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FEATURES OF APPLIED USE OF ARTIFICIAL INTELLIGENCE
TECHNOLOGY IN THE ENERGY INDUSTRY

A.O. Boyko

Professor, Doctor of Economic Sciences, Associate Professor of the Department of
Economic Cybernetics of Sumy State University

B.O. Pokhodenko

Post-graduate student of Oleg Balatsky Department of Management, Educational
and Scientific Institute of Business, Economics and Management, Sumy State
University

Abstract: The article discusses the prospects and risks of using modern
information technologies, including artificial intelligence (Al) and machine learning,
in the field of energy. It highlights the relevance of implementing Al technologies for
optimizing, monitoring, and enhancing the resilience of energy systems, including
smart grids, renewable energy sources, and process automation. The article provides
examples of well-known companies successfully utilizing Al in the energy sector.
However, it also acknowledges the risks associated with Al, such as "hallucinations”
and changes in priorities, and emphasizes the importance of thorough testing,
verification, and certification of software applications to ensure safety and reliability.
Overall, the article underscores the significance of a cautious and controlled
deployment of Al in the energy sector, considering its heightened risks.

Keywords: energy sector, information technology, artificial intelligence (Al),
machine learning, risks and challenges, innovation.

Researching the possibilities of implementation and use of modern information
technologies in the field of energy remains a very relevant and important task in the
modern world. Here are a few reasons why this topic is important:

Transition to renewable energy sources: Most countries are committed to
reducing carbon emissions and dependence on traditional energy sources such as coal
and gas. This requires the integration of solar, wind and other renewable sources into
the energy supply system, and here information technology plays a key role in
forecasting and optimizing this process.

Smart grids: The implementation of smart grids allows for more efficient
management of energy networks, ensuring a balanced supply and consumption of
electricity. This requires the development of algorithms and data collection and
analysis systems.
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Energy efficiency: Ensuring energy efficiency in buildings, industry and other
sectors is becoming an increasingly important task. Information technologies allow
monitoring and optimizing energy consumption, reducing costs and impact on the
environment.

Grid Reliability and Security: In today's world, the security and reliability of
power grids are critical. Modern information technologies help identify threats and
risks, as well as provide protection against cyber attacks.

Development of electric mobility: The growing interest in electric cars requires
the development of infrastructure for their charging and efficient management of
electricity consumption.

Infrastructure Modernization: Many countries are spending efforts to modernize
their energy infrastructure. This includes replacing outdated equipment with more
efficient and resilient equipment.

Energy storage and distribution: Energy storage, such as batteries, allows energy
to be stored and distributed when needed. Artificial intelligence and machine learning
help to optimize these processes.

In general, the use of modern information technologies in the energy industry is
key to solving many modern problems related to ensuring the stability, efficiency and
sustainability of energy systems. This field of research remains relevant and promising
for further development and innovation.

In general, the goal of research in this area is to improve and optimize energy
systems in order to ensure sustainability, efficiency and sustainability of energy supply,
as well as to develop innovative approaches to solving modern energy-related
problems.

In our opinion, due to the recent rapid development of artificial intelligence (Al)
technology, the direction of research into the use of this technology in the energy
industry remains a certain "white spot" for now. Researching the possibilities and
methods of applying artificial intelligence in the field of energy can have different goals
and objectives depending on the specific context and tasks of the research. For
example, research into the possibilities and ways of applying these technologies in
order to optimize production; consumption forecasting; increasing the efficiency of
management systems; increase in energy efficiency; improvement of energy saving;
development of new technologies; ensuring security and cyber protection, etc.

In general, the "window of possibilities” of application is only expanding with
the development of technology. We have concrete examples of implementation:

- General Electric (GE): GE uses Al to optimize the operation of its electricity
generating facilities. They develop monitoring and diagnostic systems that use machine
learning algorithms to predict the condition of equipment and plan maintenance.

- Siemens: Siemens is actively applying Al in the field of smart grids and
automation of power systems. They develop control systems that detect and respond to
anomalies in networks.

- Google DeepMind: DeepMind, a division of Google, uses Al to optimize the
operation of wind and solar farms. They developed algorithms that increase the
performance of these stations by predicting weather conditions and energy
consumption.
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- Tesla: Tesla uses Al in the control systems of its smart batteries and charging
stations for electric vehicles. This helps improve the performance and reliability of
their products.

- ABB: ABB develops solutions for smart grids and uses Al to optimize the
management of energy systems.

- IBM: IBM uses its Al product, IBM Watson, to develop solutions to optimize
energy consumption in buildings and industry.

These are just a few examples of many more.

But, watching with enthusiasm for new opportunities, we forget about
the risks of enterprises in the energy sector, which are due to their use in their activities
of software applications that use Al technology. The technology itself, having (already
known to us) problems that have not been solved at this time, such as "hallucinations"
or an unauthorized change in the priorities of the tasks being performed, provokes the
imposition of certain restrictions on its use in energy, which in itself is fero with
increased risks. Having the understanding that creating separate elements of the system
and automating through the use of Al entire processes such as: automation of machines
and equipment; asset maintenance forecasting; optimization of processes, machines,
software or tools; monitoring the level of safety and prevention of incidents, etc., we
are confidently taking steps to create a comprehensive management system, both for
individual energy facilities and entire directions, the work of which will be fully based
on Al technology. The question of the degree of autonomy of such a management
system becomes especially relevant in this regard. And here the following should be
noted:

1. Taking into account the integration of renewable energy sources into general
networks and the increasing, in modern historical conditions, the relevance of the
application of the concept of local networks, the energy sector, in a certain perspective,
will no longer be able to work effectively without such a tool as management systems,
the work of which is based on the use of technology Al

2. Itis already necessary to develop a technical certification system for software
applications in particular and control systems in general that use Al technology in their
work and are planned for use in the energy sector. The main purpose of the certification
should be to establish the compliance of the work algorithms of the control system with
the technological maps of the functioning of energy facilities.

3. The implementation of the management system as an automated system
(ACS) should be preceded by its long-term use as a decision support system (DSPR).
This will help, from a practical point of view, to assess the possibility and features of
using a specific management system as an automatic control system.

4. Periodic testing (a set of test scenarios covering various aspects of system
functioning), validation and verification (verification of algorithms used in the system)
and expert evaluation (involvement of experts in the field of Al and energy areas for
periodic review and analysis of the system).

So, as a conclusion, we can say the following: nowadays the application of Al
in the energy industry is relevant and vitally important, but given the increased and
specific risks in this area, the implementation process must be planned, consistent and
controlled.
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CONTROL AND MONITORING SYSTEM FOR THE OPERATION OF A
COGENERATION UNIT FOR A MICRO-INSTALLATION PRODUCING
AGRICULTURAL BIOGAS FOR INDIVIDUAL NEEDS OF A FARM

B. Dybek, Ph.D., D. Anders, Ph.D., M. Herkowiak, Ph.D., G. Walowski, Prof. ITP-
PIB, Institute of Technology and Life Sciences—National Research Institute, Poland

Abstract. The article presents a cogeneration system based on the production
of heat and electricity, which constitutes the equipment of a mobile biogas
installation. A characteristic farm was selected, which has a substrate necessary for
the process of methane fermentation of slurry from pig farming. The cogenerator,
which constitutes a potential energy demand from the point of view of Polish energy
agriculture in the context of renewable energy production, was analyzed. An attempt
was made to determine the operating conditions of the cogenerator and to develop the
optimization of a biogas cogeneration unit producing electricity and heat in a micro-
installation for the needs of an individual farm.

Key words: steering, control, cogeneration, optimization, agricultural biogas

Cogeneration systems based on the production of heat and electricity are standard
equipment of biogas installations where, in addition to the production of electricity
from biomass, there is also a demand for process heat [1]. In the case of conventional
systems producing only electricity, it is only possible to obtain 30-35% of the energy
supplied in the fuel. Heat recovery means that the potential of the system allows the
recovery of 80% of the energy contained in the fuel, 30-35% of electrical energy and
45-50% of thermal energy. Energy losses in this case are limited to 15-20%.
Electrical efficiency is defined as the quotient of the generated electricity divided by
the amount of energy contained in the fuel. In turn, the energy efficiency of a
cogeneration system is the quotient of the sum of the amount of electricity and heat
produced to the energy contained in the fuel [2].

The heat obtained from the biogas plant's cogeneration installation is used to maintain
the process temperature of the fermenter, but its excess can be used for other
processes, such as heating buildings. Another method is to transmit or store heat and
produce cold [3].

Due to their high efficiency, cogeneration systems play an important role in reducing
greenhouse gas emissions, reducing costs, reducing environmental pollution while
increasing system reliability and energy quality, as well as reducing network overload
and avoiding distribution losses [4].

The existing control and monitoring system for the operation of the cogeneration
unit, as well as its biogas supply system and the system for receiving the generated
thermal energy, significantly reduce the energy efficiency of the research installation,
while also indicating directions for optimizing the cogeneration unit before
proceeding to the implementation phase of the research microbiogas plant on an
individual agricultural and livestock farm.

The purpose of the technical specification regarding the optimization of a biogas
cogeneration unit producing electricity and heat in a micro-installation is also to
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ensure its use for the needs of individual agricultural and livestock farms in
accordance with the Act on Renewable Energy Sources (RES) of February 20, 2015
(Journal of Laws 2015, item 478, as amended).

During the optimization, the existing biogas cogeneration unit [5] was thoroughly
reconfigured. Ineffective components of the control and monitoring system of the
cogeneration unit and the high-pressure biogas supply system of the cogeneration unit
engine were replaced with appropriately selected modern, high-efficiency
components that will also ensure the required improvement in functionality. An
advanced Woodward easYgen 2500 generator controller was installed, which takes
control of the operation of the cogeneration unit and eliminates the need to use a
frequency converter - ensuring automatic synchronization of the cogeneration unit
with the public network. As a result of using a control system with automatic
synchronization of the cogeneration unit with the public grid, it will not be necessary
to use a frequency converter.

A low-pressure biogas engine supply system was installed (biogas filter, double cut-
off solenoid valve and zero-pressure regulator) - the existing high-pressure biogas
engine supply system with a "car" high-pressure reducer and its heating system with
engine coolant were dismantled.

A low-pressure engine gas installation was installed (a modern throttle integrated
with a mixer and an electronic actuator), and the existing "car" high-pressure mixer
with a throttle and actuator was dismantled. The actuator is an actuator in the engine
speed control system, which, based on the control signal from the engine controller,
determines the angular position of the throttle flap. As a result of dismantling the
high-pressure biogas supply system of the engine, it will not be necessary to use
energy-consuming biogas compressors and biogas pressure cylinders requiring UDT
supervision.

Components of the air-gas mixture control system (appropriately selected for the
biogas plant), the generator engine controller and components of the installation for
receiving thermal energy from the running engine were also installed. The
components include:

- integrated throttle with electronic mixture actuator;

- engine controller module operating in a closed loop (with the possibility of
operating in an open loop) with an integrated absolute pressure and temperature
sensor in the engine intake manifold;

- high-efficiency plate heat exchanger (with thermal insulation);

- 3-way valve switching the flow of engine coolant (exchanger - emergency cooler).

Additionally, the latest type of components (exhaust thermocouple, main
controller, ignition system controller) were installed in the installation and software
was launched for remote monitoring of the operation of the biogas cogeneration unit
and local archiving of parameters and operating states of the cogeneration unit by the
end user, i.e. an individual farm [6] .

The work done in the framework of a project funded by the National Research

and Development Centre implemented the program BIOSTRATEG contract
No. BIOSTRATEG1/269056/5/NCBR/2015 since 11.08.2015 r.
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COMPUTER-INTEGRATED SYSTEM FOR MONITORING THE MODES OF
OPERATION OF THE "GROUND-WATER" HEAT PUMP USING LABVIEW
SOFTWARE
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University
J. Aleksiejuk-Gawron, PhD, A. Chochowski, DSc, P. Obstawski, DSc,
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Abstract: Designed for computer-integrated system for monitoring the modes
heat pump installation. On the light board visualized current parameters of the chain of
energy transformations of ground heat exchangers to heating appliances. Automatic
construction of graphs of changes in measured parameters, data processing and
archiving of measurement results using hardware and software tools of the National
Instruments company was implemented.

Key words: heat pump, ground heat exchanger, the conversion factor,
temperature and flow sensor, hardware and software tools.

Program of preparation of engineering profile provides theoretical knowledge and
practical skills of renewable energy that can be used not only in residential and
municipal sectors, but also in agricultural production. In particular, describes the main
types of renewable energy sources that can serve as the foundation of new systems of
energy supply .

In modern heating systems can be identified teplopompovoho means converting
low-grade heat environment. With respect to these technical means, it is important not
only to understand the principle and mode of operation, but the assessment of
effectiveness. In particular, the implementation of refrigeration thermodynamic cycle
heat transfer from low to high temperature heat source heat consumer.

Educational heat pump installation is made based NKT10-11-08 (8) of “ground-
water" produced by JSC "Melitopol Machine Building Plant "/REFMA™ with a heat
output of 15 kW. Semi-hermetic reciprocating compressor unit mounted on the frame
and framing is part of a hybrid installation of solar and heat pump heating corps
renewable Energy laboratory. Input on the heat pump is supplied with an initial low-
grade heat four horizontal ground heat exchangers depth of 1,5-2 m and two vertical
wells to a depth of 50 m Thanks locking and regulating armature configuration of
ground heat exchanger is provided in accordance the educational task of modeling the
thermal regime change.

For ease of analysis of the heat pump, the value of all monitored parameters and
their relationships are derived for a single information board. Its design provides a
convenient display of the concept of heat available gauging and control means (Fig. 1).

In the upper right corner of the title of the laboratory stand in the middle - a
fundamental hardware circuits heat pump installation with marking control points, left
bottom - symbols of the scheme, and bottom right - such as graphics parameter
dependencies heat pump. At the inlet and outlet of each circuit hosted digital coolant
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temperature indicator and its current expenses. Also found indicators meter consumed
energy and power supply drive the compressor.
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Fig. 1. General view of the measuring stand.

Digital temperature indicator is the outermost part of the industrial type measuring
transducer DS18B20 consisting thermistor and secondary gauge - chip mounted in a
cylindrical housing with a diameter of 5 mm and a length of 35. With this
implementation minimizes the measurement error due to the temperature changes the
resistance of connecting wires, because the outside is only transmitted signal indication.

The cylindrical shape of the temperature sensor does not provide a reliable thermal
contact with the flat surface of the valves . But in this case justified his choice above all
ease of use and affordable price , which in large quantities is the determining factor. To
improve the thermal contact of the first version of the installation uses an intermediate
conductive paste, but in the future it is planned to make a special planting holes in the
valves. Place additional contact Reserved insulation thickness of 5 mm. Measuring
converters are powered from a regulated source.

Coolant flow in the evaporator and condenser circuits measure primary couples
krylchatoho type DC3-24V with output in the form of electrical impulses. Later, they
are converted into fuel, followed by visualization of the LED display with digital
frequency meter complete compact FM99.

General view of the developed experimental stand is shown in Fig. 2.

The heat pump operates in a cyclic mode with periodic change of the input and
output temperatures. Their value is measured by DS18B20 digital temperature meters.
The inputs of the sensors are fed to the NI USB 6008 1I/O unit through the
transformation and matching unit of the output signals. Appropriate software LabVIEW
can simultaneously build image depending on the PC screen in real time and the results
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are archived for further processing. According to the testimony of temperature sensors
and flow calculated incoming and outgoing heat flows and taking into account the
current power consumption or energy conver5|on factor heat pump installation.

Fig. 2. Laboratory model for the study of heat pump operating parameters such as
"ground-water".

According to the task was designed to study the educational stand thermodynamic
cycle conversion of low heat in a heat pump type "ground-water". The application of
this stand will allow visually in real time to explore the features of the heat pump and
perform research of technological modes. Application of the developed stand in the
classroom will improve the efficiency of studying this subject and improve the
perception of the material.
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MOJIEJIOBAHHS KPUBOI MOJISIPU3AILLL TAJIMBHOI KOMIPKH
MMOJITHOMAMMY HU3BKHUX NOPSJIKIB 1JI51 AITOPUTMIB
BU3HAYEHHS Ii BUXITHOI HOTYKHOCTI
0.0. Ky3neyos, k.m.uH., 0oyernm
Hayionanvnuti ynieepcumem «Jlvgiscoka nonimexuikay

Abstract. Fuel cell polarization curve is required for numerous algorithms
governing the system. The particular shape of the curve, that is used for the
algorithms of control and energy management of the systems containing fuel cells,
is calculated based on a number of mathematical models. In our study, we propose
using the lower-order polynomials for the curve modelling. We demonstrate that
the approach can decrease the computational complexity of the system with a
sufficient accuracy of the estimation of the output power of the fuel cell stack.

Keywords: PEM fuel cell, parameter estimation, low-order model,
maximum power extraction, energy management.

ManueHi komipkn (IMK), 30Kkpema, Ti, WO BMKOPWUCTOBYIOTb BOAEHb $K
NanBO, € €KOMNOTIYHOK aflbTEPHATUBOK TpaauUIAHUM mKepenam eHeprii. BoHu
3HANMLLMM CBOE 3aCTOCYBaHHA Y €NEKTPUYHMX TPaAHCMOPTHUX 3acobax, cucTemax
pO3Mo/AiNeHOT reHepauii eHeprii, aBTOHOMHUX MIKpOMepeXXax i T. IH.

3aranbHa cucTema HarpomamkeHHA eHepril Ha ocHosi [MK, KepyeTbcA
aIrOpUTMaMN ~ EHEPreTUYHOr0  MEHeMKMEHTY, 30KpemMa, BuxoAd4Yn i3 i
MaKCUMa/lbHOT BUXIAHOT NOTY>XHOCTI ab0 MakCMMasibHOT e(heKTUBHOCTI [1]. Barato
TaKuX aIfOPUTMIB BMararoTb NobyA0BM KPMBOT NOMAPM3aLii abo BOMbT-aMMePHOI
xapaktepucTuk (BAX) cTeka [MK. Ti HeniHifiHUX XapakTep 3yMOB/EHUIA
HasBHICTIO TPbOX 30H, B SAKWUA MepeBaXXHE 3HAYEHHS MaroTb BTpaTU Pi3HOIT
(hisvyHOT npupogn. MaTematmyHa OCHOBa [NS OMWUCY LMUX SBUW, € [OCUTb
CK/1afHO0, TOMY TaKi alfOPUTMK YacTO KOPUCTYHOTLCS CMPOLLEHMMU MOLENAMM
[2, 3] 1 (iHTenekTyaibHUMKM MeTOJaMW [N BU3HAYEHHA  MapameTpiB
XapakTepnuctnkn [4]. 3okpema, OAWH 13 METOAIB MPOMOHYE BUKOPUCTAHHS
rnosiiHoma 5-ro nopaaKy Ans anpokcumMauii Kpyeoi nonspusauii MK [5].

PasoMm 3 TuM, HeOOXiJHO 3a3HauMTW, WO Ha TMOJIOKEHHA TOYKM
MaKCUMa/lbHOT BMXIAHOT MOTY>XHOCTI MK BnavMBaOTb OMIYHI BTpatu i BTpaTtu
MacornepeHeceHHsi. ToMy i4es Lboro LOCMIIKEHHS 6a3yeTbCs B TOMY, WO A/
a/IrOpUTMIB, SIKI BMMararTb BMU3HAYeHHS BUXIAHOT MOTY>KHOCTI MK Ha OCHOBI
KpuBOT nonsapusavii (BAX cTeka), MOXHa CKOPUCTATUCh CMPOLLEHVMIN MOLENAMM,
HanpuKnag, Ha OCHOBI NONIHOMIB HU3LKOIO MopsAAKY (puc. 2).

[na nepesipku Ui€i poboyol rinotesn 6ynu MpoBefeHi Po3paxyHKM i3
BUKOpUCTaHHAM 3aco6iB Curve Fitting Toolbox cepefosuwia Matlab. BuxigHi gaHi
ana kpmBuX  Vic(ie) 1 pelie) B9 CTeky 0Oyno ouudpoBaHo i3 [4], e
eKCnepuMeHTa/IbHI  JaHi  3a  [OMOMOrow  asropuTMiB  ONTUMmi3auil  6yno
arnpoKCMMOBaHO KpvBMMM. TloniHOM 5-ro nopsaky fobpe anpoKCUMYye KpuBy
BAX (puc. 2(a)). Pasom 3 TiM, 3HeXTyBaBLUM 30HOK HU3bKMUX CTPYMIB (30HOKO
nepesaxkaHHA BTpaT aktmsayii K), MoXXHa ferko otpumatu Kpusi gna BAX, Ha
OCHOBI AKMX KpMBa NOTY>KHOCTI PO3Pax0BYETLCA AOCTATHLO TOYHO. BMKOpUCTaHHSA
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CMPOLLEHNX 3a/IEXXHOCTEN [03BOMIUTL 3MEHLUMTU 00UYMCNIOBA/IbHY CKIAAHICTD
aITOPUTUMIB  KepyBaHHSi Ta MeHeMKMeHTY 06e3 CyTTEBOI BTpaTM TOYHOCTI
BM3HaYeHHS MOTTY>KHOCTI.
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Puc. 2. Anpokcumais Kpueoi nonapusauii cteky MK tuny SR-12 (3niBa)
noniHOMOM N’AToro (a), TpeTboro (6) I gpyroro (B) NopsAKiB, Ta BiANOBIAHI TM
KpYBI BUXiAHOT MNOTYXXHOCTI K Ta eKcnepvMeHTaIbHO 3HATI AaHi
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STRUCTURAL DECOMPOSITION OF THE ENERGY-SHAPING
CONTROL SYSTEM OF WIND-SOLAR ELECTRIC GENERATING
COMPLEX WITH HYBRID ENERGY STORAGE

Ihor Shchur, DSc, Rostyslav-lvan Kuzyk
Lviv Polytechnic National University

Abstract: In order to ensure effective control of the wind-solar power
generating complex with a hybrid energy storage system, the structural
decomposition of the energy-shaping control system was used in the work with the
aim of reducing the order of the system and simplifying the procedure of the
synthesis of the system's control influence formers. Simulation studies made it
possible to determine the best option for the decomposition of the complex studied
dynamic system.

Keywords: wind-solar electricity generating complex, hybrid energy storage
system, passivity-based control, structural decomposition.

The effectiveness of the autonomous provision of electrical energy to
consumers has caused both a jump in the development of autonomous power
generating complexes using renewable energy sources (RES) and new problems in
finding optimal approaches to their control. Considering the stochastic nature of
energy generation from RES, it is advisable to combine in one complex various
sources of energy generation, such as wind and solar photovoltaic installations, as
well as the use of hybrid energy storage systems, for example, storage batteries and
supercapacitors [1].

The use in the system of so many types of electrical devices with different
principles of operation and tasks complicates the implementation of the complex
control system. Recently, the port-Hamiltonian System (pHS) apparatus has been
used for mathematical modeling of the operation of such predominantly nonlinear
dynamic multiphysics systems and the development of their effective control [2].
This approach is as close as possible to the real physical interpretation of the system,
in which pairs of variables, the product of which is always a power, interconnect
individual subsystems. A similar energy approach is used in the method of synthesis
of energy-shaping control of the system by introducing additional interconnections
and damping assignment (IDA). Since in the steady state the total energy of the
synthesized system (Hamiltonian) always has a minimum, such control always
ensures the asymptotic stability of the nonlinear system.

In this paper, the pHS apparatus and the IDA method are applied to a wind-
solar power generation complex with a hybrid battery-supercapacitor energy storage
system (Fig. 1). Considering the need for all elements to work on common DC-bus,
they are all connected to the latter through appropriate DC-DC converters.

Taking into account the high order of the system of equations describing the
operation of the complex, and, as a result, the difficulties in synthesizing the control
system, the paper proposes the use of structural decomposition. This decision made
it possible to divide the system into several subsystems of a smaller order and carry
out a structural synthesis of their control systems using the IDA method in the
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MathCAD environment in accordance with the tasks set by the control strategy. The
parametric synthesis of the received formers of control influences for subsystems
was carried out by means of computer simulation in the Matlab/Simulink

environment.
N
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Fig. 1. Functional electrical scheme of a wind-solar power generating complex
with a hybrid energy storage system

The work compares the quality indicators of the control of the studied power-
generating complex for several options for the synthesis of energy-shaping control:
1) one general system, 2) decomposition of the general system into two subsystems
- power-generating and accumulating, 3) decomposition of the general system into
four separate subsystems. The results of computer simulation showed that the best
results in terms of control quality are shown by structural decomposition of the
whole system into separate subsystems that are united by common goals, for
example, the battery-supercapacitor energy storage system that provides
stabilization of the DC-bus network voltage and load distribution between the
battery and the supercapacitor module. Other subsystems whose goals are not
aligned are best controlled by their separate synthesized systems, which in such
cases may provide better quality control performance. In addition, in the case of
structural decomposition, the procedure for synthesizing energy-shaping subsystem
control systems is greatly simplified.
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ANALYZING THE EFFICIENCY DIFFERENCES BETWEEN
MONOCRYSTALLINE AND POLYCRYSTALLINE SOLAR CELLS

R. Oksenych, O. Miroshnyk, D.Sc., D. Dryga, N. Kryvohyga, I. Sinaev, K.
Kharkovska, Department of Electricity Supply and Energy Management, State
Biotechnological University, Kharkiv, Ukraine

Abstract. The efficiency of solar cells is influenced by various factors,
including light intensity and temperature. This analysis aims to compare the
performance of monocrystalline and polycrystalline solar panels under varying light
intensities and temperature conditions. Both types of panels with a peak capacity of
50 W were subjected to controlled indoor experiments using artificial lighting, with
light intensities ranging from 2.21 to 331.01 W/m? at a distance of 50 sm from the
panel. The analysis also investigates the impact of temperature on power output, finding
that monocrystalline panels exhibit better temperature resistance. The results indicate
that solar panel efficiency increases with higher light intensity, with monocrystalline
panels outperforming polycrystalline panels at the highest intensity tested, achieving an
efficiency of 12.84% compared to 11.95% for polycrystalline panels.

Key words: Solar panels, solar power plant, monocrystalline, polycrystalline.

Introduction

Solar cells, also known as photovoltaic cells, harness sunlight to generate
electricity. They are integral to sustainable energy production and have several
technologies, including monocrystalline and polycrystalline silicon panels, which
are widely used. The efficiency of solar panels depends on multiple factors, such as
environmental conditions and electrical parameters [1]. Ensuring that solar panels
operate at their Maximum Power Point (MPP) under various conditions is crucial,
and Maximum Power Point Tracking (MPPT) controllers help achieve this [2].

Temperature plays a significant role in solar panel efficiency, as increased
heat can lead to reduced power capacity. Monocrystalline panels exhibit greater
resistance to temperature fluctuations compared to polycrystalline panels [8]. Hence,
it is essential to analyze the efficiency and lifespan of these panel types under
varying environmental conditions.

Analysis Methodology
A. Solar Radiation

The sun emits electromagnetic waves, including visible light and infrared,
which can be converted into electricity by solar cells through the photovoltaic effect.
Light intensity can be measured using a lux meter, with lux being the unit for
measuring light intensity. Although there is no direct conversion between lux and
W/m2, a rough estimate suggests approximately 0.0079 W/m?2 per lux. Solar
irradiation, the amount of solar power received per unit area, depends on factors like
the angle of incidence, influencing the radiation received by solar panels [3].

B. Types of Solar Cells

Solar cells come in various types, categorized based on their manufacturing
technology. Monocrystalline panels are made from pure silicon crystal bars,
resulting in high efficiency (around 15% - 20%) but also higher costs. These panels
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often have a hexagonal or round shape, leading to some empty space in solar
modules [4].
C. Characteristics of Solar Cells

Solar cells exhibit non-linear characteristics, which can be graphically
represented through current-voltage curves. Key parameters for solar cell analysis
include short-circuit current (Isc), open circuit voltage (Voc), maximum power
(Pmax), and the fill factor (FF). The fill factor is an indicator of solar cell quality,
with values above 0.7 indicating superior performance [9].

D. 50 Wp Monocrystalline Solar Panel Data Analysis

The performance of a 50 Wp monocrystalline solar panel was analyzed under
controlled conditions. The experiment considered light intensities ranging from 2.21
to 331.01 W/m2, The findings revealed a direct relationship between light intensity
and solar panel efficiency. At the highest tested intensity of 331.01 W/m?, the
monocrystalline panel exhibited an efficiency of 12.84%.

Conclusion

This analysis demonstrates that the efficiency of monocrystalline and
polycrystalline solar panels varies with light intensity and temperature.
Monocrystalline panels exhibit higher temperature resistance and outperform
polycrystalline panels at higher light intensities. These findings provide valuable
insights into the performance of different solar panel technologies under various
environmental conditions, guiding their optimal utilization.
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IMPLEMENTATION OF THE CONCEPT OF IMPLEMENTATION OF
"SMART GRIDS" WITH THE HELP OF MODERN CONTROL SYSTEMS
IN COMBINATION WITH THE OPERATION OF RENEWABLE
SOURCES AND ELECTRICITY STORAGE

D. Myrgorod, R. Oksenych, O. Miroshnyk, D.Sc., O. Moroz, D.Sc. Department of
Electricity Supply and Energy Management, State Biotechnological University,
Kharkiv, Ukraine

Abstract. The article presents the concept of the dispatch control system of
the 110/35/10/6 network of the Kharkiv region, which includes the connection of
renewable energy sources (RES) to the network. ADMS in 2023-2025, as well as
"the introduction of shutdown management systems (SMS), measurement data
collection and processing systems (MDCPS), geo-information systems, etc., their
integration into the power grid management system in real time in 2022-2035." An
overview of the selected technologies was conducted and their technological aspects
were characterized.

Keywords: Solar power plants, control system, ADMS, SMS, MDCPS, LES,
RES

One of the urgent problems facing the energy industry, in the context of
ensuring security of supply and operational security, is a significant increase in the
maneuvera-bility of the power system, which was previously insufficient, but in the
context of the rapid expansion of capacities from renewable energy sources, this
problem has become the most acute. For today there is a large number of
technologies for solving this problem, in particular, highly maneuverable thermal
generation with the possibility of quick start-up, highly maneuverable hydro-storage
power plants, electric energy storage systems for maintaining and regulating the
frequency, consumers-regulators based on thermal energy storage technologies,
electric energy storage systems on battery base.

There are many possibilities for automatic control of the main grid with
connected solar power plants and electric energy storages with the help of dispatch
control, but the most important is the choice of the places of installation of solar
plants and the possibility of regulating the generation and delivery of electric energy
to the network, depending on the level of consumption and voltage, especially in
times of maximum and minimum consumption [1, 2].

The development of local electrical systems (LES) and distributed energy
sources (DES) also has a significant scientific and social effect, which, for example,
consists in the use of modern technologies in solar panels of SES and in energy
storage, the use of automated distribution management systems (ADMS), outage
management (OMS), measurement data collection and processing systems
(MDCPS) [3, 4]. The latter creates conditions for: flexible regulation of node voltage
levels as indicators of the quality of electrical energy; management of directions and
values of currents in linear and transformer branches of the scheme of distribution
networks and avoidance of their emergency overloads; reduction of the share of the
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cost of traditional types of fuel in the cost of electricity supplied to consumers;
reducing the impact of traditional sources of electricity on the environment due to
reducing their generation, reducing the cost of products produced by consumers due
to reducing the cost of electricity consumed from the power supply center [5, 6].

Automatic RES control systems can be located at a great distance from the
solar stations themselves. It is proposed to use the ADMS, SMS, MDCPS systems
for the automatic management of renewable energy resources and means of
dispatching control and management of them. Remote control devices provide the
flexibility and controllability necessary for optimal operation of LES equipment and
reduction of the negative impact, for example, of SES on LES parameters [7].

Digitization and integration of renewable energy sources stimulate the
development of global energy, therefore the above-mentioned complexes provide a
high level of reliability and flexibility of the electric network, as well as protection
against cyber attacks and allow reducing the costs of energy enterprises.

The implementation of ADMS, SMS, MDCPS complexes, which are based
on microprocessors and have a secure connection via the Internet, will allow to reach
a qualitatively new level of dispatch control of the 110/35/10/6 kV network and
ensure the introduction of Smart Grid technologies at the level of distribution
networks. Also, these complexes will have a high level of information protection
and will meet the requirements of ENTSO-E in continental Europe.
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BrJjinB BAAEMHOI'O PO3TALLUYBAHHA POTOPIB BEPTUKAJIbHO-
OCbOBUX BITPOEHEPITOYCTAHOBOK HA MAKCUMAJIbHI
SHAYEHHA KOE®IUIEHTIB MOMEHTY | BMKOPUNCTAHHA

EHEPIII BITPY
B.M. [0noBKko™?, -p TexH. HayK, npod.,
HauioHanbH1n TexHiuHuiA yHiBepeuTeT YKpainm “KIl im. Iropsi Cikopcbkoro™,
I[HCTUTYT BigHOBNIOBAHOI eHepre Tukn HAH Ykpaitu
M.J1. Cypraiino, KaHf. TexH.HayK, HauioHasbHWi1 aepOKOCMIYHWIA YHIBEPCUTET IM.
M.€E. XKyKOBCbKOro «XapKiBCbKUiA aBiauyiHn iIHCTUTYT»

In the thesis the synchronous operation of three vertical-axis wind driven
power plant rotors with three straight blades is considered. Modeling of the rotors
was carried out using a model of potential flow around a rotating permeable
cylinder. The dependences of the moment coefficient and the power coefficient on
the speed ratio for each rotor of the group were obtained. The influence of the
distance between the rotors on the maximum values of the power coefficient and
the moment coefficient for each arrangement scheme was studied.

Key words: vertical-axis wind driven power plant rotors, moment
coefficient, power coefficient, relative arrangement of rotors, aerodynamic
characteristics of vertical-axis wind driven power plant with straight blades,
modeling of vertical-axis wind driven power plant rotor.

JocnimkeHHa [1, 2] nokasanu, WO B3aEMHe pO3TallyBaHHS POTOPIB
BepTMKa/ibHO-0CboBMX BEY  3HauyHO BnAmMBae Ha  1X  aepofuHaMiyHi
XapaKTepUCTUKK, TOMY MOro HeoOXiAHO BpaxoByBaTU MNPW MPOEKTYBaHHI
Komnsekcis BEY.

PO3rnsHyTo po3TallyBaHHA TPbOX POTOPIB 3 BEPTMKA/IbHOK BICCHO 3
npamMnUMK nonaTamy B3L0BX oci 0x, B3goBX oci Oy Ta B nopsagKy, HaBeeHOMY

Ha puc. 1.

Mpn  BWKOHaHHI KOMM’HOTEPHOr0 eKCnepuvMEHTY BMKOPWUCTOBYBa/achb
mMaTemMaTuMyHa Mofefib NMOTeHLiaNbHOro 06TIKaHHA MPOHMKHOIO unniHapa [3], ans
SKOI MOCTaB/IeHO 3MillaHy KpaioBy 3afady And piBHAHHA Jlannaca. Mogenb
[03BONSE OTPMMATU He TiNIbKNU aepofvHaMivyHi XapakTepUCTUKM POTOopIB, a W
PO3MO/iN LWBUAKOCTEN i KyTIB aTaku 3a KO/IoM 06mMaxy.

JocnimpkeHo BNAMB BiACTaHI MK LEHTpaMu POTOPIB Ha 3a/1eXKHOCTI KYTIB
aTaku Ta BIAHOCHOI pPe3y/nbTyruOol LWBWAKOCTI 3a KOMOM 06bmaxy Bif

asUMyTa/IbHOMO  KyTa, KoeqiuieHTa MOMEHTY Bif LWBMAKOXIAHOCTI C., Z ,

Koe(illieHTa BMKOPWUCTaHHA e€Heprii BITPY Bi4 LBWAKOXIAHOCTI C, Z, Ha

BE/IMYMHN  MaKCUMa/IbHUX  3HAYyeHb  KOe(iLieHTIB  MOMEHTY ¢ Ta

Mmax

BUKOPUCTaHHA EHEPIII BITPY Cpmax
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Puc. 1 — Cxema BséeMHoro po3TallyBaHHA poTopis BEY
D — fiameTp poTopiB

BcTtaHoBMEHO, WO 3a BiACTaHI MK LeHTpamy poTOopiB Oifnblue HiXK
20...30 D pob60TY KOXHOro poTopa MOXHa po3rnisgaty AK i30/1b0BaHOro. Ane

Ha BifCTaHAX A0 5D pfiana3oH KyTiB aTaku fionateil 3MeHLIYETbCS, B pe3y/bTaTi
Ha 6ifbWiini yacTMHI Kona obmaxy KoedilieHTV MO340BXHLOI CUX flonaTtein
AOfaTHI, WO 306iNbluye KOegiUiEHT MOMEHTY poOTopiB. [N KOXXHOI CXeMU
po3TallyBaHHA pPOTOPIB HaJaHO peKkoMeHZauil LWoAo BuMbopy BiACTaHI MiX
LleHTpaMM pOTOpPIB, WO MOXe OYyTM KOPUCHWM NpW MPOEKTYBaHHI «BITPAHNX
epm»
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RESEARCH OF SINGLE-PHASE COMMUTATOR MOTOR WITH
AC VOLTAGE CONTROLLER MODEL CREATED USING ANSYS
MAXWELL RMXPRT
B. Kopchak, DSc, M. Khai, PhD
Lviv Polytechnic National University

Abstract: A MATLAB Simulink model has been developed to simulate a
single-phase commutator motor with alternating current supply and voltage
regulation, utilizing either half-wave or full-wave phase control. The model's
development was grounded in the results of project design calculations in Ansys
Maxwell RMxprt, with all necessary motor parameters for mathematical modeling
being derived. The model with voltage regulation, employing either one or two
thyristors, has been thoroughly investigated.

Keywords: single-phase commutator motor, Ansys RMxprt, project design
calculation

Recent advancements in the realm of electromechanical system modelling,
analysis, and synthesis have generated considerable interest in investigating single-
phase commutator motors (SPCMs) operating on AC power. The advantages
associated with these motors encompass the capacity to achieve remarkably high
rotational speeds, their straightforward design, ability to generate substantial
torque, compact and lightweight form factor, and their compatibility with AC
power sources. Moreover, AC-powered SPCMs facilitate effortless, cost-effective,
and seamless speed modulation across a broad spectrum through the
implementation of relatively uncomplicated electronic control strategies. As a
result, a diverse array of contemporary household appliances, including vacuum
cleaners, washing machines, mixers and blenders, along with handheld power tools
such as drills, chainsaws and hand saws, are driven by various AC SPCM [1].

Upon conducting a thorough examination of other research endeavors [2], it
becomes evident that the challenge of precisely modelling the diverse operating
modes of AC SPCMs remains inadequately explored, primarily due to the absence
of authentic parameter data. Parameters like power output, rotational speed, and
rated voltage are typically obtainable from the datasheets of specific motors, but
this information frequently proves insufficient. The lack of actual AC SPCM
parameters hinders the ability to comprehensively investigate the mathematical
model of the motor or construct a model for a specific real-speed control system. In
this study, the Ansys Maxwell RMxprt software [3] was utilized for the project
design calculations of different motors. RMxprt is a template-based electrical
machine design tool that offers rapid analytical calculations of machine
performance and the generation of 2-D and 3-D geometry for detailed finite
element simulations in Ansys Maxwell.

The primary goal of this article is to create and analyze an AC SPCM model
with voltage regulation using either half-wave phase control or full-wave phase
control in the MATLAB Simulink. This model is based on data obtained from
design calculations in Ansys Maxwell RMxprt and the actual thyristor datasheet.
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Let's consider a scenario where the motor calculation task includes the
following data: P, = 550 W, P, =430 W, w, = 11,700 rpm, U, =220 V, f = 50 Hz,
and prolonged operation mode. Using Ansys Maxwell RMxprt we conducted the
motor's project design calculation, yielding the following results, applicable for
constructing the mathematical model at rated current I, = 3.3 A: R;= 1.569 Q, R; =
0.98 Q, L,=0.003585 H, L;=0.03485 H, ke = 0.000191, k, = 286.6.

The analysis of ways to improve the characteristics of the AC SPCM, and
accordingly its efficiency, shows that the first place in terms of influence is the
materials used, and the second place is the geometry of the stator and rotor. Thus,
Ansys Maxwell RMxprt made it possible to work out the geometry of the stator
and rotor very precisely, the result is shown in Fig. 2, compared to the traditional
method of project design [2], and to ensure the best characteristics of the SPCM.

Fig.1. Stator and rotor geometry of AC SPCM
Leveraging the data obtained from the design calculations and the universal
motor model in the MATLAB Simulink, we have developed an appropriate AC
SPCM model with voltage regulation, utilizing either one (half-wave phase
control) or two (full-wave phase control) thyristors, and the capability to simulate
changes in the shaft load (see Fig. 2).
]}

Fig. 2. MATLAB Simulink model of AC SPCM with voltage regulation
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MOJE/Ib BNBOPY EJIEKTPOINEHEPATOPY B YMOBAX
HEBM3HAYEHOCTI
C. O. 3anopo>kueB!, K.T.H., |. . Inbre?, K. T.H.
1JIbBIBCbKMIA HaLiOHaNbHWIA YHIBEPCUTET MPUPOLOKOPUCTYBAHHS
ZXapKiBCbKUI HaLlioHa/TbHWI aBTOMOGINbHO-0PO>KHI YHiBEpCUTET

Abstract. The problem of choosing an electric generator is analyzed taking into
account the experience of power outages to consumers. The choice of an electric
generator is a decision-making task under conditions of uncertainty. To solve the
problem, the analytic hierarchy process was chosen. A hierarchical model of four
levels was built, groups of criteria were defined, as well as the criteria themselves.
The proposed model formalizes the problem of choosing an electric generator and
allows you to select an alternative with an optimal generalizing criterion.

Keywords: a decision-making task under conditions of uncertainty, analytic
hierarchy process, choosing an electric generator, hierarchical model, optimal
generalizing criterion.,

BHacnifok LWMpoKoMaclwTabHOro BTOPrHEHHA B YKpaiHy Ta 06CTpiniB
06’€KTiB HaLLOT eHepreTUYHOI IH(PaCTPYKTYpn, 0COBANBO B ONasitoBa/lbHWNIA CE30H
2022-23 pp., B 06’eAHaHin eHeprocucTeMi KpaiHM BUHWMKNA Maca Mpobnem, SiKi
Npu3Benn [0 BBEAEHHS BMMYLLUEHMX rpagikiB MOYeproBoro  BifK/ITHOUYEHHS
CMOXKMBAYIB Bif, eneKTpoeHeprii abo Tak 3BaHUX «b/eK-ayTiB». BignosigHo, rocTpo
NOCTa/I0 MWUTAHHS  aNbTePHATUBHUX [KEPen eneKTPUYHOI eHeprii Ak  Ans
NiANPMEMCTB, YCTAHOB Ta OpraHisauii, TaK i Ans iHAMBIAYanbHUX AOMOroCnoAapcTB.
BennyesHnii  TOrOpiYHWIA  MOMWUT  HA  €/IEKTPOreHepaTopu CTaB  MPUYMHOKD
HeoOI'PYHTOBAHO 3aBULLLEHMX, & IHOAI | BIABEPTO CNEKYNATUBHUX LjiH Ha HUX.

LIboro poky cutyauisi Xou i BUrnsgae Kpawe i 6ibl NporHo30BaHo 3 ornaay
Ha Te, WO EHepreTUKN Ta HACE/IEHHS BXE YCBILOM/IOKTb, 3 AKAMMU BUK/IVKaMK
MOXYTb CTUKHYTWUCb, ane Tpeba TaKOX PO3YyMiTW, L0 ICHYE BennYesHa
HEBM3HAYEHICTb, LLLO Came MOXXe BifgoyBaTuCh B Lii1 cepi.

Cama no cobi HeBM3HAYEHICTb — CUTYalist LOCUTb CKagHa ANna yxBaJIeHHS
pilleHHA. B 3arasibHOMY BUINs4i, 3aBAaHHA OOrPYHTYBaHHSI pilleHHA B TaKOMY
BUMAAKY 3BOAMTBLCA [0 3BYXKEHHS BUXIAHOT MHOXWHW anbTepHaTMB Ha OCHOBI
IH(hopmaLil, aKy mae ocoba, wo npuinmae piweHHs (OMP) [1]. MNpu yxBaseHHi
PilLEHHS HEOOXigHO: CKMaCcTW MNPOrHOo3 ManbyTHIX YMOB; pO3pobuUTU nepenik
MOX/IMBUX a/IbTEPHATUB; OLIHUTY Pe3y/bTaTh albTePHATUB; OLiHUTN allbTePHATUBM
3a 00paHVMK KPUTEPIAMW; BU3HAUUTK pileHHA. OfgHak Tpeba nam’aTtatu, wo OrlP
06’€KTMBHO HECMpPOMOXKHA OLIHATM MMOBIPHOCTI MOSIBM PI3HUX YMOB Ta MPOrHO3
MOXEe He BUK/IMKaTW [OoBipW. B ymMOBax HEBM3HAYEHOCTI ANA MPUAHATTA PilleHb,
Hanpuknag, No BU6Opy reHepaTopis, MOXHA BUKOPUCTOBYBATY Pi3HI MigX0A4N.

Bigomo, W0 OCHOBHMMW rpynammn MeToiB NPUAHATTA pilleHb € aKCIOMaTUYHI,
eBPUCTMYHI Ta BepbanbHi. [0 Meplioi rpynyM MOXKHa BiAHeCTM Taki Nigxoau, fK
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baratokputepianibHa Teopis KOPWUCHOCTI, Teopis PO3MUTMX MHOXMH  Ta IHLWI.
EBpUCTMYHMI nNigXig BIAMNOBIAAE CKNAAHUM CUTyauisM, LLO MOBTOPHKOKOTLCA | He
nigaaloTeca  6e3nocepefHLOMY  MaTeMaTMyHOMY aHanisy. [lpouec Bubopy Ta
PiLLeHHA MOAEETLCA Tak, W06 Bi4TBOPIOBABCA Nepedir MipKyBaHHA /TIOAMHMN,

B 060x migxodax CnocTepiraloTbCA NPOTUPIYYA, A4 MOLONAHHA AKUX LesKi
aBTOPY MPOMOHYHOTL 3aCTOCOBYBaTU BepbasibHMil (MopsAKOBWIA) aHani3 piweHb. [0
Takoro Tuny BiAHOCUTLCA BiAOMMIA MeTog aHanisy iepapxii (MAI), akuii nonsirae B
AeKoMMo3nLiT 3arasbHOi Npo6s1eMn NO6YLOBOKO IEpaPXIYHOT CTPYKTYPHOT Mogeni [2].

Ha BepxHbOMY piBHI MOAeNi 3HaxoguTbCs, B HaWOMYy BMMagky, cam BMOBIp
efleKTporeHepartopy. Ha apyruii piBeHb iepapxii NPONOHYETHCA po3TallyBaTh YOTUPK
rpynu Kputepiie [3]: TexHiyHi, eKOHOMIiYHi, eKcrnyaTauiiHi Ta €eproHOMiYHi.
Po3rnsgHemo 6inbll AeTasibHO TPETIN piBeHb, AKUA MICTUTb MNepenik KpuTepiis no
BKaszaHuM rpynam.

[10 TeXHIYHOT rpynu KpuTepiiB 3amnponoHOBaHO BHECTW HACTYMHI: KifbKICTb
(a3, NOTYXHICTb, MOTOpPecypc, TWN nanvMea, rabaputn, Bara, MOOILHICTS,
TpuBanicTb 6e3nepepBHOI POBOTM, TUM OXONOMKEHHS, TUM MNYCKY (Py4HWUiA abo
e/IEeKTPOHHUIA).

EKOHOMIYHY rpyny MOKa3HWKIB CKIagatoTb Taki: LiHa abo BapTiCcTb
reHepaTopy, eKOHOMIYHICTb, CO06iBapTICTb eNeKTpoeHeprii, BapTICTb 3anacHMX
4aCTVH Ta PEMOHTY.

[0 ekcnnyaTauiiHMX KpUTEPITB MOXHA BifHECTW TaKi: HaAiHICTb, rapaHTis,
MOX/IMBICTb PO6OTHM B AEKINIbKOX peXxmmax, 3aXuCT Bif Meperpisy.

| HapewTi, B €ProHOMIYHY Tpyny BXOAATb: 3PY4YHICTb CEPBICHOrO
00CNyroByBaHHs, HasBHICTb aBTOMAaTWYHOIO MYCKY, MOX/MBICTb MiAKIHOUYEHHS
BiflaNIeHOro A0CTyny, PiBeHb LWYMY, OCO6/IMBOCTI 3MMOBOIO 3amyCKy.

Ha HMXHbOMY, YeTBEPTOMY PiBHI iepapxiit 3HAXoAAaTbCA anbTepHaTUBKM abo
cami BapiaHTX OKpeMUX reHepaTopis.

Ha OCHOBI nonapHUX MOPIBHAHb Ta EKCMePTHUX OLIHOK anbTepHaTUB Ha
KOXXHOMY PiBHI 3 ypaXyBaHHAM OLLIHOK BEPXHiX PIBHIB iepapxii 6yAyeTbCA noeTanHa
mogenb Bnoopy. MobygosaHa modenb no MAI gae 3mory o64McnnTK y3arasbHeHi
BaroBi Koe(gilIeHTM AN KOXXHOrO efeKTPOreHepaTopy Ha BCiX PIBHAX lepapxii Ta
0bpatn onNTUMasibHYy afibTepHaTKBY 3a 06paHUMU KPUTEPIAMMN.
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DISTRIBUTED SYSTEM FOR MONITORING AND COMPENSATION OF
HARMONIC COMPONENTS IN ELECTRIC NETWORKS

M. Syvenko, PG, O. Miroshnyk, DSc, O. Moroz, D.Sc., A. Pavlov, Department of
Electricity Supply and Energy Management, State Biotechnological University,
Kharkiv, Ukraine

Abstract. The problem of monitoring and ensuring the quality of electrical
energy is studied using the example of detection and suppression of high-order
harmonics, currents and voltages in different sections of the network. The principles of
constructing a monitoring system and implementing a methodology based on the use
of vector measurement devices have been developed. A method has been developed
for determining the optimal values of reactance to reduce the level of harmonic
oscillations in local networks using a dynamic voltage distortion compensator.

Key words: Monitoring system, compensation of harmonic, electricity quality,
distributed system, VMD.

The presence of harmonic components, as well as voltage and frequency
deviations, have a negative impact on the operation of local power supply systems and
energy efficiency. Increasing the efficiency of local power supply systems by
monitoring the distribution of harmonics and the impact on controlled reactive
elements of the system through a dynamic voltage distortion compensator using the
method of successive approximations [1].

Based on the analysis of the distribution of harmonics of higher orders in
different parts of the power system, it is possible to create a control scheme for the
operation of controlled capacitor compensating devices, active and passive filters [2-
3]. To carry out this procedure, it is possible to use vector measurement devices
(VMD). To do this, sensors are installed at the nodal points of the power system
(generators, distribution substations) to measure instantaneous values of currents and
voltages. After processing this information, a decision is made about the influence of
the dynamic compensator of voltage distortions (DCVD) on variable (controlled)
reactive elements - capacity C, and inductance L.

Using the method of successive approximations, the point is to arbitrarily change
within small limits one of the parameters, for example, adjustable inductance, it is
possible to observe the system response [4]. The ratio of the power of the main
harmonic P; to the power of harmonics of higher orders Pyy is used as the target

function.
P2

P (120 30+ ) (1)

where: X1, X2, X3, ... Xn - values of variable reactive elements affecting the
frequency properties of the network.

It should be noted that x;, X, are variables that can be changed remotely from the
control center. The values of X3, X4, etc. are quasi-constant and change in the process of
changing the operating modes of the system [5-7]. In order to determine the principal
possibility of setting variables and explain the approach, let's consider a special case.
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It is necessary to ensure the highest possible quality of electrical energy at the
connection point (ab) of the linear receiver [8]. Assume that the inductance of the
generator L4, the distributed capacity Cg4, the distributed inductance Ly and the
inductance of consumers L. and L. are unchanged. And the regulated capacity C;, the
inductance of the regulated reactor L., are considered variable values.

Based on the analysis of the distribution of harmonics of higher orders with the
help of vector measurement devices located at different nodal points of the power
system, and measuring the instantaneous values of currents and voltages, the most
effective use of the dynamic compensator of voltage distortions when working by the
method of successive approximations becomes possible.
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MODEL AND ALGORITHM OF RESEARCH OF ELECTRICAL SUPPLY SYSTEMS OF ARC
STEEL MELTING FURNACES

V. Hudym, Dr. Sc., A.Tryhuba, Dr. Sc., I. Horodetskyy, PhD, Lviv National Environmental
University, S. Ziarkowski, Ms.Sc, Krakow Polytechnic, (Poland),
V. Kosovska, Ph.D., Lviv Polytechnic National University

The up to date level of information technologies has ensured significant gains in almost
all industries, including the power industry. In particular, this concerns the rapid development
and implementation of energy-saving modes of energy facilities and increasing the longevity
of their functioning due to effective methods using modern computer technology. Practice has
shown that research directly at operating facilities of the power industry is extremely
dangerous for power electrical equipment due to the high risk of accidents. In addition, the
methods of mathematical modeling using modern computer technologies make it possible to
significantly more deeply investigate various modes in electric power systems and their
components. This is quite important during the implementation of a new technical solution,
when the parameters of power electrical equipment must be checked from the point of view of
electromagnetic compatibility with existing power supply systems. This especially applies to
power supply systems of powerful arc steel melting furnaces, which are equipped with devices
for improving electrical conditions, for example, passive filters and compensators.

Technological and emergency turning off and turning on of furnace units are
accompanied by long-term transient processes, which are destructive for the elements of
passive filters of current harmonics. Avoidance of such modes is possible in the case of
optimal selection of the parameters of filter-compensating device elements, but the solution of
this problem requires the implementation of an appropriate research program.

Mathematical modeling is optimal for the study of power supply systems (EPS) of
powerful arc steel furnaces (ASF), in which the dynamic resistances of electric arcs change
according to a random law and within wide limits. The method of mathematical modeling
makes it possible to perform various complex experiments. Attempts by many scientists to
investigate the arc steel furnaces modes with the help of mathematical models using explicit
methods of integration of systems of differential equations often did not give the desired
result. This required the development of adequate mathematical models using stable numerical
methods for solving systems of equations, especially in cases of sudden changes in the
parameters of nonlinear elements or the appearance of differential parameters with negative
values. Thus, there is a problem of creating an adequate mathematical model of arc steel
furnaces power supply systems with devices for electrical modes improving.

The mathematical model of power supply systems of the powerful arc steel furnaces
based on Kirchhoff's first and second laws for these conditions (EPS ASF) in the form of
matrix-vector equations was developed. In model following parameters were used: the
topological matrices of the graph of electric and magnetic circuits of power supply systems;
diagonal matrix of resistive elements of electric circuits; matrices of dissipation inductances
of transformers, autotransformers and filter-compensating circuits; transformation
coefficients of transformers and power supply systems autotransformers; matrices of turns of
primary and secondary windings of transformers and autotransformers, etc.

For the numerical integration of the mathematical model, the method of backward
differentiation formulas was used, while the derivatives of current, flux linkage, and voltage
were replaced by an approximating polynomial.

The algorithm or block diagram was developed for practical implementation and use of
mathematical models for research.

The adequacy of the mathematical model was checked by comparing the results of
experimental measurements on real objects and as a result of modeling.

Fig. 1 shows the curve of the instantaneous current value of the phase of the primary
winding of the furnace transformer after its connection to the busbars of the furnace substation
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with a voltage of 38.5 kV, obtained by mathematical modeling.
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Fig. 1. Simulation results of instantaneous current value.

Quantitative comparison of the value of the first amplitude of the switching current
showed that the difference between the measurement and simulation results does not exceed
6%, while the decay rate of the transient process and the shape of the current curves are quite
close.

Fig. 2 shows the oscillogram of the B phase current of the battery of static capacitors
after it is connected to the buses of the DSP-100 furnace substation during the technological
process. It can be seen from the oscillogram that the amplitude of the capacitor battery
switching current exceeds the nominal value by almost 3 times and contains the sixth
harmonic, and the time of the transient process lasts about 3 periods of the industrial
frequency, which corresponds to a time duration of 0.06 s.
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Fig. 2. Oscillogram of the switching current of the static capacitors battery during the
technological process.

Fig. 3 shows the graph of the curve of the switching current of the static capacitors
battery, obtained by the computer simulation method at the interval of five periods of the
industrial frequency.
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Fig. 3. The result of modeling the switching current of phase "B" of the static capacitors
battery during metal melting in an arc steel melting furnace.
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A comparison of the shape and magnitude of the instantaneous values of the capacitor
bank currents confirms the sufficient level of adequacy of the mathematical model. From the
comparison of the results shown in figures 2 and 3 we can see that the frequency spectra and
time of the transition process in both cases coincide, while the steady-state amplitudes differ
by 4.5%, which indicates the adequacy of the model. The difference in the values of the first
amplitudes is explained by the discrepancy in the closing conditions of the switch contacts.

The proposed mathematical model is implemented in the form of an active software
complex using the A-stable numerical method of backward differentiation formulas. The
implemented model makes it possible to study both stable and transient processes in complex
electrical circuits with nonlinear elements. The algorithm for the implementation of the
mathematical model ensures the automated formation of systems of equations, which is quite
convenient for researching processes and switching modes of power electrical equipment in
the power supply system of an electric arc steelmaking furnace.
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STUDY OF THE PHYSICAL-MECHANICAL PROPERTIES OF THE
COMPONENTS OF THE SEED MIXTURE OF WINTER RAPE AS THE
INITIAL CONDITIONS FOR THEIR EVALUATION BY ARTIFICIAL
NEURAL NETWORKS
Kovalyshyn S., Candidate of Technical Sciences, Nester B., Postgraduate Student,
Kovalyshyn O., Candidate of Technical Sciences, Vlasovets V., Doctor of Science
Lviv National Environmental University

Studies have proved the possibility of predicting the basic physical and
mechanical properties of the seed mixture, which includes different ratios of winter
rapeseed and a bedstraw. It is found that for all modes of operation of the
experimental installation for separation is a separation of no more than 61% of the
mixture. Further processing requires the use of additional separation methods. The
most significant bonds of geometric parameters and mass are length. The results
obtained may be a prerequisite for the preparation of data for the construction of a
neural network model, which predicts the integral distribution of the seeds of the
bedstraw and winter rapeseed, depending on the fraction.

Keywords: artificial neural network, AWS, predictive models, physical and
mechanical properties, seed, winter rapeseed, bedstraw

The main obstacle to high-quality seed material of winter rapeseed is difficult-
to-separate impurities of weeds contained in it, especially catchweed. In order to
separate them from the main culture, it is necessary to study their main physical-
mechanical, tribological, and electrical properties and find those that can be used as
the main sign of separability. However, these properties for the seeds of winter
rapeseed and catchweed are essentially similar to each other. Therefore, the
components of the seed mixture of winter rape are separated according to the set of
tribological, physical-mechanical, and electrical properties of the constituent
components.

Designs of machines and equipment used during post-harvest processing of
seed mixtures of winter rape should be compatible with this set of properties.
Therefore, in order to design their working parts and select a sign of separability, it
IS necessary to determine the characteristics of the seeds of winter rapeseed and
catchweed. This can be done by successively measuring properties, or by using
intelligent systems to estimate such parameters. Neural networks are sufficiently
effective computational tools that provide a fast and accurate way of predicting
various, especially physical and mechanical properties of seeds of agricultural crops.
Models built by neural networks can be retrained and consider the specifics of each
region and quickly improved if new types of difficult-to-separate weed impurities
are found in the field. The objective of this study was to test the use of neural
networks for processing an experimental data set.

A mixture with a different ratio of winter rapeseed and catchweed was used
for the research. The geometrical properties of the studied components of the seed
mixture of winter rape and catchweed were determined using a Forward SIGETA
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electron microscope with an error of £0.05 mm. During the research, 100 seeds of
rape and catchweed were evaluated. Having determined the numerical values of
thickness, width and length, a distribution function was built and statistical
processing was carried out.

AWS SageMaker was used to process measurement results.

The conducted analysis established the distribution of the main geometric
characteristics in the studied samples. As the histograms show, the volume of the
studied sample did not allow to reliably establish the law of distribution of the
studied values.

Non-linear correlation of traits was carried out using Spearman's rank
correlation (Fig. 1).
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Fig. 1 Correlation matrix of the studied samples: a - winter rape; b -
catchweed; ¢ — 1:1 seed mixture of winter rape and catchweed.

Numerical and categorical correlations were calculated by coding categorical

features as floating-point numbers that best predict the numerical characteristic
before calculating Spearman's rank correlation. The numerical correlation was in the

47



range [-1, 1], where 0 means “no correlation”, 1 means “perfect correlation”, and -1
means “perfect inverse correlation”. Numeric-to-categorical and categorical-to-
categorical correlations are in the range [0, 1], where 0 means “no correlation” and
1 means “perfect correlation”.

It was established that the best correlation for pure samples of crops to mass
is the length of winter rape (0.94) and catchweed (0.99), as well as the width - 0.72
and 0.76, respectively. While the mixed sample shows an average correlation of
0.65-0.69 between the main indicators. This indicates the complexity of size
separation and confirms the experimental data. We evaluated the distribution of
geometric parameters and mass for each culture and their mixture and constructed
integral curves of seed distribution. It was established that the sample is
characterized by two clear regions, which are characteristic of the winter rape and
catchweed, which indicates the possibility of their separation. An evaluation of 16
different AWS SageMaker neural network models showed that to obtain reliable
predictive models, it is necessary to increase the data set for analysis, cluster it, and
provide its own predictive model for each distribution.

Our studies proved the presence of two clear areas, which are characteristic of
the geometric dimensions of catchweed and winter rapeseed, which indicates the
possibility of their separation. For the effective use of neural networks, it is
necessary to increase the sample size, perform data clustering, and provide a
predictive model for each distribution.
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IHPOPMALIINHO-KOMYHIKALIAHI TEXHOIIOEI'I' AHAI3Y
AKTVBHOCTI KOPNCTYBAUYIB BEB-CANTY

M.M. Jly6, K. T.H., AOLUEHT
J1bBiBCbKUIA HALiOHa/IbHWI YHIBEPCUTET MNPUPOLOKOPUCTYBAHHS
B.C. Cnivak, K.T.H., BUKnagau
Bonoanmunp-BonmHCbKMiA haxoBuid Koneayk
J1.M. OcTadiHcbka, Buknagad, T.B. lNicak, Buknagau
BCIT «CTpuiAcbKuid haxoBuil Koneaxk»

The advantages of information-communication technologies for analyzing the
activity of website users are given. The methods of Web-analytics and tools of the
Google Analytics system are described. Developed and summarized Google
Analytics reports for evaluating user activity. An example of the use of the
"Research™ layout for tracking user actions when searching for information on the
site of the Scientific Bulletin of the LNUP is given.

Keywords: information and communication technologies, web-analytics, user
activity, analysis, development of information service.

XMapHi  cepBiCM  HauifieHi Ha MIATPUMKY  PI3HOTUMHOT  AiS/IbHOCTI
KOPUCTYBayiB Mepexi AN BUPILWEHHS LiNoro psagy 3aBfaHb Bif 30epeXxeHHs
AaHNX 00 CTBOPeHHS Ta 06CnyroByBaHHSA BIpTya/bHUX cepBepiB. Lle 3ymoBneHe
iICHYBaHHAM Pi3HUX rpyn Ta iHTEPHET-CMiNbHOT, WO B3aEMOMiOTb B MefiiHOMY
MPOCTOPI Y PeXuMi peanbHOro vacy. s KOHTPO/O AifA/IbHOCTI TaKMX CMiflbHOT,
ICHye (DYHKUiOHa/IbHWIA anapaT, SKAW NIATPUMYE  LUMPOKWMKA  AOCTyn [0
iHhopMaLiiHOrO Ta PO3BaXKa/IbHOMO0 KOHTEHTY A1 KOPUCTYBaYiB.

BofgHouac, cbOrofHi iCHye BenMKa KifIbKICTb XMapHWX CepBICIB, KOTPI
3aCTOCOBYIOTbCS He TiflbKW [N HaBYaHHA, ane W (DOPMYBaHHA B/IACHUX
iHhopMaUiiHMX C€XoBWLW, Ta po3poboK, 6a3 AaHMX, MaTepianiB, aHaNiTUYHUX
cepBiciB Ans pPi3HOMaHITHUX Mi4NPUEMCTB TOLLO.

OTXKe, XMapHi TexXHOMOrii — Uue CYKYMHICTb MeTofiB Ta 3acobis, L0
'PYHTYHOTbCA Ha 360pi Ta cucTematmsauii 3HaHb NPO HABKOJIULLHINA CBIT,
OMpaLbOBYOTLCA Ha BIAMOBIAHOMY CepBICi Ta rnepeatoTb Yepe3 iIHTEPHET pecypc
IHpopmMaLito, WO € HeobOXigHOK AN KopucTyBaya (knieHTa). CbOrofHi Ui
TEXHOMOTIT LUMPOKO BMKOPUCTOBYHOTHCS A1 aHani3y aKTUBHOCTI KOPUCTYBaYiB Ha

canTax, L0 HaJakTb iH(hopMaLiiHi MoCayr Ta NPoAatoTb PI3HOMAHITHI TOBapW.
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[nsa npoBefeHHA TaKOro aHanisy ICHyHTb CepBiCM fAK [AN14 3araibHoro |
6e30Mn/1aTHOr0  KOPUCTYBAHHA TaK | KOPMOpaTWBHI, WO MarTb 3HAYHO BYXKYi
3aBflaHHA Ta MpautoloTb 3 IH(opMaLietd KoMepuildHOro 3micty. [0 Takux
IHCTPYMEHTIB aHani3y BigHOCATb MeToan Beb-aHaniTn.

30Kpema, Beb-aHaniTUKa — Le BUMIpPIOBaHHSA, 36ip, aHani3 i 3BiTyBaHHS Beb-
AaHUX ANa po3yMiHHS Ta ONTUMI3aLil BUKOPUCTaHHSA BeO-caiTiB. Beb-aHaniTnka
Hajae iH(hopMmaLlito MPOo KifbKICTb BifBiAyBayiB Be6-calTy Ta Ki/IbKiCTb Nepernsagis
CTOPIHOK, abo CTBOPHOE NPOiNi NoBeAiHKN KopucTyBadiB. Lle gonomarae ouiHUTK
Tpaik i TeHAEeHUiT NOMyNAPHOCTI, WO KOPWUCHO ANA AOCHILKEHHA PUHKY.
PO3pi3HAKTbL HACTYMHI MeTOAN BeG-aHaNITUKN:

AHani3 BiBigyBaHOCTi. BUBYEHHS aKTMBHOCTI KOPWUCTYBayiB Ha CaiTi,
YMCNO YHIKa/IbHUX Ta MOBTOPHUX BI3UTIB, BU3HAYEHHS MOX/IMBUX MPUUNH
cnafiaHHs yun NigBULLEHHS aKTUBHOCTI BifBi4YyBaHOCTI.

AHaniz LUA. Le reorpadisi, fgesaiicu Ta onepauidiHi CUCTEMU, SKi
BUKOPUCTOBYIOTLCA, IHTEPECU Ta AeMorpagiyHi faHi.

AHaniz mkepen Tpadiky. 3BiAK/ Ha caWT MPUALIIM KOPUCTYyBadi, SKi
KaHan 3a/ydeHHs MPOAEMOHCTPYBa/IM  Habinblly eqeKTUBHICTb, AKa LjiHa
3aly4eHHA OfHOro BiABigyBaya, 3aBAAKM SKMM OrOJIOLUEHHAM YW K/TKOUOBUM
(hpazam NpuiALLNIK BiABiAYBaYi, Ha SIKi CTOPIHKX NOTpanuIu.

AHani3 103abiniTi. BUBYeHHS KapT MPOKPYTKM CTOPIHKK, KNIKiB, HAA6IibLL
MoNyNsSPHUX CTOPIHOK Ta MapLUPYTIB Ha CaMTi.

AHani3 TexHIYHMX HefoNikiB. [MOWYK MOMWIOK, HWU3bKA LUBMAKICTb
3aBaHTaXKEHHS, HadABHICTb Ay6/1b0BaHNX CTOPIHOK TOLLLO.

AHaniz paHux e-commerce. Haibinblw nonynspHi ToBapW, KiNbKiCTb
TpaH3akLUii, NoBefAiHKa KOPUCTYBaYiB Ha canTi, LMK/ NPoAaxiB, A3BIHKW, CepeaHiii
yek, foxig,.

3HaYHWUn 06CAr AaHMX LWOAO MOHITOPUHIY aKTUBHOCTI KOPUCTYBaYiB Ha CcaiTi
MOXXHa OTPMMAaTK TaKOX 3a [O0MNOMOrow cTaHZapTHUX 3BITiB Yy GoogleAnalytics.
Lle cepBic gae 3Mory nepernsagat BaXK/IMBI MOKa3HMKM LWOA0 aKTUBHOCTI fK

HOBMX KOPWUCTYBauiB, TaK | TUX XTO BXe € K/iEHTamu. BMKOpUCTaHHA Takoi
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(pyHKuiT Google Analytics Ak «[ocnigpkeHHa» fae 3mMory oTpumaTtu AocTyn Ao
[JAHUX 1 MeTOfIB, AKMX Hemae Yy CTaHZapTHUX 3BiTax. 3a AOMOMOroK (YHKLUIT
«Jlocnig>KeHHs» MOXHa aHanisyBaTW AaHi, W06 3HaWTK BIAMOBIAl Ha CKNafHi
3anuTaHHA. PakTMyHO, Le Habip HOBITHIX MetogiB B Google Analytics, ki
HaJalTb AOKMNafHiWy CTaTUCTUKY LWOAO MOBEAIHKN KIEHTIB MOPIBHAHO I3
CTaH4apTHUMUK 3BiTaMW. BUKOPUCTaHHSA LIET MOX/MBOCTI fae 3mory: 1) LWBMAKO
BUKOHYBAaTW CreuiasibHi  3anuTW; 2) J/erko HanawToByBaTM MeToAM Ta
NepeMmKaTuUCs MiDK HUMUK; 3) COpTyBaTW, PeopraHi3oByBaTW i1 AeTanidyBaTu [aHi;
4) BUKOPUCTOBYBATW (PINIbTPU 11 CErMEHTH, LLLO6 30CEPeAUTUNCA Ha HaBaXKMBILLNX
AaHuX; 5) CTBOPHOBATU CErMeHTU W ayauTopii; 6) AINNTUCA LOCMIIKEHHAMW 3
IHLLUMMKW KOpUCTyBayamm TOro camoro pecypcy GoogleAnalytics; 7) ekcrioptysaTu
AaHi oCNiIKeHHS 1 BUKOPUCTOBYBATM TX B IHLLMX IHCTPYMEHTaX.

BogHouac, cuctema Google Analytics ocHaleHa «MakeTaMmn» HaialTyBaHb
WO AatTb 3MOry CNPOCTUTM OpraHisauito TUMNOBUX [AOCNILKEeHb, a TaKoX
cuctematmsysatv  BIgNoBigHI  AaHi. MakeT — CYKYNHICTb HanalwTyBaHb
aocnimkeHHs B cuctemi Google Analytics B fKiil BigobpakaloTbCsi fAaHi 3a
A0MOMOror BMbpaHoro metofdy. MakeT MOXe MICTUTU KiflbKa BKMafOK, TakoX
MOXXHa BUKOPUCTOBYBATU KiflbKa METOAIB B OAHOMY AOCNIAXKeHHI. 30Kpema, Hamu
BUKOPUCTaHO CTaHAaPTHUIA MaKeT «[OCNiMKEHHS LAAXY» ANS aHani3y akTUBHOCTI
KOpUCTyBa4diB Ha caWTi HaykoBoro BicHMka JIbBIBCbKOrO HaliOHa/IbHOro
YHIBEPCUTETY NPUPOLOKOPUCTYBaHHS (puc.).

3acTocyBaHHA LUbOro MakeTy fae 3Mory Bigobpasutn y BUMNAgi
[1epeBonoibHOT CXeMU «TMOUHY» BiABILYBaHNX BKNALOK Ta €/leMEHTIB K HOBUX
KOPUCTYBa4diB TakK i TUX XTO BXe KOPWUCTYBaBCA HUM. [OCNIIKEHHS LUNAXY
fonomMarae BusHavatu: 1) y fKi po3ginv calTy HOBI KOPUCTyBadi HanuvacTilue
MepexofsTh i3 rOM0BHOI CTOPIHKK; 2) L0 KOPWUCTYBaYi 3a3Bu4yaii pobnsdTh nicns
HenepeabayeHoT MOMUIKMA B AoAaTKy; 3) SKi AT MOBTOPHOKOTLCA KifbKa pasiB (ue
MOXe CBifuMTK, L0 KOpPWUCTyBa4y He po3ibpaBca B iHTepdeici UM He 3Hae, LWO
pobuTn fani); 4) AK neBHa NOAis BNIMBAE Ha NOAasbLUI AT KOPUCTYBAYIB.

TakMM YMHOM, AN OUIHEHHA aKTMBHOCTI KOPWUCTYBadiB, eeKTUBHOCTI iX
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3a/ly4eHHs Ha Beb-cailTi, a TaKoX BUBYEHHS BNogo6aHb Lmx KopucTysadis Google
Analytics 30upae paaHi 3 Beb6-cailTiB | AoAaTKiB, W06 CTBOprOBaTU 3BITU 3
KOPUCHOHO IHopMmaLi€eto.

o LOoCNimKEHHA... ¥ +
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__ file_download 12
4

 ATPOIHMEHEDHI JOCTIL.. __ [0OMOBHE __ ArpoiHxeHepHi fochi...
__ scroll 12 3 1
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__ click 7 1 1
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7
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6
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4 2

__ lonosHa
lwe 9 2
116

Puc. [lepeBonofibHa cxema LSaXy HOBUX KOPUCTYBadiB Ha caiTi BicHuka JIHYTI

Micna nowmupeHHs iHGopMaLilT Ha pPi3HMX pecypcax, 30Kpema, Ha CauTi
BicHuka HaykoBux gocnigpkeHb JIHYTT nepiogom 3 10 ciyHa 2023 no 17 ciyHA
2023 oTpuMmaHo “crineck” aKTUBHOCTI Ta MPUPICT HOBMX KOPUCTYyBayiB. BuUCOKI

MOKAa3HWKM KOHBEPCIT roBOPSITb NPO Te, L0 CaliT A06pe BUKOHYE CBOT 3aBAAHHSI.
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TeopeTuyHi gocnifkeHHs Al eHeprii 0oNTUYHOIo BMMPOMIHIOBaHHSA Ha
HaCIHHA Ci/IbCbKOoCMoAapCbKNX KynbTyp

UepsiHcbkuin /1.C., A.T.H., Pagbko I.MN., K. T.H., Hammeaiiko B.A., K. T.H.,
Okywko O.B., K. T.H., PomaHeHKo O.l, K. T.H.
HauioHanbHuin yHiBepcuTeT GiopecypciB i NPMPOLOKOPUCTYBaHHSA YKpaiHu
03041, Byn. lepois O60poHu, 15, M. Knis, YkpaiHa

Abstract. The article presents new scientific results of theoretical research on the use of
optical irradiation to obtain a given biological effect in seeds. The obtained results allow us to
state that in the corresponding photobiological reactions, about 32...40% of the absorbed
radiation of the specified spectral range is effectively converted, which is of great importance in
practice when determining the amount of the dose and the intensity of the pre-sowing irradiation
of the specified spectrum.

Key words: irradiation, pre-sowing treatment, seed stimulation, disinfection, optical
radiation, yield increase.

MepegnociBHa 06pobka HACiHHA CiNlbCbKOrOCMOAAapCbKMX Ky/bTyp Mae BCe Oiblue
3HaYeHHs ANS NiABULLEHHA X BPOXAMHOCTI | AKOCTi 3i6paHOr 0 HaciHHA ( 3epHa). ICHyHOTb piHi
BULW TMepeanociBHOT 00pO6KM HaciHHA. OCHOBHVMMW € 3He3apaxyroya, CTUMy/owo4a i
KOM6iHOBaHa 06p06KWN. OfHiet0 3 HalbiNbll ePeKTVBHUX, AeLeBUX i eKONOriYHO YUCTUX €
06poOKa IHTEHCMBHWM OMTMYHUM BUMPOM iHIOBAHHAM IH(PAYepPBOHOro Ta YNbTPapioneTosoro
Aiana3oHiB ika Mae KOMOIHOBaHUI e(DeKT.

MigBUWEHHS e(eKTUBHOCTI  MepeAnociBHOT 06po6KM HeMOX/IMBe 6e3  PO3YMIHHS
MeXaHi3My [fii eHeprii ONT MY HOr 0 BUMPOM iHIOBaHHA Ha CTPYKTYPHI CKMafoBi ONPOMIHIOBAHOr O
HaC iHHs.

MeTot NpoBeAeHHsA AaHMX AOC/IAKEHb, HA OCHOBI BUKOPUCTaHHA MeTOAIB (hoToMeTpIT Ta
3aKOHIB (poTo6i0NOril, € TeopeTUdHe OOrPYHTYBaHHA LINAXIB Ta MexaHisMy [Aii eHeprii
OMTUYHOIO BUMNPOMIHIOBAHHA Ha 600N IMHI CTPYKTYPW OKPEMOT HACIHUHW NPW TT ONPOM IHEHH
3 pO3pOOKOK MaTemMaTWYHOI 3a/ieXXHOCTI  MexaHi3My B3aeMOAii  (DOTOHIB  OMTWUYHOT O
BUMPOM IHIOBAHHS i3 MOJIEKYlaMU CTPYKTYP OMPOM iHKOBAHOr 0 HaCiHHS.

AHani3 pesynbTarti B HAYKOBUX LOCNIAXKeHb B 3aaHOMY /1aHi NOKasas, W0 edieKT MBHICTb
GionorivHoOi Ail  eHeprii  OMTWYHOTO BUMNPOMIHIOBAHHS, L0 TMOCTYMAaE Ha MOBEPXHIO
OMPOMIHIOBAHOT HACIHWHW 3a/eXXUTb Big MNOMIMHYTOrO0 BUMPOMIHIOBaHHA, $Ke A0LUiIbHO
MpWB’A3yBaTU [0 pearyroumx Ha (POTOHM OMTUYHOT eHeprii 61010riHHUX CTPYKTYP HACIHUHW,
(ChOTOHM BMNPOM iHKOBAHHA MOT /INHYT I MOJIEKY/IaM U-Pe LIEMT opamMmu KNITUH HACIHWHW NMepeaaroThb
L0 EeHeprito B BUrNA4I €NeKTPUYHOrO IMMY/NbCY, Hagani eHepria (POTOHIB MOT/IUHYTUX
nirMeHTaMn KNITUH ige Ha YTBOPEHHsS MPOAYKTIB (hOTOXIMIYHMX peakLuii)Owmbka! VCTOUHMK
CCbI/TKW He HalfeH..

B AkocTi mogeni OnpoMiHOBaHOT HAaCiHWHW, HAa OCHOBI aHanidy  nirepatypy no
AOCNIMKEHHIO OYA0BM HACIHHA HaWbiflbll PO3NOBCHOAXKE HUX CiNlbCbKOroCNoAapCbKUX KynbTyp
(kvTa, nNWeHWLi) MPUAHATO, WO BOHO BIAHOCUTLCA A0 OLHOAONbHMX POC/WH. 3epHMHA
CKMAfa€eTbCA 3 3aXWUCHOT HACIHHOT LUKIPKW, Mif SAKOK 3HAXOAMTLCA €HZOCrepM i 3apof oK.
CTpyKTypa KOXHOro npoLuapkKy He € OLHOPILHOK NO TOBLYMHI. KOXeH MpOLLapoK CKIafaeTbes
i3 K/MITUH PI3HOMAHITHOr0 NPU3HAYeHHs | CTPYKTYpPW.

TeopeTU4HO AOMYCTUMMM 3 TOUKM 30pY OMTUYHUX XapaKTEPUCTUK AN HUX € Te, Lo BCi
KNITUHW BMILLYHOTb Y CBOIX CTPYKTYPHUX O4WMHULAX B BUIbHOMY UM 3B’A3aHOMY BUIISLI BOAY,
TOMY BaX/1VBVM € PO3YMiHHA MexaHi3My Aii OTOHIB Ha CTPYKTYPHI MepeTBOPEHHA MOJEKY/
3B'A3aHOT B KNITWUHAX HACIHWHY BOAW.

Pe3ynbTat¥  UMUTONOTIMHWX AOCAILXKEHb MNOKasylTb, WO 4YuUM  O/KYe  KIITMHA
3HaXOAUTHCA 40 NOBePXHI 06010HKM 3€PHUHM, TUM MEHLLA KiNbKICTb BOAW € B Hild | TUM MeHLUe
i 6ionorivHe gyHKLiOHyBaHHS.

53



BignoBigHO 3MiHi KiflbKOCTI BOAW B KAITMHAX 3MIHIOKOTLCA OMTUYHI BNacTUBOCTI LUX
KNITWH | NpoLLapky B Wiiomy. ToMy npu nofasblioMy BU3HAYEHHI MOrMHAKYO0T BlaCTMBOCTI B
TOBWY HAaCiHMHM LUel (hakT Oyde BpaxOBaHO B HALWIMX TEOPETUYHUX [AOCHIAXKEHHSAX,
BUKOPWCTOBYHOUM 3aKOHW (POTOMETPIT Ta reOMeTPUYHOT OMT MKMW,

B npakTuui 3acTOCyBaHHA OMTWYHOrO OMPOMIHIOBAHHA [NA OTPVMMaHHA BU3HAYEHOr o
6ionorivyHOro eeKTy y HaCiHHI Po3CisaHWUIA Ta ePEKTUBHO MOrMUHYTUIA NOTOKM BUNPOM iHIOBAHHS
AN CTPYKTYP HACiHHEBOI LUKIPKWM BM3HAYMUTKM CKMagHo. Taki AochijkeHHs MoTpebyoTh
Cy4acHOro KOMIT'HOTEpPM30BaHOro nabopaTopHOro obnafHaHHA i KPOMITKUX (I3UKO-XIMIYHO-
MOpPO/Or Y HUX A0CNIAXKEHb MOKPWBY HaciHHA y BignosigHMX HAI i 4O UbOro 4yacy e He
MPOBOAWNUC.
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BMKOPVNCTAHHA 3ACOBIB BIG DATA ANA AHANIZY NMAPAMETPIB
BPAS/IMBOCTEUN IHOPOPMAULUINHUX CNCTEM

€.1. MaeneHko, MonTaBCbKUIN AepP>KABHUIA arpapHuil yHiBEpCUTeT

In today's digital age, vulnerabilities in software systems have become a
serious problem. One approach to vulnerability management involves the use of
CVE and NVD vulnerability repositories. As part of the research, Python scripts
were developed for an environment including Spark and MongoDB to perform CVE
analysis in operating systems.

Vulnerabilities, repositories CVE and NVD, Apache Spark, MongoDB

Y cyu4acHiil UMgpoBiin enoxi BPa3NMBOCTI B NPOrpaMHMX CUCTEMAax CTau
CEepPiO3HOKD NPO6/IEMOIO ANA OpraHisauiin y pisHMX ranyssx. 3M0BXMBaHHSA LMK
CMabK1UMM MiCUAMM MOXKe NMPU3BECTY [0 3HAYHWUX HACNIAKIB, TaKNX AK BUTIK AaHWX,
(hiHaHCOBI BTpaTW i 36UTKK penyTauii. [19 3MeHLLEHHS LUMX PU3UKIB [Yy>Ke BaXK/MBO
A/19 opraHisauiin CBoe4acHO Ta e(heKTUBHO BUABNATY BPa3/IMBI MicLd Ta yCyBaTy iXx.

OfvH 3 nigxoAis Ao ynpasniHHA BPa3MBICTIO BKHOYAE B Cebe BUKOPUCTaHHS
peno3nTapiis BPa3IMBOCTEN, SKi HaatoTb LieHTpanizoBaHe Micle AN 36upaHHs Ta
36epiraHHs iH(opMaLii NPo BPa3/IMBOCTI B NporpaMHuX cuctemax. OfHaK BENKINIA
06CAr fJaHUX y Takux perno3nTapisix MOXe YCKIaAHUTU BUABNEHHS Ta BU3HAYEHHS
NPioOpUTETIB BPa3NMBOCTEN, AKi € HANBINbLL KPUTUHHUMMU.

[na BupileHHs L€l Npo6ieMyn MOXXHa BMKOPUCTOBYBATU CUCTEMM aHasi3y
BE/IMKMX AaHMX Ha 6asi Takmx TexHosnorii, sk Apache Spark [1]. Lli cuctemm
[03BONIAOTL aHani3yBat¥ faHi NPO BPas3MBOCTI Ta HagaBaTW MPaKTUYHY
IHopMmaLito. 3a JONOMOroL0 MacLLTaboBaHOCTI | 06UYNCIOBA/ILHOT MOTYXHOCTI LiMX
CUCTEM MOXKHA BUSABNATW 3aKOHOMIPHOCTI Ta TeHAEHUIT B laHMX NPO BPa3/IMBOCTI,
AKI MOXYTb OYTW CKNagHi AN BUABMEHHA 3a [OMNOMOroK TpaguuiiHMX MeTopiB
aHasiay.

CVE - ue peectp nybniyHo Bigomux BpasnmsocTein [2]. Lle iHiyiaTvBa
CMiNbHOTW, CNPAMOBaHa Ha CTaHAapPTM3aLit0 ifeHTUgIKaLiT Bpa3IMBOCTEN Y Pi3HUX
cucTemax Tay pisHux po3pobHukiB. CVE Hagae yHiKanbHUI ieHTU(IKaTOP KOXHIl
BPa3/NMBOCTI, WO Jonomarae AocnigHMKam Ta ekcrneptam 3 Kibepbesneku
CMifIKyBaTUCA Ta BIACTEXYBATU iX.

CVE O6yno crBopeHo Briepwe B 1999 poui kopnopauieto MITRE,
HEKOMEePLIMHOO opraHisauieto, sika Kepye npoekTaMu AoCniAKeHb i po3po6oK A/
ypsgy CLUA [2]. 3 TuX nip BiH CTaB LUMPOKO BU3HAHWUM i MPUAHATAM CTaHAapTOM
AN151 BIACTEXXEHHSA BPa3MBOCTEN | YNPaBAiHHA TX XXUTTEBUM LMK/IOM.

laeHTM(hikaTopy CVE MatoTb NeBHNUIA opmMaT, KU BKNKOYAE PiK BUSIBIEHHS
BPa3nMBOCTI Ta YHiKa/lbHWi1 HoMmep. Hanpuknag, CVE-2023-1234 nocmnatumeTses
Ha BPa3/IMBICTb, BMABNEHY B 2023 poui, 3 HOMepoMm igeHTUdikaTopa 1234. OfHieto
3 nepesar BUKOPUCTaHHS ideHTudgikaropis CVE € MOX/IMBICTb IErKO nocuiaTucs
Ha HUX Yy HacTaHoBax 3 Kibepbe3sneku, 6asax AaHWX BPa3/IMBOCTEN Ta IHLUMX
pecypcax, nos'a3aHuX i3 6e3nekoto. Lle f03BONAE AOCNiAHMKaM Ta ekcnepram 3
Kibep6e3neku LWBUAKO BUABAATM KOHKPETHI BPa3/IMBOCTI Ta MOBIAOM/IATY MPO HUX,
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LLLO MO>KE [LOMOMOITM OpraHi3awiiM BU3HAYNTW NPIOPUTETHICTb CBOTX 3aX0A1B W00
ynpasniHHA BPa3/IMBOCTAMM.

NVD (HauioHanbHa 6a3a gaHWX BPas3/MBOCTEN) - Le OHNalH-6a3a AaHuXx,
(piHaHcoBaHa ypagom CLUA, daka CcnyXutTb CXOBULLEM iIH(opmauil npo
3ara/ibHOBIOMI BPa3nMBOCTI Ta pu3nkn Kibepbesnekn. NVD Kepye HauioHanbHWiA
IHCTUTYT cTaHgapTie i TexHonori (NIST), akuin € nigpo3ainom MiHicTepcTBa
Toprisni CLUA [3].

NVD Hagae goctynHy Ans nowyky 6asy gaHux igeHtudikaropis CVE, a
TaKoXX iH(hopMaL,ito NPO CepMO3HICTb KOXKHOT BPa3IMBOCTI, CUCTEMM abo NporpamHe
3a0e3neyeHHs, Y AKUX BUABMEHI TaKi BPa3NIMBOCTI Ta KPOKW [N YCYHEHHS
BpaznmeBocTel. NVD TakoX Hafiae NoCuMaHHA Ha 30BHILLIHI pecypcu, Taki K
pekoMeHAauil 3 Kibepbesneku, WO MOXYTb AOMOMOITM OpraHisauisiMm 3MeHLIUTH
PU3MKW, NOB'A3aHI 3 NEBHUMW BPa3/IMBOCTAMMU.

3apas, Konmn 06¢Arn JaHux LWBNAKO 3p0CTat0Th, BAXK/IMBO MaTh iIHCTPYMEHTH
Ta METOAN AN eeKTUBHOIO OTPMMaHHSA ifei Ta 3HaHb 3 L€l BeNIMYe3HOI KisIbKOCTI
IHopmavii. Of4HMM i3 TaKMX METOLIB € BUKOPUCTaHHA MPOrpamMmHUX MOB, TaKUX 5K
Python, L0 Mae LUIMPOKe 3aCTOCYBaHHA A1 aHani3y JaHuX i 3aBfaHb MalMHHOIO
HaByaHHA [4]. Kpim Toro, iHCTpymMeHTW, Taki Ak Apache Spark i MongoDB,
[03BONAIOTL 00PO6NATM BENMKI HAabopW AaHuX Yy PO3MNOAINEHNX CepefoBULLAX,
3abe3neyytoum macluTaboBaHiCTb | HaginHIiCcTb [1, 5].

Y pamkax nposefeHuX A0CNiIKeHb 6ynu po3pobreHi ckpuntu Ha Python,
ANna cepefosuLLa, Wwo Bkatoyae Spark i MongoDB ans BukoHaHHA aHanisy CVE B
onepauiiHux cuctemax Ubuntu i Red Hat. 3okpema, 6yno npoaHanizoBaHO
Bpa3nmeocTi CVE 3a pokamu Ta MOPIBHAHO TX MOKa3HWKW BM/IMBY, a TakoX
BU3Ha4YeHO BigMIHHOCTI MK ocTaHHiMM CVE Ta HauiOHa/IbHOK 6a30t0 JaHuX
ypasnusocTein (NVD).

Po3po6neHi ckpunTy BUKOPUCTOBYOTL PySpark i Matplotlib gna aHanisy Ta
Bi3yasizayii KinbKocTi BpasnmeocTen y gaHux CVE. Cnovatky, Kog iHiuianisye
SparkSession 3 NeBHVMK HanawTyBaHHAMU A8 34ATYBaAHHA Ta 3anucy JaHuX y
MongoDB. Tlicns uboro, AaHi 3aBaHTaxyroTbcsa 3 MongoDB y dpeiiM faHux
PySpark, df.

Y Kofi BUAINAETbCA IH(OpMauia npo pik i3 nons _id 3a [0NOMOror
perynspHoro Bupasy Ta (yHKUil regexp_extract, a noOTiM CTOBMeUp
"description_data" po36uBaeTbCsA Ha pAAKX. [ani BiH BUOMPaE piK Ta 3HAYEHHS 3
PO3KOMMNOHOBaHUX PSAAKIB, COPTYE X 3a pOKaMU | CTBOPIOE ABa (hperiMmn faHuX A1
BpasnmeocTeit Ubuntu i Red Hat. BukopuctoByeTbCst onepayist hinbTpyBaHHA 415
BMOOPY PSAAKIB, AKi MICTATb pAgoK «ubuntu» ans gpeimy gaHmx Ubuntu i psaku
«redhat» i «red hat» gna ¢perimy gaHmx Red Hat. MMoTim fgaHi rpynyroTbcs 3a
poKamu, i KiNbKiCTb BPa3MBOCTE OOUMCMHOETLCA ANS KOXHOIMO POKY 3a
[0MOMOroK (PYHKUIT MigpaxyHKy.

CTBOPHOETLCA HOBUIA (hpeiiM JaHnX 3a AOMOMOror (yHKUIT "giana3oH™ ans
reHepaui’ Bcix pokie 3 1999 no 2023, i BiH 06'eaHyeTbes (left join) 3 dperimamu
aaHnx Ubuntu 1 Red Hat, wo6 BKMOYATA POKM 3 HY/bOBOK KifIbKICTHO
Bpa3IMBOCTEN. HapewTi, oTpuMaHi (peiiMmn aHUX NepeTBOPOKOTLCSA Ha (periMmu
AaHnx Pandas i copTytoTbca 3a pokamu. Matplotlib BukopucToByeTbCA Ans
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nobynosu rpadika KinbkocTi BpasznmeocTert Ubuntu i Red Hat 3 yacom y Burnsgi
NiHINHOro rpagika 3 POKOM Ha oci X i KI/fIbKICTHO Bpa3nMBOCTel Ha oci Y.
OTpumMaHmnia rpadik Bigobpaxkae TeHAEHLI0 KiNbKOCTI BpasnmueocTein ans Ubuntu i
Red Hat.

OTXKe, aHasli3 JaHNX PO3KPMBAE BXK/IMBI IHPOPMaLiHI acneKTu, AKi MOXYTb
C/Y>KUTU OCHOBOK A5 NPUMAHATTA pilleHb Wo40 6e3nekn cuctemn. PO3yMiHHSA
NpoiniB BPa3NIMBOCTI PISHUX CUCTEM MOXKE CMPUATU PO3po6L eeKTUBHMX
3axofiB 6e3nekn, CNpsAMOBaHNX Ha NiKBi4aLil0 KOHKPETHUX PU3MKIB, LLLO MOB'A3aHI
3 UMMM cuctemamu. Kpim TOro, CBOEYacHI OHOB/IEHHS MaKOTb KPUTUYHE 3HAYEHHS
Ana 3abesneyveHHs 6e3nekn cUCTeMW, | OyAb-iKe 3aTPUMaHHSA Yy BUPILLEHHI LMX
NUTaHb MiAKPecntoe HeobXiAHICTb BAOCKOHa/IEHHS CUCTEM OHOB/IEHb 3 METOH
MiHIMi3aLiT pU3KKiB, WO CTOCYHOTLCA HEBMNPAB/IEHMX BPa3/IMBUX MiCLib.
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OPI'AHISALIA TA TIVTAHYBAHHA 3ABAJAHDL Y BIPTYANTISOBAHNX
CUCTEMAX ANA PO3NOAINTEHNX OBYNC/TIEHDb

O.A. CaBueHko, A.C. KypsaHuuk, O.1. JInHoK, MonTaBCcbKuil fep>KaBHuiA arpapHuii
YHiBepcuTeT

The relevance of the implementation of distributed computing systems based
on virtualization technologies is considered. The necessity of using scalable
solutions is determined. The classification of distributed systems based on their
functional characteristics is considered. Two main problems of building distributed
infrastructures from separate spatially virtualized computers are highlighted.

Distributed computing systems, Virtualization technologies, Cluster

Ha cborofHiLWHil feHb TEXHOMONIT BipTyanisauil CTatoTb BCe BAXK/IUBILLMMM
OCHOBaMK [A/19 KOpropatuBHUX nporpam. IHgpacTpyKTypa, HeobxigHa Ans
PO3POOKN, BNPOBA[PKEHHS, PO3MilLleHHsA Ta 06C/yroByBaHHS [0AATKiB, MOCTINHO
cTae GiNbLL CKNAAHOM i MaclTabHoto. 3i 36i/bLIeHHAM KiNlbKOCTi BEO- Ta XMapHMX
A0AATKIB 3p0CTatoTh | BUMOIM 0 CEPBEPHUX TEXHOOTIN [1].

Mpwn BMGOpPI cTpateril 3abe3neyeHHss BUCOKOT AOCTYMHOCTI CAif, FONOBHUM
YMHOM KepyBaTUCA MpPodisieM Ta XapaKTepUCTMKaMM KOHKPETHOro Gi3Hecy:
MOTPIBHO OLIHIOBATU 30UTKM, AKI MOXYTb BUHUKHYTW BHAC/iA0K NPOCTOK CUCTEMU
abo BTpaTu AaHux, i BU3HAYUTU MaKCUMa/IbHO MPUAHATHUIA Yac NPOCTOHO.

Po3nogineHi cuctemu gornomararoTb CTBOPUTK IHDPACTPYKTYPY, CIIPOMOXKHY
3abe3neunTn GesnepepBHe (YHKLIOHYBaHHA CUCTEM 3 BWCOKOK [OCTYIMHICTHO.
KnactepHi TexXHOMorii € ogHUM i3 HanpsMKIB PO3MNOA4IIEHNX CUCTEM | € AyXe
e)eKTUBHUM METOAOM A5 3a6e3neUeHHs HadiiHoCTi cuctemm [2].

CbOrofHi B ranysi po3nofineHnx 064MCoBaIbHUX CUCTEM CNOCTEPIraETbCs
BUCOKMIA TeMn 3MiH B OpraHisauinHux igeonorisx Ta nigxogax. 3a uyac, KW
PO3MOAINEHI CUCTEMM ICHYIOTb, OYNI0 CTBOPEHO BENVKY KiNbKICTb MOAenein ans
peanisauii  posnogineHux o6umcneHb. Cepef  TONOBHMX — XapaKTepUCTUK
PO3MOoAINEHOT CUCTEMW CAlig BUAINTI MacLLTaboBaHICTb.

MacLiTaboBaHICTb CUCTEMM - Lie 3a/1EXKHICTb Bif 3MIHW TI XapaKTepuUCTUK Bif
KIJIbKOCTI KOPUCTYyBadiB Ta MNIAKIHOYEHUX pPecypciB, a TakoX Bif CTyneHs
reorpadiyHoro posnoginy cuctemu [2]. Baknuei napameTpu BK/OYalOTb B cebe
npauesfaTHiCTb, eDEKTUBHICTb, BAPTICTb, TPYLOBUTPATM HA BUPOOHULITBO, BUTPATH
Ha BUWMNPaB/IEHHS, HACTYMHWIA CYNpoBiA, YMNPaBiHHA Ta 3pYy4HICTb pPo60oTU 3
CUCTEMOHO. N5 PI3HUX CUCTEM MACLLITAb0BaHICTb MOXe AOCAraTmcs 3a 40NOMOror
PI3HUX METOAIB: 4115 OAHUX NiAXO0ANTb NiHINHA 3a/1eXHICTb, B TOW Yac AK A4/151 iHLLMX
Koe(ilieHT MacwTaboBaHOCTI MOBWMHEH 3a/MLWLATUCA HE3MIHHUM HaBiTb NpwU
3HaYHMX 3MiHax mMacLTaby CUCTEMM.

AJMIHICTpaTMBHA MaclTaboBaHICTb CUCTEMW MaE BEIMKE 3HAYeHHs |
3/1eXXNUTb BIJ 3pYYHOCTI POB6OTK 3 HEl KiJIbKOCTI aAMIHICTPATMBHO HE3a/IeXHNX
opraHisauii, Wwo 3aimatoTbes ii ekcnyartayieto. Mpyu CTBOPEHHI BEMKUX CUCTEM
(COTHI MawWH, TUCAYI KOPWUCTYBa4iB) BUCOKA MacLuTaboBaHICTb [OCAraeTbCA
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LLUNAXOM AeueHTpanisauii OCHOBHUX CNyX0 Ta anroputmis, SKi peanizoBaHi Yy
cucTemi.

Po3nogineHi cuctemy KnacuikyroTbCA 3aMeXXHO Bif TX (YHKLUiOHaNbHNX
XapaKTepUCTUK, TaKNX AK TUM HaAaHKX PecypciB Ta BUAM NPUKNaLHUX 3aBAaHb, A1
AKUX BOHM PO3PO006/IEHI Ta ONTUMI30BaHi:

— 06YMCNIOBaSIbHI CUCTEMM - Lie CUCTEMU, 4S9 AKUX NOTY)XKHICTb MPOLLecopiB
€ OCHOBHUM 064MC/IOBa/IbHNM PECYPCOM.

— iH(hopMaLiiHi cucTeMun - Lie CUCTEMMW, B AKX 0BCAT nam'aTi Ans AaHuX €
OCHOBHVM PecypcoM, 30KpemMa, 415 Be/IMKUX CXOBULL, AaHWX.

— cuctemn and o6MiHy IHQopmaLieto - CUCTEMW, L0 CKNadalTbCa 3
nepefasaviB, CrpPAMOBaHi Ha NiABULIEHHA e(EKTUBHOCTI Ta CTINKOCTI Mepexi
nepefadvi gaHnx MiXK [IXKepesiom Ta npummayvem.

[Mpobnema opraHisawii po3noAineHnx iHPPacTPYKTYpP 3 OKPEMMX NPOCTOPOBO
BIPTyani3oBaHMX KOMM'IOTEPIB 3a/IMLLAETHCA aKTya/lbHOK | CMOHYKae [Jo
MPaKTUYHOrO BMBYEHHSA. Ha Lie BKa3ytoTb He NINLLE TEOPETUYHI AOCNIKEHHS B Ll
ranysi, asie i peanisayis CUCTEM YNpaB/iHHA TaKUMKW IH(paCcTPyKTypamu. ["0/10BHa
MPUYMHA LLbOro iHTepecy Nonsarae B TOMy, L0 poboyi cTaHuiT, cepBepun 4oA4aTKIB Ta
NnepcoHa/lbHi  KOMM'IOTepn, MIAKAOYEHI [0  MepeXi, €  YUCNeHHUMW |
Masio3aBaHTaXXeHVMMU, a iX 3arajibHa NPOAYKTUBHICTb € AyXKe BENNKOLO.

MoykHa BUAINUTK [ABi OCHOBHI MNpobnemu, AKi NOTPiI6GHO BUpiWNTK. o-
neplle, BaXIMBO 3abe3neynT po3rofin pecypciB Komm'totepa (npouecopa,
nam'ati, AMCKOBOrO MNPOCTOPY Ta IHWWX) MK OCHOBHMMM npouecamn Ta
3aBA@HHAMW  PO3MOAIJIEHOI CUCTEMM, HaZalyn MPIOPUTET  MepPLLOYEeproBUM
3aBfjaHHAM. [lo-gpyre, BpaxoBYHOUM 3MIHHICTb HaBaHTAXKEHHS KOMM'OTEpPA
3aM1eXKHO Bif AiSNbHOCTI MOro BMaCHWKA, BaXK/IMBO 3[iNCHIOBATU e(eKTUBHUI
pO3Mo/in AOCTYMHUX pecypcis, 3abe3neyyroun MiHIMI3aLit0 BigXWU1eHb B HaCOBOMY
BUKOHaHHI 3aBAaHb Yy BCTAHOB/EHI TEPMIHM,
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IMITALIMHA MOAE/b ANA OLLIHKOBAHHSA BE3MEKWM CUCTEMW 3
BIPTYA/TI3OBAHOKO IHOPPACTPYKTYPORO 3 BPAXYBAHHAM
ATAK HA KOMINOHEHTW

FO.1. Bpa>kHuk, 1.®. MNpuuain, H.M. PocTOBCbKMiA, MNONTaBCbKUIA AeP>KaBHWA
arpapHuii yHisepcuTeT

The construction of a simulation model for evaluating the security of a system
with a virtualized infrastructure is considered. The characteristic features of the
technology of "smart environments™ have been determined. Two stages of research
are defined, which consist in creating analytical and simulation models of a system
with virtualized infrastructure and comparing their results.

Simulation model, Security, Smart environments, Virtualized infrastructure

MacoBe pO3MOBCIOMKEHHA  Mepexi  IHTepHeT 3yMOBMMIO  Mirpadito
(nepebasyBaHHsA) 6araTbOX [40AATKIB Ha CepBepW Ta CTBOPEHHS iH(OpMaLinHMX
cucTeM 3 BIpTYyasi3oBaHOK iH(pacTpykTypoto. pu ubOMy, Ha BigMIHY Bij
NOKaNbHMX Nporpam, Beb6cepBic BUKOHYIOTLCA Ha cepBepi, MatoTb BracHy URL-
afpecy, BXiAHi AaHi Ta pe3ynbTaT NakyTb B HTTP-nakeTu. IX KopucTyBayamm
MOXYTb OYTU IK 0K, TaK i IHLWI Nporpamu i cepsicu.

HuWHI  6ypX/IMBUIA PO3BUTOK TaKOX MEPeXMnBaE TEXHOJONIA «PO3YMHUX
cepeaoBuLL». Y 3B'A3Ky 3 MOJIOAICTIO AaHOT TEXHOMOriT MoKM WO BIACYTHE
3ara/lbHOBM3HAHE BU3HAYEHHSA, MPOTE MOXHA BUAINUTU PAL MOMOXEHb, LU0
XapaKTepu3yloTb TaKi CepefoBulia - LUEe BMKOPWUCTAHHA CEHCOpIB Ta
064NCIOBA/IbLHMX MPUCTPOTB. B3aEMOAIOTL Y ANHAMIYHOMY AeLieHTpani3oBaHOMY
cepeaoBuLLL AN JOCATHEHHS €AMHOI METW, TakKol K 3abe3rneyeHHs 6e3nekn abo
e()eKTMBHOrO yrnpaBniHHA. BuAainawTeca Taki  XapakKTepHi  O3HaKM  TaKuX
cepegosuwy [1]:

1) 6e3nocepefHs B3aEMOAISA MiXK MPUCTPOAMU;

2) BifijafieHe KepyBaHHSA NPUCTPOSIMU;

3) cKnagHuMin hyHKLioHan NPUCTPOIB;

4) «IHTEeNeKTYa/IbHICTb» NMPUCTPOIB;

5) pi3HOMaHITHICTb CTaHAAPTIB MepeXKeBOT B3aEMOLIT.

Taki cepefoBuLla Hacamnepen 3HaxXO4ATb CBOE 3aCTOCYBaHHA Y Pi3HMX
cuctemMax — aBTOMaTu3auil, HaJalum  XOpowy OCHOBY A/1d  MobyaoBu
iHbpacTpyKTypn. OfHUM 3 HAWMOLUIMPEHIINX MNPUKNaAIiB  BUKOPUCTaHHS
«PO3YMHUX CEPeAoBULL» € CUCTEMU «PO3YMHOr0 OYANHKY», SKi € PO3BUTKOM
aBTOMAaTUYHUX CUCTEM YNpPaB/iHHA OyLiBNAMN.

[MOpIiBHAHO 3 /OKa/lbHMMK MporpamMaMy BebcepBicM Ta 3aco0M CUCTEM
«PO3YMHOr0o OyANHKY» (PYHKLUIOHYIOTb B Oi/bLL AMHAMIYHOMY pexxumi (BiAMOBU i
BIAHOB/IEHHS amapaTHMX Ta MporpaMHMX 3acobiB, OHOB/IEHHA Ta narui,
06CnyroByBaHHS) Ta arpecMBHOMY (Yepes aTaku Kibep3nounHLiIB) CepefoBULL.

ICHytOui imiTauiitHi Mmogeni [2] B HegoCTaTHIA Mipi BUCBIT/IOKOTL MUTAHHS
cuctematmsauil Ta AeTaslbHOro aHanily OTpUMaHWX pesynbratiB. Pesynbtatu
iMiTalWiMiHOrO  MOAENMOBaHHA Yy  Meplly  4Yepry  BUKOPUCTOBYHOTbCA NS
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MNiATBEPMKEHHS  afleKBATHOCTI  aHaNiTMYHUX Moaeneit. Tlig  afekBaTHICTIO
PO3yMIETLCA Mipa Bi4NOBIAHOCTI pe3ynbTaTiB MOAE/OBaHHA peasibHUM MPUPOAHIM
npouecam Ta sBuULLAM. TakuUMm 4YMHOM, 3arasibHe 3aBfAaHHS Mosisrac y pospobui
aHalTMYHUX  Ta  IMITalinHMX  Mofened  CUCTeMW 3 BipTyani30BaHOO
IHPPaCTPYKTYpOKO 414 OLiHIOBaHHI TX FOTOBHOCTI 3 BpaxyBaHHAM atak Ha 1X
KOMMOHEHTN.

[Mepwmnm eTanom [JOCMIMKEHHA € MobydoBa aHaliTUYHOI  Mogeni
(bYHKUIOHYBaHHA CUCTEMM 3 BIpPTyani3oBaHOK IH(pacTpykTyporo. [lobyaosa
MOZeni crnoyaTtky BpaxOBYeE /mLle pobodi cTaHM cucTemu. MOTIM Ui CTaHU
arperyrotbes (y3arasibHIKTbLCA) - IX Ki/IbKICTb 3MEeHLLYETbCA. TakoxX rpag mogeni
[OMOBHIOETLCA CTaHaMK 06C/YroByBaHHA-MPOMINAKTUKM, MPUXOBAHUX Ta ABHUX
BIIMOB.

[Mig yac aHani3y 3aBfaHHA iMiTaLilAHOroO MofentoBaHHS 6yn0 BCTaHOB/EHO,
LLLO Liei mpouec MoXe ByTy NpeacTaBneHni ik OAUH i3 KiaciB MaTeMaTUYHNX CXEM
CUCTEM MacoBOr0 06CNYroByBaHHsA. [py CTBOPEHHI iMiTauiliHOrO anropuTmy
HallKpalle BWKOPUCTOBYBAaTM MeTof 6e3nocepefHbOro  MOZENOBAHHA, He
0OMEXyHUnUCb CTaHAAPTHUMWU MaTemMaTUYHUMMKM CXeMaMmK, Ta BUKOPUCTOBYBATM
OZHY 3 BMCOKOPIBHEBMX MOB nporpamyBaHHsA [3]. TakuM YMHOM, PYHKLIOHANbHY
3a/1eXKHICTb KOedpiLlieHTa rOTOBHOCTI BifA 4Yacy (yHKUIOHYBaHHA cuctemmn A(t)
MOXHa BU3HAUYNTK, KOMOIHYHOUM 3HAYEHHS KoeqillieHTa roTOBHOCTI A/1A Pi3HUX
4acoBMX MOMEHTIB ti.
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NMPOEKTYBAHHA PO3NOAIJTEHOI O OBYHNCJ/TFOBAJIBHOT O
CEPEJOBVWA HA OCHOBI IH®OPACTPYKTYPU AMAZON WEB
SERVICE

B. BopoHsHcbkuia, I'. MUKMTEHKO, [l. AHOXIH, MNonTaBCbKuiA haxoBuid Koneapk
HaTW i rasy HauioHanbHOro yHiBepcuTeTy "lonTascbka NoniTexHika iMeHi
FOpisi KoHapaTioka"

The paper considers the relevance of using high-performance computing
systems for distributed data processing. The task of designing a distributed
computing environment based on Amazon Web Services infrastructure is defined.
Considered NGINX plus AWS and AWS Elastic Load Balancing solutions, which
are provided for balancing traffic in the AWS infrastructure.

Distributed Computing, Load Balancing Solutions, Amazon Web Services

3apa3 NUTaHHA WOA40 BMKOHAHHA PO3MOAiieHOI 06pOOKN faHUX € AOCUTb
aKTya/lbHUM. 19 UMX PecypcoMiCTKMX 064YMC/IeHb HEOOXiAHO BUKOPUCTOBYBATU
BUCOKOMPOAYKTUBHI  PO3MOAiNeHi  obuymcnoBasibHI  cucTeMWn.  Binblie  TOro,
CyyaCHWIn piBeHb PO3BUTKY IH(OpPMaUiiHMX TEeXHOMOrin [03BoNsSe OyaysaTy
PO3Mo/iNieHi 06YMNCNIOBa/IbHI CUCTEMM HE NiKLLE NOKa/IbHO, ane i 3a A0rOoMOrow
3aco0iB BifganeHoro [Aoctyny. Y TakoMy BMNAAKy BWMKOHAHHA CKIagHUX
064MCNIOBa/IbHUX 3aBfaHb [03BOJIAE MAKCUMa/IbHO e(DEKTMBHO BUKOPUCTOBYBATU
pecypcu, HagaHi po3noAineHo 064ncnioBaibHOK cucTemoro [1]. Y pob6orTi
PO3MNAHYTO  3aBfAHHA  MPOEKTYBaHHA  PO3MOAINIEHOr0  06YMUC/IHOBA/IBHOIO
cepeaoBuLLa Ha OCHOBI IH(pacTpyKTypn Amazon Web Services (AWS) [2], a TakoX
BMBYEHHS OCHOB  PO3MOAISly HaBaHTaXeHHA B  MeXax noby[oBaHOro
064YMCNIOBASILHOTO CepeaoBumLLA.

[ns noctaeneHOol 3agadi BaXX/MBO PO3YMITW, WO 6GanaHCyBaHHA Tpagiky
BiAOyBaeTLCA BiAMNOBIAHO 4O PO3MOAINY HaBaHTaXeHHA 3a 3aBAaHHAMKU. CriepLuy
PO3rNISSHEMO PiLlLeHHS, SKi HafarTbCA AN 6anaHcyBaHHA Tpagiky B iHPPacTpyKTypi
AWS. Hanackpasiwmmm npeactasHukamu uux piweHs € NGINX plus AWS Ta
AWS Elastic Load Balancing [3]. MNogani po3rnsiHemo KoXHy 3 CUCTEM AOK/aAHiLLe
| MPOBEAEMO TX NMOPIBHAHHS.

NGINX plus AWS MoXe BUKOPUCTOBYBATUCA SIK CaMOCTIHO, TaK i pa3oMm 3
ELB. OCHOBHVMMU nepeBaraMu Lb0ro piLleHHs €:

— NpsMKUIA AOCTYN A0 6anaHcyBanbHUKa 6e3 3aliBOro NocepeaHnLTBa,;

— MOBHWIN KOHTPO/b Haf, iHPPacTPYKTYpOLO.

Heponikamu pilLeHHs €:

— MigBULWEHHS  HafiHOCTI  BigOyBaeTbCA  3a  paxXyHOK  OOMiHYy
MOBIAOM/IEHHAMU MIXK CepBepamu;

— BUKOPWCTaHHSA NepeBipoK 3a gonomoroto heartbeat.

Lo cTtocyeTbCA (hyHKLioOHanbHMX BigMmiHHOCTe MixX NGINX Ta ELB, 10
eavHuM Hegonikom NGINX e BigcyTHicTb nigtpumkn AWS AutoScaling. Y
iHWoMy (pyHKuioHan NGINX wupLinii Ta Mae Taki QyHKUT:
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— MapLupyTm3alis 3anuTiB Ha OCHOBI neBHMX napameTpis (URL, 3aronosok
3annTy TOLLLO) [0 NEeBHMX CepBepiB;

— nepe3anuc URL Ta nepeHanpaB/eHHs, WOO YHUKHYTM 3MiHW agpecu
KNIEHTa,;

— nigTpumka WebSocket Proxy ta SPDY Protocol,;

— rnnboka nepesipka SKOCTI (€ MOX/MBICTb BU3HAUUTK http Bignosigb, TCP
BiAMOBiAb ab0 KiNbKIiCTb MOCMIAOBHMX MOMWIOK MNepef BCTaHOB/IEHHSAM MITKU
HESIKICHUI);

— nigTpnmKa 6aratbox 06MexXeHb (3'€4HaHHSA 3 cepBepamu, BXIiAHI 3'€qHaHHS,
LUBUAKICTb Nepefadi fJaHux);

— nigTpMMKa GaraTbox anroputMmiB GanaHcyeaHHA (Round Robin, Least
Connections, Least Time, IP Hash Ta Hash).

AWS Elastic Load Balancing — ue (yHKUis aBTOMatMyHOro po3noginy
BXIZHOro Tpagiky AoAaTKiB MK KiflbkoMa BUKOHaBuMMK By3namu Amazon EC2 B
XMmapi. BoHa fae MOX/MBICTb A0CArTU LWe OiNblOoi HafiiHOCTI B AoaaTKax,
«MPO30P0>» BUAINAUN 06CAT pecypciB, HEOOXiAHWNIA AN1A PO3MOAiNY HaBaHTaXKEHHS
BIAMOBIAHO A0 06cAry BXigHOro Tpaiky gofatkiB. PO3rnsHeMo nepesaru Uiei
(hYHKL,iOHa/IbHOCTI:

— [OCTYMHICTb — aBTOMapLUpyTM3aLia Tpaiky MiX By3namuv EC2 nigsuLuye
piBeHb HafiHOCTI fgogatkis, Ginbwe Toro Elastic Load Balancing fo3ssonsie
BUKNHOYATU «He340P0BI» MaLUMHW Ta PO3NOAINATA Tpadik MiX 3a/IMLLEHNUMN, AKLLO
B AaHiin 30HI HEMae «3[10POBMX» MallUWH, afe € B iHLWIA 30HI, TO Tpadik byae
PO3MOoAiNeHO MiXK HUMMU;

— eflacTUYHICTb — iHTerpayis 3 AWS AutoScaling 103BoNs€ MacLuTabysaTu
MOTYXXHOCTI 06POOKN Ta MEepPEXEBI PeCypCcK B 3a/IEXHOCTI Bif, NOTOKY 3anuTiB 6e3
3aiBOro BTPYYaHHS;

— Ge3neka — iHTerpauia 3 Virtual Private Cloud 3a6e3neyye Heob6XigHWI
piBEHb 6e3MeKun, MOX/IMBICTb BHYTPILLIHLOT MapLLpyTU3au i’ Tpadiky 3a NpuBaTHAMM
IP 3aKpUTOO Mepexketo, NIATPUMYETLCA MOX/MBICTb BUKOPUCTAHHSA CEPTUMIKATIB
SSL/TLS.

OfHUM i3 HaMONTUMabHILIMX pilleHb AN PO3NoAiny 064MCNOBasIbHOIO
HaBaHTAXEHHSA € BMKOPUCTaHHA (yHKUiT EC2 Container Service. EC2 Container
Service — Lie BUCOKOMACLUTaOHWI, BUCOKONPOAYKTUBHUIA CepBiC AN YnpaB/iHHSA
KOHTeHepamu, WO NiATPUMYE KOHTeiMHepn Docker i [03BONSIE NErKO 3anycKaTu
po3noAineHi gogatkM B Knactepi mawmH EC2. Lleit cepBic MOXe CaMOCTINHO
BCTaHOB/OBATM,  MacliTabyBaTh,  poO3MillyBaT  KOHTeilHepn  Docker,
obcnyroeyBati  064YMCNIOBa/IbHY  IH(PACTPYKTYpPY, MNaHyBaTV  PO3MILLEHHS
KOHTelHepiB Docker 3 ypaxyBaHHAM noTpe6 Yy pecypcax. Lle piweHHs
BIAPI3HAETLCA BUCOKOK LUBMAKICTIO MacluTabyBaHHS, OCKI/IbKM PO3ropTaHHA
KOHTeNHepHUX aoaaTkiB Docker 3aiiMae BCbOro KiflbKa CeKYH/. AK IKepeno faHux,
BiH BUKOPUCTOBYE CX0BULE S3, | TyAN XX HaACUNAE BUXIAHI pe3ynbTaTu.

[na noganbwunx AocnifkeHb HeOOXiLHO PO3rNAHYTU MOXIMBI NiAX0AN L0
BUPILLEHHS 3aBAaHHA. TyT BXKIMBO Bif3HAYMTK, LLLO ICHYHOTb FOTOBI NiAXoau, ane
r0/IOBHUM X HeflI0NiKOM € Te, WO BOHM NpautotoTb 3 EC2. ToMy BMHUMKaE noTpeba
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B CTBOPEHHI B/laCHOroO pilleHHs, fke OyJe BMKOPUCTOBYBATW BCi Mepesaru
PO3Mo/iNIeHOT 064YMCNOBA/IbHOT CUCTEMMN.
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AHANI3 METOAIB YTIPAB/IIHHA AOCTYTIOM B CKbJ ORACLE /14
BABE3MEYEHHSA IH®OPMALIMHOI BE3MEKMU

B. BopoHsHcbkuin, O. CugoprHa, B. MenbHuK, INonTascbkuil haxoBuin Koneayk
HaTu i rasy HauioHanbHOro yHiBepcuTeTy "lonTascbka NoniTexHika iMeHi
FOpisi KoHgpaTioka"

Oracle DBMS tools for restricting data access rights were studied. It was
determined that the basic means are the grant and revoke operators with respect to
users and roles. Privileges can be object and system. The use of RLS technology
allows you to limit the ability to read or change certain rows in tables.

Oracle DBMS, GRANT, REVOKE, RLS Technology

OOVH i3 KIKYOBUX UMHHWKIB, LIO BM/MBAE Ha 06e3neky iHgopMaliitHOT
CUCTEMMU, Lie NMpaBU/IbHE YNpaBniHHA 4OCTYMNOM, TOOTO BU3HAUYEHHS Ta 0OMEXEHHS
AOCTYMy KOPMCTYBadiB, MporpaMm Ta NpoLeciB A0 AaHWX, nporpaM i NpUcTpoiB
obuyncntoBasibHOT cucTemu [1].

Oracle BXe TpmBanuii Hac 3abesneyye 6e3reKy Ha piBHi TabnuLp i, B NIEBHOMY
BUMIpIi, Ha piBHI cToBMnyiB. KopncTyBayam MOXYTb OyTW HagaHi (abo BigibpaHi)
NpuBiNnei JOCTyny A0 OKpeMux Tabnvub abo cToBmnuiB. NMeBHUM KopucTyBadam
MOXYTb OYTV HafaHi npaea Ha BCTaBKY Y OfMH Habip Tabnmub Ta BUOIPKY AaHNX 3
IHLLIOro Habopy Tabnuupb.

Po3rnsaHeMo onepauii HafaHHA [OCTYMy KOpuUCTyBayam [0 6asn JaHuX.
CrioyaTKy KOp1CTyBay NOBUHEH OTPUMATK A03BIN Ha NiAKIKOYEHHA A0 6a3n AaHnX.
Lle pobuTbCA HACTYMHOK KOMaH/O0H0, AKY BUAE agMiHICTpaTop 6a3un faHuX: «grant
create session to userAx». OnepaTop grant (Hagatn) NpU3HaYeHUin A5 BUKOHAHHSA
iHWKX onepaTtopiB SQL, y gaHoMy BuMagKy - create session, TO6TO CTBOPHOBATU
3'¢flHaHHS KopucTyBa4yeBi 3 JIOTiIHOM userA. [nd CKaCyBaHHSi BMKOHaHHS
ornepatopiB SQL KOHKPeTHOMY KOpMCTYyBady BUKOPUCTOBYETLCS Orepartop revoke.

3arasiom, NpuBINeT MOXYTb BYTW NPU3HAYEHI IK OKPEMUM KOPUCTYBayam, TakK
I ponam. Poni - ue HasBaHi Habopwu npusineis [2]. 3amicTb TOro, WO6 gasatu
KOXXHOMY KOPWCTyBayeBi O[HAKOBI MOBHOB&KEHHS, MOXHa CTBOPUTM KiflbKa
TUNOBMX POJEN, HALINNTY TX HEOOXIAHUMW NpaBaMK i NPU3HAYUTI KOPUCTYBaYaMm
Ui poni. Poni TakoX MOXKHa BIAKNMKaTK 3 yCiMa npasamMu 3a I0NnoMoroto oreparopa
revoke. Poni CTBOPHOKOTLCA, 3MIHIOKOTLCA | BUAAIAKTLCA  CTaHAAPTHUMM
orepaTopamu - create, alter i delete.

MpuBinel MOXyTb 6YTU 06'€EKTHUMU Ta cUCTEMHUMU. OB6'EKTHUIA NpUBINei
[03BO/ISIE BUKOHYBATW orepauii Haf KOHKPeTHMMKW 06'eKTamu, Hanpuknag, Hafg
Tabmusmn. A CUCTEMHMWIA NpUBINeN LO3BOMSE BUKOHYBATW ornepauil Hag Lifivm
Knacom 06'ekTiB. Hanpuknag, cucTemMHW npueinein alter database [o3Bonsie
KOpUCTyBayy 3MiHIOBaTh caMmy 6a3y AaHuX, a alter user A03BO/SISE 3MiHKOBATU
KopucTyBaya Ta 1oro napameTpu (naposb, Npoginb, posb).

CucTtemMHi npuBinel BKNHOYatOTb B cebe onepauii create, alter i delete.
Hanpuknag, CREATE TABLE - ctBopeHHs Tabnuui, CREATE ROLE - cTBOpeHHS
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poni, ALTER DATABASE - 3miHa 6a3n gaHux, DROP TABLE - BupganeHHs
Tabnuui.

[MpuBinei Ha piBHI 06'eKTiB BIAMNOBIAAOTH 6GaraTbOM BMMOram, asie iHOAi BOHM
He e(EeKTMBHI AN BMKOHAHHA PISHOMaHITHUX MpaBui 6e3nekun, AKi 4acTo
HaK/1a[aTbCA Ha PO6OTY 3 KOpnopaTMBHUMM AaHUMKW. Hanpuknag, AKLo B Tabnuui
36epiratoTbCa AaHi NPo BCiX CMiBPOOITHUKIB KOMMaHIT, a KepiBHMKaM Migpo3ainis
MOBUHHA BYTN JOCTYNHA iH(opMaLisa TifIbK1 NPo cniBpobiTHUKIB CBOro Biaginy.

Cnoyatky agmiHicTpaTopu 6a3 fJaHnX Bipuav B CTBOPHOBaHI NMOBepX 6a30BMX
Tab/mMub NpefcTaBieHHs, AKi 3abe3nevyBasv 6e3neky Ha piBHI psAakie. Ane
3aCTOCYBaHHA LUbOro MeTody IHOAI NPW3BOAMMO [0 MOSABWU BEMMKOT KiSIbKOCTI
npeacTaBfieHb, AKI CKMagHO OMTMMI3YyBaTW | KOHTPOMOBATW, TUM Oifblue Lo
npasusa 4OCTYny A0 PAAKIB MOXYTb 3MIHIOBATUCA 3 YACOM.

Mosia TexHonorii RLS (6e3neka Ha piBHI pagkie) [3] Aossonuna
afIMiHICTpaTopam BCTaHOB/OBATM MONITUKW 6e3nekn ans Tabnnub 6asm gaHux (i
OKpeMMX TWMIB oOnepayiin Hag Tabnuuamm), AKi 06MeXyKTb MOX/IMBICTb
KOpUCTyBaya umtati abo 3MIiHIOBATW MEBHI pAAKM B UMX Tabnuuax. Mpu Lbomy
KOHTPO/b 3AIMCHIOETLCA 3a fonoMoroto PL/SQL dhyHKUIR, SKi peani3yroTb CKNagHy
noriky npaswuni. KepyBaTu TakMmy  (DYHKLiISMW  Habarato MpocCTille, HIX
npeactaefieHHAMU. PyHKLUiOHabHICTL RLS peanizoBaHa rofiOBHUM YMHOM 3a
aornomorow BéyaosaHoro naketa DBMSRLS.

TexHonoria RLS (6e3neka Ha piBHI psAKiB) BK/OYaE B cebe TP OCHOBHUX
eNIeMeHT!:

MoniTtuka (policy) - Ue AeknapaTMBHaA KOMaHAa, AKa BU3HaYaE, AK i Konu cnif
3aCTOCOBYBaTM 0OMEXeHHS A0CTYMY KOPUCTYBaYiB A0 3anuTiB, BCTABOK, BULAEHD,
3MiH ab0 KOMGiHaLil uux onepauin.

dyHKUiA noniTukn 6e3nekn (policy function) - ue 36epexxeHa PyHKLISA, AKa
BUK/IMKAETLCS, KON BUKOHYHOTLCS YMOBW, BU3HAYeHI B NONITULL 6e3mneKn.

Mpeamkar (predicate) - ue psAOOK, AKWIA reHepyeTbCAa (PYHKLIEHD MOMITUKM
Ge3nekn i aBTOmMaTtMyHO popaeTbca Oracle B KiHeup ymoBun WHERE ans
BUKOHYBaHWX KOpUCTyBayeM onepaTopis SQL.

RLS aBTOMaTM4HO 3aCTOCOBYE MpefmKar fo onepatopa SQL kopuctysaua,
He3a/1eXKHO Bif TOro, AK Lieit onepatop 6yB BUKOHaHW. [peanKat QifbTpye psaku
Ha OCHOBI YMOBW, BCTaHOB/IEHOT (DYHKLIE0 MONITUKM 6Ge3nekn. AKWO yMoBa
BUK/IHOYAE BCi PAAKK, AKI He NOBWHHI OYTU BUAMMI KOPUCTYBady, TO LM CaMuUM
(hakTUYHO 3abe3rneyvyeTbcs 6e3neka Ha PiBHI PALKIB.

Hagindwoum kopuctysadis pisHMMKM npasaMun AOCTYNy Ta NpasBoM nepesadi
AOCTYMy IHWWM  KOpUCTyBayaM, agmiHicTpatopy 6asu [aHux CKNagHo
KOHTPO/IOBATY PO3AiNIEHHS NpaB AOCTyny. TakuM YMHOM, HaNpsMKOM MOAA/bLLMX
AocnifkeHb € aHani3 3aco6iB 06/1iKy i Bidyanisayii npas kopuctysadis CKB/,
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3. The DBMS_RLS package contains the fine-grained access control
administrative interface. URL.: https://docs.oracle.com/cd/
F49540 _01/DOC/server.815/a68001/dbms_rls.htm (gata 3BepHeHHs 27.09.2023)
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INTELLIGENT TECHNOLOGIES FOR FILLING GAPS IN THE DATA
TABLES OF AGRO-INDUSTRIAL COMPLEX ENTERPRISES

V.M. Chaplyha, Dr.Sc.,
Department of Information Technology,
Lviv National Environmental University.
Jan Ministr, PhD,
Department of of Applied Informatics,
VSB — Technical University of Ostrava.
V.V. Chaplyha,
Department of Accounting and Auditing,
Ivan Franko National University of Lviv.

Abstract. The article, based on the conducted analysis, shows that the
approach using Geometric Transformation Machine (GTM) neural-like structures is
universal, simple enough and provides, in general, a significantly higher quality of
filling data gaps. At the same time, the accuracy of filling data gaps in the data tables
of agricultural enterprise objects increases with the increase in the amount of
available data.

Keywords: intelligent technologies, filling gaps, data tables, enterprises,
agro-industrial complex.

The problem of filling gaps in data tables belongs to the class of incorrect
problems, that is, those that do not have a single solution. To solve such problems,
a number of approaches are used, the specific choice of which depends both on the
characteristics of the data in the table and on the characteristics of the data itself.
Therefore, in many cases, one can only hope for "plausible™ filling of gaps.

To fill gaps in data tables, the following methods are most often used:
averaging, zeroing, selection of missing values during mathematical processing, as
well as separate regression models. Obviously, the highest quality results should be
expected from regression methods. However, this is achieved only under the
condition of mutual correlation of tabular data, as well as the fulfillment of a number
of restrictions on the number of missing data. In particular, it is necessary to observe
certain ratios between the number of rows with missing data and without gaps, etc.

If table elements are interdependent, only one of the first three methods listed
above can be used. The quality of such a filling is in most cases too low, but there is
no alternative in such a situation. Significantly expanded possibilities open up for
tabular options, in which certain relationships between elements are traced. For
example, there are certain interdependencies between the row elements of each
individual column. Such dependencies can occur for time series, either in the
presence of a separate column that is a marker for each row of the table, or in the
case where there are interdependencies between elements by column for each
separate row. The last option is more universal, as it also provides for the possibility
of dependencies between individual lines.
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The use of neural-like structures Geometric Transformation Machine (GTM)
[1] provides a universal approach suitable for different variants of data tables with
the presence of different types of relationships between their elements. This
approach is based on the spatial interpretation of the table of interdependent data as
a body, which is the geometric locus of points - rows of the table in coordinates,
each of which corresponds to one column of the table. That is, each row of the table
Is considered as a point in the space of implementations, the dimension of which is
determined by the number of columns of the table, and each column represents one
of the coordinates of the body.

Let's consider the basics of the functioning of the gap filling system based on
the neuron-like structure of the autoassociative type of GMT [1]. Information
technology for filling gaps in data based on the use of the GMT autoassociative
neural network involves the following stages of information transformation:

1) neural network training based on training vectors - data series in which gaps
are replaced by average values;

2) translation of training string vectors through a trained neural network to the
output;

3) replacement of the initially omitted components of the vector with the
values obtained at the outputs of the neural network;

4) exit from the cycle if the specified threshold of changes between two
consecutive transformations is reached

5) neural network retraining;

6) go to step 2.

The method of filling gaps based on GMT is based on the principle of
constructing a body that can be partially or completely represented only by point
projections onto certain coordinate hyperplanes, and finding all coordinates of points
by their projections based on the belonging of each point to the constructed body.

This method is superior to the existing ones, firstly, because it takes into
account the complete information presented by the given components of the table
elements and, therefore, allows you to get more accurate views, if this is generally
possible for the given set and data structure.

Secondly, it is much more accurate than other methods of filling gaps, it is
universal, as it is suitable for preliminary data analysis and for making substitutions
in tables of different structure and content, it does not require special knowledge
from the user.
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MAOBNLLEHHA EPEKTUBHOCTI TEXHOJTIOI THHUX
MPOLLECIB BMPOLLLYBAHHA POC/IMHHOT TA OBOYEBOI
NPOAYKLIT B CMOPYAAX 3AXULEHOIO IPYHTY

UepsiHcbkuid J1.C., 4.T.H.,npodpecop, Pagbko I.I.,K. T .H.,A0UeHT
HauioHanbHWiI1 yHiBepcUTeT 6iopecypcis | NPUPOAOKOPUCTYBAHHS
YkpaiHu, Mm.Kuis

[Mpy  BMPOLLYBaHHI POCAMH B TenmMusax Ta iHWWX cropygax
3aXMLLEHOr0 TPYHTY BaX/IMBUM MapamMeTpoM MiKpOKIiMaTy, Lo BM/MBae
Ha (DOpMyBaHHA SKOCTI Ta BPOXaWHOCTI Ky/fbTyp € ()OTOCUHTE3HE
OMPOMiHEeHHs, 0c06nMBO B MNOPU POKY, KONMM COHAYHOrO CBITNa €
HefO0CTaTHBO.

CyyacHi SMART TexHonorii BUpOLLYyBaHHS POC/VH, SIK HOBWUI
BWUCOKOIHTEHCUBHWUIA TWUN  CiflbCbKOroCMnoAapCbKoro BMPOOHMLUTBA 6e3
y4yacTi Ntofden, ABNATb COBGOK LUMPOKWUIA KOMMIEKC MPO6/EM, YCrillHe
BUPILLEHHS SKMX MOB’A3aHO 3 Y4acTH Pi3HMX creuianicTiB — i3ionoris
POC/IMH | CBIT/IOTEXHIKIB, arPOHOMIB | €/IEKTPOTEXHIKIB Ta npauiBHMKIB IT
cthepw.

OCHOBHUMM (haKTOpamu, LLLO BMN/MBAKOTb HA PO3BUTOK i PICT POC/NH
€. PEXWM OMNPOMIHEHHS, eeKTUBHICTb 3aCBOEHHSA MOXMBHUX PEYOBUH,
BN/MB KO/MBaHb TemnepaTtypu i Bonoru. [1,2]. Bci HaBefeHi napameTpu
MIKPOK/IMaTy € B3aEMO3B’A3aHUMW | B3aEMO3aNeXXHUMKU. B faHuin yac
Taki MapamMeTpy AK BOJIOTICTb TPYHTY Ta MOBITPA B MNPUMILLEHHI,
Temnepatypa B NPUMILLEHHI | MiHepanbHWUIA CKNag rpyHTY A0CTaTHbO
BUBYEHI 1 MOXYTb NIATPUMYBaTUCb B 3afaHWX 3HayeHHAX. [1poTe
cTabinizauis X BU3HAYEHUX 3HAYeHb 3ailiMae 3Ha4YHWUIA MPOMIXKOK Yacy B
TEeXHOMOriYyHomy npoueci.  MpyM UbOMY peryntoBaHHA HeobXigHMX
napameTpiB OMPOMIHEHHSA (CMEKTPaSIbHOr0 CKIaZy BUMPOMIHIOBAHHS,
IHTEHCMBHOCTI  BMMPOMIHIOBaHHA Ta 1Oro TpMBanoCTi) NOTpebye
3HAYHOro MEHLLOro Nnepioy vacy I AOCAraeTbCA MEHLUMMU BUTPaTaMMU.

[MpoaHanizyemo MOX/IMBICTb ONTUMI3aLiT napameTpiB ONPOMIHEHHS
3a 0MOMOro Nobya0BaHOT HUXKYE 3a/1eXKHOCTI.

PerpeciiiHy 3ai1eXHiCTb BNnBY (hakTopiB ONPOMIHEHHS B 3ara/ibHOMY
BUTNALI MOXKHa NMPeACTaBUTY BUPa3OM:

Y = Do + biXy + boXp + D3Xs + D1oXiXo + D1gXaXs + DagXo X3 (1)

ae by — BINIbHUIA YneH, WO XapakTepu3ye 3afaHi cTabifni3oBaHi
napameTpu Mikpoknimaty( TeMnepaTypy, BONOriCTb, BYTNEKACNN ras,
CTaH rpyHTYy TOLLO);

by,b,,b; — KOeiLieHTM BNAKBY (hakTOpIB;

X1,X2,X3 — (DAKTOPW BM/IUBY;

X1 - IHTEHCMBHICTb BMNPOMiHIOBAHHA (ONPOMIHEHICTb),

Xp, Yac AiT OrNpPoOMiHeHHS,
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X3 - CNeKTPasIbHWiN CKag noToKy ONTUYHOMO BUNPOMIHIOBAHHS
(cnekTp hoTOCUHTE3HOI AiT).

B3aemogito umx aktopis i, BiAMNOBIAHO, ENEKTUBHICTb OMPOMIHEHHS
XapPaKTepU3YTb TPW OCTaHHI UNeHN PiBHAHHA perpecii. IX B3aeMO3B’A30K i
e(heKTMBHICTb  3asieXXaTb  BifL  CBIT/IOTEXHIYHUX |  E€HepreTUUYHUX
XapaKTepUCTUNK CBITUNBbHWUKIB 1 [MKepen  (POTOCUMHTE3HOro
BUNPOMIHIOBaHHA, L0 3aCTOCOBYHOTbCA B TeMauMUi Ta CBOEYACHOrO
KOHTPOJIO 3a peakLiieto POC/IvH.

MiaBULLIEHHA e(ieKTUBHOCTI TEXHOMOMIYHUX MPOLECIB BUPOLLYBaHHS
POCMMHHOT Ta OBOYEBOI MPOAYKLUIT B crnopygax 3axXWULEHOro [pPyHTY
HeMOXMBe 6e3  OMTUMI3aLiHOrO  nigxody A0  CBIT/IOKYNbTYpU
TEXHO/IONYHOro MpoLecy, 30KpemMa, BU3HAYEHHS Hanbinbll eq)eKTUBHOIO
CMeKTpa/IbHOro  CKnagly  OMTUYHOrO  BUMPOMIHIOBAHHS,  BE/IMYMHU
OMPOMIHEeHOCTI Y BiAMOBIAHOCTI 40 ha3n PO3BUTKY POC/IMHM Ta TPUBA/IOCTI
(A031) ONPOMIHEHHSA MPU CTaIUX ONTUMa/IbHUX MapameTpax MiKpPoKaimarty
Ta MIHEPa/IbHOTO CKNagy rpyHTy.

[MpoBeAeHHA 6araToakTOPHOro eKCNePUMEHTY LWOAO AOCNIIKEHHS |
aHanisy BuLLE NPUBEAEHOT PErpeciiHoOl 3aNeXHOCTI 103BO/IUTb BUPILLNTY
BM3HAYeHI 3afadi onTuUMisalii Ta 3HaTM HanbiNbll eeKTUBHI 3HAYEHHS
(hakTopis Brnmey [3]. Mpu ubOMYy [OUINBHO  BUKOPUCTOBYBATK PIi3HI
nigxoan [0 ONTUMI3auil: MaTemMaTUYHWIA, eKCnepUMeHTa/lbHUIA, METOf
eKCNepTHUX OLiHOK [enbdi, METOA HEMPOHHUX MepeX, TOLLO.
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ANTOPNTM BUSHAYEHHA E®EKTUBHWX CLUEHAPIIB MPOEKTIB
PO3BUTKY CUCTEM BE3MEKW HA TEPUTOPIT FPOMA[,
A.M. Tpury6al, a.T.H., npochecop, A.P. PaTywHuii?, an’toHKT, J1.C. KoBank?,
afl’'loHKT, A.B. TaToMup?!, K. T H.,
1NbBiBCHLKMIA HaLiOHANBHMIA YHIBEPCUTET NPUPOAOKOPUCTYBAHHS
2J1bBIBCbKUIA IEP>KaBHUIA YHIBEPCUTET GE3NEKN YKUT TEAiANbHOCTI

The state was analyzed and the expediency of implementation of projects for
the formation of security systems on the territory of communities was substantiated.
It is proposed to use big data generated on the territory of individual communities,
as well as machine learning models, to determine effective scenarios of security
systems development projects on the territory of communities. The proposed
algorithm for determining effective scenarios of projects for the development of
security systems in the territory of communities is based on machine learning
technology and involves the implementation of 4 stages and 9 consolidated steps.
This algorithm involves the collection and preparation of large data, the formation
and training of machine models, as well as the formation and evaluation of scenarios
based on computer simulations. It ensures the selection of effective projects for the
development of security systems on the territory of communities. The proposed
algorithm is the basis for creating ERP systems for community development.

Key words: projects, development, communities, security, algorithm,
scenarios.

Y cyyacHomy cBITi e npo6a1eMm 6e3neKn NOCTINHO 3pOCTat0Th Ta CTakTh BCE
6iNbLL Pi3HOMaHITHUMK, PO3P0OKa Ta BNPOBAMKEHHS e(EKTUBHUX iH(hOPMALLiHMX
CUCTEM NS MNaHyBaHHA LiSNIbHOCTI WOA0 3abe3neyveHHs 6e3neku Ha Teputopii
rpomMagm CTtae HarasibHUM 3aBAaHHAM. ['poMaay NoBWHHI 3abe3nedvysaTy 6e3neky
CBOIM rpoMasaHam, 3axXu1LLaTi Bif HasgBHUX 3arpo3, a TaKoX BiANOBIaTH Ha PU3UKMK,
noB’sa3aHi i3 MoOXeamu, asapiiMu, eKOMOTiYHMMM  Kpu3amn Ta  IHWUMUA
Hebesnekamn. OfHaK ONTUMaIbHUIA LINAX BUGOPY ANA AOCATHEHHS LMX LiSeR €
3aBflaHHAM, fIKe BMMarae KOMMJIEKCHOro Ta O6rpYyHTOBaHOro MigxoAdy, a Takox
BUKOPUCTaHHS iH(pOpMaLLiiHUX TEXHOSOT .

HaykoBo-npuknagHi 3afadi po3BUTKY CUCTEM 6e3NeKn Ha TepuTopii rpomag,
AKi  NOTPeOYHOTb BUKOPUCTAHHA  IHTEMIEKTYa/IbHUX IH(OPMaLiiHUX CUCTEM,
BUHMKalOTb TOMY, L0 iCHYE MHOXMHA MOX/MBMX HanpsMKiB Ta CcTpaTterii, sKi
MOXXKHa BXWTW ANa NigBuLLeHHA piBHSA 6e3nekn. OaHak BMGIP HEBIPHOMO LUNAXY
MOXXe NPU3BECTM [0 HEe(heKTUBHOIO BUKOPUCTaHHSA HasBHNX PecypciB. TakoX npu
LIbOMY CMOCTepirarTbC BMUTPaTK PecypciB, AKi He MPU3BOAATbL [0 OYiKyBaHOro
piBHA 6e3nekn. TOMYy BaXIMBO MaTW METOLO/OrK0 Ta IHCTPYMeHTapin, AKi
3abesneyaTb A/19 rpomag B1bip eheKTUBHOMO CLEHapIto PO3BUTKY CUCTEM Ge3MneKu.

Hamn 3anponoHoBaHO anroputm Ta nporpaMHe 3abesrneyveHHst, SKi
CnpsiMOBaHi Ha BUMPILLIEHHA LIET HayKoBO-NpuKnagHoi 3agadi. Lli iHHOBauilHi
IHCTPYMEHTK PO3p06/eHi And Toro, wob AONOMOrTU rpomagam OO6rpyHTyBaTu
ONTMMa/IbHI CUeHapii po3BUTKY cucTemM 6Ge3nekn. BoHW 6as3ytoTbCA Ha aHanisi
BE/IMKOI KINIbKOCTI AaHWX, 3aCTOCYBaHHA METOZIB ONTMMI3aLil Ta MOZAEeNOBaHHS, a
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TaKOX BpPaxoBYKOTb PI3HOMAHITHI 0CO6/IMBOCTI 3abe3neyeHHA 6e3nekn, Lo
[03BO/IAOTb CTBOPKOBATY IHAMBIAYaNbHI PiLLEHHS ANs KOXHOT rpomaaun. Came Le
[03BOMIAE  rapaHTyBaTW, L0 pPecypcu rpomMag BMKOPWUCTOBYBATUMYTLCH
MaKCUMa/lbHO e(heKTMBHO Ta BIAMOBIAHO 3abe3neyarb HaviKpawmii pesynbTar y
MnaHi 6e3MneKn CBOIX MeLLKaHLiB Ta TX MaiiHa. s uboro c/ig po3pobut anropmutm
BU3HAYeHHA e(MEKTUBHUX CLEHapiiB NPOEKTIB PO3BUTKY CUCTEM 06e3nekn Ha
TepuTopii rpomag, Ha Moro OCHOBI PO3PO6GUTY NporpaMHe 3abe3rneyeHHs, a TakoX
BU3HAYMTN MOKa3HUKN e(HeKTUBHOCTI MOro BUKOPWUCTaHHA AN 3afaHuMX YMOB

rpomaam.
[MouaTok
[JaHi wopo ctaHy 6e3nekn rpomagm
Y Y
36ip Ta niaroToBKa AaHux <——'——‘( BA O
|
~ f
MiaroTosKa AaHMX PernameHTn i3 6e3neku rpomaam
\/\
H i
\ y
Bu3HaueHHs1 YNHHWKIB BNAMBY Ha BuzHaueHHs KpuUTepiiB Gesneku
6e3neky rpomaam
Bubip moaeneli MalMHHONO HaBYaHHS > Ctpopmysaru cLeHapil [

—

3agaty cueHapiit

7T LOCTATHLO JaHUX AT
aBYaHHs Mogeneli

" TaK ) ]
A J Cumynauia cueHapito
3agatn mogenb )
Hi
* Um posrnsHyTo
yci cueHapii
MpoBecT HaBYaHHA Ta OLiHKY Mogeni
Tak
v

Hi
Bub6ip onTumanbHOro cueHapito

N PO3rAsHYTO YCI
mMogeni

TaK
v 36eperTi pesynbTati BU3HaUeHHs

ethe KTMBHMX CLeHapiiB

BubpaTy paLjioHanbHy Mogenb Ta
34icHATK IT onTyMmi3aLito

y
BVBECTM Y BiKHO KOpUCTYBaYa
pe3ynbTaTy

C 3aBepLUeHHs )

Puc. 1 — ANropuTm BU3HauYeHHs eDEKTUBHMNX CLEHapIiB MPOEKTIB PO3BUTKY
cucTem 6e3neKkn Ha TepuTopii rpomag
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Bu3HayeHHs e(heKTUBHUX CLeHapPITB MPOEKTIB PO3BUTKY CUCTEMM BE3MEKN Ha
TepuTopii rpoMagn 3a BUKOPUCTAHHSA BEMKUX AaHWUX Ta Mofeneil MalMHHOro
HaBYaHHA — Lie CKNafHWI i GaratoeTanHWin npouec. 3anponoHOBaHWUIA airOpUTM
(puc. 1) BU3HaUYeHHSA ePEKTUBHUX CLEHapIiB MPOEKTIB PO3BUTKY CUCTEM 6e3neKkn Ha
TepuTOpiT rpomag nepefbavae BUKOHaHHS 4 eTaniB Ta 9 YKPYMHEHNX KPOKIB.

BuCHOBKN. BUKOPUCTaHHA BENNKUX AaHUX, SKI CHOPMOBaHI Ha Teputopii
OKpeMUX rpomag, a TakoXX Mofeneil MallMHHOIo HaBYaHHS, [03BOSE PO3POBNATH
IHCTPYMeHTapin AN BU3HAYEHHS e(EKTMBHUX CLIEHapiiB MPOEKTIB PO3BUTKY
cuctem 6esnekn Ha Teputopii rpomag. Lle AacTb MOXIMBICTb peanizyBaTtu
BIAMOBIAHI NPOEKTK, AKI 3abe3rneyarb POPMyBaHHSA CUCTEM Ge3neKkn Ha TepuTopii
rpomagm i3 MakCMMasibHOK LIIHHICTIO AN151 TX MELIKaHLLIB Ta iHLWNX CTEMKXO0NAepIB.
3anponoHoBaHWA  anropuTM  BU3HAYEHHS eqeKTUBHUX CLEHapiiB  MPOEKTIB
PO3BUTKY CUCTEM 6e3rneknm Ha TepuTtopii rpomag 6a3yeTbca Ha TeXHOMOril
MaLUNHHOI0 HaBYaHHSA, nepefbayvae BUKOHaHHSA 4 eTariB Ta 9 YKPYMHEHUX KPOKIB.
Lle anroputm nepefb6avae 36ip Ta MigrotoBka Be/IMKUX AaHUX, (DOPMYBaHHA Ta
HaBYaHHA MalUMHHUX MOfenen, a TakoX (POPpMyBaHHS i OLiHEHHSA CLEeHapiiB Ha
MigcTaBi KOMM'HOTEPHOr0 MOAENIOBAHHSA, L0 3abe3neyye BUOIP eMEKTUBHMX
MPOEKTIB PO3BUTKY CUCTEM 6e3nekn Ha TepuTopii rpomaz. 3anpornoHOBaHWi
a/ITOPUTM NIEXXNTb B OCHOBI CTBOPeHHA ERP cucTemM po3BUTKY rpomag.

BibniorpaiuHmin cnncok

1. Tryhuba A., Ratushnyi R., Bashynsky O., Ptashnyk V., Development and
Usage of a Computer Model of Evaluating the Scenarios of Projects for the Creation
of Fire Fighting Systems of Rural Communities, Proceedings of the Xlth
International Scientific and Practical Conference on Electronics and Information
Technologies (ELIT 2019), Lviv, 2019, pp. 34-39. doi: 10.1109/ELI1T.2019.8892320

2. Tryhuba A., Tryhuba I., Bashynsky O., et al., Conceptual model of
management of technologically integrated industry development projects,
Proceedings of the 15th International Scientific and Technical Conference on
Computer Sciences and Information Technologies, volume 2 of CSIT 2020, Lviv
Ukraine, 2020, pp. 155-158. doi: 10.1109/CS1T49958.2020.9321903

3. Bashynsky O., Coordination of dairy workshops projects on the community
territory and their project environment, Proceedings of the International Scientific
and Technical Conference on Computer Sciences and Information Technologies,
volume 3 of CSIT 2019, Lviv Ukraine, 2019, pp. 51-54, doi: 10.1109/STC-
CSIT.2019.8929816

4. Koval N., Grabovets V., Onyshchuk V., Forecasting the fund of time for
performance of works in hybrid projects using machine training technologies, CEUR
Workshop Proceedings, 2021, 2917, pp. 196-206.

5. Kondysiuk 1., Tryhuba A., Bashynsky O., Dembitskyi V., Myskovets I.,
Formation and risk assessment of stakeholders value of motor transport enterprises
development projects, International Scientific and Technical Conference on
Computer Sciences and Information Technologies. 2021, 2, pp. 303-306.

75


https://doi.org/10.1109/ELIT.2019.8892320
https://doi.org/10.1109/CSIT49958.2020.9321903
https://www.scopus.com/record/display.uri?eid=2-s2.0-85077970552&origin=resultslist&sort=cp-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85077970552&origin=resultslist&sort=cp-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85077970552&origin=resultslist&sort=cp-f
https://doi.org/10.1109/STC-CSIT.2019.8929816
https://doi.org/10.1109/STC-CSIT.2019.8929816
https://www.scopus.com/authid/detail.uri?authorId=57216856141
https://www.scopus.com/authid/detail.uri?authorId=6504540942
https://www.scopus.com/authid/detail.uri?authorId=57200140097
https://www.scopus.com/authid/detail.uri?authorId=57200140097
https://www.scopus.com/sourceid/21100218356?origin=resultslist
https://www.scopus.com/sourceid/21100218356?origin=resultslist

APXITEKTYPA IHTENEKTYANbHOT IHPOPMALIIMHOT CUCTEMW
NMNAHYBAHHA NMPOEKTIB JTIKYBAHHA MAUIEHTIB
A.M. Tpury6al, a.T.H., npochecop, O.M. ManaHuyk?, K.go-M.H., aoueHT, 1.J1. Tpury6al,
K.C-T.H., goueHT, P.B. LLlonyabko®, 3006yBay
1 NbBiBCLKMIA HaLiOHANBHMIA YHIBEPCUTET NPUPOAOKOPUCTYBAHHS
2 [1bBiBCbKUIA HALiOHANLHUIA MeANYHWIA YHIBEPCUTET iMeHi JaHuna Manmubkoro
3[TbBIBCLKUI Iep>KaBHUIA YHIBEPCUTET GE3NEKN YKUT TEAisNbHOCTI

An analysis of the state of the medical field and science was performed. The
importance of implementing innovative technologies such as artificial intelligence,
machine learning, and data analysis to optimize and improve healthcare has been
established. Based on this analysis, the feasibility of substantiating the architecture
of the intelligent information system for planning patient treatment projects has been
established. The proposed architecture of the intelligent information system involves
the use of a database (DB), a knowledge base (KB), and 8 systemically
interconnected blocks that systematically provide data preparation, obtaining the
necessary information, and train a neural network model, which is the basis for
planning patient treatment projects. Further research should be conducted in the
direction of human-machine interface development and the design of the main
modules of the intelligent information system.

Key words: intelligent information system, architecture, planning, projects,
patient treatment.

ApXiTeKTypa iHTeNeKTyaNbHOI iH(opMaLiliHOT cucTemMy ANS MnaHyBaHHA
MPOEKTIB /IIKyBaHHA MaUi€HTIB B CyYacHil MeAULMHI € BXK/IMBOK Ta aKTyaslbHOO
TEMOK JOC/IAKEHHSA. 3 NAVHOM Yacy | BUCOKUM 36i/IbLLEHHAM 06CAry MeguyHnX
AaHUX  HQOpMaUiiHi  TeXHONorii  CTatoTb HeOOXiAHWM IHCTPYMEHTOM  Ans
onTMMmi3auil Ta MOKpaLLEeHHA NiKyBa/lbHOro mnpouecy, 3abe3neyeHHA AKOCTI
MeAUYHMX NOCAYT Ta NiABULLEHHSA e(DeKTUBHOCTI PO6OTN MeLUYHMX YCTaHOB. [pu
LUbOMY iCHYe noTpeba Yy O6rpyHTYBaHHI K/IKOUOBUX AacMeKkTiB apXiTeKTypu
IHTEeNIeKTyaIbHUX IHPOPMALinHMX CUCTEM ANA MNaHyBaHHSA NliKyBaHHSA NauieHTiB.
Mpn UbOMY CNifi BUKOPWUCTOBYBATW IHHOBALiHI TEXHONOTIT, Taki SK LUTYYHWIA
IHTENEKT, MalUVMHHe HaBYaHHA, aHani3 faHux Ta 6ir-genTta, AKi MOXYTb OyTK
BUKOPUCTaHi N8 MOKPaLleHHs YNpaB/iHHA Ta NPUAHATTA pilleHb Y MeAUYHIl
NpakTuL.

Hamyu 06rpyHTOBAHO npuHUMNM NOOYAOBM TakUX  IHTENeKTyalbHUX
iHhOpMaLiMHNX CUCTEM, BpaxOBYHUM BUMOrM [0 36epiraHHsi Ta 06POOKM
KOH(higeHUiMHOT MeAMYHOT iH(opmalii, 3abe3neyeHHA HafiHOCTI Ta 6e3neku
AaHNX. BMKOpUCTaHHA IHTErpoBaHUX [LKepen MeAMYHOI iHhopmMaLlil, BKIHOYaoum
MeLMYHI KapTKW, PeHTreHiBCcbkKi Ta MPT 3HIMKMW, pe3y/bTati aHanisie Ta iHLWi
KNIHIYHI AaHi ciij BUKOPWUCTOBYBATU A1 CTBOPEHHA KNITUHHOIO 300paXXeHHS
CTaHy nawjieHTa Ta po3pobKu IHAMBIAYabHUX MNaHIB NiKyBaHHA. OKpim TOro, cnif
nepefoavnT MOX/IMBOCTI aBTOMATM3aLil MPOLECiB NPU3HAYeHHS JliKyBaHHA Ta
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BU3HAYEHHA Oro TPMBAIOCTI, MPOrHO3YBaHHA Pe3y/bTaTiB Ta MiATPUMKY PilleHb
Ha OCHOBI KMIHIYHUX OaHUX.

3aBASIKM BUKOPUCTAHHKO IHTENEKTYalbHUX IH(OpMaUiiHUX cucTteM ans
MNNaHyBaHHA MNPOEKTIB JIiKYBaHHA, MW MOXEMO [OCATTU MiABULLEHHA SKOCTI
MeMYHOI A0MoMOrun, onTMMI3aLil BUTPAT PecypciB Ta MOKpaLLeHHs pe3ynbTarTiB
NiKyBaHHSA XBOPOOW NaLjieHTIB.

3 MEeTOK NPULBUALIEHOrO Ta SIKICHOrO BM3HAYeHHS TPUBANOCTI MPOEKTIB
NiKYBaHHSA NauieHTiB HaMW PO3P06/IEHO IHTENEeKTYaslbHY iHQOpPMaLinHYy CUCTEMY,
fKa 6a3yeTbCA HA OCHOBI HEMpOMepeXeBoT MoAeNi. 3a3HaveHa Mofesb 3abe3neyye
MPOrHO3yBaHHA TPWBA/IOCTI MNPOEKTIB NiKyBaHHA MaUi€eHTIB i3 BpaxyBaHHAM
XapaKTepUCTUK NPOEKTHOr0 cepefoBuLLa (XapaKTepuUCTUK XBOPUX MaLieHTIB Ta 1X
cTaHy). basyeTbcsi iHTenekTyasbHa iH(opmauiiHa cuctema [ANs  OLiHEHHS
TPWMBANIOCTI MPOEKTIB NiKyBaHHA MawlieHTIB Ha PO3PO6/EHI HAMW HEMPOMEPEXKEBIN
Mogeni, AaKa ony6nikosaHa y po6oTi [1]. Ti apxiTekTypa nepeabayac cucTemHe
(hopmyBaHHs 6a3 gaHux (Bf) Ta 3HaHb (B3) i3 peasibHMX AaHWX, & TaKOX Ha iX
OCHOBI BMKOHaHHA HaBYaHHS Mofefli MPOrHo3yBaHHSA TPWUBANOCTI MPOEKTIB
NiKyBaHHA nauieHTiB [2-5]. B3aemopgisa KopucTyBadiB i3 CUCTEMY 3[iMCHIOETLCA
yepe3 po3pobrieHe Aianorose BiKHO. ApXiTEKTypa CUCTEMM MIATPUMKIN NPUAHATTA
piLleHb Ans OLiHEHHSA TPMBAIOCTI MPOEKTIB NiKyBaHHA NauieHTIB NpeacTaBfieHa Ha
puc. 1.

Medical
documentation
Data Knowledge
_° base (DB) base (BK)

Medical information system
server _—

| — |
External R
data =
<5

Intelligent subsystem User interface

Users

Puc. 1- ApXiTeKTypa iHTeneKTyasbHOl iHhopMaLiiiHOT CUCTEMU MNaHyBaHHSA
MPOEKTIB NiKyBaHHA NaLieHTIB

Ha nigctasi Bulle onmcaHOi apXiTEKTYpU PO3PO6/IEHO IHTENEKTYaslbHY
iH(hopMaLiiHy cucTemy niaHyBaHHSA MPOEKTIB NiKyBaHHA NawieHTiB Ha MoBi Python
3.11.

BucHOBKW. BWKOHaHWIA aHani3 CTaHy MeAMYHOI cdepyu Ta Hayku [aB
MOXX/IMBICTb BCTAHOBWUTW BaXK/IMBICTb BMNPOBAMKEHHS iHHOBaLiiHMX TEXHO/OTIMN,
TaKMX K LWUTYYHWI IHTENEKT, MaLLMHHE HaBYaHHA Ta aHani3 faHnX, ANg onTUMisauii
Ta MOKPALLEHHA MeAMYHOro 06CnyroByBaHHs. |HTeNeKTyasbHi  iH(hopMaLiviHi
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CUCTEMU [03BONAKOTL MEAUYHUM NpaLiBHMKaM OTPUMYBATW AOCTYN 4O NOBHOI Ta
aKTya/lbHOT MeAMYHOI iHopMaLii Npo 3a6e3neyeHHs, WO NigTPUMYE NPUAHATTS
GiNbLL 06rPYHTOBAHMX PilLEHb Ta MOKPALLEHHA TOYHOCTI AiarHo3iB i NikyBaHHsA. Ha
MigcTasi UbOro aHanisy BCTaHOB/IEHO AOLINIbHICTL OOrPYHTYBaHHS apXiTeKTypu
IHTeNeKTYya/lbHOI iH(DOPMALiHOT CUCTEMM ANS MIaHyBaHHSA MPOEKTIB JliKyBaHHA
nawieHTiB. 3anpornoHoBaHa apXiTeKTypa iHTeNneKTyanbHOT iHopMmaLiiHOT cucTemm
nepenbavae BUKOpUCTaHHS 6a3n gaHmx (BA), 6a3n 3HaHb (B3) Ta 8 cuctemHo
B3aEMOMOB’A3aHMX O/I0KIB, AKI CMCTEMHO 3abe3neyyroTb MiArOTOBKY [AaHMX,
OTPMMaHHS NOTPIOGHOT iH(opMaLil Ta HaBYaHHA HelpomepexkeBol Mogeni, Lo
NEeXWUTb B OCHOBI NnaHyBaHHA MPOEKTIB JiKyBaHHA nauieHTiB. [loganbLui
AOCNIMKEHHA Cig MPOBOAUTU Yy HanpsAMi PO3po6/eHHsA HOAMHO-MaLLUHHOIO
iHTepdency, SKMIn fae MOX/IMBICTb BUKOHYBATM 3aruT KOPUCTYBavyamu Ta 3pyUHO
B3aEMOAIATM i3 CUCTEMOLO, @ TaKOX MPOEKTYBATM OCHOBHI MOAYNI IHTENEKTYaNbHOT
IHpOpMaLiiHOT cucTemw.
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OCOBJINMBOCTI YTPAB/TIHHA NMPOEKTAMW BUPOBHUL TBA
EHEPIIT I3 OPFTAHIYHNX BIAXOAIB HA TEPUTOPIT TPOMAL
A.M. Tpury6al, a.T.H., npocpecop, I./1. Tpury6al, K.c-r.H., AoLeHT, O.A. AHAPYLLKIB?,
3006yBay, A.B. LLonyabko!, K. T.H., AoUeHT, M.A. Muxantok, K.T.H.
1NbBiBCHLKMIA HaLiOHANBHMIA YHIBEPCUTET NPUPOAOKOPUCTYBAHHS
2J1bBIBCbKUIA IEP>KaBHUIA YHIBEPCUTET GE3NEKN YKUT TEAiANbHOCTI

An analysis of the state of science and the subject area of the use of organic
waste in the territory of communities was carried out. The expediency of integrating
multiple management processes and taking into account the features of the project
environment during the management of energy production projects from organic
waste on the territory of communities has been established. The expediency of
developing an approach and tools for managing energy production projects from
organic waste on the territory of communities, which will ensure an increase in value
for stakeholders, is substantiated. The proposed algorithm of ecological value
management of energy production projects from organic waste in the territory of
communities involves the implementation of 14 interrelated steps. It is based on
taking into account the state of the changing project environment of communities
and current regulations, which are the basis for justifying changes in the actions of
product formation. The main feature of the proposed approach is the implementation
of processes of environmental value assessment of the state of product formation
during project implementation. Further research should be conducted to develop
models and methods of implementing processes of ecological value management of
energy production projects from organic waste on the territory of communities.

Key words: project management, processes, ecological value approach,
organic waste, communities.

BUpoOGHMLUTBO eHeprii i3 OpraHiyHMX BUXIAHWUX PEYOBMH € OAHUM i3
MEPCMNEKTUBHUX HaNpPAMKIB Y cepi afbTepHATUBHOI EHEPreTUKU, AKe BXKe CTaslo
LUMPOKMM  3aCTOCYBaHHAM Yy Pi3HWX KpaiHax cBiTy. OfHak Leil npouec
CYNPOBOLKYETHCA UMCENbHUMU TEXHIYHVMMU, EKOMOTIYHUMU, eKOHOMIYHUMKU Ta
couia/IbHUMWN BUK/IMKaMU, SIKi BUMararoTb KOMIM/IEKCHOMO Ta HayKOBOro nigxoay Ao
ynpaBniHHA NpoekTaMn B fAaHi cdepi. Mpy UbOMY BUHWMKAE HM3Ka HAyKOBO-
NPUKNagHUX 3a4ad, GopMysoBaHHA Ta PO3B’A3aHHA AKMUX MOTPebye BMBYEHHSA Ta
aHanizy 0cobn1MBOCTe yrpaB/iHHA NPOeKTamMy BUPOOHULTBA eHeprii i3 opraHivyHnX
BiAXOMiB Ha TepuTopii rpoMag. MNpu UbOMY Chif BpaxoBYyBaTU BaXK/MBI acnekTH,
TakKi AK TeXHOMIOriYHi pilleHHs, (iHAHCOBI MOAeNi, eKOMOorivyHi JOCNIIKEHHA Ta
coujianbHUA BNMB TakUX MNPOEKTIB. MeTo Hawwmx AOCNifKeHb € PO3KPUTTA
0c006NMBOCTEN, AKI 3yMOB/IKOKOTL YCMILIHY peani3auito NpPOoeKTiB BMPOOGHULTBA
eHeprii i3 opraHiyHMX BigX0/4iB Ta BU3HaYeHHS ONTUMaIbHUX CTpaTeriin yrnpasiHHS
TaKUMW NPOEKTaMW A/ [OCATHEHHS CTa/Ior0 PO3BUTKY Ta 3a[0BOJIEHHA NOTPed

rpomag.
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HamMn NponoHyeTbCA BUKOPUCTOBYBATWU E€KOMOrO-LiHHICHUA nigxig Ao
ynpaBniHHA NPOeKTaMn BUPOOHULITBA EHEPriT I3 OpraHiyHMX BiAXO04IB Ha TepuTopii
rpomaf i3 BpaxyBaHHsIM 3MiH B YMOBaX NPOEKTHOr0 cepeoBuLLa Ta LiIHHOCTEN Ans
cterikxongepis. OCHOBHMMU efleMeHTaMM Takoro NifxoAy € rHyyKicTb, agantauyis
[0 3MiH, cniBnpaus i3 LikaByMu CTOPOHaMM Ta MOCTiHE OLiHKOBAHHA LiHHOCTENA.
BoK-cxema aniropuTMy eKosI0ro-LiHHICHOrO YNpaBniHHA NPoeKTamMy BUPOOHMLTBA
eHeprii i3 opraHivyHMX BiAX04iIB Ha TepuTOpIi rpomag npeactasneHa Ha puc. 1.

( MoyaTtok >
y

PernameHTV Ha NPOEKTHY fisi/IbHICTb

Br3HayeHHs cTpaTerivyHnx Linem CTaH NPOeKTHOr 0 CepeoBMLLa
T rpomagm
3anyyeHHs 3aLikaB/ieHMX CTOPIH
v
CuCTEMHWIA aHani3 MOHITOPUHT Ta KOHTPO/Tb
Y v
[MnaHyBaHHA NPOeKTy — . OuiHeHHs LiHHOCTel An1a

CTerKXongepis

: I

BUKOHaHHS MPOEKTY

Exkonoro-uiHHICHe ynpasniHHA
3MiHamK MPOEKTIB

¢ —

OLiHKa Ta BAOCKOHANEHHs  [<— ¢

Peakuii Ha 3MiHN

v
C 3aBepLLUeHHs )

PucyHok 1 — B/ioK-Cxema anropuTmy eKosioro-LiHHICHOr0 ynpae/iHHA MPOeKTamu
BUPOOHULTBA EHEpriT i3 OpraHivyHnX BigXO04iB Ha TepUTOPIT rpomag,

P0o3po6ieHMin  anropuTM  €KOMOrO-LiiHHICHOTO  yNpaBniHHA  NPOeKTaMu
BUPOOHMLTBA eHeprii i3 opraHiyHMX BigXOAiB Ha TepuTopil rpomag nepepbavae
BUKOHaHHA 14 B3aEMOMOB’A3aHMX KPOKIB, WO 6a3ytoTbCA Ha BpaxyBaHHI CTaHy
MIiH/IMBOr0 NPOEKTHOr0 CepefoBULLIA FPOMa/, Ta YNAHHUX PerfaMeHTIB, SKi 1IeXaTb B
OCHOBI 0BI'PYHTYBaHHA 3MiH Y AiAX i3 POPMyBaHHA NPOAYKTY.
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BuCHOBKMW.

Ha nigctaBi BMKOHAHOrO aHanidy CraHy HayKu Ta NpeaMeTHOI ranysi
BCTAHOB/IEHO, W0 YNpaB/iHHA MPOEKTaMXU BUPOOHWULTBA eHeprii i3 opraHiyHux
BUXILHMUX PEYOBUH € CKMagHUM HayKOBO-NPUKMaLHUM 3aBAaHHAM, LIO BUMarae
iHTerpauil 6araTbOX YMpaBniHCbKMX TMPOLECIB Ta BpaxyBaHHA 0CO6/IMBOCTEN
MPOEKTHOro cepeaosuilia. Mpy UbOMY ICHYe MoTpeba po3pobneHHA niaxody Ta
IHCTPYMEHTAapPIt0 AN ynpaBiiHHA NPOeKTaMU BUPOOHULTBA eHeprii i3 opraHiuHnX
BIAXOAIB Ha TepuTOpii rpomag, Aki 3abesnedyatb MiABULLEHHS ePEeKTUBHOCTI iX
peanisauii Ta 3pOCTaHHA LIHHOCTI Ans CTeikxonaepis. Po3po6/ieHO anropuTm
eKO0/I0ro-LiHHICHOr 0 ynpaBniHHA NPOeKTaMn BUPOOHMLTBA eHeprii i3 opraHiyHux
BiAXOMIB Ha TepuTopii rpomag nepeabayvae BMKOHAHHA 14 B3aEMOMOB’A3aHMX
KPOKiB, L0 6a3yt0TbCA Ha BPaxXyBaHHI CTaHy MIHMBOIO NPOEKTHOIO cepefoBuLa
rpomMag Ta YAHHUX pernameHTiB, SKi NieXKaTb B OCHOBI OOIPYHTYBaHHS 3MIH Y AisiX
I3 (hopMyBaHHSA NpoayKTy. OCHOBHOK 0CO6/IMBICTIO 3amnponoOHOBaHOIo Migxoay Ao
ynpaB/iHHSA NPOeKTaMn BUPOOHULITBA EHEPTIT I3 OpraHiYHMX BiAXO0/iB Ha TepuUTopii
rpomMag € BUKOHaHHA MPOoLeciB eKOMOro-LiHHICHOIO OLiHeHHA CcTaHy )opMyBaHHSA
MPOAYKTY Nif yac peasnisayii NpoekTiB. Lie 3a6e3neyye 06rpyHTYBaHHA peakLii Ha
3MIH/ Y NpoeKTax BWPOOHMLTBA eHeprii i3 opraHiyHMX BIAXOAIB Ha TepuTopii
rpomMag Ha MifcTaBi OLIHKM eKO/OriYHOT Ta EHEPreTUYHOI CKNaf0BMX LIHHOCTI ANid
cTerikxongepis. MNoganbLui AOCAIKEHHS CMif NPOBOAUTU Y HaNpPsAMi PO3P06IEHHS
MOAeneil Ta MeTOfiB BWKOHAHHS NPOLECIB  eKOMOoro-LiHHICHOro ynpas/iHHS
NMpoeKTamu BUPOBHMLTBA eHeprii i3 opraHivyHMX BiAX04iB Ha TepUTOpIT rpomag.
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IHOOPMALIINHO-AHANTITUYHA CUCTEMA NJIAHYBAHHA
BNPOBHNUUMX MNMPOEKTIB

M.M. Jly6, K. T.H., goueHT, C.A. LLUTOrpuH, CT. BUKNagau,
B.l. ®isnkoBCcbKUIA, CT. BUKNagad, X.l. Mo3sy/b, 3aB.KOMMN.Knacom
J1bBiBCbKMIA HALiOHA/IbHWI YHIBEPCUTET MPUPOLOKOPUCTYBAHHS

Analysis of information systems for production projects and cloud computing
technology was performed. The structure and purpose of information and
analytical decision support systems are given. The elements of this system are
described and the results of its practical use for the content planning processes of
the harvesting projects are obtained. The expediency of using IS to support and
make decisions in agro-industrial complex projects is shown.

Keywords: information system, modeling, efficiency indicators, decision
support.

IHpopmaLiiHO-aHa/TITUYHI  CUCTEMM  BIJHOCATbL [0 0CO6/MBOrO  Knacy
iHDOpMaLIMHNX CUCTEM, MNPU3HAYEHUX [A1S aHaNiTUYHOT 00pO6KM [daHuX Ta
CynpoBOAY MPUAHATTSA pilleHb, a He AN aBToMaTu3auil AisnbHOCTI NignprueMCTBa.
Po3pobka iHopmaLiiiHO-aHaMiTUYHMX CUCTEM, WO BIAMOBIAAOTL  LINAM i
3aBfaHHAM MiANPUEMCTB arpapHoOro CeKTopy, € AOCTaTHbO CK/IaAHWM MPOLLECOM,
WO BK/IKOYAaE eTanu (OpMyBaHHA KOHLEMUIT, MNPOEKTYBaHHS, PO3POOKM,
BNPOBaPKeHHA | CynpoBoAy pilleHb. [ns Luboro HeobxigHO BOMOAITA 3arasibHO
MEeTOAMKOK CTBOPEHHS iH(hopMaLiiHO-aHaNITUYHUX CUCTEM, WO MICTUTb CKNag i
MOCNIJOBHICTb POBIT | 3aBAaHb, CKNag PoneBuX YHKLIN, OOKYMEHTIB, MOJENeN,
CXeM TOLLO.

3acTocyBaHHA UMX CUCTEM MpuU3HaveHe A14 NIATPUMKA  BCIX CTafii
MNPUAHATTA pilleHb Y Npoueci aHaiTMYHOT 06po6KM iH(opMaL,iT, MOAeNtOBaHHS Ta
ynpasniHHA npoektamy B AlNK. B 3araibHOMY pO3yMmiHHI, CUCTEMU MILTPUMKM
npuAHATTA piweHb (CMTMP) — komnnekc nporpamHMX 3acobiB, L0 BK/HOYAE
KOMMJIEKC Pi3HUX a/irOpPUTMIB NIATPUMKKM pilleHb, 6a3y Mogenei, 6asy AaHux,
[OMOMDKHI Ta KepiBHY nporpamu i 1.4,

BignosigHo Ao 3aranbHONPUIRHATMX BU3HadeHb CIMP — ue B3aemogitoya 3
IHWAMKM  cUCTEMAMW  KOMM’HOTEpPM30BaHa CUCTeMa [N HafaHHSA  LOMOMOru

MeHeMpKepaMm Y npoueci NPURHATTA piweHb. CIITP  gonomarae MeHemkepam
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3HaXoANTW, 0BUNCNOBATU | aHasTi3yBaTW [aHi, WO BIAHOCATLCA 4O PILUEHHS, SKe
npuinvaeTbea. CucTemu MiATPUMKIN NPURHATTSA pitleHb (Decision Support Systems
— DSS), Hanexatb [0 iH(hOpMaLiHUX CUCTEM HOBOFO MOKOMIHHSA, rO/I0BHE
MPU3HAYeHHA SAKUX Mondrae B 3abe3neyeHHi KOMM’HOTEPHOK NMIATPUMKOIO
MNPUAHATTS pilleHb 3i CNaboCTPYKTYpPOBaHMX Ta HECTPYKTYpPOBaHUX Mpo6siem
opraHiszauiiiHoOro ynpaefiHHA Ha pPIi3HMX eTanax MigrotoBKM pilleHb |
MOHITOPMHIY. He3BaXkatoum Ha Te, WO Ha [aHWin 4Yac y CBITi PO3PO6/EHO COTHI

Tunis CIIP, Taki cuctemn B YKpaiHi NPakTUYHO He BUKOPUCTOBYHOTLCS.

Baza oanux Basa .
Modenein
‘ CKb1 + > CKEM —> Buxio
fﬁmep fﬁfﬁ'f /
Kopucmyeay

Puc. CtpykTypa CINIMP: CKB/ — cuctema KepyBaHHs 6a3oto gaHnx; CKBEM —

cucTema KepyBaHHs 6a30t0 MOZEeNei

3HayHa YacTMHa arpoxonguHriB CbOroAHI Npuina A0 Takoro etany CBOro
PO3BUTKY, LLO KOHKYpeHUisa Ha puHKY AIK 3acTaBfife iX BMKOPUCTOBYBATU He
TiNIbKW NPOAYKTUBHI TEXHO/OTIT BUPOOHMLTBA NPOAYKLIT i3 3aCTOCYBaHHAM fAeaari
HOBMX COPTIB, A40OPMB Ta XiMIYHOIO 3aXMCTYy, afie 1 BUKOPUCTaHHSA cy4vacHux IT
ANs e(heKTUBHOIO BUKOPUCTaHHSA HassBHUX PecypciB Ta ynpaBniHHA BUPOOHULTBOM
3arasioMm. epeBaXkKHO, TakKi CUCTEMMW € MIATHUMMK | [JOBOJI BaXKKO AOCSHKHI ANA
MEHLLMX rocnofapcTs. BoHN TakoX € AeLlo y3araJbHeHVMU Ta He pPo3rfisgatoTb
0C06/IMBOCTI BUPOBGHMUMX MPOLECIB Ha PiBHI OKPEMMX TEXHOJOTIYHUX OnepaLii.

LI0 mporasivHy MOXHa 3anoBHUTU PO3POOKOK CreLiasibHUX MPUKNaLHUX
nporpam Ans8 NiATPUMKN NPUAHATTA pilleHb — LUbOMY 3aBfaHHIO i NPUCBAYEHO
KBaslihikaLiiHy po6oTy.

[MoyaTKoBOK 6a30K0 3HaHb A1 CUCTEMHO-MOAIEBOrO Bif0OOpPaXKEHHA YMOB

MPOEKTHOI0 CepefioBULLA Y CTAaTUCTUYHIN iMiTauiinHin mopgeni npouecis 3LB €
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MHOXXKWHA 3a/1eXXHOCTEn XapaKTePUCTUK Ta MOAeNen PU3MKY arpoMeTeoposorivyHol
I NpeaMeTHOT CKNafLoBUX.

BigobpaxeHHs 6ypsko3bupasbHUX pobIiT Yy BipTyanbHOMY npoekTi 3LB
BiflOYBa€ETbLCA Y UmMcenbHOMY (hopmarti. 3 METOK BCTAHOBJIEHHA 3aKOHOMIPHOCTEN
3MIHW IHTErpoBaHUX (PYHKLIOHANIbHUX MOKAa3HMKIB MPOEKTIB 3a PI3HUX M1aHOBKX
TEPMIHIB Nno4yaTKy pobIT, MOAEeNtOBaHHA BWKOHYETbCA [N 3afaHuX Mex
KaJleH4apHOro nepiogy (hyHKUiIOHYBaHAH TEXHIKN.

30Kkpema, Hamu po3pobneHO  KOMM’KOTEPHY Mporpamy  CTaTUCTUYHOIL
IMiTaLinHOT MoAeni TEeXHOMOTiHYHMX MPOLECIB 30MpaHHSA BPOXKak LIYKPOBUX
OypskiB. Lla nporpama p[03BONSE 3MOAENOBATM arpoMeTeOpOsorivyHi  YMOBK
nepiody 30MpaHHs Ta BIAMOBIAHO A0 UMX YMOB po6OTY OypsAKO36UpaibHOro
KombaiiHa. Mogenib OCHalleHO iHTepd)eCHUM BIKPOM A1 BBEEHHS MOYaTKOBU3X

AaHnX MofentoBaHHA (puc. 2).

Wiﬁﬁfﬂjj Puc. 2. TonoBHe BIKHO KOMM’KOTEPHOI

MeHo  Tpadikk I e . -
nporpaMmm CTatuCTn4dHOIl IMITaulMHOI Mogenl

MopenioeaHH

L [1PUSYNHIKTA ] I JYNUHKT J I'IpOLllecy 36l/|paHHFI LLprOBMX 6ypﬂKiB

I opEntBaHHA NoroaHix YmMos

| | B pe3ynbTaTi MOAeN0BaHHA OTPUMYIOTh

SaransHU Hia MORENBEHH [iaHI Ha OCHOBI IKMX MOXXHa BUBECTWN OCHOBHI

[ |

XapaKTepUCTUKN poboTn BypsKo3bmpasibHOro
KoMbariHa. OTpumaHi pe3ynbTaTu
MO/e/N0BaHHS OMnpaLboBYOTb 3a [A0MNOMOrod XmapHoro cepsicy Office365 Ta
BHOCATb Y (haiini Google Sheets (puc. 3): 1) 06¢cArn akTMYHO 3p06/1EHOT NOLLI,
ra; 2) obcaru BTpart, u/ra. Ha nigctasi po3paxyHkKiB, OTPMMYHOTb 3aKOHOMIPHOCTI
MOKa3HMKIB  e(eKTUBHOCTI  BIAMOBIAHOrO  MOAENbOBAHOIO  TEXHOJIOTYHOro
rpouecy.

3acToCyBaHHA TaKOi MeTOAMKM 3YMOBMieHe TWM, WO AN19 BIiAMNOBILHOIO
TEXHIYHOrO OCHALLEHHS MPOEKTIB 30MpaHHA BPOXaK Ky/bTypu HeobXigHO
M1aHyBaTn YiTKO BU3HAYEHW 06CAT POBIT, Y LbOMY pa3i CyKYMHi NUTOMI BUTpaTK

KOWTIB Y TEXHONOTiYHMX npouecax OyayTb MiHIMabHUMW. Takuii po3B’sA30K
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3aBfaHHA Jae 3mMory MiABULLMTIY TOYHICTb NNaHyBaHHA PecypciB NignpuemMcTsa Ta

MiABULLMTY ePEKTUBHICTb TX BUKOPUCTaHSAH Mif Yac Ce30HHMX POObIT.

B (15) YouTube @ Hosa xragka

E TEP_XO %@ e

®ain 3mikntw Burnsa Betaeutw dopmat [lani InoTpymenTn floBinka CneuianbHi Moxnnsocti  LLloAHE amikero

o P 00% ~ . % 0 00 123w Calibi - 12 «~ B I & i ® H Er 1|+ %y |
P26
B c o E F G H J K L M
"
12 Ha3ga nokasHika IMIpPHIC] 3HAueHES|
13 mHTOMI BHTPATH KOINTIB Ha ONIaTy | Tpr/Ta | 167,74 275000 1
14 BApTIiCTh BHTPaueHHx rpr/ra | 1175,00 250000 -
15 BiIpaxyBaHHA HA aMOPTH3ALII0 TpE/Ta | 2318.18 225000 T-
BiIpaxXyBaHHA HA NOTOYHMIT % 200000 1
16 PEMOHT i TexHiTHe pE/Ta | 658,06 'S 175000
oBCIyToBYBAHHA § 150000 1
17 IMHTOMI eKCILTYaTAliilHi BHTpaTL rpu/ra | 4318,99 § 12500,0 1
18! § 10000,0 +
19 TInoma 36HpasHs, ra 110 3 7500,0 +
= &  soon0 |
il
= 2500,0 +
= 0,0

Puc. 3. TllobymoBa 3aKOHOMIPHOCTEA 3MIiHW TpOLIOBUX BUTpaT Yy
TEXHO/IOriYHOMY MpoLeci 36MpaHHs BpoXKato KynbTypu (kombailH — ROPA Euro
Tiger 3)

TaknuM YMHOM, arpoXo/iAVMHIN WO MPauooTh B YKpaiHi CbOrogHi npuiLm
[0 TaKoro etany CBOro pPo3BUTKY, LLO KOHKYpeHUia Ha puHKY AlK 3acTtasnse ix
BUKOPWCTOBYBATW HE Ti/IbKM MPOAYKTUBHI TEXHOMOTIT BUPOOHMLTBA NPOAYKLIT i3
3aCTOCYBaHHAM fefani HOBWX COPTIB, A0O6PMB Ta XIMIYHOro 3axucty, ane
BUKOPUCTaHHSA cy4vacHUX IT and epeKTMBHOIO BUKOPUCTAHHA HasBHUX PecypciB

Ta ynpasiHHA BUPOOHMLTBOM 3arasiom.
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DETERMINING THE PROJECT MODEL FOR IMPLEMENTATION ERP
CLASS INFORMATION SYSTEM FOR THE RESOURCES AND
ACTIVITIES MANAGEMENT IN TERRITORIAL COMMUNITIES

O. P. Kopishynska, PhD, Y. V. Utkin, PhD,
O. V. Kalashnik, PhD, S. E. Moroz, PhD, V. M. Chubenko
Poltava State Agrarian University, Ukraine

Abstract: The paper presents a case study on the preparation of a pilot project
for the implementation of ERP system modules for managing the resources and
activities of the territorial community. Based on the study of the structure and
activity of territorial communities, the uniqueness of such a solution for non-
industrial organizations is revealed. Results of the survey of specialists and the
content of the work at the project initiation stage are summarized.

Keywords: Project life cycle, project goals, cloud ERP, case method

PedpopmyBaHHA cuCTeEMU ynpaeniHHA TepuTopiasibHUMK rpomagamun (TI) B
YKpaiHi — oflHa 3 K/IK0OYOBUX MPOEBPOMNENCLKNX PeopM, fKa 3HAXOAUTLCSH B
aKTUBHIN (hasi. TOMy NUTaHHA Mepexoay [0 HOBOro PiBHA e)eKTUBHOIo ayauTy i
ynpasniHHA BCiMa BUAaMmn PecypciB € f0BOI aKTya/lbHUM, BPaX0OBYHOUM TON (haKT,
L0 cneuianbHMX iHhopMaLinHux cuctem (IC) ans umx 3aaay NoKuM Lo He icHye [1].

YHikanbHicTb cuctem ERP (Enterprise Resource Planning) B TOMy, L0 BOHU
BifjirpatoTb PO/b YHiBEpPCa/IbHOro nporpamMHoro 3abesneyeHHs (M13), 3gaTHoOro
06’eHyBaTV By ab-AKi Gi3HEC-NpoLecy. 3BefleHi pa3om B OfHe NPOLEeCK, CUCTEMM i
[aHi 3abe3neyvyoTb aHaniTUKy, NPUCKOPEHHS Ta afanTUBHICTb, HEOOXIAHI Ans
noyaTky onTumisauii 6i3Hec- abo ynpaBNiHCbKMX MPOLIECIB.

BuainaoTb TpY OCHOBHI HanpsAMKW, B AKUX cucTema ERP 3gaTHa migsmuwmnTm
eheKTMBHICTb opraHisauii [2]:

1. MigBVLWEHHA pe3ynbTaTUBHOCTI: CUCTEMWU HadalTb aHaliTUKYy, fKa
MNiATPUMYE NPUAHATTA PiLLEHb | BU3HaYae HaNpsMKK onepauiiHoT eheKTUBHOCTI.

2. MMpUCKopeHHsa onepayiinHnUX pilleHb: Ha OCHOBI 00’€fHaHUX AaHWX |
npoueciB MigBULLYETECA TXHA BUAMMICTb | THYYKICTb [ANA CMiBPOOITHUKIB,
Aoromararoum iM LWBMALLIE BXMBATKM 3aX0/iB Ta focaraTu 6inblUnX pesynbTaTiB.

3. MHyukicTb 6i3Hecy: ERP-pilleHHs aganTyloTbCAd | MacluTabyroTbes
BIAMNOBIAHO 40 NOTPe6, 3a6e3neyytoTh OnepaTBHe pearyBaHHsS Ha PU3MKU | 3MIHN.

Mopin IC Ha nigcucteMun 3abesnedvye npu po3pob/eHHI, BNPOBaMKEHHI Ta
eKcnayarauii Taki nepesaru:

—ypaxyBaHHSA BUPOOHNYMX NOTPeb nifg vac po3pobku Ta mogepHisauil IC;

—MOETaNHICTb BMPOBAMKEHHA Ta MOX/MBICTb MOCTaY4aHHA | PO3LUMPEHHS
roToBMX MOAYNiB (KOHTYpPIB) BiAMNOBIAHO A0 YepProBOCTI BUKOHAHHS POOIT;

—3PYYHICTb eKCnyartauii 3aBAdaKu cneljianizayii npayiBHUKIB TIET MPeLMeTHOT
06nacTi, Ans AKoi po3pobneHi OKpemi Mmoayri.

MepeBaramn ERP-cucteM € MOXMBICTb 3BaXKEHOrN0 Ta pauioHasbHOro
BNPOBaKeHHs, BUOOPY BapiaHTIB PO3ropTaHHA Ta NiLeH3yBaHHA A/19 KOXHOIo
nignpuemcTea.

86



3MiCT nepeanpoEKTHOT NIArOTOBKM NPeACTaB/1eHO HA OCHOBI KOHCA/TTUHIOBOI
AIANLHOCTI aBTOPiB POo60TK B pisHMX TI'. Bynu 06rpyHTOBaHI KPUTEPIT CKNagaHHA
MPOEKTHUX MNJIaHIB Ha MPUKNagi peasibHUX opraHisayiin Ha ocHoBi obpaHol IC Knacy
ERP. AHaniz pianbHocTi opradisauil (T), ska Mae CKnagHy posrany>keHy
CTPYKTYpY, 6yB NpoBeAeHWIA y cniBnpayi 3 KNKYOBMMU crnewianictamu, i gonomir
BUABUTW CNifbHI NpPo6sieMn, AKi MOTPeOyOTb BUPILLEHHA came 4epe3 yBeAeHHS
€EOQVHOI YNpaBnsayol CUCTEMM.

3’dacoBaHO, WO oOpraHizauii Ta nignpuMemcTsa B CKNadi TepPUTOPiasibHOT
rpoMagm mMaroTb Pi3HI MaaHW paxyHKiB, BUKOPUCTOBYOTb Oifiblie 30 BUAIB CUCTEM
NnoAaHHA NoAaTKoBOI 3BITHOCTI, criewianizoBaHux ranysesux IC, ctaHgapTHoro M3.
Y TOM e 4ac Mano CUCTEM YNPaBNiHHA MepPCcoHasoM, [AO0KYMEHTO06irom,
6ropKeTOM TOLLO. [N yCnilHOT peanisauii NPOEKTY NiAroToB/IEHO MOro Onuc i3
3a3HauYeHHs Linei, 3aBaaHb, 0YiKyBaHMUX pPe3ynbTaTiB Ta HeOOXiAHOro pecypcHOro
3abe3neyveHHs [3]. O6CTeXeHHA NIANPUEMCTBA i OMUC MPOEKTY € pPe3y/bTaToM
CYMICHOI pob6oTV rpynu y cKnagi npoBigHWX (axiBuiB opraHisauii-3aMOBHUKa,
npeAcTaBHMKIB KOMMNaHIT-BMKOHaBLSA, HAyKOBL,iB-AopaaHuKis MAAY.

[nsa BnpoBamkeHHA ERP cuctemn obpaHa YoTmpudasHa Mofesb XUTTEBOTO
LMKy NPOEKTY, AKa BK/OYaE:

1. AHani3 6i3Hec-npoueciB Ta NoTpe6 3aLikaBneHnx ocib: IT KoMmnaHis pasom
i3 3aMOBHMKOM aHani3yoTb O6i3Hec-rnpouecn Ta TXHKO e(eKTUBHICTb, OyaAyHOTb
iH(hopMaLiiHy MOAeNb CUCTEMU 3a NPUHLMMNOM «SK MOBUHHO OyTW», T3.

2. AfanTauis cuctemMu | BBefleHHA B JocnigHy ekcnnyatauito. Pasa
MOAINAETLCA Ha NPOMIXKHI eTanu, AKi BiANoBiJalTb N0riYHMM Bi3Hec-npoLiecam.
KOoXXeH i3 HUX afanTyeTbes i MepexoanTb Y A0CIAHY eKCryaTalito 3aMOBHUKY.

3. 3anyck cuctemu. ICHyoUNiA BeNnKnia obesr iHpopmauii, SKUA HEMOXKNBO
BTPaTUTK, MNigndarae 060B’A3KOBOMY TMEPEHECEHHKD B CepefoBULLE CUCTEMMU,
MepeBipAlTLCA KAKOYOBI MOKasHWKKW. [leped 3amyCcKOM CUCTEMWU MPOBOAUTLCA
«YUCTOBUIM» IMNOPT AAHUX.

4. ObcnyroByBaHHsA,  MNIATPMMKa,  PO3BUTOK:  KOMMaHis-nocravyasbHUK
MPOBOAUTL TEXHIYHY NIATPUMKY CUCTEMM Ta (PaxiBLiB 3aMOBHMKA.

OpHoyacHo Ha etanax 3-4 a3u BibyBaETbCA NEPBUHHE HABYAHHS NMepCcoHany
AN5 OCBOEHHA HOBOI cucTemMW. Take HaBYaHHsS 3anjaHOBaHe CriBpOGITHMKaMU
KOMMaHii pa3om i3 Buknagadyamu MNMAOAY, Aki 3anpoBamKytoTb aHaiorivyHy cuctemy
B HaBYa/IbHMI NpoLec.
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DEVELOPMENT OF A PROJECT FOR A NAVIGATION SAFETY
MANAGEMENT INFORMATION SYSTEM OF MARITIME TRANSPORT
O. Kyryllova, DSc, V. Piterska, DSc, V. Kyryllova, PhD, O. Rossomakha, PhD,
V. Shakhov, V. Adakhovskyi

Odesa National Maritime University

Abstract. The article clarifies the concepts of transport system management,
information system of safety of navigation, identifies the main organizations that
ensure the safety and monitoring of objects located in inland waters, the territorial
sea, adjacent and exclusive (marine) economic zones of Ukraine, proposes the use
of a project-oriented information system management mechanism ensuring the
safety of navigation and a system for monitoring the overwater and underwater
situation in the water areas of ports and on the approaches to them based on the
conceptual information model of Long Range Identification and Tracking System.

Keywords. information system, maritime transport, project management,
seaport, navigation safety

Analyzing the development of merchant shipping in Ukraine, it can be argued
that due to the practical loss of the main potential of the domestic maritime fleet, the
current state of maritime transport does not meet the needs of the country's economy,
due to several limiting factors, one of which is the critical need to update (re-equip)
the destroyed safety system of maritime transport.

The existing equipment of the navigation safety system is morally and
physically outdated from a technical point of view ensuring modern control over the
navigation situation and providing timely assistance to domestic and foreign vessels
in emergencies excludes the lack of Ukraine’s integrated satellite communication
system.

COVID-19-related quarantine restrictions, martial law in Ukraine, climate
change, and geopolitics have wreaked havoc on maritime transport and logistics,
clogging some ports and closing others, reconfiguring routes, continuing delays, and
increasing shipping costs. Seaports are a key component of the state system for
regulating navigation in the territorial sea and sea waters of Ukraine, the subject of
numerous international economic and legal relations enshrined in conventions and
other international treaties [1-3].

One of the important directions for the development of seaports is ensuring
the safety and development of an information system for monitoring the overwater
and underwater situation in port waters and approaches to them [4, 5].

Currently, monitoring of objects located in internal waters, the territorial sea,
adjacent and exclusive (maritime) economic zones of Ukraine is carried out by the
forces and means of individual departments of the coastal surveillance system of the
Naval Forces of the Armed Forces of Ukraine, the overwater situation monitoring
system of the Ukrainian Border Guard Service, systems for regulating ship traffic,
search and rescue systems in the maritime search and rescue region of Ukraine, a
unified system for monitoring the overwater situation in the Black and Azov Seas of
the Ministry of Development of Communities, Territories and Infrastructure of
Ukraine and other systems. At the same time, all the above-mentioned systems are
isolated and do not allow interested entities to have complete operational
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information about the situation in the Black and Azov Seas and the Dnieper and
Danube River basins for making management decisions.

Maritime Situational Awareness (MSA) spans both military and non-military
domains and involves interaction and/or collaboration with a wide range of non-
traditional data sources, organizations, and actors. There are significant resources
for obtaining data on trade traffic, ranging from commercially available databases to
time records of ships passing through the world's ports hosted on port websites.

These components are united by the Main Data Centers (MDC) which will
play a significant role in the processes of obtaining data on trade transport, ranging
from commercially available databases to time records of ships passing through the
ports of the world, located on port websites. Information relating to civil vessels can
be collected from either static reference external databases such as the World Port
Index (WPI) or Lloyd's List Intelligence, or from dynamic sources such as the
Automatic ldentification System (AIS), Long Range Identification and Tracking of
Ships (LRIT), and from operator-defined data.

In the interests of more effective use of the capabilities of departmental
surveillance systems, a high degree of information interaction is required, which
should be based on their technical and functional compatibility. A similar practice
is to deploy surveillance systems in leading states, in particular in NATO member
states.
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MPOIMHO3YBAHHA MNOMNNTY HA TOCNYT N MEAVNYHNX
NABOPATOPI B YMOBAX HAN3BNYAIHOIO TA BOEHHOIO
CTAHY I3 BUKOPNCTAHHAM MALLNHHOI O HABHAHHA

O.B. MNaHbKiB, acnipaHT
J1bBIBCbKMiA Aiep>KaBHUIA YHIBEPCUTET 6e3MNeKn XKUT TELIANbHOCTI

The expediency of forecasting the demand for medical laboratory services in
conditions of effective and martial law based on the application of machine learning
technologies is substantiated. This approach is a key element in providing effective
medical care and optimal use of limited resources. With the development of
technology and the availability of large amounts of data, the possibilities of using
different algorithms and machine learning models are increasing. The considered
models for forecasting the demand for medical laboratory services. They are the
basis of effective anti-crisis management of projects at critical infrastructure
facilities. It has been found that an optimal demand forecasting system for medical
laboratory services may use a combination of these approaches, taking into account
specific needs and capabilities. In the future, the toolkit for anti-crisis management
of projects at critical infrastructure facilities should be substantiated thanks to the
use of machine learning technologies in the medical sector.

Key words: forecasting, services, medical laboratories, crisis management,
machine learning.

Y CBIiTi CNOCTepiraeTbCA MOCTiHA CUTYyalis, KON 3[40POB't0 HaCe/IeHHS
3arpoXytoTb Pi3HI  Hebesnekn uepe3 KpPW30BI CUTyauil, TakKi AK MNPUPOAHI
KatacTpodgu, enigemii Ta BiiHW. B uMX Haf3BMYalHWX 06CTaBMHAX MeAUYHI
nabopaTopii BIiAIrpaldTb BaX/IMBY POMb Yy 3abesneyeHHi SAKICHOT Meau4YHOI
[OMOMOrM  HaceneHHto. [1porHosyBaHHA MOMUTY Ha NOCAYrM  MeAUYHUX
nabopaTopin  CTae HaA3BMYaiHO BaXKKUM  3aBfaHHAM AN1d  3a6e3neyeHHs
ONMTUMa/IbHOrO BMKOPUCTAHHA pPecypciB Ta eeKTUBHOI MeLMYHOT LOMOoMOrv B
yMOBax Kpu3W. Y HawoMmy [OCNIIKEHHI MNPONOHYETLCA BUKOPUCTOBYBATU
a/IrTOPUTMN MaLLMHHOIO HaBYaHHA, SIKi BUKOPUCTOBYKOTLCA NS MPOrHO3yBaHHS
MNonNuTYy Ha nocnyrn MeaMyHUX nabopaTopid nig 4Yac Haa3BMYaHOIO Ta
BIICbKOBOIrO CTaHy.

MporHo3yBaHHA MOMWUTY Ha MOCAYyrM MeAuMYHUX flabopaTopii B yMOBax
HaJ3BMYaiHOro Ta BOEHHOIO CTaHy Mae€ KiflbKa KIHY0BMX Nepe.ar, AKi Nexxarb B
OCHOBI €(DEKTMBHOTO aHTMKPW30BOIO YMpaB/iHHA MNpPOeKTaMyM Ha 00'eKTax
KPUTUYHOI IH(PaCcTPYKTYypU:

ONTMMIi3aLia pecypciB — 3a AOMNOMOrOK MPOrHO3yBaHHA 3anuTy MOXHa
epeKTMBHO PO3MOAINATA 06M1afiHAHHA, NIKAPCbKWIA MepcoHaN Ta peareHTn s
MaKCUMasIbHOT NPOAYKTUBHOCTI f1labopaTopit;

NnaHyBaHHA EKCTPEHNX 3axX0/iB — 3abe3neyveHHs pearyBaHHA Ha enigemii
4yuM MacliTabHi asapil, WO BMMarae nonepefHLOro njaHyBaHHA Ta MoOiizauil
PecypciB 3aBAAKN MPOrHO3yBaHHIO MOMNUTY Ha AOMOMOTY HaCe/IEHHIO;
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30EPEXXEHHA XWTTA /HOAEA — LWBWAKWIA AOCTYN [0 N1abopaTopHMX
AOCNIMKEHb MOXKE BPSATYBATW XXUTTS B KPUTUYHMX CUTYaLiAX, i NPOrHO3yBaHHS
NONUTY A03BONNTbL 3a6€3MeUnNTN HaaHHSA NoCyr BYaCHO.

TexHONOorii MaWMHHOIO HaBYaHHS MOXYTb OyTV BUKOPUCTaHI A1t pO3p0o6KM
mogenei, $Ki  A0NOMOXYTb MNPOrHo3yBaTM MNONUT Ha MOCAYrn  MeanYHMX
na6opatopii (Tabn.).

Tabnumug. XapakTepucTUK1 MoJenNein MalMHHOIO HaBYaHHS AN NPOrHo3yBaHHS
MONUTY Ha NOCNYr MeANYHNX NabopaTopili

Mogaenb 3agaya
MaLUNHHOIO NPOrHo3yBaHHS, SKa MepeBarn Heponiku
HaBYaHHSA BUPILLYETLCA
[porHo3 nonuty Ha
nocnyru Bumarae
naboparopir, 3 | Bucoka  TOYHICTb | BE/IMKOrO
ypaxyBaHHAM MPOrHO3yBaHHS. 06cary gaHux.
Yacosi paau ICTOPUYHUX  AaHUX | MOX/MBICTb He 3aBXau
Ta (haKkTopiB | pearysaTu Ha 3MiHWN | BpaxoBye
BNAMBY, TaKMUX $K | B Yaci. HeNiHINHI
enigemii Ta Noroai 3B'A3KMN.
YMOBM.
AHaniz  cknagHumx : Bumarae
o .| 34aTHICTb
3B'A3KIB MiX : BEJIMKOro
: po3ni3HaBaTu
Mogeni BaXK/TMBMMMU CKNAHI 06CcAry faHux.
rnMeboKoro (hakTopamu Ta : : CknagHe
3aKOHOMIPHOCTI.
HaBYaHHA nonmMToMm Ha . Ha/lalTyBaHHS
Bucoka  TOYHICTb
nocnyrn MeamyHnX Ta HaBYaHHS
o MPOrHO3YBaHHS. :
nabopaTopin. mogeni.
36eperkeHHs :
P y 3[aTHICTb ObwmexeHe
OHOBJIEHOI .
: aHasli3yBaTu TEKCTU | 3aCTOCYBaHHSA
IH(hopmaLii npo :
O6pobka . = | 3 pi3HUX mpKepen. 6e3  TEKCTOBUX
y [esKi 3arposu Ta ix .
MPUPOAHOT MOBM MOXNMBICTb AaHNX.
BI/IMB Ha MOMUT Yy :
pearysatu Ha | MOXNMBICTb
nabopatopHmX :
HOBWHW Ta NOAil. LLUYMY B TEKCTI.
nocnyrax.
Po3nogin 3anuty Ha Bumarae
nocnyru PI3HNX HasABHICTb
. .| CripoLLeHHs ,
KaTeropiv Ta Knacis : YiTKMX
aHasizy Ta "
: ans KpaLioro KaTeropiu.
Knactepusauia Ta : nnaHyBaHHS.
o PO3YMIHHS, 11,06 Baxko
Knacuikauis ) . | 3pyyHa :
3’acyBatu AKI : PO3MNOAINNTK
: KaTteropu3sais
KOHKpETHI nocnyrv | - - nocnyru B
NOTPI6HI B PI3HUX yr. AEeAKNX
CUTYyaLisiX. CUTYyaLisiX.
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TouHe Bumarae
MPOrHO3yBaHHA HasABHICTb JaHNX
MOMNUTY Ha Mocayru : < | AnA  KOXHOro
BuKopucTaHHSA [MepcoHanizoBaHMM .
: MeaUYHMX L PEriony.
IHTE/IEKTYa/IbHOr 0 - MigXi4 A0 KOXHOro
: nabopaTopin B . CknafiHo
aHasizy . PErioHy. :
: KOXXHOMY perioHi Ha OXOMnTN BCi
perioHa/IbHUX . SHKEHHSA .
OCHOBI : MOXX/UBI
[aHuX : HeBM3HAYeHOCTI.
reorpagpiyHmx  Ta cuTyauii Ta
AemorpapivyHmx (hakTopw, LLO X
0C06/MBOCTEN. 3YMOB/HOKOTh.

BuKOpUCTaHHA TEXHOMOTIA MAlMHHOIO HaBYaHHA [ANs MPOrHO3yBaHHS
MONUTY Ha NOC/Yr MeAMYHNX NabopaTopiil B yMOBax Haf3B14aliHOro Ta BOEHHOIO
CTaHy MOXe CYTTEBO MiABULMTY epeKTUBHICTb NPOEKTIB MeAMYHOT AONOMOrn Ta
3MEHLLUNTN PU3NK ANA 3[40POB’A HaceneHHs. Lle BaXnmBa CKnafoBa Cy4vacHOI
CUCTEMUN OXOPOHM 3[10POB'S, 0COB/IMBO Y BXKKMX YMOBaX, KON pecypcy 0OMeXeHi
i NOTPiGHO edeKTMBHO pearyBaTU Ha Haa3BMYaWHi CUTyauil Ta 3AiCHIOBaTU
aHTMKPU30Be YNpasniHHA NPOeKTaMM Ha 06'eKTax KPUTUYHOT iIH(DPaCcTPYKTYpMW.

[na ycniwHoT peanizayii NPOeKTiB Ha 06'€KTaX KPUTUYHOT IH(PACTPYKTYpH,
0O AKMX HaneXxaTb MeauyHi  nabopatopii, cnif BWKOHYBaTVM  MpPOLECH
MPOrHo3yBaHHA. BOHM noTpebyoTb 36MpaTM Ta aHaii3yBaTM BefWKI AaHi B
peasibHOMY 4aci, CTBOPHOBATU MePEXeBY CMIBMpaLo MK MeANYHMMM YCTaHOBaMM,
PEryoYMMN OpraHammn Ta HayKOBUMM YCTaHOBaMU, a TaKOX HaB4aTu NepcoHa
MpautoBaty 3i CKNagHUMN MOLENAMU MALLUMHHOMO HaBYaHHS.

[MpOrHoO3yBaHHA NONUTY Ha NOCNYTN MeAUYHMX 1a60PaTopil CTaE KKOHOBUM
IHCTPYMEHTOM 4711 MiABULLIEHHA e()eKTUBHOCTI Ta TOYHOCTI HafaHHA MeANUHUNX
MOC/yr B YMOBaX eKO0JIoriYHOro Ta BiiCbKOBOIo CTaHy. Po3po6Ka Ta BNPOBapKeHHSA
MigxofiB aHTMKPW30BOrO YMpaBfliHHA MNpPOeKTaMy Ha 06'eKTaX KPUTUYHOT
IHPPACTPYKTYPU MOXKE CNPUATU 36EPEXXEHHIO XKUTTA | 3MEHLLEHHIO HEraTMBHOIO
BMN/IMBY KPW30BMX CUTYalii Ha 3[0POB'S HacCeNleHHs, WO nepebyBae y 30Hi
YPaXXeHHs Haf3BNYaNHUMK CUTYaLLiIIMN.

BucHoOBKW. MporHo3yBaHHA MONUTY Ha NOCNYru MeanyHuUX nabopaTtopii B
yMOBax eq)eKTMBHOro Ta BOEHHOrO CTaHY Ha OCHOBI 3aCTOCYBaHHSi TEXHOJOFIM
MaLUNHHOIO HaBYaHHA € K/IHOYOBUM efIeMeHTOM /1A 3abe3neyeHHs e(eKTUBHOI
MeAUYHOT A0NOMOrv Ta ONTUMa/IbHOrO BUKOPUCTAHHA O0OMeXeHuX pecypcis. 3
PO3BUTKOM TEXHOMONIN Ta AOCTYMHICTIO BEIMKOI KifIbKOCTi AaHUX, MOXX/IMBOCTI
BUKOPUCTAHHSA Pi3HUX aNrOpuUTMIB Ta MOes1er MalMHHOTO HaBYaHHSA 3pOCTar0Th.

Po3rngHyTi Mofeni 4O MPOrHO3yBaHHA MOMWUTY Ha MOCAYrU MeLUYHUX
nabopaTopiil, BKIKOYAOUM aHani3 4acoBUX PAAIB, MOZeni Pi3HOro ranbokoro
HaBYaHHS, 06POOKY NPUPOAHUX MOB, Knacu®ikalilo Ta KnacTepu3alito, a TakoxX
BUKOPUCTAHHS  PerioHa/lbHUX  faHuxX, fexaTb B OCHOBI  e(eKTUBHOrO
aHTMKPU30BOI0 YNpaB/iHHA NPOeKTaMM Ha 06'eKTax KPUTUYHOT iHPPaCTPYKTYpW.
KOXeH 3 uux nigxoAiB Mae CBOI rnepesary Ta 00MeXXeHHs, i X BMOIp BiAPI3HAETLCS
Bil KOHKPETHUX YMOB Ta 3aBfaHb. ONTuMa/ibHa CUCTEMA MPOrHO3YyBaHHA MOMUTY
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Ha Nocnyrn MeauvyHMX nabopaTopini MOXe BUKOPUCTOBYBATM KOMOGIHALLitO LMX
MigxoAis, BpaxoBykOUM KOHKPETHI MOTPebun Ta MOX/IMBOCTI.

BaxnnBo TakoX nNpuainaty yeary 360py Ta aHanisy akTya/lbHUX AaHuX,
cnisnpaui MK Megu4yHMMM YCTaHOBaMK Ta IHLWIMMW OpraHisauismu, a Takox
HaBYaHHIO MepcoHasy npauroBaTh 3i CKNagHUMM MOLENAMM MaLMHHOIO HaBYaHHS.
MpOrHo3yBaHHA NOMUTY Ha MOCIYrn MeanuYyHUX nabopatopii B yMOBax KPU30BUX
CUTYyaUii MOXKe 3Ha4yHO NIABULMTY pearyBaHHs Ha Ha[3BWYalHIA cuTyauii Ta
36eperTv XNUTTS Ta 3[0pPOB’A HaceNleHHA. Y nogasiblioMy chif o6rpyHToOBYBaTy
IHCTPYMeHTapin  Ana  aHTUKPWU30BOrO YNpaB/iHHA MPOeKTaMM Ha 06'eKTax
KPUTUYHOT H(PaCTPYKTYpU 3aBASKA BUKOPUCTAHHIO TEXHOMOTIA MalNHHOIO
HaBYaHHA B MeVYHOMY CEKTOPI.
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CYUYACHI THOOPMAIIIMHI TEXHOJIOTTI Y TPOEKTAX PO3BUTKY
TPAHCHOPTHOI IHOPACTPYKTYPH
B.P. Jlemuuna, ao ronkm
JIvgiscokutl Oeporcasruil yHigepcumem Oe3nexu HeummeoisibHOCmi

An analysis of the state of development of transport infrastructure was
performed and the expediency of using a project approach and modern information
systems and technologies was substantiated. It has been established that the use of
information systems based on innovative information technologies in transport
infrastructure development projects has its advantages and disadvantages. The
development of modern IT technologies opens up new opportunities for increasing
the efficiency, safety and environmental friendliness of transport systems. Possible
scenarios for further development and implementation of IT technologies in
transport infrastructure development projects are described. It has been established
that future information systems in transport infrastructure development projects will
be based on artificial intelligence and machine learning technologies, which can be
used to predict road situations and manage traffic flows. The implementation of IT
technologies in transport infrastructure development projects will ensure a
significant positive impact on the development of the economy and society as a
whole.

Key words: projects, development, transport, infrastructure, information
systems, IT technologies.

TpancrioptHa 1HGpaCTPyKTypa € OJHIEHO 13 0a30BUX KOMIIOHEHT, IO
3abe3reuye eKOHOMIYHUN PO3BUTOK OYy/Ib-SIKMX PETIOHIB Ta MICT Jep)kaBu. BoHa
3a0e3nedye 3B'S30K MK PI3SHUMHU pEriOHaMH, CIPHUSE PO3BUTKY TOPTIBII Ta
Typu3My, a TAKOX MiJBUILYE€ KOHKYPEHTOCTPOMOXKHICTh €KOHOMIKH.

VY cydacHHX yMOBaX pO3BUTOK TPAHCIIOPTHOI 1HPPACTPYKTYPH HEMOKIUBUN
0e3 BUKOPUCTAaHHS MPOEKTHOI'O MIAXOAY Ta Cy4acHUX 1H(OpMAaI[IiHUX CHUCTEM Ta
TexHonorii. IT-rexHomorii 703BOAIOTh MIABUIIUTH €(PEKTHUBHICTH TPAHCIOPTHUX
CUCTEM, 3pOOUTH iX OUTBIT OC3MEYHUMH Ta €KOJIOTIYHO YHCTHMH. J[0 OCHOBHUX
1H(OpMAaIIHHUX CHUCTEM, SKI BUKOPUCTOBYIOTBCA Yy TMPOEKTaX PO3BUTKY
TPaHCHOPTHOT 1HPACTPYKTYPH, MOXKHA BITHECTH:

1) aBTOMaTM30BaHI CUCTEMHU YIpaBiiHHA HOpOkHIM pyxoMm (ACY/P), sxi
MIPU3HAYCHI1 TSI TBUINCHHS Oe3neku Ta eeKTUBHOCTI pyXy Ha goporax. ACY [P
JIO3BOJISIIOTh  KOHTPOJIIOBATH JIOPOXKHINA pyX, PEryiroBaTU CBITIOPOpPU, a TaAKOXK
BUSIBJISITU Ta pearyBaTH Ha aBapiiiH1 CUTYyaIlii,

2) cuctemu iHTenekryainbHoro tpancrnopTyBaHHs (ITC) BUKOpHUCTOBYIOTH
IT-rexnonorii st onTumizamii TpaHcmopTHUX MOTOKIB. ITC  103BONSIIOTH
MPOTHO3YBATH JIOPOKHIO CHUTYAIlIl0, PO3MOAUIATH TPAHCHIOPTHI MOTOKH, a TaKOXK
MPOTMIOHYBATH AIbTEPHATUBHI MapUIPYTH;

3) cucremu ympabiiHHs TpaHncnopTHumH 3acobamu (CYTC) n03BOJSIOTH
JUCTAaHLIMHO KepyBaTH TpaHcopTHUMH 3acobamu. CY TC BUKOPHCTOBYIOTHCS IS
YHOPaBIiHHS TPOMAJCHKUM TPAHCIIOPTOM, @ TAKOX JJIi aBBTOHOMHHUX TPAHCIOPTHUX
3ac001B;
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4) cucremu reoirdopmaiiitaoro anamizy (I'IC) BHKOPHUCTOBYIOThCSA IS

aHayi3y TPAHCIOPTHOI 1HPPACTPYKTYPH.

I'lC 103BOJIAIOTE OTPUMYBATH Ta

00poO0JISATH TeopPOCTOPOBI J1aHi, a TAKOK CTBOPIOBATH LU(POBI KAPTU Ta MOJEII.
Tabaums 1 — [lepeBaru Ta HEOMIKK BUKOPUCTAHHS Cy4acHUX 1H(GOpMAIIHHUX
TEXHOJIOT1H Y MPOEeKTaX PO3BUTKY TPAHCHOPTHOI 1HOPACTPYKTYpHU

Indopma- ) ) )
(1). P CyuacHhi IT | BupimyBani :
11Ha i ITepeBaru Henonixu
TEXHOJIOT1] 3amadl
CHUCTEMA
. Bucoxka BapTicTs,
I nBummenas i )
) ) ) 3aj1eKHICTh B IT-
Cyuacui IT | BupimryBani Oe3neku, .
ACYNIP . : 1H(DpacTpPyKTypH,
TEXHOJIOT1] 3aj1a4l e(heKTUBHOCTI, LY
} ; HEOOX1IHICTD
€KOJIOTTYHOCTI ) )
1JITOTOBKU KaJpiB
Kontpons
JIOPOYKHBOTO [TigBUIEHHS
Cencopit pyXxy, e(heKTUBHOCTI, Bucoka BapricTsb,
33'5301; > | peryaroBaHHS 3MEHIIICHHS 3asexxHicThb Big IT-
ITC wr ‘{HH,I>'I cBITIIO(OPIB, 3aTPUMOK, iH(]ppacTpyKTYypH,
Ty BUSBJIEHHS Ta MOKpaIeHHS HEOOX1IHICTD
1HTEIIEKT . ) )
pearyBaHHsI SIKOCTI M1TOTOBKY KaJpiB
Ha aBapiiiHi | 00CIyroByBaHHS
cUTyarii
[Iporno3yBan
Hs IOPOKHBOIT
Cencopu, POH . :
SB'S30K cUTyauti, [TigBuIIeHHS Bucoka BapricTs,
. PO3IIOILT Oe3nexy, 3anexHicTh Big IT-
ITYYHHUH ) )
CVTC TCIIEKT TPAHCIIOPTHUX | €(EKTUBHOCTI, 1H(DpaCTPYKTYpH,
’ ITOTOKIB, 3MEHIIICHHS HEOOX1aHICTh
MAIMHHE IIPOIO3UIS BUKH/IIB IMATOTOBKH KaJp1B
HaBYaHHS P & o P
albTEPHATUBH
WX MaplIpyTiB
ABTOMATH-
: - ITokpamenns :
3auid, Jucranuiine . Bucoka BapricTs,
. PUHHATTS ..
ITYYHUI KepyBaHHS ) HEOOXIIHICTH
I'1C . pILLIEHb, -
IHTEJIeKT, | TPAHCIOPTHH KBaTi(hiKOBaHHUX
3MEHILIEHHS :
MalIMHHE | MM 3ac00aMHu KaJIpiB
BUTpAT
HaBYaHHS

VY cBiTi icHy€e 6araTo mpuKiIaaAiB BUKOpUCTaHHA I T-TeXHOJOri y mpoeKTax
pPO3BUTKY TpaHCHoOpTHOI 1HPpacTpykTypu. Y CIIIA kommnanis IBM po3pobuna
cuctemy ACY/IP, sdxa BuKopucToByeTbhcsi Ha aBromaricrpani [-95 y mrati
@nopuna. g cucrema 103BoJIss€ KOHTPOJIIOBATH JOPOXKHIM pyX Ta perysoBaTH
CBITII0O(OpH, 10 MPU3BEJIO 10 3HIKEHHS aBapiiHOCTI HA 20%. VY SnoHii komnaHis
Toyota po3pobmita cuctemy ITC, sika BUKOPHUCTOBYETHCSI B MICTI Woxorama. 1ls
CUCTEMA JTI03BOJISIE MPOTHO3YBATH TIOPOKHIO CUTYAIIIIO Ta PO3MOUISATH TPAHCTIOPTHI
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MOTOKH, 1110 TIPU3BEJIO JI0 3HUKEHHS 3aTPUMOK Y TIOPOKHBbOMY pyci Ha 25%. Y Kurai
kommaniss Huawei pospobuna cuctemy CYTC, ska BHKOPUCTOBYETHCS IS
YOPABIIHHSA TIPOMaJCbKUM TpaHcnoproM y wMicti Illenpwkenb. Llg cucrema
JI03BOJIsIE€ TUCTAHIIIMHO KepyBaTH aBTOOycaMH Ta Tposie0ycaMu, 110 MPU3BENIO 10
N1JBULIEHHS MyHKTYaJIbHOCTI FPOMaJICBKOr0 TpaHcnopty Ha 95%.

[linBumieHHs: O€3MeKu € OJHIEI0 3 HAWBAKIIMBIIIMX NEpeBar BUKOPUCTAHHS
IT-rexHosoriii y mnpoekTax po3BUTKY TPAHCHOPTHOI iHppacTpykrypu. IT-
TEXHOJIOT1i JI03BOJISIIOTh BUSIBJIATU Ta pearyBaTh Ha aBapiiiHi CUTYyalli, a TaKoxX
3anobirati  iX BUHMKHeHHIO. Hanpuxnan, cucremu ACYIP  103BONSIOTH
KOHTPOJIIOBATH JOPOKHIM pyX Ta PeryiroBaTH CBITIO(YOpH, MO MPU3BOAUTH /10
3HUKEHHS aBapiiHOCTI.

[TigBuiieHHs €PEKTUBHOCTI TAKOXK € BAXKIJIMBOIO TMEPEBArol0 BUKOPUCTAHHS
IT-rexuomnoriii. [T-rexHOIOTIT TO3BOISAIOTH ONTUMI3yBaTH TPAHCIIOPTHI TOTOKH, 1110
MPU3BOJUTH 0 3HIDKCHHS BUTPAT Ha TPAHCIOPTYBAHHS Ta MiABUIICHHS DPIBHSA
ob0cnyroByBanHs nacaxupiB. Hanpukinan, cucremu [TC 103BomsiI0Th TPOTHO3YBATH
JOPOKHIO CHUTYalll0 Ta PO3HOJAUISATH TPAHCIOPTHI MOTOKH, IIO MPU3BOAMUTH IO
3HMYKEHHS 3aTPUMOK Y JOPOKHBOMY PYCI.

3MEHIICHHS] €KOJIOTIYHOTO HABAaHTAXXEHHS € 1€ OJHIEI0 IEepPEeBaror
BukopuctanHsa [T-texHosoriid. IT-TexHoOrii 103BOJISIIOTH 3MEHIIWTU BUKUIU
HIKIJUIMBUX PEYOBUH Yy HaBKONMIIHE cepenosuiie. Hanpuxnaa, cucremu CYTC
JO3BOJISIIOTH IUCTAHIIIIHO KEPYBaTH TPAHCIOPTHUMU 3aC00aMHU, 110 NPU3BOAUTD J0
3HI)KEHHSI CTIO’KMBAHHSI MAJIUBA.

Bucoka BapTiCTh € OZHUM 3 OCHOBHUX HENONIKIB BUKOpHcTaHHS [T-
TEXHOJIOTIH y NMPOEKTaX PO3BUTKY TPAHCTIOPTHOI iHpacTpykTypH. IT-TexHomorii €
CKJIQJJHUMU Ta TOPOTUMHU CUCTEMAMHU.

3anexuicte Bif [T-iHQpacTpyKTypH € 111e OAHUM HEIOJIKOM BUKOPHCTAHHS
IT-TexHOJIOTIHA. IT-TexnoJorii BUMAararoThb HaAsIBHOCTI HaI1HHOI Ta
BUCOKOMPOyKTUBHOI [ T-iHDpacTpykTypH.

HeoOx11HICTh MIATOTOBKY KaJpIiB € 1€ OJHUM HEJO0JIIKOM BUKOpHCTaHHS [T-
TeXHOJIOT1H. /{15 ekcrutyaTanii Ta oocimyroByBanHs [ T-cucTeM y npoekTax po3BUTKY
TPAHCIIOPTHOT IHPPACTPYKTYpH HEOOX1AHI KBATI(PiKOBaHI KaIpH.

MoskHa HaBeCTH HAEsKI JOJATKOBI MPHUKIaJAM BUKOpPUCTaHHS cydacHux [T-
TEXHOJIOT1H y IPOEKTaX PO3BUTKY TPAHCHOPTHOI IHPPACTPYKTYpH:

1) BHUKOpUCTAaHHS IITYYHOrO 1HTEJIEKTY JJIsl BUSBJICHHS Ta MPOTHO3YBaHHS
JIOPOKHIX 3aTOPIB;

2) BUKOPUCTAHHS MAIIMHHOTO HAaBYaHHS JUIs ONTHMI3aIlli MapuipyTiB
IrpOMaJICbKOT'0 TPAHCIIOPTY;

3) BHUKOpHUCTaHHS 0€3MIJIOTHHUX JITAJIbHUX arapaTiB JJI1 MOHITOPUHTY CTaHY
TPaHCTIOPTHOT 1HGPACTPYKTYPH;

Posutok cyuacHux IT-rexHomoriii BiAKpWMBa€ HOBI MOMKIJIMBOCTI JIJIst
MIIBUIIEHHS  €(QEKTUBHOCTI, OE€3MeKM Ta  EKOJIOTIYHOCTI  TPAHCHOPTHOI
1H(}pacTpykTypu. Y HOAANBIIOMY CIIJT pO3pOOJISITH IHCTpyMEHTapiil (Mozaeni Ta
METO/M), SIKI JIEKUTh B OCHOBI CTBOPEHHS IH(MOpPMALIMHUX TEXHOJOIIN s
BUPILIEHHS  3aJa4  yIOpaBIlHHA  OPOEKTaMH  PO3BUTKY  TPAHCHOPTHOI
1H(PACTPYKTYPH MICT Ta PET1OHIB.
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BucnoBku. Ha panuii 9ac poO3BUTOK TPAHCHOPTHOI 1HGPACTPYKTYpHU
HEMOJXKJIUBHM 0€3 BUKOPUCTAHHS TPOESKTHOTO M1X0/Ty Ta Cy4acCHUX 1HPOpMaIIHHIX
CUCTEM Ta TEXHOJIOTH. Y CBITI € 0arato NpuKJIaAiB BUKOPUCTAHHS 1HPOPMaLITHUX
cucTeM, sKi 0a3yloTbCid HAa IHHOBAaLIMHUX 1H(OPMALIMHUX TEXHONOTisX. Bonu
MaroTh CBOi MepeBaru Ta HeAoJ1KU. He3Baxatoun Ha HEAOIKH, BUKOpucTaHHs [T-
TEXHOJIOTIA Yy  TPOEKTaxX PO3BUTKY TPAHCHOPTHOI  1HPPACTPYKTypH €
NEPCHEKTUBHUM HampsiMKOM. Po3Butok cyuyacHux IT-texHosoriil BiIkpuBae HOBI
MOXJIMBOCTI 11 MIiABUILECHHS €(PEKTUBHOCTI, OE€3MeKH Ta EKOJOTIYHOCTI
TPAaHCHOPTHUX CHUCTEM. Y HaAHOIMKYlI POKM MOXKHA OYIKYBATH MOJAJBIIOTO
PO3BUTKY Ta BIpoBakeHHA [T-TexHosoriii y mpoekrax po3BUTKY TPaHCIOPTHOI
iHppacTpykTypu. L{boMy cnpusiTUME NOAANBUINN PO3BUTOK 1 yaockoHayeHHs [T-
TEXHOJIOT1H, 3pPOCTaHHS IMONMUTY Ha e(EKTHUBHI, Oe3Me4Hi Ta E€KOJOTIYHO YHCTI
TPAHCHIOPTHI CHUCTEMH, a TaKOXX 301IbIICHHS (DIHAHCYBaHHS MPOEKTIB PO3BUTKY
TpaHCHOpPTHOT 1HGpacTpyKkTypu. MaitOyTHi 1H(MOpMaIiiHI CHUCTEeMHU y TPOEKTax
PO3BUTKY TPAHCIOPTHOI 1HGPACTPYKTYpH O0a3yBaTUMYThCS Ha TEXHOJIOTISNX
HITYYHOr'O IHTEJIEKT Ta MAIIMHHOIO HABYAHHS, Kl MOXYTbh OyTH BUKOpPUCTaHI JJIs
IPOTrHO3YBaHHS JOPOXXHBOI CUTYyallli Ta YHNPaBIiHHSA TPAHCHOPTHUMHU IOTOKAMHU.
ABTOHOMHI TpPAaHCIOPTHI 3aCO0M MOXXYTh JONOMOITH MIABUIIMTUA O€3MEKy Ta
e(eKTUBHICT, TpaHcmopTHUX cucteM. ['eoindopmaniitni cucremu (I'IC)
3a0e3neyvarb aHali3 TPAaHCHOPTHOT IHPPACTPYKTYpH Ta IJIAHYBAHHS TPAHCIIOPTHHUX
npoekTiB. BrpoBamxenns IT-texHonorii y npoekTtax pO3BUTKY TPaHCHOPTHOI
1H(}pacTpyKTypH 3a0€3MeYNTh 3HAUHUN TO3UTUBHUHN BILUIUB HA PO3BUTOK €KOHOMIKHU
Ta CyCIJIbCTBA B LIJIOMY.

Bioaiorpagiunuii cnucok

1. Bushuyev S., Bushuiev D., Zaprivoda A., Babayev J., Elmas C., Emotional
infection of management infrastructure projects based on the agile transformation.
CEUR Workshop Proceedings 2565 (2020) 1-12.

2. Kobylkin D., Zachko O., Popovych V., Burak N., Golovatyi R., Wolff C.
Models for Changes Management in Infrastructure Projects, in: ITPM, 2020, pp.
106-115.

3. Tryhuba A., Tryhuba I., Bashynsky O., Kondysiuk I., Koval N., Bondarchuk
L., Conceptual Model of Management of Technologically Integrated Industry
Development Projects. IEEE 15th International Conference on Computer Sciences and
Information Technologies, CSIT-2020, IEEE, Lviv, 2020, pp. 155-158.

4. Kondysiuk I., Tryhuba A., Bashynsky O., Dembitskyi V., Myskovets 1.,
Formation and risk assessment of stakeholders value of motor transport enterprises
development projects, International Scientific and Technical Conference on
Computer Sciences and Information Technologies. 2021, 2, pp. 303-306.

5. Koval N., Tryhuba A., Kondysiuk I., Tryhuba I., Boiarchuk O., Rudynets
M., Grabovets V., Onyshchuk V. Forecasting the fund of time for performance of
works in hybrid projects using machine training technologies. 3rd International
Workshop on Modern Machine Learning Technologies and Data Science Workshop,
MoMLeT and DS 2021, CEUR Workshop Proceedings 2917, Lviv-Shatsk, 2021, pp.
196-206.

97



Section 5.
Information technologies of economic and ecological assessment of projects and
systems in energy and agro-industrial complex.

Laboratory of heat energy installations,
Corps of the Faculty of Mechanics, Power Engineering and Information Technologies
(49m)
Head of the section: Vitaliy Boyarchuk
Secretary: Taras Stanytskyy

98



FORMATION OF THE ECONOMIC POTENTIAL OF AGRICULTURAL
ENTERPRISES IN UKRAINE
S.Kolach, Associate Professor of the Department of Economics of LNEU , Z.
Myronchuk Associate Professor of the Department of Economics of LNEU Y.
Perih, graduate student of LNEU
Annotation. The activities of agricultural enterprises in modern conditions
require the achievement of high results of their functioning, and only in the case of
finding new forms of production organization, manufacturing and introduction of
new types of products, development of new sales markets for goods and services,
the desired results can be achieved.
Key words : economic potential, resource potential, innovation potential,
agricultural enterprises.

The main factor in the formation of the economic potential of agricultural
enterprises is the available innovative potential, which enables the enterprise to
achieve its goals, namely: to reduce production costs, increase profit, and generally
expand its activities and gain a foothold in the competitive market.

* the economic policy of all levels
should be directed to the realization of
the existing opportunities of the country's
technical, economic, and intellectual
potentia

o focus on promising areas of
innovative development

Formation  of  the « formation  of  innovative
economic potential of | infrastructure;
agricultural enterprises in « development and implementation
Ukraine of regional innovative programs;

e improvement of the system of
financing and stimulation of scientific
activity in the agricultural direction;

« financial support for young
aspiring entrepreneurs and the
development of wvarious forms of
innovative entrepreneurship

Fig. 1. Directions of formation of the economic potential of agricultural enterprises
in Ukraine.

The use of own energy resources, which are a key factor in the development
of the economy of each country, is extremely important for the growth of the
economic potential of agricultural enterprises. Agriculture of Ukraine is an
industry with high energy intensity of products, which reduces its competitiveness.
According to T. L. Babynets, 0.89 kg of U.P. is spent on 1 kg of agricultural
products, while in the EU countries - 0.34 [1]. Therefore, in order to improve the
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activity of agricultural enterprises, it is necessary to reduce the level of
consumption of energy resources to the average global level by introducing various
innovative projects. Great experience can be gained in economically developed
countries regarding their introduction and implementation by agricultural
producers.

Large reserves in the formation of the economic potential of agricultural
enterprises are concentrated in the use of resource-saving technologies (minimum
tillage, use of wide-engraving equipment, precision farming, etc.). Their
introduction in the agricultural sector allows you to significantly reduce fuel
consumption and, as a result, reduce the cost of production.

Scientific studies and practice show that the use of minimal tillage allows to
reduce the energy consumption of products by 20...30%. Work in this direction has
been intensively carried out since the middle of the 20th century. Soil cultivation
without plowing (zero tillage or No-Till technology) allows you to reduce
production costs (time, fuel and lubricants, fertilizers, etc.), achieve a low
production cost and, therefore, increase profitability. The advantages of this
farming system are as follows: the fleet of necessary equipment is reduced by 90%
and, as a result, depreciation costs; 70% less fuel and lubricants are used; 50%
reduction in cultivation time; real saving of fertilizers — up to 30%. In the USA,
23% of sown areas are cultivated under this system, in Brazil - up to 60%. The
Agro-Soyuz corporation, Dnipropetrovsk region, has experience in using this
technology in the conditions of Ukraine. However, in order to implement this
technology, it is necessary to work for 10 years on crop rotation, to get rid of
weeds, pests, etc. It is also worth understanding that for powerful equipment with
high productivity, considerable sown areas are required [2].

A special and important factor influencing the economic potential of the agro-
industrial complex is the implementation of an ecologically oriented strategy of
socio-economic development and the mobilization of the scientific, technical and
economic potential of the state to overcome the ecological crisis and restore the
economy of Ukraine after the war in general. Therefore, the basis for safe and
effective functioning of the country is rational, ecologically balanced nature
management. The new strategy for the development of the agricultural sector
should be based on the following principles: a rational combination of market and
state mechanisms for regulating nature use and environmental relations, an optimal
combination of sectoral and territorial management of nature use, resolution of
resource and environmental problems by local authorities [3].

It should be emphasized that resource potential is not just a collection of
resources, it is a system, a complex concept, since all resources are closely
interconnected and interact. [1, p. 74]. The resource potential is also characterized
by the ability of business entities to use it in a certain amount and of the
appropriate quality of the available resources with the appropriate limitations of the
internal and external environment.

Thus, the resource potential of agricultural enterprises determines their ability
to conduct agricultural production, determines the competitiveness of agricultural
products, creates conditions for the employment of the rural population, which is
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important, affects the food supply of the country's population. The formation of a
balanced resource potential of agricultural enterprises should be carried out on a
comprehensive basis, taking into account the influence of regional natural and
climatic features, natural assimilation, and should also contribute to the
improvement of agricultural systems. At the same time, the implementation of
strategies for the formation and use of the resource potential of agrarian enterprises
should be based on the activation of measures to green production in order to
reduce the negative anthropogenic and technogenic impact on agrosystems.
References:
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ACCOUNTING CONSULTING IN THE IT-SPHERE AND ITS IMPACT
ON THE EFFICIENCY OF THE ENTERPRISE
Z.P. Myronchuk, PhD in Economics, Lviv National

University of Environmental Management

N.E. Tsitska, PhD in Economics, Lviv National

Lviv National University of Environmental Management

S.M. Kolach, PhD in Economics, Lviv National
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The purpose of this scientific article is to systematically consider the
essence and prospects of accounting consulting development in the context of
enterprise management in the IT-sphere. In particular, the study is aimed at
identifying the theoretical foundations and practical aspects of accounting
consulting, analyzing the impact of its application on the financial stability and
efficiency of the enterprise, as well as forecasting trends in its further
development. The forecast is related to the fact that in the future, accounting
consulting in the IT sphere will continue to integrate modern technologies, focus
on analytics and strategic management.

Keywords: accounting, consulting, IT technologies, management,
digitalization, automation.

The current state of the economy encourages the development of IT
technologies based on the organization of remote forms, which provides
accounting and reporting, information support for enterprise management.

IT consulting is becoming an increasingly popular type of consulting
service. It helps companies to implement and use information technology to
optimize business processes. During this service, experts give recommendations
on the creation, implementation and development of internal corporate IT
systems. In some cases, they also develop such complexes from scratch or offer
ready-made solutions based on current goals, objectives, problems, and business
specialization. These include customer relationship management systems (CRM),
enterprise resource planning systems (ERP), collaboration software (Groupware
systems), network information systems (NIS systems), and much more. In
addition, IT consulting includes IT audit: a set of measures to assess the level of
automation of business processes in a company.

Domestic  enterprises are rapidly restructuring their accounting
digitalization system. The high rate of introduction of new forms of
informatization intensifies competition between enterprises and dictates certain
requirements for management efficiency to market participants. In such a
situation, we can confidently predict the development of effective demand for
consulting services in the field of accounting and taxation.

Accounting consulting is an integral part of modern enterprise
management, which aims to provide qualified financial, accounting and analytical
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support to governing bodies and management. This process includes analysis,
recommendations and implementation of effective accounting and financial
management strategies.

In Ukraine, a significant share of the demand for management information
consulting falls on development projects for small and medium-sized enterprises
operating in various sectors of the economy. Many such projects cannot be
implemented by in-house accountants whose experience and qualifications in
organizing remote accounting work are insufficient, and external specialists are
therefore involved.

In our opinion, there are basic principles and methods of accounting
consulting in the IT sector and their application to improve the efficiency of the
company.

Principles and methods of accounting
consulting

Independence

Iiiiiiiiiiiiiiill
approach

Fig. 1 Basic principles and methods of accounting consulting in the IT
sphere and for the efficiency of the enterprise

The development of accounting consulting in the IT sector is a prerequisite
for effective financial management and achievement of strategic goals of the
enterprise. Understanding of the specific features of this industry and the ability to
work with modern technologies determine the success of an accounting consultant
in the IT sector.
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3abe3neyeHHA NPOAOBO/IbYOI 6e3rMeKK AepXKaBn Ha 6a3i JoOpPO6KY
(I3IOKPaTUYHOT eKOHOMIKO-(ISI0COPCLKOT YMKN

O.P. BacunuHa, K.e.H., goueHT JIHYTI
H.B. 3enicko K.e.H., goueHT JIHYTI
C.M. Konay, K.e.H., goueHT JIHYTI

KO.A. MNepir, acnipaHT JIHYTI

In the articlewe analysed world philosophical-view and economic aspects of
scientific inheritance of representatives of Ukrainian science. Actuality of studies
of fiziokrativ consists in the decision of food problem of the state. Ukrainian
school of physical economy develops scientific thought which provides the output
of Ukraine and world on the way of progress.

Key words: food safety, physical economy, fiziokraty, food, welfare.

CBITOrNIAHI, eKOHOMIYHI, eKONIoriYHi, couianbHi, AemorpadiyHi Ta iHLWiI
BUKNNKM, 3 AKMMM  3iLUTOBXHY/IOCA CBITOBE  CMIBTOBApWUCTBO, CbOrOAHI
MepeTBOPIOKOTLCA Ha rNo6asbHi 3arpo3un. JOoMiHYHOUMMUK CTaKOTb Ti, LLO 3yMOB/IEHI
Bafjamy rocnojaproBaHHs, HULLIBHUM PYHYBAHHAM HaBKO/IMLLIHLOMO MPUPOAHOIO
cepeao BMLLA, He3daTHICTIO Xova 6 MiHIMasbHO 3abe3neynmTn piBeHb Ta AKICTb
XUTTA A1 KOXKHOTO TPETbOro MeLUKaHUs niaHeTu. Linsinisauis nepebysae y CTaHi
rMMB0KOT CUCTEMHOT KPU3KM, SKa 0XOonuna colianbHi, AeMorpagivyHi, eKOHOMIYHI
eKO/IOrIYHI acrnekTu.

YKpaiHCbKa LWKOMa (i3nYHOI eKOHOMIT 3anponoHyBasia OpuUriHasibHe
BUpiLLEHHSA MPOA0BO/LYOI NPo6/eMun, B OCHOBY SIKOro 6yn0 NOK/ageHo eHeprito
CoHUA M KOCMIYHMX CW/, WO HaAxogaTb A0 nnaHetn 3emnd. PauioHanbHO
nobyaoesaHa npaud JIOAMHWM B CiIbCbKOMY TOCMOJapcTBi, TEXHIYHO Ta
TEXHOMOrIYHO MifcuneHa, NOBUHHA CrPUAT 3POCTaHHIO L€l eHeprii. HOBITHSA
(bi3nyHa eKOHOMIA AOCHIMKYE €EKOHOMIYHI fBuUWA |1 npouecu Yy TiCHOMY
B3aEMO3B’A3KY 3 E€HEepreTMUYHO-PEYOBUHHMMMK Ta GioiH(pOPMaLiNHUMK NOTOKaMK,
Wo HagxooatTb 3 Kocmocy. Lle gae 3mory 3HalTy nisHaBa/lbHY OCHOBY [N
MPOCTOPOBOr0 MO/E/N0BaHHA 30epeXxeHHs1 6iomMacy >XMBOI PeYOBMHM B MPOLECI
rocrnofapcbkoi AisnbHOCTI. [1]. MepBUHHOIO NaHKOK Yy HAKOMWYeHHI TakoT eHepril
HVMW BU3HAETLCS 3eM/1A Ta POC/TUHN.

BrneBHEHO MOXHa CTBEpKYBaTu, LLO BMPILLIMTU MNPOLOBOMLYY MNpobnemy
NOTPIGHO Ha 3acajax (i3nYHOT eKOHOMIT Ta KOHUenuii CTanoro pPOo3BUTKY.
[ConoBHUMK pecypcamu A4 ii po3B’A3aHHs, 3a M. PyaeHKoM, € N’ATb abCONOTHUX
Gnar — 3eMns, 3epHO, CoMoMa, Xyao6a, rHin.

JocArHeHHs npofoBosibyoi 6e3nekn y XXI CTONITTI — Ue TUTaHiuHe
3aBjaHHA.

[MoripweHHa iHaHCOBOro CTaHy arpornpomMmncioBuX MigNPUEMCTB, HecTaya
(piHaHCOBMX pPecypciB, HEMOX/IMBICTb BMKOPUCTAHHA Cy4YaCHWUX TEXHOMOrIn |
TEXHIKW, HM3bKa peHTabe/IbHICTb Ais/IbHOCTI CBif4aTb NPO HasBHICTb Npobnem, AKi
CTBOPIOKOTL 3arpo3y MpoaoBO/bYin 6Ge3neui Ta NPOAOBO/bYIA  HEe3aNeXHOCTI
YKpaiHu [4].
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HeopanHapHa noctate M. PypgeHka, i voro npaui «EHepris nporpecy»,
«[CHOCKC 1 CyyvacHICTb» MOTPebYOTb [NMOLION0 BMBYEHHS, MalOTb LUMPOKO
nponaryBaTucs cepes, yrpasniHLiB, HayKoBLiB i cTygeHTis. [3]. Moro npaui — e
SKICHO HOBE CNOBO B Cy4aCHOMY OCMWC/EHHI Teopil i MpaKTUKN eBOMOLIAHOIO
PO3BUTKY JIHOACTBA, OCKI/IbKM 3'ABUANCA BHACNIAOK IHTErpyBaHHA 3HaHb 3
GaraTbOX rasy3ei XUTTA | Jal0Tb KNKOY [0 MabyTHbOrO XXUTENSIM MNaHeTw,
HaNsAKaHUM 3arpo3amy rnob6anizauii. PO3yMIHHA 3epHa SIK HaliBaXK/MBILIOIrO 3
abCoMOTHUX 6n1ar BiAKpMBaE GayeHHS LWIAXIB NMPUHLUNOBO HOBOTO BUPILLEHHS
MOHeTapHNX Npo6/siem. AKLWO eTasloHOM BapTOCTi 3pobuTn 1 T abo 1 1, nweHuyi —
«COTHI MIfIbMOHIB 3eMnsiH 6ynn 6 BpsATOBaHi  BiJ TrONOAHOI CMepTi», -
NepekoHNMBO cTBepAKyBaB M. PygeHko [4].

Micieto YKpaiHu € He TilbKN BXOLKEHHS Y CBITOBMIA HAYKOBUI MPOCTIP Ha
6a3i  [0poOKYy  (hi3iOKpaTUUHOI  eKOHOMiKo-(inocopcbkol  aymkm  C.
lMofonnHcbLKoro, B. BepHaacbkoro, M. PyaeHka, a rnepefycim, CTaHOB/IEHHS
HOBITHIX (hyHAAMeHTallbHUX [OCNIMKEHb PO3BUTKY, GaraTcTBa Ta LiHHOCTEN Ha
npoTmBary pyrHiBHOMY, BIpTya/lbHO-(hiHAHCOBOMY Ta  TEXHOKpPaTUYHOMY
rno6anismy.

BiTUM3HAHI HayKOBi IHCTUTYLIT CMPOMOXHI IHILiFOBATU MPVHLMNOBO HOBI
(hyHAaMeHTa/IbHI Ta NPUKAagHi AOCNIMKEHHS, HOBATOPCbKI MPOrHO3W, MiOHEpPHI
BUAABHUYI MPOEKTU, KOHrpecKn, KOHMepeHuii, CceMiHapu Ta IHWI 3axoau,
MOK/IMKaHI aKTMBI3yBaTN OHOB/IEHHA MUC/IEHHS, FOCMNOAaptoBaHHA Ta ypsaLyBaHHS.

OCHOBHOIO METOK arpapHux pegopm Ta X pe3yNbTaTMBHICTIO 3 MO3NLT
CTalOr0  PO3BUTKY € 30i/bLUEHHS BMPOOHMLTBA 11 HA[/IMLLIKY 3epHa £K
HaliBa>KNMBILLOr0 3 abCONKOTHUX 6nar y cBiTi. HapoLlyBaHHSA 3epHOBUPOOHMLITBA —
OCHOBa peanisauii rnobanbHOi Micii YkpaiHu. [depXXaBHuLUbKa MOMITUKA LLOAO
HaJ/IMLLKY 3epHa Mae NPU3BOAMTU He 40 NafiHHSA BHYTPILWHIX LiH Ha 3epHo, a [0
PO3KBITY arpapHo-npoAoBo/ibY0l chepn, (iHaHCOBO-rPOLIOBOI  CTabiNIbHOCTI,
eHepreTMYHOI He3a/IeXHOCTI Ta CBITOBOro nigepctsa. BnacHe npeacTaBHUKM
LLIKONN (PI3UYHOT eKOHOMIT pO3BMBAKOTL TY LiapMHY HayKOBOI AYMKW, AOTPUMAHHS
KpUTEPITB SKOT 3a0e3nedye BUXif YKpaiHW i CBITY Ha LAX Nporpecy.
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ANALYSIS AND MODELING OF ECONOMIC EFFICIENCY IN
IMPLEMENTING SOLAR ENERGY SYSTEMS IN THE AGRO-
INDUSTRIAL COMPLEX

S. Syrotyuk, PhD, H. Syrotyuk, PhD, K. Yankovska, PhD, Lviv National
Environmental University
J. Gietzecki, PhD, T. Jakubowski, DSc, Agricultural University of Krakow, Poland

Abstract: This paper examines the current challenges faced by modern agro-
industrial complexes in the fields of energy and sustainable development. The
feasibility of transitioning to alternative energy sources, particularly solar energy, is
highlighted as it can enhance efficiency and reduce environmental impact in the agro-
industrial sector. The advantages of implementing solar energy systems are
discussed, and an analysis and modeling of their economic efficiency in agriculture
are conducted.

Keywords: solar energy systems, sustainable development, economic
efficiency, modeling.

Modern agro-industrial complexes are facing unprecedented challenges in the
fields of energy and sustainable development. Rising electricity costs, reduced
accessibility to traditional energy sources, and increasing environmental issues
demand the utilization of alternative energy sources. Solar energy has become one of
the key alternatives for the agro-industrial sector, which can contribute to increased
efficiency and reduced negative environmental impact.

Solar energy systems are technologies that utilize solar energy to generate
electricity. They include solar panels that convert solar radiation into electrical
energy and storage systems that allow the accumulation of energy for use during
nighttime or periods when the sun is not shining.

The analysis of the economic feasibility of implementing solar energy systems
in the agro-industrial complex involves calculating investment costs, operational
expenses, revenues from surplus energy sales, and energy savings during the system's
operational lifespan. Various economic models and forecasting programs can be used
for this purpose.

The economic analysis of implementing solar energy systems in the agro-
industrial complex can be broken down into three stages:

1. Estimation of implementation costs of solar energy systems, including
expenses for the acquisition and installation of solar panels, inverters, storage
systems, as well as engineering work and permitting documentation. It is also crucial
to consider maintenance and repair costs during the system's operation.

2. Assessment of economic benefits. Solar energy systems allow for a reduction
in electricity expenses, which is a primary argument in favor of their implementation.
Additionally, many countries offer programs and incentives for agricultural
enterprises using solar energy systems, such as subsidies or tax incentives.

3. Modeling the economic efficiency of implementing solar energy systems.
Various financial models are used to account for expenses, revenues, and other
factors. These models help calculate the payback period and overall profitability of
the investments.
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It is also essential to consider the issue of energy supply stability. Solar energy
systems enable enterprises to become less dependent on fluctuating electricity prices
and provide a stable source of energy, which can be crucial in times of energy
resource market fluctuations.

One of the main advantages of using solar energy systems is the reduction in
electricity expenses. Agricultural enterprises spend significant amounts on electricity
for lighting, heating, and other needs. Installing solar panels allows them to generate
their own electricity and reduce their reliance on external suppliers.

Solar energy systems can generate more electricity than businesses need. Excess
energy can be sold on the local market or fed back into the grid. This opens up a new
source of income for agro-industrial enterprises, especially during seasons of low
electricity consumption. This is possible when implementing mechanisms like Net
Metering or Net Billing as an alternative to or in addition to the “green” tariff.

The calculation of the economic feasibility of implementing solar energy
systems in the agro-industrial complex involves a series of steps and considers
specific factors, including:

Determining the costs of installing solar energy systems.

Determining the capacity and productivity of solar panels.

Assessing energy savings through the use of solar energy systems.

Determining maintenance and support costs for solar energy systems.

Accounting for financing costs or investments used to fund the project.

Calculating income from selling generated electricity or energy savings.

Calculating profit.

Calculating the return on investment, indicating how many years it will take to
cover costs and start generating a profit.

Considering other factors such as taxes, inflation, and changes in electricity
tariffs, which can impact the project's economic efficiency.

The implementation of solar energy systems in the agro-industrial complex can
have a significant economic and environmental impact. Analyzing and modeling the
economic feasibility of implementing these systems is a crucial tool for making
decisions regarding investments in renewable energy.
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BIPTYAJIbHI MOMIHHNKW HA OCHOBI HEMPOHHNX MEPEXX A1
MNMPUNHATTA PILLEHb B CIJ/IbCbKOMY INOCINO4APCTBI

A.M.)Kenes3HsK, K.e.H., B.B. [1TalWHKK, K. T.H.,
B.5. CMONIHCbKNIA, K.€.H., Maatoka P.1., K.T.H.
J1bBIBCbKMI HaLliOHANbHWIA YHIBEPCUTET NPUPOAOKOPUCTYBAHHS

In today's world of innovation and high technology, agricultural businesses
are constantly looking for new ways to optimize their processes. Neural networks
are one of the most effective technologies available on the market today. OpenAl
can play the role of a farmer's virtual assistant, helping to solve various tasks and
automate work processes in agriculture.

Keywords: neural networks, virtual assistant, OpenAl, agriculture

CinbCbKe rocnoaapcTBo B 6araTtbOX KpaiHax CBiTY € BUCOKOTEXHO/OMYHO
rasy3sto, fka pO3BMBAETLCA 3 HAMNPSMKY 3aCTOCYBaHHSA IHTeNeKTya/lbHUX
IHpopMaLinHNX cucTeM, smart-TEXHOMOTIN, IHTEPHETY peyeit, Moaenein obpobKu
BE/IMKMX AaHWX, LWUTYYHOrO iHTeNneKkTy Toulo. 2023 pik 03HaMeHyBaBCA MacOBMM
BUKOPUCTaHHAM MOTY)XHUX MOBHUX Mopgeneit, Takmx Ak ChatGPT, y pi3HUX
npuknagHnx cepax. MeTor [JaHOro [OCHI[KEHHA € BWSABMNEHHSA MepCrneKkTuB
3acTocyBaHHsA OpenAl y hopMi BipTyasbHUX NOMIYHWUKIB ANS1 NPUAHATTS piLleHb B
Ci/IbCbKOMY rocnofapcTsi.

CinbCbKe rocnogapcTBo Ha CbOrofHI CTUKAETbCA 3  PI3HOMaHITHUMMU
BUKINKaMM, AKI BMNMBaKOTb Ha 6i3HeC-NpoLecu rocrnodapcbkoi AisnbHocTi. [o
OCHOBHMX 3 HUX MOXXHa BIIHECTW: 3MIHW KNiMaTy, AediunT pecypcis, KONMMBaHHA Ta
HecTabiNbHOCTI Ha PUHKax, Hectaya pobo4yoi cunn. ArpapHuii 6isHec B YKpaiHi
3a3Hae BMN/MBY HabaraTo 6i/fbLUMX YNHHUKIB, MOB’s3aHMX i3 BIICLKOBOIO arpecieto,
MiHYBaHHAM Ta 3abpyAHEHHAM MOo/iB, BTPATOK JIOACBKMX, MaTepiasibHUX Ta
(hiHaHCOBUX pecypciB, PynHYyBaHHAM IOFICTUYHUX MapLUpyTiB TOLLO. MofonaHHsA
UMX BUKIUKIB MOX/MBE 3aBASKM BrPOBAPKEHHIO MPOrPEeCUBHUX TEXHOMOTIN,
30KpeMa TaKuMX $IK CUCTEMW TOYHOrO 3eM/1Iepo6CTBa, e(EKTMBHE YMpPaBiHHA
pecypcamu, BNPOBaMKEHHSA YCNILLHUX MPaKTUK CTasoro po3BUTKY, 3aCTOCYBaHHSA
MOXX/IMBOCTEN LUTYYHOr O iHTENEKTY A1 06p00OKM AaHMX Ta NPUAHATTS PiLLEHb.

[MpoaHanisyBaBLUM  CBITOBI  MPaKTUKM  3aCTOCYBaHHA  reHepaTMBHOIO
LUTYYHOrO iHTE/NEKTY B CifIbCbKOMY rOCMOAapCTBi, cepef Harbinbl NonynsapHuX
pilleHb MOXXHA BULINITN HACTYIMHI:

1). LUTY4YHWIA [HTENeKT [ANd HaBYaHHA B  Ci/lbCbKOMY TOCMOAAPCTBI.
Mpuknagom gaHoro piweHHs € Farmer.CHAT, akuii hakTUYHO € KOHCY bTaUiiHO
CNY>K60K0 A4 (pepMepiB Ha OCHOBI LUTYYHOrO IHTENIEKTY, MOEAHYHOUM OpraHu
ynpae/iHHA Ta (epmepiB 4719 CMiJIKYyBaHHA B peasibHOMY 4aci. PekomeHpauii
Farmer.CHAT MOXyTb BUKOPUCTOBYBATUCA B POCAMHHULTBI A8 ONTUMI3auit
MpoLeciB, 3MeHLLEHHS BigXO04iB i NiABULLEHHS BPOXaNHOCTI.

2) LUTYYHWUIA iHTENeKT Ana NiATPUMKM pilleHb Ta AOCNILKEHb B Ci/lbCbKOMY
rocrnogapcTsi. Pecypc Ha OCHOBI LUTYYHOTO iHTeIeKTy Semantic Scholar moxe 6yTu
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KOPUCHUM AK Ana (hepmepiB, Tak i Ans AOCMIAHWUKIB, SKI NparHyTb LUBUAKOIO
AOCTYMY 40 HOBUX HayKOBWX 3HaHb.

3) LUTYy4yHWMIA iHTeNeKT ANns BNacHWKIB arpapHoro 6i3Hecy. Hanpuknag
aBTOMaTM30BaHe PilLeHHA 3i LTYYHUM IHTENeKTOM Y00z MOXe Aonomararty
KepiBHMKaM, OyxranTtepam Ta (piHaHCUCTam KepyBaTu paxyHKaMu-akTypamu.

OpfHiel0 3 edeKTMBHMX (JOpM BMKOPWUCTAHHA LUTYYHOrO IHTENeKTy [AnA
arpapHuX BUPOOHUKIB, 0CO6/MBO B YKpaiHi, € 3aCTOCYBaHHA IHTENEKTYa/lbHUX
BipTYa/lbHUX NOMIYHMKIB (HanpukKnag BipTya/bHUA NOMIYHUK agril). PopMyBaHHS
6a3 faHMX Ta 3HaHb Ha OCHOBI BMPILLEHHA HETUMOBWUX CUTYyaliil B arpapHOMy
CeKTopi ()pOHTOBMX Ta NPUMPPOHTOBMX PerioHax MOXKe MO3UTMBHO BM/IMHYTU Ha
npouecy NPUAHATTA pillieHb Ta NOA0MAaHHA BUKIUNKIB.

Ha cborofHi € pi3Hi TpaKTyBaHHS MOHATTA «iHTENEKTYalbHUI BipTyanbHUN
MOMIYHMK», BINbLUICTb 3 AKUX MNepefdavyae BUKOPUCTAHHS TEXHOMONIA LWITYYHOrO
IHTENEKTY Ta MallMHHOI0 HaBYaHHS, reHepawito NepcoHaslizoBaHNX BifnoBigen Ha
OCHOBI MonepeaHix faHnX, pe3y/bTaTiB HaBYaHHSA, 6a3 faHWNX Ta 3HaHb.

MpoaHanizyBaBLUM ICHYHOYI NPaKTUKW, BUAIIMMO MEPCMEKTUBHI HampAMu
BUKOPUCTaHHS  IHTENEKTYaNlbHUX  BIPTyaslbHUX MOMIYHUKIB AN HEBEIMKUX
(hepMepCbKMX rocnofapcTs:

1)  aHani3 BeNMKMUX 06CAriB aHnX NpPo METEOYMOBW, CTaH I'PYHTY Ta hasu
POCTY CiNlbCbKOrocrnofapcbKunx KynbTyp;

2)  (hopMyBaHHSi aBTOMAaTMU30BaHMX 3BITIB Ta MPOrHO3HUX MOKA3HMKIB,;

3)  BUSABMEHHSI 3aKOHOMIPHOCTEM AaHWX, BUSIBNEHHS  MNOTEHUiAHMX
npo6nem (xBopobu TBApPWH, POCNNH, NOABY LUKIAHWNKIB);

4)  onTumi3sauis CUCTeM MoOMMBY;

5)  onTMmi3sauis KOPMOBUX paLiOHIB TBapUH.

3acTocyBaHHSA HOBITHIX IH(OPMaLiHUX TEXHOMOTIA Ha OCHOBI HEMPOHHUX
MepeX, Y T.4. i y hopMi BIpTyasibHUX MOMIYHUKIB 419 (hepMepiB NOKpaLnTb NPoLec
NPUAHATTA  ePeKTUBHUX YNPaBiHCbKUX pilleHb Yy MepcrnekTuBi. BogHovac
3anpoBaKeHHs AaHOT TEXHO/OrIT 3anexaTnume i Bif pAgy YMHHWUKIB: HasABHOCTI
LUBMAKICHOrO [HTEPHETY, SAKICHMX [aHMX Ta 3HaHb /19 HaBYaHHA Mepexi,
FOTOBHOCTI MeHeIPKMEHTY Ta NepcoHany CifibCbKOrocnoaapcbkoro nignpuemMcTaa
BNPOBaKyBaTh TEXHOMOTIT HA OCHOBI LUTYYHOrO iHTENEKTY Y NPaKTUKY.
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APPLICATION PRODUCTION FUzZY LOGIC RUE BASE FOR ASSESSING
THE MARKET VALUE OF AGRICULTURAL LANDS
S. Kovalyshyn, PhD, Oleg Kovalyshyn, PhD, Oleksandra Kovalyshyn,Professor,
Vitaliy Vlasovets, Professor
Lviv National Environmental University

The authors of the article proposed and justified the possibility of applying fuzzy
logic theory to perform the tasks of determining of the market value of agricultural
lands. Those tasks are of multi-criteria character as multiple factors are taken into
consideration during land value valuation process. The research identifies 17 criteria
(linguistic variables) that characterize the estimated land plot in terms of its soil cover
fertility, location, shape, topography, engineering facilities, various types of pollution,
intended kind of use, etc. Applying those criteria, the authors had set the rules of fuzzy
logic to determine the market value of agricultural land, which are based on the "IF ...,
THEN ..." scheme. That database is founded on the experience and knowledge of
certified land valuation experts.

Key words: fuzzy logic, linguistic variables, criteria, agricultural land, market
value.

The key aspects of introduction of the agricultural land market expect
development of the methodic approaches, which would describe the procedure of
calculations of their market value. Calculation of the value of a land plot is a multi-
target problem, which requires a set of indices for its solution. The indices should
supply the most complete description of its current state and use conditions. Many of
those indices cannot be expressed by a definite figure, some of them are determined by
the impact of ambiguity and the human factor, whereas others are characterized by
incomplete initial data.

The article substantiates expediency of use of fuzzy logic theory to perform the
tasks of determining of the market value of agricultural lands. Those tasks are of multi-
criteria character as multiple factors are taken into consideration during land value
evaluation process. The research identifies 17 criteria (linguistic variables) that
characterize the estimated land plot in terms of its soil cover fertility, location, shape,
topography, engineering facilities, various types of pollution, intended use, etc. The
obtained variable, i.e. value of a land plot, gets the assessment: extremely low (EL),
low (L), low medium (LM), medium (M), high medium (HM), high (H), very high
(VH), basing on the universal set (0-1). A permissible step of each parameter change
is determined as from two to five linguistic terms. It secures a detailed consideration
and analysis of the effect of the factors, making a greater or smaller impact. However,
the more criteria (linguistic variables) are set for characteristics of the assessed land
plot, the more accurate assessment of its market price is.

Using the data the authors of the research has developed a base of fuzzy logic
rules for a definite problem of investigation. That base includes a set of “IF..., THEN
...” rules, and is shaped on the ground of the experience and knowledge of certified
experts of land assessment. In the progress of the base formation, it was enabled to
adapt the base to possible changes, like fertility, degree of pollution, level of
engineering facilities of some land plots, and to the forms of ownership, kind of
intended use, etc.
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In the present case, the Mamdani’s inference is executed on the base of rules
demonstrating experience and comprehension of the cause and effect relations between
an input and output parameter of the studied system of the certified experts of land
assessment.

A general scheme of the system of fuzzy logic inference of the integral
assessment of a land plot is demonstrated at the Fig. 1.

‘Controller_Mamdani_3

(mamdani)

Fig. 1. General scheme of a fuzzy logic inference for the issue of assessment of
the market value of agricultural lands

Processing of the rules and performance of the operations with fuzzy sets supply
multi-criterial assessment of a definite land plot, expressed by the figure A= 0...1.
Considering the value of a reference land plot, which is characterized by the best
indices within a natural-economic area of its location, one can assess its actual market
value :

Vimark = Vsamp A,

where Vmark — 1S @ market value of the assessed land plot;

Vsamp — 1S a value of the reference land plot;

A —is a share of the market value of the szacowanej land plot in the value of a
reference land plot.

Conclusions. The market value of land plots, which is calculated with
application of the methods of fuzzy logic, supplies a base for further use of the obtained
data in the processes, which are directly connected with their turnover, i.e. while they
are sold at the auction, value of pawn in a land bank, and primarily, for assessment of
the value in the process of completing of purchase and sale acts, as the start price for
negotiation.
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nmMrABNWLWEHHA E®PEKTWMUBHOCTI OYHKLUI OHY
KoMn" OTEPHUNX MEPEX HA Tl ACTABI BUK (
TEXHONOINN N BE3WOBAHOI O WI

Mapgwka P.A.NNpwryoall., M. TAW6, K. T.H
MNMTawHnMkKk B. B. , K. T. H.
NNbBi BCbKWUN HaLUIi O HIg/VLpHOWIMD KYOHDI MBCET pyCBIYATI

Abstract. Improving the efficiency of computer networks with the help of
seamless Wi-Fi can be achieved by implementing a number of strategies and
technologies. Strategies include, first of all, the optimal location of routers and
access points, the use of a multi-band network or routers that support different bands.
Routers with support for beamforming technology, which directs the Wi-Fi signal
directly to connected devices, allow you to improve signal quality and data transfer
speed. Increasing the efficiency of WI-FI computer networks also ensures the use of
network monitoring and management software, which allows you to monitor its
performance and respond to possible problems in the network infrastructure.

Keywords: Computer network, seamless Wi-Fi, technologies, increasing
efficiency.

Mi AoBUMWEeHHSHA ePeKTMUBHOCT.I KoMnNn' IOT e
6e3woBHEIO MWKHA AOCATTM WNAXOM BNOPOI
TexXxXHoOnorin.

Cepepg cTpaTtTerim MOXHQN BUWMAMBMA@ , P O AT
MapwpyTmnsaTtTopi B T a TOYOK paocTtyny ( ¢
MapuwpyTmnsaTtTopi B Ta AP B LeHTDPpI npun
BUKOPUCTOBYITbCA 6e3npoTOBI NPUCTQPC

pi BHOMI pHMUW po3nopfin curHany.
BukaepgmHHA ©OGaratopgi an aBamuH od-B amdalpreixai |

MapuwpyTtTunsaTtTopi B, AKI Ni ATPUMYIKOTb Ppi 3F
nigKknwyatTn cTapi Ta HOBI npucTpoil o
nepeBaHTaXeHHS4d MepexXi I . pPeycuyHpec i B a /ivaal
KaHani-msi Wios3BOAE YVHUKHYTMWU nepexKkpunrt
MapwpyTum3aTopu MawTb @QMYHKULI O aBTOMAaT/V
[2].

MapwpyTtTusatTopumu 3 NI ATPUMKOKW TeXHOI
cur Hakhi WaesnocreipekiHewe HWX NPUCTPOT B 4
AKI CTb curHany T a WBUAKI CTb nepepgau
TeXHOoOnor il MIMMD T1paa oM MoOX/nuBi CTb 06
6i Nnbwe npuctTpoiB I 3abes3neyyBaTwn Kpadl

TakasKkKpawnTtTunm edPeKTUWBHI CTb MepexXi C |
QoS (Quality of Service), sKa nonar.
Tpadi Ky (Hanpwuknapg, CTpPpi MI HITry BIi geo
obcnyroBsyBaHHA An1A uUuX popgaTtTkKi B.
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MigaBrnuweHwmMBHEPEKT PYHKUI OHYBaHHA-FIK oM
TaAaKoOX 3abes3nevyye BUKOpPpUMCTOBYMUTeEe npor
Ta ynpaB/li HHA Mepexetw, A K I AAaTb 3 M
pearyBaTun Ha MOX/IUBI npo6nemwu

ana CTBOPEHHSH -Fpie 3 yum @ o Y AWapas F
BUKOPUCTOBYITb [ B:deaauo®sifmimxoVd a pK (@PHITgno
1.). lle AOCTYNHI wWwe pi WeHHA, ane npwu 0
pi 3HMMN paAXepenamMwmw CcUTHaANY MOXNUBI NneE

CeHC Takoi opraHi s3auiAPobmppexHMaBTBON
BUKOHYE€ @MYHKUI T KOHTpoONnepa Yy CcBOT i 3
3pobuTwn. Cyci agHi TOYKWN nNpoxopgdaTtTb cne
Wo PpiBEeHb CUITrHany 3aHapTO HWU3bKWUNI

192.168.1.0/24
// MikroTik .
/- MIKroTik -
((7 -

| -
infernet
Pnc. 1 Peani 3aui-Ai O6®@®e 30 BKHOH TOp 0 AV |
Mapuwpy T nNilaotikdld.i B

Be3woBHMIN Wi KOHTpPONepowm, A€ KOHTPpPO.
ynpasBai HHHA abo 3 a KOHQI rypauyi 0. B ¢
pi 3HocBIvEQUMi aNnbHOT nNporpamMu, WO BUKOHYE
TomMy BOHa ©O6inbwi cTb KNi eEHTI B He Ui Ka
OKpeMOoOr o npucrTpow, 3AaTHOIoO BUKOHYBAT

Cnmcok nitTepaTtypwu

l. TexHomaro6nagHaHHa Wi-RIR EG6egmupBHENE
- https://texnogid.biz.ua/wi-fi/bezshovnyj-wi-fi.html

2. 1. AHani 3 po6oTwWU Mesh NTexedoynpoa ]
http://www.dut.edu.ua/uploads/p_421 42783021.pdf
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BUKOPNCTAEGBHQUD NATI VE | KUBERNETES Y
roCnoagAPCTBI

B, CmMoni Hc,AMu i1 )Kewi € 8@ HBAK., TKT. aeeWHKUK , K.
NNbBi BCbKMUN Haui oHanNnbHWUW YHIiBepcuUrT
l€. I BaHMUBKBNBCKKRBMUHHALI O HBAe/TTbEHPUMIH aypHH
MeaAMUMHN Ta O6i oTexXxXHONOTri M i MeHi

Abstract. Features of the application of cloud technologies and Kubernetes in
agriculture are presented. The advantages and disadvantages of using cloud technologies
and Kubernetes in agriculture are presented. The ability to use the Rafay Systems and
Kubecost tools for managing Kubernetes has been expanded. It is emphasized that cloud
technologies and Kubernetes are promising information support in agriculture.

Keywords: cloud technologies, Kubernetes, Cloud Native, agriculture, data array,
farmers, agribusiness, Rafay Systems, Kubecost

CinbcbKoOrocnopgapecbka ranyseo nepex
BUKOPUCTOBYHYUYM HOBI T CXBHEROK T Wi B [OITAT in.i
KNKWYOBUX TexHoOoNoOriun, L0  CXNMpaUpAHET LTI eMX H T
Kubernetes, o H§NCIBOPpHOBapoBPODOpPpBA®E [
MOXYTb NOKpawumTtm T XHW poboOTYy Ta Hapgas

Cnisg oMi mowvravii, 6 YCTiHIEb Cb @ OM O 4 & P CTAME’ $i33a H
BUKOPMUC TXHROMMPXO Mi 3040KYMMXC /1 OB A N 6 H PBAOVA, T H U
npauywsaTew niwmanmones a H Mxa.MBY Aa4 0MNnoMOFWXO0OAMNT
Kubernetes, 1 K 0D 6 BB a0 K 8 YV@IMY®LE I KTGBHKE»0 € 3 @ ie A Y &l
NNnaB@®EHKLULI OHYBAaAaHHSA.

Kubernetes nepek nagaenbEKEI®eEe pMaHMHM™I 1,081 H
6i N iwag osmiA8s a 6 Kube. Kubernetes—uuen 1 a T (o®BpiMBK PKRIOT M QUM
TOOM@®POT p anHOe 3 M EVHOMHEHIAK O P U C T O B1)OBLM TP UO®B sa,T V
BUBY ATTMMIAH OB MICET y. Blanuwiaammnpp pKap nc T QB g € -
PpO3ropMadHHHTNabOyRBRaAapyYBRAOMHHAE NHE@@RBIAMMI a Xead H S
cnyxb6bamu.

OoeB 3 TONOBHMUX nNnepeBar XMapHUWUX TexX
ocnopgapcTBI € [ 3A4aTHI CTHb ni 4B Wu
PMUOYTKOBMNEXADLY KATiNAB/HBl HCOBCKMTKIO p MU C TOBY IOY N X
rpo6i 3@ @B T OMMDAKT T A yOBNaeTpma i 6 i3p , aHani 3 [
aHUuMM. Lle MoXe pgonwakpralud IpM WBPRPHUAMAT
aranbHY NPOAYKTUBHI CTb. Kpim ToOTa,
| ONPpWEMELITKBGAAMMacwBabyBpOmMpaMmn Ta Kepyaes
lle oaHi ew nepemaxHwnamMapHUX Kuber ni
rocnopgapcrTBi € T X 3A4aTHI CTHb HajgaBarTWu
Hanpuknapg, bepmMepn MOXYTb BUKOPUCTOB'
aHani 3y paHMUKX I 3 AaT4yYnkKki B i APOHI B,
TOUWHOO 3 emMnepobcTBaA. Lle MO Xe LOMNOMOT "
SMEHLWNTMN BUTpaTwu T a Ni 4ABUWNTMN cTabi
arpobi sHecunm MOXYyTb BUKoOopuctosByBaTwum Ku
HOBUX AoAgaTKi B I M GPCWIHYKI 1, M ODRARKTMbX  [ASOKN O M K
3B’ A3aTtTncd 3 KNieHTaMum Ta nokKkpawmTtTmnm 3

W o O~
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Xo4ya XMapHIi TexHonor i i Ta Kubernet
NbCbKoOrocnopgapcbKki W ranysi, 3 1 X BN
Hi €10 3 TONOBHUX MOIpBeGNTaNMm @oCBaKyp @y
pmMepi B T a arpobi sHeci B. Uepes L e
KopumcrtoByBaTKn mnepeBarun XxXMapHUX Tex
nMmKa WMOBI PHIi CTb YyYCKNnafgHEHHSA BNPOB:
AN PTVBE M C

Ocb TVYT | noymHawTb MnNpauvwBaTuM Taki
fay Systems i Kubecost NPONOHY T b
pyBaHHA BEonbennmunesMapHUMM TexXHONOTI
Raf ay Syst ems Hapgae KOMMNDJ/MEeKCHIyI T
3roprtaHHS4a, MacwtTabyBaHHSA T a KepyBa
ner wye CinbcbKOrocnogapcbKkKuUM OPpPT aHi
YyYYKOCTI . Mor o YHiIi KanbHI Py HK LI T
NbCbKoOrocnopgapcbKUWUM opraHHsIBBI amasB,
ToMaTwuszauyi i BCbOIo XUTTEBOTIOoO UMKy
XNUNBOCTI MOHI TOPWUHTY Ta KOHTPOMKW 4f
Ol popaTKW Ta WBMUAKOSKI emMEepxe MeBMID. Yy C
3 i Hworo 60KY, K uubeeHcHoOAs t o nmap oynnopHayBesn i pH
acTtTepi B Kubernetes, Hagatwynm Cci NbCbK
HTPONb, HeoOXIi OHI Anda ontwumi 3aui i B
NMOMOTITMW CiNbCbKOrocnopgapechbK W MIBOHITCCATHI
ABUNWNTKU edPeKTUBHI CTb I SMEHWNTMU BMU
Ni Xy Yy BUCOKOKOHKKPEeaTHIEMKLEC PP P 8BB 1 6
0B ax

Ulle opaHIi e€ew npobnemoti, nNoB’ A3aHOW 3 B
bernetes y mapoTBIKOMY BOLGOAPTHI CTb
NbCbKIi I Mi cueBOCTI . BararTto dbepmepi |
MEeXeHNUM A0 CBTUYCNOOKMD WB M A K I C HIOM oMd el e@HTE!
BHI CTH BUKOPMUCTATWN nNepesaaEritwSX Map H Bxx
KnagHMWTW BNPpOBaAaAXEHHS ULUMUX TEeXHONOT i W
OpHak cuTyaui 9 nNoKpawyeTbCcsa-CEpPpBDEBIBG
BONKUI OHI 3YIOTHb Ni AOKNWYeHARWUX]O0A K®Bii fob a

SpaceX Ta #WoOor o KOOpPHMTYap le & T a ©@eWeb. &lH i iTa | H Wi
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np
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CT

ag BUpPI WeHHASM Ui el npob6nemi
H i opo6i TI | woo6 3ab6e3neyuntTu
MOHaKX. 3aBAoAKN Tawmnmwppdi m
CcTyn A0 WMPOKOCMYTFIOBOTOO
AAaneHdHu MOHaxX MO XY Thb NMOBHI CTH B
bernete y CBOT W Ai anNbHOCTI
TakKnuwmHOXMAaAPpPH.I TexXxXHonorii T a Kube)
hoypiMaH M 3abe3nNevyeHHAM Yy CiNbCbKOMY
eAgCcTaBHWUKI B arpobi sHecy He3a/nexXHo
BAOAKW T M KopucrtyBaui 3MOXYTHb ni oBwu
abi NbHiIi CTb CBOE-TagigopOWWWO@BDIMYY Nie@p O

auwwTb H

BKO/TO3eMm 7

AoaneHux pa
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INTEGRATING INDUSTRY 4.0 DIGITAL TECHNOLOGIES ON
THE ERP-SYSTEMS PLATFORMS TO MANAGE AGRI-FOOD
PRODUCTION AND SUPPLY CHAIN

O. P. Kopishynska?, PhD, Y. V. Utkin!, PhD,
. I. Sliusar?, PhD, K. Z. Makhmudov?, DS,
O. V. Kyrychenko?, PhD
!Poltava State Agrarian University
2Poltava University of Economics and Trade

Abstract: This work shows the possibilities of combining Industry 4.0
technologies with the management of production processes in territorial
communities and agricultural enterprises on the cloud Enterprise Resource Planning
( ERP) S plasfdrne ihe formula of interaction between ERP, Al, IoT is
proposed for accounting, control of agri-food production and supply chains.

Keywords: Industry 4.0, ERP, Artificial intelligence, 10T, agri-food

Industry 4.0 is developing and combining automated production, data exchange
and production technologies in the form of a self-regulating system with minimal
human intervention in the production process [1]. One of the fundamental factors for
the successful implementation of 4.0 technologies is the creation of a single space,
closed systems for working with large amounts of data and their use.

It is important to note, that framework of Industry 4.0 is an evolution and
continuation of Industry 3.0, and their connection and imitation are important. In
this context, Enterprise Resource Planning (ERP) systems were part of 3.0
technologies, but in modern conditions, this type software will have to solve new
tasks, such as data correlation and managing larger and more complex volumes of
data. The broader application of modern ERP class systems consider as a necessary
element of the strategy to achieve the level of technology 4.0 both for industrial
enterprises and for non-manufacturing companies and organizations [2].

This project is aimed at creating a unified digital information space using a
cloud ERP for managing all processes and resources of territorial communities as
non-industrial enterprises in the context of building a landscape of Industry 4.0
technologies. Communities are responsible for food security and provide food
supplies to their own communal institutions (schools, hospitals etc.), form a state
reserve. The goal of moving towards Industry 4.0 is the implementation of digital
projects to ensure sustainability, attractiveness for investments, and new concepts.

Territorial communities involve the executive committee of the city
(settlement) council, utilities, and external organizations. The objective of this study
Is to combine the activities of all structural units of the executive committee of the
territorial community and other organizations, communal enterprises, agricultural
enterprises in a single information space. Th@eo mposi ti on of mod
I'S quite asrnbhanvdearai medul ad ulsetsr uwd ruk e a
components and should be easily combi
ERP combines accounting, finance, s u
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reporting, producti on, and HR ons,a
systems and data provide the analyt.i
opti nbwsiinngess processes.

We have analyzed the functionality of the most popular international and
domestic ERP systems in Ukraine, as well as deployment, cost, and availability of
post-project technical support. As a result, the latest version of the national cloud
ERP system, Universal 9.0, was chosen for the pilot projects.

The Universal 9 ERP implements the principle of a multitier advanced
architecture: the database tier, the middle tier - cloud servers, the client tier and the
hardware tier. This architecture allows the system to be scaled up to most enterprises
in the future, including those that plan to use special sensors to collect operational
data using a combination of artificial intelligence and Internet of Things (Al + I0T)
technologies. We propose a formula for modern digital data and technology
infrastructure. Such an approach is quite relevant for certification of ecological and
organic products (the analysis of information on the place and time of their
production, storage conditions, delivery to the end consumer, etc.

The flexibility of a system such as ERP Universal allows to receive large
amounts of data from systems that manage the technological processes of growing
crops at agricultural enterprises. MRPII systems for managing production processes
in agricultural enterprises integrates as a module of ERP.

Sensors installed on farms or other production facilities can collect data on soil
conditions, fertilizer chemistry or animal feed quality for product certification
purposes. In general, in addition to loT, it is advisable to use other smart
technologies to control the agri-food supply chain.

Finally, the introduction of blockchain allows for trust and quality assurance.
This approach is quite relevant for the certification of ecological and organic
products based on the analysis of information about the place and time of their
collection (production), storage conditions and location, delivery to the end
consumer, etc. In turn, comparing Al-based information about the product range
(weight, fruit maturity, etc.) and market conditions will help optimize logistics
processes and the efficiency of management decisions.

Further areas of research are the formation of a stack of technologies that will
interact with the cloud ERP system in the future and will allow the formation of a
modern software landscape based on the Industry 4.0 technology framework.
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SABE3NEYEHHA BE3NEKW TA LI JOCHOCT
| HPOPMALULUI MHUX CUCTEMAX NI ANMPWNEMC

B. Bk c,Bk M. OMeA sPHaelHAHHD N T aBCb KWW OepXasB.|
YHIi Bepcurtert

The definition of data integrity in the enterprise information system has been
discussed. The relevance and measures to ensure data integrity and security of the
information system with the MySQL DBMS have been determined. Ensuring the
security of confidential data in the enterprise management system based on the
MySQL DBMS requires a comprehensive approach, including authentication and
authorization settings, encryption, operation logs, and regular system updates to
ensure the highest level of security.

Data integrity, Enterprise information system, Security, DBMS MySQL

3abesnd®esmexn Ta Ui NicHOCTI A aHunX
NMPUEMCTB € KJ/TIHY4OBUM 3aBfJjaHHAM B C
o,u,l/l AnNAa 3axucTy Bi A HecaHKUI oHOBaAL
pos3. OkKpi M uUuboOT O, BaXmmxQ 3ud ®e 3yrHe
BtapTaz|6|0x CNOT.BOLPieHIHCAH I CTb AaHWUX B I
npmemcTBa BM3IHaAavaeTbCsd HAK CTakH, B
bpobngawTbcAa Bi gnoBiIi AHO A0 BMKiiHBawW eHHIN,
noTBOp6éBHAHEeCaHKUI OHOBLlpHI Uemo@uHpa waay,i
anmwawtTbCcd TOYHUMU, He[oOTOPKAaAHMUMM Ta
il onpunemMcTBa.
OcHOBHI 3axoagun pana 3abe3nevweHHA Ui
—pe3epBHe Kpeaern yoBapHe peTBE@PBEHHIKA K 0N
gonomMarae BIi QHOBUTW pfaHi B pP;a3i T XHBbC
—BCTaHOB/TeHHSHA (BMp3aHBa YR HMHTAY MMypa B L OC T )
O6bMeXeHHSA T XHIi X MOMWJIMBOCTEWN 3 MIi HU [gat
— WN PpyBE®BMKIOPUCTaHHSH WnoppyBaAHHSA A J
HecaHKLUI OHOBaAaHOTINIoO ApRPCTYynNy nNi A 4Yyac nef
— MOHI TOpPUHT(CcHMICT@WMANTMOHI TOPUHTY i
Bi AcTexyBaTu Ai 1T KOpPpWSTKIiyBHRaM BB IW@aa BHIA |
noxgi i
—OHOB/NEeHHSsAparay msaytHd OHOB/I€HHS HISP OiIr |
BCTaHOBJ/IeHHA OHOB/eHb ©6e3nekwn pgonoma
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3arpos i Bpas3nunBoOCTE®EI
3a6e3nevyeHHa LI NiCHOCTI paHWUX € KPp
6e3nekun Ta Hapfi AHoCTI i HpopmaLui MHMUX

MOX/ITMBUX OBTIpAYy Wa@b gaHWX.
3a6e3sneyeHHda 6e3nekKkun pgaHwWmxXx 'y ni agnp
ynpaBni HHa ©6as3adn gasaxnkMp8QLcKknapgos
bes3nekwn., CunctemMa ynpaBnryesH&@GBEAMADP @
MOBHMUX | HCTPY MEMHCTTIOBB,Y HAKC S BHAROP CTBOYF[
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abe3nevyeHHAa 1T X akTtTyanbHocTi3 Ta Ospype
cCnekxKkTWu 3axncrTy AaHunX BK/TIYalTb a
oOpucTtTyMyaSHQLB . npoONOHYE pi 3 HI MeTOoAaAMu a
aponi , Kaayuriekdi Twmapi oc Ho B i CeKpeTHUX Kn
CHOBI nam' aTi . an A Ni ABUWLWEHHA 6e3n:¢
Hi KanbHWW nNaponb Ta Bi gNnoBI AHI npaseé
KpimMm ToOT O, BaXNnunusao perynsapHo 3 MI H
) N 3 BUKOPUCTAHHAM PpPi3HUX Twun
Thb obmMexyBarTwu gocTyn KoOpucrt)
LWo A[O0O3BONAE TOYHO Ha/awToO.l

< OOX Q W

oOo0o=Z0

(o8]

Kpi M Toro, BaX/AMBUMUMBXYODHRaABYT &amwm
ypHan onepauyi n. My SQL ni aTpumye
AawTbcAa MIi X KNni eHTOM i cepBepom,
an onepaui m MoxXxe O6YyTM KOPUCHUM O
y B a t3rib cmadlsu X6 af

BaxnumBo nocTi mMHO oHoBNnwBatu CYbA M
narTui [ OHOBNEHHA O6Be3NekKkwu, wo6 3axwuc:
TaKoOX pekKoMeHAYETbCSHA BUKOpUCTOBYBATMN
6be3snekun ANna 3axuceyapcepeaepruMygS@OBAHOT

OTxXxe, 3abe3neyvyeHHdA 6e3neKkun KOHCMI ge
Ni ANPUMUEMCTBOM Ha OCHOBI cyead MySQL
BK/IHYalwYNM HanawTyBaHHA ayTeHTUu@Pi kKauil
onemauwia perynapHe OHOBJ/IEHHA cucTeMmu
pi BHA 6e3nekxkwu.
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1. lapyeHKO M. CyyacHI npo6nemu K |
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ALGORITHM FOR DETECTING STAGES OF MAIN FERMENTATION
OF BEER BASED ON COMPUTER VISION
Manap A.B. ,Haumowmansempwid. yHi Bepcuter
Birypa@achi pHaHiTi oHanbHWUN YyHIi Bepcurtert

Mi cropBH@0 T. HHayujpgpodHanbHMWWN YHIi BepcwurT

Moni TexHIiI Ka»

Abstract

The article examines the current issues of beer production related to the
formation of yeast foam during fermentation and substantiates the need to control
the stages of fermentation to ensure the proper quality of the product. It is proposed
to use computer vision technologies to identify the stages of the main fermentation.
Based on the analysis of the computer vision algorithms, the K-means method is
used for image clustering. The article provides a step-by-step description of the
algorithm for detecting contaminated foam based on the K-means method. The
described algorithm includes background removal and color segmentation using
computer vision and image processing methods. The results of image segmentation
in the process of detecting contaminants associated with foaming during
fermentation are presented, which confirm the effectiveness of the proposed
approach.
Keywords: computer vision, fermentation, segmentation, K-means method,
identification

BNpoOHUMUTBOK MaaBHMUN NpoULe@meKARNKUKaaADBER
KOXeH 3 SHSKWUX Mae BeNInNkKe 3HaudueBidTamnmnaA
po3rnapgaeTtTbca eTan OiCH OO DKIKKO P a1 LipHH
MOHOCaxapuagu, Wo MIicTaTbcCcAa B clyncaniT,o rH

WwWo@pi XAKDBa He /RO M@age NWBO BRAMDH @
XapakKTepHUM T, i PrKWBVO B@AN K OKMO X H @ M @ & U H 9

OBEepPXHI nun e HMr 0B UXKYOCP/UaC.T a H H | BIi AKPUT
MPOBHMUTBI NMWBaAa 3YyCTPIi YalT b CHIT dlkTB HAY

bunpatunm 3abpypgagHeHy niHyYy. Wo6 YHWUKHYTYV
nBa, NTPLOEIMMOHP/ EO M TN aBTOMaAaTU30BAHY CMUC

n
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3 HAaBKO/NUIWHI M cepegoBuMuemM, WO BUMAT ace
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B/I€Ha eopKiax3 aH MU X
MM 3 HKODNMMWBHIEXH TI B TakKkoil cncrtemMmu
H2pona BWACBTIaRMIHMA O6poTaa HO i HIKMB a3 a (
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@ a3 yKeoTMuliC/Ise K CHO MY aHani 3itTacwu
: LO MOHIi TOpPATbhbaEWM@AHY CHFIBIIAAY AN

cTapniw ©O6poAil HHA, BUacCHDO BWABIJ/CAMTCUT € BI Y
OYUUWeHWHHADRPI M TOT O, anropmTM™M MOXeE BMUI
aAaBTOMaDODKVCHE@WWMUWEHHA cycnenoBbwpemMa, N§G
o A4 o 3abpynoHeEeHHH MepTBUMMU Api XAXaMmu
CMTyaLmHapmwK nag TakKuUMU, HAK 3aTpumumkKka ack:

Pospobia@m opunuTM, MEBIOA @A PA MY BaHHS
BUKOTpaMHCH A M 61 6 ni oT3¢ B i AOpremCMaHIpmn
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AnropuTtTM™M CcKnapgpaeTbcsd 3 HaAaCTYynNnHMUX erT
1. 3aBaHTaxXeHHSH T a N i .43 4YouT TOYBEK TAL/ICLHO0POOPE
obpaxXxeHHsS 3 dGanny po3mMi ponmm N>EIHMDE K g E
oganbwol o06pob6KMN.
BunpaneHH3agpawwor ook diyc@RaT pme i Taad H O
@iuHApPpM3ayi i Ta Hak/naguoaH H3 3VAE XK anX €
€ BUOIKEKaIMIMMOMBEPXHIW NUBHOTNIO CYC.
MeHTaUILBOX®DINbOWPHSB Ni Kceni B 3060
KONMbOpPOBI KnacTtepu: 3eNnNeHNN, [
aMn 0 3.HTagKa OKP OnOpi KH HCAT b K THhRa& TOepHB
ABBAEHKKkC nepTi @ny KaAayg 3 e pn 33aalc Ti 0 C300B0:
peakBiXH [ I TepaTUBHMUM MeTOLOM,
MW MacuBamMu [OaMe@ mkic e3paeBAoHAI KX NUj | AAX
M 300paxXeHb BapKeIMBH WO PBA KT DEIOM L
OB W Wi

Busi g p e 30/6/HBUTCANTIIEBT bICGALWE H H A N o Wi
ceni B A0 3aranbHOT nNno Wi noBepXHI
le.T MeHTOBaHe 3060pmakeBKpaimsM EBalAA3CHOETCON
PYAHEHHS NNnpar pamae@BiCc e Bponep
MopganbalBBT@WMATMW30BAHOI cmcrtTemMm O04YWULe
KIKBRI L COTOK 3abpyAaAHeHOT niHM

Llen anropuTmM pgonomMarae aBToMaTWU3YE
Hani 3y 010 Wi 3abpyaoHEHHS3a, WO 3 HWUXYE
il HOW Ta nokKpawye HA9KicTb BUPOOBHMUTBaA
ANropuTM™M BUSABANEHHA cTapaiw 6poAi HHS
TaTtTi, MOXe CcnpuaTunm ni oBUWEHHIW SHSKOC
akKoX cnyrysaTtwu OCHOBOW AnA nojganb W
McCTemMMmW KOHTPONKW BUPOOBHMULTBA NuUBa.
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Przyrodag

The use of intelligent technologies and analytics to improve the efficiency and
reliability of greenhouse maintenance is considered. Greenhouses are considered as
systems that combine physical and cybernetic components that interact with each other.
Here, in systems, physical objects (sensors, equipment) are connected with a cybernetic
component, which includes data processing, analytics and decision-making based on this
data. Remote administration of a number of greenhouses is provided. For this purpose,
software has been developed and a user interface is provided. The system includes
communication between network nodes with ZigBee technology, the use of a web server
at the main station of the network, MySQL and the Internet for user access to the network.

Keywords: cyber-physical systems, passive greenhouse, remote administration,
hardware, intelligent technologies.

Rosnace ceny energii stymuluja jej ekonomiczne wykorzystanie. Obiekty rolnicze
powinny byc¢ projektowane w taki sposob, aby ich utrzymanie byto tansze, nie tracac przy
tym efektywnosci cyklu produkcyjnego i nie pogarszajac jakosci produktow. W
szczegolnosci dotyczy to upraw szklarniowych. Szklarnia pasywna jest trudniejsza w
budowie niz szklarnia tradycyjna, poniewaz etap projektowania wymaga wiekszej
dbatosci 0 szczegdy. Wazne jest wyeliminowanie tzw. mostkéw termicznych, czyli
obszarow, w ktorych wzrasta przenikanie ciepta na skutek przerwania ciggtosci powtoki
termoizolacyjnej. Wyzszy poziom izolacji termicznej nie tylko zmniejsza
zapotrzebowanie energetyczne budynku pasywnego, ale takze pomaga w utrzymaniu
wysokiej temperatury powierzchni wewnetrznych w pomieszczeniu zimag i niskiej
temperatury latem. Dzieki temu wzrasta komfort cieplny (intensywno$ @romieniowania
ogrzewanych powierzchni), w pomieszczeniu ustala sie jednolity klimat, co wyklucza
powstawanie ,, zimnych naroznikow” .

Proponuje sie budowe zautomatyzowan

oprogramowani e realizowane w pos ujalg),

kt dre mozna dobierac¢ w zaleznosci od
uruchomieniu wybranego programu upraw
k1l i mat w szklarni, zarzgdzat procesert
wszelkie niety powe sytuacje oraz zapisywat h i
dostep do danych swojej szkl arni i mo .

uwage przywiagzuje sie tu do <ciaggtego
warunkow Sr oRomdwd z& wyarmi.t or owani a t emp
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stabil nos$c¢ 1  dchémhbt kodtnoliomikdklimatu m szldarniach pokazano
na rysunku 1.

Czujnik temperatury i | Wvbwietlacz ‘
wilgotnosci powietrza
DHT21/AM2301 lub T
DHT?22 \ ,
Mikrokontroler Oprogramowanie

Iluminator

> -~
BHI1750 /
¥ M
Czujnik temperatury gleby Pojemnosciowy czujnik Czujnik stezenia dwutlenku wegla
DS18B20 wilgotnosci gleby w szklarni MG-811 lub MH-Z19B

Rysunek 1. Schemat kontroli mikroklimatu w szklarniach.

Tym samym zauwazono w [ 1 ]e przekzoczenie temperatury w szklarni o 1 °C
powyzej wartosci wymaganej powoduje dodatkowe zuzycie surowcow paliwowo-
energetycznych w ilosci 100 ton paliwa konwencjonalnego w ciagu roku, przypadajacego
na 1 ha powierzchni szklarniowej. Dlatego szczegdlnie wazne stajg sie parametry
techniczne uzywanego sprzetu, takie jak doktadnos éegulacji temperatury w szklarni.
Powinien zmieniacC sie w szklarni w zaleznosci od pory dnia, stanu Srodowiska itp.
Inteligentne utrzymanie systemow cyberfizycznych oznacza zastosowanie technologii
sztucznej inteligencji i analizy danych w celu automatyzacji i usprawnienia procesow
utrzymania systemow cyberfizycznych, ktére obejmuja zarowno komponenty fizyczne,
jak i cyfrowe. Pomaga to zwiekszyC wydajno$ ¢niezawodnos ¢ produktywnos dakich
systemow, obnizyC koszty ich utrzymania i wsparcia, zapewni¢ doktadngi szybkareakcje
na zdarzenia i problemy.

Zbadano [ uzasadni ono mozIl i wosS¢
energetycznie pasywnej, czyl i t aatkowegch |,
Zzr odet energii Jjest o rzgd wiel kos$ci

Raspberry Pi z technol ogig ZigBee
oprogramowani e zapewni ajagce dziat ani
reali zowane przy wuzyciu MySQL. Wybor

e

W

r

t

w szczego6blnosSci zapewniona | est topol

sterowania 3 obwodami podsystemu temperaturowego systemu cyberfizycznego.

Wy brano spatybkbtl kpymp wczesniej przetest
Wi
oprogramowani e i udostepniono interfej

Zapewnione | est zdal ne =zarzagdzanie
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