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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

19



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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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.

[TamuBHi komipku (I1K), 30kpema, Ti, 110 BHUKOPHUCTOBYIOTH BOJIEHb SIK
NaJIuBO, € €KOJIOTIYHOI aJbTEPHATUBOIO TPATUIIMHUM JpKepenaM eHeprii. Bonu
3HAWIUIM CBOE 3aCTOCYBAHHS Y EJIEKTPUYHUX TPAHCIOPTHUX 3aco0ax, cUCTeMax
PO3MO/INIEHOT TeHepallii eHeprii, aBTOHOMHHUX MIKpOMEpEXax 1 T. 1H.

3aranpHa cUCTEMa HarpomaJkeHHs eHeprii Ha ocHoBl IIK, kepyerbcs
QITOPUTMAMHM  €HEPreTUYHOIO0 MEHEHKMEHTY, 30KpeMa, BHUXOIAYM 13 11
MaKCHMaJIbHOI BHXITHOT MMOTYXHOCTI a00 MakcuMaibHOT edekTuBHOCTI [1]. BaraTo
TaKUX aJITOPUTMIB BUMAraroTh o0y 10BU KpUBOi NoJsipu3aLii abo BOIbT-aMIEPHOI
xapaktepuctukun (BAX) creka IIK. [i menimifiHMx XapakTep 3yMOBIEHHUI
HAsBHICTIO TPbOX 30H, B SKUW TIEpEBaKHE 3HAUYCHHS MAIOTh BTPATH Pi3HOI
b13uuHOi TpHpoau. MaremarnuHa OCHOBAa ISl OINKCY IMX SIBUI € JIOCUTh
CKJIaIHOI0, TOMY TaKl aJTOPUTMH YacTO KOPUCTYIOTHCSI CIIPOLICHUMH MOJAEISIMU
[2, 3] 1 iHTenekTyalbHUMH METOJAaMH JJIi BHU3HAYCHHS IapaMeTpiB
xapaktepuctuku [4]. 3okpema, OJMH 13 METOMAIB IPOIMOHYE BUKOPHUCTAHHS
HoJIiHOMA 5-T0 MOPSAKY JUTs anpokcumaitii kpusoi mosspu3arii [TK [5].

Pazom 3 TmM, HeOOXigHO 3a3HAYMTH, IO Ha IOJOKEHHS TOYKH
MaKCUMaJbHOI BUXiAHOI moTyxHOcTi [IK BrummBaroTh OMiuHI BTpAaTH 1 BTpaTH
MacorepeHeceHHs1. Tomy iJies bOTrO JOCTIKEHHSI 0a3yeThcsi B TOMY, IO IS
QITOPUTMIB, SIKI BUMAararoTh BH3HAdeHHS BuxigHOi moryxHocTi [IK Ha oCHOBI
kpuBoi nossipuzaiii (BAX cTeka), MokHa CKOPUCTATUCH CIPOIIEHUMH MOJEISIMU,
HANpUKJIaJl, Hd OCHOBI IMOJIIHOMIB HU3BKOTO TIOPSIIKY (pHC. 2).

Jlist mepeBipku 1i€i poOouoi TinoTe3u Oyiu MPOBEIAEHI PO3PAXyHKHU 13
BUKOpHCTaHHM 3aco0iB Curve Fitting Toolbox cepenosumia Matlab. Buxiani nani
it kpuBHX  Vi(ig) 1 Prlie) a1 creky Oyno omudposanHo i3 [4], e
eKCIIEPUMEHTaJbHI JaHl 3a JOMOMOTrOI alNrOpUTMIB ONTHMI3alii OyJo
anpokcuMoBaHO KpuBUMH. [lomiHOM 5-TO mopsnky noOpe ampoKCHUMY€ KpUBY
BAX (puc. 2(a)). Pazom 3 TuM, 3HEXTYBaBIIM 30HOI HU3BKUX CTPYMIB (30HOIO
nepeBaxanHs BTpaT aktuarlii [1K), MmoxxHa serko orpumartu kpusi ais BAX, Ha
OCHOBI SIKHUX KpPHBa MOTY>KHOCTI pO3PAaXOBYETHCS JOCTAaTHRO TOUYHO. Bukopucranus
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CHPOIICHUX 3aJIEKHOCTEH JO3BOJUTH 3MEHIIUTH OOYHCIIOBAIBHY CKIIAIHICTD
ATOPUTUMIB KEpPyBaHHS Ta MEHEDKMEHTY 0e3 CyTTeBOi BTpaTh TOYHOCTI
BU3HAYEHHS MOTTYKHOCTI.
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Puc. 2. Anpokcumartist kpuoi nosisipu3aiiii creky 1K tuny SR-12 (3miBa)
MOJIIHOMOM T1°SITOTO (2), TpeThoro (0) 1 Apyroro (B) MOPSIKiB, Ta BIAMOBIAHI IM

KpuBi BuXiHO1 oTy»)HOCTI1 1K Ta excriepuMeHTanbHO 3HATI JaH1
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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/m?, a rough estimate suggests approximately 0.0079 W/m? 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/m?. 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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BIIVJINB B3AEMHOI'O PO3TALITYBAHHSA POTOPIB BEPTUKAJIBHO-
OCBOBHUX BITPOEHEPTOYCTAHOBOK HA MAKCUMAUJIbHI
S3HAYEHHSA KOE®IIIEHTIB MOMEHTY I BUKOPUCTAHHSA

EHEPTII BITPY
B.M. 'onosko™?, 0-p mexn. nayk, npog.,
Hayionanvnuii mexuiunuu ynieepcumem Yxpainu “KIII im. leops Cikopcokozo ™,
Inemumym gionoenoeanoi enepeemuxu HAH Ykpainu
M.JI. Cypeatino, kano.mexu.nayx, Hayionanvnuii aepoxocmiunui yHigepcumem im.
M. €. JKykoscvrkozo «XapKiecoKuil agiayitiHuti IHCIMUmymy

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.

Hocmimkennss [1, 2] mokasamu, IO B3a€MHE pO3TAllyBaHHS pPOTOPIB
BEpTUKAIbHO-OCbOBUX BEY  3Hauno BmumBae Ha iX  aepoauHaMIYHI
XapaKTEPUCTUKU, TOMY MWOro HEOOXIJHO BpaxOBYBATH IMIPU MPOEKTYyBaHHI
koMmiuiekciB BEY.

Posrasinyto posramryBaHHS TPhOX POTOPIB 3 BEPTUKAIBHOIO BICCIO 3
IPSIMUMHU JIOTIATsIMU B370BXK oci 0X, B3/1oBxk oci 0y Ta B MOpSAAKY, HaBEACHOMY

Ha puc. 1.

[Ipy BUKOHaHHI KOMII'FOTEPHOIO E€KCIEPUMEHTY BUKOPHUCTOBYBAIACH
MaTeMaTU4Ha MOJENb MOTEHIIaJbHOI0 OOTIKaHHS MPOHUKHOTO HMuIiHApa [3], s
AKO1 TIOCTaBJICHO 3MillaHy KpaWoBy 3ajnauy s piBHsHHS Jlarutaca. Mogenb
JI03BOJISIE OTPUMATH HE TIIBKA AepOJMHAMIYHI XAPAKTEPUCTUKH POTOpPIB, a W
PO3MOIT MBUIAKOCTEH 1 KyTIB aTaky 3a KOJIOM O0OMaxy.

JlocmikeHo BIUTUB BIJACTaHI MK LIEHTpAMU POTOPIB Ha 3aJEKHOCTI KYTIB
aTakd Ta BIJIHOCHOT pe3yJbTyHO4Oi IMIBUAKOCTI 3a KOJIOM OOMaxy BiJ

a3UMYTAJIBHOTO KyTa, Koe(illieHTa MOMEHTY BiJ IIBUJIKOXITHOCTI Cm(z),
kKoe(dimieHTa BUKOPUCTAaHHS €HEPTii BITPY B IMIBHIKOXI1THOCTI Cp(Z), Ha

BEIMYMHU  MAKCUMaJIbHUX 3HA4€Hb KOE(IIIEHTIB MOMEHTY C Ta

Mmax

BUKOPUCTaHHS €HEprii BITPY C Bmax °
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Prc. 1 — CxeMa B3a€MHOTO po3tanryBaHHs potopiB BEY
D — niametp potopiB

BcranoBieHo, 1m0 3a BIACTaHI MK ILEHTpaMH pOTOPIB OLIbIIE HIX
(20... 30) D pob6oTy KOXKHOTO POTOpa MOKHA PO3IJISIIATU SIK 130JIbOBAHOTO. Alle

Ha BiJCTaHAX 10 5D [iama3oH KyTiB aTakW JIONATEH 3MEHIIYEThCS, B PE3yJbTaTl
Ha OUIBIIM YacTHHI KoJIa OOMaxy KOE(IUIEHTH MO3J0BXKHBOI CHJIM JioHmaTel
JoAaTHI, M0 301IblIye KOe(iliEHT MOMEHTY poTopiB. JIis KOXHOI cXeMH
pO3TalllyBaHHS POTOPIB HAJAaHO PEKOMEHJAIll W00 BUOOPY BIJACTaHI MIX
LHEHTpaMH pOTOpIB, IO MOXKE OyTH KOPHCHMM IpU HPOEKTYBAHHI «BITPSAHHUX

bepm»
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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.

36



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, ks = 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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MOJEJIb BUBOPY EJIEKTPOI'EHEPATOPY B YMOBAX
HEBU3HAYEHOCTI
C. 10. 3anoposcues', k.m.n., I. I'. Invze?, k.m.n.
LUTveiecokuit nauionanvnuit ynisepcumem npupodoxkopucmyeanms
2Xapkiecokuit HAYiOHATLHUL AEMOMOBINTLHO-00POIICHIT YHISEpCUmMenm

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.,

Buacnigox mmpokomMacmiTabHOro BTOpPTrHEHHA B YKpaiHy Ta oOCTpiiiB
00’€KTIB HaIIOT €HEPreTUYHOI 1HPPACTPYKTYpH, OCOOIMBO B OMATIOBATIbHUN CE30H
2022-23 pp., B 00’eHAHIN eHeprocucTemi KpaiHM BHUHHKJIA Maca IpoOjeM, sKi
Opu3BeI JO0 BBEJAEHHS BUMYIICHHX TrpadikiB MOYEProBOro  BIIKIIOUYEHHS
CIIO’KMBAYIB BiJl €JIEKTPOCHEPTii a00 Tak 3BaHUX «OJieK-ayTiB». BiAmoBigHO, TOCTPO
NOCTall0 THUTAHHS albTEPHATHUBHUX JUKEpEN eJEKTPUYHOI eHeprii aK s
HiAIPUEMCTB, YCTAHOB Ta OpraHizallii, TaK i JUIsg 1HAWBIIyaJlbHUX JTOMOTOCTIOapPCTB.
Benmuue3nuii  TOrOpiuHMM TOMUT HA  CIEKTPOTCHEPATOPH CTaB  MNPUYHHOIO
HEOOTPYHTOBAHO 3aBUIICHUX, a IHOA1 1 BIIBEPTO CIEKYJISTUBHUX I11H HA HUX.

[lporo poky cuTyalriss Xo4 1 BUTJISIIAE Kpale 1 OLIbII MIPOTHO30BAHOIO 3 OTJISATY
Ha TE, 10 EHEPreTUKH Ta HACEJCHHS BXKE YCBIIOMIIIOIOTH, 3 SKUMH BUKIUKAMH
MOXYTh CTHKHYTHCh, ajie¢ Tpebda TaKoX pO3yMITH, IO ICHYE BeJIWYE3Ha
HEBU3HAYCHICTH, 1110 CaMe MOKE BiI0OyBaTUCH B 11iK chepi.

Cama mo co0i HEBHM3HAYEHICTh — CHUTYaIlisl JOCUTH CKJIaJIHA NJIsl YXBaJICHHS
pimenHs. B 3aranbHOMY BUTJIAI, 3aBAAaHHS OOIPYHTYBaHHS PIIICHHS B TaKOMY
BUIAJKY 3BOAUTHCS JIO 3BY)KCHHS BHXIIHOI MHOXHWHU albTEPHATHB Ha OCHOBI
iHpopMarrii, sky Mae ocoba, mo npuiiMae pimenHas (OIIP) [1]. IIpu yxBanenHi
pilleHHsT HEOOXIMHO: CKJIACTH MPOTHO3 MaWOyTHIX YMOB; PpO3pPOOUTH TEPEITiK
MOXKJIMBUX aJIbTEPHATHB; OLIIHUTH PE3YyJIbTAaTH AJIbTEPHATUB; OI[IHUTH ATbTCPHATHBH
3a OOpaHUMU KpUTEPisiMU; BU3HAUUTH pimeHHA. OmHak Tpeba mam’sitatu, mo OITP
00’€KTHBHO HECTPOMOXKHA OI[IHUTH HMOBIPHOCTI TIOSIBU PI3HUX yYMOB Ta MPOTHO3
MOX€ HE BUKIWKATH JOBIpH. B ymMOBaxX HEBHM3HAYEHOCTI I TPUUHSTTS PIIICHB,
HaIpUKIIaJl, 10 BUOOPY reHepaTopiB, MOKHA BUKOPUCTOBYBATH PI3HI MIJIXOIH.

Binomo, 1110 OCHOBHUMM TpyIliaMy METOA1B NPUUHSATTS PillIEHb € aKCIOMaTUYHI,
eBpUCTUYHI Ta BepOanbHi. J[0 mepuioi rpynd MOXHa BIAHECTH Takl MIAXOIHU, K
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OaratokpuTepialibHa TEOpisl KOPHCHOCTI, TEOpis PO3MUTUX MHOXKHMH  Ta IHIIL
EBpucTuHMiI NiAXiT BIANOBIAAE€ CKIAJAHUM CHUTYallisiM, IO HOBTOPIOIOTHCS 1 HE
minaThes Oe3nmocepelHbOMY MaTemMaTHdHoMy aHamizy. [Ipomec Bubopy Ta
PIIIIEHHS MOJIEIIIOETHCS TaK, 00 BIATBOPIOBABCS MEepeOir MipKyBaHHS JTIOAUHHU.

B 000x minxonax cnocTepiraloTbCs MPOTUPIYYS, JJIS TOJOJAHHS SIKUX JEAKl
aBTOpU MPONOHYIOTh 3aCTOCOBYBAaTH BepOaibHUM (NMOPANKOBHI) aHami3 pimeHb. Jo
TAKOI'0 TUIY BIJHOCHUTHCS BIIOMHI MeTOoJ aHami3y iepapxiit (MAI), axuil nonsrae B
JCKOMITO3HIIIT 3arajibHOT MpoOeMu MOOYIOBOIO iEpapXiYHOT CTPYKTYpHOI Moeni [2].

Ha BepxHbOMy piBHI MOl 3HAXOAMUTHCS, B HAIIOMY BHIIQJKYy, caM BHOIp
eslekTporeHeparopy. Ha npyruii piBeHb iepapxii MPOMOHYETHCS PO3TALTyBaTH YOTHPH
rpynu  KputepiiB [3]: TexHiuHi, EKOHOMIYHI, EKCIUTyaTalliiHi Ta EPrOHOMIYHI.
PosrnstHemo OUIbll J1€TadbHO TPETIM PiBEHb, SIKUA MICTUTH MEPENIK KPUTEPIiB MO
BKa3aHUM TpyIaMm.

Jlo TeXHIYHOI Ipynu KpUTEPIiB 3aMpONOHOBAHO BHECTH HACTYIHI: KUIbKICTb
¢da3, MOTYXHICTh, MOTOpPECypC, THWIl TajiuBa, Trab0apuTH, Bara, MOOUIBHICTD,
TPUBAJICTh Oe3mepepBHOI pOOOTH, THUIT OXOJIO/KEHHS, THN MYCKY (py4HUU abo
CJIEKTPOHHUM).

ExoHoMiuHy Tpymy TIOKa3HUKIB CKJIaJal0Th Taki: IiHa abo BapTICTh
reHepaTopy, EKOHOMIUHICTh, COOIBapTICTh EJIEKTPOCHEPTii, BapTICTh 3amacHUX
YaCTHH Ta PEMOHTY.

Jlo ekcrumyararifiHuX KpuTepiiB MOKHA BITHECTHU TakKl: HAJIHHICTh, TapaHTid,
MOJIMBICTh POOOTH B ICKUILKOX PEKUMAaX, 3aXHUCT B1J] TIEPETPIBY.

[ mwapemTi, B €pProHOMIUYHY Tpymy BXOJATh: 3PYUYHICTh CEPBICHOTO
00CIIyTOBYBaHHS, HAasBHICTh aBTOMAaTHYHOI'O ITYCKY, MOJJIMBICTh MIIKIFOYCHHS
BIJIIAJICHOTO JOCTYITY, PIBEHB IIIyMY, OCOOJIMBOCT1 3UMOBOTO 3aITyCKY.

Ha HmxHBOMY, YeTBEpTOMY PIBHI i€papXiii 3HaXOAATHCS albTEPHATHBU a00
caMi BapiaHTH OKPEMHUX T'€HEPATOPIB.

Ha ocHoBi momapHMX NOpIBHSHb Ta EKCHEPTHUX OIIIHOK aJbTepHATHB Ha
KOXXHOMY PiBHI 3 ypaxXyBaHHSM OIIIHOK BEpXHIX PIBHIB i€papxii OyayeThCs MOeTarHa
Mozens BuOopy. ITobymoBana monmens mo MAI gae 3Mory oOYMCIUTH y3arajabHEHI
BaroBi KOe(IIIEHTH TSI KOKHOTO EJIEKTPOTeHEpaTopy Ha BCiX PIBHAX iepapxii Ta
o0paTH ONTUMaJIbHY aIbTEPHATUBY 32 00OPAaHUMU KPUTEPISIMHU.
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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.

P
p_z = f(x1, X2, X3,...Xp) (1)

HH

where: xi1, x2, x3, ... Xn - values of variable reactive elements affecting the
frequency properties of the network.

It should be noted that x1, 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., 4.Tryhuba, Dr. Sc., 1. 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.

o) IAAMAMAA A

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.

43



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
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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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THOOPMAIIMHO-KOMYHIKAIIIMHI TEXHOJIOT'TI AHAJI3Y
AKTHUBHOCTI KOPUCTYBAUIB BEB-CAUTY

1I.M. JIyb, k.m.u., Ooyenm
JIvgiecoKull HayioHaIbHUL YHigepcumem npupoOOKOPUCH) BAHHSL
B.C. Cniuaxk, k.m.H., uxnaoay
Bonooumup-Boauncokuii ghaxosuti xonedic
JIL.M. Ocmadghincoka, suxnaday, T.B. [licak, suxniadau
BCII « Cmputicokuii ¢haxosuii koneoicy

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 HalJIEHI Ha MIATPUMKY PI3HOTUIIHOI  JisUIBHOCTI
KOPUCTYBauiB MEpeXl JJI1 BUPIIMICHHS IUIOTO psAy 3aBlaHb BiJl 30€peKeHHs
JJAaHUX 7O CTBOPEHHS Ta OOCIyroBYBaHHsS BipTyalibHHX cepBepiB. lle 3ymoBieHe
ICHYBaHHSAM PI3HUX TPYI Ta IHTEPHET-CHIJIBHOT, M0 B3a€EMOIIOTH B MEIIHHOMY
MPOCTOPI Y PEXUMI peaqbHOro yacy. JlJisi KOHTPOJIIO AiSTIBHOCTI TaKUX CHIJIBHOT,
iIcHye (YHKUIOHAJIBHUN amapaT, SKUid MOIATPUMYE MUPOKUH JOCTYN [0
1H(OpMAaIIHHOTO Ta PO3BAXKAIBHOTO KOHTEHTY JIJIs KOPUCTYBAYiB.

BoagHouac, chOroiHi iCHye BeJIMKa KIUIbKICTH XMapHHX CEpBICIB, KOTp1
3aCTOCOBYIOTBCS HE€ TUIBKM IS HaBYaHHSA, ajie W (OpMyBaHHsS BIIACHUX
iH(OpMaIIHHUX CXOBHUII Ta PO3poOOK, 0a3 MaHHWX, MaTepiasliB, aHATITUYHUX
CEpBICIB JUIsl pI3HOMAHITHUX MiIPUEMCTB TOILIO.

OTxe, XMapHi TEXHOJOrlI — 1€ CYKYIHICTh METOMIB Ta 3aco0iB, IO
IPYHTYIOTbCA Ha 300pl Ta CHUCTEMaTu3allii 3HaHb MPO HABKOJIMIIHIN CBIT,
OTIPaIlbOBYIOTHCS HA BIATOBIIHOMY CEpBICI Ta MEPENa0Th Yepe3 IHTEPHET Pecypc
iHdopmariito, Mo € HEeoOXimHOW Mg KopuctyBaua (kimieHta). CporomHi Il
TEXHOJIOT1i IMPOKO BUKOPUCTOBYIOTHCS VISl aHAJI3y aKTUBHOCTI KOPUCTYBauiB Ha

cailTax, 110 HaJalTh 1HPOPMAIlIIiHI TOCIYTH Ta MPOAAIOTh PI3SHOMAHITHI TOBapH.
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Jlis mpoBeleHHsS TaKOoro aHalidy ICHYIOTh CEpBICHM SIK JJi1 3arajbHOro 1
0€30IJIaTHOTO KOPUCTYBaHHS TaK 1 KOPMOPATHBHI, IO MAalOTh 3HAYHO BYX4l
3aBJaHHS Ta TpaIoTh 3 1HGOpMaIle KomepiiiHoro 3wmicty. [lo Takux
IHCTPYMEHTIB aHaJi3y BIAHOCATH MeTOu Beb-anamiTu.

30kpemMa, BeO-aHANIITUKA — 11€ BUMIPIOBaHHS, 301p, aHami3 1 3BITyBaHHS BeO-
JAHUX JJISI PO3YMIHHS Ta OINTHUMI3allli BUKOPUCTaHHS BeO-caiiTiB. BeG-anamiTuka
Hajae iH(OpPMALIiIo PO KUTBKICTh BiABIAYBaUYiB BeO-CalTy Ta KUIbKICTh EPETIIsAIIB
CTOPIHOK, a00 CTBOPIOE Mpo(ii MOBEIIHKK KopucTyBayiB. Lle qomomarae omiHuTH
TpagiK 1 TEHJAEHLII NOMYJSPHOCTI, IO KOPUCHO JUIsl JOCHIDKEHHS PHUHKY.
P03pi3HAI0Th HACTYIHI METOAN BEO-aHAITUKU:

o AHaJi3 BiABiZyBaHocTi. BuBUEHHS aKTMBHOCTI KOPHUCTYBayiB Ha CaiTi,
YUCJIO YHIKAQIBHUX Ta TIIOBTOPHUX BI3UTIB, BU3HAYCHHS MOXKJIWBHX TPUYHH
CIIaJlaHHs UM ITIBUIIICHHS aKTUBHOCTI B1JIB1TyBaHOCTI.

o Anamiz IIA. Ile reorpadis, neBaiicu Ta omnepamiiHi CHUCTEMH, SKI
BUKOPUCTOBYIOTBCS, IHTEPECH Ta JIeMorpadiuHi JaHI.

o AHami3 mxepen Tpadiky. 3BiIKM HA CalT NPHUHUILIA KOPUCTYBadi, SKI
KaHAJIM 3ay4Y€HHS MPOJIEMOHCTPYBAJIM HANOUIbILY €(QEeKTUBHICTh, sKa I[iHA
3a]ly4e€HHsI OJIHOTO BiJBiAyBaua, 3aBASKHU SIKUM OTOJIOIICHHSIM YH KJIIOYOBUM
dbpazam NpuAIILUIM BiABIAYyBayi, HA K1 CTOPIHKY MMOTPATTHIIH.

o AHaJi3 103a0iniTi. BuBYUeHHs1 KapT MPOKPYTKU CTOPIHKH, KIIIKIB, HAOUIbII
MOMYJISIPHUX CTOPIHOK Ta MApIIPYTIiB HA CAMTI.

o AHAJII3 TexHiuHMX HegoJdikiB. [lomyk mMOMUIIOK, HU3bKA IIBUIKICTh
3aBaHTAKCHHS, HASBHICTh JyOJbOBAHUX CTOPIHOK TOIIIO.

o AHaJi3 ngaHmx e-commerce. HaitOumpin momynsipHi TOBapH, KUIBKICTh
TpaH3aKI[ii, MOBEI1HKA KOPUCTYBAUiB Ha CAiTi, LMK NPOAAXKIB, I3BIHKH, CEPEIHIN
YyeK, JOXIJ.

3HayHUI 00CAT NaHUX I0JI0 MOHITOPUHTY aKTUBHOCTI KOPUCTYBaviB Ha CaiTi
MOXHa OTPUMATH TAaKOX 3a JIONMOMOIOI cTaHAapTHHUX 3BITIB 'y GoogleAnalytics.
Lle#t cepBic nae 3MOTry MEpPErISIaTH BaKIMBl MOKA3HUKU IIOJ0 AaKTHBHOCTI SIK

HOBUX KOpI/ICTYBa‘IiB, TaK 1 THX XTO BXE€ € KIII€HTaMH. BI/IKOpI/ICTaHHH TaKol
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¢ynkmii Google Analytics sk «JlocnimkeHHS» Aa€ 3MOTY OTPUMATH JAOCTYI O
JaHUX 1 METOJIB, SIKMX HEMAa€ Yy CTaHJApTHUX 3BiTax. 3a JOMOMOTo0 (yHKIT
«/locnioocennsy MOXHA aHaANI3yBaTH AaHl, 100 3HAWTH BIAMOBIAI Ha CKJIAJHI
3anutaHHs. ®daktuuHo, 1e Habip HOBITHIX MeToniB B Google Analytics, ski
HAJal0Th JIOKJIQJHINIY CTAaTUCTUKY IIOJI0 IOBEIIHKM KIIIEHTIB TMOPIBHSIHO 13
CTaHJApTHUMHU 3BiTaMu. BUkopucTaHHS 1i€i MOXKIIMBOCTI Ja€ 3MOry: 1) MIBUAKO
BUKOHYBAaTH CIEI[ialbHI 3aluTH; 2) JIerKO HaJalllTOBYBaTH METOOU Ta
MepEMUKATUCS MK HUMHU, 3) COpPTYBaTH, pEOPraHi3OBYBaTH W JeTali3yBaTH JaHi;
4) BUKOPUCTOBYBATH (IIBTPH il CETMEHTH, 1100 30CEPEIUTUCA HA HAMBAXKIIUBIIINX
JJAaHUX; 5) CTBOPIOBAaTHM CErMEHTH W ayAauTopii; 6) IUIATUCS MOCTIKEHHIMHU 3
IHITUMU KOPUCTYyBayaMu TOTO caMoro pecypcy GoogleAnalytics; 7) ekciopTyBaTu
JaH1 JOCIIPKEHHS i1 BAKOPUCTOBYBATH iX B IHIIUX 1HCTPYMEHTAX.

Boanouac, cuctema Google Analytics ocHamieHa «MakeTaMu» HaJlallITyBaHb
0 JAlTh 3MOTYy CIPOCTUTH OpraHi3alilo THUIOBUX JOCIIIKEHb, a TaKOX
CUCTEMATU3yBaTU BIANOBIIHI JaHl. Makem — CYKYIHICTb HaJalITYBaHb
nocimimxeHHss B cucteMi Google Analytics B skiii BiIoOpakarOThCS JlaHi 3a
JIOIOMOTOI0 BUOpAaHOT0 MeTOJy. MakeT MoKe€ MICTUTH KiJIbKa BKJIaJ0K, TaKOX
MO>KHA BUKOPHCTOBYBATH KiJIbKa METOJIIB B OJTHOMY JOCIIHKeHHI. 30KpeMa, HaMu
BUKOPHCTAHO CTAHAAPTHUN MaKeT «JloCIiyKeHHs UISIXY» JJIsl aHATI3y aKTUBHOCTI
KOPUCTYBaulB Ha caiTi HaykoBoro BicHuka JIbBIBCBKOIO HallOHAJIBHOTO
YHIBEPCUTETY MPUPOIOKOPUCTYBAHHS (PHC.).

3acTocyBaHHA 1BOTO MakeTy Jae 3MOry BigoOpa3uTu y  BHIJISAL
JIEPEBOIOIOHOT CXEMH «TJIMOWHY» B1JIBIIyBaHMX BKJIQJIOK Ta €JIEMEHTIB K HOBUX
KOpPHUCTYBauiB TaK 1 THUX XTO BX€ KOPUCTYBAaBCS HUM. JlOCHIJKEHHS ILIAXY
JoTIOMarae BU3HAuaTu: 1) y Kl pO3AUIM CalWTy HOBI KOPUCTyBaul HailyacTiiie
MEePEXOAATh 13 TOJOBHOI CTOPIHKM; 2) MO0 KOPUCTyBadl 3a3BUYail poOJIATH MiCTsA
HernepeadaueHol MOMIIIKH B JOJATKY; 3) sIKi J1i MOBTOPIOIOTHCS KiJTbKa pasiB (1€
MOKE CBITYMTH, 110 KOPHCTYBau HE pPO3i0paBcs B 1HTEpQeEiCcl 4u He 3HA€, IO
poOuTH nani); 4) Ak NeBHa MOAIs BIUIUBA€E HA MOJANIbIII ii KOPUCTYBaYiB.

Takum YuHOM, ISl OI[IHEHHSI aKTMBHOCTI KOPUCTYBadiB, €(PEKTUBHOCTI iX
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3aJTydeHHs Ha Be0-CaiiTi, a TAKOK BUBYEHHS BIOI00aHb ITMX KopuctyBadiB Google
Analytics 30upae mani 3 BeO-caiiTiB 1 JOJaTKiB, 1100 CTBOPIOBaTH 3BITH 3
KOPHCHOIO 1H(pOpMaIIi€lo.
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Puc. lepeBonoaioHa cxema HUISIXY HOBUX KOpUCTyBayiB Ha caiiTi Bicauka JIHVYII

[Ticns mommpenHst iHdopMalli Ha pI3HUX pecypcax, 30Kpema, Ha CauTi
Bicauka naykoBux nocuimxkenb JIHYII nepiogom 3 10 ciung 2023 no 17 ciuns
2023 otrpumano "cruieck" aKTMBHOCTI Ta MPUPICT HOBUX KOPHUCTyBadiB. Bucoki

MOKA3HUKU KOHBEPCii TOBOPSITH PO T€, IO CAaUT J0Ope BUKOHYE CBOT 3aBIAaHHS.
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Teopernyni 10 cJuigKeHHA il eHeprii 0NTUYHOTO BUIIPOMIHIOBAHHA HA
HACIHHSA CiJIbCHKOTOCIIOAAPCHKUX KYJIBTYP

Yepsincokuu JI.C., 0.m.1., Paovro 111, k.m.n., Haneatixo B.A., x.m.u.,
Oxywrko O.B., k. m.n., Pomanenko O.I, k.m.H.
Hayionanenui ynieepcumem b6iopecypcis i npupoookopucmysanus Yxpainu
03041, eyn. I'epoise Oboponu, 15, m. Kuis, Ykpaina

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.

[TepennociBHa 00poOKa HACIHHA CUIBCHKOTOCTIONAPCHKUX KYJBTYp Ma€ Bce OuIbIle
3HAYCHHS I MIIBUIICHHS X BpOXKaiHOCT1 1 IKOCTi 3i0paHoro HaciHus ( 3epHa). ICHYIOTh pi3HI
BUIM TepeanociBHOT o00poOku HaciHHi. OCHOBHUMH € 3HE3apaxyloua, CTHMYJIOYa 1
KoMOiHOBaHa 00poOKH. OnHi€0 3 HaMO UTbI € (EeKTHBHUX, EIIEBUX 1 €KOJIOTTMHO YUCTUX €
00poOKa IHTEHCHMBHHMM OITMYHUM BHIIPOM IHIOBAHHAM iH()PauyEpPBOHOTO Ta YIbTpa(ioIeTOBOTO
Jiana3oHIB sika Ma€ KOMOiHOBaHUI e(heKT.

[TinBvmeHH € PeKTUBHOCTI TEPEANOCIBHOT OOpOOKHM HEMOXIHMBE O€3 pPO3yMiHHS
MEXaH3BMY Jii €Heprii ONT WY HOr'0 BUIPOM IHFOBAHHS Ha CTPYKTYPHI CKJIaJIOB1 OMPOMIHIOBAHOI O
HAC1HHS.

MeTor0 npoBeICHHS TaHUX JAOCJII>KeHb, HA OCHOB1 BUKOPUCTAHHA METOAIB (hoToMeTpii Ta
3aKOHIB (OTOOI0JIOril, € TeopeTHuHe OOIpYHTYBaHHA NUIIXIB Ta MEXaHBMY Jii eHeprii
ONTHY HOr'O BUINPOMIHIOBAaHHA Ha 010JIOTTYHI CTPYKTYpHU OKpPeMOi HACIHMHM HPH il ONPOM IHEHH1
3 PpO3pOOKO MAaTEeMAaTHYHOI 3aJIeKHOCTI MEXaHBMY B3aemonii (OTOHIB  ONTHUIHOTO
BUITPOM IHIOBAHHS 13 MOJICKYJIAMH CTPYKTYP OTIPOM iIHFOBAHOT'O HACIHHSI.

AHani3 pe3yJsibTaTi B HAYKOBUX JOCII)KEHb B 3aJ]aHOMY IUIaHi 1OKa3aB, 10 €(heKT MBHICTh
OiosoriyHoi aii eHeprii ONTHMYHOIO BHIIPOMIHIOBAHHA, WI0 TIOCTYNA€ HA TOBEPXHIO
OTIPOMIHIOBAaHOT HACIHMHHU 3alie)KUTh Bil TOMTUHYTONO BHIPOMIHIOBAHHS, SIK€ JOIUIbHO
MpUB’A3yBaTH /10 pearyroyux Ha (OTOHM ONTHUYHOI eHeprii 010J0raHUX CTPYKTYP Hac 1HUHH,
(oToHM BUITPOM iHIOBaHHS TOTJIMHYT i MOJIEKyJIaM H-Pe IIENT OpaMHU KJIITUH HAC IHUHU TIePEeIaroTh
IO CHEPrif0 B BUIJAA1 E€JIEKTPUYHOTO ]MIIYJII)CY, Hazami eHeprii (POTOHIB MOTIUHYTHUX
NiIrMEHTaMU KJIITUH i€ Ha YTBOPEHHS MPOAYKTIB (POTOXIMIUHMX peakiiil)Ommudka! HcTouHnk
CCHIJIKH He HAHI€EH..

B sKkocTi Momeni ompoMiHIOBaHOI HACIHMHHM, HAa OCHOBI aHAJBY  JITEpPaTypu IO
JIOCTIPKE HHIO OYJTOBM HACIHHA HAaWOUTBIIT PO3MOBCIOKEHHUX CUThCHKOTOCTIOAPCHKUX KYIBTYP
(ckura, TIIIEHUIl) NPUHHATO, MO BOHO BITHOCHTHCS JIO OXHOMOJbHUX POCIHUH. 3epHUHA
CKJIaJIa€ThCsl 3 3aXWCHOT HACIHHOI MIKIPKH, MiI SKOK 3HAXOAWTHCS CHIOCTIEPM 1 3apOjOK.
CTpykTypa KOXKHOTrO NpOIIApKy HE € OAHOPIIHOIO Mo TOBIIHMHL KokeH mpomapok cKiagaeThes
13 KJITUH PBBHOMAHITHOrO MPU3HAYEHHS 1 CTPYKTYPH.

TeopeTHdHO TOTYCTUM UM 3 TOYKHU 30pY OIT MY HUX XapaKTEPUCTHUK IS HHUX € Te, IO BC1
KJIITUHH BMIIIYIOTh Y CBOiX CTPYKTYPHHX OJMHMIMX B BUIbHOMY UM 3B’S3aHOMY BUIJISII BOAY,
TOMY BRXJIMBUM € PO3YMIHHA MeXaHBMY il ()OTOHIB Ha CTPYKTYpHI NEPETBOPEHHS MOJIEKY
3B'13aHOI B KJIITMHAX HACIHMHH BOJH.

PesynbraT IUTOJOTMHMX JOCHIIKEHb TOKa3ylTh, IO YWUM OJWKYE KJIITHUHA
3HAXOMIUTHCS 0 TIOBE PXHI 000JIOHKY 3€pPHUHM, TUM MEHIIA KUTbKICTh BOAH € B HIW 1 TUM MEHIIIE
ii GiostoriuHe yHKIIIOHYBaHHS.
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BigmoBimHO 3MiHI KUIBKOCTI BOAM B KIITHHAX 3MIHIOIOTHCS ONTHMYHI BJIACTHUBOCT1 ITHUX
KJIITUH 1 IpoImapky B nijioMmy. ToMy IpH MojiajblIoMy BU3HAYECHHI TOTIMHAIOYOI BIACTHUBOCTI B
TOBILy HAacCiHMHM LEeW ¢akr Oyde BpaxoBaHO B HAIIMX TEOPETHMUHUX JIOCITIKEHHAX,
BUKOPHUCTOBYIOUH 3aKOHU (POTOMETPII Ta T€OMETPUIHOT OIIT UK H.

B mnpakrumi 3acTocyBaHHA ONTHYHOTO OIPOMIHIOBAHHSA MAJII OTPUMAaHHI BH3HAUYEHOIO
OioJloriwHOrO € PeKTy y HACiHHI pO3CITHUH Ta e(PeKTUBHO MOTITMHYTHIA MOTOKH BUIIPOM iHIOBA HHS
JUIA CTPYKTYp HACIHHEBOI IIKIPKM BW3HAYMTU CKJagHO. Taki IOCHIIKEHHA NOTPeOyIOThH
Cy4acHOrO KOMITIOTEPU30BAHOTO J1a00paTOpHOro OOJaJHAHHA 1 KPOMITKHX (DI3UKO-XIMIUHO-
MOphONOriMHUX JOCTINKEeHh MOKPUBY HaciHHA y BimmoBimHux HJII i mo 1mporo wacy me He
TIPOB OJTHITHCH.
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BUKOPHUCTAHHS 3ACOBIB BIG DATA JJIS1 AHAJII3Y TAPAMETPIB
BPA3JIMBOCTEN IHOOPMAIIMHUX CUCTEM

€.1. Ilagnenxo, llonmascokuii Oepacasnuil azpapHutl YHigepcumem

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

VY cydacHiil nu@poBiii ernoxi Bpa3iIMBOCTI B MPOrPAMHUX CHUCTEMax CTalld
CEpHO3HOI0 MPOOIEMOIO JUIsl OpraHi3aliil y pi3HUX rany3sxX. 3JI0BXKHBaHHS LIUMHU
CIaOKHMMHM MICIIIMA MOYK€ TTPU3BECTH 10 3HAUHUX HACIIJIKIB, TAKUX SIK BUTIK JIaHUX,
(1HaHCOBI BTpaTH 1 30MTKH pemyTauii. J[Ji1 3MEeHIIEHHS IUX PU3UKIB J1y>KE BaKIUBO
JUTSL OpTaHi3aliii CBOEYaCHO Ta €)EKTUBHO BUSBIISITH BPa3JIMBl MICIS Ta YCYyBaTH iX.

OnuH 3 NIAXO1B 10 YIPaBIiHHS BPa3JIMBICTIO BKIIOYAE B c€0€ BUKOPUCTAHHS
perno3uTapiiB Bpa3iMBOCTEH, SIK1 Ha/IalOTh IIEHTPaII30BaHE MICIIE JJisl 30UpaHHs Ta
30epiranHs iHGOpMaIlli PO BPa3IMBOCTI B MpOorpaMHuX cucteMax. OHaK BEIUKUN
o0CAT TaHUX Yy TaKUX PEMO3UTAPISX MOXKE YCKIATHUTH BUSIBJICHHS Ta BUSHAUYCHHS
MPIOPUTETIB BPA3JIUBOCTEH, SIK1 € HAUOLTBIIT KPUTUIHUMH.

Jliist BupimieHHs 1i€i mpobieMu MOXKHAa BUKOPUCTOBYBATH CHUCTEMH aHai3y
BCIMKKMX JaHWX Ha 0a3l Takux TexHousorid, sk Apache Spark [1]. Lli cuctemu
JIO3BOJISIIOTH  @HATI3yBaTU JaHl MPO BPA3IMBOCTI Ta HAAABATH MPAKTHUYHY
1H(opMmariiro. 3a JOIMOMOT0k0 MAaCIITAOOBAHOCTI 1 OOYUCITIOBAIBLHOT IOTYKHOCTI X
CUCTEM MOYHA BUSBJISTH 3aKOHOMIPHOCTI Ta TEHACHIIT B JAHUX MPO BPa3IUBOCTI,
K1 MOXYTh OyTH CKJIQJHI ISl BUSIBJICHHS 3a JOTMOMOTOI0 TPaAUIIMHUX METOIB
aHamizy.

CVE - me peectp myOmiuHo Bimomux BpasnuBocteit [2]. Ile imimiaTtuBa
CHUIBHOTH, CIPSIMOBaHA Ha CTAHIAPTU3ALIII0 1IEHTU(IKALII] BPa3IMBOCTEH y PI3HUX
cucreMax Tay pizHux po3poonukiB. CVE Haiae yHiKaIbHU 11eHTU(IKATOP KOXKHIN
Bpa3JIMBOCTI, 110 JOMOMara€e JOCHiHUKaM Ta eKclepTraMm 3 Ki0epOesneku
CHUIKYBaTHCA Ta BIACTEXKYBAaTH iX.

CVE Oyno crtBopeHo Bmeprie B 1999 pomi koprnopamiero MITRE,
HEKOMEPIIIHHOIO OPTaHi3aIli€lo, sKka Kepye MpOoeKTaMH JOCTIHKEHB 1 pO3pO0OK JIst
ypsimy CHIA [2]. 3 Tux mip BiH CTaB MIMPOKO BU3HAHUM 1 MPUUHSITHM CTaHIAPTOM
JUTS BIZICTEXKCHHS BPA3IMBOCTEH 1 YIIPaBIIHHS iX )KUTTEBUM ITUKIIOM.

Inentudixkaropu CVE MaroTh meBHU# popMar, sIkiii BKIIFOYAE PIK BUSBICHHS
Bpa3IMBOCTI Ta yHiKabHUN HOMep. Hanpuknan, CVE-2023-1234 nocunatumeThbes
Ha Bpa3uBICTh, BUsiBIeHY B 2023 porii, 3 HoMepoMm ineHTudikatopa 1234. Oaniero
3 niepeBar BUKopucTaHHs 11eHTHdikaTopiB CVE € MOXIJIMBICTD JIETKO MOCHJIATHUCS
Ha HUX Yy HacTaHOBax 3 KiOepOesrneku, 0azax JaHUX BPa3JIMBOCTEH Ta IHIIMX
pecypcax, nos'sizaHux 13 Oe3nekoro. Lle q03Bossie OCHIIHUKAM Ta €KCrepTaM 3
Ki0epOe3neKH MBUIKO BUSBIISATA KOHKPETHI BPA3JIMBOCTI Ta MOBIOMIISITH IIPO HUX,
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10 MO€E JJOMMOMOTTH OpTraHi3allisiM BU3BHAYUTH MIPIOPUTETHICTD CBOIX 3aXO0/I1B 11010
YIPABITIHHS BPA3IUBOCTIMHU.

NVD (HamionansHa 6a3a gaHMX Bpa3IMBOCTEH) - 1€ OHJIAH-0a3a MaHWMX,
¢dinancoBana ypsgom CIIA, sxa cuyxutrh cxoBuimeM iHopmamii mpo
3araJibHOBIJIOMI Bpa3UBOCTI Ta pu3nku kidepoesneku. NVD kepye HarionansHuit
iHCTUTYT cTaHmaptiB 1 texHosoriit (NIST), skuit € migposmimom MiHicTepcTBa
toprism CIIA [3].

NVD Hanmae noctynHy s momyky 0a3y manux ineHtudikatopie CVE, a
TaKOo’X 1H(OpMaIIito PO CEPHO3HICTh KOXKHOIT BPA3IUBOCTI, CHCTEMHU 200 porpaMHe
3a0€3MeUeHHs], y SKUX BHUSBJICHI Taki Bpa3IMBOCTI Ta KPOKU JI YCYHEHHS
BpaznmuBocTeld. NVD TakoX Hajlae TMOCWIAHHS Ha 30BHIIIHI pecypcH, Taki SK
pekoMeHalli 3 KibepOe3neku, 1Mo MOXYTh JIOMOMOTTH OPraHi3alisM 3MEHIIUTH
PHU3HKH, TIOB'SI3aH1 3 IEBHUMHU BPA3JIUBOCTAMH.

3apa3, KoM 00CATH JaHUX MIBUIKO 3pOCTAlOTh, BAKJIMBO MAaTH IHCTPYMEHTH
Ta METOJU JJIsl €PEKTUBHOI'O OTPUMAHHSI 1/1€¥ Ta 3HAHb 3 11€1 BEIMYE3HOI KIIBKOCTI
1H(popmarrii. OgHUM 13 TAKUX METO/IIB € BAKOPUCTAHHS IPOIrPAMHUX MOB, TAKHX K
Python, oo Mae mupoke 3acTOCyBaHHS JJIs aHAJI3Y JaHUX 1 3aBJaHb MAITUHHOTO
HaBuaHHs [4]. Kpim Ttoro, iHcTpyMeHTH, Takl sk Apache Spark i MongoDB,
JIO3BOJISIIOTE OOpOOJIATH BEJMKI HAO0OpU AaHUX Y PO3NOJIIEHUX CEpPEAOBHILIAX,
3a0e3MeYyrour MacIITaboOBaHICTh 1 HAMIHHICTG [1, 5].

VY paMkax MpoOBEACHUX JOCIIIPKEHb OyiM po3pobiieHi ckpuntd Ha Python,
JUIsL cepenoBwiia, o Bkirodae Spark 1 MongoDB st Bukonanss ananizy CVE B
onepariinux cucrtemMax Ubuntu 1 Red Hat. 3okpema, Oymno mpoaHamizoBaHO
BpaznuBocTi CVE 3a pokamu Ta TOpIBHSHO iX MOKA3HWKH BIUIUBY, a TaKOX
BU3HaueHO BIaMIHHOCTI MK octaHHIMH CVE Ta HamioHaJgbHOIO 043010 IaHUX
ypaznuBocteil (NVD).

Po3pobiieni ckpunti BUKOpUcToBYI0Th PySpark 1 Matplotlib nns anamizy ta
Bi3yaumizanii KuibkocTi BpaziauBocTel y nanux CVE. Cnouatky, KOJ 1HILIANIZY€e
SparkSession 3 meBHUMM HaJalITYBAHHIMU JJIs1 3YMTYBaHHS Ta 3aMKCy AAHUX Y
MongoDB. Ilicns uporo, mani 3aBaHTaxyroTbcss 3 MongoDB y ¢peiim nanux
PySpark, df.

VY koxi BunnseTscs 1H@OpMalig Mpo pik 13 moias _id 3a J0MOMOTroro
peryinsipHoro Bupazy Ta (QyHKIII regexp extract, a TOTIM CTOBIIELb
"description_data" po30ouBaeTbcs Ha psiaku. Jlami BiH BHOUpae pik Ta 3HAYCHHS 3
PO3KOMITOHOBAHUX PAJIKIB, COPTYE iX 32 pOKaMHU 1 CTBOPIOE JBa (hpeiiMu JaHUX JIJIst
BpasznuBocteit Ubuntu 1 Red Hat. BukopuctoByerbest onepaitist GiibTpyBaHHS 115
BUOOPY PSIJIKIB, K1 MICTATH PSAIOK «ubuntuy mis ¢ppeiimy manux Ubuntu 1 psaku
«redhaty 1 «red haty mms ¢peitmy manmx Red Hat. Tlotim nmani rpymyroThest 3a
pOKaMH, 1 KUIBKICTh Bpa3JIMBOCTEH OOYMCIIOETHCS I KOXKHOTO POKY 3a
JOTIOMOT010 (PYHKIIIT MiJIPaXyHKY.

CrtBOprO€ThCS HOBHUH (peiiM JaHuX 3a JoroMororo (GpyHkiii "maiama3zon" ais
reHepaiiii Bcix pokiB 3 1999 mo 2023, 1 BiH 00'eqnyetnes (left join) 3 dperimamu
nanux Ubuntu 1 Red Hat, mo0 BKIIOUYWTH POKU 3 HYJIBOBOI KIJIBKICTIO
BpaznuBocTed. Hapeiri, orpuMani ppeiiMu JaHUX MEpEeTBOPIOIOTHCS Ha PpeimMu
nanux Pandas 1 copryroThes 3a pokamu. Matplotlib BukopucTOBY€ThCS st
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noOynoBu rpadika kiibkocTi BpaznuBocTedd Ubuntu 1 Red Hat 3 wacom y Burmsiai
JiHifiHOTO Tpadika 3 pokoM Ha oci X 1 KUIBKICTIO Bpa3IMBOCTe Ha oci Y.
OTtpumanuii rpadik BigoOpaskae TEHACHIIIIO KITBKOCTI Bpa3nuBocTer ams Ubuntu i
Red Hat.

Omxe, aHasi3 JaHUX PO3KPUBAE BAXKIIUBI 1IHPOPMAIIiHHI aACTIEKTH, SIKI MOXKYTh
CIIy>KUTH OCHOBOIO JJISl IPUUHATTS pIillIeHb II0A0 O€3MeKu cucTeMu. Po3ymiHHS
npo(diiB BpPa3IMBOCTI PI3HUX CHUCTEM MOXKE CIPHITH Ppo3poO0Il e(eKTUBHUX
3ax0/11B O€3IeKH, CIIPSIMOBAHUX Ha JIIKBIJAIIF0 KOHKPETHUX PU3HKIB, 110 MOB'sI3aH1
3 IUMH cUcTeMaMu. KpiM Toro, cBo€4acHi OHOBJICHHSI MAlOTh KPUTUYHE 3HAYCHHSI
J1s 3a0€e31eueHHs] O€3MeKH CUCTeMH, 1 Oy/b-sKe 3aTpUMaHHS y BUPIMIEHHI ITUX
NMUTaHb TiJKPECTIOE HEOOXiTHICTh BIOCKOHAJICHHS CHUCTEM OHOBJICHb 3 METOIO
MiHIMi3allii pU3HKIB, IO CTOCYIOTHCSI HEBUIIPABICHUX BPA3JIUBUX MICIIb.
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OPT'AHIBAIIA TA IIVTAHYBAHHSA 3ABJAHD Y BIPTYAJII3OBAHUX
CUCTEMAX JJA POSITOAIVIEHUX OBYUCJIEHDb

O.A. Casuenko, A.C. Kypsanuuk, O.1. Jluntok, [lonmascokuil Oepacasnuil acpapHuti
YHIgepcumem

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 choroaHimHii AeHb TEXHOJIOTII BipTyani3alli CTal0Th BCE BaXKJIMBIILIMMHU
OCHOBaMM I KOPHOpaTUBHUX Imporpam. IHpacTpykrypa, HEoOXiaHa s
pPO3pOOKH, BIPOBAKECHHS, PO3MIIIIEHHS Ta OOCIYrOBYBaHHS JOJIAaTKiB, MOCTIMHO
cTa€e OUIBI CKIIAHOIO 1 MacIITabHOO. 31 301IbIIEHHSIM KUIBKOCTI BEO- Ta XMapHUX
JOJIATKIB 3pOCTAIOTh 1 BAMOTH JIO CEPBEPHUX TeXHOJOTIH [1].

[Ipu BUOOp1 cTparerii 3a0e3neUeHHs BUCOKOI JOCTYIHOCTI CI1J] TOJIOBHUM
YUHOM KepyBaTHCs TpodiieM Ta XapaKTepUCTUKAMH KOHKPETHOTO Oi3Hecy:
NOTPIOHO OIIHIOBATH 30UTKH, SIKI MOXKYTh BUHUKHYTH BHACJI1IOK IIPOCTOIO CUCTEMHU
a00 BTpaTH JaHMX, 1 BU3HAYUTU MAaKCUMAJIBHO MPUNUHATHUN Yac MPOCTOIO.

Posnozineni cucremu JomoMaratoTb CTBOPUTH 1HYPACTPYKTYPY, CIPOMOKHY
3abe3reunTu Oe3nepepBHE (PYHKIIOHYBaHHS CHUCTEM 3 BHCOKOIO JOCTYITHICTIO.
KrnacrepHi TeXHONOTIT € OJHUM 13 HAMPSMKIB PO3MOJIJICHUX CHUCTEM 1 € JIyXKe
e(EKTUBHUM METOIOM JIJIs 3a0e3MeYeHHs HaliiHOCTI cucTeMu [2].

CbOroJiHi B raiy3i po3noIJIEHUX 00UHCIIOBAIBHUX CUCTEM CITOCTEPIraeThCs
BUCOKMU TeMN 3MiH B OpraHi3aliifHUX 17€0JIOTisAX Ta MiJXxoJaxX. 3a 4Yac, SKU
PO3MOITIEHI CUCTEMHU ICHYIOTh, OYJIO CTBOPEHO BEJIMKY KUIBKICTh MOJEIEH st
peamizauii po3noauieHHX oOuuciaeHb. Cepel TOJOBHUX  XapaKTEPUCTHUK
PO3MOIITIEHOT CUCTEMH CJI1JI BUAUTUTH MacIITa0OBaHICTh.

MacimtaboBaHICTh CUCTEMHU - 11€ 3AJICKHICTh BiJl 3MIHHM 11 XapaKTEPUCTUK BiJl
KUIBKOCTI KOPUCTYBauiB Ta TMIJKIIOUYEHUX PpECypciB, a TaKOX BiJ CTYNEeHs
reorpadiyHoro po3mnoairy cucremu [2]. Baxkiusi mapaMeTpu BKIIIOYAaOTh B cebOe
mpare3 aTHICTh, €PEKTUBHICTH, BAPTICTh, TPYIOBUTPATH HA BUPOOHUIITBO, BUTPATH
Ha BUIMPABJICHHS, HACTYIMHHUA CYMPOBIM, YNPABIIHHSA Ta 3PY4YHICTH poOOTH 3
cuctemoro. /{75 pi3HUX cucTeM MacmTaboBaHICTh MOXKE JJOCITATUCS 32 JOTIOMOT OO
PI3HUX METOIB: JJIS OJHUX IT1IXOAUTH JIIHIMHA 3aJI€KHICTh, B TOM Yac SK JUIS 1HIITHX
Koe(dimieHT MacmTabOBaHOCTI TOBWHEH 3aJIUINATUCA HE3MIHHAM HaBITh TIPHU
3HAYHUX 3MIHAX MaciTady CUCTEMHU.

AJMIHICTpaTUBHAa MAaclITa0OBaHICTh CUCTEMH Ma€ BEJIMKE 3HAYEHHS 1
3QJISKUTH BiJ 3pYYHOCTI pOOOTH 3 HEK KIIBKOCTI aIMIHICTPATUBHO HE3aJICKHUX
opraHizariif, 1o 3aiMaroTbcs ii ekcrutyaraiieto. [Ipu cTBOpEHHI BEIMKUX CHCTEM
(COTHI MammMH, THCSYl KOPHUCTYBayiB) BHCOKa MAacIITa0OBaHICTh JOCATAETHCS
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NUISIXOM JIeleHTpasizamii OCHOBHUX CIyX0 Ta aJrOpuTMiB, SIKI peajizoBaHl Y
CUCTEMI.

Posznonineni cucremu kinacu(ikyroThCs 3al€XHO Bif iX (DyHKIIOHAIBHUX
XapaKTEPHUCTHK, TAKUX K THI HAJAHUX PECYPCIB Ta BUIU MIPUKIIATHUX 3aBIaHb, IS
SKHX BOHHM PO3pOOJICHI Ta ONTHUMI30BaHi:

— 00YHCITIOBANIbHI CUCTEMH - II€ CUCTEMH, JJIS IKUX MOTYXKHICTh POLIECOPIB
€ OCHOBHUM OOYHUCITIOBAIbHUM PECYPCOM.

— 1H(opMaIIiiiHl CHCTEMH - 1€ CUCTEMH, B AKUX OOCST Mam'sTi Ui JaHUX €
OCHOBHHM PECypCcOM, 30KpeMa, JJIs BEIUKUX CXOBUIIL IAHUX.

— cUCTeMHU I OOMiHY 1H(GOpPMAIIIEI0 - CHUCTEMHM, IO CKIIAJalOThCS 3
nepeaBayiB, CIPSIMOBAHI Ha MIJABUIIEHHS €()EKTUBHOCTI Ta CTIHKOCTI Mepexi
nepeaadl JaHuX MK JKEPEIOM Ta MpUiMadeM.

[IpobGnema oprauizaiiii po3noAICHUX IHPPACTPYKTYP 3 OKPEMUX ITPOCTOPOBO
BIPTyaJliI30BaHUX KOMII'IOTEPIB 3AJMIIAETHCA AKTYyaJbHOIO 1 CIIOHYKa€E [0
NPaKTHYHOTO BUBYCHHs. Ha 11e BKa3yroTh He JHIlle TEOPETUYH1 JOCTIIKEHHS B IIii
raiysi, ajie ¥ peaizalis CUCTEM yIPABIIHHS TaKUMHU 1HPpacTpykTypamu. ['ooBHA
MPUYHMHA LBOTO IHTEPECY MOJISITae B TOMY, 110 po0OOUl CTaHIIli, CEpBEPH JOJATKIB Ta
MEePCOHAIBHI  KOMIT'IOTEPH, MIAKIIOYEHI JO0 Mepexi, € YUCIEHHUMH 1
MaJI03aBaHTAKEHUMH, a iX 3arajbHa MPOIYKTUBHICTH € JIy’Ke BEJIHKOIO.

Mo>xHa BUAUIMTH JIBI OCHOBHI MpoOJeMu, siKi moTpiOHO BHpimuTH. [lo-
nepiie, BaXJIMBO 3a0€3MEUUTH PO3MOJUT PECypCiB KOMITIOTepa (mpolecopa,
nam'aTi, JUCKOBOTO TMPOCTOPY Ta IHIIMX) MK OCHOBHUMH TMpOIECAMHU Ta
3aBJAHHSAMHU PO3IMOAUICHOI CHCTEMH, HAJal0Yd TMPIOPUTET TEPIIOYEPTOBUM
3apmaHHsaM. [lo-mpyre, BpaxoByrOYM 3MIHHICTh HABAaHTAKEHHS KOMII'IOTEpa
3aJIeKHO BIJ JISIIBHOCTI MOTO BIIACHWKA, BAXKIWBO 3/1ACHIOBATH €(EKTHUBHUMN
PO3IOLT TOCTYITHUX PECYPCIB, 3a0€3MEUYI0OUH MIHIMI3aIl0 BIAXUICHDh B YaCOBOMY
BUKOHAHHI 3aB/IaHb Y BCTAHOBJIEH]1 TEPMIHH.
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IMITAIIMHA MOJEJIb 1J151 OIIHIOBAHHS BE3NIEKA CUCTEMU 3
BIPTYAJII3OBAHOIO IHOPACTPYKTYPOIO 3 BPAXYBAHHSAM
ATAK HA KOMIIOHEHTHA

0.1 Bpascnux, 1.@. I puyaii, HM. Pocmoscokuii, [lonmascokuii Oepaicagruil
azpapHut yHigepcumem

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 pO3MOBCIOIKEHHA Mepekl [HTepHET 3yMOBWIO  MIrpamito
(nepeba3zyBaHHs) 0araTbOX JOAATKIB Ha CEPBEPU Ta CTBOPEHHS 1H(OpMALIHHUX
CUCTEM 3 BIpTyani3oBaHOIO 1H(pacTpykryporo. I[lpm mpoMy, Ha BIOAMIHY Bij
JIOKaJIbHUX MPOTpaM, BeOCEpBICH BUKOHYIOThCS Ha cepBepi, MatoTh BiacHy URL-
ajipecy, BXifHi naHi Ta pesyabTatd nakytots B HTTP-nakeru. Ix xopuctyBauamu
MOKYTb OyTH SK JIFOAM, TaK 1 1HILI IPOrpamMu 1 CEpBICH.

Huni OypxnuBUM pPO3BUTOK TaKOX TMEPEKUBAE TEXHOJIOTIS «PO3yMHHUX
CepelOBHUI). Y 3B'SI3Ky 3 MOJIOAICTIO JaHOI TEXHOJOTIl IMOKH IO BIJACYTHE
3araJbHOBU3HAHE BU3HAUCHHS, MPOTE MOXKHA BUIUIMTH PSAJl TOJOXKEHb, IO
XapaKkTepU3ylTh TakKl CEpeloBUINAa - 1€ BUKOPHCTAHHS CEHCOpIB Ta
OOYUCITIOBAILHUX TPUCTPOIB. B3AEMOJIIIOTH Y TUHAMIYHOMY JICIIEHTPATI30BaHOMY
CEpPEHOBUIII JIJI1 JOCITHEHHS €IMHOI METH, Takoi sK 3a0e3meueHHs Oe3rneku abo
e(DeKTUBHOTO yIpaBliHHA. BumiIfOTbCS Taki XapakTepHI O3HAKM TaKUX
cepenoswi [1]:

1) Ge3nocepeHs B3aEMOJIISI MiXK TIPUCTPOSIMH;

2) BiiaJieHe KepyBaHHS IPUCTPOSIMH;

3) cxnaaHuii GyHKITIOHA IPUCTPOIB;

4) «(IHTEeJIEKTYaJIbHICThY» TPUCTPOIB;

5) pi3HOMaHITHICTh CTAaHAAPTIB MEPEIKEBOT B3aEMO/II.

Taxi cepepoBuilla HacamIriepesl 3HAXOASATh CBOE 3aCTOCYBAHHS y PI3HUX
CUCTeMax aBTOMaTu3allii, HaJal4d XOpOUIy OCHOBY IJs  MOOYJIOBH
iHppacTpykTypu. OmHUM 3 HAWNOMIMPEHINUX MTPUKIAAIB BUKOPUCTAHHS
«PO3YMHHUX CEPEJOBUIL» € CUCTEMH «PO3YMHOTO OYAMHKY», SIKI € PO3BUTKOM
aBTOMATUYHHUX CUCTEM YIPABIIIHHA OYyiBISIMU.

[TopiBHSHO 3 JOKAIBHHUMH TIporpamMaMu BeOCEepBICH Ta 3acO0M CHCTEM
«PO3YMHOTO OYIUHKY» (DYHKIIIOHYIOTH B OLIBII JUHAMIYHOMY peKuMi (BIAMOBH 1
BIJIHOBJICHHSl amapaTHUX Ta NPOrpaMHUX 3aco0iB, OHOBJICHHS Ta MaTul,
00CITyrOBYyBaHHS) Ta arpeCUBHOMY (4Uepe3 aTaku KiOep3JI0UHHIIIB) CEPEAOBUIIL.

IcHyroui iMiTarifini Moaeni [2] B HemocTaTHIM Mipi BUCBITIIIOIOTH ITUTAHHS
CUCTEMaTHu3allli Ta [AETaJbHOTO aHalli3y OTPUMAaHUX pe3yJbTaTiB. PesynbraTtu
IMITallIHHOTO ~ MOJICJIIOBAaHHS y TEpIly 4Yepry BHUKOPUCTOBYIOTHCA IS
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MIJTBEP/PKCHHS  aJIeKBaTHOCTI  aHaNITUYHUX Mojened. Ilig amekBaTHICTIO
PO3YMIETHCS Mipa BIAMOBITHOCTI PE3yJIbTaTiB MOJIETIOBAHHS PeaIbHUM MIPUPOIHIM
mporecaM Ta SBHIIAM. TakuM YWHOM, 3arajibHe 3aBIaHHS IOJSIrae y po3pooil
QHAMTHYHUX Ta  IMITAIIHHAX  MOJENeH CHCTeMH 3  BIPTyalli30BaHOIO
1HGPACTPYKTYpOIO ISl OLIHIOBAaHHI iX TOTOBHOCTI 3 BpaxyBaHHSIM aTaKk Ha iX
KOMIIOHEHTH.

[lepmuM eramoM JAOCHKEHHS € T1OOyAOBa aHAMITHYHOI MOJENI
(GYHKIIIOHYBaHHS CHCTEMH 3 BIPTyali3oBaHOw i1HpacTpykTypor. I[loOymoBa
MOJIEJIl CIOYaTKy BpaxoBye JvIIe poOodi cTaHu cucTeMu. [loTiM 1mi cTaHu
arperyroThcs (y3arajJbHIOIOThCS) - iX KIJIBKICTh 3MEHIyeThes. Takoxk rpad Moaeni
JIOTIOBHIOETHCSI CTAaHAMU OOCIYTOBYBaHHSI-TIPO(MIIAKTUKY, MPUXOBAHUX Ta SBHHUX
BIJIMOB.

[Tix yac aHami3y 3aBaaHHs IMITAIlIHHOTO MOJICIIIOBaHHS OYJIO BCTAHOBJICHO,
10 1Ie¥ mpoliec MoXe OyTH MPEICTABICHUH K OJIMH 13 KJIACIB MAaTEMAaTUUYHHUX CXEM
CUCTEM MacoBOro 00ciyroByBaHHs. IIpu CTBOpEHHI IMITAIHHOTIO aNrOPUTMY
Halikpalie BHUKOPHCTOBYBAaTH METOJA O€3MOCepeHhOr0 MOJAETIOBAHHSA, HE
OOMEXKYIOUUCh CTaHIAPTHUMH MAaTEMaTHYHMMH CXEMaMH, Ta BUKOPHUCTOBYBATH
OJIHY 3 BHCOKOPIBHEBUX MOB MporpamyBaHHs [3]. TakuM unHOM, QyHKIIOHATHHY
3aJIEKHICTh KOE(QILIEHTa TOTOBHOCTI BIJl 4Yacy (YHKIIOHYBaHHS cucTeMH A(t)
MO>XKHAa BU3HAUWUTH, KOMOIHYIOUM 3HA4Y€HHsI KOe(QILI€HTa TOTOBHOCTI IJIs PI3HHUX
4acCOBUX MOMEHTIB ti.
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INPOEKTYBAHHA PO3IIOAIVIEHOI'O OBYUCJ/IIOBAJIBHOI'O
CEPEJOBHUIIA HA OCHOBI IHOPACTPYKTYPU AMAZON WEB
SERVICE

B. Boponsancoxuii, I'. Muxumenxo, JI. Anoxin, Ilonmascokuii ¢haxosuti koneoic
rHagmu i eazy Hayionanvnoeo ynieepcumemy "llonmascvka nonimexuixka imeni
FOpis Konopamioxa"

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 MUTaHHS 1010 BUKOHAHHS PO3MOAUIEHOI OOpOOKU TaHUX € JIOCUTH
aKTyallbHUM. [[1s1 IMX PecypCOMICTKHUX OOYHMCIEHb HEOOXITHO BUKOPHUCTOBYBATH
BHUCOKOIIPOJYKTUBHI  PO3MOJJIEHI OOYMCIIOBAJIbHI CUCTEMHU. binbime Toro,
CyYaCHHUU pIBEHb PO3BUTKY IH(QOpPMAaLIMHUX TEXHOJOrA J03BOJSE OyIyBaTH
PO3MOITIEHI 00YHCIIIOBANIbHI CUCTEMU HE JIMIIE JOKAJIbHO, ajie 1 3a JOMOMOTOIO
3ac00iB  BIJJAJICHOTO JOCTYyIy. Y TakOMy BHIMAJKy BHKOHAHHS CKJIQJIHHUX
OOYHUCITIOBANILHUX 3aBJIaHb JI03BOJIIE MAKCUMAIHLHO €()EKTUBHO BUKOPUCTOBYBATH
pecypcH, HaaaHi PO3IMOAUICHOI OOYHCIIIOBAIbHOK cucteMoro [1]. V' poborti
pPO3IJIAHYTO  3aBJaHHS  NPOEKTYBAHHS  PO3MOJAUICHOTO  OOYMCIIOBAIBHOTO
cepeoBHINa Ha OCHOBI iH(ppacTpykTypu Amazon Web Services (AWS) [2], a Takoxk
BUBYCHHS OCHOB pPO3MOJAUTY HaBaHTAXEHHS B  MeXax IMOOYyJ0BaHOTO
00UYHCITIOBAJILHOTO CEPEIOBHUIIIA.

JUist mocTaBieHoi 3aJadl BaXKIMBO PO3YMITH, 110 OajlaHCyBaHHS Tpagiky
B1JIOYBA€ETHCS BIAMOBIAHO J0 PO3MOALTY HaBaHTaXEHHS 3a 3aBaaHHsAMU. Criepiry
PO3IIIIHEMO PILIEHHS, SIK1 HAJal0Thes i1 OanaHcyBaHHs TpadiKy B IHPpacTpyKTypi
AWS. Haiisickpapimmmu npeactaBHukamu nux pimenb € NGINX plus AWS Ta
AWS Elastic Load Balancing [3]. [Togaii po3risiHeMO KOXHY 3 CHCTEM JOKJIAIHIIIE
1 IPOBEJIEMO X MOPIBHSHHS.

NGINX plus AWS Moxke BUKOPUCTOBYBATHCS SIK CAMOCTIMHO, TaK 1 pa3oM 3
ELB. OcHoBHUMU TIepeBaramMmu II50T0 PIllICHHS €:

— IpsIMUI TOCTy™ /10 OanaHCyBajIbHUKA 0€3 3aiiBOTO TTOCEPETHUIITBA;

— IOBHUY KOHTPOJIb HaJ IHPPACTPYKTYPOIO.

Henonikamu pimeHHs €:

— MABUIICHHS  HaAIMHOCTI  BiAOyBaeThCs 32  pPaxyHOK  OOMIHY
MOBIJJOMJICHHSAMH MK CEpBEpaMu;

— BUKOPHUCTaHHS MEPEeBIpPOK 3a 1onomororo heartbeat.

[Ilo crocyethes pyHkuioHanbHUX BigMiHHOCTeW Mixk NGINX Tta ELB, TO
equauM HenomikoM NGINX e BigcytHicth miatpumku AWS AutoScaling. ¥V
iHmomy ¢ynkmionan NGINX mupmuii Ta Mae Taki QyHKITIT:
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— MapuIpyTu3allis 3anuTiB Ha ocHOBI neBHuX napamerpiB (URL, 3aromgoBok
3aIlUTy TOIO) JI0 TIEBHUX CEPBEPIB;

— mepe3anuc URL Ta mepenampaBneHHs, MO0 YHMKHYTH 3MIiHU aJpecu
KIIIEHTA;

— miarpumka WebSocket Proxy Ta SPDY Protocol;

— rmOOoKa MmepeBipKa SAKOCTI (€ MOXKIIMBICTh BU3HAUUTH http Bigmosias, TCP
BIZIMOBIIb 2400 KUTHKICTh TOCIIJOBHUX TOMIJIOK TIEpEl BCTAHOBJICHHSIM MITKH
KHESKICHHI»);

— miATpUMKa 0araTboX 0OMEKeHb (3'€THaHHS 3 CepBEpaMH, BX1/IH1 3'€ JHAHHS,
IIBUJIKICTB Tepeiadl JaHUX);

— migTpuMKa OaraThox anroputmiB OanancyBanHs (Round Robin, Least
Connections, Least Time, [P Hash ta Hash).

AWS Elastic Load Balancing — ne ¢yHKIsE aBTOMaTHYHOTO PO3MOILITY
BX1JJHOrO TpadiKy I0AAaTKIB MK KUIbKOMa BUKOHaBYMMH By3iiaMu Amazon EC2 B
xMapi. BoHa mae MOXIIMBICTH JOCSATTH 1€ OUIBINOI HAAIMHOCTI B J0OJIaTKax,
«IPO30pO» BUAUISIIOUN OOCAT pecypciB, HEOOXIAHUM Il PO3MOA1ITY HaBaHTAKEHHS
BIJIOBITHO 710 00CSry BXIJHOTO Tpadiky nonatkiB. Po3risiHeMo mepeBaru wi€l
(yHKII10HAJIBHOCTI:

— JIOCTYMHICTh — aBTOMapLIpyTU3alis Tpadiky Mix Byznamu EC2 migBuiye
piBeHb HaJIHOCTI AojatkiB, Ouibiie Toro FElastic Load Balancing no3Bossie
BUKJIFOYATH «HE3I0POB1» MAIIMHU Ta PO3MOAUIATH TpagiK MK 3aTHILIEHUMH, SKIIO
B JIaHIM 30HI HEMAa€ «3JI0POBUX» MAIlMH, ajie € B 1HIIINA 30HI, TO Tpadik Oyne
PO3MOIJIEHO M1 HUMH;

— enactuyHIcTh — 1HTerpauist 3 AWS AutoScaling n1o3Bossie MacitadyBaTu
MOTY>KHOCTI 0OpOOKHM Ta MEPEXKEBI peCypcH B 3aJI€KHOCTI BiJl MOTOKY 3alUTIB 0€3
3aBOTO BTPYYaHHS;

— Oesneka — iHTerpamia 3 Virtual Private Cloud 3abesneuye HeoOXigHUM
piBEHb O€3MEKH, MOKIMBICTh BHYTPIIIHBOT MapUIpyTU3alLlii Tpadiky 3a IPUBATHUMU
[P 3akpuTOI0 MEpexero, MATPUMYETHCS MOMKIUBICTh BUKOPUCTAHHS CEpTU]IKATIB
SSL/TLS.

OmHuM 13 HAMONMTUMATBHININX PIMICHb IS PO3MOJITY OOYHCITIOBAILHOTO
HaBaHTaXeHHs € BukopuctanHs (yHkiii EC2 Container Service. EC2 Container
Service — e BUCOKOMACIITAOHUM, BUCOKOMPOAYKTUBHHI CEPBIC IS yIPaBITiHHS
KOHTeIHepamu, 1110 MiATpuMye KoHTelHepu Docker 1 103BOJIsIE JIETKO 3amlyCcKaTH
po3noauieHi gomatku B kimactepi mamuH EC2. Ileit cepBic MOXke CaMOCTIHHO
BCTAHOBJIIOBaTH,  MacmrtaOyBaTd,  po3MillyBaTH  KoHTeiiHepu  Docker,
00CIyroByBaTH OOYMCIIOBAJIbHY IHPPACTPYKTYpPY, IUIAHYBAaTH PO3MIILICHHS
koHTelHepiB Docker 3 ypaxyBanHsm moTped y pecypcax. lLle pimenss
BIJIDI3HSIETHCS BHUCOKOIO IIBUAKICTIO MacHITaOyBaHHS, OCKUIBKM PO3rOpTaHHS
KOHTeHepHuX q0aatkiB Docker 3aiiMae BChbOT0 KiJIbKa CEKYHI. SIK KEpeso TaHuX,
BiH BUKOPUCTOBYE CXOBHIIE S3, 1 Ty/M K HaJICUJIa€ BUX1JIHI pe3yJIbTaTH.

JIJist moanbIvX TOCIHIKEHb HEOOX1THO PO3TIISIHYTH MOXKJIMBI MIAXOAH 10
BUPIIICHHA 3aBAaHHs. TyT BaXXJIMBO BI3HAYUTH, 110 ICHYIOTb TOTOBI MiJIX0/H, aje
TOJIOBHUM X HEJIOIIKOM € Te, 10 BOHU MpaIfiooTh 3 EC2. Tomy BuHUKae moTpebda
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B CTBOPEHHI BJIACHOTO DillIEHHS, sKe OyJe BUKOPUCTOBYBAaTH BCl IlepeBaru
PO3MOALIEHOT O0YMCITIOBATLHOT CUCTEMH.
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AHAJII3 METOAIB YIIPABJIIHHA JOCTYIIOM B CKB/I ORACLE JJIA
3ABE3NEYEHHSA IHOOPMAIINHOI BE3IEKH

B. Bopouancoxuii, O. Cuoopuna, B. Menvnux, [lonmascokuii ghaxosuii koneodic
rHagmu i eazy Hayionanvnoeo ynieepcumemy "llonmascvka nonimexuixka imeni
FOpis Konopamioxa"

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

OmuH 13 KIIIOYOBMX YHMHHMKIB, 11O BIUIMBaE Ha Oe3neky 1HQOpMaliiHOi
CHCTEMH, 11€ TPABUJIbHE YIIPABIIHHS JOCTYIIOM, TOOTO BU3HAYCHHS Ta OOMEKCHHS
JIOCTYIly KOPUCTYBadiB, Mporpam Ta MPOLECIB J0 JAHMX, MMPOTrpaM 1 MPHUCTPOIB
o0uHcIIoBaNIbHOT cucTemu [1].

Oracle Bxxe TpuBanuii yac 3a0e3neuye O€3MeKy Ha piBHI TaOJIULB 1, B IEBHOMY
BUMIp1, Ha piBHI cToBOUIB. KoprcryBauamM mMoxxyTh OyTH HajaHi (abo BimiOpaHi)
NpUBLIET JOCTYIy 10 OKpeMHUX TaOiuib ad0 crtoBmiiB. [IeBHUM KopucTyBauam
MOXYTb OyTH Ha/IaHi MpaBa Ha BCTABKY Y OAWH HaO1p TaOIMIls Ta BUOIPKY JaHUX 3
1HIIOTO HAOOPY TAOJIHIIb.

PosrnsHemMo omeparii HagaHHS JOCTYIYy KOpPUCTyBayaM 10 0a3u JaHHX.
CnouaTky KOpHUCTyBad ITOBUHEH OTPUMATH JIO3B1JI HA ITIIKIIOUCHHS 10 0a3U JaHUX.
[le poOUTHCS HACTYIMHOIO KOMAH/IOK0, SIKY BUJIA€ aIMIHICTpAaTOp 0a3u JaHuX: «grant
create session to userAy». Oneparop grant (HagaTH) NpU3HAYCHUM JIJI1 BUKOHAHHS
iHmMx onepatopiB SQL, y naHoMy BHMaaky - create session, TOOTO CTBOPIOBAaTH
3'elHAHHS KOPUCTYBaueBl 3 JIOTIHOM userA. [[ns ckacyBaHHS BUKOHaHHS
onepatopiB SQL KOHKpETHOMY KOPUCTYyBady BUKOPHUCTOBYEThCS oneparop revoke.

3aranom, NpuBiIei MOKYTh OyTH IPU3HAYEH] IK OKPEMUM KOPUCTyBayaM, Tak
1 poasm. Poii - me HasBaHi HabGopu mpuBiieiB [2]. 3amicTh TOro, mo0 JgaBaTh
KO’)KHOMY KOPHCTYBau€Bl OJHAKOBI TMOBHOBAa)XEHHsI, MOXKHA CTBOPHUTH KLIbKa
TUIIOBUX POJIEH, HAITUTH 1X HEOOXIAHUMHU MPaBaMHU 1 MPU3HAUYUTHA KOPHUCTyBayaM
111 poui. Posi Takok MOKHA BIJIKJIMKATH 3 yCiMa MpaBaMu 3a IOTIOMOTO0 oTiepaTopa
revoke. Pom CTBOPIOIOTBCSA, 3MIHIOIOTBCS 1 BHIAISIOTHCS CTaHIAPTHUMH
orepaTopamMu - create, alter i delete.

[TpuBinei MoxyTh OyTH 00'€eKTHUMHU Ta cucTeMHUMHU. O0'€eKTHHI TpUBLIEH
JI03BOJISIE BUKOHYBATH oOmeparii HaJ KOHKPETHUMH 0O0'€KTamH, HaNpUKIIaJ, HaJ
TaONMUISIMU. A CUCTEMHHI TPUBLUIECH J03BOJISIE BUKOHYBATH OMeEparlii HaJ IUIAM
kiacom o00'extiB. Hampuknan, cuctremHuii mpuBuien alter database mo3Bosisie
KOpPUCTYBauy 3MIHIOBaTH camy 0a3y JaHux, a alter user 103BoJi€ 3MIHIOBATH
KOpHCTyBaua Ta HOTo mapameTpH (1maposib, npodiiab, pois).

CucteMHl mnpuBiiei BKIOYAOTh B cebe omepariii create, alter 1 delete.
Hanpuxnan, CREATE TABLE - ctBopenns Tabsmii, CREATE ROLE - ctBopeHHs
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poni, ALTER DATABASE - 3mina 6a3u nanux, DROP TABLE - BunaneHss
TaOJIHIII.

[TpuBinei Ha piBHI 00'€KTIB BIAMOBIAIOTH OaraThbOM BUMOTaM, ajie 1HOJll BOHU
He e(eKTHBHI /i BHUKOHAHHSA PI3HOMAHITHUX TMpaBui OE3MEeKH, $KI YacTo
HAKJIaIal0ThCsl Ha pOOOTY 3 KOPIOPAaTUBHUMHU NaHuMU. Hanpukia, Ko B Ta0IuIi
30epiraroTbes JaHi Mpo BCIX CHMIBPOOITHUKIB KOMIMAaHii, a KepIBHUKAM MiApO3/IiTiB
NOBUHHA OyTH AOCTYyMHA 1H(OpPMALisS TIIBKU PO CHIBPOOITHUKIB CBOTO BIILITY.

Cnouatky aamiHicTpaTopH 6a3 JaHWUX BIPUJIM B CTBOPIOBaHI MOBEPX 0a30BUX
TaOJIUIlb TPEACTaBICHHS, SKI 3a0e3rnedyBaii OC3MEKy Ha pPIiBHI PAAKIB. Ale
3aCTOCYBaHHS IHOTO METOJy 1HOJI MPU3BOAMWIIO 10 TOSIBU BEJIMKOI KIJIBKOCTI
MPEACTaBIICHb, SIKI CKJIAJIHO ONTUMI3YBaTH 1 KOHTPOJIOBATH, TUM OUIbIIE IO
mpaBuia JIOCTYIy A0 PSAKIB MOXKYTh 3MIHIOBATUCS 3 YaCOM.

[TosBa TexHomorii RLS (Ge3nexka Ha piBHI psakiB) [3] mo3Bosawmiia
aJMIHICTpaTOpaM BCTAaHOBIIIOBATH TMOJITUKU Oe3meku A Tabiuils 0a3u gaHux (i
OKpEMHUX THIIIB oOMepaiiii Haj TaONUIsIMU), SKI OOMEXYIOTh MOXJIUBICTh
KOPUCTYBaya YUTaTH a00 3MIHIOBATH NEBHI PSAKU B LUX TaOnuisax. [Ipu mpomy
KOHTPOJIb 31HCHIOEThCA 32 AonoMororo PL/SQL ¢yHkwii, siki peani3yoTh CKIaIHy
joriky mpaBwi. KepyBatm Takumu (QyHKIiSMA Habarato TmpocTime, HiK
npeacTaBieHHsIMU. DyHKIIOHAIBHICT RLS peanizoBaHa TOJOBHUM YHWHOM 3a
nonomororo BOynoBanoro naketa DBMSRLS.

Texnonoria RLS (6Ge3neka Ha piBHI psAAKIB) BKJIIOYAE B ce0€ TPU OCHOBHHX
€JIEMEHTH:

[Tomituka (policy) - e nekiapaTUBHA KOMaH/Ia, Ika BU3HAYAE, SIK 1 KOJIU CIT1JT
3aCTOCOBYBATH OOMEXEHHS JOCTYIy KOPUCTYBAYiB JI0 3aIMTIB, BCTABOK, BUIAJICHbD,
3MiH a00 KOMOIHAIII# ITUX OoIeparlii.

OyHkIisg nomituku 0e3nexu (policy function) - e 306epexena QyHKIliA, SKa
BUKJIUKAETHCS, KOJIM BUKOHYIOTHCSI YMOBH, BU3HAYEH1 B MOJITHUII O€3MEKH.

[Ipenukat (predicate) - 1e psAAOK, AKUN TeHEPYETHCS (DYHKIIEIO MOJITUKA
Oesnekn 1 aBTromMaTtuyHO pgomaerhcsi Oracle B kiHeub ymoBu WHERE s
BUKOHYBAaHHMX KOpUCTyBaueMm onepaTtopis SQL.

RLS aBTOMaTH4HO 3aCTOCOBYE Npeaukar ao omneparopa SQL kopucryBaua,
HE3aJIeXKHO BiJ] TOTO, AK 11l oneparop OyB BukoHanuil. [Ipenukar pinbrpye paaku
Ha OCHOBI YMOBH, BCTaHOBJICHOi (YHKII€IO TOJITUKA Oe3neku. Skio ymoBa
BUKJIFOYAE BCl PSJIKH, SIKI HE TIOBUHHI OYTH BHIMMI KOPHUCTYBaudy, TO IIUM CaMHUM
dakTHUHO 3a0e3meuyeThes Oe3reKa Ha PiBHI PSAAKIB.

Haninstoun kopucTyBadiB pi3HUMH IIpaBaMu JOCTYITy Ta MPaBOM Iepeaadi
JOCTYIly 1HIIMM  KOPUCTyBayaM, aJAMIHICTpatopy ©0a3u JaHUX  CKJIQJHO
KOHTPOJIIOBATH PO3JAUICHHS MPaB IOCTYIy. TakuM YMHOM, HAITPSIMKOM TMOJAJIBIIINAX
JOCTIKEHb € aHalli3 3ac001B 00Ky 1 Bizyanizauii nmpaB kopuctyBaudiB CKB/I.

Bioaiorpadgiynuii cnucok
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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 (mata 3Beprenns 27.09.2023)

67



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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YK 631.544

NIABULIEHHS EGEKTUBHOCTI TEXHOJIOITYHHUX
[POIECIB BUPOILYBAHHS POCJIMHHOI TA OBOYEBOI
MPOJYKLII B CIIOPYJAX 3AXUIIEHOI'O IPYHTY

Yepsincokuii JI.C., 0.m.n.,npoghecop, Paovxo LII.,k.m.H.,00yenm
Hayionanvnuii ynieepcumem oiopecypcié i npupoooKopucmysaHHs
Ykpainu, m.Kuis

[Ipn BupomIyBaHHI POCIMH B TEIUMISIX Ta IHIIKX CIOpyAax
3aXUIICHOTO TPYHTY BAXKIUBUM TapaMeTpOM MIKpPOKIIMATy, IO BILTUBAE
Ha (opMyBaHHS SKOCTI Ta BpOXAMHOCTI KYyJIbTyp € (HOTOCHHTE3HE
ONPOMIHEHHS, OCOOJMBO B TOPH POKY, KOJU COHSIYHOTO CBITJIA €
HEI0CTaTHbO.

Cyuacai SMART TexHoOmOri BUPOIULYBaHHSI POCIIHH, SIK HOBUU
BUCOKOIHTEHCUBHUN THUIl CLIBCHKOTOCHOJAPCHKOrO BHpPOOHMLTBA 0e€3
y4acTi JIOJIEH, SIBISIOTh COOO0I0 MIMPOKHUM KOMILUIEKC MPOOJeM, YCIIIIHE
BUPIIICHHS SKUX TOB’S3aHO 3 YYacTIO PI3HUX CHEialicTiB — (i310JI0T1B
POCIIMH 1 CBITJIOTEXHIKIB, arpPOHOMIB 1 €JIEKTPOTEXHIKIB Ta MpaiiBHUKIB [T
chepu.

OcHOBHUMH (PaKTOpaMH, 110 BITUBAIOTH HA PO3BUTOK 1 PICT POCIVH
€. PEXKHUM ONPOMIHEHHS, €(PEKTUBHICTh 3aCBOEHHS MOXMBHUX pPEUYOBUH,
BIUIMB KOJMBAaHb TeMnepaTypH i Bosioru. [1,2]. Bci HaBeneHi mapameTrpu
MIKPOKJIIMAaTy € B3a€MO3B’SI3aHMMH 1 B3a€EMO3AJCKHUMH. B nmanuii gac
Taki MapaMeTpH SK BOJIOTICTh TPYHTYy Ta TOBITPS B TNPUMIIICHHI,
TEMIIepaTypa B MPUMINICHHI 1 MIHEpaJIbHUN CKJIAJ TPYHTY TOCTaTHBHO
BUBYEHI 1 MOXYTh HIATPUMYBAaTUCh B 3aJaHUX 3HadeHHAX. [Ipote
cTabimizallis iX BU3HAYEHUX 3HAYEHb 3aiiMae 3HAYHUU MPOMIKOK 4acy B
TEeXHOJIOTIYHOMY Tiporieci.  [Ipy 1bOMy peryiroBaHHS HEOOXITHUX
mapaMeTpiB OMPOMIHEHHS (CIEKTPAJIbHOTO CKJIaaAy BUIIPOMIHIOBAHHS,
IHTEHCHUBHOCTI BUIIPOMIHIOBaHHS Ta MOT0 TPHUBAJIOCTI) MOTpedye
3HAYHOTO MEHUIOTO MEPIoAY Yacy 1 I0CATAETHCS MEHIIMMH BUTPATaMH.

[IpoanaiizyeMo MOXJIMBICTh ONTHUMI3allli TApaMeTPiB OMPOMIHEHHS
3a JJOTIOMOTO0 TTOOYT0BaHOI HUKYE 3aJICKHOCTI.

Perpeciiiny 3ajie’kHICTh BIUIUBY (DAKTOPIB ONMPOMIHEHHS B 3arajJbHOMY
BUTJISAII MOYKHA TIPEACTaBUTH BUPA3OM:

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

ne by — BiTbHMIA WiIeH, 10 XapaKTepu3ye 3ajaHi cTadii30BaHi
napaMeTpu MiKpoKIiMaTy( TemrepaTypy, BOJIOTiCThb, BYTJICKUCIINI Ta3,
CTaH TPYHTY TOIIO);

by,by,b3 — KoedinienTn BIMBy hakTOpiB;

X1,X2,X3 — (haKTOpU BIUIMBY;

X1 - IHTEHCUBHICTh BUIIPOMIHIOBaHHS (OIPOMIHEHICT),

Xp, 9ac Mii OpOMIHEHHS,
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X3 - CIEKTPaJbHHUM CKJIaJl MOTOKY ONTUYHOTO BUITPOMIHIOBAHHSI
(ciekTp POTOCUHTE3HOI Jii).

B3aemogiro iux ¢gaktopiB 1, BIAMOBIIHO, €PEKTUBHICTh OIIPOMIHEHHS
XapaKTepU3yIoTh TPH OCTaHHI 4IeHH PiBHAHHS perpecii. IX B3aeMo3B 130K i
e(DEeKTUBHICTh  3aJieXKaTh  BIJI  CBITJOTEXHIYHUX 1  CHEPreTHUYHHUX
XapaKTEPUCTHUK CBITWUIBHUKIB 1  JKepen  (OTOCHMHTE3HOTO
BUIIPOMIHIOBaHHS, 10 3aCTOCOBYIOThCSI B TEIUIMIII Ta CBOE€YACHOTO
KOHTPOJTIO 32 PEAKITIEI0 POCIIHH.

[TinBumeHHsT €pEeKTUBHOCTI TEXHOJOTIYHUX IMPOIIECIB BUPOIYBAHHS
POCIMHHOI Ta OBOYEBOI MPOAYKIII B CHOPYAAaX 3aXHUIICHOTO TIPYHTY
HEMOXJIMBE 0€3 ONTHUMI3AIfHOTO MIAXOAYy 10  CBITJIOKYJIBTYpHU
TEXHOJIOTIYHOTO MPOIECy, 30KpeMa, BU3HAUCHHSI HAMOUIbI €PEeKTUBHOIO
CHEKTPaJIbHOTO  CKJIaAy ONTHYHOTO  BUIIPOMIHIOBAaHHS, BEIHMYUHH
OMPOMIHEHOCTI y BIJMOBITHOCTI 10 (Da3u pO3BUTKY POCIMHU Ta TPUBAJIOCTI
(1031) ONPOMIHEHHS MPHU CTATUX ONTUMAIILHUX MapaMeTpax MIKpOKIiMaTy
Ta MIHEPAIBHOTO CKJIaay TPYHTY.

ITpoBenenns 6araroakTOPHOrO €KCIEPUMEHTY MO0 JAOCIIIKESHHS 1
aHali3y BUIIE MPUBEIACHOI perpeciiiHOl 3a1eKHOCTI TO3BOJIUTh BUPILIIUTH
BHU3HAYEHI 3aJa4l ONTHUMI3aIlil Ta 3HAWTH HANUOLIBIT ePEKTUBHI 3HAYSHHS
¢axTopie BBy [3]. Ilpu mboMy IOMIIBHO BHKOPHCTOBYBAaTH pi3HI
MIIXOAW JI0 ONTUMI3AIli: MaTeMaTUYHUH, EKCIEepUMEHTAIbHUN, METON
€KCIepTHUX OLIHOK [lenbd1, MeTo1 HEUPOHHUX MEPEXK, TOLIO.
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AJITOPUTM BU3HAUEHHSA E®GEKTUBHUX CHEHAPIIB ITIPOEKTIB
PO3BUTKY CUCTEM BE3IEKU HA TEPUTOPII T'POMA/JI
A.M. Tpueyba?, 0.m.u., npoghecop, A.P. Pamywmnuii®, ao ronxm, JI.C. Koeanv?,
ao rouxm, A.B. Tamomup?, x.m.u.,
Llveiscoruii nayionanvhuil ynieepcumem npupoOoKopucmyeanHs
2JTv6isCoKUll OeporcasHull YHigepcumem H6e3nexu HCummeoisabHoCmi

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.

VY cyyacHOMy CBITi A€ TpoOemMu Oe3MeKH MOCTIHO 3POCTal0Th Ta CTAIOTh BCE
OUIBII PI3HOMAHITHUMHU, PO3POOKA Ta BIPOBAKEHHS e(heKTUBHUX 1H(HOPMAIIITHUX
CUCTEM IS TIAaHYBaHHS JiSUTBHOCTI 1MIOJ0 3a0e3medeHHsT Oe3MeKr Ha TepUTOpii
rpOMajy CTa€ HaraJbHUM 3aBIaHHsAM. ['poManu moBWHHI 3a0e3medyBaT Oe3meKy
CBOIM IpoMaJIsTHaM, 3aXHIIATH BiJl HASBHUX 3arp03, a TAKOXK BiANOBIIATH HA PU3UKH,
NOB’SI3aHl 13 TMOXKEKaMH, aBapisiMU, CEKOJIOTIYHMMHM KpU3aMu Ta I1HIIMMHU
HeOe3nekamu. OHAaK ONTUMAIbHUI HUISIX BUOOPY ISl TOCSTHEHHS LMX LUIEH €
3aBJIaHHSM, K€ BHMAara€ KOMIUIEKCHOTO Ta OOTPYHTOBAaHOTO MIAXOAY, @ TaKOX
BUKOPHUCTaHHA 1HPOPMALIMHUX TEXHOJIOTIH.

HayxoBo-nipukiiagHi 3a7a4i pO3BUTKY CUCTEM OE3MEeKH Ha TEPUTOPii rpoMa,
Kl TMOTpeOyIOTb BUKOPUCTAHHS IHTENIEKTYaJbHUX I1H(MOPMALIAHUX CHUCTEM,
BUHUKAIOTh TOMY, II0 ICHY€ MHOXXMHA MOXIJIMBHX HAaINpsMKIB Ta CTpaTerii, sKi
MOXKHA BXXUTH JUIS MIABUINEHHS piBHSA Oe3neku. OHak BUOIP HEBIPHOTO IUISAXY
MO’K€ TIPU3BECTH JJO Hee()EKTUBHOIO BUKOPUCTAHHS HasiBHUX pecypciB. Takox npu
I[OMY CIIOCTEPITalOThCS BUTPATU PECYPCIB, SIKI HE MPU3BOAATH 10 OUIKYBAaHOTO
piBHA Oe3reku. TomMy BaXJIMBO MaTH METOMNOJOTII0O Ta IHCTPYMEHTapiH, sKi
3abe3mneyarsb Uit rpomMaj BUOIp €PeKTUBHOTO CLIEHAPII0 PO3BUTKY CUCTEM OE3MEKH.

HamMy 3anponoHOBaHO aIroputM Ta MporpaMHe 3a0€3MEYeHHs], SKl
COpSIMOBaHI Ha BUPIMICHHS Ii€i HAYKOBO-NpUKIaAHOi 3aaaul. LI 1HHOBawiiiHI
IHCTPYMEHTU pO3pOo0JeH] sl TOro, mo0 AOMOMOITH IpoMajaM OOIPYHTYBaTH
ONTUMAJIbHI CILIEHapii PO3BUTKY cucTeM Oe3neku. Bonu 0a3yroTbcs Ha aHamizi
BEJIMKOI KIJTbKOCT1 JJAHUX, 3aCTOCYBaHHS METOJIIB ONTHUMI3aIlll Ta MOJICTIOBAHHS, a
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TaKOXX BpaxOBYIOTh PI3HOMaHITHI OCOOJMBOCTI 3a0e3leyeHHs Oe3MeKu, 10
JI03BOJISIIOTH CTBOPIOBATU 1HWBIIyaIbHI PillIeHHS JUTsl KOKHOI rpomanu. Came 11e
JO3BOJISIE  TapaHTyBaTW, [0 PECypCH TIpomMajJ  BHUKOPHUCTOBYBAaTUMYThCS
MaKCUMaJIbHO €()EeKTHBHO Ta BIAMOBIAHO 3a0e3medarh HaWKpamui pe3yiabTaT y
1U1aH1 O€3MeKu CBOiX MEIIKaHIIB Ta iX MaitHa. J[Ji1 boro ciijy po3poOUTH alrOpuT™M
BU3HAYECHHS €(QEKTUBHUX CLEHApIiB MPOEKTIB PO3BUTKY CHUCTEM O€3MeKH Ha
TEPUTOPIi TPOMaJ, Ha MOro0 OCHOBI PO3POOUTH MpPOrpaMHEe 3a0€3MEUEHHS, a TAKOX
BU3HAUYUTH MOKA3HUKU €()EKTUBHOCTI MOro BHKOPUCTAHHSA JUIsl 3aJaHUX YMOB

rpomMaau.
ITouarox
Jani mono crtany 6e3nexn rpoMaan
Y Y
36ip Ta mAroTOBKa JaHUX 4——'——‘( B O
| f
TTiroToBKa TaHHX Pernamenru i3 Ge3nexu rpomaan
Hi
\ y
BusHayeHHs YMHHUKIB BILTUBY Ha BusHaueHHs KpuTepiiB Ge3mnexu
Oe3neky rpomanu
Bubip Mmonenell MammHHOTO HaBYaHHS o Cdopmysatu cuieHapii [

—
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C 3aBepiieHHs )

Puc. 1 — Anroputm Bu3Hau€HHS €(PEKTUBHUX CIIEHAPIIB IPOEKTIB PO3BUTKY
cucTeM 0e3MeKHu Ha TepUTOopii rpoMay
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BusnaueHHs eeKTUBHHX CIIEHAp1iB MPOEKTIB PO3BUTKY CUCTEMU O€3MEKU Ha
TEpPUTOPii TpOMaaM 3a BUKOPUCTAHHS BEJIUKHUX JAaHUX Ta MOJEIEH MaIIMHHOIO
HAaBYaHHS — L€ CKJIAJHUM 1 OaratoeranHuidl mpouec. 3anpornoHOBAaHUI aJrOPUTM
(puc. 1) Bu3HaueHHs e()eKTUBHUX CLIEHAP1iB MPOEKTIB PO3BUTKY CUCTEM O€3MEeKH Ha
TEPUTOPIi rpoMaj neperdayae BAUKOHAHHSA 4 eTamiB Ta 9 yKpYITHEHUX KPOKIB.

BucHoBku. Bukopucranus BelIMKUX JaHUX, SKi chOpMOBaHI HAa TEPUTOPIT
OKpEeMHX rpoMajl, a TaKOX MOJEJIe MAaIIMHHOTO HAaBYaHHS, J103BOJIsIE PO3POOIISATH
IHCTpYMEHTapid JJid BHU3HAYEHHS €(EKTUBHUX CLIEHApIiB MNPOEKTIB PO3BUTKY
cucteM Oe3meku Ha Teputopii rpomaa. lle macTe MOXIUBICTH peanizyBaTH
BIJIMOBIAHI TIPOEKTH, sAK1 3abe3reuaTh GopMyBaHHS CHUCTEM OC3IEKH Ha TePUTOPIi
IPOMAJIH 13 MAKCUMAJIbHOO HIHHICTIO IS 1X MEIIKAHI[IB Ta 1HIIUX CTEHKXOJACPIB.
3anponoHOBaHUM aNrOpUTM BHU3HAUYEHHS €(EKTUBHMX CIEHApliB IPOEKTIB
PO3BUTKY CHCTEM O€3MEeKM Ha TEpUTOpli Tpomaa Oa3yeTbCs HA TEXHOJOTII
MaITMHHOTO HAaBUYaHHS, Mepeoadyae BUKOHAHHS 4 eTamiB Ta 9 yKpyMHEHUX KPOKIB.
[e#t anroput™ mepemdadae 30ip Ta MATOTOBKA BEIMKUX JaHUX, (OPMYBaHHS Ta
HAaBYaHHS MAIMHHUX MOJEJNed, a TakoX (pOpMyBaHHS 1 OLIHEHHs CIIEHapiiB Ha
HIJCTaBl KOMIT FOTEPHOIO MOJENIIOBAaHHA, L0 3a0e3neuye BUOIp €(PEeKTUBHHUX
IPOEKTIB PO3BUTKY CHCTEM O€3MEKHM Ha TEpUTOpli rpoMal. 3amporOHOBAaHUMN
JITOPUTM JIEKUTH B OCHOB1 cTBOpeHHs1 ERP cuicrem po3BUTKYy rpomaj.
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APXITEKTYPA IHTEJIEKTYAJIbBHOI IHOOPMAIIMHOI CHCTEMHA
IIJTIAHYBAHHSA ITPOEKTIB JIIKYBAHHS ITAIIIEHTIB
A.M. Tpueyba?, 0.m.u., npoghecop, O.M. Mananuyx?, .¢o-m.n., doyenm, LJI. Tpuzyba',
k.c-2.H., doyenm, P.B. Illonyovko®, 3006ysau
Llveiscoruii nayionanvhuil ynieepcumem npupoOoKopucmyeanHs
2 JTvsigcokutl HayionanbHutl meouynuil ynieepcumem imeni Januna Ianuyvkozo
3 lIvsiscoKuil Oeporcanull yHisepcumem HGe3neKu HCummeisibHoCmi

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 IHTENIEKTyalbHOI 1H(QOpPMAIlIHHOI CUCTeMH i TUIaHYBaHHS
MIPOCKTIB JIIKYBaHHS MAIIEHTIB B Cy9acHIN MEIUITMHI € BAKITMBOIO Ta aKTyaJIbHOIO
TEMOIO JIOCTIKEHHS. 3 TUIMHOM 4Yacy 1 BUCOKUM 30UIBIICHHSIM 00CITY MEIUYHUX
JaHux 1HGOpMaIliHI TEXHOJOTil CTaloTh HEOOXIIHUM 1HCTPYMEHTOM  JIJIst
ONTHUMI3alli Ta TMOKpAIIEHHsS JIKyBaJbHOTO IMpoIecy, 3a0e3MeUeHHsI SIKOCTI
MEIMYHUX TOCTYT Ta IMiABHIIEHHS €()eKTUBHOCTI POOOTH MEANYHUX ycTaHOB. [Ipn
IOMYy ICHy€e TOTpeba y OOTpYHTYBaHHI KJIIOYOBHX AaCIHEKTIB apXiTEKTypH
IHTEJNEKTYyaJIbHUX 1H(QOpMALIHHUX CUCTEM JUIs TUTAHYBAHHS JIIKyBaHHS MAIlIEHTIB.
[Ipyn mpoMy cCiii BUKOPHUCTOBYBAaTH 1HHOBAIIMHI TEXHOJIOTII, Takl SK IITYYHUN
IHTEJIEKT, MAlIMHHE HABYaHHS, aHalll3 JaHUX Ta Oir-meita, ki MOXyTh OyTH
BUKOPHCTaHI JJIs TIOKPAICHHsI YIPaBIiHHSA Ta MPUAHATTA DPIlIEHb Y MEIUYHIN
MIPAKTHII.

Hamu oOrpyHTOBaHO mNpUHUMIK NOOYJAOBH TaKUX IHTEIEKTyalbHUX
1H(OpMAIIHHUX CHUCTEM, BPaxXOBYIOUM BHUMOTH J0 30epiraHHs Ta 0OpoOKHU
KoH}1AeHIIIHOT MeanyHoi iH(opmarii, 3a0e3meueHHsT HAIIHHOCTI Ta Oe3MeKu
naHux. BukopucTaHHsl IHTErpOBaHUX JKEpEN MEIUYHOI 1H(pOpMallii, BKIIOYA0UU
MEIUYHI KapTKH, peHTreHiBcbki Ta MPT 3HIMKH, pe3yiapTaTd aHami31B Ta 1HIII
KJIIHIYHI JJaHl CJiJi BUKOPUCTOBYBATH AJI1 CTBOPEHHS KIITHHHOIO 300pa)K€HHS
CTaHy MallieHTa Ta po3pOOKH 1HAUBIAYaJbHUX TUIaHIB JiKyBaHHA. OKpiM TOTO, CII1JT
nepen0ayuTH MOXJIMBOCTI aBTOMAaTH3allli MpOLECIB MPU3HAYEHHsS JIIKyBaHHS Ta
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BHU3HAYEHHS Or0 TPUBAJIOCTI, IPOTHO3YBAaHHA PE3YJbTATIB Ta MIATPUMKY PIIICHb
Ha OCHOBI KJIIHIYHUX JaHUX.

3aBAsSKM BHUKOPUCTAHHIO 1HTENEKTYadbHUX 1H(POPMAIIMHUX CHUCTEM IS
MJIaHYBAaHHS TIPOEKTIB JIIKYBAaHHS, MU MOXXEMO JOCSTTH MiJABUIIECHHS SIKOCTI
MEIMYHOI JOTIOMOTH, ONTHMI3allli BUTPAT PECYpCiB Ta MOKpAIEHHS Pe3yJIbTATIB
JIKyBaHHSI XBOPOOU MaII€HTIB.

3 METOI MPUIIBUIIIEHOTO Ta SIKICHOIO BU3HAYEHHS TPHUBAJIOCTI MPOEKTIB
JIKyBaHHSI TMAIIEHTIB HAMHU PO3pPOOJIECHO 1HTENEKTYalbHY 1H(OPMAIIHY CUCTEMY,
sKa 0a3yeThCsl HA OCHOBI HEMpOMepeKeBO1 MOENl. 3a3Hau€Ha MOJIeNb 3a0e3neuye
MPOTHO3YBaHHS TPHUBAJIOCTI IPOCKTIB JIIKYBaHHS TAIlIEHTIB 13 BpaxXyBaHHSIM
XapaKTePUCTUK MPOECKTHOTO CEpPeAOBUIIA (XapaKTEePUCTUK XBOPHUX MAIIEHTIB Ta iX
cTany). ba3yeTbcs 1HTeNeKTyaldbHa iH(OpMaliiiHa cucTeMa [JIs  OLIHEHHS
TPUBAJIOCTI MPOEKTIB JIIKYBaHHS MAI[I€HTIB Ha PO3PO0JICHIN HAaMU HEHpOMepeKeBI
Mojieni, sika omybiikoBana y po6oti [1]. Ti apxitekrypa mepembauae cucTemHe
dbopmyBanns 6a3 ganux (b/]) ta 3nanp (b3) 13 peanbHUX MaHUX, a TaKOX Ha iX
OCHOBI BUKOHAaHHS HaBYaHHS MOJENI TMPOTHO3YBAHHS TPHUBAJIOCTI IPOEKTIB
JiKyBaHHS marieHTiB [2-5]. B3aeMonis KopHCTyBadiB i3 CHCTEMY 3JiHCHIOETHCS
gyepe3 po3po0sIeHe J11aJIoroBe BIKHO. APXITEKTypa CUCTEMHU MIATPUMKH MPUUHSITTS
pilIeHb JJIs OLIHEHHS TPUBAJIOCTI MPOEKTIB JIIKYBAaHHS MALIIEHTIB IPEJICTABIICHA HA
puc. 1.

Medical
documentation

Data Knowledge
=o base (DB) base (BK)

Medical information system
server —

| — |
External R
data =
<5

Intelligent subsystem User interface

Users

Puc. 1- ApxiTekTypa IHTE€JIEKTyalnbHOI IHPOPMALIIHOI CUCTEMU TIIaHYBaHHS
MPOEKTIB JIIKYBaHHS TMAllI€EHTIB

Ha mizmcraBi Buie ommcaHOi apXiTEKTYpud pPO3POOJICHO I1HTEIEKTyallbHY
iHpOpMaLiliHy cHCTEMY IJIaHyBaHHSI IIPOCKTIB JIIKyBaHHS NallieHTiB Ha MoBi Python
3.11.

BucHoBku. BukoHanuii anHami3z craHy MeaudHoi cdepu Ta HayKu JaB
MO>KJIMBICTh BCTAHOBUTH BAXKJIMBICTh BIPOBAKEHHS 1HHOBAI[IWHUX TEXHOJOTIH,
TaKHX SIK IITYYHUH 1HTEIEKT, MalIMHHE HABYAHHS Ta aHaJ13 JaHUX, IJI ONTUMI3alli
Ta TIOKpaIleHHS MEIUYHOTO OOCIyroByBaHHs. IHTenekTyanbHI i1HQpOpMaIiiiHi
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CUCTEMH J03BOJISIOTh MEIUYHUM IpaI[iBHUKAM OTPUMYBATH JOCTYIH JO MOBHOI Ta
aKTyaJbHOI MEAMYHOI 1H(popMarlii nmpo 3abe3nedeHHs, Mo MATPUMYE MPUUHITTS
OUIbIII OOIPYHTOBAHUX PIIIEHb TA MOKPAIIEHHS TOYHOCTI JI1arHO31B 1 JlikyBaHHs. Ha
NIJCTaBl OO AaHAI3y BCTAHOBJIEHO IOLUIBHICTH OOIPYHTYBaHHSI apXITEKTYpHU
IHTEJIEKTYaJIbHO1 1H(QOpPMALIHOI CUCTEMHU ISl TUIAHYBAHHS IPOEKTIB JIKYBaHHS
NalleHTIB. 3alIPONOHOBAaHA apXITEKTypa IHTENEKTyalbHOI 1H(OpMAIlIiHOI CUCTEMU
nependavae Bukopuctanus 6asu nanux (bJ), 6a3u 3nanp (b3) Ta 8 cucremHo
B3a€MOIIOB’I3aHUX OJIOKIB, $IKI CHUCTEMHO 3a0e3MedyloTh MIATOTOBKY JIaHUX,
OTpUMaHHA NOTPIOHOT 1H(pOpMalii Ta HaBYAHHS HEUPOMEPEKEBOI MOJENI, IO
JCKUTh B OCHOBI IUIaHYBaHHS TIPOCKTIB JIIKyBaHHS maIlieHTiB. Ilomanpmri
JOCIIJIKEHHSI CIIIJT TPOBOAUTH y HANpsiMi PO3POOJICHHS JIIOJUHO-MAIIMHHOTO
1HTepdeicy, SKui 1a€ MOXKJIMBICTh BUKOHYBATH 3alIUTH KOPUCTYBayaMu Ta 3pYUYHO
B3aEMOJIIATH 13 CHCTEMOIO, a TAKOXK MPOEKTYBATH OCHOBHI MOYJI1 IHTEIEKTYaIbHOT
1H(DOpMAaIIHOT CHCTEMH.
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OCOBJIUBOCTI YITPABJIIHHA IPOEKTAMU BUPOGHUIITBA
EHEPI'1I 13 OPTAHIYHUX BIXO/JIB HA TEPUTOPIi TPOMA I
A.M. Tpueyba, 0.m.n., npoghecop, LJI. Tpuzyéa®, k.c-2.n., doyenm, O.A. Anopywikie?,
3006ysau, A.B. Illonyovko®, k.m.u., doyenm, M.A. Muxaniox, k.m.H.
Ylveiscoruti nayionanvnuil ynieepcumem npupoOoKopucmyeanHs
2JTv6isCoKUll OeporcasHull YHigepcumem H6e3nexu HCummeoisabHoCmi

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.

BupoOHuITBO €Heprii 13 OpraHIYHUX BHUXIJIHUX PEUYOBUH € OJHHUM 13
MEPCTICKTUBHUX HAMPSMKIB Y cepi albTepHATUBHOI CHEPTETHKH, SIKE BXKE CTaJO
HIMPOKUM 3aCTOCYBaHHSIM Yy PpI3HMX KpaiHax cBiTy. OpaHak ued mpoiiec
CYIIPOBO/KYETHCSI UMCEIbHUMM TEXHIYHUMH, €KOJIOTTYHUMH, €KOHOMIYHMMH Ta
COI[1aJIbHUMH BUKJIMKaMU, SIKI BAMararoTh KOMIIJIEKCHOTO Ta HAYKOBOTO MiX0Ty J10
yIOpaBIiHHSA TpoeKTaMu B HaHiil cdepi. [Ipum 11pboMy BUHWKae HU3Ka HAYKOBO-
NPUKIATHUX 33]a4, (GOPMYITIOBAaHHS Ta PO3B’sI3aHHS SKUX MOTpeOye BUBUCHHS Ta
aHaJi3y 0COOJIMBOCTEN yNpaBIIIHHS TPOESKTaMU BUPOOHUIITBA €HEPTi 13 OPraHIYHUX
BIJIXOJIIB HA TepuTOopii rpoman. [lpu mpoMmy ciij BpaxoByBaTH BaXKJIMBI aCMEKTH,
Takl K TEXHOJOTIYHI pilIeHHs, (IHAHCOBI MOJIENl, €KOJOTIYH1 JOCIHIKEHHS Ta
COLIIAJIbHUM BIUIMB TaKUX NPOEKTIB. MeTOI HalMX JOCHIKEHb € PO3KPUTTS
0COONMMBOCTEM, SIKI 3yMOBIIOIOTH YCIINIHY peaji3alil0 MPOeKTiB BUPOOHHUIITBA
€HEeprii 13 OpraHivyHuX BiJIX0/I1B Ta BU3HAYEHHS ONTUMAJIbHUX CTPATEriil ynpaBIIiHHS
TaKUMU TPOEKTaMU JJIsl JIOCSTHEHHS CTaJIOr0 PO3BUTKY Ta 3aJI0BOJICHHS MOTPEO
rpoMas.
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HamMu nponoHyeTbCs BHUKOPUCTOBYBAaTHM €KOJOTO-LIIHHICHUM MIAX1A 10
yIpaBJIiHHS MPOEKTaMU BUPOOHUIITBA €HEPT1] 13 OPraHIYHUX BIJXO/IIB HA TEPUTOPIT
rpomaj i3 BpaxXyBaHHSIM 3MIH B yMOBaX MPOEKTHOTO CEPEIOBUIIA Ta IIHHOCTEHN s
cTeikxoaepiB. OCHOBHUMU €JIEMEHTAMU TaKOTO MiXO0y € THYUYKICTbh, aJarnTailis
JI0 3MiH, CITIBIIpAIl 13 IIKABUMH CTOPOHAMHM Ta MOCTIMHE OIIHIOBAHHS I[IHHOCTEH.
brok-cxema anropuTMy €KOoJ0ro-I[iHHICHOTO YIIPaBIiHHS NIPOEKTAMH BUPOOHUIITBA
€Heprii 13 OpraHiyHMuX BIJIXOJIIB HA TEPUTOPIi FpOMaJl IpeicTaBlieHa Ha puc. 1.

PernamenTu Ha NPOEKTHY JiSJIbHICTD

[TouaTox
Busnauenns CTpaTeFi‘IHI/IX Hiﬂeﬁ Cran MPOEKTHOTO CEpPEeOBUILA
* rpomaaun
3aJTyyeHHs 3all1KaBJIEHUX CTOPIH
CucrtemHuil aHamni3 MOHITOpPHUHT Ta KOHTPOJIb
Il1anyBaHHS IIPOEKTY —1_ OuiHeHHs HIHHOCTEN s
T CTEeMKXO0IepiB
BuxonanHs IpoeKTy
Exonoro-1iHHicHE ynpaBiaiHHS
L 1 ynp:
f 3MIHAMH MPOEKTIB
O1wiHKa Ta BAIOCKOHAJICHHST [« ¢

Peaxiui Ha 3M1HH

L
C 3aBepIieHHs )

Pucynox 1 — biiok-cxema aJlropuT™My €KOJIOTO-IIIHHICHOTO YIIPaBIiHHS TPOCKTaMHU
BUPOOHMIITBA C€HEPTii 13 OPTaHIYHUX BIIXO/IIB HA TEPUTOPIi rpoMay

Po3pobnennii  anropuT™M  €KOJOTO-I[IHHICHOTO YMPAaBIiHHS MPOEKTaAMH
BUPOOHUIITBA €HEPTil 13 OpraHiYHUX BIJIXOJAIB Ha TEPUTOPIi rpomaj mepeadaydae
BUKOHAaHHS 14 B3a€MONOB’SI3aHUX KPOKIB, 110 0a3ylOThCs HAa BpaxyBaHHI CTaHy
MIHJIUBOTO IPOEKTHOT'O CEPEIOBHINA TPOMAJ] Ta YUHHUX PETIIAMEHTIB, SK1 JIEKATh B
OCHOBI1 OOI'PYHTYBaHHS 3MiH Y J1X 13 pOpMyBaHHS MPOJIYKTY.
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BucHoBkwu.

Ha mizmcraBi BUKOHAHOTO aHami3y CTaHy HAyKd Ta NPEIMETHOI ramysi
BCTAaHOBJICHO, IO YIPABIIHHS MPOEKTaMHU BUPOOHUIITBA €HEPTii 13 OpraHIYHHUX
BUXIIHUX PEUOBUH € CKJIAJHUM HAyKOBO-TIPUKJIAJHUM 3aBIAHHSM, [0 BUMAarae
1HTerpauii 0ararbOX YNpPaBIIHCHKUX MPOLECIB Ta BpaxyBaHHA OCOOJIUBOCTEMN
NpoeKTHOro cepepoBumia. [Ipu mpomy icHye morpeba po3poOJICHHS MIAXOAY Ta
THCTPYMEHTApIt0 JJI YHPABIIHHS MPOSKTaMU BUPOOHHUIITBA €HEPTii 13 OpraHIgyHUX
BIJIXOJIIB Ha TEPUTOPIi Tpomaj, AKi 3abe3neyaTh MIABULIEHHS €(EKTHUBHOCTI iX
peanmizanii Ta 3pOCTaHHS LIHHOCTI A cTeikxonaepiB. Po3pobieno anroputm
€KOJIOTO-I[IHHICHOTO YIIPaBJIIHHS MPOCKTaMH BUPOOHUIITBA €HEPTii 13 OpraHivHUX
BIAXO/IB Ha TEpUTOpli rpomaja nependavac BUKOHAHHA 14 B3aeMONOB’s3aHUX
KPOKIB, 1110 0a3yIOThCsSI HA BPAaXyBaHHI CTaHy MIHJIMBOIO IMPOEKTHOTI'O CEPEOBUILA
rpoMaJ] Ta YNHHUX PETJIAMEHTIB, SIK1 JIS)KaTh B OCHOBI OOTPYHTYBaHHSI 3MIH Y JisSIX
13 popMyBaHHS POAYKTY. OCHOBHOIO OCOOJIMBICTIO 3aMIPOIIOHOBAHOTO TIXOTY 110
YIPABIIHHAS MPOEKTaAMH BUPOOHUIITBA €HEPTI 13 OPraHIYHMUX BiJIXOJ1IB HA TEPUTOPIi
rpoMaJi € BUKOHAHHS IPOLIECIB €KOJOTO-I[IHHICHOTO OLIIHEHHS CTaHy (popMyBaHHs
NPOIYKTY MiJ 4ac peaiizamii npoekTiB. Lle 3abe3neduye o0rpyHTyBaHHS peakiliii Ha
3MIHM y NPOEKTaX BUPOOHHUIITBA €HEPTil 13 OpPraHiuHMX BIAXOJIB Ha TEPUTOPIT
rpoMaJi Ha MiJICTaB1 OL[IHKHM €KOJIOT1YHOI Ta €eHEPreTUYHOI CKJIaJ0BUX I[IHHOCTI JIJIst
creiikxonaepis. [loganpii TOCHIIKEHHS CIIiJl MPOBOJAUTH Y HANpsAMi PO3pOOIICHHS
MoOjeNied Ta METO/AIB BUKOHAHHS IIPOLECIB E€KOJOrO-I[IHHICHOTO YIpaBJIiHHSA
MIPOCKTaMH BUPOOHUIITBA €HEPTii 13 OpraHiuHUX BIAXOIB HA TEPUTOPIi rpoMa.
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THOOPMAIINHO-AHAJITHYHA CUCTEMA IIJIAHYBAHHSI
BUPOBHUYUX ITPOEKTIB

1IM. JIy6, x.m.n., ooyenm, C.A. [lImozpun, cm. euxkraoau,
B.1. @isankoscovkuiil, cm. suknaoauy, X.1. Mo3ynb, 3a6.KOMN.K1ACOM
JIvgiscbKutli HayioHANbLHUL YHIGEpCUMEn NPUPOOOKOPUCHLYBAHHS

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.

[HpopmaliitHO-aHATITUYHI CUCTEMHU BIIHOCATH 1O OCOOJIMBOTO Kjacy
iHQOpMaIIHHUX CHUCTEM, NPU3HAYCHUX JUIsl aHAIITHYHOI OOpOOKM JaHMX Ta
CYNpOBOJly IPUUHSTTS PIllIEHb, & HE JI1 aBTOMATU3allli JISJIbHOCTI MiANPUEMCTBA.
Po3pobka i1HdoOpMaliiiHO-aHATITHYHUX CHUCTEM, IO BIAMOBIAAIOTH IJIAM 1
3aBJAHHSAM MIANPUEMCTB arpapHoOro CEKTOpY, € JOCTaTHbO CKJIAJHHUM IPOIIECOM,
o0 BKJIIOYAE erand (OopMyBaHHS KOHLEIILII, MPOEKTYBaHHS, pPO3POOKH,
BIIPOBAKEHHS 1 CYMPOBOAY pillieHb. JJis 11bOro HeoOX1THO BOJIOAITH 3arajibHOIO
METOJMKOI CTBOPEHHsI 1H(OpMaIliitHO-aHATITUYHUX CUCTEM, 1[0 MICTUTh CKJIAJ 1
MOCJIIJIOBHICTh POOIT 1 3aBJaHb, CKJIaJ posieBUX (YHKIIH, TOKYMEHTIB, MOJIEJEH,
CXEM TOUIO.

3acTocyBaHHS IIMX CHCTEM TMpU3HA4YeHE I TMIATPUMKH BCIX CTaaii
MPUIHATTS PIIeHb y MPOIEC] aHATITUHIHOI 00poOKH 1H(GOpMAaIlii, MOIEITIOBaHHS Ta
ynpasiiaHsa npoektamu B AIIK. B 3aragbHOMY po3ymiHHI, CUCTEMHU HIATPUMKH
npuitHaTTa pimens (CIIIIP) — xommiekc mporpamMHuxX 3aco0iB, 110 BKIIIOYAE
KOMITJIEKC PI3HUX aJTOPUTMIB MIATPUMKH PIlIeHb, 0a3y Mojeneil, 0azy maHux,
JOTIOMIXKHI Ta KEpIBHY MPOrpamu 1 T.1I.

BignosigHo no 3arampHOonpuiiHaTHX Bu3HaueHb CIIIIP — 1e B3aemomiroua 3

IHIIUMH  CUCTEMAaMU KOMH’IOTepI/IBOBaHa CUCTCMa JI1 HaJaHHA JOIIOMOI'M

MeHekepaM y mpoueci npuiHatrTsa pimeHb. CIIIIP gomomarae menemkepam
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3HAaXOJINTH, OOYMCIIIOBATH 1 aHANI3yBaTU JaHl, IO BIIHOCATHCS A0 PIIICHHS, SKE
npuiiMaeTses. CucTeMu MATPUMKY TpUKUHATTSA pimeHs (Decision Support Systems
— DSS), nanexarp n0 iHGOpMAIIHHUX CHCTEM HOBOI'O TOKOJIHHS, TOJIOBHE
OpU3HAUCHHSI SKUX TMOJsIrae B 3a0e3MedeHHl KOMII IOTEPHOIO IMiITPUMKOIO
NPUMHATTS PIilIeHh 31 CIa00CTPYKTypOBAaHUX Ta HECTPYKTYPOBAHUX TMpoOIeM
OpraHi3allifHOr0 yMOpaBIiHHA Ha PI3HMX eTamax MiATOTOBKM  pIIIEHb 1
MoOHITOpUHTY. He3Baxkatouu Ha Te, [0 Ha JaHUM 4Yac y CBITI pO3pOOJICHO COTHI

tumiB CIIIIP, Taki cuctemu B YKpaiHi IPaKTUYHO HE BUKOPUCTOBYIOTHCS.

Baza oanux Basa .
Modenein
CKb1 + > CKEM —> Buxio
fﬁmep qu’ﬁ'(‘ /
Kopucmyeay

Puc. Crpykrypa CIIIIP: CKBJl — cuctema kepyBanus 6a3oro nannx; CKbM —

cucTeMa KepyBaHHs 0a3010 Mojenen

3HayHa YacTHHA arpoXOJAMHTIB ChOTOJHI MPHUHIIA JO TAKOTO €Taly CBOTO
pPO3BUTKY, 110 KOHKypeHlIsa Ha puHkKy AIIK 3acraBise iX BHUKOpPHCTOBYBAaTH HE
TITBKY MPOAYKTHUBHI TEXHOJIOT1] BUPOOHHUIITBA MPOAYKIIii 13 3aCTOCYBaHHSIM JeAall
HOBUX COpPTIB, TOOPHUB Ta XIMIYHOTO 3aXUCTY, aje i BUKOpUCTAaHHS cydacHux [T
JUTsl €pEKTUBHOTO BUKOPUCTAHHS HAIBHUX PECYPCIB Ta YIPABIIHHSI BUPOOHUIITBOM
3aramoM. IlepeBakHO, Taki CHCTEMH € IUIATHUMH 1 JOBOJII BaXKKO JOCSKHI IS
MEHIIIUX TOCIOAAapCTB. BOHU TakoX € AEIo y3araJbHEHHUMH Ta HE PO3TISAAI0ThH
0COOJIMBOCTI BUPOOHMYMX MPOLIECIB HA PIBHI OKPEMUX TEXHOJOTIYHUX OMeparliil.

[{r0o mporanuHy MOXHa 3allOBHUTH PO3POOKOI0 CHEIlaNbHUX MPHUKIATHUX
nporpam Ui MIATPUMKH MPUHHATTS pIIIEHb — LOMY 3aBJAHHIO 1 MPUCBSIYEHO
KBasTi(pikariitHy pobory.

[TouaTkoBorO 0a3010 3HaHb JJISI CHCTEMHO-TIOJIIEBOTO BiAOOpa)KEHHS yMOB

MPOEKTHOT'O CEpEeIOBUINA Yy CTAaTUCTHYHIN imiTamiiHid moxaem mporeciB 3Lb €
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MHO’KHHA 3aJIe)KHOCTEN XapaKTepUCTHK Ta MOJIETe pU3UKY arpOMETeOPOIOTYHOT
1 IpeIMETHOI CKJIQJI0BHX.

BinoOpaxkenHnss Oypsako30upalibHUX poOIT y BipTyanbHOMYy mpoekTi 311b
BiIOYBA€THCS y UHUCENBHOMY (popMaTi. 3 METOI0 BCTAHOBJICHHS 3aKOHOMIPHOCTEH
3MIHH 1HTErpoBaHUX (YHKI[IOHATBHUX MOKA3HUKIB IPOEKTIB 3a PI3HUX IJIAHOBHUX
TEPMiHIB TIOYaTKy pOOIT, MOJIEIIOBAHHS BUKOHYETHCS [UI 3aJaHUX MEX
KaJICHIapHOTO Tepiofy (PyHKIIOHYBaHSIH TEXHIKU.

30kpeMa, HamMu po3po0JEHO KOMITIOTEPHY MporpamMy CTaTUCTHYHOI
IMITalIHOI MOJZIENl TEXHOJOTIHYHUX IMPOILECIB 30MpaHHS BPOXKAK LYKPOBUX
OypskiB. Ils mporpama 103BOJISE 3MOJEIIOBATH arpoMETEOPOJIOTIUHI YMOBHU
nepiony 30upaHHS Ta BIAMNOBIAHO 1O IHX YMOB po0OTYy OYpsSKO30HpaIbHOTO
KoMmOaitHa. Mojenbs ocHailleHo 1HTephECHUM BIKPOM JIJisi BBEJICHHS MOYATKOBU3X

JAaHUX MOJIeItoBaHHs (puc. 2).

5 ilﬁﬁfﬂjﬁ? Puc. 2. T'onoBHE BIKHO KOMII IOTE€PHOI

MeHo  Tpadikk e e . o . .
HpOFpaMI/I CTAaTUCTHUYHO1 1MITAI[IMHO1 MOACI1

MopenioeaHH

L [T pMEYIMHMT M ] I 3YNHHKTH J HpOHecy 36I/IpaHHﬂ HYKPOBI/IX 6yp5[KlB

I opEntBaHHA NoroaHix YmMos

| B pe3ynbTaTi MOJENIOBaHHS OTPUMYIOTH

3aransHuHi i, MOgEMoEaHHS I[aHl Ha OCHOBi AKHUX MOKXHA BUBCCTHU OCHOBHi

[ |

XapaKTEPUCTUKU POOOTH OypAKO30MPaTLHOTO
koMOaiiHa. OTpuMaHi pe3yabTaTi
MO/ICITFOBaHHS OMPAIlbOBYIOTh 3a JOMOMOrorw xmaphoro ceppicy Office365 Ta
BHOCATH y ¢aitm Google Sheets (puc. 3): 1) oOcsaru pakTUUIHO 3POOJICHOT IO,
ra; 2) oOcsru BTpar, 1/ra. Ha mijicraBi po3paxyHKiB, OTpUMYIOTh 3aKOHOMIPHOCTI
MOKa3HUKIB  €(EeKTUBHOCTI  BIJAMOBIAHOTO MOJIETHOBAHOTO  TEXHOJIOTTYHOTO
poIIeCy.

3acTocyBaHHA TaKOi METOJIMKHM 3YMOBJEHE THUM, MIO JUIS BIANOBITHOTO
TEXHIYHOTO OCHAIICHHS TPOEKTIB 30HMpaHHS BPOXKA KyJIbTYpH HEOOXITHO
IJIaHYBaTH YITKO BU3HAYEHUN 0OCAT pOOIT, Y IbOMY pa3i CyKYITHI TUTOMI BUTPaTH

KOIITIB y TEXHOJOTIYHUX TMpouecax OyayTh MiHIMaIbHUMU. Takuil po3B’sI30K
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3aBJIaHHS J1a€ 3MOTY IiJIBUIUTH TOYHICTH IJIAHYBAaHHS PECypCIB MiANPUEMCTBA Ta

MiIBAITUTH €EKTUBHICTD 1X BUKOPUCTAHSH TI1/1 4aC CE30HHUX POOIT.

& Mif aox - Google nex X [W TEPXOsisc-Google Tabmwui X 4

C @ docsgooglecom/spreadsheets/d/1U_ktSMBZvRAyZjvjHm3e-BLGmkZ DyXks/edit#gid=844505380
& (15) YouTube @ Hosaexnagka G encountered Inter.

TEP_XO *mo

®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 -
A B c o E F G H J K L M

"
12 Ha3ga nokasHika IMIPHIC] 3HAYCHHSA
13 mHTOMI BHTPATH KOINTIB Ha ONIaTy | Tpr/Ta | 167,74 275000 1
14 papTicTh BHTPAUEHIX rpa/ra | 1175.00 250000 <
15 BiIpaxyBaHHA HA AMODPTH3ALII0 rpu/Ta | 2318,18 22500,0 4

BiZIpaxyBaHHA HA NOTOYHHIT R 20000,0
16 DEMOHT i TexHiuHe TpH/TA | 658,06 'Y 175000 4

oBCIyToBYBAHHA ] :E& 15000,0
17 IHTOMI eKcIUTyaTauiiini BUTpaTH rpr/ra | 4318,99 £ 125000 o
i § 10000,0
19 Thoma 30npasHs, 1a 110 g- 75000 +

&

* 5000,0

2500,0
0,0

2
22
23
24
25
26
27

10 2‘0 3‘0 4'0 5‘0 6‘0 7’0 8‘0
Puc. 3. IloOynoBa 3aKOHOMIPHOCTEH 3MIHM TpOIIOBUX BHUTpAT Y
TEXHOJIOTIYHOMY TIpolieci 30upaHHs Bpoxkaro KyibTypu (kombaitH — ROPA Euro

Tiger 3)

TakuM 4MHOM, arpOXOJIIMHTH IO MPaIIOOTh B YKpaiHi CbOTOJIHI MPUUIILIN
JI0 TAKOTO €Taly CBOT'O PO3BUTKY, 110 KOHKypeHIis Ha puHKy AIIK 3acraBise ix
BUKOPHCTOBYBATH HE TUIBKHM MPOIYKTUBHI TEXHOJIOTIT BUPOOHMIITBA MPOMYKII 13
3aCTOCYBaHHSAM JIe[lajli HOBUX COPTIB, JOOpPHB Ta XIMIYHOIO 3aXHCTy, ajne W
BUKOpHUCTaHHA cydacHUX IT nis epexkTUBHOro BUKOPHCTAHHS HasiBHUX PECYpCIB

Ta yMpaBIIiHHS BUPOOHUIITBOM 3arajioM.
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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

PedopmyBanHs cuctemu ynpaBiiHHA Teputopiaibhumu rpomaaamu (TI) B
YkpaiHi — olHa 3 KIIOYOBUX MPOEBPONEHCHKUX pedopmM, ska 3HAXOTUTHCS B
aKkTHUBHIN (a3i. ToMy nuTaHHS NEpexoay 10 HOBOTO pPiBHS €(PEKTUBHOIO ayaHTy i
YIOPAaBJIIHHS BCIMA BUIAMH PECYPCIB € T0BOJ1 aKTyalbHUM, BPAXOBYIOUU TOM (PaxT,
110 crerianbHux iHGopmariiaux cuctem (IC) s nux 3a71a4 MOKM 10 He icHye [1].

VYuikaneHicTs cucteM ERP (Enterprise Resource Planning) B ToMy, 1110 BOHH
BIJIIFPAIOTh POJIb yHIBEpcaiabHOTO MporpamHoro 3aodesneuenHs (I13), 3matHOrO
00’ eqnyBaTH OyIb-sK1 O13HEC-TIpOIIeCH. 3BE/IeHI pa30M B OJ[HE MPOIECH, CUCTEMH 1
JaHl 3a0e3MeuyoTh aHAITHKY, IMPUCKOPEHHS Ta aJalTUBHICTb, HEOOXIiTHI IS
MOYaTKy onTuMizallii 6i3Hec- ab0 ynpaBIiHCHKUX MPOIIECIB.

Buainsiors Tpu OCHOBHI HanpsMmku, B sikux cucteMa ERP 3pgaTHa migBUIMTH
e(eKTUBHICTh opraHizaii [2]:

1. ITinBuiieHHsT Pe3yJIbTATUBHOCTI: CHUCTEMU HAJAlOTh AaHATIITHUKY, sKa
HIATPUMY€ TIPUIUHATTS PIlICHb 1 BU3HAYAE HANPSIMKHU ONepaliifHOi e(heKTUBHOCTI.

2. [lpuckopeHHst omepariiiHuX pilieHb. Ha OCHOBI 00’€IHAHUX JaHHUX 1
NpOLIECIB MIABUIIY€ETECA iXHS BHJIMMICTh 1 THYYKICTh [JIsl CHIBPOOITHHKIB,
JOTIOMArarouu iM HIBUIIE BXKUBATH 3aX0/IIB T JOCITATH OIBIIMX PE3YJIbTATIB.

3. 'nyukicte 0Oi3Hecy: ERP-pimennss amantyroTeess 1 MacmTaOyrHOThCS
BIJIMTOBITHO J10 TOTPeO, 3a0€3MeUyI0Th ONEPAaTUBHE PearyBaHHs HA PU3HKH 1 3MIHH.

[Toxin IC na migcucremu 3abe3nedye mpu po3poOJIeHHI, BIPOBAIKEHHI Ta
eKCIUTyaTaIlii Taki mepeBaru:

—ypaxyBaHHS BUPOOHUYMX NOTPeO Mmig yac po3podku Ta MonepHizaiii IC;

—TIOETAIHICTh BIPOBAKEHHS Ta MOXJIMBICTh MOCTAUaHHS 1 PO3IMIMPECHHS
rOTOBHX MOAYJIIB (KOHTYPiB) BIJIMOBITHO JI0 YEPTOBOCTI BUKOHAHHS POOIT;

—3pY4YHICTh €KCIUTyaTaIlii 3aBsSKH CIIeIiami3aliii mpariBHUKIB Ti€i MPEAMETHOI
o0macTi, 7151 siKoi pO3pOOIICHI OKpEeMi MOYIII.

[lepeBaramu ERP-cucteM € MOXJIMBICTH 3BaKEHOTO Ta PAIIOHAIBEHOTO
BIIPOBAKCHHS, BUOOPY BapiaHTIB PO3rOPTAaHHS Ta JIIEH3YBaHHS JJIsi KOKHOTO
IPHUEMCTRA.
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3MICT NepeAnpPOEKTHOI MiITOTOBKHU MPEACTaBICHO HA OCHOBI KOHCAJITUHTOBOI
TiSUTBHOCTI aBTOPiB poOoTH B pizHUX TT'. Bynu oOrpyHTOBaH1 KpuTepii CKIaAaHHS
MPOEKTHUX TUJIaHIB HA MPUKIIAJ] pealbHUX OpraHizaiiid Ha ocHOB1 o6panoi IC kiacy
ERP. Amnaniz gisuibHOCTI opranizamii (TI), sika Mae CKIagHy po3ranyKeHy
CTPYKTYpY, OyB IIpOBEICHNH y CHIBIIpaIli 3 KIIFOYOBUMH CIEIIaTiCTaMH, 1 JOTIOMIT
BUSIBUTU CIIbHI TpoOJieMH, SIKi MOTPeOYyIOTh BUPILIEHHS camMe 4Yepe3 yBEACHHS
€MHO]1 YIIPABJISAIOYO0l CUCTEMHU.

3’sicoBaHO, IO OpraHizaiii Ta MIANPUEMCTBA B CKJIaal TEPUTOPIaIbHOI
IpOMaJIM MalOTh Pi3HI IJIaHU PaxyHKIB, BAKOPUCTOBYIOTH OibIe 30 BUIB CUCTEM
MOJIaHHSI MOJJATKOBO1 3BITHOCTI, crieniaiizoBanux raixysesux IC, crannaptHoro I13.
Y TOW e dYac MaJl0 CHUCTEeM YMPAaBIIHHS MEPCOHAIOM, JTOKYMEHTOOOIrOM,
OroKeToM Torno. Jis ycminmHoi peanizailii MpoeEKTY MiArOTOBICHO HOTO OIHUC 13
3a3HAYCHHS IIUJIeH, 3aB/laHb, OYIKYBaHUX PE3yJIbTATIB Ta HEOOX1JHOTO PECYPCHOTO
3abe3neueHHs [3]. OOCTeXECHHS MIAMPUEMCTBA 1 OMUC IMPOEKTY € PE3yIbTaTOM
CyMiCHOI poOOTH TpynH y CKJIaAl MPOBIAHUX (paxiBLIB OpraHizallii-3aMOBHUKA,
IPEICTaBHUKIB KOMIIaH1i-BUKOHABIS, HAYKOBLIB-10pagHuKiB [TJIAY .

Jlns BopoBamxenHs ERP cucremu oOpana yotupudazHa MOJENb JKUTTEBOTO
ITUKITY TIPOEKTY, SIKA BKITFOYAE:

1. Anam3 6i3Hec-TipoleciB Ta noTpeOd 3amikaBiaeHux oci0: I'T kommanis pazom
13 3aMOBHHMKOM aHaJi3yIOTh OI3HEC-TIPOIIECH Ta IiXHIO €(EKTUBHICTb, OYyIyIOTh
1H(OopMaIIiHy MOJIeTTh CUCTEMU 32 MPUHITUTIOM «SIK TOBUHHO OyTH», T3.

2. Ananraiiss cucTeMM 1 BBEICHHS B JOCHIJIHY eKcIuryararito. ®aza
MOAUISETHCA Ha TIPOMIXKHI €Tallu, K1 BIAMOBIAAIOTH JOTTYHHM Oi3HEC-TpOoIlecam.
KoeH 13 HUX alanTy€eThes 1 ePEXOAUTh Y JOCIIIHY €KCIUTyaTallil0 3aMOBHHUKY .

3. 3amyck cuctemu. [cHyrounit Benukuii o0car iHpopMmallii, SKUii HEMOKITUBO
BTPATUTH, MUIATa€ OOOB’SI3KOBOMY IIEPEHECEHHIO B CEPEIOBHIINEC CHUCTEMH,
MIEPEBIPSAIOTHCS KITIOYOBI TOKA3HWKHW. [lepem 3amyckoM CHUCTEMHU TIPOBOIUTHCS
«YUCTOBHUID) IMIIOPT AaHUX.

4. OOGcnyroByBaHHsl, MIATPUMKA, PO3BUTOK.  KOMIAHIS-MOCTaYyalbHUK
MPOBOJUTH TEXHIUHY MIATPUMKY CUCTEMH Ta (PaxiBIiB 3aMOBHHKA.

OnnouacHo Ha eranax 3-4 ¢a3u BiI0yBa€ThCs IEPBUHHE HABUAHHS TIEPCOHAITY
JUISL OCBOEHHSI HOBOI CHCTeMHU. Take HaBYaHHS 3allJITAHOBAHE CIIBPOOITHUKAMHU
KoMmaHii pa3om i3 Bukiagayamu [IJIAY, ski 3anpoBaKy0Th aHAJIOTIYHY CUCTEMY
B HaBYaJIbHUH IPOIIEC.
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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.

References

1. A. Tryhuba, I. Tryhuba, O. Bashynsky, I. Kondysiuk, N. Koval and L.
Bondarchuk, "Conceptual Model of Management of Technologically Integrated
Industry Development Projects,” 2020 IEEE 15th International Conference on
Computer Sciences and Information Technologies (CSIT), Zbarazh, Ukraine, 2020,
pp. 155-158, doi: 10.1109/CS1T49958.2020.9321903.

2. A. Tryhuba, R. Ratushny, I. Horodetskyy, Y. Molchak, V. Grabovets, " The
Configurations Coordination of the Projects Products of Development of the
Community Fire Extinguishing Systems with the Project Environment,"
Proceedings of the 2nd International Workshop IT Project Management (ITPM
2021), CEUR Workshop Proceedings, 2021, vol. 2851, pp. 238-248.

3. V. Samoilovska, O. Kyryllova, V. Piterska, "Model for Evaluating the
Efficiency of Seaports Development Projects Based on the Quality 4.0 Information
and Analytical System," Proceedings of the 4th International Workshop IT Project
Management (ITPM 2023), Warsaw, Poland, May 19, 2023, CEUR Workshop
Proceedings, 2023, vol. 3453, pp. 1-12.

4. A. Shakhov, V. Piterska, V. Botsaniuk and O. Sherstiuk, "Competitiveness
Assessment of Services in Seaport Concession Projects," 2022 IEEE 17th
International Conference on Computer Sciences and Information Technologies
(CSIT), 2022, pp. 406-409, doi: 10.1109/CSI1T56902.2022.10000554.

5. A. Shakhov, O. Kyryllova, O. Sagaydak, V. Piterska, O. Sherstiuk,
"Conceptual risk-oriented model of goal setting in the implementation of concession
projects in seaports,” Proceedings of the 3rd International Workshop IT Project
Management (ITPM 2022), Kyiv, Ukraine, August 26, 2022, CEUR Workshop
Proceedings, 2022, 3295, pp. 149-158.

89


https://ceur-ws.org/Vol-2851/paper22.pdf
https://ceur-ws.org/Vol-2851/paper22.pdf
https://ceur-ws.org/Vol-2851/paper22.pdf
https://www.scopus.com/authid/detail.uri?authorId=57196223408
https://www.scopus.com/authid/detail.uri?authorId=58019899000
https://www.scopus.com/authid/detail.uri?authorId=58019202600
https://www.scopus.com/authid/detail.uri?authorId=57204352571
https://www.scopus.com/authid/detail.uri?authorId=57552312800
https://www.scopus.com/sourceid/21100218356?origin=resultslist
https://www.scopus.com/sourceid/21100218356?origin=resultslist

IMPOTHO3YBAHHS NIOIIUTY HA NOCJYI' MEJUYHUX
JJABOPATOPI B YMOBAX HA/I3BUYAMHOI'O TA BOEHHOT O
CTAHY I3 BUKOPUCTAHHSIM MAIIIMHHOI'O HABUAHHS

O.B. llanvkis, acnipanm
JIvgiscokuii Oeporcasnutl yHigepcumem Oe3nexu HCummeoisinbHOCI

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.

VY CBITI crocTepiraeTbcsi MOCTIMHA CUTYyallisl, KOJU 3J0pPOB'I0 HACEICHHS
3arpoXKyIOTh pi3HI HeOe3MmeKkW uepe3 KpHW30Bl CHUTyallli, Taki SIK MPUPOIHI
katactpodu, emigemii Ta BiifHM. B 1ux Hag3BUyallHUX OOCTaBMHAX MEIUYHI
nabopaTopli BiAIrpalOTh BAXIMBY POJb y 3a0€3MEUeHHl SAKICHOT MEAUYHOI
JIOTIOMOTH ~ HaceJeHHI0. [IporHo3yBaHHS TMOMHTY HA TOCIYTH MEIWYHHUX
nabopatopii cTae HaA3BUYAWHO BaXKUM 3aBAaHHSAM IS 3a0e3ledeHHs
ONITUMATBHOTO BHKOPUCTAHHS PECYpCiB Ta €(EKTUBHOI MEAMYHOI JOTOMOTH B
yMOBax Kpu3u. Y HAIIOMYy JOCIHiPKeHHI MPOMOHYETHCS BUKOPUCTOBYBATH
AITOPUTMH MAIIMHHOTO HaBUYaHHS, SIKi BHKOPHUCTOBYIOTHCS MJIsI TPOTHO3YBaHHS
MOMUTY Ha TMOCIYTd MEIWYHUX JabopaTopid mMiJg dYac HaJA3BUYAMHOrO Ta
BIICBKOBOTO CTaHy.

[IporHo3yBaHHsg TOMHTY Ha MOCIYTH MEIWYHUX JabopaTopii B yMOBax
HA/I3BUYAMHOTIO Ta BOEHHOTO CTaHy Ma€ KijibKa KJIIOYOBHMX IepeBar, siki JeKaTh B
OCHOB1 €(EKTHBHOTO AHTHKPU30BOTO VMPABIIHHSI TPOEKTaMH Ha 00'eKTax
KPUTUYIHOT IHPPACTPYKTYPH:

v/ ONTUMI3aIlis pecypciB — 3a JOMOMOTOI0 TPOTHO3YBAHHS 3alUTy MOKHA
e(eKTUBHO PO3NOJAUIATH OOJIaJHAHHS, JIKAPCHKUI MEpPCOHaNl Ta peareHTH i
MaKCHUMaJIbHOI MPOAYKTUBHOCTI J1JaOOpaTopii;

v/ IUTaHyBaHHS €KCTPEHHX 3aXO0JIiB — 3a0e3MeUeHHs pearyBaHHs Ha ermiaeMil
Yy MaciTaOHI aBapii, 10 BUMAarae TMOMEPEeJAHBOTO IJIaHYBaHHS Ta MOOLTi3ari
pecypciB 3aB/ISIKH MPOrHO3YBaHHIO MOMUTY Ha JOTIOMOT'Y HACEJIECHHIO;
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v’ 30EpEeKEHHS JKUTTS JIIOJAEH — MIBUAKMH JOCTYII JO J1abOpaTopHHX
JOCTIPKEHb MOKE BPATYBATU JKUTTA B KPUTHUYHUX CHUTYaLsiX, 1 MTPOrHO3YBaHHS
MOTUTY JT03BOJIUTH 3a0€3MEeYUTH HaJaHHS MOCIYT BYACHO.

TexHomorii MaTMHHOTO HAaBYaHHS MOXXYTh OyTH BUKOPUCTaH1 711 pO3pOOKU
MoOJeNel, $KI JONOMOXYTh IPOTHO3yBaTW IMONUT HA TMOCIYI'HM MEIHYHUX
naboparopiit (Tadn.).

Tabnuus. XapakTepucTUKUA MOJENIed MallMHHOTO HaBYaHHS JUIsl IPOTHO3YBaHHS
NOMUTY HAa NMOCIYTH MEIMYHUX JIA0OpaTopiii

Mopenb 3amaua
MaIIMHHOTO IPOTHO3YBaHHS, SIKa [TepeBaru Henomnixu
HaBYaHHS BUPIITYETHCS
[IporHo3 nonuty Ha
IIOCIIyTH Bumarae
nabopatoplii, 3 | Bucoka  TOYHICTb | BEJIUKOTO
ypaxyBaHHSM MPOTHO3YBaHHS. 00CsTy TaHuX.
Yacosgi psaau ICTOPUYHUX J1aHUX | MOXIUBICTh He 3aB¥K/IH
Ta ¢dakTopiB | pearyBaTH Ha 3MIHU | BpaXOBY€
BIUIUBY, TakKWUX $K | B Yaci. HENIHIIH1
eniemMii Ta IIOTOAHI 3B'A3KHU.
YMOBH.
AHami3z  CKJIaJHHUX . Bumarae
. .| 3maTHICTD
3B'A3KIB M1XK ) BEJIUKOTO
: poO3Mi3HaBaTH
Mopeni BXTUBUMU ) 00CsTy TaHUX.
CKJIaJIH1
rIOOKOTO dakropamu Ta . . Cknaane
3aKOHOMIPHOCTI.
HaBYaHHS MOTIUTOM Ha . HaJTAITyBaHHS
Bucoka  TOYHICTB
MOCIYTH MEJAUYHUX Ta HABYAHHS
o IIPOTHO3YBaHHS. :
J1abopaTopii. MOJIE]II.
306epexeHHS .
P , 31aTHICTh OOmexeHe
OHOBJICHO] :
) aHaJ13yBaTU TEKCTHU | 3aCTOCYBAHHS
1Hpopmai po .
O6poOka : .. | 3 pI3HUX JHKepell. 0e3 TEKCTOBUX
. NEesIK1 3arpo3u Ta iX .
PUPOJIHOT MOBH MoOXIHUBICTH JAHUX.
BIUTUB Ha TMOMUT Yy :
pearyBatu Ha | MoxJMBICTD
1ab0paTOpHUX :
HOBUHM Ta MOJIIi. IIyMY B TEKCTI.
MOCIyTrax.
Posmopin 3anuty Ha Bumarae
NOCITYTH pI3HHUX HasIBHICTb
. .| CopouieHHs .
KaTeropii Ta kiaciB . YITKAX
aHamizy Ta .
. TUTST Kpauioro KaTeropiu.
Knacrepuszamist ta . TUTAaHYBaHHS.
.. PO3YMIHHS, 100 Baxko
KJacugikamnis , . | 3pyuHa :
3’gCcyBaTu AK1 : PO3MOAUTUTH
: KaTeropusarlis
KOHKpETHI mociyru | -~ - MOCITyTH B
noTpiOHI B PI3HHUX yr TESKUX
CUTYaITIsX. CUTYaITIsIX.
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Toune Bumarae
MPOTHO3YBaHHS HasBHICTh JJAHUX
NOMUTY HA MOCIYTU . . |78 KOXHOIO
Buxopucranns [IepconamnizoBanuit .
: MEIUYHUX o perioHy.
IHTEJIEKTYJIbHOTO . HIAX170 OO0 KOYXHOTO
: nabopartopii B . CxknaaHo
aHamizy o pEriony. :
: KOXKHOMY PET10HI Ha OXOITUTH BC1
PET1I0HAIBHUX : 3HUKEHHS :
OCHOBI : MOKJTUBI
JTAHUX : HEBU3HAYEHOCTI.
reorpagpiyHUX  Ta cuTyauli Ta
neMorpagiaHux dakTopu, 110 iX
0COOJIMBOCTEH. 3YMOBJIIOIOTb.

BukoprcTaHHS TEXHOJIOTIH MAITMHHOTO HAaBYaHHS JUIsl TPOTHO3YBaHHS
MOTIUTY HA MOCIYTH MEINYHUX JTA00paTOPiii B yMOBaX HaA3BUUAHOTO Ta BOEHHOTO
CTaHy MOXE€ CYTTE€BO MiABUIIUTU €PEKTUBHICTh MPOEKTIB MEAUYHOI JOIMOMOTH Ta
3MEHIINTH PU3UK I 340pOB’sl HaceneHHs. lle BaxiauBa CKIIaJoBa Cy4acHOL
CUCTEMH OXOPOHHU 3JI0POB's, 0COOJIMBO Yy BAXKKUX YMOBaX, KOJIU PECypcr 0OMEKEH1
1 NOTpiOHO e(EeKTUBHO pearyBaTW Ha HaJA3BUYAWHI CUTyalllli Ta 31HCHIOBATH
AHTUKPU30BE YIPABIIHHS MPOEKTAMH Ha 00'€KTaX KPUTHUYHOI 1HQPACTPYKTYPH.

Jlnst yeninHo1 peastizaliii IpoeKTiB Ha 00'eKTax KPUTUUHOI IHPPACTPYKTYPH,
0 SIKUX HajJekaTh MeIWuHI Jjgaboparopii, CiIig BUKOHYBAaTH MPOIECH
MpPOTHO3YBaHHA. BoHM moTpeOyroTh 30MpaTH Ta aHali3yBaTH BEJIHMKI JaHI B
pearbHOMY Yaci, CTBOPIOBATH MEPEKEBY CITIBIPAII0 MK METUYHUMHU YCTAHOBAMH,
PEryIIOIYUMH OpraHaMu Ta HAYKOBUMH YCTAaHOBAaMH, a TAKOXK HABYATH MEPCOHAI
MPAITIOBATH 31 CKJIAHAMH MOJICISIMU MAIlTMHHOTO HABYAHHS.

[TporHo3yBaHHS MOMUTY HA OCTYTH MEIUYHUX JA00OPATOPIN CTA€ KIFOYOBUM
IHCTPYMEHTOM I MiABUINCHHS €()EKTUBHOCTI Ta TOYHOCTI HAJaHHS MEIMYHHX
MOCJIYT B yMOBaX €KOJOTTYHOr0 Ta BIHCHKOBOTO cTany. Po3poOka Ta BpoBaKeHHS
NIJXOJIB  aHTUKPU30BOIO YIPABIiHHA NPOEKTaMH Ha O00'€KTax KpUTHUYHOT
1H(PACTPYKTYPH MOXKE CHOPUITH 30€pEKEHHIO KUTTSA 1 3MEHIIEHHIO HEraTUBHOTO
BIUIUBY KPHM30BUX CHUTyallli Ha 300pOB'S HaceJeHHS, L0 MepedyBae y 30HI
Ypa)KCHHS HaJI3BUYAHUMU CUTYAIISIMU.

BucnoBku. [Tporao3yBaHHs MONUTY Ha MOCIYTM MEIMYHUX JIabOpaTopiil B
yMOBax €(EeKTUBHOTO Ta BOEHHOTO CTaHy Ha OCHOBI 3aCTOCYBaHHS TEXHOJIOTIN
MalIMHHOTO HaBYaHHS € KIIOYOBUM €JIEMEHTOM Ui 3a0e3nedeHHs e()eKTUBHOT
MEJMYHOI JOMOMOTH Ta ONTHMAJIBLHOTO BUKOPUCTaHHS OOMEXEHUX pecypciB. 3
PO3BUTKOM TEXHOJIOTIH Ta JOCTYIHICTIO BEJIWKOI KITBKOCTI JaHWUX, MOKIHUBOCTI
BUKOPUCTAHHS PI3HUX aJITOPUTMIB Ta MOJIeTICH MAITMHHOTO HABYaHHS 3POCTAIOTh.

PosrnstHyTi Momeni 710 TPOTHO3YBaHHS MOMUTY HA TOCITYTH MEIMYHUX
nabopaTopiid, BKIIOYAIOYHM aHAN3 YaCOBHUX PSAIB, MOJETl PI3HOTO TIMOOKOTO
HaBYaHHs, 00OpOOKY MPUPOJHUX MOB, KIACH(IKALIIO Ta KIacTepu3alilo, a TaKOxkK
BUKOPUCTAaHHS  PETIOHAJIBHUX  JaHUX, JieXkaTb B  OCHOBI  €(PEKTHUBHOTO
AHTUKPU30BOIO YIPABIIHHS MPOEKTaMH Ha 00'€KTaX KPUTUYHOI 1HQPACTPYKTYpH.
KoskeH 3 1ux miJIxo/aiB Ma€ CBO1 IepeBaru Ta 0OMEKEHHsI, 1 1X BUOIp BIAPI3HAETHCS
BiJl KOHKPETHUX YMOB Ta 3aBAaHb. ONTUMalbHA CHUCTEMa MPOrHO3YBaHHS MOMUTY
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Ha TIOCIYTM MEIWYHUX JTAa00OpaTopii MOXKE BUKOPHUCTOBYBATH KOMOIHAIIIO IUX
17IX0/1iB, BPaXOBYIOUM KOHKPETHI MOTPEOU Ta MOXKIIUBOCTI.

BaxxnuBo TakoX NpUILIATH yBary 300py Ta aHaji3y aKTyaJlbHHX JIaHHX,
chiBIpanl MDK MEIWYHUMHU YCTaHOBAaMH Ta IHIIMMHU OpraHi3alisiMH, a TaKOX
HABYaHHIO [IEPCOHAITY MPALIOBATH 31 CKIaIHUMH MOJAEIISIMA MAIIMHHOTO HAaBYaHHS.
[IporHo3yBaHHs MONUTY HA MOCIYTM MEIMYHUX JIabOpaTopiil B yMOBax KPU30BHX
CUTyalllil MOX€ 3HayHO MiJABUIIMTH pearyBaHHsS Ha HaJA3BUYaAWHINA cuTyarii Ta
30€perTu KUTTA Ta 3J0pPOB’sl HAceleHHs. Y MOJalbIIOMY CIiJ OOIPYHTOBYBaTH
IHCTpYMEHTapid Il aHTUKPU30BOIO YHPABIIHHSI MPOEKTaMU Ha 00'eKTax
KPUTHYHOI 1H(PACTPyKTypH 3aBASKM BUKOPHCTAHHIO TEXHOJIOTIM MAaIIMHHOIO
HaBYaHHS B MEJUYHOMY CEKTODI.
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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

95




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.
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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

 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;

* 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
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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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3a0e3nevyeHHs MPOAOBOJILYOI Oe3MeKH iepxaBu Ha 0a3i 1OpoOKy
diziokpaTHYHOI eKOHOMIKO-(PiI0COPCHKOI TYMKH

O.P. Bacununa, x.e.n., ooyenm JIHYII
H.b. 3enicko k.e.n., oouenm JIHYII
C.M. Konau, x.e.n., ooyenm JIHVII

10.A. Illepie, acnipanm JIHYII

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.

CBiTOIISIIHI, €KOHOMIYHI, €KOJIOT14Hi, COIllalibHi, jJemMorpadiudi Ta iHII
BUKJIMKH, 3 SKUMH 3IIITOBXHYJOCS CBITOBE CIIBTOBAPUCTBO, CHOTOJHI
NEePETBOPIOIOTHCA Ha rI00albH1 3arpo3u. JIOMiHYyIOUMMH CTalOTh Ti, IO 3yYMOBJICHI
BaJlaMU T'OCIIO/IapIOBaHHS, HUIIIBHUM PYWHYBAHHSM HABKOJUIIHBOTO MPUPOTHOTO
Cepello BWINA, HE3JATHICTI0O Xo4ya O MiHIMaNIbHO 3a0€3MEeUUTH PIBEHb Ta SKICTh
XKUTTS U1 KOKHOTO TPETHOr0 MEIIKaHI IiaHeT. LluBinizawis nepedyBae y cTaH1
rJIMOOKOT CUCTEMHOI KPU3H, sIKa OXONMWIIA COLlalbHI, AeMorpadiyHi, EKOHOMIYHI i
€KOJIOTTYH1 aCIeKTH.

Vkpaincbka MmKoJia (PI3MYHOT EKOHOMIi 3alpONOHYyBajla OpUTiHAJIbHE
BUPIIICHHS MPOJ0OBOJILYOI MPOOIEMHU, B OCHOBY SIKOTO OYyJIO0 TMOKIJIAIEHO €HEPTIio
CoHIlT ¥ KOCMIYHMX CHJI, IO HaAXOJATh JO IUIaHETH 3eMiis. PalfioHaiabHO
noOyzoBaHa Tpalsd JIIOAWHA B CUIBCBKOMY T'OCIHOJAPCTBI, TEXHIYHO Ta
TEXHOJIOTIYHO TMIiJCUJICHA, TOBHWHHA CIPUSATH 3pOCTaHHIO I1i€i eHeprii. HoBiTHA
Gb13U4Ha EeKOHOMiSl JIOCIHIKYE€ EKOHOMIYHI SIBHIIA 1 TPOIECH Yy TICHOMY
B3a€EMO3B’SI3KY 3 €HEPreTUYHO-PEYOBMHHUMH Ta 0101H(GOPMAIIHHUMH MOTOKAMH,
mo HaaxoasaTh 3 Kocmocy. lle nmae 3mory 3HailTH mi3HaBaJbHY OCHOBY JUIS
MIPOCTOPOBOTO MOJIETIOBAHHS 30€peKeHHSI 010MacH XWUBOI PEYOBHHH B TIPOIIECI
rocroaapchbkoi AisibHOCTI. [1]. TlepBUHHOO TAHKOIO y HAKOMUYEHHI Takol eHeprii
HUMU BU3HAETHCS 3€MJISI Ta POCITHHH.

BrnieBHeHO MOXHa CTBEp/DKYBATH, IO BUPIIIUTH TPOIOBOJBYY IPOOIEMY
noTpiOHO Ha 3acajax (i3WyHOI EKOHOMIi Ta KOHUENIi CTaJoro pO3BUTKY.
["omoBHUME pecypcamu i 1i po3B’si3aHHs, 32 M. PyaeHkoMm, € i’ sITh a0COTIOTHUX
OJiar — 3emJis, 3€pHO, CoJloMa, XyA00a, THiH.

JlocsirHeHHs mpojoBosibuOi Oe3nmeku y XXI| cTomTTi — 1e TUTaHIYHE
3aBJIaHHS.

[oripimenHs piHAHCOBOTO CTaHy arpoNpOMHCIOBHUX MiJIPUEMCTB, HECTaua
(b1HAaHCOBUX peCypciB, HEMOXJIHMBICTh BUKOPUCTAHHS CYYaCHHUX TEXHOJIOTIN 1
TEXHIKH, HU3bKa PEHTA0ENIbHICTD JISUTbHOCTI CBIAYAThH MPO HASBHICTH MPOOIIEM, SIK1
CTBOPIOIOTH 3arpo3y NPOJOBOJIbYINA Oe3memi Ta MPOAOBOJIbYINA HE3aJIeKHOCTI
VYkpainu [4].
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Heopnunapuna mocrate M. Pynenka, 1 #ioro mpami «Enepris mporpecy,
«'HOCHC 1 Cy4acHICTb» MNOTPeOyIOTh TIUOIIOr0 BHUBYEHHS, MAalOTh IIUPOKO
IIPONAryBaTUCs cepell YIPABIiHIlB, HAYKoBLiB i cryaentiB. [3]. Moro mpami — e
SKICHO HOBE CJIOBO B CYYaCHOMY OCMHCIICHH1 T€Opii 1 MPaKTUKH €BOJIOIIHHOTO
PO3BUTKY JIIOJICTBA, OCKUIBKM 3'SBUJIMCS BHACIIIOK I1HTETpyBaHHS 3HaHb 3
O0aratboX Taimy3ed >KUTTA 1 Jal0Th KIIOY J0 MallOyTHBOTO >KUTENSIM ILJIAaHETH,
HaJIIKaHUM 3arpo3amu TioOamizarii. Po3yMiHHS 3epHa SK HaWBaKJIMBIIIOTO 3
aOCOMIOTHUX Oyiar BIOKpUBa€e OAaueHHS NUIAXIB MPUHIIMIIOBO HOBOTO BHUPIIICHHS
MOHETapHHUX MpolieM. SKIo eTanoHoM BapTocTi 3podutu 1 T abo 1 11 mimeHur —
«COTHI MIIBHOHIB 3eMJIsiH Oynu O BpsATOBaHI BiJ TOJOIHOI CMEpTI», —
TIEPEKOHIIMBO CTBEpKyBaB M. Pynenko [4].

Miciero YKpaiHu € He TUIbKM BXOJKEHHS Y CBITOBUW HAyKOBUH MPOCTIP HA
0a3i  AgopoOKy  (diziokpaTuyHOi  ekoHOMiKo-(Pinocodpcrkoi  aymxu  C.
IToxonuHCBKOTO, B. Bepnancekoro, M. Pynenka, a nepeaycim, CTAaHOBIICHHS
HOBITHIX (yHAaMEHTAJIBHHUX JOCIHIJKEHb PO3BUTKY, OararcrBa Ta I[IHHOCTEH Ha
NpoTUBAry pPYWHIBHOMY, BIpTyaJbHO-(PIHAHCOBOMY Ta  TEXHOKPATUYHOMY
rio0anizmy.

BiTun3HsHI HayKOB1 1HCTUTYIIi CIPOMOKHI 1HII[IFOBATH MPUHIIMIIOBO HOBI
dbyHIaMEeHTaIbHI Ta MPUKIAIHI JTOCHIKEHHS, HOBATOPChKI MPOTHO3M, IMIOHEPHI
BUJIABHUYI TPOEKTH, KOHTPEeCH, KOH(PEpEeHIli, ceMiHapu Ta IHII 3aXO[H,
MOKJIMKaH1 aKTUBI3yBAaTH OHOBJICHHS MUCJICHHSI, TOCIIOIAPIOBAHHSA Ta YPSAyBaHHS.

OCHOBHOIO METOIO0 arpapHux pedop™m Ta iX pe3yJbTATUBHICTIO 3 TMO3HUIIIT
CTJIOr0 PO3BUTKY € 30UIbIIEHHS BUPOOHULTBA W HAAJUIIKY 3€pHA 5K
HaWBaXIMBIIIOTO 3 a0COMOTHUX OJar y ¢BiTi. HapouryBaHHs 36pHOBUPOOHUIITBA —
OCHOBa peanizaili riodanpHOl Micli Ykpainu. JlepkaBHUIIbKA TOJITHKA 010
HAJUIMILIKY 3€pHa Ma€ MPU3BOJUTH HE JI0 MaJlIHHS BHYTPIIIHIX L[IH Ha 3€PHO, a 10
PO3KBITY arpapHO-TpOJOBOJIbYOI cdepu, (HIHAHCOBO-TPOIIOBOi CTaOIILHOCTI,
CHEpPreTUYHOI HE3AJIEKHOCTI Ta CBITOBOrO JiijepcTBa. BriacHe mnpeacTaBHUKH
KoM (Pi3MYHOI €KOHOMIT PO3BUBAIOTH Ty IAPUHY HAYKOBOI JYMKH, TOTPUMAHHS
KpUTEPIiB AKOi 3a0e31euye BUXiJl YKpaiHU 1 CBITY Ha IIUISAX POTpeCy.
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KOHI'peCy BUCHUX €KOHOMicTiB-arpapHukiB, Kuis, 25-26 arotoro 2010 p. / peakod.
: I1. T. Cabnyk Ta in. K. : HHIL] «IactutyT arpapnoi exkonomikm», 2010. 618 c.
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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. Gielzecki, PhD, T. Jakubowski, DSc, Agricultural University of Krakéw, 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 IOMIYHUKHU HA OCHOBI HEHPOHHUX MEPEX JIJI51
HPUUHATTSA PILLEHDB B CUIBCBKOMY I'OCITIOJAAPCTBI

A.M.JKeneszuax, k.e.n., B.B. [Imawnux, x.m.H.,
B.B. Cmonincoxuu, x.e.n., Illaowka P.1., k.m.H.
JIvgiscbKutli HayioHAIbLHUL YHIGEpCUMen NPUPOOOKOPUCHLYBAHHS

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

CuibCcbKe rocnoIapcTBO B 0araTbox KpaiHaxX CBITY € BUCOKOTEXHOJOTTYHOIO
raly33io, sKa pO3BUBAETHCS 3 HAMPSIMKY 3aCTOCYBaHHS I1HTEIEKTYyaJIbHHUX
iH(opMaIiitHUX cucTeM, Smart-TexXHOJIOr1i, 1HTEpHETY peuei, Mojeneil oOpoOKu
BEJIMKHUX JAHHUX, IITYYHOrO 1HTENeKTy Toulo. 2023 pik 03HaMEHYBaBCS MacOBUM
BUKOPUCTAaHHSAM TOTY)KHUX MOBHHX Mojened, Ttakux sk ChatGPT, y pisHux
npukiIagHux cdepax. MeTor JaHOTO AOCHIMKEHHS € BUSBICHHS MEPCICKTHB
3actocyBanHsa OpenAl y ¢hopmi BipTyaabHUX MOMIYHUKIB JJI IPUAHATTS PIIICHb B
CUTBCHKOMY TOCIIOJIaPCTBI.

CinbcbKe TOCHOJAPCTBO HAa CHOTOJHI CTHUKAETHCS 3 PI3HOMaHITHUMHU
BUKJIMKAaMU, SIKI BIUTMBAIOTh Ha O13HEC-TIPOIIECH TOCTHOJAPChKOi AisuibHOCTI. [0
OCHOBHHMX 3 HUX MOKHA BIJIHECTHU: 3MIHH KIJIIMATy, 1e(IIIUT pecypciB, KOJMBAHHS Ta
HECTaOUTBHOCTI HA PUHKaX, HecTadya poOouoi cwin. ArpapHuil 0i3Hec B YKpaiHi
3a3Ha€ BIUIMBY Ha0arato OUIbIINX YMHHHKIB, OB’ SI3aHUX 13 BIICHKOBOIO arpeciero,
MIHYBaHHSM Ta 3a0pyJIHEHHSM IIOJIIB, BTPATOI JIIOJICHKUX, MaTeplaJiIbHUX Ta
(1HaHCOBUX PECYpCIB, pyHHYBaHHSAM JIOTICTUYHUX MapLIpyTiB Toio. [lomonanus
IUX BHUKJIMKIB MOXIIUBE 3aB/SKH BIIPOBAIKCHHIO MPOTPECUBHUX TEXHOJIOTIH,
30KpeMa TaKUX SIK CHUCTEMH TOYHOIO 3eMJIepoOCTBa, €(EKTHBHE YIpaBIIHHS
pecypcamu, BIPOBAKEHHS YCHIIIHAX MPAKTUK CTAJIOTO PO3BUTKY, 3aCTOCYBaHHS
MO>KJIMBOCTEN IITYYHOTO 1HTEJEKTY JJIsl OOPOOKH JIaHUX Ta MPUUHATTS PILIIEHb.

[Ipoanasni3yBaBI  CBITOBI MPaKTUKH 3aCTOCYBaHHA TE€HEPATUBHOTO
HITYYHOTO 1HTENEKTY B CLIBCHKOMY TOCHOJApPCTBi, cepell HalOIbI MOIMyJIIpHUX
pillieHb MOKHA BHJIUTUTH HACTYTIHI:

1). Illty4yHuii IHTENEKT Ui HaBYaHHS B CLUIBCBKOMY TOCITOJAPCTBI.
[Tpuknagom ganoro pimenns € Farmer.CHAT, sikuii hakTHUHO € KOHCYTBTAIIHHOIO
ciryk0010 Ay (epMepiB Ha OCHOBI IUTYYHOTO IHTEJEKTY, MOEAHYIOUM OpraHu
yopaBiiHHS Ta (epMmepiB A CHOUIKYBaHHA B peallbHOMY 4aci. Pexomenpnanii
Farmer.CHAT MoXyTb BHUKOpPHCTOBYBATHUCS B POCIMHHHUITBI IJIi  ONTHUMI3aLii
MPOIIECIB, 3MEHILICHHS BIJIXO/IB 1 MIJIBUIIICHHS BPOXKAHHOCTI.

2) LllTy4Huii IHTEACKT IS MIATPUMKHU PIIICHb Ta JOCHTIIKCHb B CLILCHKOMY
rocroaapcTi. Pecypc Ha ocHOBI mITy4HOro iHTEaeKTY Semantic Scholar mosxe Oyt
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KOPUCHUM sIK Il depMepiB, Tak 1 JJIsI JOCTITHUKIB, K1 MParHyTh IIBUIKOTO
JOCTYTY A0 HOBUX HAYKOBHX 3HAHb.

3) IItyuHwuii iHTENEKT ISl BIACHUKIB arpapHoro Oi3Hecy. Hampuximan
ABTOMATHU30BaHE DIMIEHHA 31 IITYYHUM I1HTEJICKTOM YO00Z MOXKE JIOIOMaraTu
KepiBHUKaM, OyxranTepaM Ta piHaHCHCTaM KepyBaTH paxyHKaMu-(paKkTypaMu.

Opniero 3 edekTuBHUX (OPM BUKOPUCTAHHSA IITYYHOTO IHTENEKTY ISt
arpapHux BHpPOOHHUKIB, 0COOJMBO B YKpaiHi, € 3aCTOCYBaHHS 1HTEIEKTyaJlbHUX
BIpTYaJbHUX MTOMIYHHUKIB (HAIIPUKJIa] BIpTyaabHHH MoMidHKK agril). ®opmyBaHHs
0a3 MaHMX Ta 3HaHb HAa OCHOBI BHUPINIEHHS HETUINOBHX CHUTYaIllil B arpapHoOMy
CEKTOpP1 (PpOHTOBUX Ta MPUPPOHTOBUX PETiOHAX MOXKE MO3UTHUBHO BIUIMHYTH Ha
MPOLIECH MIPUUHSATTS PIICHb Ta MOAOJIAHHS BUKJIHKIB.

Ha crorogni € pi3Hi TpaKTyBaHHS MOHSTTS «IHTEJIEKTYaJIbHUN BIpTyaIbHUMI
MOMIYHHUKY», OUTBIIICTh 3 SKUX Mepeadayac BUKOPUCTAHHS TEXHOJIOTIH IITYYHOTO
IHTEJEKTY Ta MAIMHHOTO HAaBYAHHS, T'€HEpaLil0 NepCOHATI30BaHUX BINOBIIEN HA
OCHOBI MOMEPEAHIX JaHUX, PE3yJIbTaTIB HABYAHHSA, 0a3 JaHUX Ta 3HAHb.

[IpoanainizyBaBIIM ICHYIOYI MPAKTUKHA, BUILUTMMO MEPCIEKTUBHI HAMPSIMU
BUKOPUCTAHHS 1HTENEKTyaJlbHUX BIPTyaJIbHUX TMOMIYHUKIB I HEBEIUKHX
(bepMepPChKUX TOCIOIAPCTB:

1) aHaJi3 BEJIMKUX OOCSTIB JaHUX IIPO METEOYMOBH, CTaH IPYHTY Ta dha3u
POCTY CUTBCHKOTOCIIOIAPCHKUX KYJIBTYD;

2)  dopMyBaHHS aBTOMAaTH30BaHMX 3BITiB Ta MPOrHO3HUX MOKA3HHKIB;

3) BUSIBJICHHS 3aKOHOMIPHOCTEH JaHWUX, BHUSBJICHHS ITOTCHIIIHHUX
po0sieM (XBOpoOU TBAPUH, POCIIHH, MOSBY IIKITHUKIB);

4)  onTHMI3allis CUCTEM IOJIUBY;

5)  onTuMi3alliss KOPMOBHUX PAalliOHIB TBAPHH.

3acTocyBaHHS HOBITHIX 1H(GOPMAIIHUX TEXHOJIOT1H HA OCHOBI HEHPOHHHX
MEpEX, y T.4. 1y (opMi BIpTYyaJIbHUX MMOMIYHUKIB JIJIs1 (pepMepiB MOKPAIIUTH TPOLIEC
OPUIHATTA €(QEKTUBHUX YHOPABIIHCHKUX PIIIEHb Yy TMepcrneKkTuBi. BoaHouac
3aMpoBaHKEHHS JaHOI TEXHOJIOTIT 3ajie)aTUMe 1 BiJl PSAJYy UMHHUKIB: HAsIBHOCTI
HIBUIKICHOTO 1HTEPHETY, SIKICHUX JIaHMX Ta 3HaHb I HaBYaHHS MEpEexl,
TOTOBHOCTI MEHEJIKMEHTY Ta MEPCOHANY CLIbChKOIOCIOAAPCHKOTO MIAMPUEMCTBA
BIIPOBAIP)KYBATH TEXHOJIOT11 HA OCHOBI IITYYHOT'O 1HTEJIEKTY y PAKTUKY.
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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;

Veamp — 1S @ 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.

REFERENCES

1. Zavadskas, E., Turskis, Z. Multiple criteria decision making (MCDM)
methods in economics: an overview. Technological and economic development of
economy. 2011. Volume 17. Issue 2. 397-427.

111



2. Renigier-Bitozor M., Janowski A. d’Amato. Automated valuation model
based on fuzzy and rough set theory for real estate market with insufficient source data.
2019.Vol 78. 104-115.

3. Renigier-Bitozor, M. Zastosowanie teorii zbioréw przyblizonych do masowe;j
wyceny nieruchomos$ci na matych rynkach (eng. Application of rough set theory to
mass appraisal on small markets). Acta Scientiarum Polonorum, Administratio
Locorum. 2008.7 (3). 35-51.

4. 7robek-Rozanska, A.; Zielinska-Szczepkowska, J. National land use policy
against the misuse of the agricultural land — causes and effects. Evidence from Poland.
Sustainability. 2019. 1. 6403.

5. Renigier-Bitozor, M., Zrébek, S., Walacik, M. Modern Technologies in the
real estate market — opponents vs. Proponents of their use: does new category of value
solve the problem? Sustainability. 2022. 14(20). 13403

6. Nguyen T.H., Nguyen V.P., Nguyen D.T. A new hybrid Pythagorean fuzzy
AHP and COCOSO MCDM based approach by adopting artificial intelligence
technologies. Journal of Experimental and Theoretical Artificial Intelligence.
2022.11.07.

112


https://www.google.com/search?sca_esv=570352775&rlz=1C1CHZN_ukUA992UA992&sxsrf=AM9HkKllVLwExD6HzZ-b_DDea8nvhIeFuA:1696361294980&q=Nguyen,+T.H.,+Nguyen,+V.P.,+Nguyen,+D.T.+A+new+hybrid+Pythagorean+fuzzy+AHP+and+COCOSO+MCDM+based+approach+by+adopting+artificial+intelligence+technologies&spell=1&sa=X&ved=2ahUKEwjui5ejztqBAxWpHRAIHc9LBC4QBSgAegQICBAB
https://www.google.com/search?sca_esv=570352775&rlz=1C1CHZN_ukUA992UA992&sxsrf=AM9HkKllVLwExD6HzZ-b_DDea8nvhIeFuA:1696361294980&q=Nguyen,+T.H.,+Nguyen,+V.P.,+Nguyen,+D.T.+A+new+hybrid+Pythagorean+fuzzy+AHP+and+COCOSO+MCDM+based+approach+by+adopting+artificial+intelligence+technologies&spell=1&sa=X&ved=2ahUKEwjui5ejztqBAxWpHRAIHc9LBC4QBSgAegQICBAB
https://www.google.com/search?sca_esv=570352775&rlz=1C1CHZN_ukUA992UA992&sxsrf=AM9HkKllVLwExD6HzZ-b_DDea8nvhIeFuA:1696361294980&q=Nguyen,+T.H.,+Nguyen,+V.P.,+Nguyen,+D.T.+A+new+hybrid+Pythagorean+fuzzy+AHP+and+COCOSO+MCDM+based+approach+by+adopting+artificial+intelligence+technologies&spell=1&sa=X&ved=2ahUKEwjui5ejztqBAxWpHRAIHc9LBC4QBSgAegQICBAB
https://www.x-mol.net/paperList/1/67845
mailto:stkovalyshyn@gmail.com
mailto:kovalyshynlesya@ukr.net
mailto:kovalyshynoleh@gmail.com

Section 6.
Digital transformation.

Laboratory of computer-integrated technologies,
Corps of the Faculty of Mechanics, Power Engineering and Information Technologies
(55m)
Head of the section: Anatoliy Tryguba
Secretary: Pavlo Lub

113



INIABUINEHHA EOEKTUBHOCTI ®YHKIHIOHYBAHHA
KOMII'IOTEPHUX MEPEK HA IIIACTABI BUKOPUCTAHHA
TEXHOJIOI'TI BE3IIIOBHOI'O WI-FI.

llaowka P.1, x.m.n., A.M. Tpueyoa, 0.m.un., ILM. JIy6, k.m.H.,
IImawmnux B.B., k.m.H.
JIbBIBCHKHI HallIOHAIBHUN YHIBEPCUTET MPUPOJOKOPUCTYBAHHS

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.

[linBumeHHs e(PEeKTUBHOCTI KOMI'IOTEPHUX MEpPEX 3a  JIOIIOMOIOIO
oe3moBHoro Wi-Fi MoOKHa JOCSTTH HUISIXOM BIPOBAKEHHS PSAY CTpaTerii i
TEXHOJIOT1H.

Cepen crpateriii MOKHA BUJIIITUTH, HacaMIlepe], ONTUMAIbHE PO3TaIlyBaHHS
MapHipyTH3aTopiB Ta To4Yok jgoctyny (AP), mo mnonsrae y po3rairyBaHHI
MapipyTu3aropie Ta AP B IeHTpi mpuMmilieHb 1 B MICHSX, J€ HaWyacTiiie
BUKOPUCTOBYIOThCS  0e3ApoToBI  mpucTpoi. Ile gomomarae 3abe3meunTu
PIBHOMIPHUHM PO3MNO/ILI CUTHAITY.

Bukopucranns 0ararogianazonHoi mepexi (Dual-Band a6o Tri-Band) abo
MapuIpyTHU3aTOPIB, SIKI NIATPUMYIOTh pi3Hi Aiana3zonu (2,4 ['Tu ta 5 I'T'n) no3somsie
MiAKII0YAaTH CTapi Ta HOBI MPHUCTPOi O BIAMOBIAHOTO [iana3oHy, 3MEHIIYIOUH
MEPEBAHTAXKEHHS MEpPEeXi 1 pecypciB MapiipyTu3aTopa. PydHe HalamTyBaHHS
kaHamB Wi-Fi  [103BoJisie YHUKHYTHM TEpEKpUTTA CycinHIX Mepex. [leski
MapHIpyTU3aTOPU MAIOTh (DYHKIIII0 aBTOMAaTUYHOTO BUOOPY ONTUMAILHOTO KaHAITY
[2].

MapuipyTtuzaTtopu 3 MiITPUMKOIO TEXHOJOTii GiM(OpMIHTY, sSiKa CIPSIMOBYE
curaan Wi-Fi 6e3nocepennbo 10 miaKITI0UeHUX TPUCTPOIB JO3BOJISIOTH MOKPAITUTH
AKICTh CHTHAJy Ta INBUAKICTh TEpenaydl MaHuX, a MPUCTPOi 3 MiATPUMKOIO
texHonorii MIMO ta MU-MIMO naroTh MOXJIUBICTH OOpOOJATH OJHOYACHO
OlJbllIe MPUCTPOIB 1 3a0€3euyBaTH Kpally e()eKTUBHICTh PYHKIIOHYBaHHS MEPEXKI.

Takox MokpaumuTi ePEeKTUBHICTh MEPEXK] CIPUSIE€ BUKOPUCTAHHS TEXHOIOTIH
QoS (Quality of Service), sika moiyfrae y HaJaHHI NPIOPUTETY MEBHOMY THUITY
Tpadiky (Hanmpukiaaa, cTpiMiHry Bigeo abo VoIP), 3a0e3neuyroun Kpaimry sKICTh
0OCITyrOBYBaHHS JJIs ITUX JOJIATKIB.
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[TinBumieHHs epekTUBHICTh (YHKIIIOHYBAaHHS KOMIT I0oTepHUX Mepexk WI-FI
TaKOX 3a0e3euy€e BUKOPHUCTOBYHTE MPOTPAMHOTO 3a0€3MeUeHHS 111 MOHITOPUHTY
Ta YOpPaBIiHHS MEPEXKE0, sIKI JIal0Th 3MOTY BIJCTEKYBATH ii MPOTYyKTUBHICTH 1
pearyBaTé Ha MOXJIUBI TIPOOIeMH

Jns  crtBopenHs  OesmoBHOi  Wi-Fi  poyminry 3apa3  Haifgacriiie
BUKOPHCTOBYIOTH JIBa OCHOBHUX BapianTu: besmosuuit Wi-Fi 6e3 kontponepa (Puc.
1.). Le moctymHimie pilieHHs, ajieé MPH MEePEeXoJi KIIEHTCHKOTO MPUCTPOIO MiX
PI3HUMH JKEpeIaMy CUTHATy MOJKJIMBI TIEBH1 3aTPUMKH T10 TTOTY>KHOCTI.

CeHc Takoi oprasizaiii Mepexi B Tomy, 1110 koskHa AP Gepe ydactsb y 3B’sI3Ky,
BUKOHY€E (DYHKIIIT KOHTpOJIepa y CBOiM 30H1 BIAMOBIAAIBLHOCTI a00 HaMaraeThecs 11e
3po6uTH. CycCiJiHI TOUKH MPOXOIAThH CHEIllalbHE ONMUTYBAHHS, SIKIO BUSBISETHCS,
110 PiB€Hb CUTHATY 3aHAATO HU3bKUH.

]

192.168.1.0/24

/ MikroTik
{ .ff./
e >

internet

Puc. 1 Peamzamigs ©6e3moBHoro Wi-Fi  06e3 KoﬁTponepa Ha 0a3si
mapiipytuzaropis Mikrotik [1].

besmosauit Wi-Fi 3 KoHTposiepoM, ¢ KOHTPOJIEPH MOXKYTh BIAMOBIIATH 32
ynpaBimiHHS a0o 3a KoH(pirypamio. B ocTaHHbOMY BHUIIagKy MOBa Wle MO
PI3HOBH/IM CHICIIAIbHOT MPOTPaMU, IO BUKOHYE HATAIITYBAHHS JIJIS1 TOYOK JIOCTYIIY.
Tomy BOHa OUTBIIICTH KIIEHTIB HE IIKaBUTh. KOHTposiep KepyBaHHS Ma€ BUTJIS
OKPEMOT0 MPHUCTPOIO, 3AATHOTO BUKOHYBATH BIpa3y KijbKa (PYHKIIIH.

Crnucok sitepatypu

1. Texunomnorii Ta oonaguanns 1y 6e3moBHoro WI-FI [Enexktponnnii pecypc]
- https://texnogid.biz.ua/wi-fi/bezshovnyj-wi-fi.html

2. 1. Amnamz pobotu Mesh texnomoriii [Enextponnuii pecypc] -
http://www.dut.edu.ua/uploads/p_421 42783021.pdf
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BUKOPUCTAHHS CLOUD NATIVE I KUBERNETES Y CIZIbCBKOMY
IOCIIOJAPCTBI
B. B. Cmonincoxkuu, k.e.n., A. M. Kenesnsaxk, k.e.nu., B. B. IImawnux, k.m.H.,
JIvgiscoKull HayioHanbHULL YHIGEpCcUmem npupoOOKOPUCIYBAHHS
1. €. Isanuyvxuii, K.e.H., JIb6i6CbKUL HAYIOHANLHUU YHIBEpCUMEm 6emMePUHAPHOL
meouyunu ma 6iomexnonoeiu imeni C.3.1 dcuyvroco

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

CuibchKkOrocnosiapcbka raiay3b  IepexuBae 1UGPOBY  TpaHchopmalliio,
BUKOPUCTOBYIOYM HOB1 TEXHOJIOTIT JJIs MIJBUILEHHS CBO€I e(heKTUBHOCTI. OMHI€O 3
KJIFOUOBUX TEXHOJIOTIHM, IO cropuse Wi TpaHcdopmalli, € XMapHI TEXHOJOTI 1
Kubernetes, mo m03Bosisie arpo6i3HeCY CTBOPIOBATH Ta PO3TrOpTATH MPOrPaMH, SKi
MOKYTb MTOKPAIIUTH IXHIO pOOOTY Ta HaJlaBaTU HOBI MOCIYTH KJIIEHTaM.

Crnix BIAMITUTH, IO MalOYTHE CUIBCHKOT'O TOCIIOAAPCTBA TICHO IIOB’s3aHE 13
BUKOPUCTAHHSAM CKJAJHUX 1 TPOMI3AKUX OOUYMCIIOBAIBHUX MPOTpaM, 3JaTHHUX
mpaioBaTi 3 BEIUKUM MacuBoM jAaHux. Came TyT Ha JIOMOMOTY MPUXOIUTH
Kubernetes, sikuii poOUTh 3arajibHy CUCTEMY OLIBII «JICTKOIO» Ta 3a0e3Medye OUTbII
r1aBHe 1i QyHKIIIOHYBaHHS.

Kubernetes mnepekiiagaeTbcss rpelbKOIO SIK «KEpMaHUY» a00 «IIOT», 1 BiH
oimein Bimomuii sik K8s abo Kube. Kubernetes — e miiatdopma 3 BiIKpUTHM KOIOM,
TOOTO TporpamMHe 3a0e3MeyeHHsT MOXKE BUKOPUCTOBYBATHCS, IOUIMPIOBATHUCA,
BHUBYATHCS Ta 3MIHIOBATHCS KOpUcTyBadamHu. L miatopma BUKOPUCTOBYETHCS IS
po3ropTaHHsl MacmTaOyBaHHsS 1 KEpyBaHHS KOHTCHHEPHWMH HABAHTAKCHHSIMH Ta
CITy>KOaMH.

OpHiero 3 TOJOBHUX TepeBar XMapHux TexHouoriil 1 Kubernetes y ciibcbkoMy
rocrofapcTBl € X 3JaTHICTh MIABUINYBATH  €(QEKTUBHICTh, MPO30PICTH,
NpUOYTKOBICTh 1 MPOAYKTHUBHICTh JiSTILHOCTI. BUKOPUCTOBYIOUM XMapHi pillleHHS,
arpo6i3Hec MO)X€ aBTOMAaTH3yBaTH Taki omeparlii sk 301p, aHalmi3 1 KepyBaHHS
naHuMu. lle Moke IOmoMOrTH iM IpUiMAaTH HaWKpalll PillieHHS Ta IOKPAIIUTH
3arajgpbHy mnpoayktuBHiCTh. Kpim Toro, Kubernetes mo3Bossie opranizamisiMm Ta
MITPUEMCTBAM JIETKO MacITabyBaTH CBOI MPOTpaMu Ta KepyBaTH HUMHU.

[Ile oaniero mepeBaror0 xMapHuxX TexHousoriii 1 Kubernetes y ciiabChkOoMy
rocroAapcTBl € iX 3JaTHICTh HAJaBaTU KIIEHTaM HOBI TMOCIYTH Ta MPOAYKTH.
Hanpuknan, ¢pepmepu MOXYyThb BHKOPUCTOBYBATH XMAapHI pillleHHS il 300py i
aHajizy JaHWUX 13 JaTYMKIB 1 JPOHIB, 100 HaJaBaTH CBOIM KIIEHTaM MOCITYTH
TOYHOTO 3emiiepoOcTBa. lle Moke JomoMorTd iM MIABUIIUTA BPOKANHICTD,
3MEHIIUTH BUTPATH Ta MIABUIIUTH CTAaOUIBHICTH iX mdismbHOCTI. Kpim TOTO,
arpo6i3Hecu MOXXyTh BUKOpUCTOBYBaTH Kubernetes /it CTBOpEHHS Ta pO3TOPTaHHS
HOBUX JIOJATKIB 1 TMOCIYT, TaKUX SK OHJAWH-PUHKHU, SKI MOXYTh JIOMOMOTTH iM
3B’A3aTHCS 3 KIIEHTaMU Ta MOKPAIIXUTH 3arajibHl MPOIaKi.
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Xoua xmapHi texHojorii Ta Kubernetes BosnoaitoTe 6araTbMa mnepeBaramu B
CUTBCHKOTOCTIOAAPCHKIN Tally3l, 3 1X BIPOBAKEHHSAM TAaKOXX BUHUKAIOTH MPOOJIEMH.
OpHi€ro 3 TOJIOBHUX MPOoOJieM € Opak po3yMiHHA Ta JOCBIAY IIUX TEXHOJIOTIHN cepen
dbepmepiB Ta arpoOizHeciB. Yepes 1me iM Moxke OYTH BaXKO TOBHOI[IHHO
BUKOPUCTOBYBATH TIepeBaru XMapHuUx TexHousorik 1 Kubernetes, a Takox IicHye
BeJIMKa HMMOBIPHICTh YCKJIAJIHEHHS BIPOBAKCHHS IMX TEXHOJOTIH Yy ISUIBHICTH
M1PUEMCTB.

Och TYT 1 MOYMHAIOTH MpallOBaTH Taki 1HCTpyMeHTH, sk Rafay 1 Kubecost.
Rafay Systems i Kubecost npononyioTh moTy>kHy KOMOIHAIl0O 1HCTPYMEHTIB IS
kepyBanHsa Kubernetes 1 BTaCHUMH XMapHUMHU TEXHOJIOT1SIMH.

Rafay Systems ©Hamae xkommiekcHy mmiaThopMy Il aBTOMaTH3aIlil
pO3ropTaHHs, MaciiTabyBaHHS Ta KEpyBaHHS KOHTCHHEPHUMH JOJAaTKAMH, IO
MOJIETIIYE CLIBCHKOTOCIOJAPCHhKUM OpraHi3alisiM MiABUIICHHS €()EeKTUBHOCTI Ta
rHydkocTi. Moro  yHikambHi  (QYHKIiI ~Ta  MOMIHBOCTI  JONOMATAIOTh
CUIbCHKOTOCTIOAPCHKUM  OpraHi3ailisiM  BHUIEPE/KATH KOHKYPEHTIB  3aBISAKH
aBTOMaTu3alii Bcboro kutreBoro nukiay Kubernetes. Kpim Toro, ioro po3mupeHi
MO>KJIMBOCTI MOHITOPHHTY Ta KOHTPOJIIO JIO3BOJISIIOTH OpraHi3ailisiM BiJICTEKYBaTH
CBOT JIOJJaTKU Ta MIBUAKO i €pEeKTUBHO yCyBaTH Oyb-sKi MPOOIIEMHU.

3 inmoro 6oky, Kubecost mpononye pilieHHs sl yIpaBiIiHHS BUTpaTamMu s
kiactepiB Kubernetes, Hafaroun CiIbChKOTOCIOAAPCHKUM OPTaHi3allisiM BUIUMICTD 1
KOHTPOJIb, HEOOXIIHI JIs1 ONITUMI3alli BUTpAT HA XMapy. Pazom 11 pilieHHs MOXKYThb
JOTIOMOITH CLIbCHKOTOCIIOAAPCHKUM OpraHi3allisiM ONTUMI3YBaTH CBOIO JISJIbHICTD,
NIJBUIIUTH €(QEKTUBHICTh 1 3MEHILUTU BUTPATH, 3PEIUTOI0 CIPHUSIOUM OLIBIIOMY
yCHIXy Y BUCOKOKOHKYPEHTHIN cdepi, sika CTPIMKO PO3BHUBAETHCS B CYYaCHHX
YMOBaX.

[le omHier0 Mpo6IEMOLO, MOB’SI3aHOK0 3 BUKOPUCTAHHSAM XMApHHUX TEXHOJIOTIH 1
Kubernetes y ciTbChbKOMY TOCHOJIAPCTBI, € BIACYTHICTh 1H(QPACTPYKTYpU Ta 3B’SI3KY B
CUIbCBKIMA MiciieBOCT. bararo ¢epmepiB posramioBaHi y BiIJaJeHUX paiioHaxX 3
OOMEKEHUM JJOCTYIIOM J0 BUCOKOIIBUAKICHOTO [HTEpHETY, TOMY M MOXKe OYTH Ba)KKO
MOBHICTIO BUKOPUCTATH TEpPEeBark XMapHUX TexHousorid 1 Kubernetes, a Takox Moxe
YCKJIQJIHUTH BIPOBA/KEHHS IUX TEXHOJIOTIN Y CBOIO JISUTbHICTb.

OmHak cuTyallisi MOKPAIIyeThCsl 3 TIOSBOIO CYITyTHUKOBUX 1HTEPHET-CEPBICIB, SIK1
PEBOJIIOIIOHI3YIOTh TIKIIOYCHHS JI0 CUILCHKOI MICIIEBOCTI Takmx sk Starlink Bif
SpaceX Ta ioro xoHKypeHTa OpuTaHchbkoi kommanii OneWeb. I1i Ta ixmn kommaHii
NPALOOTh HaJl BUPILIEHHSIM I[i€i MpoOJeMH, 3amyCKalouu CYMyTHUKH HAa HU3bKIN
HABKOJIO3EMHIM 0opOiTi, 11100 3a0€3MeUnTH BUCOKOIIBUAKICHUM AOCTyN 10 [HTEpHETY ¥
BiJIJAJICHUX paiioHaX. 3aBJISKH TaKUM DIIICHHSM, SK HU3bKa HABKOJIO3€MHa Op0iTa Ta
PO3IIMPEHUH AOCTYN JO IIUPOKOCMYTOBOTO 3B’sI3Ky, (pepmepu Ta arpoOi3Hecu y
BIJJIAJICHUX paldOHAaX MOXYTh TOBHICTIO BHUKOPHCTOBYBATHM XMapHI TEXHOJOTIM Ta
Kubernetes y cBoiii JisUTbHOCTI.

Takum uwmHOM, xXmapHi TexHosorii Ta Kubernetes € mnepcnekTUBHUM
iHopMaIiiHUM 3a0€3MEeUeHHsIM Y CUTbCHKOMY TOCHOMApCTBI 11t (hepmepiB abo
MPEACTaBHUKIB arpo0i3Hecy He3aJeKHO B I1X MICIIE3HAXOKEHHS, OCKUIBKU
3aBJIAKM 1M KOPHCTYBadl 3MOXKYTh MIJBUIIUTH €(PEKTUBHICTh, MPOAYKTUBHICTDH 1
CTaOUTBHICTh CBOET MISTTLHOCTI Y KOPOTKO- Ta JOBTOCTPOKOBOMY TIEPiO/Ii Yacy.
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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) System’s platform. The 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. The composition of modern ERP systems
i1s quite standardized and have a modular structure. Modules work as separate
components and should be easily combined when interacting with the database. An
ERP combines accounting, finance, supply chain, business processes, commerce,
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reporting, production, and HR on a single platform. Combined, the processes,
systems and data provide the analytics, acceleration and agility needed to start
optimizing business 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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SABE3IIEYEHHS BE3IIEKU TA IIVIOCHOCTI JAHUX B
IHOOPMALIMHUX CUCTEMAX HNIIOPUEMCTB

B.B. Axcrok, B.M. Omensnenxo, A.1. Pawun, Ilonmascvkutl 0epaicasHutl acpapruii
YHIgepcumem

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

3a0e3neueHHs] O€3MeKu Ta IUIICHOCTI JaHMX B IHQOpMaUIMHUX CHCTEMax
MIJNPUEMCTB € KJIIOYOBUM 3aBJaHHSM B cydacHoMy Oi3Heci. lle Bkitouae B cebe
3aXO/IM JIJIs 3aXMCTY BiJI HECAHKLIOHOBAHOT'O JOCTYITY JO JIaHUX, BIPYCIB Ta 1HILIUX
3arpo3. OKpIM LbOTO, BaXJIMBO 3a0€3ME€YUTH LUIICHICTh JaHHUX, 00 YHUKHYTU
iXHBO1 BTpaTu a0 iX cOTBOpeHHA. L[UTICHICTh JaHuX B 1H(pOpPMALIIHIN cucTeMl
HIIPUEMCTBA BU3HAYAETHCS SIK CTaH, B IKOMY JlaH1 30€piraloThCs, MepeaaroThes 1
0OpOOMSIOTHCS BIAMOBITHO 10 BU3HAYEHHUX MPABUJI 1 BIICYTHI Oynb-sKi X 3MiHH,
CIOTBOpPeHHS a00 HecaHkiioHoBaHi Moaudikamii [1]. Ile o3Hauae, mo aaHi
3aJIMIIAI0THCS TOUHUMU, HEIOTOPKAHUMHU Ta BIATIOBIIHUMHY CTaHAApTaM 1 IpaBujIam
MIPUEMCTRA.

OcHoBHI 3ax0/1 JIJ1s 3a0€3MeUeHHS HUTICHOCTI JaHUX BKJIFOYAIOTh:

— pe3epBHE KOIiIOBaHHS (PEryJisipHE CTBOPCHHS PE3CPBHHUX KOMIN TaHHX
J0TIOMarae BiTHOBHTH JaHi B pa3i iXHb01 BTpaTH ab0 MOIIKOIKCHHS);

— BCTAHOBJICHHS TPaB J0CTyNy (BH3HAYCHHS IPaB JOCTYIy KOPUCTYBadiB i
OOMEKEHHS TXHIX MOKJIUBOCTEH 3MiHH JaHUX);

— mudpyBaHHs (BUKOPUCTAHHS IMUQPPYBaHHS I 3aXUCTy JAaHUX BiJ
HECaHKI[IOHOBAHOT'O JIOCTYITY ITiJT Yac mepeaadi);

— MOHITOPUHT 1 aynuT (CUCTEeMH MOHITOPUHTY 1 ayJUTy JO3BOJISIOTH
BIJICTEXKYBATH J1i KOPUCTYBAUiB Ta BUABJIATH Oy/ab-sKiI HaA3BUUYalHI a00 mMiI0o3pisi
noii);

— OHOBJICHHS Ta HaTyi (peryiaspHe OHOBJICHHS MPOTPAMHOTO 3a0e3MeueHHS 1
BCTAHOBJICHHSI OHOBJICHb O€3IMEKH JOMOMAaraloTh 3aXUCTHUTH CHUCTEMY BiJT HOBUX
3arpo3 i Bpa3auBOCTEH).

3a0e3eueHHS UTICHOCTI JaHUX € KPUTHIHUM 3aBIaHHIM JJIS 3a0€3ICUCHHS
Oe3neky Ta HaAIMHOCTI 1H(POPMALIMHUX CHUCTEM MIANPUEMCTBA 1 MONEPEIKEHHS
MO>KJIMBUX BTpaT ad0 MOPYUIEHb JaHUX.

3abe3neueHHs O0€3MeKu JaHuX Y MIAIMPUEMCTBI, sIKE BUKOPUCTOBYE CUCTEMY
yrpaBiinasa 6aszamu ganunx MySQL [2], € BaxiIHMBOI0O CKIIa0BOIO iH(pOpMAIIHHOT
oesneku. Cucrema ympasiinHs 6azamu nanux (CYBJl) - me HaGip mporpam Ta
MOBHUX 1HCTPYMEHTIB, $IKI BUKOPUCTOBYIOThCS JMJiI CTBOpPEHHS 0a3 JaHMHX,
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3a0€3MeUeHHs] X aKTyaJIbHOCTI Ta 3pyuyHOro mnomyky iHdopmarii [3]. OcHOBHI
aCIeKTH 3axXUCTy JJaHWX BKIIOYAOTh ayTEHTHUQIKAIII0O Ta aBTOPH3AIIII0
kopuctyBauiB. MySQL mnpomnonye pi3Hi MeToau ayTeHTH}iKallli, BKIIOYAIOYU
naposi, ayTeHTU(IKAIil0 Ha OCHOBI CEKPETHHX KIIOYIB Ta ayTeHTH(QIKaIil0 Ha
OocHOBI mam'siTi. J{ns migBUIIEHHA O€3MeKH KOXKE€H KOPHUCTyBad IMOBHUHEH MaTH
yHIKaJIbHHI Mapojb Ta BIAMOBIAHI paBa AOCTYITy 10 0a3u JaHHX.

KpiM TOro, BaXXJIMBO peryJsipHO 3MIHIOBaTH MapoJii Ta BCTAHOBJIIOBATH
CKJIQJH1 TapoJii 3 BUKOPUCTAHHSAM PI3HMX THUIB cuMBOdiB. MySQL Takox Hagae
MOKJIMBICTh OOMEXYBAaTH JOCTYI KOPUCTYBadiB [0 KOHKPETHHUX TaOJHIb Ta
oreparlii, 1o J03BOJISIE TOYHO HAJAIITOBYBATH IXHI MpaBa BIJAMOBIIHO JO iX
00O0B'A3KIB.

Kpim TOr0, BaXIJIMBUMU 3aX0aMH 3aXUCTY JAaHUX MOXKYTh OyTH mu(pyBaHHS
Ta xypHan omnepamid. MySQL miarpumye TLS/SSL st mmdpyBanHsa naHux, sKi
NepealoThCsl MK KIIIEHTOM 1 CEPBEPOM, IO J0Ja€ TOAATKOBHI PIBEHb OE3IMEKHU.
Kypnain oneparniii Moke OyTH KOPUCHUM JJII MOHITOPUHTY Ta aHAII3y MOMAIH, K1
BiJI0OYBatOThCs B 0a3i naHux [3].

Baxxnugo nocriitHo oHoBmtoBati CYBJ] MySQL Ta BCTaHOBIIIOBAaTH OCTAaHHI
naTyl 1 OHOBJICHHSI O€3MeKH, 00 3aXUCTUTH CUCTEMY Bij BIIOMHUX Ypa3IMBOCTEH.
Takox peKOMEHAY€EThCS BUKOPUCTOBYBATH (palipBOJIM Ta IHILI 3aCO0U MEPEXKEBOT
Oesnexu Juis 3axucty cepBepa MySQL BiJl HECAaHKIIIOHOBAHOTO OCTYITY 3 MEPEXKI.

OTtxe, 3a0e3nedeHHs 0e3MeKu KOHPIACHIIINHUX JaHUX Y CUCTEMI YIIPaBIiHHS
nignpueMctBoM Ha ocHoBl CYBJl MySQL BuMmarae KOMIUIEKCHOTO IIIJIXO.Y,
BKJIFOYAIOYM HAJAIITYBaHHS ayTeHTU(IKAIlT Ta aBTOpHU3allii, IUpPYyBaHHS, )KypHAI
orepailiii Ta peryJjsipHe OHOBJIEHHSI CUCTEMH JUIs 3a0e3NeYeHHs] MaKCUMAaJIbHOTO
piBHS Oe3meKwu.
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ALGORITHM FOR DETECTING STAGES OF MAIN FERMENTATION
OF BEER BASED ON COMPUTER VISION
Mansp A.B., 0.m.n. npogh., Hayionanenuii ynieepcumem «J/Ivgiecoka Ilonimexuikay
Bizypo M 1., acnipanm, Hayionanvnuti ynieepcumem «JIvgiscoka [lonimexuikay
Micropenko B.O., k.m.H., ooy. Hayionanvnutl ynieepcumem «Jlogiécoka
Tonimexuixa»

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

BupoOHUIITBO TTMBa — CKJIQJHUNA MPOLIEC, SIKUM BKJIIOYAE JIEKIbKA €TAaIliB,
KOXKEH 3 SKUX Ma€ BEJIMKE 3HAUCHHS I OTPUMaHHS SIKICHOTO Hamor. B crarti
PO3IIIAIA€ThCS €Tal OCHOBHOTO OPOAIHHS, MMiJl Yac SIKOTO JAPIKIDKI MEPETBOPIOIOTH
MOHOCaXapuau, 110 MICTATHCS B CYCJIl, Ha aJIKOTOJIb Ta ByTJeKuciani ra3. s toro,
o0 JpKPKOBA TiHA HE MOTpamnuia B MOJIOJE MHUBO Ta HE 3a0py/HIOBajia MOTo
XapaKTEepHUM TIPKUM CMAaKOM, MHBOBapYy KOXHOTO JHS Tpeba 1i BUIANATH 3
MOBEPXHI THUBHOTrO cycia. [Ipm BUKOpPHUCTaHHI BIAKPUTOrO 4YaHa OpOAIHHS Yy
BUPOOHMIITBI MTMBA 3yCTPI4aIOTHCS MEBHI HEMOIIKU, 30KpeMa IPSIMUI KOHTAKT Cyclia
3 HaBKOJIMIITHIM CE€PEIOBUIIIEM, III0 BUMArae 0COOJIMBOI yBaru /10 Tiri€HU Ta YMIHHS
30upatu 3a0pyaHeny miny. [1lo0 yHukHyTH pobieM, MOB'sI3aHUX 13 3a0pyTHEHHIM
MMBA, MPOTMIOHYETHCS PO3POOUTH aBTOMATHU30BAHY CHCTEMY OUMILEHHS Cycia, sKa
1mo30aBjIeHa BKa3aHUX HEOOJIKIB.

OpmHUM 3 BaXKJIMBUX KOMIIOHEHTIB TaKO1 CHCTEMH € aJITOPUTM KOMIT FOTEPHOTO
Oauennst [1-2] mig BUSABICHHS CTaaiili OpOJIHHS THBa Ta OI[IHKHA 3a0pyIHEHb.
AnropuT™M 0a3zyeThCs HAa KOMIUIEKCHOMY aHali3l CUTHANIB BIJ€0300paxKeHb Ta
JaBaviB, 0 MOHITOPATH CTaH Cycja. AJITOPUTM Ja€ 3MOTY BU3HAYATH MOTOYHY
cTaaito OpOJIHHS, BYACHO BHSBJISATH 3a0py/JAHEHHS Ta AaKTUBYBATH CHUCTEMY
ounteHHs1 cycia. OKpiM TOTO, aJTOPUTM MOXE BHUKOPHCTOBYBATHUCH OKPEMO BiJ
aBTOMATU30BAaHOI CHCTEMH OYMILEHHS Cyclia. 30Kpema, Il CIIOBIIIIEHHS IIEPCOHATY
MO0 3a0pyJHEHHS MEPTBUMH JIPUKIKaMH Ta KOHTPOJIIO 32 HEIITaTHUMU
CUTYaIlisIMU, HAIPUKJIA/T TAKKUMHU, SIK 3aTPUMKa aKTUBI3aIlli JPIKIKIB.

Po3pobnenunii anropuT™m, HamucaHudi MOBOIO mporpamyBanHs '"Python" 3
BUKOpucTaHHAM Oi0miorekn "OpenCV" [3]. BxigHumu gaHUMHU € 300paXKCHHS
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MOBEPXHI MUBHOTO Cyclia Ha eTarti OpoaiHHs y pi3Hux gopmartax JPG, JPEG, PNG,
BMP, GIF, TIFF.

AJNTOPUTM CKIIQJAETHCS 3 HACTYITHUX €TaIlB:

1. 3aBaHTaXX€HHS Ta MIATOTOBKAa 300pa)kKeHHS. 3YHUTYETHCS KOJbOPOBE
300paxeHHs 3 dainy po3mipom NxK mikceniB Ta KOHBEPTYETbCS B YOPHO-O171€ 115
MoAaNIbIIOT 0OPOOKH.

2. Bwupanenns ¢ony. 3a gomomororo ¢inetpiB ("ayca Ta mMemiaHHOro) Ta
oreparliii 6iHapu3arlii Ta HaKJIaJaHHS MAacKH BUIAISIETHCA (OH 3 300pakeHHs, 1110
JI03BOJISIE BAOKPEMHUTH TUIBKH TTOBEPXHIO MUBHOTO CyCIa.

3. CermenTariist KoibopiB. Po3ainieHHs mikcemniB 300pakeHHs! 3A1CHIOETCS
Ha TPU KOJILOPOBI KJIACTEPH: 3€JCHUI, KOPUUHEBUI Ta OLIIHi, K1 € XapaKTepHUMU
KOJbOpaMH O3HAK OpopiHHA. Taka KiTbKICTh KJIacTEpiB BHU3HAYCHA HA OCHOBI
MOTIEPE/IHIX 3HAaHb EKCIIEPTIB y Tamy3i. [l knactepusaitii 300pakeHb 3aCTOCOBAHO
meton K-cepennix [4]. Bin € iTepaTUBHMM METOJIOM, KU €PEKTHBHO MPAIIOE 3
BCJIMKMMH MacHBaMH JaHUX. 3aBJISKH I SIKOCTI METO K-cepeHiX MmiaX0IuTh IS
00poOKH 300pakeHb B peaIbHOMY 4aci, 110 € BAXXJIUBUM (DAKTOPOM Y BUPOOHUUOMY
CEpEIOBHIIII.

4. Busig pesynbrariB. OOUUCITIOETHCS BITHOIIEHHS IUIONII KOPUYHEBUX
MIKCEJIB JI0 3arajibHOI IUIOIT MTOBEPXHI cycia, TOOTO BiACOTOK ILIOINII 3a0pYyIHEHOT
niny. CerMeHTOBaHE 300pa)KCHHS BHUBOJIUTHCS Ha €KpaH, a 3HA4YCHHS (BiJCOTOK)
3a0py/IHEHHS MMIHK MOJAETHCS B TPOTrPaMOBaHUM JIOTTYHHI KOHTPOJIEP.

[Toganpi aii aBTOMaTU30BaHOT CUCTEMH OUYHUIIIEHHS Cyclla 3ajieXkaTh BiJl TOTO,
SKUU € BIACOTOK 3a0py/THEHOI MIHHU.

Lle#t anroputMm gomomarae aBTOMAaTH3yBaTH MPOIIEC OYHWIICHHS Cyclia Ta
aHai3y ol 3a0pyIHEHHS, 0 3HMKYE PU3HK 3a0pyJHEHHS MUBA JAPIKIHKOBOIO
MIHOIO Ta MOKPAILYE SIKICTh BUPOOHUIITBA MTUBA.

AJTOpUTM BUSIBIICHHS CTaIiil OpOJMiHHS TMHWBA, SKUH IMPEICTABICHUN Y I
CTaTTi, MOXKE CIIPUATH IIJBHIINCHHIO SKOCTI Ta HaAIHHOCTI BUPOOHMIITBA THBa, a
TaKOX CIyTyBaTh OCHOBOIO I TOJAJBIIMX JOCTIIKEHb Ta BIOCKOHAJICHHS
CUCTEMHU KOHTPOJIIO BUPOOHHIITBA TTUBA.
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3. Kaehler, A., & Bradski, G. (2016). Learning OpenCV 3: computer vision in C++
with the OpenCYV library. Publisher: O'Reilly Media, Inc., 1024 p.

4. Malav, Amita & Kadam, Kalyani & Kamat, Pooja. (2017). Prediction
of heart disease using k-means and artificial neural network as hybrid approach
to improve accuracy. International Journal of Engineering and Technology, v.9.
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INTELIGENTNA KONSERWACJA SYSTEMOW CYBERFIZYCZNYCH

0O.V. Lysa, k.t.n., docent, Lwowski Narodowy Uniwersytet Zarzadzania Przyroda
A.-V.V. Midyk, Ph. D., senior front-end developer «N-IX» Ltd
N.I. Mikhalyuk, k.e.n., docent, Lwowski Narodowy Uniwersytet Zarzadzania

Przyroda

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 by¢ 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 o szczegoty. Wazne jest wyeliminowanie tzw. mostkow termicznych, czyli
obszarow, w ktorych wzrasta przenikanie ciepta na skutek przerwania ciaggtosci powtoki
termoizolacyjnej. Wyzszy poziom izolacji termicznej nie tylko zmniejsza
zapotrzebowanie energetyczne budynku pasywnego, ale takze pomaga w utrzymaniu
wysokiej temperatury powierzchni wewnetrznych w pomieszczeniu zima i niskiej
temperatury latem. Dzieki temu wzrasta komfort cieplny (intensywnos$¢ promieniowania
ogrzewanych powierzchni), w pomieszczeniu ustala si¢ jednolity klimat, co wyklucza
powstawanie ,,zimnych naroznikow”.

Proponuje si¢ budowe zautomatyzowanych szklarni. Jednostka giéwna to sprzet 1
oprogramowanie realizowane w postaci oddzielnych modutéow (sterownik i czujniki),
ktore mozna dobiera¢ w zalezno$ci od parametréw szklarni. Po zainstalowaniu i
uruchomieniu wybranego programu uprawy system bedzie na biezagco monitorowat
klimat w szklarni, zarzadzal procesem technologicznym uprawy ro$lin, raportowat
wszelkie nietypowe sytuacje oraz zapisywal histori¢ obserwacji uprawy [2]. Klient ma
dostep do danych swojej szklarni 1 mozliwo$¢ zdalnej zmiany parametréw. Szczegodlng
uwage przywigzuje sie¢ tu do cigglego monitorowania parametréw mikroklimatu i
warunkéw srodowiskowych. Podczas monitorowania temperatury szczegdlnie wazna jest

125



stabilnos¢ i doktadnos$¢ pomiaru. Schemat kontroli mikroklimatu w szklarniach 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], ze przekroczenie 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 szczegolnie wazne staja Si¢ parametry
techniczne uzywanego sprzetu, takie jak dokladnosé¢ regulacji temperatury w szklarni.
Powinien zmienia¢ si¢ 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 systemoéow cyberfizycznych, ktore obejmuja zarowno komponenty fizyczne,
jak i cyfrowe. Pomaga to zwickszy¢ wydajnos¢, niezawodnosc i produktywnosé takich
systemow, obnizy¢ koszty ich utrzymania i wsparcia, zapewni¢ doktadna i szybka reakcje
na zdarzenia i problemy.

Zbadano 1 wuzasadniono mozliwo$¢ wykonania szklarni jako konstrukcji
energetycznie pasywnej, czyli takiej, w ktorej poziom zuzycia sztucznych dodatkowych
zrodet energii jest o rzad wielko$ci nizszy w poréwnaniu z konstrukcjami tradycyjnymi.
Raspberry Pi z technologia ZigBee i dostepem do Internetu stuzy jako sprzet i
oprogramowanie zapewniajgce dziatanie sieci. Zapisywanie 1 pobieranie obrazow jest
realizowane przy uzyciu MySQL. Wybdr technologii budowy tej sieci jest uzasadniony,
w szczegoOlnosci zapewniona jest topologiczna obecno$¢ co najmniej 3 weztow do
sterowania 3 obwodami podsystemu temperaturowego systemu cyberfizycznego.
Wybrano sprzet kompatybilny z wczesniej przetestowanymi inteligentnymi czujnikami.
Zapewnione jest zdalne zarzadzanie wieloma szklarniami. W tym celu opracowano
oprogramowanie i udostepniono interfejs uzytkownika.
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