallBaXKIIUBIIIMX HAMPSIMKIB - CHCTEMU YIPABIIHHS jKeCTaMu, 110
JIO3BOJISIIOTH BIJICTEKYBATH MOJIOKEHHSI TAJIBIIIB 1 PyXH KOPHCTYBaya Ta MEePETBOPIOBATH iX Ha TEBHI
KOMaH/IH.

3acTocyBaHHS KOMI'IOTEPHOTO 30py B AMCTAHUIMHOMY KepyBaHHI IMIMPOKO BUKOPUCTOBYETHCS B
pi3HUX cdepax. Y TPOMHUCIOBOCTI BIH BHUKOPHCTOBYETHCS ISl KOHTPOJIO SKOCTI MPOIYKINi Oe3
ydJacTi oneparopa, B MEJIMIHHI - Il OE3KOHTAKTHOTO YIPaBIiHHS 00JIaJTHAHHSAM B OINEpalliiHuX, a B
MOBCSKJICHHOMY JKUTTI - ISl YIIPABJIIHHS CMapT-TENEBI30pOM KecTaMu 0e3 MyJIbTa.

OnHuM 13 TPUKIAAIB peatizaiii TaKuX TEXHOJOTIH € MPOEKT, KU BUKOPUCTOBYE Oi10II0TEKY
MediaPipe Big Google. L 6ibaioTeka 103BOJISIE MIBUAKO BU3HAYATH ITOJIOKEHHS JOJIOHI Ta KIIFOYOBI
TOYKHM TalblliB, MEPETBOPIOIOUM iX Yy KOMaHIU Ui NPUCTPoiB. i po3Mi3HAaBaHHS JKECTIB
AHAJI3YIOThCS KOOPAMHATH KIIOYOBHUX TOYOK 3am’scTs Ta KiHuwkiB manemis (0, 4, 8, 12, 16, 20),
BPaxOBY€EThCSI HAXWJI JOJIOHI, pO3/IIJICHOI Ha 8 CeKTOPIB 10 45 rpagycis.

Puc. 1 — KnrodoBi Touku nomoHi 3a 6i6miorexoro MediaPipe
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3aBAsSKU IIbOMY MOXKHA OTpUMATH 0 256 KOMOIHAIH KEeCTiB, M0 00pOOISIOTHCS 31 MIBUAKICTIO
omu3pko 60 kampiB Ha cekyHay. Cucrema, HammcaHa Ha Python i3 Bukopucranusm OpenCV i
MediaPipe, Moxe B3aeMOJisITH 3 KOMII'TOTEpOM uepe3 Moy b KepyBaHHs Ha Golang i3 6i0mioTexoro
Robotgo, kepyrounm wmuiero, kiaBiatryporo abo Bukonyroun UNIX-xomanau. Haiibinbimoro
nepeBaroro Iiei Mozenmi € i THyYKiCTh, MPOCTOTa J0JaBaHHS (YHKIIOHATY Ta MPHCTOCYBaHHS J0
HOBUX 3aBJaHb.

BUCHOBKMU. Komm'rotepHuii 3ip y cHCTeMax JWUCTAHI[IHHOTO KEPYBAHHS BHKOHYE KIIOYOBY
poiib y TpaHcdopMalii B3aeMOIii 3 TEXHOJOTISIMH, POOJITYU i1 IHTYITHBHIIIOW Ta O€3KOHTAKTHOIO.
BiH 103BOIIsSIE IPUCTPOSIM «OauuTH» W aHAI3yBaTH PyXH KOPUCTYBadiB, MEPEBOISYH iX Y KOMaH]IH.
Ile He numie 3BiBHSE HAC BiJ BUKOPUCTaHHA (DI3MYHMX KOHTPOJIEPiB, ajie i poOUTH yHpaBIiHHS
OLIIBII TOYHUM 1 IMIBUIKUM.

[IpakTyHa LIHHICTD KOMIT'IOTEPHOTO 30py OYEBHUJHA B IIMPOKOMY CIIEKTpl 3aCTOCYBaHb. Y
IIPOMHUCIIOBOCTI BIiH JI03BOJISIE aBTOMATHU3YBAaTH KOHTPOJb SIKOCTI, y MEIAMIMHI — 3a0e3meunuT
CTEpWIBHICTh 1 TOYHICTh y pOOOTI 3 00JaAHAHHAM, a B MOOYTI — MOJIETIIUTH YIPaBIIHHSA CMapT-
npucTposiMu. BiH mifBuIllye 3py4HICTh BUKOPUCTAHHS TEXHOJOTIN JUIsl JtoAeH 3 (I3MYHUMHU BajJiaMu
Ta 3HWXKYE MOPIT BUKOPUCTAHHS CKJIaHUX CUCTEM.

[lomanpiii MHEepCHEeKTHBH PO3BUTKY KOMIT'IOTEPHOrO 30py TMOB'SI3aHI 3  YJOCKOHAJIEHHSIM
QITOPUTMIB MAaIIMHHOIO HABYaHHS, L0 JO3BOJIUTH MIABUIIUTH TOYHICTH PO3MI3HABAHHS JKECTIB,
BpaXxOBYBaTH KOHTEKCT CEpElOBHUINA Ta AJaNTyBaTH CHCTEMHU A0 IHAMBIAyalIbHUX OCOOIMBOCTEH
KOpHCTyBadiB. [HTerpalliss KOMIT'FOTEpPHOTO 30pY 3 IHIIMMH TEXHOJIOTISIMU MITYYHOT'O 1HTEJEKTY MOXKe
CTBOPUTH OUIBII «PO3YMHI» W aJanTUBHI PINICHHS, 3[JaTHI MpalioBaTH B HaWpi3HOMAaHITHIIINX
yMOBax.
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RESISTANCE SENSORS OF ANGULAR VELOCITY FOR RESEARCH ROBOTS TO
BENCHMARK SMART CITIES APPLICATIONS
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Annotation: The resistance sensors are considered to estimate angular velocities of parts of
research robotics envisaged for benchmarks in small scales of automation engineering solutions for
reliable implementations in applications related with smart cities. It is shown that applications of
resistance sensors to estimate angular velocities are suitable due to the simple required electrical
measurements and complicated due to necessities of differentiating measured voltage on the time
having incorrectness in Adamar's sense. It is noted that the suitable regularisation is required to use
resistance sensors for estimating angular velocities.

Key words: smart cities, automation benchmarks, angular velocity, resistance sensors.

RELEVANCE. Smart cities implementations are significantly based on the different robotics
applications requiring reliable benchmarks for engineering automation solutions. Due to the noted
circumstances, all researches about benchmarks of engineering automation solutions are relevant at
present especially in the context of applications for smart cities related with the modern European
plans in sustainable prosperity and competitiveness through green and digital technologies
implementations [1].

The principal attention to robotics for smart cities is in widening the fields of possible
applications in future [2], including for the narrow specific tasks that occurred from the pandemic
crisis, like it is discussed in the research [3] for an example. Besides, some researches like [4] are
related with automation systems providing the resource and energy efficiencies in agreement with the
smart cities essential principles. To provide all directions of robotics implementations in smart cities
it is critically necessary to have benchmarks providing reliable automation engineering solutions, and
it requires corresponding experimental research to substantiate and to illustrate the theoretical
developments.

The difficulties of experimental research related with benchmarks of the automation engineering
solutions for robotics are related with the necessities in real-world systems that allow embedding the
researched solutions to the considered automation objects to see directly the results of its. Such real-
world systems must be developed and must be made from the construction materials, and they require
energy and materials consumptions, as well as necessary maintenance during and outside
implementations of researches. All these increases required funding, related carbon emissions and
material wastes during benchmarks of automation engineering solutions. To make benchmarks of
automation engineering solutions greener and cheaper, the usage of special developed research
robotics, which can allow representing considered processes in small scales, but a lot of problems
must be resolved to do it. The purpose of this research is in development of the resistance sensors of
angular velocities for research robotics allowing benchmarks of automation engineering solutions in
small scales.

RESULTS. To measure angular velocities of the parts, potentiometers with a linear circular
resistive element and the rotated sliding contact are proposed to use in research robotics specialised
for benchmarking of the engineering automation solutions. Such potentiometers are schematically
represented on the Figure 1a, and they provide the supplied voltage dividing by the following
relation:

U =UKe, (1)
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where ¢ is the angle defining the position of the slider of the potentiometer; U is the measured
voltage; U, is the supplied voltage required for operating the scheme; K is the relative resistance on
the unit of the angle of the rotation of the slider of the potentiometer.

-— U, Ua

/Measured

U(p) =UKyp

a) b)
Figure 1 — Scheme of the potentiometer (a) and voltage (b) representing angular velocity

v

If the angle ¢ defining the position of the potentiometer is the same with the angle of the rotation
of the rotating part of the robotic, then the angular velocity can be defined in the view:
do
0=—, 2
ot )
where o is the angular velocity of a part of robotics; t is the time.
The relation (1) allows to define angular velocity (3) through the measured voltage:

oo L AU ©)
UK dt

The principal problem to use the relation (3) to define the angular velocity is in the necessity of
differentiating the measured voltage as the function of the time. Indeed, the different errors exist
during the measures, as it is schematically shown on Figure 1b. Although high-quality measuring
devices provide low errors to measure voltage, even low errors do not allow defining the derivative
on the time for the measured voltage (Figure 1b), so that differentiating a function is incorrect
operation in Adamar's sense. Due to these circumstances, the relation (3) cannot be used directly, and
it is necessary to develop the suitable regularisation procedure.

CONCLUSIONS. The resistance sensors are indeed suitable for instrumental estimations of
angular velocities due to the possibilities of representing the estimated value through the related
electrical voltage, which can be easily measured directly, as well as due to the simple relation
between the measured voltage and the estimated angular velocity. At the same time, the principal
difficulties exist due to that the estimated angular velocity is defined by the derivative of the time of
the measured voltage, so that such relation is incorrect in Adamar's sense, and cannot be used
directly. So, to realise reliable estimations of the angular velocities by means of the resistance
sensors, it is necessary to develop the suitable regularisation approach to exclude incorrectness due to
differentiating a measured voltage, and further researches are planned to do it.

References:

1. Leyen, U. (20124). European Commission and Directorate-General for Communication,
Europe’s choice — Political guidelines for the next European Commission 2024-2029. Luxembourg:
Publications Office of the European Union. 31 p. https://doi.org/10.2775/260104

2. Chand, R., Sharma, B., Kumar, S. A. (2025). Systematic review of mobile robots applications
in smart cities with future directions. Journal of Industrial Information Integration. Article ilD
100821. https://doi.org/10.1016/j.jii.2025.100821

“Sustainable smart cities and communities: business and innovation solutions” (SSC&C2025) 27


https://doi.org/10.1016/j.jii.2025.100821

IMPLEMENTATIONS OF CIRCULAR ECONOMY PRINCIPLES FOR
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Annotation: The possible ways for implementations of circular economy principles are
researched for laboratories of universities to agree their activities with smart cities initiatives, and the
graph is used to represent the laboratory related activities. It is shown, so that the Reduce, Reuse and
Recycle principles must be implemented for real-world prototypes firstly. The suitable design,
optimisation and 3D printing of real-world prototypes are crucial for implementations of circular
economy principles and sustainability of laboratories. Usage of the graph allow highlighting separate
parts of the considered phenomena, and this approach will be used in further researches.

Key words: circular economy, smart cities, sustainability, university, laboratory.

RELEVANCE. Smart cities initiatives are based on implementations of green and digital
technologies related with the providing of sustainable prosperity and competitiveness of the EU, as it
is highlighted in the political guidance [1]. Evolutions of universities as the part of the related
communities of cities must be in agreement with the smart cities' initiatives, and besides they must be
on the cutting-edges of these to have sustainable development in the modern world realities. The
sustainability of developments of universities’ laboratories is the most sensitive to the modern global
challenges like the COVID-19 restrictions and similar limiting opportunities of the visiting of
teaching buildings. So, the relevance of this research is due to relations with the European visions on
the circular economy principle as one of the crucial pillars providing sustainable developments,
prosperity and competitiveness in the next decades.

Laboratories support crucial teaching contents and skills during studying in universities, but
significant efforts in management, maintenance and funding are required to support the related
activities. Besides, the laboratory activities are related with materials' flows and energy
consumptions, so that it leads to accumulations of wastes as well as to direct and indirect carbon
emissions due to the performance of local processing of materials and consumptions of the electricity
and the heat. Although the decreasing of wastes and carbon emissions is important by itself, the clear
relations between wastes and carbon emissions from one side and the required funding and
maintenance for laboratory activities from other side make yet more relevant the sustainable
development of universities' laboratories. Due to these circumstances, a lot of researches are related
with the sustainability of universities' laboratories, especially in chemistry like the researches [2, 3]
for an example. At the same time, the laboratory support requires also in the fields related with
automations and robotics to illustrate for students and to substantiate experimentally the theoretical
results similar to the discussed in the research [4]. The purpose of this research is in implementations
of circular economy principles to provide sustainable development of scientific and teaching
laboratories in universities to agree their evolutions with smart cities initiatives. This purpose is
agreed with EU visions on ways to sustainable prosperity and competitiveness [1].

RESULTS. It is assumed that implementations of circular economy can be reduced through
Reduce, Reuse and Recycle of resources' flows related with activities in universities' laboratories.
The possible laboratory activities are generalised as it is shown on Figure 1 to the computer
simulations, virtual realities, cyber-physical and real-world prototypes, and it is clear, that the most of
resources' flows are related exactly with usages of real-world prototypes, so that the Reduce, Reuse
and Recycle principles must be implemented for real-world prototypes firstly. The cyber-physical
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prototypes also involve the real-world components, but they are the same as separate real-world
prototypes, so implementations of circular economy principles for them are the same too. The
suitable design, optimisation and 3D printing of real-world prototypes are crucial for implementations
of circular economy principles (Figure 1) and sustainability of laboratories.

Computer
simulations,

)
Virtual

realities
"

v

Teaching
outcomes

iber-Phisica

Figure 1 — Circular economy principles in universities' laboratories

Due to representations of activities inherent for laboratories in universities by means of the graph
as it is shown on Figure 1 it is proved the complex nature of the researched phenomena, but it is
proved that it is possible to divide it on separate problems associated with the related observable
subgraphs. Indeed, as an example of this the Figure 1 illustrates, that usages of real-world prototypes
produce relatively separate problems involving the optimisation and the design suitable for the 3D
printing and for the providing of the Reduce, Reuse and Recycle principles of the circular economy.
Other example can illustrate the relatively separate problems related with dividing laboratory
activities to supporting the fundamental and relevant teaching outcomes, and it can be associated with
the correspondent subgraph selected on Figure 1.

CONCLUSIONS. The possible laboratory activities can be generally reduced to computer
simulations, virtual realities, cyber-physical and real-world prototypes, and the most of resources'
flows are related exactly with usages of real-world prototypes, so that the Reduce, Reuse and Recycle
principles must be implemented for real-world prototypes firstly. The suitable design, optimisation
and 3D printing of real-world prototypes are crucial for implementations of circular economy
principles and sustainability of laboratories. Representations of activities of universities' laboratories
by means the graph allow highlighting separate parts of the considered phenomena, and this approach
will be used in further researches.
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Annotation: The phenomenon of green automation is considered from the European point of
view through implementations of circular economy principles to the automated systems that existed
in the linear economy. It is shown that developments of green automation require considering the
related optimisation problem to provide the minimum consumed resources and produced wastes
during exploitation of an automation object involved in the smart cities' environments. The principal
difficulties are in the formulation of this optimisation problem for the considered automation object,
because it requires more detailed mathematical modelling.

Key words: green automation, circular economy, smart cities, resource efficiency, wastes.

RELEVANCE. Smart cities initiatives are supported by the European Commission due to the
agreement with the key priorities in the providing of the sustainable prosperity and competitiveness
of the EU regarding with the political guidance [1] on 2024-2029. Wider implementations of
automated controls for urban infrastructures are in the core of smart cities, so that developments of
automation engineering technologies are important at present due to the novel problems related with
the providing of efficient controls, which lead to the concepts about the green automation. Thus, the
relevance of this research is due to the necessities in developments and improvements of green
automation technologies for applications related with smart cities initiatives.

Goals in green transitions formulated for the EU in the guidance [1] have significant influences
on manners for implementations of businesses, so that the new approaches are required, and a lot of
older approaches do not give profits under the novel landscapes involving green-related factors. As
an example, it is possible to refer to the research [2] related with the approaches to substantiate a
financial support for environment-friendly projects, so that exactly green-supporting factors will be
more important and even primary to have a support for a business near future. At the same time,
implementations of green-factors are only in the initial stage, so that a lot of currently existing
business projects and technologies are not environment-friendly, but it is well-known from a lot of
examples, that improvements just of automation systems allow to make a lot of existing projects
more environment-friendly, so that the automation is considered in the context of the EU green
transition in different fields, like it is discussed in the research [3]. In the previous research [4], the
optimal control theory is proposed to develop the resource and energy efficient controls agreed with
the circular economy principles, and as its continuation, the purpose of this research is in European
views of the green automation phenomenon through relations circular economy principles, crucial for
sustainable prosperity and competitiveness of the EU [1].

RESULTS. Automation has a long history, about 2000 years at least, but modern automation
engineering was formed during the last three centuries and related with great scientists including J.C.
Maxwell and A.M. Lyapunov and others, so that an automation is reduced to a choosing of a
controlling parameter, which allows providing a given controlled parameter of an automation object.
Such approach allows developments of automated systems for linear economy as it is shown on
Figure 1. The phenomenon of the green automation was formed last decade due to challenges related
with the EU green transition and the correspondent changing in the landscapes of business making
factors through necessities of implementations of circular economy principles, so exactly the
European visions on the green automation is related with implementations exactly of circular
economy principles as it is shown on Figure 1. Thus, the phenomenon of green automation can be
imagined as implementations of circular economy principles to automation systems developed for
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linear economy, as it is shown on Figure 1, and it is in the full agreement with exactly the European
views represented in the political guidance [1] and related researches [2, 3].

Automated
system | ________] Green

for circular automation
economy
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' '
' '
' '
' '
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'
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.
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.....................
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Figure 1 — Implementations of circular economy principles to automated systems

The European views on green automation (Figure 1) prove that it requires considering the related
optimisation problem to provide the minimum consumed resources and produced wastes during
exploitation of an automation object. The principal difficulties are in the formulation of this
optimisation problem for the considered automation object, because it requires mathematical
modelling of the processes inherent for the automation object with the details allowing to estimate not
only the controlled parameter, but also resource consumptions and wastes productions for the given
controlling parameter. In general case, it is impossible to give the analytical representation of the
objective function and constraints related with this optimisation problem, so that they can be defined
only indirectly through numerical solving of the differential equations representing the mathematical
models of correspondent processes, as it is in the research [4] for an example.

CONCLUSIONS. The phenomenon of green automation is formed due to challenges related
with the EU green transition and the correspondent changing in the landscapes of business making
factors through necessities of implementations of circular economy principles, so exactly the
European visions on the green automation is related with implementations exactly of circular
economy principles to automated systems. The green automation requires considering the related
optimisation problem to provide the minimum consumed resources and produced wastes during
exploitation of an automation object involved in the smart cities' environments.
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Annotation: The phenomenon of intelligent automation is considered from the European point of
view through related evolutionary improvements of automated systems for linear economy business
models by means of implementations of adaptiveness toward circular economy business models. It
proves, that intelligent automation can be considered as a crucial technology for circular economy
business models due to wide possibilities of the Al in generating necessary decisions for adaptiveness
taking into account various circular economy principles and their combinations, as well as due to
clear ways to agree with the Al Act envisaged as the common EU law near future.

Key words: intelligent automation, circular economy, business model, smart cities.

RELEVANCE. An implementation of circular economy business models is one of effective
ways of improvements for smart cities initiatives, and it is in agreement with the key priorities in the
providing of the sustainable prosperity and competitiveness of the EU regarding with the political
guidance [1] on 2024-2029. Automation is in the cutting-edge of smart cities projects, but
implementations of intelligent automation are assumed as necessary improvements allowing to
increase efficiency of controls for infrastructures in smart cities. So, the relevance of this research is
due to agreements with views [1] on the sustainable prosperity and competitiveness of the EU.

Automation is the crucial technologies due to possibilities of improvements of business models,
including through new services implementations [2]. At the same time, developments of automation
technologies are so fast that lack of the time exists to rebuild business models, and it is difficult even
to have the all-conventional glossaries, which are developed intensively at present [3]. So, the
purpose of this research is in generalisation on the European view on intelligent automation as tools
for implementations of circular economy business models in smart cities related projects.

RESULTS. An intelligent automation is generally associated with applications of Artificial
Intelligence (Al) for automation purposes, and it is the all-conventional European view [2, 3]. The
principal difficulties are related exactly with usages of Al, because novelties of Al technologies and
potential risks of their implementations, so that law regulations are planned to be implemented for all
activities related with Al applications [4]. Directions of discussions near the Al Act as the EU law for
the future are discussed in the research [5], and it is principal to propose the clear definition of Al and
related notions. Due to the discussions [5], it is formulated the final notion of the Al for the Al Act,
and this notion does not involve references of the technologies related with the Al, but the
adaptiveness is defined as the principal inherent properties exactly of the Al independently on
approaches providing it. The last proposed definition [5] of the Al covers a lot of related activities,
including the previous research [6], and all of them will be regulated after implementing the Al Act.

Implementations of the Al give principally a lot of opportunities to improve automated systems,
including suitable for circular economy business models, but, at the same time, it does not exist the
all-conventional approaches agreed with automation engineering and with the Al Act developing for
near future implementations, so that only some particular implementations are known. The European
views on the intelligent automation [2, 3] in the context of circular economy can be represented as
related improvements of automated systems usually for linear economy as it is shown on Figure 1.
Such representation (Figure 1) of intelligent automation is principally based on the usage of the Al to
provide adaptations of the all-conventional automation engineering solutions, so that it is in
agreement with the last definition [5] of the Al for the Al Act. The proposed approach (Figure 1) to
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represent intelligent automation allows developing automated systems for circular economy business
models through the evolution of automated systems widely used in Ilnear economy business models.
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Wide opportunities of the Al to generate decisions taking into account various circular economy
principles and their combinations allow considering intelligent automation (Figure 1) as a crucial
technology for circular economy business models.

CONCLUSIONS. The European views on intelligent automation in the context of circular
economy business models can be reduced to related evolutionary improvements of automated
systems usually for linear economy business models through implementations of adaptiveness.
Ample possibilities of the Al in generating decisions for adaptiveness taking into account various
circular economy principles and their combinations allow considering intelligent automation as a
crucial technology for circular economy business models.
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Annotation: The general concepts are proposed for developments of computer programs for high-
performance computing required to research resource and energy efficiencies of automated controls
to support greener smart cities. These concepts are reduced to usages of Fortran programming
language and in excluding of graphical user interfaces slowing calculations, so that only the text
modes must be envisaged in the scientific software for high-performance calculations. Free Fortran
and C compilers provided by the GNU project are recommended to develop the programs for high-
performance calculations for scientific research.
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RELEVANCE. Implementations of energy and resource efficient automated controls are
important to make smart cities greener, but it demands scientific research, and computer simulations
give the most efficient and greener way to do it. The high-performance calculations are required to
support cutting-edge research, and it is relevant due to modern visions that implementations of green
digital technologies necessary to provide sustainable prosperity and competitiveness of the EU, as it
is highlighted in the guidance [1].

Automation technologies are precisely important to provide resource and energy efficiencies in
the smart cities associated applications, so a lot of modern scientific researches are devoted to these
fields, like it is discussed in [2, 3] for clear examples. Developments of the automated controls with
resource and energy efficiencies require optimisation procedures, which can be implemented only by
means of the related mathematical models and numerical approaches through computer calculations,
as it is discussed in the research [4]. The indirectly defined objective function and the constraints for
the related optimisation problem in the research [4] do not allow to research the extremal properties,
so it is possible to use only the direct iterations in the permissible domain related with the constraints
to find the optimum for the objective function. Such direct iterations must be with small steps, and it
demands high-performance computing. Although a lot of commercial and free computer systems are
proposed to implement the calculations for scientific and engineering researches, but they are
directed to the users, and they have the user-friendly graphical interfaces providing the user easily
definitions of the mathematical models, and it significantly decreases the efficiency of performances
of calculations due to complicated program codes to agree graphical user interfaces with the
computational procedures. To provide high-performance computations, it is necessary to use the
specialised computer programs, so the purpose of this research is in formations of general concepts
for developments of computer programs for high-performance computing required to research
resource and energy efficiencies of automated controls to support greener smart cities.

RESULTS. The high-performance computing is related only with the compiled programs, but not
with the interpreted commands. It is well-known [5], that the Fortran programming language is the
most suitable for scientific calculations due to high-performance of compiled machine codes, so
exactly this programming language must be used to develop specialised computer programs to
research resource and energy efficiencies of automated controls to support greener smart cities. The
typical flowchart representing scientific calculations is shown on Figure 1, so that the pre-processor
provides preparing input data for computing, the processor provides computing, and the post-
processor provides preparing computed data for further representation on the user-friendly views. On
each of these stages it is necessary to exclude the usage of graphical user interfaces slowing
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calculations, but it is crucially to have suitable text modes to control the state of computing, which
can be during hours/ and a lot of codes are required for this.
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Figure 1 — Typical flowchart representing scientific computations

To simplify developments of programs regarding with the flowchart shown on Figure 1, it is
necessary to have the auxiliary input/output subroutines providing the suitable text modes, and it is
the separate problem related with programming automation. Because of the support of suitable text
modes is not related with the sense of the calculations, it is not necessarily, but it is possible to use
the C programming language, so that the software for scientific calculations can be developed by
means C and Fortran programming languages simultaneously. The well-known free Fortran and C
compilers provided by the GNU project are recommended to develop the programs for high-
performance calculations for scientific research. These compilers allow using several programming
languages to develop the software.

CONCLUSIONS. The high-performance computing is related only with the compiled programs,
but not with the interpreted commands. The Fortran programming language is the most suitable for
scientific calculations due to high-performance of compiled machine codes. It is necessary to exclude
the usage of graphical user interfaces slowing calculations, but it is crucially to have suitable text
modes to control the state of computing, which can be during hours/ and a lot of codes are required
for this. Free Fortran and C compilers provided by the GNU project are recommended to develop the
programs for high-performance calculations for scientific research, because it is possible to use
several programming languages to develop the software.
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Anomauin: B poOoTi OCHOBHY yBary OyJio NMPHUIUICHO MEPCIEKTHBAM PO3BHUTKY albTePHATHBHUX
CUCTeM eJIeKTpOreHepallii. bylio po3risHyTo 1 MpoaHaNi30BaHO BXKE ICHYHOUI CHCTEMH
elleKTporenepanii. Bu3HaueHO HaHNEepCHEeKTHBHINIY albTEPHATUBHY CHUCTEMY €JIEKTpPOTeHeparlii,
BPaxOBYIOUYH MIBHJKICTH PO3BUTKY TEXHOJIOTIH, BIUIMB Ha HABKOJHUIIIHE CEPEIOBHIIE Ta MOXKIIHBICTH
il BAKOPHUCTaHHS B PI3HUX KyTOUYKax CBITY.

Knrouogi cnosa: cucrema, enekrporeHepaitis, albTepHaTUBHUM.

AKTYAJIBHICTb POBOTU. CyvacHuii CBIT CTUKA€THCS 3 BUKIMKAMU €HEPreTUYHOI Oe3IeKH,
KJIIMaTUYHUX 3MIH Ta 3POCTAlOYOro IMOMHUTY Ha €JIeKTpoeHeprito. TpaauuiiiHi MEeToau reHeparii
€JIEKTPOCHEPTii, 1110 0a3yI0ThCSA HAa BUKOIMHOMY MajUBl, CHPUUYMHSIIOTH 3HA4YHI €KOJIOT14HI Mpo0iIeMHu
Ta EKOHOMIYHI PU3UKHU, 30KpeMa 3aJIeKHICTh BiJl HECTaOUILHUX IIiH Ha pecypcu. ChOroJiHI CBITOBOIO
CTajia TEHJIEHIIISI PO3BUTKY €HEPreTHKH B KOHTEKCTI 3a0€3Me4YeHHS €HEPreTUYHOI CaMOCTIHHOCTI
KOkHOI Kpainu. [TonmiTuka nmparHeHHs eHeproHe3aNeXKHOCTI MPOJUKTOBaHA CTPIMKUM IT1IBULICHHSIM
I[IH Ha €HEePTrOHOCIi, TEPUTOPIAIBHUMHU Ta KUIbKICHUMH OOMEXEHHIMH MOKJIaA1B KOPUCHUX KOIAIHH,
a TaKoX HETraTMBHMM BIUIMBOM Ha eKkousiorito [1]. ¥V 1ibOMy KOHTEKCTI pPO3BUTOK ajbTepHAaTUBHUX
CHCTEM eJIEKTPOTeHepallii € HaJ3BUYAHO aKTyaIbHUM.

MATEPIAJI T PE3VJIBTATU JOCJIIJPKEHDb. BukopucranHs BiIHOBIIOBAaHUX JDKEpEN e€Heprii,
JNEMOHCTPYIOTh 3HAYHHM TMOTEHIAN JIs 3a0e3MeUeHHs] BUKOHAHHS IIiel crajgoro po3Butky OOH.
Tak, choMa I1iJIb CTAJIOTO PO3BUTKY — YKMCTa Ta BIJHOBIIOBAaHA CHEPris, IO O3Ha4Yae 3a0e3medeHHS
JIOCTYIly IS yCiX [0 HEJAOPOTHX, HAMIMHUX, BIJHOBIIOBAaHMX Ta CyYaCHHUX JDKEpel CHeprii.
TexHonmoriunuii mporpec y BUIOOYTKY €HEprii 3 BiJHOBIIOBAIBLHUX JDKEpET Ta TiABUIICHHS
e(eKTUBHOCTI TEpPEeTBOPEHHs Ili€l €Heprii pa3oM 3 KOHTPOJEM CHEPrOCIOKHUBAHHS CIIPHUSE
3MEHILIEHHIO BUKOPUCTaHHS BHUKOIHOTO TNaJlMBa, LI0 TMO3UTUBHO CKaXXeThCs Ha ekosorii. Tak,
Cy4yaCHHUM METOJOM BHUPIIIEHHA MpOOJIeMU PEryJlOBaHHS EHEProClOXKUBAaHHSI € CTBOPEHHS
ABTOMAaTH30BaHOI CHCTEMH YyMpaBIiHHA pecypcamu Ha 6a3i WSN 3 MOXIMBICTIO AMCTAHIIHHOTO
MOHITOPHHTY CIIOKHUBAaHHSI PECYpCIB Ta 30epiranHs oTpuMaHoi iH(opmarllii B He3aJIe)KHOMY LEHTpI
ayJIuTy Ta KOHTPOJIIo [2].

3 JOCTYIHUX JIIOJICTBY HA CHOTOJHINIHIN JAEHb CUCTEM albTEpHATHBHOI eleKTporeHeparlii, iCHye
UIICTh B)X€ BUKOPUCTOBYEMUX Y PI3HMX KpaiHaX CHCTEM, Ta OJHA MEpPCHEKTUBHA y CTaHI PO3POOKH.
Jlo mux JoKepel eHeprii BITHOCATh COHSYHY, BITPOBY, T1IpO, T€OTEPMAIIbHY, 010€HEPT€THKY, BOJIHEBY
reHepalilo Ta BiJIHOCHO HOBY TEPMOSJEPHY EHEPreTHKy, IO 3aCHOBaHAa Ha MPOLECI SIEPHOTO
cunte3y, gk y Conng. CoHsiuHa eHepris BUKOPHCTOBYE IMaHel A TNEpeTBOPEHHS CBITIa Ha
€IIEKTPUKY, BITPOBI TypOiHM TMEPETBOPIOIOTh KIHETUYHY €HEPril0 BITPY B  EIEKTPHUKY,
TiIpoeHepreTuka OTPUMY€E EHEpril0 BiJ PyXy BOIH, I'eOTepMalibHa BUKOPHUCTOBYE TEIUIO 3€MII,
OloeHepreTuka OTpPUMY€ eHeprito 3 Oiomacu Ta Oiorady, a BOJHEBa TEXHOJIOTisl BHUpOOIIsE
€JICKTPOCHEPTiI0 Yepe3 XiMIUHI peaKilii BOJHIO 3 KHCHEM.

AHalnizylouu MOnyJsIpHICTh BUKOPUCTAHHS albTEPHATUBHUX JKEpelN eJIeKTporeHeparlii, MOXeMo
cka3aTH, 1o CoHsYHa eHepreThka MpPOJOBXKYE CTPIMKO 3pOCTATH, SK MOKa3aHO Ha pUCYHKY 1. Y
2024 poui €Bporneiicbkuii Coro3 BIiepiie BUpOOUB OiIblile €IeKTPOCHEPTii 3 COHSIYHUX MaHeseH, HiK
13 Byrust: 11% npotu 10%. lle ctamo MOXIJIMBUM 3aBISKH PEKOPAHUM TEMIIaM BCTAHOBJICHHS
HOBHUX COHSYHHX MOTYXHOCTEH [3].
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Pucynok 1 — I'padix BupobieHHs enekrpoeneprii [3]

BitpoBa eHepreTHka TakoX JEMOHCTpYe 3HauHe 3pocTaHHs. Y 2023 pomi cBiT goxgaB Ha 50%
OlIbLIE TOTYKHOCTEH BIJHOBIIIOBAHOI €HEprii MOPIBHSIHO 3 MOIMEPEIHIM POKOM, MPUYOMY 3HA4HA
YacTHHA LbOIO 3POCTaHHS NpPUIIAJa€ Ha BITPOBI ycTaHOBKM. KwuTail Bifirpae KiIrO4OBY poOJIb,
301IBIIMBIIY BUPOOHUIITBO BITPOBOI eHeprii Ha 66%.

I'inpoeHepreTuka 3aMIIA€THCS OCHOBHUM JIXKEPETIOM B1IHOBIIIOBAHOI €HEprii B OaraThoX KpaiHax.
Hanpuxnan, bpasunist otpumye 88,9% cBO€T enekTpoeHeprii 3 BIIHOBIIOBAHUX PKEPEIl, IEPEBAXKHO
rigpoenektpocraniii. Kanama Ttakok Mae BHCOKMM NOKa3HUK — 66,5% enexkTpoeHeprii 3
BITHOBIIIOBAHUX JKEPEJI, 3HAUHA YACTHUHA KO MMOXOIUTh BiJl T1IPOCHEPTETHUKH.

I'eotepmanbsHa eHepreTuka udepes reorpadidHi 0OMEKEHHS MEHII TMOIMIHUPEHa, ajle BAXKIWUBA IS
TaKMX KpaiH, sk [cnanaiga ta Ouninmixu.

BioeHeprernka mmpoko BUKOPUCTOBYETHCS B KpaiHaX 13 pPO3BHHEHUM CLTBCHKHM TOCIIOIaPCTBOM.
Hanpuxnan, IlBeniss akTUBHO BUKOPHCTOBYE O10MaJMBO JUIsi BUPOOHMIITBA €JIEKTPOEHEPTii Ta
OTaJICHHSI.

Bonnesa enepreTuka nepedyBae Ha cTajiii pO3BUTKY, ajie Ma€e 3HauyHUM nmoTeHIian. Kpaiau, Taki sk
Anonis Ta HiMeuurnHa, iIHBECTYIOTh y TOCHIDKEHHS Ta BIPOBAHKEHHS BOJHEBUX TEXHOJIOTIH.

3arasiom, CBITOBI 3yCHJIISI CIIPSMOBaHI Ha 30UIBIICHHS YAaCTKH BiJIHOBIIOBAHUX JPKEpET CHEprii.
Ha xmimatmaaomy camiti OOH COP28 maibke 200 kpaiH MOroauiaucs MOTPOITH TMOTYXKHOCTI
BiTHOBIIIOBaHO1 eHepreTuku A0 2030 poky. XodYa MOTOYHI TEMIU 3pOCTaHHS € 3HAYHUMU, BOHU IIIC
HEIOCTATHI JUIS JOCATHEHHS i€ aMOITHOI METH.

BUCHOBKMU. Ananizyoun aociimpkeHy iHPpOpMaIliro, MOKEMO 3pOOUTH BUCHOBOK, IIIO COHSYHA
EHepreTHKa € HaWNEepClNeKTUBHINIOW albTepHATUBHOK CHUCTEMOI ellekTporeHepanii. UYepes
IIBUJKUN PO3BUTOK JAaHOT TEXHOJOTIi, 3HM)KEHHS BapTOCTI Ta MOXJIIMBOCTI BIPOBAKEHHS B
Oyab-axomy perioni. Bona He mae BukuaiB CO:, mo poOHUTH I €KOJOTIYHO YUCTOIO 1 CHpHUSE
00poThOi 31 3MiHamu KiniMaTy. COHSYHI MaHeN MOXKYTh OyTH BUKOPHCTaHI B Pi3HUX MaciiTadax, Bif
JOMalIHIX J0 BeIMKUX (epMepChKUX CTaHLINA, M0 J03BOJIAE€ 3a0€3MEUUTH EHEPreTUYHY
HE3QJICKHICTh. 3aBIAKH MIATPUMIN YPSAIIB Ta MDKHApPOJHUX OpraHiaiii, COHAYHA EHEPreTHKa
MIPOJIOBKYE HAOMPATH MOIMYJISIPHICTS 1 € JiEPOM cepell BiIHOBIIOBAHUX JIKEPEs EHEeprii.
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Annotation: The article analyzes modern 0T technologies for automated access control systems.
The architecture of such systems, key components and innovative approaches, including biometric
authentication, wireless communication protocols and the use of artificial intelligence, are
considered. The advantages of integrating 10T into security systems and prospects for their further
development are identified.
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Modern loT technologies for creating automated access systems are extremely relevant, as they
provide a high level of security, convenience and adaptability to modern requirements [1-8].
Traditional access control methods are gradually losing their effectiveness, giving way to innovative
solutions that combine RFID, NFC, biometrics, artificial intelligence, blockchain, and cloud services.
The growth of cyber threats, the need for rapid data processing, and flexibility in access control make
the use of 10T in this area not only desirable, but also necessary to ensure the reliability and
efficiency of modern systems [9-11].

Access control and management systems (ACS) based on Internet of Things (IoT) technologies
open up fundamentally new opportunities for ensuring the security of objects for various purposes. A
key feature of 10T solutions is the integration of physical devices into a single network with the
ability to remotely monitor and control over the Internet. Key components of 10T access systems,
which are divided into three layers: devices, network and application layer (Fig. 1).
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Figure 1 — Architecture of the 10T access control system

The figure 1 demonstrates the three-tier architecture of the 10T access system (on the lower level,
various devices are shown: RFID readers, biometric scanners, smart cards, electronic locks, sensors
and NFC devices); the middle level displays the main communication protocols (Wi-Fi, BLE,
ZigBee, LoRaWAN, NB-loT and Thread); the upper level represents applied solutions (cloud
services, Al analytical systems and mobile applications); in the center of the diagram, the Internet is
shown as a key component that provides communication between levels.

The architecture of a modern 10T access control system includes three key levels:

1. Device Layer — Includes sensors, actuators, and access controllers: smart cards, RFID tags,
biometric scanners, electronic locks, motion and presence sensors.
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2. Network layer — provides communication between devices and cloud services through a variety
of protocols: Wi-Fi, Bluetooth Low Energy (BLE), ZigBee, LoORaWAN, NB-IoT.

3. Application layer — cloud services and software solutions for management, analytics and
integration with other systems (ERP, CCTV, fire safety).

Innovative technologies used in modern systems: biometric authentication; wireless technologies
and protocols; artificial intelligence and data analytics.

CONCLUSIONS. Modern IoT technologies play a key role in the development of automated
access control systems, providing a high level of security, convenience and adaptability. The
integration of RFID, NFC, biometric systems, artificial intelligence, and cloud services allows you to
create flexible and efficient solutions that meet modern challenges, such as cyber threats and the need
for fast data processing. Thus, 10T solutions not only change the approach to organizing access
control, but also form a new level of security and access management, which is relevant for
enterprises, government agencies, and private users.
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BITPOBAI)KEHHS IHHOBAIIMHUX ITA®POBUX PIIIEHD Y IHGPACTPYKTYPY
3AKJIAIIB OXOPOHMU 310POB’A
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Anomauia: Po3BUTOK CTanMX i pO3yMHHUX MICT BUMarae BIPOBAPKEHHS iHHOBAIIHUX IIU(PPOBUX
pillieHb y KPUTHYHO BAXJIMBY iHPPACTPYKTYpy, 30KpeMa B CHUCTEMY IIOCTa4aHHS KUCHIO. Y wii
nyOumikamii po3risaaeTbes po3poOka MOJETI MOHITOPUHTY Ta YIPAaBJIiHHS BHTPaTaMU PO3IMOILTHYOL
CUCTEMM KHCHEBO-TIOBITPSHOI CyMIlIl 3 BUKOPUCTaHHSAM LU(POBHUX OJIM3HIOKIB. 3allpOIIOHOBAHUMN
miaxig Oazyerbcsi Ha TexHosorisix IHrepHery peuei (IoT), mITydHOro iHTENEKTy Ta aHAJIITUKU
BEJIMKHX JIaHUX.

Knrouogi cnosa: xucHeBO-TIOBITPSIHA CYMiIll, PO3YMHI MiCTa, MEAMYHA 1HQPACTPYKTYypa.

OnHi€ro 3 KIIIOYOBUX CKJIAJJOBUX MEIUYHOI 1H(PPACTPYKTYypH € CHCTeMa IOCTaYaHHS KHCHIO, SKa
3a0e3neyye KUTTEBE HEOOX1NHY MIATPUMKY MALIEHTIB y JIKApHAX Ta 1HIIMX MEIUYHUX 3aKiaziax.
MenuyHuil KMCeHb BiJIIrPAa€ BAXKIUBY POJb y JIKyBaHHI 0ararbox CTaHiB, BKIIOYAIOUM peCHipaTOpHi
3axBoproBaHHs (COVID-19, xpoHiuHy OOCTPYKTHBHY XBOpOOY JI€r€Hb, IMHEBMOHIIO), XIpypriyHi
BTpPYYaHHS Ta IHTEHCUBHY TepaIiio, EKCTPeHy MEAUYHY JOTOMOTY (IIBUAKY JOTOMOTY, peaHIMaIiiH1
BiIIeHHs). [CHyroul MeToau 3a0e3reyeHHsT KUCHEM MAarTh CYTTEBI HEOJIKH, IO TOB’S3aHO 3
3aJIe)KHICTIO B1J 30BHIIIHIX MMOCTaYaJbHHUKIB LIEHTPAII30BaHUX CHUCTEM (3 BUKOPUCTAHHSIM PIIKOTO
KHCHIO a00 OajoHIB); BHCOKOIO BapTICTIO TPAHCIOPTYBaHHS Ta 30epiraHHs KHUCHIO, OCOOJIUBO Yy
BIITAJICHUX PETiOHaX; HEJAOCTATHBOIO THYYKICTIO Yy pearyBaHHI Ha 3MIHY IIOMUTY, IO CTajo
ocoOmuBo moMiTHUM i yac naungaemii COVID-19. 3 ormsiay Ha BUKIMKH, TIOB’s13aH1 3 YIPABITIHHIM
KHCHEBOIO 1H(MPACTPYKTYPOIO Y MEIUYHHX 3aKJIagaxX, Ta MOXKJIUBOCTI, SIKI BIIKPUBAIOTH ITU(POBI
TEXHOJIOT1i, pO3po0OKa MOl MOHITOPUHTY Ta YMpaBJiHHS BUTpaTaMu KHCHEBO-TIOBITPSHOI CyMiIIi
Ha OCHOBI ITU(POBUX OJU3HIOKIB € HAI3BUYAIHO aKTyaJbHOIO.

CydJacHi CHCTEMH MEIWYHOTO KHCHEBOTO 3a0€3MEeUCHHsI BKIIIOYAIOTH IEHTPATi30BaHI CHCTEMH
rmojadi PiIKOro KHUCHIO, OAJOHHI CHCTEMH, KHUCHEBI KOHIEHTpaTopu. EDEKTUBHUMH 1JI1 BEIMKHX
JIKapeHb € LEHTPaTi30BaHI CHCTEMHU TOJa4yi PIKOTO KUCHIO, OJHAK BOHU MOTPEOYIOTH CKIIATHOT
iHppacTpykTypu. banoHHi cucTemMu — MOOUIBHI, ajie MalOTh OOMEXKEHHUI Pecypc 1 BUMararoTh 4acTUX
3amiH. KuWCHEBI KOHIICHTpATOpPH BHUPOOJISAIOTh KHCEHb Ha MICI[l BHUKOPUCTAHHS, 3MCHITYIOYH
3aNeXKHICTh Bl 30BHINIHIX TMOCTA4YaJbHUKIB, 3HIDKYIOYM BUTpPaTH Ha TPAHCHOPTYBaHHSA Ta
30epiraHHs; THYYKO aJanTyH4H I0Ja4y KHUCHIO JO peajbHOro monuty. ChoromHi Bce Oinblie
MEJMYHUX YCTAaHOB IMEPEeXOAATh 10 JIOKAJIbHOI TreHepalii KHCHIO 3a JOMOMOTOK KHCHEBUX
KOHIICHTPATOPiB Ta T€HEPATOPIB.

OCHOBHMM BHKIMKOM TIpM BUKOPUCTAHHI KHCHEBHX KOHIIGHTPATOpPIB € CTBOPEHHA
KOHTPOJIbOBAHOI CyMIIIi KHCHIO Ta TMOBITPA 13 33JlaHMMU NapaMeTpamu KoHueHTparii. Tpaaumiiini
METOJIM 3MillyBaHHS (MeMOpaHHi, MEXaHi4Hi) MarOTh OOMEXEHHS Yy MIBHAKOCTI peakiii Ha 3MiHU
CHOXKMBaHHA. Y pPOOOTI MPONOHYEThCS BUKOPUCTAHHS EXKEKIIi — IMpolecy, 3a SIKOro MOTIK
CTHCHEHOTO TIOBITPS CTBOPIOE PO3PIHKEHHS, IO JJ03BOJSE JO30BAaHO BTATYBATH KHCEHb 13
KoHIleHTpaTopa. OCHOBHUMH TiepeBaraMd TaKOTO TMIJIXOAy € aBTOMAaTHYHE peryiaroBaHHS
CMIBBIJHOIIEHHS KHMCHIO Ta TOBITPS 3alie)KHO BiJ MapaMeTpiB Mojaui; BIJCYTHICTb MOTpeOH Y
CKJIQIHUX E€NIEKTPOHHUX PETYIATOpax Ta BUCOKA eHEepProeeKTUBHICTh, OCKIIBKH BUKOPHCTOBYETHCS
KIHETUYHA €HEepris MOBITPSIHOTO MOTOKY.

Konctpykiiis exekropa BKiIo4ae Audy30p Uid MPUCKOPEHHS CTHCHEHOTO TMOBITPSA, Kamepy
3MillyBaHHs, A€ BiAOyBaeTbcs BTATYBAaHHA KHCHIO, Ta BUXIAHMHA 1udys3op, IO CcTabiumizye
chopmoBany cywmim. [Iporec exekiii onucyerscs piBHsSHHsAMH bepuynni ta Has’e-Crokca. [[ms
BHU3HAYCHHS ONTUMAJIbHUX MAapaMeTPiB M01a4i BHUKOPUCTOBYIOTHCS PIBHSHHS:
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P, +2hep et

ne Py, P, — TUCK y 30HI BXOJly Ta BUXOY,

vy, V5 — IIBUJKICTH TIOTOKY,

£ — TyCTHHA Ta3y

Ha ocHOBI mux piBHSHb BUKOHAaHO MOJICNIIOBAHHS BIUIMBY I'€OMETpii €KEKTOpa Ha MapameTpH
MOTOKY, IO JIO3BOJIMJIO BU3HAYUTH ONTHMaJbHI KOHCTPYKTHBHI pillleHHsA. Byio mpoBemeHO cepito
eKCTIEPUMEHTIB ISl OLIHKK €(EeKTHBHOCTI 3allpOMIOHOBAHOTO METOMY, SIKI MOKa3alid CTaOUTBHICTD
KOHIIeHTpawii kucHio y Mexax 40 — 60 % npu 3MiHHOMY HaBaHTa)KE€HHI, 3MEHIIICHHS BTpAT e€Heprii
Ha 15 % y MOpiBHSAHHI 3 TPAaJUIIMHUMHM METOJaMHU 3MILTyBaHHs, MiJBUIIEHHS MIBUJKOCTI peakiii
CUCTEMM Ha 3MiHYy mOoTpeOu B KHCHI. OTpuMaHi pe3yJbTaTH MiATBEPIKYIOTh €(EeKTUBHICT
BUKOPHCTAHHS ©KEKIIIHHOTO METOIy B CHCTEMaX MEIUYHOTO ra30MoCTadyaHHs.

BrnipoBamykeHHsT MOJiesll MOHITOPUHTY Ta YIPaBJIIHHS BUTPAaTaMH PO3MOJUIBYOI CUCTEMU KHCHEBO-
MOBITPSIHOI CyMillll MOTpeOye epeKTUBHOTO MOHITOPUHTY Ta ynpaBiiHHSA. HegocTaTHiil KOHTpOsb 3a
BUTpAaTaMH KHCHIO MOXE TMPHU3BECTH /O MEPEBUTPAT a00 HEJOCTATHHOTO 3a0e3IMeUeHHs Ialli€HTiB.
BijncyTHICTh aBTOMAaTH30BaHMX MEXaHI3MIB PETYJIOBAHHS MOTOKIB y PO3MOAUIbYIA MEpexi MOXKe
BUKJIMKaTH HEPIBHOMIPHICTh MojAayi KucHI. HemocraTHs aHamiTHKa Ta MPOTHO3YBaHHS MOXYTb
YCKJIQJHIOBATH OTEpaTHBHE IUIaHyBaHHS TocTadaHHs. OJHUM 13 TEPCIEeKTUBHUX IiIXOdIB JI0
BUPILICHHS 3a3HAYCHUX MPOOJIEM € BUKOPUCTaHHS TeXHOJIOrT nuppoBux O6mu3niokiB (Digital Twins).
Texnounoris nepeadavyae CTBOPEHHS BipTyalbHOI MOAEN! (DI3UYHOT CUCTEMH, SIKA B PEXKHMI pEabHOTO
9Yacy CHHXPOHI3YEThCS 3 JaHWMH CEHCOpPIB Ta aHATNITHYHHMHU alTOPUTMaMH. 3acTOCYBaHHS
u(ppoBUX OJIM3HIOKIB y CHUCTEMAax PO3MOJUTY KUCHEBO-TIOBITPSHOI CyMIlll JI03BOJISIE MOHITOPUTH
CTaH MEpeXi B PEeKHUMI PEaTbHOTO 4acy (KOHTPOJb THUCKY, KOHIIGHTpaIlli KHCHIO, BUTPAT Ta30BOl
CyMiIni); TPOrHO3yBaTH CIOXKMBAHHS KHCHIO HAa OCHOBI ICTOPHYHHMX JaHUX Ta aJIrOPUTMIB
MAaIIMHHOI'O HAaBYAaHHS; aBTOMAaTHYHO ONTHUMI3YBaTH MOAAYY KUCHIO, PEryJIIOI0UM NOTOKH BiANOBIIHO
JI0 aKTyaJlbHUX TOTpeO; 3HWKYBATH CKCIUTyaTalllifHI BUTPATH, 3amoOirairoud 3aiiBUM BTpaTaMm Ta
aBapiiHUM CHUTYAIlISIM.

3anponoHOBaHa HaMM MOJIEJIb MOHITOPMHTY CTaHy Ta YIpPAaBJIHHS BUTpaTaMH pPO3MOALILYOT
CHUCTEMHU KHCHEBO-TIOBITPSHOI CyMIIIl 3 1HTErPOBAaHUMH KHCHEBHUMH T€HEpATOpaMu CKJIAJA€ThCS 3
TPHOX PIBHIB, a came, 300py JdaHMX, aHATITHYHOTO PIBHS Ta yIpaBiiHHSA Ta Bidyam3arii. Ha piBHi
300py JaHUX 3aCTOCOBYIOThCS |0T-ceHcopu AJIi MOHITOPUHIY THUCKY, KOHIEHTpalii KHUCHIO, BUTPAT
MOBITPS, a TAKOXXK KOHTPOJICPH ISl YIIPABIIIHHS MTOIaY€0 KHCHEBO-TIOBITPSHOI CyMillli. AHATITUIHUMA
piBeHb Iependayae BUKOPUCTAHHSA QJIIOPUTMIB MAIIMHHOIO HaBYaHHS JJI IPOTHO3YBaHHS
CIOXKHMBaHHA KUCHIO. ONTHMI3allis BUTPAT JOCATAETHCS 3a JOMNOMOIOK MAaTeMAaTHYHUX MOJeEINei.
PiBenp ympaBniHHA Ta Bi3yamizaiii 0a3yeTbCs Ha BXXMBAaHHI I1HTEPAKTUBHHUX JAOOpIIB ISt
BiJIOOpaXKeHHs MOTOYHOI'O CTaHy CHUCTEMM 1 aBTOMATH30BAHUX pIIIE€Hb JJIsl PEryJIOBaHHS MOTOKIB
KHCHIO.

BUCHOBKMU. BnpoBamkeHHs po3poOiieHOT MOjeIi MOHITOPUHTY Ta YIOpPaBIiHHS BHUTpaTaMu
KHCHEBO-TIOBITPSIHOT CyMillli CIIpHsi€ MOCSITHEHHIO KIFOUOBHX IfiJiei cramoro po3BuTky (Sustainable
Development Goals, SDGS). IligBHIIyeTbCS SIKICTh MEIMYHHMX IMOCIYT, MOKPAIIYETHCS 370POB’S
MAIIEHTIB Ta 3a0€3MeYy€eThCsl CTIMKICTh MEIUYHMX 3aKiajliB, IO € KIo4oBuMH acnektamu SDG 3
«Good Health and Well-Being» («Mimne 310poB’st i Oiaromonyqusi»). 3HIKYIOTbCS BHTPAaTH Ha
€HEepProcrnoXMBaHHS B MEIUUHUX 3aKJIa/aX, BIIOYBA€TbCs ONTUMI3AL]l CIIOKUBAHHS €HEPropecypciB
Ta 3arajdbHUM TepexiJ A0 YUCTOi, cTanoi 1 e€(eKTUBHOI EHEPreTHKH, IO BIAMOBIAA€ KIOYOBUM
3agaanusamM SDG 7 «Affordable and Clean Energy» («/loctymHa Ta uncra eHepris»). BinOyBaerbcs
po30yioBa 1HTENEKTyaldbHOI 1H(pacTpykTypu B paMkax KoHuenmii posymHux Mict SDG 11
«Sustainable Cities and Communities» («Cranuii po3BUTOK MICT i CHITBHOT»), 3a0€3MeUyeEThCsI
epeKTUBHICTb, Oe3nepebiiiHicTh Ta CTIHKICTh MeIU4HOi 1H(pacTpyKTypH, 110 JOMOMAarae 3poOUTH
MicTa Oe3NMeUHIIIMMHU, OUTBII €KOJIOTTUHUMH, CTIMKMMHU JI0 KPU3 Ta 3pYYHUMH JUTS KHUTTH.
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MEXAHI3M JIi PU3UK-OPIEHTOBAHOI'O MUCJIEHHSI Y CUCTEMI YIIPABJIIHHSA
AKICTIO TA BE3IIEKHA HEHTPAJIBHUX TEIIJIOBUX ITYHKTIB

K.C. Peabkin, I.A. AnymkeBuy, JI.C. IBanoB

XapKiBChbKHI HAIlIOHATBHUN YHIBEPCUTET PaliOCTICKTPOHIKH
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Anomauia: Metoro poOOTH € TiABUIICHHI €PEKTUBHOCTI CUCTEM YIIPABIIHHS SKICTIO Ta Oe3MeKu
neHtpanbHux TermoBux nyHKTiB (LITII). ¥V cydacHux ymoBax €HEpreTMYHOi KpPH3U Ta 3POCTaHHS
BapTOCTI €HEepProHOCiiB, MUTaHHSA €(PEeKTUBHOrO TerionocTayanHs crae ayxe BaximBuM. L[TIT e
KIIFOUOBUMH CKJIAIOBUMH CHCTEM IIEHTPAJII30BAHOTO TEIUIONMOCTa4YaHHs, $IKI BIAMOBIIAIOTH 3a
pO3MOAT 1 PpEryiroBaHHS Temuia. AgekBaTHa apganTtariss cucremu ympasiinaa LTI go
Tpanchopmalliif 30BHIIITHEOTO CEPEIOBUIIA MOKIIMBA JIUIIE 32 YMOB PU3HK-OPIEHTOBAHOTO MHUCJICHHS
sIKE CTIPSIMOBAHE Ha YIPABIIIHHS O€3MEKOI0 HOro PO3BUTKY.

Knrouogi cnoea: nenTpanbHUil TEIUIOBUN NMYHKT, pU3HK-OPIEHTOBAHE MUCIEHHS, SIKICTh, Oe3Meka,
HEBIJINOBIAHOCTb.

VY cyuyacHMX YMOBaxX €HEPreTHYHOI KpU3M Ta 3pOCTaHHS BapTOCTI EHEPrOHOCIIB MUTaHHS
e(eKTUBHOTO TEIUIONOCTayaHHs cTae ayxe BaxiauBuM. Llentpanbhi TeroBi nyHktu (LITII) e
KIIFOUOBUMH CKJIQJIOBUMH CHCTEM IIEHTPATI30BAaHOTO TEIUIONMOCTAYaHHs, $KI BIAMOBIIAIOTH 3a
po3moAaut 1 perymtoBaHHs Teruta. OnHaK 3actapiie oOJiagHAHHS Ta JIMIIE YAaCTKOBA aBTOMAaTH3aIlis
6aratbox L[TII B VkpaiHi Npu3BOAsATH [0 3HAYHMX EHEPreTHYHUX BTpaT, HEEPEKTHUBHOIO
BUKOPUCTAHHS PECypCiB Ta HE3aJ0BOJICHHS CIOKHBAa4aMH IIMOJ0 SKOCTI mochyr. Tomy Ha
CHOTOJHINTHBOMY €Talll Jy)Xe aKTyaJlbHOI0 CcTajia ToTpeba y MojepHizamii 1 TOBHOIIHHIN
apromaruzarii LTIl 3 wmertoro 3abe3medeHHs edEKTUBHOCTI, HAAIMHOCTI Ta KOMMOPTY IS
CIIOKMBAYIB.

[Ipobnemu HeedekTHBHOrO (YHKIIOHYBAHHS IIEHTPATI30BAHMX CHCTEM TEIUIONOCTaYaHHS B
VYkpaiHi cTany KpUTHUYHUMH TpOTAroM ocTaHHiX 30 pokiB. Mu crmocrepiraeMo MacoBH Tepexil
MIPOMUCIIOBUX 1 MOOYTOBUX CIOKMBAYiB Ha 1HAMBIAyajJbHE OMAJICHHS 4Yepe3 BUCOKI I[IHU 1 HU3BKY
SKICTh TMOCIIYT IEHTPaJIbHUX TeIUloedeKTpocTanuii. Llei TpeHna npU3BOAUTH 110 3MEHIICHHS
edexruBHocTi TEC.

Takuii pO3BUTOK MOJIIN 3arpo’kye€ HE JIMIIEC CHEPreTHYHIM Oe3reli KpaiHu, aje W eKOJOTi4HIN
cutyarii 'y wmictax. Tomy HeoOximHa wMopepHizamis [ITII 3 iMmueMeHTami€ro CydacHHUX
aBTOMATU30BAHUX CHUCTEM YIPABIIHHSA — aKTyalbHE 3aBJaHHS Uil MOJErmeHHs e(eKTUBHOro
BUKOPHUCTAHHS €HEPropecypciB, MiHIMI3allii BTpAT TeIia, ONTHMI3allii BUTpaT Ha OOCIyroByBaHHS 1
MOBEPHEHHS JIOBIpM CIHOXHMBadyiB J0 IeHTpanizoBaHoro Tteruionocrayanud. LTI e ckiagHOMO
CUCTEMOI0, JisUIbHICTh AKOi BiTOYBa€ThCS B PU3HKOBAHOMY cepenoBullli. HeBU3HaueHICTh OTOUYEHHS
Ta, K HACIiJOK I[bOT0, HemepeadadyBaHIiCTh YIPABIIHCHKUX IMPOIIECIB, sIKI MOBUHHI BiqOyBaTUCS 3
BUHUKHEHHSM pPHU3UKIB BCIX BH[IB MJisUIBHOCTI, CYINPOBOKYIOTh (PYHKI[IOHYBaHHS KOKHOTO
MIJIPUEMCTBA BiJl X CTBOPEHHS MPOTATOM BCHOTO JKUTTEBOTO IHMKITY. AJEKBaTHa aJamnTarlis
cucremu yrpaniiaas LTI go Tpancdopmariiii 30BHIIIHBOTO CEpPeIOBUIIIA MOXIJIMBA JIUIIE 32 YMOB
PU3HUK-OPIEHTOBAHOTO MUCJICHHS SIKE CTIPSIMOBAHE Ha yNPaBIiHHS 0€3MEeKOI0 HOT0 PO3BUTKY.

[TinctaBoro mst hopMyBaHHS Ta CTAHOBJICHHS PHU3UK-OPIEHTOBAHOT'O MHUCJICHHS, K CKJIaJI0BOL
CHCTEMH YMPaBIIHHA SKICTIO mianpueMcTtBa, € cta"mapt ISO 9001:2015 «Cuctemu ymnpaBiiHHS
skictio. Bumoru» (ISO 9001:2015 «Quality management systems — Requirements», IDT). Biu
CIOHYKa€ MiJNPUEMCTBA MPUALIATH OLTbIIE yBark GakTopaM CUCTEMHM YIPABIIHHS SKICTIO B paMKax
MiX0/y, 3aCHOBAHOT0 Ha aHali31 pu3uKiB. [IOHATTS «PU3UK—OPIEHTOBAHE MUCIICHHSD) OXOILIIOIOE:

— BUKOHAHHS 3aM00KHUX A1l A1 YCYHEHHS MOTEHIIHHIX HEB1IMOBITHOCTEH;

— aHali3yBaHHs Oy/b-sIKUX HEBIAMOBITHOCTEH, 110 BUHUKAIOTH;
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— BXKMBaHHS 3aXOJiB JUIsl 3aMo0iraHHs iX MOBTOPHOMY BHHHKHEHHIO, SIKi € BIAIOBITHUMH JI0O
HACJIIIKIB HEB1AMOBIHOCTI.

OCHOBOIO PU3HK-OPIEHTOBAHOTO MUCIICHHS € MPUUHSTTS PINICHHS B yMOBaX HEBU3HAYEHOCTI.
Ha puc. 1 HaBeneHO MeXaHi3M J1ii pU3MK-OPIEHTOBAHOTO MUCIICHHS B CUCTEMI YIPABIIHHA SKICTIO Ta
oe3neku L[TII.

Cuctema yopae. TiHHA m.Iu‘pncn[c'an\l

SOEHIHI 3arpozH Prank- nplmTOBa.ne BryTpinmi sarpesn
Ia PHIHEH I\I:Hl.‘.JEB:E_ﬁ Ta PHSHEH

I\‘ JIBTYpa \‘Tl'pﬂn.l'[l.ﬂ:ﬂ.ﬂ ﬁemeknm PO3BHTKY ]]l,ZIl'l'lJH€\1l3TBﬂ

...... P

JKICHA ONIHEA PIEEA
PH3HELB

Inrerpamnz AT : TETETPaTER: OIER:

OUIHER PESHEIR [ - = 2
EHpOOHET0] EROHOMITHOT
TLATEHOCTI mETERDCTI

<&

KoMmnekcHa IHTErpaibHa OIIHEA PIEHA Oe2IEKH DOZEHTEY
MiINPHEMCTER 3 YPAXVEAHHAM PIBHA PHIHEY
PHIHHATTA YIPABTIHCEKOTO PIlIEHHA CTOCOBHO OE3MEKH POIBHTEY
THAMpHEMETEA

Crangapri ynpasniuua sikictio [SO 9001:2015
ealonandorie aweNnend suHIrgedn §

Pucynok 1 — MexaHi3M fii pu3uK-OpiEHTOBAHOT'O MHUCIICHHSI B cucTeMi yrnpasiinas [[TI1

[porec ympaBimiHHS pU3UKOM TIOBUHEH BKJIIOYATH TaKi €TaIu:

1. ImenTudikartist pu3uKiB.

2. AHaumi3 1 OIiHKa PU3HUKIB.

3. Po3po0OneHHs 3ax0/1iB MIOA0 YIPABIIHHSI PU3UKAMH.

4. MOHITOPHUHT 1 ONIEpaTUBHE YIPABIIHHSI PU3UKAMH.

3acTocyBaHHS PH3MK-OPIEHTOBAHOTO MHCJICHHS JacTh MOJKJIMBICTH TiJBUIIMTH €()EKTUBHICTH
VIPaBJIIHHS CUCTEMOIO YIPABIiHHS SKICTIO Ta OE3MEKOI0 MEHTPATBHUX TEIUIOBUX IYHKTIB Ta MOXE
CIlyTyBaTH OCHOBOIO MOJJAITBIIIOTO HOTO PO3BHUTKY.
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Annotation: The study is devoted to the analysis of modern opportunities and prospects for the
use of aerial robots in the urban environment. Key areas of their use, including logistics,
infrastructure monitoring, environmental control, and emergency response, are considered. The
materials of the study emphasize the transformative potential of aerial robots for the development of
«Smart citiesy, as well as the need for further interdisciplinary research to fully realize their
capabilities.
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The relevance of the topic of aerial robots in the urban environment is due to the rapid
development of unmanned aerial vehicle technologies and their integration into various spheres of
life of modern megacities. In cities where population density and infrastructure load are constantly
increasing, aerial work is becoming an effective tool for solving many tasks — from monitoring traffic
flows and environmental status to cargo delivery and emergency services. The growing demand for
fast and automated solutions in an urbanized environment makes aerial robots indispensable
assistants [1-7]. They allow you to reduce the load on ground infrastructure, increase logistics
efficiency, and ensure prompt response in emergency situations. In addition, the development of
artificial intelligence and autonomous control systems opens up new prospects for their use, for
example, in the field of «smart cities» and innovative services. Thus, exploring the opportunities and
challenges associated with the application of aerial robots in urban space is extremely important for
the further implementation of future technologies in everyday life.

Air robots are already used today for infrastructure monitoring, cargo delivery, environmental data
collection, search and rescue operations, and law enforcement. They allow you to obtain information
in real time, reducing the cost of time and resources compared to traditional methods [8-10].
Unmanned systems are able to work autonomously thanks to artificial intelligence, computer vision,
and precise navigation. This makes them effective in narrow spaces of the city, where
maneuverability and reaction speed are important. The main concerns remain air traffic safety, data
privacy, legal regulation, and technical limitations (e.g. battery autonomy). Cities need adapted
infrastructure, such as aerial robots overports and air traffic management systems. The paper analyzes
the main manufacturers of aerial robots and their key features (Table 1).

Table 1 — Analyzes the main manufacturers of aerial robots and their key features

Manufacturer / | Main models Features and areas of application
Brand
DJI (China) Mavic 3, | Market leader. Aerial robots for aerial photography, video

Matrice 300, | shooting, agricultural technology, search and rescue operations.
Phantom 4 RTK | High stability, long flight time, advanced artificial intelligence

functions.
Parrot Anafi, ANAFI | Lightweight compact aerial robots for commercial and military
(France) USA use. Thermal imager support, modularity.

Skydio (USA) | Skydio 2, X10 Autonomous aerial robots with a unique obstacle avoidance
system. They are used in infrastructure and security
inspections.
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Continuation of Table 1

Manufacturer Main models Features and areas of application

Autel Robotics | EVO Max 4T, | Powerful aerial robots with thermal imaging cameras, suitable

(China) EVO Lite+ for emergency services, police, construction.

Wing (USA) | Unmanned Specialization in courier aerial robots (delivery of goods).
delivery systems | Works in partnership with chains (for example, Walgreens).

Zipline (USA) | Creates specialized | Medical delivery (blood, vaccines) to hard-to-
autonomous  systems  for | reach regions. Drones with vertical take-off and
medical delivery parachuting of cargo.

So, DJI dominates the civilian aerial robot market, but faces restrictions in some countries due to
data security issues. Skydio is relevant to the U.S. because of its local production and government
support. Wing and Zipline are examples of niche solutions that show the potential of drones in
logistics.

CONCLUSIONS. Today's cities face numerous challenges related to increasing population
density, infrastructure strain, and the need for operational solutions. In this context, aerial works
show significant potential as an innovative tool for optimizing urban processes. The study confirms
that unmanned technologies are already being effectively used today in areas such as infrastructure
monitoring, emergency response, cargo delivery and environmental control. Their ability to work
autonomously thanks to the integration of artificial intelligence, computer vision, and precision
navigation makes them especially valuable in confined urban spaces. However, the large-scale
introduction of aerial robots requires overcoming a number of technical and regulatory barriers. Key
challenges include ensuring air traffic safety, developing adapted infrastructure (e.g. drone heliports),
as well as addressing data privacy issues.
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Annotation: This paper considers the development of an automation system for the production of
materials, semi-finished products and finished products in logistics production processes. The
proposed system improves control and management of resources, increasing the efficiency of
logistics operations. Modern automation approaches are used, including integration with ERP
systems and the use of 10T solutions.
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Modern manufacturing enterprises face challenges associated with accounting for materials, semi-
finished products and finished products. The lack of effective automation can lead to loss of
resources, errors in reporting and reduced productivity. The method of this study is the development
of systems that allow optimizing posting processes [1-5].

Introduction

Modern manufacturing enterprises face challenges associated with accounting for materials, semi-
finished products and finished products. The lack of effective automation can lead to loss of
resources, errors in reporting and reduced productivity [3]. The method of this study is the
development of systems that allow optimizing posting processes.

Methodology

The following methods were used during the development:

- Analysis of requirements for the resource management system;

- Design of the architecture of the automated system;

- Selection of technologies and software development;

- Integration with existing enterprise information systems.

Main part

The proposed system includes:

- Database for storing information about materials;

- Automated workplace for data entry and control;

- Reporting module that generates analytical data for managers;

- Integration with RFID tags and barcode scanners for automatic posting.

The system architecture consists of a server part, a client interface and an API for interaction with
other information systems [2,5].

The architecture of an automated materials accounting system consists of three main components:

1. Server part

- Responsible for processing requests, executing business logic, and storing data.

- Includes a database, application server, security and backup mechanisms.

- Processes incoming requests from clients and API requests from other information systems.

2. interface

- Designed for user interaction with the system via a web application or mobile application.

- Allows you to view balances, post materials, create and edit records, and generate reports.

- Provides simple and convenient access to system functionality.

3. API for interaction with other information systems

- Used for integration with ERP systems, warehouse platforms, and supplier systems
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- Implemented via REST or SOAP protocols for fast data exchange between systems.
are presented in Table 1.
- Allows you to automate information exchange processes between enterprises.

Table 1 - REST or SOAP protocols for fast data exchange between systems.

Component Description Technology

Server part Request processing, data PostgreSQL, Node.js,
storage and management

User interaction with the

Client interface Python
system

API Integration with other React, Angular, Vue.js
information systems REST, SOAP, GraphQL

Additional aspects

To ensure security and reliability, the system implements:

- Data encryption to protect confidential information;

- User access rights separation;

- Automated backup and recovery mechanisms;

- Cloud infrastructure for scalability.
Further improvement is possible through the implementation of artificial intelligence to predict
material needs. Example of a materials accounting table are presented in Table 2..

Table 2 - Example of a materials accounting table

Material type Number Storage location Provider

Sheet steel 500 kg Composition A SteelCorp Ltd.
Aluminum rods 300 pcs Composition B MetalWorks
Plastic granules 1000 kg Composition C PolyPlast Inc.
Electronic chips 5000 pcs Composition D TechComponents

Conclusions: The developed automation system allows to increase the accuracy and speed of
materials accounting, reduce the influence of the human factor and integrate resource accounting with
the general ERP system of the enterprise. Further research can be aimed at implementing artificial
intelligence technologies for
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Annotation: The paper considers mathematical modelling of automation objects using linear
differential equations, parametric identification, and digital twins. The dynamics of the object model
is described through the relationship between the controlled parameter x(t) and the control parameter
u(t). Accurate determination of coefficients based on experimental data allows us to adequately
reproduce the dynamics of the system and promptly respond to changing operating conditions.
Continuous monitoring, forecasting, and optimization of operating modes is facilitated by the
integration of digital twins, which are constantly updated using data from sensors and SCADA
systems. For high-tech and critical industries of Industry 4.0, it is very important that the synergy of
these approaches increases the efficiency, reliability, and safety of automation object management.

Key words: smart cities, automation objects, modelling, parametric identification, digital twins.

RELEVANCE OF RESEARCES. With the development of high-tech industries and the
introduction of automation in the context of Industry 4.0, mathematical modelling of automation
objects is gaining considerable popularity. These approaches are used in manufacturing, energy,
transport, and monitoring of complex systems. The key aspect is the accurate reproduction of the
object's dynamics and effective process control using parametric identification and digital twins. The
first allows you to determine unknown model coefficients based on experimental data, and the second
allows you to quickly monitor and predict the state of the object in real time. Taking into account
different operational requirements, it is necessary to adapt and improve these methods to increase the
accuracy, speed of modelling, and productivity of automation systems.

MATERIALS AND RESULTS OF RESEARCHES. The principal property inherent for automation
objects is that some state of this automation object must be provided by means related suitable
influences on this automated object. The parameter envisaged to define the state of the automation
object is the controlled parameter, but the parameter defining the influences on the automation object
is the controlling parameter. Thus, if the considered phenomenon represents exactly the automation
object, then the controlled and controlling parameters must be introduced necessarily. The processes
inherent for automation objects can have different nature, so to represent generally mathematical
models of automation objects, it is necessary to use correspondent abstract mathematical notions.
Taking into account the necessarily introduced controlled and controlling parameters, the
mathematical model of the automation object can be represented generally by the following mapping:

u(t) > x(t), (1)
where t is the time defining changes of the state of the automation object during the time; x = x(t)
is the controlled parameter, and u =u(t) is the controlling parameter of the automation object.
In the general case, the mapping (1) is given by means the linear ordinary differential equation:
d"x
" gt
where n,a,,...,a,,a, are numbers, whose are the parameters of the mathematical model.

The construction of the differential equation (2) is reduced to determining its order and parameters.
The order n is determined by expert estimates based on the analysis of processes inherent for the

a +...+a1%+aox=u(t), (2)
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automation object. It is proposed to determine the parameters of the mathematical model (2) by
means the parametric identification:

u(t),x(t)—>a,,...,a,a,, (3)
where u(t) and the corresponding x(t) are traditionally taken from experiments (tests).

The idea is to form the data about u(t) and the corresponding x(t) parameters by using digital

twins of the processes inherent in the automation object. The parametric identification is a set of
methods that allow finding unknown parameters of a mathematical model based on measurement data
of input and output signals of the system. The combination of classical least squares methods with
computational intelligence algorithms allows to significantly increase the accuracy of determining
parameters in real production conditions. The study emphasizes the importance of high-performance
data collection and processing for identifying models of complex objects, since this directly affects
the speed and accuracy of setting up the control system. Thanks to effective identification, the
resulting model makes it possible to assess the change in the state of the object in dynamics; predict
possible deviations or critical operating modes; promptly adjust control actions.

Digital twins create a virtual replica of a physical product, process or system. The replica
can for example predict when a machine will fail, based on data analysis, which allows to
increase productivity through predictive maintenance [1]. An important feature of the software
analogue of a physical device, which models the internal processes, technical characteristics and
behavior of a real object under the influence of obstacles and the external environment, is the
assignment of input influences. A virtual model of a physical object, which is updated in real time
based on data from sensors, SCADA systems and other sources, allows you to constantly monitor the
condition of the object; optimize the maintenance plan; test various control scenarios without risk to
the equipment; increase the accuracy of identification and provide preventive diagnostics. The study
emphasizes the importance of integrating digital twins with parametric identification methods: when
the object model is promptly adjusted as a result of data updates, this provides increased accuracy and
flexibility of the control system. As a result, the "identified” model can serve as the core of a digital
twin. This allows for the most accurate reproduction of the dynamics of the automation object and
calculations of various operating modes without stopping real production.

CONCLUSIONS. Thus, mathematical modelling of automation objects through linear differential
equations, parametric identification and digital twins is a key direction in the development of modern
control technologies. The linear model adequately reproduces the dynamics of the automation object
provided that the coefficients are accurately determined, which are adjusted using parametric
identification based on experimental data. The integration of digital twins allows you to continuously
update model parameters, predict and optimize operating modes in real time, which increases the
reliability and speed of decision-making. This synergistic approach is especially relevant for high-
tech industries in the context of Industry 4.0, and further research should focus on improving
identification algorithms and expanding the functionality of digital twins for complex multi-factor
systems.
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CIRCULAR ECONOMY IN AUTOMATED SYSTEMS
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Annotation: Circular economics in automated transfer systems are moving from a linear model to
cyclical development of resources related to technologies: SHI, 10T, robotics, blockchain and 3D
tools. They will optimize production, automate the processing of products, ensure the transparency of
supply lines and the production of products with a development for future disposal. The price of the
world's most important is the cost of new economic opportunities.

Key words: circular economy, automated systems, piece intelligence, 10T.

Today's circular economy is a key tool for the use of global environmental and economic
instruments. The traditional linial model of "vikoristav-wikinov" is no longer conducive to the needs
of the fulfillment, where the resources are very important, and the approaches and burdens reach
critical levels. Changes in the climate, degradation of ecosystems and toxic damage to landfills are
the only part of the consequences, which can be re-absorbed in the process of production and
production.

Circular economics leads to systems, materials and energy are cyclically wasted (Fig. 1). The goal
is not devoid of an ecological initiative, an economic strategy. Business models, based on repeated
maintenance, recycling and repair, distorting new markets, reducing the cost of production and
increasing the competitiveness of companies. The company-manufacturer of electronics, as a new
product of the old technology, has been invested in the production of new additions and has been
constantly forming the loyalty of the customers, which is valuable in the future.

Production Consumption

Reuse
Recycling

Figure 1 — Representation of the circular economy closed cycle

The introduction of automation and digital technologies plays a crucial role in transforming the
circular economy from concept to practice. Automated systems such as artificial intelligence (Al),
Internet of Things (IoT), or robotic lines allow optimizing resource utilization at all stages of the
product lifecycle [1-8]. For example, 10T sensors can monitor the condition of equipment in real
time, predicting its wear and tear and preventing premature failure. Not only does this reduce waste,
but it also promotes rental or service models where durability is prioritized over disposable.

Automation is also revolutionizing waste recycling and sorting. Robots with computer vision and
machine learning can identify and separate different types of materials (plastic, metal, glass) with
high precision, making the process more efficient and less energy-consuming [9, 10]. Such systems
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are already used in modern waste processing plants, where they replace manual labor, reducing costs
and increasing the volume of secondary raw materials.

In addition, blockchain- or cloud-based digital platforms provide transparency to supply chains.
Manufacturers, consumers and processors gain access to data on the origin of materials, their
composition and the possibility of reuse. This creates conditions for closed loops, where each element
of the system interacts with others, minimizing losses. An important aspect is the integration of
circular principles into «smart» production. In factories that use 3D printing or adaptive technology,
it is possible to manufacture parts from recycled materials, exactly matching the needs, without
redundancy. Automated systems also help design products with their future disassembly and
recycling in mind, which is the basis of eco-design.

CONCLUSIONS. Thus, automation doesn't just speed up processes — it makes the circular
economy scalable and cost-effective. Technology becomes a bridge between environmental
responsibility and efficiency, turning the idea of "restore instead of destroy" into the new normal for
business and society. The use of artificial intelligence, 10T, robotics, and blockchain allows you to
optimize resources, predict equipment wear, automate waste sorting, and ensure transparency in
supply chains. The integration of 3D printing, eco-design and adaptive technologies contributes to the
creation of products suitable for reuse and recycling. Automation turns circular principles into cost-
effective practices, combining efficiency with reduced environmental impact. This forms the basis of
sustainable development, where technology becomes the key to recovering resources instead of
destroying them.
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Annotation: The estimations of angular accelerations by means of the potentiometer sensors are
considered in the context of the applications in small-scale research robotics prototypes for
benchmarking of automation engineering's solutions to support full-scale implementations related
with smart cities. It is proved, that potentiometer sensors are possible for instrumental estimations of
angular accelerations, but it requires defining the first and second derivatives on the time of the
measured voltage incorrect in Adamar's sense, so that it is necessary to propose the suitable
regularisation approach to have reliable estimations for angular accelerations.

Key words: smart cities, automation benchmarks, angular acceleration, potentiometer™ sensors.

RELEVANCE. Different robotics are involved in smart cities applications to exclude people
from monotonous continuous operations and to provide the improved controls of different processes
for energy and resource efficiencies to achieve sustainable prosperity and competitiveness of the EU
next decades through implementations of green and digital technologies [1]. Automation
engineering's solutions providing such improved controls require the suitable small-scale prototypes
for reliable benchmarks, and these prototypes must be provided by the correspondent measuring
systems, including to measure the angular accelerations of the rotating parts widely represented in the
robotics. So, this research related with measurements of angular accelerations is relevant due to
necessities in developments of suitable small-scale robotics prototypes for benchmarks of automation
engineering's solutions before implementations in full-scale smart cities applications.

A benchmarking of engineering solutions for robotics is the relatively separate problem related
including with the development of the suitable prototypes, as it is discussed in the research [2] for an
example. The potentiometer sensors are widely discussed in scientific publications like in [3], and
they are suitable to develop robotic prototypes for benchmarking of automation engineering solutions
due to the accessibility and simple usages, and due to wide possibilities in simulations of digitalised
products, whose are discussed in the research [4]. The purpose of this research is in developments of
crucial principles for measurements of angular accelerations by means of the potentiometer sensors
for applications in small-scale robotics prototypes to support benchmarking of solutions in
automation engineering.

RESULTS. To measure angular accelerations, potentiometers with a circular resistive element
and the rotated sliding contact are proposed to use in research robotics prototypes for benchmarking
of solutions in engineering automation. Such potentiometer is indeed the variable voltage divider,
providing the value of the divided voltage as the given function of the supplied voltage and the angle
of the rotation of the potentiometer's shaft:

U=UK(a), 1)
where o is the rotation angle of the shaft of the potentiometer; U is the divided voltage; U, is the
voltage supplied for operating the scheme; K(a) is the function defining the dependence between

the divided voltage and rotation angle of the shaft of potentiometer.

To measure the angular acceleration of some part of robotics, it is necessary to join this part with
the shaft of the potentiometer. Suitable mechanical joints of the shaft of potentiometer with the
rotating part of the robotics allow to have the relations between the corresponding angles:

a=a(e), )
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where ¢ is the rotation angle of the part, whose angular acceleration must be measured by the
potentiometer sensor with the divided voltage (1).

The relations (1) and (2) prove, that the variable divided voltage on the potentiometer is the
composite function of the rotation angle of the considered part of robotics. The derivatives of the
composite function (1), (2) have the following views:

2 2 2 2 2 2
U _y,dKdade dU _, | &K da)  dKd (d_@] Ly WK dade @)
dt do do dt dt da” \ do do do® |\ dt do do dt
The measured angular acceleration of the part is the second derivative of the rotation angle:
2
g=d@ 4)

di?
The first derivative of the rotation angle ¢ can be defined from the first relation (3), and taking into
account the relation (4), it is possible to use the second relation (3) to find the angular acceleration:
o L[dKda)"dU 1 (dKda)(d*(da)" dKda|dU -
U \dade) dt* UZ{dado do’ \ do do d¢® | dt
To simplify the relation (5) it is recommended to use the linear potentiometer and the linear joints of
the shaft of potentiometer with the rotating part:

2 2 142
d_fzo,d_(zz():g:i(d_l(d_a) d_LZJ (6)
da do U \dade) dt

The divided voltage (1) can be easily measured, but the results (5) and (6) shows that estimations of
angular accelerations of the rotating part by means the joined potentiometer (1), (2) require first and
second derivatives on the time of the measured voltage. At the same time, even high-quality
measuring devices provide low errors to measure voltage do not allow defining the derivatives on the
time for the measured voltage, because of differentiating a function is incorrect operation in Adamar's
sense. Due to these circumstances, the relations (5) or (6) cannot be used directly, and it is necessary
to develop the suitable regularisation procedure.

CONCLUSIONS. The potentiometer sensors are possible for instrumental estimations of angular
accelerations due to the inherent opportunities in representing the estimated value through the related
electrical voltage, which can be easily measured directly. At the same time, the principal difficulties
in estimation of angular accelerations exist due to that it is required to define the first and second
derivatives on the time of the measured voltage, so that the relation between the measured voltage
and the estimated angular acceleration is incorrect in Adamar's sense, and cannot be used directly. So,
to provide reliable estimations of angular accelerations by potentiometer sensors, it is necessary to
propose the suitable regularisation approach, and further research is envisaged for it.
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Anomauyisn: Y poOOTI TPEICTaBICHO PO3pOOKY CHCTEMH KOMIT IOTEPHOTO aJMiHICTPyBaHHS
BUPOOHHMYOTO MiIIPUEMCTBA Y BUTIISAII BeO-n0aaTKy sik CRM-cucremu. Po3risiHyTo aBTOMaTu3aiito
VOpPaBIiHHS B3a€EMOJIEI0 3 pPOOITHUKAMU Ta BHUPOOHMYMMH TMpolecaMu. BusHaueHO eramnu
MIPOEKTYBAHHS: aHali3 NoTped, cTBopeHHs BeO-iHTepdeiicy CRM Ta TecTyBaHHsS. 3anpOnOHOBAaHO
IHCTpYMEHTH JUIsl onTuMi3zallii B3aemonii 1 Bupoouwuira. Iligkpecieno ponp BeO-nogatky CRM y
M1JIBUIIIEHH] €)EKTUBHOCTI MiAMPUEMCTBA.

Knrouosi cnosa: CRM-cuctema, BeO-101aTOK, aBTOMATH3AIIIS YIIPABIIHHS, O13HEC-TIPOIIEC.

AKTYAJIBHICTb POBOTU. ¥V cydacHux ymMoBax aBTOMaTH3allis YNPaBIiHHS BUPOOHHUHUMU
MIJIPUEMCTBAMU € KIIIOUOBOIO Ul MIJABUILEHHSA IXHbOI KOHKYPEHTOCHPOMOMKHOCTI, 11O pOOUTH
po3po0Ky cHCTeMH KOMIT IOTEPHOTO anMiHicTpyBaHHa y Burisiai CRM-cuctemu Haa3BHUYAHO
aKTyalpHOI. MeTOoI0 JOCHIDKEHHSI € CTBOpPEHHS €(EeKTHMBHOrO I1HCTPYMEHTY Uil ONTHMi3alil
B3a€EMOJIT 3 POOITHMKAMHU Ta BHYTPILIHIX MpoleciB. 3aBJaHHS pOOOTH MOJSATalOTh y BHUPIMIEHHI
npo0GsieM, MOB’S3aHUX 13 3aJIeXKHICTIO Bif pociiicbkkux CRM-ananori, siki MaioTb OOMEXKEHHS B
Oe3melli, OHOBJIEGHHAX Ta ajanTamii a0 JokanbHUX noTped. Komm'torepHe aamiHICTpyBaHHS
MiAIpUeMCTBa 3abe3nedye IEHTpaai30BaHE YOPaBIiHHA JaHUMM, KOHTpOJb oOmepamii Ta
ONTHUMI3AIlI0 PECYpPCIB , M0 € KIIOUYOBHUMH (aKTOpaMH CTaJoro po3BUTKY. Po3poOka BiacHOT
CUCTEMU 3a0e31edy€e He3aIeKHICTh, THYUKICTh 1 MABUIICHHS MPOIYKTUBHOCTI MITPHUEMCTBA.

MATEPIAJI 1 PE3VJIbTATHU JOCJIPKEHb. CRM-cuctema (Customer Relationship
Management) — me mporpamse 3a0e3ledeHHs, MpPU3HAYEHE JUIS aBTOMATH3allii Ta YIpaBIIiHHI
B3aEMOJIIEI0 3 KIIIEHTAaMH, a TaKOX ONTHMI3alii BHYTpIIHIX Oi3Hec-mporieciB. BoHa mo03BosIsE
LIEHTpaTi30BaHO 30epiratu JaHi TPO KIIEHTIB, ICTOPIIO CHIJIKYBaHHs, 3aMOBJICHHs Ta 3ajadi,
3a0e31evyroun CTPYKTYPOBAHHH MiAX1J A0 iX 00pOOKH.

Ha Bupobunuomy mianpuemctsi Bukopuctanuss CRM-cucremu kopucHe Juist aAMIHICTpyBaHHS Ta
opraHizaifii B3a€MOJii MDK TMpaliBHUKaMH 3 KUIBKOX TmpuumH. Ilo-mepiie, BoHa crporrye
KOOPJMHAII0 MK BiIiaMu (BUpOOHHUIITBO, MPOJIAXi, JIOTICTHKA), HaJIal0ouu €IMHY 0a3y NaHuX IS
BiJICTe)KeHHsI 3aMoBJieHb 1 TepmiHiB. [lo-gpyre, CRM aBTomaTu3zye pyTHHHI 3ajaadi, SK-OT
IJIaHYBaHHS, 3BITHICTh UM PO3MOJILI PECypCiB, 110 3MEHIITYE HABAHTAKCHHS Ha MEPCOHAI 1 MIHIMI3Y€E
nomuiku. [lo-Tpete, cucrema cripusie eheKTUBHIN KOMYHIKAIlii MK MpaliBHUKAMH 3aBJISIKA YITKOMY
po3noaity 000B’S3KIB 1 JOCTYNy 10 aKTyaJbHOI iH(popMalii B peaJbHOMY 4Yaci. Y MiJICYMKY, 1€
MIJBUILY€E MPOIYKTUBHICTh, MOKpAIye KOHTPOJIb HAJ IMpOlleCaMu Ta CIPHUSE 3MaroKeHid poOoTi
KOMaH/IH.

CrpyKkTypa mianpueMCTBa — 1€ CKJIaJ 1 CIIBBIIHOIICHHS MOr0 BHYTPILIHIX JIAHOK, 1[EXiB, BiIJLMIB,
JabopaTopiid Ta IHIIKUX MiAPO3LIIB, IO CKIAIAI0Th €MMHUA TOCTIOIAPCHKUMA 00’ €KT.

Crpykrypa B3aeMoaii MiX HiApO3JUIaMU MIANPUEMCTBA HA MPHUKIAl SIKOTO Oyle peaiizoBaHe
cucrema. Ha ocHoBi 0110k cxemu (puc.1) MO>KHa BU3HAUUTH, 110 JUPEKTOP BU3HAYAE CTpATEriuHi il
Ta KOOPJIUHYE poOOTY BCIX MiJIPO3/LIIB.
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Llexu b OinuHwui F Poboye Micyue
Oupextop ) )
NoricTHka

S Bigain npopaxie

Pucynok 1 — CrpykTypa nianpuemcra

Omnepariiiauii  aupekTop 3a0e3neuye BUKOHAHHS 3aBJaHb, pO3NMOAULIIouN ix Mk lLlexamu,
Jlorictukoro ta Binainom nponaxis. Llexu BiMoB1Aat0Th 32 BUPOOHUIITBO, POMOAUISIIOUN 3aBJaHHS
MDK JliIbHHULISIMH, fK1, Y CBOIO 4epry, OpraHizoByrTh po6oTy Ha PoOoumx Mmicusx. Jlorictuka
3a0e3reyye IeXW MarepialaMd Ta KOOPIWHYE JOCTaBKY TOTOBOI MPOIYKIIil, CITIBIPAIIOIOYN 3
Bimniiom npopaxis, sSKuil popMye 3aMOBIIEHHS BiJ] KJIIE€HTIB 1 Mepeaae iX y BUPOOHULTBO uepe3
orepariiiiHoro aupekropa. TakuM YMHOM, MIIPO3IUIH B3a€MOJIIIOTh Y YITKIN i€papxii, 3a0e3nedyroun
3JIaro/PKeHy poOOTY MiATPUEMCTBA.

Etanu npoektyBanHs cuctemu. Anamiz notped: Ha mpoMy erami BH3HA4YarOThCS BUMOTH JI0
CHUCTEMHU MIJISIXOM BHBUYEHHS Oi13HEC-TIPOIECIB MIAMPUEMCTBA, MOTPEO MPAIIBHUKIB (IUPEKTOPA,
oTepalifHoro TUpeKTopa, LeXiB, JOTICTUKH, BIIUTY MPOAaKiB) Ta KIIEHTIB. 30MpaIOThCs JaHl MPo
HeoOximHui ¢yHkuionan CRM, Hampukian, ynpaBiiHHS 3aMOBJIEHHSMH, KOOPAMHALISL MIX
MiIPO31IaMH Ta 3BITHICTD.

CrBopenns BeO-gogaTky CRM: Po3poOka cuctemMu BKIIFOYAa€ CTBOPEHHS MOHOJIITHOI CTPYKTYPH 3
BUKOPHUCTaHHAM HaiiHuid Ta mepeBipeHudt yacom ASP.NET nansa 3a0e3meueHHs HOCTymy uepes
Opay3zep. @peitMBOpK 103BOJISE JIeTKO peanizyBatu ckiaaaHi Gynkmii CRM, Taki sk aBTOMaTu3arlis
MPOIIECiB MK MiApo3aiaMu (HaNpUKIa, Nepeaada 3aMOBJICHb Bl BLILTY TPOJAXIB 10 1EXiB),
3aBIIKHA BOYJIOBAaHUM 1HCTPYMEHTAM I CTBOPCHHS NUHAMIYHUX BeO-iHTepdeiiciB. ba3za mannx SQL
Server BHUKOPUCTOBYETBCS Jyisi 30epiraHHs iHdopMarii Tpo KIIEHTIB, 3aMOBJICHHS, BHPOOHHYI
MpOIIeCH Ta B3aeMOit0 Mixk migpo3aiiamu. SQL Server 6e3moranHo interpyerbes 3 ASP.NET uepes
ADO.NET ta Entity Framework. SQL Server — 1ie moty»Ha pensiiiiHa 0a3a gaHuX, siKa i1caJbHO
MIIXOMUTh Ui 30epiraHHs Ta OOpOOKHM BEIUKHX OOCATIB CTPYKTYpPOBAHHMX JAaHHMX, TaKUX SK
iH(opMaItis mpo KIEHTIB, 3aMOBJICHHS, BUPOOHMYI MPOIIECH Ta JIOTICTUKY. PeaiizyeTbest GyHKITIOHAT
JUTsl aBTOMATHU3AIlIl 3a/1a4, TAKUX SIK TUTAaHYBaHHSI, 00JIIK peCypcCiB 1 KOMYHIKaITis.

TecryBannsa: Ha 3aBepmasbHOMY eTami HpPOBOIUTHCA TIEpEBIpKa MPale3aTHOCTI CHUCTEMHU:
TecTyBaHHS (YHKI[IOHAaTy (UM KOPEKTHO TMIpAllo€ YOpPABIiHHA 3aMOBIEHHSMH, YU 3pPY4YHO
MpariBHUKaM), 1HTerpamii MDK Tiapo3aiiaMu (HampUKIaJ, Yd MPaBUILHO TEPEaaloThCs JaHi Bif
BIIIUTYy MPOJAXiB JO0 LEXiB Yepe3 JIOTICTUKY) Ta CTaOUIbHOCTI poOOTH BeO-momaTky. BusiBieHi
MTOMUJIKH BUIIPABJISIOTHCS TIEpe]] BIPOBAKEHHSM.

BUCHOBOK. VY gnocnmimkenHi po3pobieno BeO-mogatok CRM st agmiHiCTpyBaHHS
BupoOHuyoro mianpuemcta Ha 6a3i ASP.NET ta SQL Server, 3 ypaxyBaHHsM 1oTpeO miApoO3aLIiB.
Cucrema aBTOMAaTH3y€ YIPaBIiHHS 3aMOBIIEHHSMH, KOOPJIWHAIII0O MiX I€XaMH, JIOTICTUKOIO Ta
BIIIUIOM TpoJaxiB, 3a0e3mneuyroun cTalumbHICTH 1 Oesmeky nanux. Po3pobmena CRM-cuctema
niABHILY€e e(EeKTUBHICTh YIPABIiHHA BUPOOHMYMM MIANPHUEMCTBOM 3aBASKM aBTOMAaTH3alil
PYTHHHHX IPOIIECIB, TAKUX K 00poOKa 3aMOBJIEHb 1 po3MoLa pecypciB. Bona 3abe3nedye mBuaKuit
JOCTYM A0 iH(opMaIiil [t BCIX MiAPO3IUTIB, IO MOKPAIlye KOOPAMHAIIII0 MIXK 11€XaMH, JIOTICTHKOO
Ta BimguioM mnponaxiB. Bukopucranns ASP.NET i1 SQL Server rapantye Oe3neky AaHUX 1
MOXIIUBICTh MaclTabyBaHHA cHCTeMH. l[IpakTW4yHa IIHHICTHP TOJSTa€ B CKOPOYEHHI Yacy Ha
BUKOHAHHS ONEpalliifHUX 3a]a4, 3MEHIIICHH] IOMUJIOK 1 MiABUILEHH] MPOIYKTUBHOCTI MiJIPUEMCTBA.
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TectyBanHa miATBepIWIO €()EKTUBHICTH CUCTEMU B peaIbHUX YMOBax. 3alpONOHOBAaHA CHCTEMa
KOMI'IOTEPHOTO  aJIMIHICTPYBaHHS [JO3BOJISIE CTBOPUTH IHHOBALIWHUI MiIXil A0 YIpaBIiHHA
BUPOOHUIITBOM, IO BiJNIOBiIa€ KOHIICIIISIM CTAJMX 1 PO3YMHHUX MICT Ta CHUILHOT. ABTOMaTH3AIlis,
nudpoBizalis Ta BUKOPUCTAHHS TMEPEJOBHX TEXHOJOTIH CIpHs€ MiIBUIICHHIO e()eKTUBHOCTI
HiANMPUEMCTB Ta iHTerpamii ix B ekocucremy Smart Industry 4.0. Y MaiitOyTHpOMY TUTaHY€ThCS TOJIATH
MOJyJli TIpOorHO3yBaHHs, iHTerpauito 3 [oT Ta anamituky Ha ocHoBi LI IIpoexT Mae moreHmian s
MaciuTaOyBaHHS Ta aJanTarii 0 1HIIUX MiAPHEMCTB.
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A GENERALISED MATHEMATICAL MODEL OF ELECTRICITY CONSUMPTION FOR
ELECTRIC DRIVES IN SMART CITIES APPLICATIONS
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Annotation: The generalised mathematical model of electricity consumption is developed by
using electromechanical analogies and Lagrange's equations of 2-nd kind in the view of the system of
two first order and one two order ordinary differential equations with the related initial conditions. It
allows representing the dependency between supplied voltage and the electricity consumption of the
electric drive. This mathematical model is for following researches directed to formulate and to solve
the problem of the optimal control theory, so that it allows developing the energy efficient automated
controls for electric drives required in smart cities applications.

Key words: electricity consumption, electric drive, mathematical modelling, smart sites.

RELEVANCE. Automated electric drives are principal structural elements in a lot of technical
systems involved in households and industrial applications at present. The green transition ambitions
of the EU make more significant importance of electric drives, because they have zero own carbon
emission, and they can provide carbon neutrality together with the green power generating
technologies like solar, wind, hydro and nuclear. Although automated electric drives are known and
widely used a lot of times, they are traditionally designed without energy efficiency demands and
they provide only the stability of exploitational modes. At the same time, energy efficiency demands
require more careful mathematical modelling of the processes in the automated electric drive to
represent dependencies between automated controls and energy consumptions, as it is discussed for
an example in the published explorations [1,2]. So, developments of the improved mathematical
modelling of the processes inherent for the automated electric drives are the relevant problem due to
relationships with energy efficiency demands for infrastructures of smart cities. The purpose of this
research is in development of a generalized mathematical model of the electricity consumption in
electric drives providing the required detailing to represent dependencies between automated controls
and energy consumptions.

RESULTS. An electric drive provides required operations due to electric voltages supplied on
the electric motor, so that the corresponding electric power is consumed to have the required angular
velocity of the output shaft of the electric drive with corresponding exploitation loads. If an electric
drive is considered as an automation object, then the supplied voltage is chosen to provide the
required angular velocity of the output shaft of the electric drive during an operation, so that to
represent the dependence between controls and electricity consumptions it is necessary to represent
the dependence between the supplied voltage and angular velocity of the output shaft of the electric
drive with correspondent exploitation loads. Taking into account all these circumstances, to represent
the dependence between controls and electricity consumptions it is required to consider automated
electric drive as the electromechanical system, and the electromechanical analogies with Lagrange's
equations of 2-nd kind are used to do it.

The electric drive with the direct current electric motor is considered [1, 2], so that the electric
charge g, in the rotor winding and the angle ¢ of rotation of the output shaft are considered as the

generalised coordinates representing the electric drive as the electromechanical system. It is assumed,
that the rotation angle of the rotor of electric motor is defined by the rotation angle of the output shaft
are related

P =0 (), (1)
where ¢, is the rotation angle of the rotor of the electric motor.
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The electromechanical analogies and the Lagrange's equations of the 2-nd kind lead to the
systems of two differential equation of second order, but it is possible to exclude the electric charge
g, from these equations, so that after correspondent equal transformations these equations will have

the following view with the related initial conditions:

dl o1 d(pe d(p
L, — dt =-RI d o +U ( ) 2
do, ) d’e do, do, de, de
R R s P Py ) S
(t) =15, o(t) =0, E(tO) 5 (4)

where t is the time; | =dq,/dt is the electric current in the rotor winding; L,, R,, B, and J_ are the
inductance, the resistance of the rotor winding, the electrotechnical characteristic of the electric motor
and the moment of inertia of their rotor; U, (t) is the voltage supplied to the electric motor; J, (¢) is

the moment of inertia of the mechanical parts of the electric drive and loads; M (t,(p,d(p/dt) is the

generalised mechanical couple representing the loads relatively the rotation axis of the output shaft of
the electric drive; t, is the given initial time, and 1,, ¢,, ©®, are the given values of the electric

current, rotation angle, rotation velocity at the initial time t =t,.
To estimate the consumed electric energy, the mathematical model (2)—(4) of the electric drive
must be complemented by the following differential equation and the related initial condition:

(jj_'f:m)ue(t), E(t)=E,, 5)

where E =E(t) is the consumed electric energy before the time t and E, is the consumed electric

energy before the initial timet =t,.
The mathematical model (2)—(5) gives the representation of dependency between the voltage
U, (t) supplied to electric motor and electricity consumption E(t) of the electric drive. The energy

efficient automated control for the electric drive must be due to the choice of the voltage U, (t)

supplied to electric motor, and to have such energy efficient controls, it is necessary to formulate and
to solve the related problem of the optimal control theory on the basis of the developed mathematical
model (2)—(5).

CONCLUSIONS. The generalised mathematical model of electricity consumption in electric
drives is developed in the view of the system of ordinary differential equations with the related initial
conditions. It is shown, that estimations of the electricity consumptions require considering of the
electric drive as the electromechanical system, so that at least two generalised coordinates are
necessary. The view of the differential equations of the developed mathematical model is
significantly defined by the relation between the rotation angles of the rotor of electric motor and the
output shaft of the electric drive. Continuation of this research is planned to consider the particular
examples of electric drives with different relations between the rotation angles of the rotor of electric
motor and the output shaft.
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Annotation: The standardisation of the parts and the usage of the 3D printing are considered as
the concepts allowing to develop the research robotics prototypes for benchmarks of engineering
automation's solutions to implement in support smart cities applications. It allows to provide the
Reduce and Reuse principles of the circular economy at present, but implementations of the Recycle
principle required complementary technologies not fully accessed at present. Small scales of the
robotics prototypes decrease exploitational energy consumptions during the researches, so that the
related carbon emissions are decreased.

Key words: circular economy, smart cities, automation benchmarks, robotics prototype.

RELEVANCE. Implementations of green and digital technologies are assumed to be crucial to
provide sustainable prosperity and competitiveness of the EU next decades [1], and any support of
smart cities initiatives is in full agreement with it. So, the relevance of this research is due to
directions to circular concepts to develop research robotics required to benchmarks of green and
digital automation engineering solutions for smart cities’ applications.

Automation technologies are crucial for smart cities applications, as it is highlighted in a lot of
published researches like in [2] for an example. Substantiations and illustrations of the engineering
automation solutions are important to develop the reliable automated control systems for smart cities,
and the suitable prototypes are required to do it, as it is discussed in the research [3] for an example.
The importance is due to the necessity of the checking for novel automation engineering's solutions
having no direct analogues and prototypes, including for the checking of the proposed mathematical
models and related results predicted theoretically such as for an example in the research [4] based on
the computer simulations only. The difficulties of benchmarks for automation engineering's solutions
are related with developments of suitable real-world prototypes allowing to represent fully properties
inherent exactly for the considered automation object, because it requires correspondent funding, and
it is accompanied with energy, material consumptions leading to carbon emissions and solid wastes
accumulations polluting the environment. The purpose of this research is in implementations of
circular economy principles to develop research robotics for benchmarks of automation engineering's
solutions directed to improve controls of smart cities infrastructures. Such a formulated purpose is in
agreement with the EU visions, that the circular economy transition is one crucial way to achieve the
sustainable prosperity and competitiveness of the EU next decades6 as it is highlighted in the
political agenda [1].

RESULTS. It is possible to give different classifications of economic systems, but due to the
global problems related with the pollution of the environment the directions of resources' flows are
considered as the economics classification feature. The linear economics has the unidirectional flow
of resources from the raw materials to the wastes, which are emitted to the environment, but the
circular economy has the loop returning part of the wastes to the productions as raw materials after
the recycling, so that it allows decreasing emissions of wastes to the environment. Of course, it is
impossible to recycle all the wastes, but the degree of the possible recycling is defined by the design
of products. Besides, reusage of the products and reducing the wastes after utilisations of products
also lead to decrease emissions to the environment, but such possibilities are defined significantly by
the design of products. So, the basic principles of the circular economy are formulated as 3R, which
represents Reduce, Reuse, Recycle actions. It is assumed that implementations of these principles
allow minimising emissions of wastes to the environment, but it is possible only if these principles
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are applied for the most of products, including for the prototypes developed to benchmarks of
automation engineering's solutions in smart cities applications.

Reuse [+ Reduce
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Figure 1 — Circular economy principles in developments of research robotics

The careful standardisation of the parts and the usage of the 3D printing usage are proposed as the
principal pillars (Figure 1) for implementations of circular economy principles to develop the
research robotics prototypes for benchmarks of automation engineering's solutions supporting smart
cities applications. Indeed, the standardisation allows to reuse the same parts in different developed
prototypes, and it allows to reduce the necessity of developments and productions of nonstandard
parts (Figure 1). Usage of the 3D printing allow to have the least power consumptions comparing
with metallic parts, and it allows to do decrease the time from the designing to the obtaining of
produced parts. Besides, the plastics can be recycled by means the higher temperatures and used
further to produce new parts. At the same time, it is necessary to highlight, that technologies
providing recycling of the part printed by 3D printers are not fully accessible at present. The small
scales of the developed robotics prototypes allow decreasing exploitational energy consumptions.
The reduction of materials' flows and energy consumptions due to implementations of the proposed
concepts lead to decrease direct and indirect carbon emissions in the environment.

CONCLUSIONS. The standardisation of the parts and the usage of the 3D printing allow to
implement the circular economy principles to development of research robotics prototypes required
for benchmarks of automation engineering's solutions supporting smart cities applications. It allows
to provide the Reuse and Reduce principles of the circular economy at present, but to provide the
Recycle principle, it is required the technologies, whose are not fully accessible at present. Small
scales of the robotics prototypes allow decreasing exploitational energy consumptions during the
researches, so that the related carbon emissions are decreased.
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