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ANALYSIS OF THE POSSIBILITIES
OF THE PHOTOGRAMMETRY METHOD IN OBJECT DETECTION

Garayev M.F., Hashimov E.G.
Azerbaijan Technical University, Baku, Azerbaijan
Bayramov A.A.
Republican Seismic Survey Center, Baku, Azerbaijan

Photogrammetry technologies for cartographic purpose are quite developed. In
this direction, the issue of determining the coordinates of the observed enemy target
using video images in real time can be considered a perspective. By using
photogrammetry methods, it is possible to quickly obtain the coordinates of any
invisible surface object or enemy targets through the multi-aircraft UAV. By
transmitting these coordinates to the command post, it is possible to control the firing
of high-precision missiles and hit that target with one shot. There is a need to carry
out research in this direction. The article analyzes the technology of
photogrammetry, investigates the possibilities of applying photogrammetry methods
in the detection of invisible military objects.

The purpose of writing the article is to determine the capabilities of the
photogrammetry method in organizing a combat operation, increasing the necessary
efficiency, increasing the efficiency of decision-making, obtaining and processing
incoming information, determining the coordinates of objects, and other issues.
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APPLICATION OF WEB SCRAPING TECHNOLOGY
IN THE CREATION OF NATIONAL LANGUAGE CORPORA

Arif qizi N., Pashayeva Y. I., Hasanova S.A.
Institute of Control Systems, Baku, Azerbaijan

In the modern era, the rapid development of digital technologies has created
new opportunities in the process of researching and analyzing languages. National
language corpora have become one of the most significant resources for collecting,
analyzing, and storing written and spoken texts of a language on a large scale. In this
context, Web Scraping technology serves as an essential tool in the process of
creating national language corpora. Web Scraping is a technology used to
automatically collect and structure various texts from the internet [1-3].

Thus, Web Scraping technology acts as one of the main tools in the creation of
national language corpora. By collecting data from various sources through this
technology, the resources used for the study and analysis of the language are
enriched. The proper and ethical use of web scraping plays a crucial role in both
language learning and its application across various fields.

In this study, data from various sources on the internet - news websites,
official government sites, and other reliable resources - were collected using web
scraping technology through the Python programming language. First, the robots.txt
files of the sites were reviewed. If it was determined that data collection from the
site was allowed, the relevant data was downloaded using web scraping technology.
BeautifulSoup and Requests libraries of the Python programming language were
used in the preparation of the program. In the initial stage, the robots.txt files of the
sites were analyzed, and the XML files of the allowed sites were obtained. Using
Python's XML library, all links were extracted and added to a CSV file. Then,
through the BeautifulSoup and Requests libraries, the data was processed and
inserted into a Word file. In the final stage, the Word file was read through a Python
program and added to the Oracle SQL database.

As a result, Web Scraping technology plays an important role in the creation
of national language corpora and allows for a more precise representation of the
language in the digital environment.

The correct application of this technology ensures the enrichment of national
language corpora and the broader use of the language in scientific research,
education, and technology.
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COMBINED BOUNDARY VALUE PROBLEM FOR THE BIANCHI
INTEGO-DIFFERENTIAL EQUATION WITH NONSMOOTH
COEFFICIENTS AND ITS APPLICATION IN RADIO ENGINEERING
WEAPONS

Ilgar Mamedov 2, Aynura Abdullayeva®
Ynstitute of Control Systems, Baku, Azerbaijan
2Sumgait State University, Sumgait, Azerbaijan

3Military-Scientific Research Institute, Baku, Azerbaijan

Vibration processes are directly used in radio engineering devices and also in
radio engineering weapons [1]. Since vibration processes [1] are described with the
Bianchi equations, that is why the considered combined boundary value problem for
the Bianchi equation is very relevant for solving military applied problems.

The fact is that in modern radio-technical weapons vibration processes play an
important role.

Mu)(x Y. 2) =t (61,2 + Y A k(% y,2)DYDIDSu(x, ¥, 2) +
i+j+k<3,i,j,k=0,
[ [ | Y Kijkémxy.2)DD)Dsu(r. & mdrddy =gy (x.y,2),
Mymyl \/Ei+j+ki3
T i,jk=01
Here u=u(x,Yy,z) the required function is defined in the domain G ; Functions
A jk (X, y,2) are given measurable functions in the domain G =G; xG, xG3 and
functions K; ;. (t,&m;X,y,2z) are given measurable bounded functions in GxG,
where, Gy =(X9,%), X0 20, G2 = (Yo, Y1), G3=(20,21).2920; ¢h11(x,y,2) the

given measurable function is in G . For equation (1), the stated conditions of the
classical form in the middle of the domain are given in the following form
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satisfy the agreement conditions as follows:
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THE IMPACT OF NEW TECHNOLOGIES
ON THE PROGRESS OF MILITARY ART

Babayev S.M., Akhundov R.G.%, Hashimov E.G.1?
!Military Scientific Research Institute, Baku, Azerbaijan
2Military Institute named after H.Aliyev, Baku, Azerbaijan

In recent decades, the rapid evolution of technology has significantly
influenced military art, reshaping strategies, tactics, and the structure of military
forces. This thesis examines the role of emerging technologies in modernizing and
transforming military practices, focusing on artificial intelligence (Al), cyber
warfare, autonomous systems, and precision-guided weaponry, which collectively
represent critical advancements in the progression of military art.

First, artificial intelligence has emerged as a pivotal component in military
decision-making and operational efficiency. Al-driven systems now enhance data
analysis, battlefield surveillance, and predictive analytics, offering military leaders
the ability to make informed, data-backed decisions swiftly. This capability has led
to the concept of "network-centric warfare,” wherein real-time information is
utilized to create a comprehensive understanding of the battlefield. Al-driven
simulations and training programs have also improved the adaptability and readiness
of forces, fostering a more agile response to evolving threats. Cyber warfare, a realm
of non-kinetic operations, has become central to modern military strategies,
broadening the definition of conflict beyond physical engagement. Cyber
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technologies allow for the disruption of an opponent’s command, control,
communication, and intelligence (C3I) systems, weakening their ability to operate
effectively. The integration of cyber capabilities into military doctrine marks a
significant evolution in military art, where controlling the digital battlefield is as
crucial as controlling physical terrain. Autonomous systems, including unmanned
aerial vehicles (UAVS), robotic ground units, and naval drones, have introduced a
new dimension to warfare. These systems minimize the need for human involvement
in high-risk operations, reducing casualty rates and enabling continuous operation in
hostile environments. The capacity for autonomous systems to function in "swarm"
formations has the potential to overwhelm traditional defenses, marking a paradigm
shift in both offensive and defensive strategies. Finally, precision-guided munitions
have altered the nature of warfare by enhancing accuracy, reducing collateral
damage, and minimizing resource expenditure.

These technologies contribute to a more ethical approach to military
operations, aligning with contemporary expectations of minimizing civilian harm
while increasing mission success rates. The integration of these technologies
collectively redefines military art, demanding a reevaluation of strategic doctrines
and a transformation in force structure. The necessity for cross-domain operation
capabilities, involving land, sea, air, cyber, and space, requires militaries to adopt a
multi-domain approach to warfare. Consequently, traditional hierarchies and rigid
command structures are giving way to flexible, modular formations capable of
dynamic adaptation.

In conclusion, new technologies are not merely tools but fundamental catalysts
that reshape the philosophy of military art. They drive a shift from manpower-
intensive strategies to knowledge-intensive and technologically sophisticated
operations.

Understanding and adapting to these technologies is imperative for modern
military forces to maintain a strategic advantage. As the pace of technological
innovation accelerates, military art will continue to evolve, aligning with the
complex demands of contemporary warfare.
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MOVEMENT DYNAMICS OF UNMANNED AIRCRAFT

Bayramov A.A.%, Talibov A.M.%, Hashimov E.G.2
!Institute of Control Systems, Baku, Azerbaijan
2Azerbaijan Technical University, Baku, Azerbaijan

The observation of the enemy's troops in motion and especially the operative
determination of their coordinates is one of the most important issues in the military
field [1-5]. Large obstacles (forest massif, high hills, mountains, etc.) exacerbate
this problem and make the use of unmanned aerial vehicles (UAVSs) essential [6-8].
The application of UAV is very widespread in reconnaissance surveillance work.
Therefore, the operative determination of the coordinates of moving objects is one
of the most urgent issues.

The presented article deals with the issue of the flight dynamics of a quadruple
UAV (4-UAV).

The flight aerodynamics of a quadcopter is analyzed and a mathematical model
describing its movement in space is obtained. Taking into account the parameters of
the prepared aircraft in this model, the flight dynamics of the 4-bladed UAV can be
studied through the MATLAB program.

The structure of the electronic control system of the 4-UAV was developed in
order to optimize the precise and operative determination of the coordinates of the
enemy's troops and military equipment.

The issue of determining the coordinates of observed ground objects or enemy
targets using video imagery in real time can be considered a perspective.
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APPLICATION OF FUZZY SET THEORY ELEMENTS
FOR DIAGNOSTICS OF ABSTRACT SOIL HORIZONS

Hasanova S.A., Pashayev A.B.
Institute of Control Systems, Baku, Azerbaijan

Soil classification remains one of the most controversial topics in the world soil
science because of differences in the principles underlying it. As of today, many
countries have developed and use their own national classifications. Since scientific
classification facilitates successful investigation and proper use of soils, the issue
arises of representation of one classification in another. Such classifications include,
for instance, the soil classification of Australia (Australian Soil Classification,
2002), Azerbaijan (M.P. Babayev’s classification, 2006), Russia (V.V. Dokuchaev's
classification, 1977) and etc.

The foundation of the work on the creation of an international soil classification
was laid back in the 1970s by Professor R. Dudal [1]. Afterwards, a consolidated
program was developed, which was later named "World Reference Base for Soil
Resources" (WRB) [2].

The main objective of WRB was the introduction of the latest achievements in
soil science related to the study of global soil resources and their interrelationships.
There is a certain number of soil parameters, by which a soil is placed in one class
or another. However, the limits of measurement of these parameters are often
approximate and unclear.

Based on this, this article is devoted to studying the possibility of using fuzzy
technologies for soil diagnostics using for the World Reference Base for Soil
Resources system.

It should be noted that, depending on the structural principle, different
classifications use different parameters and use them in different sequences. The
determining factor in soil diagnostics is genetic horizons. In the WRB system there
are 37 of them. Moreover, most of them are specified by fuzzy measurement limits.
Thus, sets of indicators are defined as the corresponding elements of fuzzy sets.
Usually, when choosing the type of membership function, preference is given to
forms that are simpler to calculate. A trapezoidal function is used to describe the
membership function of a set of diagnostic soil parameters. This choice is based on
the following reasoning:

o the numerical values of the parameters under consideration vary within
certain intervals;

e accuracy of measurement of point values has errors;

o the boundaries of the intervals of values are points.

Using the parameter of soil pH (acidity) as an example, we analytically build a
trapezoidal membership function (Fig. 1).

As a result, by applying fuzzy technology to the description of data,
fuzzification of many indicators of diagnostic parameters was carried out and, using
fuzzy inference rules, soil clustering was carried out according to the WRB system.
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Figure 1

In this article also proposed a mechanism for fuzzifying multiple indicators of
diagnostic parameters, and described an algorithm for a fuzzy inference system for
identifying the values of the corresponding parameters in accordance with the rules
of compositional inference.

The membership function was constructed for such indicators as "soil

thickness", "organic residues”, "root penetration depth”, "technogenic inclusions”,

"thickness of the cryic horizon", "thickness of thin section”, "thickness of the argic
horizon". Thus, the effectiveness of the use of fuzzy technologies in soil diagnostics
by the World Reference Base for Soil Resources is demonstrated.
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MATHEMATICAL ASPECTS OF THE PROBLEM
OF DIRECTING A MISSILE AT A MOVING TARGET

Huseynov B.S., Sabziev E.N.
National Defense University, Baku, Azerbaijan
Hashimov E.G.
Military Institute named after H.Aliev
Azerbaijan Technical University, Baku, Azerbaijan

Modern battles are characterized by decisiveness, high maneuverability and
tension, as well as the use of new fighting methods [1-5].

During the battles, the use of conventional modern means of destruction by fire
creates large losses and gaps in the enemy's battle formation in a short time. As a
result of the research analysis, it was determined that it is possible to perform the
combat task on time and with few losses by comprehensively and thoughtfully
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planning the damage to the enemy by fire for artillery units, but one of the most
important conditions for the performance of these tasks is the correct application of
new Technologies [6-10]. The research work provides information on the
continuous improvement of the combat quality of the means of damage by
conventional fire used during modern battles, the factors influencing the increase of
their accuracy, firing distance and damage efficiency.

Also, detection of enemy equipment whose current coordinates and speed of
movement have been determined at a certain time, calculation of the probable
trajectory of this equipment based on the intended military task of the enemy and the
characteristics of the terrain, and taking into account the straight flight of an
unguided rocket (artillery projectile) at this time, the issue of directing it to the target
the development of the mathematical model is considered.

The purpose of the research is to mathematically solve the issue of directing an
unguided missile to that target in order to destroy the enemy target by the technique
that receives information about the detected target.

The scientific novelty of the research is the development of a mathematical
model of guiding an unguided missile to a moving object.

As a result of the research, a mathematical solution for the destruction of the
target (enemy equipment) with the help of an unguided missile, whose current
coordinates and speed of movement have been determined, has been given.
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MATHEMATICAL MODELING OF TACTICAL OPERATIONS

Jahangirov V.A., Hashimov E.G., Valehov S.
Military Institute named after H.Aliev, Baku, Azerbaijan

The basis of mathematical modeling is the manifestation of isomorphism,
which means that combat activities are similar in form when they are quantitatively
differentiated.

In mathematics, the study of one isomorphic system leads to the study of
another isomorphic system. Due to isomorphism, it is possible to model another
system with the help of one system. In mathematical modeling, instead of studying
and investigating the real event (for example, a battle), the mathematical
dependencies that describe them are investigated and investigated. The main
requirement for mathematical models is the importance of recording all the main
aspects and interactions of the considered phenomenon and refusing to study
secondary aspects and relationships [1-4].

The model should be built to solve a specific research problem. Depending on
the goals of the research, one or other aspects of the event, relationships can be
primary or secondary. Attempts to create a universal model for solving a large
number of different problems lead to such complexity that such models become
practically useless.

In the article, the main processes that make up the mathematical models used
to investigate tactical activities are explained, the classification of these models is
given, and the characteristics of different models are considered. A mathematical
form of the battle research model has been proposed. The dynamics of the battle
have been reviewed.

The selected mathematical apparatus can be used when the number of surviving
combat units is large, otherwise, it is not considered appropriate to use it. The
analysis shows that the difference in mathematical models for multiple groups does
not make a big difference to the dynamics of the battle.

The presented methods for evaluating the statistical equivalence and accuracy
of modeling results do not complement the numerous methods available in the
arsenal of mathematical statistics, but they are considered the most effective in terms
of evaluating the results of modeled tactical activities of ground forces.
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ASSESSING MISSION ACHIEVEMENT
IN AN INTEGRATED AIR DEFENSE SYSTEM

Khudeynatov E.K., Hashimov E.G.
National Defense University, Baku, Azerbaijan

The mission of an air defense system is to protect airspace and critical assets
from enemy air attacks. Defining the mission involves translating the system'’s
overarching goals into clearly defined objectives. This process requires a
comprehensive understanding of the system's needs and requirements, task analysis,
and consideration of stakeholder needs [1-5]. In contemporary air defense scenarios,
calculating the effectiveness of various subsystems in achieving a mission's
objectives is crucial for operational success. This can be represented through the
Mission Achievement (MA) score, which quantifies how well the integrated
subsystems perform in neutralizing threats.

The formula for MA is:

MA = YL (M X Ey),
where M, is the Mission Objective, representing the target or goal of the mission
(e.g., neutralizing enemy drones); - n is the number of subsystems involved in the

mission; - E; represents the Effectiveness of each subsystem i, which contributes to
the overall mission outcome. This formula allows for a systematic evaluation of how
various subsystems interact to achieve a common goal. Below is an example that
illustrates how this framework can be applied to an air defense mission involving
multiple subsystems. The overall MA score indicating that the air defense system
achieved 225% of the mission objective. This result suggests a highly effective
operation where the contribution of all subsystems not only fulfilled the original goal
of neutralizing 10 drones but exceeded it. The MA score reflects the combined
impact of radar detection, missile interception, and electronic warfare in enhancing
the system's operational effectiveness.
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CREATION OF 3D MODELS OF LOCATIONS BY PHOTOGRAMMETRY

Talibov A.M.
Institute of Control Systems, Baku, Azerbaijan
Bayramov A.A.
Republican Seismic Survey Center, Baku, Azerbaijan
Hashimov E.G.
Azerbaijan Technical University, Baku, Azerbaijan

For the successful conduct of military operations and military staff exercises, the
use of methods of geographic information systems (GIS) and photogrammetry plays a
major role [1-3]. In the proposed work, using the photogrammetry method, the results
of work on creating a 3D model of a selected area of 250 hectares are presented.

The survey was conducted using an unmanned aerial vehicle [4, 5] from a
height of 125 meters, resulting in 341 photographs with a spatial resolution of 3-5
cm. Photogrammetric processing of the photographs and the creation of a 3D model
of the terrain were carried out using the Bentley ContextCapture program. The
resulting final photorealistic model was saved in the file formats “.3mx” and “.obj”.
In addition, the orthophotoplan of the terrain was saved in the “.tiff” format.
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MATHEMATICAL ASPECTS OF CALCULATION
OF TRANSPORT COSTS

Talibov A.M.
Institute of Control Systems, Baku, Azerbaijan
Hashimov E.G., Hazarkhanov U.A.
Azerbaijan Technical University, Baku, Azerbaijan

At a time when automobile cargo transportation is widely used in the armed
forces, it is of particular importance to determine the expenses spent on the work of
automobiles for the purpose of making calculations and making decisions in various
fields [1-6]. A methodology for calculation of 11 types of cost items was proposed
for the calculation of transport costs in the military logistics process. Using the
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expressions given in this methodology, a description of the mathematical
formulation of the problem of calculation of transport costs in military cargo
transportation and a block diagram of the algorithmic process were prepared.

Case description:

1) Enter Yn. Qy, Dis, D, k4, Qxy, Na, ch, Ncb, Qtire, Ntire, N, Qat, Nat, th, Nix1, thZ,
Qumr, Nixz, Tuel lubricants, Qmy, Qv, Qpy Values;

2) each operation (step) of the algorithm should be precise and clear, the result
should be obtained, the result of the operation for arbitrary data. Since the input N,
Ntire, Nat, Nty Na, Nix1, Nixe Values are located in the denominator in the calculation
formula to satisfy the deterministic property of the algorithm, a calculation block in
one branch to manage the condition of being equal to 0 (“cannot be divided by 0.
Enter the values again"), the values are entered again, and with the other branch, we
continue the mathematical formulation of the problem with a fully branching
structure by moving to the calculation block;

3) let's determine (n) values of fuel consumption norms (Dis) and
corresponding results (D) during the operation of automobile equipment in special
conditions and enter Dis(i), D(i) in the form of an array. Based on the entered norm
(Dis), we determine the operational consumption (D) with a cycle algorithm;

4) after determining the results, we calculate the expressions:

Y=Y *Qy*(1+0,01*Dis)/100); Xyx=Y n*(Ka*Qxy)/10000;
AX:na*ch/Ncb; Tx:nt*Qtire/(Ntire*(1+l/nt));
Ax=Qat/Nat;  Etx=Qu/Nix1+Qu2/Nix2;
Eot:Z*Qot/Nat; Emr:erlNat-

5) according to the type of fuel-lubricant material (FLM) (gasoline or diesel)
entered in the next step (in 1). In other words, we show in the form of a fully
branching algorithm for performing a calculation block in both branches depending
on the condition. If the condition FLM= "gasoline" is satisfied, then

Myx=Yn(2,7*Qmy)/10000,
Tyx=Yn(0,4*Qy)/10000,
Pyx=Yn(0,3*Qpy)/10000,

Otherwise Myx=Yn(2,2*Qmy)/10000,
Tyx=Yn(0,3*Q4)/10000,
Pyx=Yn(0,2*Qyy)/10000.

6) in the next step, we collect the above results to get the price of Xikm

Yx+Myx+Tyx+Pyx+xyx+Ax+Tx+Atx+Etx+Eot+Emr-

7) as the final result, we print the X1m result on the screen;

8) we bring the calculations to an end.

Since the values of Yy, Qy, Dis, D, Ka, Qxy, Na, Geb, Neb, Qtire, Niire, Nty Qat, Nat,
Qu, Nixt, Quz, Qat, Nix2, FLM, Qmy, Qu, Qpy are entered in this algorithm then the
program will calculate automatically. During the construction of the block diagram
of the algorithm, the writing "D:=D(i)" is read as the assignment of the value "D(i)"
to the variable "D". During the execution of the periodic algorithm, the variable "D"
can change its value in each period, and the last value of the variable is taken into
account when performing the next operations.

18



Mpo6nemu iHdopMaTusauii : ABaHagUsTa MiXkHapoAHa HayKOBO-TEXHIYHa KOHbepeHLis

References

1. Piriyev G. K. et.al. Modelling of the battle operations. Monograph // -Baku: Herbi
Nashriat. — 2017. -256 p.

2. Talibov A. M. et al. On the optimal placement of logistics centers //Baku:
Informatics and Control Problems. — 2023. — Ne. 43. — p. 51-58.

3. Bayramov A. A. et al. Marematnyeckas MOJETb JIOTUCTHKH TEXHHYECKOTO
cHaOXXeHMs B 30HaX BOCHHBIX JielicTBuii //CydacHi iHdopMamiiiHi TexHouorii y cdepi 6e3nexkn
ta o6oponu. — 2019. — T. 35. — Ne. 2. — C. 77-80.

4. Hashimov E. G. et al. Onrumizanii Ta ynpapiaiHHsS cucTeMaMu i npouecamu //
CyuacHi HampsMH pPO3BUTKY 1H(OpMalilfHO-KOMYHIKAIlIfHUX TEXHOJIOTii Ta 3acobiB
ynpasiniHas. — C. 4.

5. Tanibos A. M., I'ymies b. B. A method for assessing the military-economic
indicators with the purpose of locating a logistics center for redeploying troops //Advanced
Information Systems. —2021. — T. 5. — Ne. 2. — C. 152-158

6. Talibov A.M., Hashimov E.G. Vehicle transport cost calculation method / Current
directions of development of information and communication technologies and control tools.
Proceedings of 14-th International Scientific and Technical Conference Volume 2: sections
3-6. - Baku — Kharkov — Jilina, april 25 — 26, 2024. -p.107.

AN OVERVIEW OF THE 3D PLASTIC RELIEF MAP TECHNOLOGY

Nasibov Y.A., Hasanov A.H.
National Defense University, Baku, Azerbaijan

A large part of the state borders of Azerbaijan is made up of mountainous areas.
Plastic relief maps and photo maps of the area with elevation, slope, etc. shows its
topographical features in a precise and three-dimensional (3D) form. This feature
allows commanders to better understand the tactical advantages and challenges of
the terrain. Plastic relief maps and photo maps help to more accurately determine the
location of enemy positions, roads, crossings and other strategic objects in
mountainous areas. This capability gives the commander a decisive advantage over
the enemy. In addition, as the terrain is visualized in detail on plastic relief maps and
photo maps, commanders can choose safe and optimal routes and favorable
positions. This allows to prevent enemy ambushes and traps. Geographic
Information Systems (GIS) technology is used in various applications such as
cartography, reconnaissance, battlefield management, spatial analysis of terrain,
military installation management, and monitoring of possible terrorist activity [1-4].
3D plastic relief map production technology is a technology developed based on
Geographic Information System (GIS) technology. Today, this technology is used
in the armies of Turkiye, Pakistan and Tanzania. A plastic relief map is a
topographical map that is pre-printed on a plastic material and then formed with heat
and air space (vacuum) in a mold so that the person using the map can see the heights
in three dimensions [5]. In other words, a plastic relief map - the image of the map
is printed on a plastic plate by means of a plotter and formed by a 3D terrain model
and a thermal vacuum method [6]. Plastic relief map products are made for the
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purpose of use in the military field, in training and teaching works, and in scientific
research works. It is produced in different scales and any sizes according to its
purpose and place of use. This technology consists of hardware, software, data,
manufacturing technology and automation components. Plastic relief maps and
photo maps allow you to see the topographical features of the area in three-
dimensional (3D) form, to understand more easily the geographical difficulties that
can be encountered in real conditions, and to simulate various tactical situations.

Itis not so easy to describe the terrain on a map, unlike a terrain model. Because
the relief is three-dimensional, and the map is two-dimensional. That is, the relief
has a volume, and the map is a plane [6]. Plastic relief maps and photo maps have
many advantages over terrain models made of foam plastic material. It takes about
25-30 days of labor to prepare a 12 sq.m model. Using 3D plastic relief map
production technology, it is possible to prepare a plastic relief map and photo map
of an area of 200 sq.m. within 48 hours. Production of plastic relief maps and photo
maps in a short period of time ensures flexible response to tactical changes in combat
conditions. In addition, unlike terrain models, plastic relief maps and photo maps are
durable and resistant to water, scratches and other physical shocks and are used in
difficult terrain conditions. Due to its light weight, it is easily carried by personnel.
Also, its repeated use, durable and long-term use make it economically viable. In
addition, plastic relief maps and photo maps, unlike terrain models, contain
topographical accuracy as well as visuality.

In the article, 3D plastic relief map technology, its possibilities and capabilities
are investigated and its role in strengthening the country's defense capability is
studied. As a result, countries should not be dependent on any foreign country for
mapping technology. The presence of this technology contributes to the
strengthening of the country's defense capability and stability, ensuring national
security and protecting national interests.
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ON THE ISSUE OF DETERMINING THE OPTIMAL LOCATION
OF PROSPECTIVE LOGISTICS CENTERS

Talibov A.M.
Institute of Control Systems, Baku, Azerbaijan
Hashimov E.G., Hazarkhanov U.A.
Azerbaijan Technical University, Baku, Azerbaijan

Analysis of the current dynamics of Azerbaijan's economy shows an increase
in storage, loading and unloading, distribution and terminal facilities and offers of
services for storage, processing, packaging, distribution and management of
products of wide demand in the near future, which necessitates the creation and
development of a network of supporting logistics centers in Azerbaijan.

The paper examines the problem of optimal placement of logistics centers in
the territory of the Republic of Azerbaijan (Fig.1), proposing the placement of the
logistics center in the nodal points of transport corridors or near them, building a
mathematical model of cost-effective placement of a logistics center, with an
algorithm for its numerical solution.

The aim of the paper is to substantiate the relevance of the problem of optimal
placement of logistics centers in the territory of the Azerbaijan Republic, to build a
mathematical model of cost-effective placement of a logistics center on the basis of
appropriate data and, based on this model, an algorithm for calculating transportation
costs and arranging them in ascending order.
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QUANTUM COMPUTING FOR SOLVING NONLINEAR
OPTIMIZATION PROBLEMS

Zakaryayev Z.N.
IMilitary Institute named after Heydar Aliyev, Baku, Azerbaijan
Zakarya N.Z.
Azerbaijan Technical University, Baku, Azerbaijan

Quantum computing is a new and promising field in information technology
that promises to revolutionize the way complex problems are solved. In this work,
we consider the application of quantum computing to solve nonlinear optimization
problems. Nonlinear optimization is an important area of research with many
applications in science, engineering, and industry. Classical optimization methods
may encounter limitations in the case of complex, high-dimensional functions or
functions with a large number of local minima. The efficiency and accuracy of these
algorithms is compared with classical optimization methods on a number of test
problems. The work also discusses the prospects for the development of quantum
computing in the field of solving nonlinear optimization problems and possible ways
for further research.

These characteristics make quantum algorithms an attractive tool for solving
real-life optimization problems in various fields of science and technology.
However, it should be noted that there are a number of challenges and limitations
associated with the use of quantum algorithms in practice. These include limitations
on the availability of quantum computing resources, as well as difficulties in
implementing and adapting quantum algorithms for specific problems. Despite this,
the prospects for the development of quantum computing in the field of nonlinear
optimization remain very encouraging. Further research and development in this area
can lead to the creation of new effective optimization methods and improvements in
modern technologies, which, in turn, can have significant positive economic and
social effects.
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ABOUT THE APPLICATION OF GIS TECHNOLOGY
IN THE MILITARY FIELD

Hazarkhanov A.T., Hashimov E.G., Umudov S.U.
Military Institute named after H.Aliyev, Baku, Azerbaijan

During the conduct of military operations, a situation may arise in which it is
not possible to directly observe the enemy's ground targets, especially those located
in mountainous areas [1-3]. In such cases, uncertainty arises in the information to be
processed, and therefore the risk of making the wrong decision to destroy the targets
increases. The optimal option for solving this problem - the problem of determining
the 3D coordinate of the enemy target and the distance to it is the use of GIS
technology [4-7].

The experience of modern battles and exercises clearly shows that the side that
uses the terrain factors skillfully and applies weapons and equipment more
effectively has a greater chance of success. GIS technology in the military field has
great advantages in terms of time and accuracy in studying the observation
conditions of the area. By using this technology, it is also possible to calculate the
slope of the terrain of the areas close to the enemy, the calculation of visibility
parameters, the regulation of the movement of equipment and manpower, as well as
military and strategic planning. Possibilities of solving the above-mentioned issues
are practically shown in the article.

Thus, a 3-dimensional model of a specific mountainous area selected as an
example was built using GIS technology to study the observation conditions of the
area. According to this model, the profile of the territory was extracted and the
territory was mapped. Using ArcGis straight-line visibility analysis, it was
investigated whether the visible and invisible areas up to the target point can be kept
under control when viewed from the observation point.
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METO/ IVIAHYBAHHS 3AJAY B PO3INOAINIEHUX
IH®OPMANIMHUX CUCTEMAX 3 BPAXYBAHHSAM
HEBU3HAYEHOCTI METAJAHUX

Cemenos C.I'., €aranuuyes C.
XapkiBChbKHH HalllOHAJIBHUN eKoHOMIYHMH yHiBepcuTeT iM. C. Ky3nerns,
XapkiB, YkpaiHa

OnHi€lo 3 KIIOYOBHX MNpoOJIeM pO3NOAUICHNX 1HQOPMALIHUX CHCTEM €
e(eKTUBHE IJIaHyBaHHA 3aJ1a4, 0COOJIMBO KOJIM METaJaHl MICTATh HEBU3HAYCHICTh
yepe3 HesKicHy abo HeroBHY iH(opmarito [1].

Mertanani BifirpaloTh BaXJIMBY POJIb Y IUIAaHYBaHHI 3a/1ad, OCKIUIBKH BOHH
BU3HAYAIOTh XAPAKTEPUCTHKM Ta BUMOTHM KOXHOi 3azadi. HeBusHaueHicTh
METaJaHUuX MOXke OyTH CIpPHYMHEHA HEIOCTATHROI KUIBKICTIO iH(opMaIIii,
BapiaTUBHICTIO YMOB BHWKOHAHHS a00 HETOYHHMH OIIHKAMH MapaMeTpiB, IO
BIUIMBAE Ha SKICTh IDIAHYBaHHA 1 pO3MOILI pecypciB [2].

Y KOHTEKCTI po3MOAUICHUX IHQOPMAIIMHUX CHCTEM, I BpaxyBaHHA
HEBHM3HAUEHOCTI MO’KHAa BUKOPUCTOBYBATH Pi3Hi MiIX0IH, TaKi SIK METOAH HeHiTKOI
Jorikm, iiMoBipHicHi Moaemi, eBpHCTHYHI aJropuTMH, SKi BpPaxoOBYIOTh
MOMNepenHii TOCBIA 1 JO3BOJISIOTH 3HAXOJUTH NPUHHATHI PIIICHHS y CKIAIHHX
yMOBax.

Y 1onoBiji 3arponoHOBaHUil METO/I TIaHyBaHHSL, 0 0a3yEThCs Ha MOEAHAHHI
EBPHUCTUYHUX MiIXOMIIB 3 aJaTUBHOIO KOPEKITEIO ITapaMeTPiB B PEXKUMI peabHOTO
yacy. OCHOBHI eTanu MeTo/ly BKIIIOYAIOTh:

1. HonepenHio OWiHKY 3aBAaHTA:KEHHSI BY3JIB 3 BpaXyBaHHAIM HEYITKHX
3HAYCHb.

2. Po3momin 3amay Ha OCHOBI HMOBIpHICHOI MOJEN Ui BH3HAYCHHS
HaKpaIiux BapiaHTiB.

3. JluHamMiYyHy KOpeKIil0 MJIaHy B 3aJIeKHOCTI BiJl 3MiH yMOB Ta HOBUX
JIAHUX TIPO PECYpPCH.

3anpornoHOBaHM ITi/IX1/1 JO3BOJISIE MTIIBUILUTH €()EKTUBHICTH PO3MOALTY 3a/1a4
B YMOBaX HEBHU3HAYCHOCTI Ta ONTUMI3yIOUH BUKOPHCTaHHs pecypciB. Lle ocobnmBo
aKTyaJbHO JUIA TaKuX cdep, SK XMapHi OOUUCICHHS, CHCTEMH PEaJIbHOrO Yacy Ta
00poOKa BETMKUX TAHUX.
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MOJEJIb IHTEJIEKTYAJBHOI'O MOHITOPHUHI'Y
TA JTATHOCTHKH CTAHY 310POB'SI TBAPUH
HA OCHOBI TEXHOJIOI'TI IOT

Kapnos .
XapKiBCbKHH HalliOHAJILHUI YHIBEPCUTET pa/lioeNeKTPOHiKkH, XapkiB, YKpaiHa
Cemenos C.I.
XapkiBChbKHH HalllOHABHUN eKoHOMIYHMH yHiBepcuTeT iM. C. Ky3ners,
XapkiB, Ykpaina

3aBIsIKM TIOCTYIIOBOMY PO3BHTKY TexHoiorii Intepuery peueit (IoT), siki
JIO3BOJISIFOTH 30MpaTH, 0OpOOIATH Ta aHANI3yBaTH BEJIHKiI OOCSATH NaHUX B PEKUMI
peanbHOTO 4Yacy BHSBISETBCS MOXKIMBAM pO3poOKa Ta  BIPOBAIKCHHS
IHTEJIEeKTyalbHOI CHCTEMH MOHITOPUHTY Ta AIarHOCTHKH CTaHy 340pOB's TBapuH. L1
CHUCTeMa JIO3BOJIMTH 3MAIACHIOBATH O€3MepepBHUI KOHTPOIb (i3i0MOTIHHUX
MOKa3HUKIB TBapWH, IO € BAXIMBUM Ui 3a0e3ledeHHs iX 310poB's Ta
MPOIYKTUBHOCTI B rajy3i CilIbCbKOT0 rocrnoaapcrsa [1].

VYcraneHi METOIU KOHTPOJIO 3a CTaHOM 3JI0pPOB'Sl TBapHH € HE 3aBXKAM
e(peKTUBHUMH, 10 NPHU3BOAUTH A0 3HWKEHHS NPOAYKTUBHOCTI Ta BHUHUKHEHHS
3aXBOPIOBaHb y IOCIIOJIAPCTBAX.

Tpaaumiiini MeToIu, Taki sSK Bi3yalbHI OMJIAIU Ta MEPIOJAWYHI aHANI3U, HE
JIO3BOJISIFOTH BHSIBUTH NPOOJIEMy Ha paHHIX etanax [2].

BripoBamkeHHS 1HTENEKTyalbHOI CHCTEMH MOHITOPHHIY Ta J1arHOCTHKH Ha
ocHOBI loT TexHOMNOTIM MO3BOJISIE 3HAYHO MIABUIMUTH C€(PEKTHBHICTh y Tay3i
BETEepHHapii Ta TBAPUHHHIITBA.

OCHOBHUMH TIepeBaraMy TaKUX CHCTEM € MOXKJIMBICTb PAaHHBOTO BUSIBICHHS
3aXBOPIOBaHb, 3HIDKCHHS 3aTpaT Ha JIKyBaHHS Ta IIJBUIICHHS 3arajlbHOl
MPOIYKTUBHOCTI TOCHOAAPCTB.

VY [omoBimi 3anporOHOBaHa MOJIENb IHTENEKTYaJIbHOI'O MOHITOPHHTY Ta
JIIarHOCTUKH CTaHy 3JJ0pOB'S TBApHH Ha 0CHOBI TexHoJorii [oT.

OTpuMaHi pe3yJibTaTH MOJEIIOBAHHS CHPUSITUMYTh ONTHUMI3allil yIpaBIiHHS
TBapUHHUIITBOM Ta IiJBHIICHHIO 3arajibHOI MPOJYKTUBHOCTI Tajy3i Ta MOXYTb
OyTH BIPOBAIDKEHI Yy CUIBCHKOTOCHOAAPCHKUX MiJNPHEMCTBAX JUIsi PaHHBOIO
BUSIBJICHHSI PU3MKIB ISl 3[0POB'SI TBAPHH Ta 3HMKEHHS BUTPAT Ha BETEpUHAPHE
00CITyroByBaHHI.

Cnucok Jitepatypu
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MHOT'OKPUTEPHUAJILHINA BIBOP
AJITOPUTMOB CUCTEM YIIPABJIEHUS

Ky3zniuenko B.M.
Hamionansuuit aepokocMiunmii yHiBepeuTeT iMeHi M. €. XXykoBcpkoro
"XapkiBchkHii aBianiiiHuii iHcTUTYT", XapKiB , YKkpaiHa

B nanumit wac cepex MeTOAIB BHpILICHHS 3aBJaHb OaraTOKpUTEPiaIbHOTO
BHOOPY B YMOBaX HEBU3HAUCHOCTI BEJIUKE TMOMIUPEHHS Ha0yIn

MeTo/1 aHanmi3y iepapxiid (MAI) [1],

METO/IU TEOPii HEYITKUX MHOXHUH [2],

TiIX i1 3aCHOBaHM# Ha Teopii laTeHTHHX 3MinHuX [3] Ta inmi [4,5].

KosxeH i3 3a3Ha4€HUX METOIB Ma€ CBOI IIepeBary Ta HEJOIIKH.

3okpema, Hemonmikamu MAI € oOMexeHHS Ha KIUIBKICTh OO0'€KTiB, IO
OJTHOYACHO TOPIBHIOIOTHCS, TPHBAJIA 33 YaCOM MPOLEAypa MapHUX MOPIBHAHB 1
MPUITYIICHHS PO B3aEMHY HE3aJIEKHICTh KPUTEPIiB.

VY 3B'3ky 3 UM y Wil poOOTI PO3MIIIHYTO OaraTOKpHUTEpiadbHHUN aHai3
3aBJaHHs BHOOpPY Ha OCHOBI HEYITKOI Teopil MPUHHATTS pILIEHb Ta MPOLEAYP
METOJy aHaji3y iepapxiii.

Ili MeToaM CHOTOJHI MOKHA BBa)KATH paIliOHATBHHUMH, OCKUIBKH YMOBH, y
SKHUX MPOeKTyBaIbHUKH CAY:

3nifiCHIOIOTh BUOIp QJITOPUTMIB YIIPaBIIiHHS,

3aJI0BOJIBHSIOTh YMOBaM [IMX METO/IIB: IHPOPMAIlis € HETOYHOIO YU HETTOBHOIO;

BHOIp OZHI€T aTbTEPHATHBH 3 KUJIbKOX MOKHA 3[IIHCHUTH HA OCHOBI HE OZHOTO,
a 3 MHO>KHHU KPUTEPIiB K KiTBKICHOTO, TaK 1 SKICHOTO XapakTepy.

3aBnaHHs BHOOpPY c1ab0 CTPYKTYPYIOTBCS, OCKIIBKH BHMAararThb OOJIKY SIK
SAKICHAX, TaK 1 KUIBKICHHX AacIeKTiB, NPHYOMY HaHdJacTille SKiCHI, MAaroTh
TEHICHIIIIO TOMiHyBAaTH.

ITokazaHo, 0 METOJT HEYITKUX MHOXKUH TIOEJHAHUH 13 MTPOLIEAYPAMH METOLY
aHaiizy  lepapxii € OOHMM i3  MOXJIMBHX  METOMAIB  HaiKpamoro
0araToKpuTepialIbHOr0O BHOOPY €(PEKTUBHOTO AJITOPUTMY YIPABIIHHSI, OCKUIBKU
YMOBH, B SIKUX ITPOEKTYBaJIbHUKH CAY 311iCHIOIOTH BUOIp aJrOPUTMIB YIPaBIIiHHS,
3aJI0BOJIBHSIIOTh YMOBAM IIMX METOJIIB.
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3ACTOCYBAHHS METOAIB MAIIMHHOT'O HABYAHHSI
B IHTEJIEKTYAJIBHUX CUCTEMAX «PO3YMHHNU BY INHOK»

Kymrapsos M.O.
Hamionansuuit aepokocmiuamii yHiBepeuTeT iM. M.E. JKykoBcbkoro «XAly,
XapkiB, Ykpaina

Y KOHTEKCTi PO3BHUTKY iH(GOPMAIIHHUX TEXHOJOTiH, KoHLenis «Po3ymHOro
OyZMHKY» BiNirpae BakJIMBY poJIb NpH 3abe3nedyeHHi koM¢opry, Oe3meku Ta
eHeproe()eKTUBHOCTI )KUTJIOBHUX 1 KOMEPIIIHHUX MPUMIIIEHb.

IIpore, icHyrOUi pIllICHHA YacTO HE B IMOBHIH Mipi BiJNOBIJalOTh BHMOTaM
KOPHCTYBaiB, OCKIJIbKM B OUIBIIOCTI BHIAIKIB BHKOPHCTOBYIOTHCS (DiKCOBaHI
ANTOPUTMH aBTOMATH3AIIi.

Le mpu3BomuTh 10 0OMEKEHOI THYYKOCTI CHCTEM YIPABIiHHSA 00 €KTaMH
kiacy «Po3ymHmMiT OymnHOK» 1 HEMOXKIIMBOCTI X amanTamii 70 AMHAMIYHOI 3MiHH
YMOB eKCIUTyaTarlii abo crnennivHux moTped MEIIKaHIIiB.

3acTocyBaHHS METO/IiB MAIIMHHOTO HaBYaHHA y «Po3yMHOMY Oy IMHKY» Hajgae
3MOTy CTBOPIOBATH IHTEJEKTyalbHI CHUCTEMH, SKI MOXYTb aJanTyBaTHCS [0
MOBE/IiIHKY KOPUCTYBaviB 1 nependavary ixui notpedu. Lle BigkpuBae nepcrnexkTuBy
3a0e3MeUeHHs BUIIIOTO PIBHIO aBTOMATH3AIlil, [0 MOXKE OXOIUTIOBATH HE JIHIIC
eHeproe(eKTUBHICTb, ane i Oe3neky, KOMQOpT Ta, 3arajoMm, palioHaJbHE
YIOPaBIiHHS pecypcaMu 00’ €KTY.

30kpemMa, Taki METO/IH, SIK TIIMOWHHE HABYaHHS Ta HEWPOHHI MEpexi, MoKa3ali
CBOIO e(DEKTHBHICTb Y Pi3HHX acIeKTaX yIpaBiiHHSA «Po3yMHIM Oy TMHKOMY, TAKKX K"

PpO3ITi3HaBaHHS MOBH VISl TOJIOCOBUX aCHUCTEHTIB,

aHai3 TOBENIHKOBHX JAHMX M YHPaBJIIHHA CHCTEMaMH OCBITJIICHHS Ta
KIIIMaT-KOHTPOJIIO,

BUSIBIICHHSI aHOMallii y cHcTeMax yIpaBiiHHA Oesmnekolo «PozymHoro
OyaMHKY».

IIpote, icHye HU3KA MPOOJIEM 13 3a0€3MEUCHHSIM HAJICKHOI SIKOCTI JaHUX Ta 1X
CcTaHapTH3alil, M0 YCKIaaHIOE MPOKE 3aCTOCYBAHHS MAITMHHOTO HABYAHHS Y LIl
cepi.

Y omoBiAi BMKJIANEHO MiAXiA /O 3aCTOCYBaHHS METOJIB TNIMOMHHOTO
HaBYaHHSI, 30KpeMa IITYYHUX HEHPOHHUX MEPEX, PU po3pobiii cucteM «Po3ymHuit
OYIHHOK.

B paMkax 1pOro MigXOQy YJIOCKOHAJIEHO TMPOIECH IepCoHali3amii,
3a0e3IeueH s eHeproeeKTUBHOCTI, Oe3MeKH Ta 3pyYHOCTI KOPHUCTYBAHHSI.

Cnucok Jitepatypu
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MUIAXHW NIABUIIEHHA EOEKTUBHOCTI HPOHECY HABYAHHSA
HABUYKAM BOJAITHHSA ABTOMOBLIBHOI TA CIIEITAJIBHOT
TEXHIKH 3A PAXYHOK BITPOBA/I’KEHHSI
CIIEHIAJII3OBAHUX ITPOI'PAMHUX 3ACOBIB

Mauttora AL
HaunionansHuii aepoxocMiunuii yHiBepcuteT iM. M.€E. XKykoBcbkoro «XAl»,
XapkiB, YkpaiHa

OcraHHIMH pOKaMH B 0aratbox KpaiHax CBITY IOCTaja MpooJieMa IiABUIICHHS
e(eKTHUBHOCTI MPOIIECIB, IO TMOB’s3aHi i3 HAOYTTSIM Oco0aMu, IO HABYAOTHCS
BOJIHHIO, HAaBHYOK O€3MeyHoi IOBENIiHKM B YMOBaxX [IOBOJNI HAampy>KEHOTO
JIOPOXKHBOTO Tpadiky.

B Vxkpaini 3a3HadueHa mpoOiieMa [IOTIOBHIOETBCS W HEOOXITHICTIO
SKHAUCKOPIIIOTO OBOJOIIHHSA MaiOyTHIMH BOMISMH HAaBHYOK 3 YIIPaBIiHHI
TPaHCIIOPTHUMH 3ac00aMH, 30KpeMa BIHCHKOBOTO NPU3HAYEHHS, SKi MAIOTh HU3KY
0co0NHBOCTEH (IIPaBOCTOPOHHE PO3TAIIYBAHHS KepMa, Ta iH.).

I'ooBHUM HAMPSIMOM MiABUIICHHS ¢(DEKTUBHOCTI 3ac00iB HABUAHHS BOJIIiB Ha
ChOTOJIHI € BHUKOPHCTAHHS CIICLIaJIbHAUX KOMII'IOTEPHUX CHCTEM Yy BUIIAIL
TpeHaxepiB. (DYHKIIOHYBaHHS TaKMX TpEHaKepiB 0a3zyeTbCs Ha MPHHIMIIAX
iMiTamiiHOro MoeFOBaHH [1].

CuMynsaTop KepyBaHHs TPaHCIIOPTHUM 3aCO00M SIBIISIE COOOI0 MaKeT KaliHu 3
yciM oOnagHaHHAM, 10 3a0e3medye peadicCTUIHEe BiqdyTTs NPOLECY YIpPaBITiHHS.
AynianpHUT  KaHad TpeHaXkepa Hajgae€ 3MOTY BiJTBOPIOBAaTH 3BYK BY3INIB Ta
arperariB aBTIBKM, IO PYXAEThCS, 3 YPaxyBaHHSAM XapakTepy JIOPOXKHBOTO
MOKPHTTS Ta YKJIOHIB TPacH.

[Ipn mpoMy BipalbOBYIOTHCS HABUYKH TEXHIYHOI J1arHOCTHUKH MOTOYHOTO
CTaHy BY3JiB Ta arperariB aBTOMOOLIIS.

TakuM 4YWMHOM, oONHMCaHI BHUIE TPEHYBaJbHI 3aco0M 3aBYaHHS BOJIIB
CIPsIMOBaHI, FOJIOBHUM YMHOM, Ha 3aKPIIUICHHS] HABUYOK MPaBHJIbHOT eKCILTyaTail
aBTOMOOLJIA, 1 HE HAaJIAIOTh 3MOT'H BIANIPAIIOBAHHS PalliOHAJIBHUX PillleHb B yMOBaxX
CKJIQTHOT JIOPOKHBO1 0OCTAHOBKH.

OTxe, aKTyaJIbHUM € 3aBJaHHSI, 110 OB’ sA3aHe i3 BAOCKOHAJCHHIM ICHYIOUHX
TPEHAXKEPIiB JJIs HABYAHHS BOJIIB, ILISXOM IX JOMOBHCHHS 3aco0aMH iMiTarrii
CHUTYyaIlill Ha J0po3i, 110 BUHUKAIOTh OE3II0CEPEHBO B IIPOLECT PyXY aBTOMOOLIIS.

Y  0mOBiAl BHKIAJEHO ONMC CIEHialli30BaHUX IPOrpaMHHUX 3aco0iB
(hopMyBaHHS TOPOXKHBOT OOCTAHOBKHM 13 BUKOPUCTAHHSIM TEXHOJOTII BipTyaJIbHOL
peanbHOCTI. METOANYHOI0 OCHOBOIO IUX 3aC001B € ITY4HI HEHPOHHI Mepexi.

Cnucok Jitepatypu

1. Aydaneusr I.B., 3enentox O.M., Tumxo A.M., Kanuyra M.K. Komnonentn
METOAWYHOI CHCTEMH MPAKTUYHOTO KypCy BOJisl aBTOMOOIUIBHOI TeXHIKU. [HHOsayilina
neoacocirka. 2023. Bun. 56. T. 1. C. 64-70.
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PO3POBKA 3ACTOCYHKY JUISI ABTOMATHU3AIIT OBJIIKY
3AKYHIBEJIb Y KAB’SIPHI

Ps6yxa C.O., Jlemenko 1O.0.
HamionansHuit aepokocMigamii yHiBepceuteT iM. M. €. J)KykoBcbkoro
«XapKiBChKHI aBialliiHUI IHCTUTYT», XapKiB, YKpaiHa

Benenns o0miky TpamuumiiHUMH METOJaMH, B Halli YacH, MOXKe
CYNpPOBOJXKYBATHCS BEIMKOIO KUIBKICTIO MOMKJIOK 1 HEIOJIKIB B YIPaBIiHHI
JaHuMH. ToMmy 3°sIBISIEThCS HEOOXIHICTh y aBTOMAaTH3alii OOJIKYy 3aKyIiBelb,
HE3AJIC)KHO BiJl HOTO PO3MIpY Ta creludiku. 3 PO3BUTKOM TEXHOJOTIH, OUIBINICTh
KOMITaHI# aJanTyloThCs 0 HOBUX YMOB PMHKY Ta BCE YacCTIiIIE aBTOMAaTHU3YIOTh
BEICHHS OOJIKy, IO JO03BOJISE 3a0€3MEUNUTH KOHKYPEHTHI IepeBaru, MOKPAIIUTH
e(eKTHBHICTh YIIPABIiHHA Ta CKOPOTHUTH BUTPATH.

MerToro DONOBifi € TOJAaHHS PO3POOKH 3aCTOCYHKY IUIsl aBTOMATH3AIli1 OOITIKY
3aKyTiBENbHOI JisUTbHOCTI KaB’ sIpHi. 32 JONOMOT0I0 3aCTOCYHKY MO>KHA HAJIArOIUTH
o0JiK 3aKymiBemb Ta TMPOAYKLIi y KaB’spHi, CTBOPIOBAaTH Ta peHaryBaTd
3aMOBJICHHSI, BECTH 0a3y JaHMX IOCTAYaIbHHUKIB, KOHTPOIIOBATH KOIITH, CTEKUTH
3a CTATUCTUKOIO [0 HEOOX1THUM MO3UIISIM, BIPOBAANTH, 32 HEOOX1THICTIO, OOHYCHY
nporpamy.

Takoxx Oynu JOAaHi: MOXJIMBICTH BeJEHHS OOJIIKY 3aJIMIIKIB IHIDEIIEHTIB,
BU3HAYCHHS MIHIMAJbHUX T4 MaKCHMaJbHHUX 3alaciB, aBTOMAaTHYHE T'€HEPYBaHHS
3aMOBJICHHS Ha HAIIOBHEHHS 3aIlaciB 3 ypaxyBaHHSM IIONHUTY Ta MPOTHO3iB, 00K
TEeMIIEpaTypPHOTO pPEXHUMY 30epiraHHs TPOAYKTIB, KOHTPOIIOBAHHA CTPOKY
MPUIATHOCTI 1 BIICTEKECHHS Xap4oBOi OS3MEKH BiJI MOCTAYaHHS JI0 TOJadi TOTOBHX
CTpasB.

Byna peanizoBana iHTerpamis 3 KacOBUMHM CHCTEMaMH Ul aBTOMAaTHYHOTO
BiJICTeXKCHHS MPOJIAXKiB, KOHTPOJIIO OIUIAT Ta OOJIKY MOXOMIB 1 BUTPAT, TeHEpaIlis
(hinaHCOBUX 3BITIB Ta aHaii3 (iHAHCOBOI AisTBHOCTI. Po3pobieHa apxitextypa
BKJIIOYA€ CEpBEPHY YACTHHY, KIIEHTCHKY YaCTHHY Ta 0a3y JaHMX, L0 3abe3mnedye
e(heKTHBHY B3AEMOMII0 MK KOMIIOHEHTAMH CHCTEMH Ta [O3BOJISIE JIETKO
MacuTaOyBaTi 3acTOCYHOK.IHTepdeiic kopucTyBada € iHTYITHBHO 3pO3yMUIMM i
3pYyYHUM JUIS KOPHCTYBadyiB, IO JO3BOJSIE HE BUTpavyaTd 0arato yacy Ha
03HaHOMIICHHS Ta HaBYaHHsI CHIBPOOITHUKIB.

Jnst po3poOkM 3acTOCYHKY OyJIM BHKOpHCTaHi: MOBa mnporpamyBaHHs CH#,
CKBJ MySQL, cepenosume MS Visual Studio, Texnomnoris ASP.NET Core.

[IpoBeneHo neraibHE TECTYBAaHHS 3aCTOCYHKY 3 METOIO BHSIBICHHS Ta
BUIIPABJICHHS IOMWJIOK. 3a pe3yjbTaTaMH TECTyBaHHS 3aCTOCYHOK OyB
JIOOTIpaIlbOBaHMH 1 MiITOTOBIICHUH 10 BIPOBA/KEHHS y poboUe cepeoBHIIIE.

ByB mpoBeneHmii aHani3 eKOHOMIUHOiI e(EeKTHBHOCTI pO3pOOIJICHOTO
3aCTOCYHKY Ta JIOBIB, 1[0 HOTO BIIPOBAKEHHS J03BOJISIE 3HU3UTH BUTPATH Ha 00JIIK
3aKyIiBeNb, MMiJIBUIIATH TOYHICTH i ONEPAaTUBHICTh OONIKY, a TaKOX TOKPAIIUTH
YIOpaBITiHHSA 3aI1acaMy y KaB’ sIpHi.
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IPOLECH IEPEXOAY HA OMHIKAHAJIBHY APXITEKTYPY
OIIEPATOPA TEJEKOMYHIKANII

Cwminosuy JI.C., Pesa O.A.
Hamionansuuit aepokocMiuamii yHiBepeuTeT iM. M. €. )KykoBcbKkoro
«XapKiBChKHI aBialliiHUI IHCTUTYT», XapKiB, YKpaiHa

TenexomyHikauiiHui cexTOp nepedyBae B npolieci nudpoBoi Tpanchopmariii,
0 BKJIIOYAE 3MiHy TexHojorid, IT-apxitekrypu Ta OizHec-mozeneld. Oguum i3
ACTEKTIB Takoi TpaHchopMallii € Tmepexis Bif TPaaHIifHOrO OaraTOKaHAJILHOTO
MiAXO0/Ty B3a€EMO/IIT 3 KJTIEHTAMU JI0 OMHIKaHATBHOTO0. Crielu()iKor0 TeICKOMYHIKaIlii
€ CKJIAIHICTh Ta TETEPOTEHHICTh iH(OpPMAIHOI apXiTeKTypH, IO YCKIaTHIOE
Mepexiz 10 apXiTeKTypH, TOOYAOBAaHOI HA CyYaCHHUX MIPUHITUIIAX, 30KpeMa BiTKPUTY
uudposy apxitekrypy (ODA). MurreBuii mnepexin 10 HOBOI apXiTeKTypH €
HEMOXITUBUM B CHUTy MacIiTabHOCTI Ta ckiagHocTi [T- iHdpacTpykTypH.

MeTow nomoBigi € aHami3 CcTpaTeriii Ta MpoOIECiB Iepexomy oreparopa
TeNeKOMYHIKalliiHa OMHIKaHalbHy apxitektypy. Biamosigno mo ODA Agile
Lifecycle mim wac mepexomy MO BiIKPHTOI apXiTeKTypH sK MPOMiXKHA JaHKa
BUKOPHCTOBYETHCS IPOMIXKHA apXiTEKTypa Mirparii.

VY paMkax Takoro MiXOmy Ta cTpareriii TpaHcdopmarii, onucanux y [1],
Mepexil 10 OMHIKaHAJIBHOT apXiTEKTYPH MOXHA 3a0€3MEYUTH KIThKOMa CII0CO0aMHu.
Po3risiHyTO HacTynHi cTparerii:

napasenbHe po3ropTaHHs HOBOI OMHIKaHaJIBHOI MIaT¢opMu, o0y JoBaHOI Ha
npuaIpmax ODA, i mocTymnoBe nepeHeceHHs HasBHUX KaHATIB Ha HOBY IiatdopMmy;

TIOCTYIIOBE PO3rOPTaHHS HOBHX KOMIIOHEHTIB OMHIKaHAJIbHOI MIaTdopMu Ta
nepexi Ha Hei OKpeMHUX MPOIIeCiB, TIOB’I3aHMX 13 3aTy9YeHHIM KITIEHTIB;

MOCTYIOBa 3aMiHa OKPEMHX YCHaJKOBAaHMX CHUCTEM, IIOB’S3aHUX 13
3aJy9YeHHSIM KIIIE€HTIB, HA HOBI CHCTEMH, SIKi MIATPUMYIOTh OMHIKaHAIBHUHN ITiIXiT.

KoskeH 13 3a3HaYCHHX IMiIXO/iB Ma€ CBOIO crieludiky, mepeBary Ta HeIOIKH.
Crparerist mMirparii noBuHHa OyTH oOpaHa 3aJie)KHO BiJ HasBHOI iH(opmamniiHol
apXiTEeKTypH, NPOLECIB 3ay4eHHs KIII€HTIB, JOCTYITHOTO OIOJKETY MTPOEKTY TOLIO.

Jlnst BeNMKUX OIeparopiB mapajeibHe PO3ropTaHHsS HOBOT OMHIKaHaJIbHOT
iHQpacTpyKTypu B OBHOMY 00Cs31 BUMarae 3Ha4HUX PECypciB, OFOJDKETY Ta yacy
JIO OTPUMaHHS HIEPIINX Pe3yJIbTaTiB.

ToMmy Anst MOCTYHOBOTO MEPEXOAy /10 HOBOI OMHIKaHAJIBbHOI apXiTEeKTypH
MPOTIOHY€ThCSI KOMOIHOBaHa CTpATETisl.

Cnucok Jitepatypu

1. Turkington, 1. (2021), "Open Digital Framework, Open Digital Architecture. ITU-
T". Virtual forum on The Role of Standards in Accelerating Digital Transformation for Cities
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2. Smidovych, L., Davydovskyi, Y. (2022), "Analysis of the requirements for the
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PO3POBKA 3ACTOCYHKY JUISI IVIAHYBAHHS TA BIACTEXEHHA
IHAMBIAYAJIBHOI TPOT'PAMU TPEHYBAHB CIIOPTCMEHIB

Croiika @.B., Jlemenxko 10.0.
HamionansHuit aepokocMigamii yHiBepceuteT iM. M. €. J)KykoBcbkoro
«XapKiBChKHI aBialliiHUI IHCTUTYT», XapKiB, YKpaiHa

OcraHHIM yacoM Bce OUIbIE JIF0/IeH HIKABIATHCS 3JOPOBHM CIIOCOOOM KUTTS
Ta BIABIAYIOTH CIIOPTHBHI 3a/H, ajie HE 3aBXIW MOXYThb BipHO, 0e3 Jomomoru
TpeHepa abo Jikaps, chopMyBaTH e(EeKTHBHY INpOrpaMmy TpeHyBaHb, IO He
3aIIKOUTH 1X 3I0POB’IO0.

HeBuacHi a6o HegocTaTHI pUHOMH 1Ki Ta BOJH, HEMOCTATHS KiIBKICTh CHY
a0o B3araii BiAIMOYMHKY, HEBIPHO pO3paxoBaHi CIIOPTHBHI HABAHTaXXCHHS Ta iHIII
BIIXWJICHHS BiJl 3JOPOBOTO PEXHUMY JKUTTS, — MPU3BOAATH O CTaHy IMOCTiHHOL
BTOMH, PO3IPATOBAHOCTi, TPaBM, NOPYLICHHSAM CHY, XBOPOO, IO MOXYTh IOTIM
BUMAaraTy CKJIAJHOI JIarHOCTHKY Ta JTiKyBaHHS.

Tomy, cnemianbHO A TOro, MO0 KOPHUCTYBadi MOITH CTEKHTH 33 CBOIM
3JI0POB’SIM, TIOCTITHO PO3POOIIAIOTHCS 3aCTOCYHKH, 3 IKUMHU JIFOIIM BECTH aKTHUBHU I
crnoci0 XKUTTS cTae 3HauyHO 3pyuHime. Lle cTocyeThes, HaBiTh, TUX BHUIAJIKIB KOJH €
JIesKi TOpYIISHHSI 3/0pOB’S 1 HEOOXIJHICTh BIACTEXKEHHS IOKAa3HUKIB abo
HEOOXIiTHICTh IOTPUMYBATHCh PEXUMY NMPHUHOMY JiKiB. Bike icHyIodi 3aCTOCYHKH
BUKOHYIOTh Pi3HI (YHKIII, B 3aJe)KHOCTI BiJ MOTped KOpUCTyBaya, Ta MOXYTh
HaJaBaTH pPEKOMEH/AIli, HaraayBaHHSA i, 3a HEOOXIiIHICTIO, BHKIMKATH JIiKaps,
TpeHepa abo BiMOBiJaIBEHY 0CO0Y.

Mertoro JOMOBiAI € MOJAaHHA PO3POOKH 3aCTOCYHKY IS IUIAHYBAaHHSA Ta
BIJICTe)KCHHS 1HIMBIAyalbHOT NPOrpaMH TPEHYBaHb CIIOPTCMEHIB, IO MOEIHYE B
co0i 3pyYHICTh BUKOPHUCTAHHA Ta (PYHKIIOHATBHICTH AJIs1 KOPHUCTyBadiB. [1pu oMy
Ba)XXITUBUM aCIIEKTOM € He Juire 30ip iHdopMariii mpo ¢i3nuHy akTHBHICTB, aje i 11
aHayi3, Bi3yasi3allis Ta HaJaHHS KOPUCHHX PEKOMEHJalili Ha OCHOBI OTPUMaHHX
JIAHUX.

Po3poOka 3acTOCYHKY Ui IJIAaHYBaHHS Ta BIACTEKEHHS I1HIUBIAYaIbHOT
NporpamMH TPEHYBaHb CIIOPTCMEHIB, Ma€ 3HAYHMN IMOTEHIaN Uil TOJIIIIECHHS
KOPHUCTYBAaIlbKOTO JIOCBiJly 3a paxyHOK IiHTerpamii 3 iHIHMMH UOPOBUMHU
wiatrgopMaMu Ta cepBicaMH Ta MOXXE HaJaBaTH pO3LIMPeHi (yHKii, Taki sK:
COWiaNbHI Mepexi I MATPUMKH MOTHBAIl, IHAMBIIYyaldbHI TpPEHYBaIbHI
NpOTpamMH Ta AI€THYHI IUIaHH.

IIpn po3podui 3acTocyHKy OyJiM BHKOPHUCTaHi: MOBa IPOEKTYBaHHS
inpopmaniiiaux cucrem UML, ERD, moBa nporpamysanus Python, 6a3a maHux
SQLite3, cepenosutie PyCharm, trexnomnoris Flask.

[IpoBeneHo TecTyBaHHS CHUCTEMH JJIsl BHU3HA4YeHHS ii Ipane3gaTHOCTI Ta
HajgidHOCTi.  Po3poOmeHmii  3aCTOCYHOK — yCHINIHO  BOPOBa/DKCHHH  Ta
BUKOPHCTOBYETBCSl JUISl BIJCTEKEHHS BHKOHAHHS 1HIMBIOyaJIbHOI MpOrpamu
BU3HAYCHOI IPYITH CLIOPTCMEHIB.
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MOJIEJII TA THOOPMAIIIMHA TEXHOJOT IS YIIPABJTHHSA
JOTICTUYHUAMU ITPONECAMU B HIEHTPAX HAJAHHA
I'YMAHITAPHOI JOITIOMOI'

Tapantok M.M., Maneesa O.B.
HaunionaneHuii aepokocMiuHmui yHiBepcuteT iM. M. €. XKykoBcbkoro
«XapKiBChKHIA aBialliiHUI IHCTUTYT», XapKiB, YKpaiHa

EdextuBHe ynpaBiiHHA JIOTICTHYHMMH MpOLIECAMH B IIEHTpax HaJaHHS
TYMaHITapHOI JONOMOTHM € BaXKJIMBOIO HAyKOBOIO Ta NPAKTHYHOIO 3a7avero.
JocnimkeHHsT 30cepeKeHi Ha po3poO0Il MojeneH i METOMIB, IO 3a0e3MeuyoTh
ONTUMI3aIlil0 BHUKOPHCTAaHHA pPECypCiB Ta TOKpaImleHHS KOOpAWHANIl MpH
oOMeXXeHHX pecypcax i BUCOKOMY piBHI HeBm3HaueHocTi [1]. CydacHi BHUKIHKH
BKITIOYAIOTh IIBUAKY MOOLTi3amifo MarepialbHUX Ta JIOJCBKHX pPecypcis,
3a0e3MeueHHs] HAJCKHOTO pIiBHA 3BITHOCTI Ta YHpaBiiHHA iH(OpMAIifHIMHU
HOTOKAMH.

Po3poOka marematmdyHMX Monenell Ta iH(GOpPMAIIMHUX TEXHOJOTIH, sKi
3a0e3neyaTh ONepaTHBHE NPUIHATTA PillleHb, J03BOJIUTH i IBUIUTH e()EeKTHBHICTh
JIOTICTUYHUX TPOLECIB Y IIEHTPaX I'yMaHITapHOI JOIIOMOTH.

B pesyunbrarti aHanizy peajJbHUX JaHUX 3 JOTICTHYHUX OTEpalliid, JOCIiHKEHO
BIUIMB 3MiHHHX, TAKHX SIK:

00CSATH BaHTaXIB,

MapLIpyTH IOCTaYaHH,

piBeHP CHiBHpami 3 IHIIUMH OpTaHi3aIliIMH Ha NPUHHATTSA pilIeHb 3
YIpaBITiHHS BaHTAXKOIIOTOKAMHU Ta e()eKTUBHICTh T'YMaHITapHOI JJOTIOMOTH B I[LIIOMY.

3anponoHOBaHO apXITEKTypy Ta (YHKIIOHAN iHTErpoBaHOI iH(pOpMaLiiHOI
CHCTEMH, IIO JO3BOJIMTH IIBUIKO pearyBaTH Ha 3MiHM B YMOBaxX HECTaOUIEHOTO
cepenoBuiua [2].

Jlist MoJIleNIoBaHHS JIOTICTUYHHUX TPOLECIB BUKOPUCTOBYIOTBCS TEXHOJIOTIT
MPOTHO3yBaHHS Ta ONTHUMI3allii, 1110 0a3yIOTHCSI HA METOJIaX CUCTEMHOTO aHali3y Ta
BENUKUX JaHuX [3].

Cnucoxk Jirepatypu
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PO3POBKA 3ACTOCYHKY 3 IIIABOPY 3AITACHUX YACTHH
IS ABTOTPAHCIIOPTY

I'yoka O.C., I'yoka C.O.
Hamionansuuit aepokocMiuamii yHiBepeuTeT iM. M. €. )KykoBcbKkoro
"XapkiBchbkuii aBianiitauii inctuTyT", Xapkis, YKkpaina

B nanwmii gac crioctepiraeTbCst 3pocTaHHs SIK BAPOOHUIITBA aBTOMOOUIIB, TaK 1
KIJTbKOCTI BUPOOHMKIB aBTo3amuacTuH. [lepmii jgekinbka pOKIB  eKCIUTyaTawil
aBTOMOOLTIB MMpoOJeM 3 MiIOOpOM 3alacHUX YacTUH Ta BUTPATHHX MaTepialis,
3a3BUuaii, He OyBae.

B meit gac nmie rapaHTiHHMIA Tepio eKcIuTyaTarlii aBToMoOLTs (IpUOII3HO Big
2 mo 5 pokKiB) i e BUMAarae BiJl aBTOBJACHUKA OOCIYrOBYBAaTHCS Ha OQImiHHNX
CTaHIIAX TeXHIYHOTO 00cayroByBaHHs (CTO) meBHOTO aBTOBUPOOHHUKA.

BinmosimHo mist migbopy aBTO3amyacTHH Ta BUTPATHUX MaTepiaiiB B Il 4ac
BUKOPUCTOBY€EThCS (pipmoBe mporpamue 3abe3neueHHs (I13) aBroBupoOHumka. Lle
mporpaMHe 3a0e3ledeHHs HEeMOXJIIUBO o(]imiiHO oTpuMaTH OyAb KOMY OKpIiM
¢ipmoBux CTO. o Toro x ue 13 3ailicHrO0 mig0ip BHKIIOYHO OPUTiHAIBHHX
3alacHUX YaCTUH Ta BUTpaTHUX MarepiainiB. Ll 3amyactiHn komtytoTh Big 50% o
200% moporxye Hi’K aHAJIOTIYHI 3aaCHI YaCTUHH 1HITUX BUPOOHHUKIB, 5Ki, 3a3BHYAl,
MAalOTh aHAJIOTIYHY SKICTh, a 1HOJI ¥ Ti caMi 3amacHi YaCTHUHHU, 110 BiAPI3HIIOTHCS
TimbKH MapKyBaHHsaM [1-3].

Metow gomoBixi € aBTOMaTm3allil Ta MPUCKOPEHHS NPOIECIiB Migdopy
aBro3amuactut g CTO.

IcHye mocuth 0OaraTo cHCTEM 3 MiIOOpPY aBTO3aMYacTHH, alleé OCHOBHHM
MIHYCOM [HUX CHCTEM € TOBHa a00 YacTKOBa BiACYTHICTH iH(opMarii 1momo
eKCIUTyaTallifHUX XapaKTePHCTUK LMX 3amyacTHH. PO3po0iIeHHi 3aCTOCYHOK Mae
OKpeMi JaHi M0 KOXHIA aBTO3aI4acTHHI a00 BHPOOHHKY 3 XapaKTEePHUCTHKAMH
SIKOCTI TIPOAYKTY.

J1o TOTO 3K € MOXJIMBICTB 110 LIl XapaKTEPUCTHUIIl COPTYBaTH aBTO3AIMYaCTHHH,
10 CYTTEBO TOJIETrHIye poOOTy cremianicta 3 migbopy aBrosamuactud Ha CTO.
Cucrema pospobiieHa y BHTISIl Beb-3acTocyHKY [4], ToMy € MOXIHBIiCTH
MPAIIOBATH 3 HUM SIK 31 CTAlliOHAPHUX KOMIT IOTEPIB, TaK 1 3 MOOUIBHUX MPUCTPOIB.
Po3paxyHku TmOKa3ylOTh, WO IMIBHJKICTh Mi00pY TEBHMX aBTO3al4acTUH
MPUCKOPIOETHCS BiJ 2 10 5 pasiB.
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PO3POBKA TIPOT'PAMHOI'O 3ABE3IIEYEHHSA
MOHITOPHHI'Y PYXOMMUX OB'€EKTIB

Bosperka T.M., Smmaa O.C.
Hamionansuuit aepokocMiunmii yHiBepeutere iM. M. €. JKykoBcpkoro
«XapKiBChKHI aBialliiHU# IHCTUTYT», XapKiB, YKpaiHa

AKTyaJIbHICTh JIOCHI/PKEHHSI MOHITOPHHTY PYXOMHX OO'€KTIB 3pOCTaEe B
YMOBaX IIBHKOTO PO3BUTKY TEXHOJOTIH i 3pOCTaHHs HaceleHHs B micrtax [1, 2].
BripoBapkeHHS TAKMX TEXHOJIOT1H KOMIT'TOTEPHOTO 30py Ta aITOPUTMiIB MAaIIUHHOTO
HaBYaHHS CIPHSE CTBOPEHHIO "pO3YyMHHMX MicT", 1€ aBTOMaTHU30BaHI CHCTEMH
BiZICOCTIOCTEPE)KEHHSI Ta YIPABIIHHS TPapikoM MOXKYTh CYTTE€BO MOJIIIIUTH SKICTh
JKUTTS MEIIKAHIIB [3].

MeTor0o J0moBiAi € TpenCTaBIEHHA OCHOBHHMX AaCHEKTIB  PO3pOOKH
MPOTPaMHOTO 3a0e3NedeHHs ISl MOHITOPHHTY PYXOMHX OO'€KTIB, BKIIOUAOUH
aHall3 ICHYIOUMX pIllleHb, TEXHOJOTIM Ta BHKIWKIB y mili cdepi. OO'exToM
JOCIIIIKEHHS € MPOLECH MOHITOPHHTY PyXOMHUX O0'€KTiB, a IPEIMETOM — METOIH
Ta IHCTPYMEHTH aBTOMAaTH30BaHOTO MOHITOPHUHTY.

VY paMKkax KOHIENTYaJIbHOTO MPOEKTYBaHHs A0JATKy MOHITOPHHTY PYXOMHX
00'eKTiB BU3HAYaIOThCS (DYHKLIOHATbHE NPU3HAYCHHS Ta BUMOTH JIO IOJATKY,
CTPYKTYpa J0/aTKy Ta OCHOBHI KOMIIOHEHTH, a TaK0XX IPOEKTYIOThCS aJITOPUTMHU
pobotu. Bubip IHCTpyMEHTaJbHHUX 3acO0IB BKJIIOYAE aHAI3 TEXHOJOTIH
KOMIT'FOTEPHOTO 30PY, IX MOXIMBOCTEH Ta 0OMEKEHb, @ TAKOXK MOJIEJICH HEHPOHHIX
MEpeK.

[lepcniekTBY PO3BUTKY TEXHOJIOTIH MOHITOPHUHTY BHIVISAAIOTH HMO3UTHBHO
3aBIKHM HOBITHIM JOCHI/DKCHHAM Y Taly3i KOMITIOTepHOTro 30py. OdikyeThcs
3pOCTaHHS BHMKOPHCTaHHS WITyYHOTO IHTENICKTY ISl aBTOMAaTH3alii IpOoLeciB
aHali3y JaHUX Ta IHTerparii TexHoiorid [HTepHeTy pedell, MO0 BiIKpHBa€e HOBI
MOXITMBOCTI JIJIsl HOKPALIeHHsI Oe3MeKu Ta e()eKTHBHOCTI.

TakuM YHHOM, pO3poOKa MPOrpaMHOIO 3a0e3NedeHHS I MOHITOPUHTY
PYXOMHX 00'€KTIB € aKTyaJIbHOIO. TEMOIO JJOCIIIIXKEeHb, SIKa Ma€ 3HAYHUI MOTEHIIa
JUISL TIOJIIIIEHHS SIKOCTI JKUTTS HACEJCHHS Ta IiJBHUIICHHS DIiBHSI O€3reKu B
CYCITLTBCTBI.
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LOGICAL CONSISTENCY AND SIMILARITY DETECTION
IN STUDENT CODE GRADING VIA FINGERPRINTS

Seliutin D.A., Yashyna O.S.
National Aerospace University “Kharkiv Aviation Institute”, Kharkiv, Ukraine

In computer science education, evaluating student code for logical coherence
and recognizing patterns in submissions is essential for equitable grading and
identifying potential plagiarism and lack of logical thinking [1]. Academic integrity
is important when programming course enrollment rises. Code submission
similarities must be recognized to prevent plagiarism, ensure fair evaluations, and
assure ethical academic behavior. Teachers can give students focused feedback by
pointing out anomalies in code, however, why not use distance learning systems to
accept, verify, analyze and test students' code and start from the very basic approach
- fingerprint comparison?

The goal of this review is to show benefits and drawbacks of various kinds of
fingerprints and show the way how the main obstacles can be overcomed by
incorporating calculation and obfuscation approaches.

The examples of standard tasks for learning programming languages that are
present in the review show the main pros and cons for different approaches used to
identify code blocks. By generating a distinct "“fingerprint” for each code submission
derived on syntactic and semantic characteristics, we can effectively compare code
structures while maintaining logical intent. The existing approaches employ a
synthesis of hash-based methodologies and tree-based representations that make
block identification fast and precise. However, the number of details [2] that is taken
into account can easily break fingerprints and make them inaccurate at all. To
overcome this problem the fingerprints should be based now only on a plain code
that we got after preparation steps but rather be a form of intermediate code
representation [3] that holds all code line details and be queryable at the same time
to allow skipping some attributes to allow fuzzy code block recognition.

The potential advantages of utilizing fingerprints include the identification of
copied code, which can aid in recognizing comparable works, hence streamlining
the code verification process for educators and minimizing time expenditure and
plagiarism detection efforts.
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DIAGNOSTIC SOFTWARE OF INFORMATION SYSTEMS
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Kharkiv, Ukraine

The current stage of development of measurement technology for diagnosis
and condition monitoring of objects of different nature is characterized by an
increasing complexity of tasks and intensive implementation of intelligent
technologies in the measurement process [1].

The growth of complexity and high rates of development of computer systems,
their introduction into all areas of activity determine the urgency of the problem of
increasing their fault tolerance and survivability.

To reduce the time for determining the working capacity of technical objects
and finding the place of failure in them, it is necessary to develop diagnostic support
- a set of interrelated rules, methods, algorithms and tools necessary for diagnosing
at all stages of the object's life cycle [2, 3].

The purpose of the report is to analyze the methods for developing diagnostic
support for automated control systems.

The report discusses the features of the problem under consideration. It is
shown that the development of diagnostic software is a difficult task, since the means
of control and diagnostics must satisfy a number of most often conflicting
requirements for speed, hardware costs, reliability of operation, etc.

Many problems:

finding minimal tests,

choosing the optimal composition of checks, etc.
are logical-combinatorial problems.

The complexity of classical algorithms and methods for solving these problems
makes us look for new approaches and develop more efficient methods.

To reduce the complexity of developing diagnostic software, reduce the
duration of the process, improve the quality of design, and reduce the cost of its
development, the test program has been developed, which allows you to automate
the process of developing diagnostic software, reduce development time and
improve its quality by generating minimal test sequences and simplifying control
schemes.
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IOBYNOBA BEB3ACTOCYHKA TPOBEJEHHS IBEHT IIOCJIVT
3 BUKOPUCTAHHSAM TEXHOJIOT'TI TA CXOBHIII JAHUX
INTERSYSTEMS IRIS

Jlemenko O.B., Anikia A.M.
HaunionaneHuii aepokocMiuHmui yHiBepcuteT iM. M. €. XKykoBcbkoro
«XapKiBChKHIA aBiallifiHU# IHCTUTYT», XapKiB, YKpaina

Bynp-skuii  nmimoBoro abo NpUBATHUK 3aXiJ Hece 3a COOOK BEIHYE3HI
TPYAOBUTPATH, OCKIJIBKH 3aXiJ1 € BIAOBIIaIbHUM 3aBJIaHHSM IS CIIBPOOITHHKIB 1,
BIJITIOBIZTHO, YCHIX HOr0o BHPIIICHHS 3aJICKUTh B MPOQecioHami3My Ta ITOCBiLY
opranizatopa. Ominka e(peKTUBHOCTI MPOBEACHOTO IBEHTY JIOTIOMAarae 3pOo3yMiTH,
HACKUTBKH BKJIAJCHI KOIITH OKYIIJINCS, 1 HACKIIBKH Pe3yJbTaTH BiJIIOBiNAIOTh
MOCTABJICHUM IIiJISIM.

IIpoBeneHHsT OyIb-SIKOTO IBEHTY MOXKE BKJIFOYATH TOCHITOBHICTH pOOIT, SKi
3MIHIOIOTBCS BiJ 3a0araHoK 3aMOBHMKA: PO3poOKa KOHIICMIi 3axoAdy; Mmigdip Ta
OpOHIOBaHHS MalIaHYMKa JJIsl TIPOBEACHHS IBEHTY; 3alpOIICHHS TOCTeH 3axoy;
oprasizamiiiHa joricTuka (3abe3nedeHHs TpaHCIOPTY, JOCTABKH BCiX MaTepialis Ta
MEepCoHATy Ha MailaHYMK 3aXojay, TOILO); OpraHizaiis XapdyBaHHsS; Mia0ip
apTHCTIB Ta PO3Ba)KaJIbHUX HOMEPIB; JIEKOPYBaHHS IPHUMIIIEHb 3aX0/y; TEXHIYHE
3abe3meueHns 3axoay (CBITIIO, 3BYK), 3aMOBJIEHHS BHPOOHMIITBA IOTPIOHOT
OpeHI0BaHOI MpOAYKLii; Mifdip Ta TPEHIHT NepCcoHaly JUId 3aXOXdy; MiArOTOBKA
(hoTo Ta Bimeo-3BiTiB, TON0. KojkHa 3 ITUX poOIT Mae CBili crieHapil, Oe3mocepeHix
BHUKOHABIIiB, 00JIaTHAHHS, MaTepiau, pipMH HiAPSITHUKH, TOIIO, SIKi HOTPiOHO MaTH
B JIOCTATHBOI KINBKICTI AJISI MPOBEJCHHS 3aMOBJIEHOrO iBeHTY. B 3B’s13Ky 3 1M
BUHUKAE 3aJ1a4a Mo po3poOIli Be03aCTOCYHKA ISl OpTraHi3allii Ta IPOBECHHS iBEHT
MOCIYT OYIb-IKOTO (popMary.

MeTtor nomoBiai € nocmimpkeHHs TexHoNOri# watdopmu InterSystems IRIS
JUI PO3pOOKH BeO3acTOCYHKA JJIsl MPOBEICHHS IBEHT MOCIYr 3 BUKOPHUCTAHHSIM
OararoBuMmipHuX 0a3 maHMX Ta cxoBull iHpopmauii. B momoBini HaBOISTHCS
pe3yJabTaTH MOJCIIOBAHHSA TMPEAMETHOI 00JacTi Ta aHami3 ocoOJMBOCTEH
BUKOPHCTaHUX TexHouoriil. Po3poOnenuit Be63acrocynok BukopuctoBye CKB/I,
sKa 3acCHOBaHa Ha 0araTOBUMIpHIM TEXHOJOril CXOBHII AAaHUX, LIO JO3BOJISE
o0CIIyroByBaTH THCSIYi KOHKYPYIOUHMX KOPHCTyBadiB. BHCOKONpOIyKTHBHA
wiatdopma InterSystems IRIS micTuth yci He0OXiaHI IHCTPYMEHTH Ta MOXKJIMBOCTI
JUIL  IIBUIKOT pO3POOKHM TpaH3aKIMiHHUX, AaHATITHYHUX Ta TPaH3aKIiAHO-
AQHATITUYHUX 3aCTOCYHKIB [ 1], IKi CKOPOUYIOTH 3aTPUMKH ITiJ] 4ac MiATOTOBKU JaHUX
JUISL aHAJI3y Ta J03BOJISIE B peasIbHOMY 4aci OTpUMYBATH KOPHCHY iH(opMalio Ta
BUKOPHUCTOBYBATH 11 JUIsl yXBaJ€HHs ONIEPATHBHUX PillICHb.

Cnucok Jitepatypu

1. Jlemenko, O. b. 3acrocysanns texnonorii DeepSee InterSystems mis noGynosu
GararoBuMipHUX 0a3 manux i cxouii iHdopmarrii [Tekcr] / O. B. Jlemenko, 0. O. Jlemienko.
— X. : Ham. aepokocm. yH-T iM. M. €. JKykoBcekoro "XAI", 2021. — 66 ¢

37



Problems of Informatization: the twelfth international scientific and technical conference

ALTERNATIVE GRAY CODES

Yareshchenko V.
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The topical problem of reducing dissipated power in global communication
lines while maintaining high performance is considered.

High switching activity leads to significant losses due to communication
capacitances between long lines. They are one of the most energy-intensive
components of an embedded system. The use of Gray codes not only reduces
dynamic energy losses in the address bus, but also minimizes communication losses
between closely spaced lines. However, the Gray code has low balance and a large
number of bit switches [1, 2].

An analysis of known studies has shown that there are other codes that have the
same characteristics as Gray codes.

This class of codes is called generalized (alternative, extended) Gray codes in
the literature.

The properties of these codes are more accurately reflected by the name "codes
with a unit distance". Unfortunately, mainly individual cases of codes are studied,
and there is no general approach to their study [3, 4]

The methods of constructing alternative Gray codes, which allow reducing the
number of switches on the buses, have been investigated.

The purpose of the article is to develop a method of constructing unit distance
codes, to determine the types of code transformations, and to form a system of
various typical representatives. Estimates of their number were obtained,
characteristics were determined; catalogs of typical representatives were formed.

The application of the developed method will allow analyzing and selecting the
codes with the best properties and, as a result, to obtain the best results from the
point of view of network delays, energy costs and other constructive limitations for
computer systems.

Examples of the use of catalogs of typical representatives in the construction of
a code generator, which has a better balance compared to the Gray code, are given.
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INFORMATION SYSTEM OF SUPPORT
FOR DECISION-MAKING IN HUMAN RESOURCES MANAGEMENT
IN A MULTI-PROJECT ENVIRONMENT

Dotsenko N.V., Lutsiv Y.S.
Kharkiv National University of Urban Economy named after O.M. Beketova,
Kharkiv, Ukraine

The need to implement project and program management in a period of
uncertainty in an aggressive environment leads to the need to change human resource
management paradigms, ensuring Agile transformation of human resource
management processes in a multi-project environment [1]. Classical approaches to
ensuring the formation and functioning of project teams are not effective when
implementing projects during military operations, since in these conditions it is
necessary to ensure team adaptation, redistribution of resources between projects,
and flexible redistribution of functions of project team members in a multi-project
environment.

A change in the existing pool of resources as a result of mobilization and
evacuation processes, a change in the possibility of involving personnel in projects
due to the loss of material and technical support (operational conditions) requires a
flexible response. The lack of means of automating human resources management
processes leads to the transfer of the burden to the project manager (project
manager), who acts in a state of stress and can make subjective decisions. A critical
factor is the time of decision-making to ensure the formation and functioning of the
team.

The purpose of the report is to build an information system to support
decision-making in the management of human resources in a multi-project
environment, which would allow to ensure the formation and functioning of project
teams under the given restrictions. The report discusses the issue of creating an
information system that would allow for the formation and functioning of project
teams under given limitations (time and resource), analysis of existing competency
profiles, management of critical competencies, formation of project teams, provision
of the change management process in human resource management, Agile
transformation human resource management processes in a multi-project
environment [2].
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PO3POBKA CUCTEMHW I'EHEPAIIIT YAT-BOTIB U151 TELEGRAM
3 BUKOPUCTAHHAM MOJEJIEU TEHEPATUBHOI'O
MTYYHOI'O IHTEJEKTY

Mowmot M.O., Iumxko 1.1
HauionaneHuii aepoxocMiunuil yHiBepcuteT iM. M. €. XykoBcbkoro
«XapKiBChKHIA aBialliiHUI IHCTUTYT», XapKiB, YKpaiHa

Po3pobka war-6otiB (UB) crae Ham3BHUaiiHO aKTyalbHOIO B KOHTEKCTI
Cy4JacCHHX BHMOT JI0 3pyYHOCTI Ta IIBHIKOCTI OOCIyroByBaHHS KopucTyBadiB. Ub
MOXYTb:1) A7 KOMIIaHId HajaBaTH IUBUAKY Ta e(QEKTHBHY IiATPUMKY
KOPUCTYBauaM/TIOKYIIISIM, BHPIMIYIOYM IX NHTaHHSA Ta NPOOJIEMH Y peXuMmi
peanbHOrO 4Yacy; 2)y cdepi OCBITH Ta TpPEHYBaHHs CTaTH IHTEpPaKTHBHUMH
BUMTCIISIMH, $IKI BIAMOBIIAIOTh HA MUTAHHSA CTYJCHTIB, HAIAlOTh OJATKOBI
Marepialy Ta JOMNOMaralTh y 3aCBOEHHI HOBOTO Marepiany; 3) B cdepl HOIIyKy
iHpopMmanii BupimyBati mnpoOiemu, skmo Yb 3maTHi posmi3HaBaTH TeMH Ta
BINOBIZaTH Ha KOPOTKiI 3alUTaHHA, €(PEKTHBHO (ITBTPYIOUH BEIUKY KUTBKICTH
iHpopMamii Ta IMBHAKO 3HAXOOWTH HEOOXimHI BigmoBimi. ABromaru3oBani UYb,
3acHOBaHi Ha mTydyHoMYy iHTenekTi (L), cTaroTh crpaBXHIMHU iHTENEKTyaIbHIMHU
areHTaMy, 3JaTHUMH PO3YMITH MNPUPOJHY MOBY Ta aJaNnTyBaTHCSA O IOTped
KOPHCTYBaYiB.

Mertoro nonoBiai € po3pobka cucteMu resepanii 4ar-00TiB 3 BAKOPUCTAHHAM
MoJieJied TeHepaTUBHOIO IITYYHOTO IHTEJEKTy 3 BeO-iHTepdeiicom. Y momoBini
HaBeJICHO Iepetik HeaouiKiB mpu renepatiii Ub; ornsin cepsicis Ta ix API (Telegram
ta OpenAl [1]), siKi BHKOPHCTOBYIOTBCS isi CTBOpPeHHs UB 3 BHKOPHCTAHHSIM
moJenei reneparuHoro 11; onncano koMOiHaIiI0 METO/IB PO3/ICHHS JaTAaCETiB
Ha JIOTIYHI YacTHHU 3a TeMamH; c(HOpMOBaHO OmUC (YHKIIOHYBaHHS Pi3HUX
ACTIEKTIB CHCTEMH Y BUTIJISAAI JiarpaM akTHBHOCTeH Ta mociimoBHocTi UML,;
MipaxoBaHO BapTiCTh (QYHKIiIOHYBaHHs 00TiB. s pobotn cucremu Oyia oOpaHa
He octaHHs Moaens ChatGPT 4, abo ChatGPT 4 turbo, a monepenus ChatGPT 3.5
turbo, sika KOIITY€E y AECSATKH pa3iB JICIIEBIIE, ajle He 3aHaATO TOMITHO BUPI3HIETHCS
NpY BUKOPUCTAaHHI y (opmary dYaTy (3a 3asgsBaMu po3poOHHKiB). s po3poOKu
npoekTy Oynmu oOpani TexHomorii Javascript + AJAX mis front-end, PHP mna back-
end, MySQL — nmst 6asu manmx. Okpim 0a30BOro (yHKIOHATY, Y MPOEKTI
BHKOPHCTOBYIOTBCsSI  cTOpoHHI  6i6miorekn PHP  Smalot\PdfParser — st
posmmdposku pdf-gaiinis y Texkcr, PHP danny50610/bpe-tokeniser — mis
MiApaxyHKy TOKEHIB B TeKcTi, Javascript Highcharts — s BiqoOpakeHnHs rpadikis.
Omnmcano peanizarifo GyHKIIOHATY aAMIHICTpAaTOpa B peKUMax: BUTPAT Ta CITUCKY
ctBopeHux Ub; nonaBanHs HoBux Ub, penaryBaHHs 3aranpHuX HajaltyBaHb Ub

CTPYKTYpH Ta CTBOPEHHS JOJATKOBOI'O KOHTEKCTYBAHHS.
Cnucok Jitepatypu
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BUKOPUCTAHHSA MOJEJIEA OITAMI3AIII JIJISI YITPABJITHHA
TOBAPHUMMU 3AITACAMU B YMOBAX HEBU3HAYEHOTI'O IOIIUTY

Jlemenko O.B., ITaicko O.0.
Hamionansauit aepokocmiuamit yHiBepcuteT iM. M. €. J)KykoBcbKoTrO
«XapKiBChKHI aBialliiHUI IHCTUTYT», XapKiB, YKpaiHa

HeBu3HaueHICTh MOMHUTY € OAHUM i3 KIFOYOBHX (DAKTOPIB, IO YCKIAIHIOE
ONTUMI3AIlil0 YIPaBIiHHSA 3amacaMi B IEHTPATi30BaHUX CHCTEMax ITOCTadaHHI.
Knacwani mozeni, Taki sk EOQ (exoHOMigHMIA po3Mmip 3amoBieHHs) Ta ROP (Touka
MTOBTOPHOT'O 3aMOBIICHHS), X04a 1 € €(EKTUBHUMH U1 CTaOLIBHOTO IOMUTY, HE
3/IaTHI BPaxOBYBaTH PAIITOBI KOJNWBaHHS, IO MOXKE TPU3BOIUTH 10 HAKOIHYEHHS
3aiiBUX 3amaciB abo JediluTy TOBapiB.

CyuacHi Mmeroau, 30kpema cumyisinis Monte-Kapno, mnpomnoHyooTh
THYYKIIIWA MiAXIA 10 MOJENIOBAHHS BUIAIAKOBUX 3MiH monuty. Lle mo3Bosse
3HU3UTH PU3UKH Ta MOKPAIIUTH yNpaBiiHHA 3armacamMu. OJTHUM i3 HEpPCIIEKTHBHUX
HAMPSMIB € 3aCTOCYBaHHS METACBPUCTHYHHX alNTOPUTMIB, Takux sik Multi-Objective
Grey Wolf Optimization (MOGWO), 110 3a6e3mne4yoTh aIaNTHBHICTh YIIPaBIiHHS
B yMOBaxX HecTabiIbHOTO pHHKY [1].

MeTo0 10MOBii € TpencTaBICHHA ONTHUMI3aIlifHOT MOZAENI YIpaBIiHHS
3amacamu, siKa BpaxOBY€ HEBH3HAYCHICTh MOIMUTY 1 CIpSAMOBaHA HAa MiHIMi3amio
3araJbHUX BHUTpAT Ha 30epiraHHA TOBapiB Ta BTpAT, MOB'SI3aHHUX i3 AeDiIUTOM.
Komb6inamis MOGWO T1a cuMymsamiitHIX MeToxiB, Takux sk Monre-Kapio,
JO3BOJISIE  MIJBHIIMTH TOYHICTH NPOTHO3YBaHHSA Ta amanTyBaTH CTpaTeril
YIpPaBJIiHHS 10 AWHAMIYHUX 3MIH PUHKY [2].

Y [omoBiAI  HaBEACHO PE3yJbTATH YHCIOBHUX  EKCIICPUMEHTIB, IO
JIEMOHCTPYIOTh €(EKTHBHICTh CHUMYJil Monrte-Kapio B OMIHII MOMXIHBHX
ClieHapiiB 3MiH MONUTY. BHKOpUCTaHHS aHANTHKH BEIHKHX JaHUX JIO3BOJISIE
CTBOPIOBATH OUIBII TOYHI Ta aJanTHBHI MOJENl ONTHMI3allil YIpaBIiHHSI
3amacami [3].

3anpornoHoOBaHI MIAXOMU 3a0€3MeUyIOTh CTAaOUIBHICTh (YHKIIIOHYBaHHS
CHUCTEMHU TIOCTadaHHs HaBiTh B YMOBaX BHCOKOI PHWHKOBOi BoNATHIBHOCTI. Lle
0COOIIIBO Ba)KIIMBO JJIs1 KOMIIaHIH, SIKi IPAIIOIOTh Y TI00aTi30BaHUX 1 AHHAMIYHUX
PUHKOBHX YMOBaX.
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Menuyni GizHec-nipouecu (MBII) oxommoioTh pi3HI acleKTH HaJaHHA
MEIUYHHUX TIOCIYT, BKJIIOYAIOYM JIarHOCTHKY, JIIKyBaHHs, peaOimitamito Ta
YIpaBJIiHHS pecypcamu.

BoHu € noxymenroBaHMM Ta (hOpMalli30BaHMM BiJOOpPaKCHHSIM THIIOBUX
NpakTHK B cdepi OXOpoHM 3/10pOB's. MOJETIOBaHHS TaKHX IPOILECIB CTBOPIOE
YMOBH JJIsl MiJBUINCHHS €()EKTUBHOCTI JIIKyBaHHS Ta ONTHMi3allii BUTpaT 3a
paxyHOK CTaHAapTHU3aLii IPoLenyp, 110, IK HACTIJOK, 3MCHIITY€ PU3UK IIOMHIIOK Ta
JIO3BOJISIE 3a0€3MEUNTH SKICHY JOMIOMOTY marfienTam [1].

IIpoTe TrNi3amis MpoIeciB MOXKE MPUBOIUTH 10 OOMEXKEHb Ha Yac JOTITY 3a
Mali€eHTOM Ta JOCTYN A0 MEPCOHATI30BAHOTO JIKyBaHHS, IO MOXE 3MEHIIUTH
MOJKJIMBOCTI TIPUHHATTS PIllIeHb Y BHIMAAKAX CKIAJTHUX a00 HETHITOBUX KIIHIYHAX
curyamiif. ToMy TIpH MOJENIOBaHHI Oi3HEC-TIPOIECIB AOIIEHO BHKOPHCTOBYBATH
koHTpGhakTHyHuil minxia. KoHTpdakTH 3amaloTh ajnbTEpHATHBHI cLEHApii MOJIIMH.
BukopuctaHHs KOHTp(GAaKTHYHOrO MiIXOMy B MOJEIIOBaHHI MEIUYHHMX Oi3Hec-
MPOLIECIB JI03BOJISIE OIHIOBATH Pi3HI BapiaHTH BUKOHAHHS IIPOLECIB 3 METOIO
onTHMizalil BUTpAaT 1 MiABHMIIEHHS SKOCTI JIKYBaHHA, B OCOOJHMBOCTI IpH
0o0OMeXeHHSIX Ha pecypcH [2].

MeTtoo 10moBiai € po3podka miaxomy M0 OWIHKA KOHTP(AKTIB Y MEIIMIHIX
Oi3Hec-mporecax st GOpMyBaHHS allbTePHATHBHUX BapiaHTIB MPOIIECY JIIKyBaHHS
3 PI3HUMH BUTpAaTaMH.

3anponoHOBaHUN MiAXiJ 1O OINHKH KOHTP(AKTIB y MeOuYHHX Oi3Hec-
mpoIecax MICTHUTh Taki Kpoku: moOynoBa 0azoBoi moxemi MBII; dbopmyBaHHS
MHOXKMHH KOHTP(aKTiB; MOJEIIOBaHHS aJlbTepHaTUBHOTO Bapianty MBIl s
KOKHOTO KOHTP(aKTy; pO3paxyHOK NOKa3HHKAa e(MEeKTUBHOCTI Uil KOXKHOT
anpTepHaTHBHOI Mozeii MBII; panxyBaHHs aibTepHATHB.

[Tinxig nmae MOXKIMBICTH BHOpaTH HaWOIIbI e(EeKTHBHY ajbTEPHATHUBY
MEIUYHOTO Oi3HEC-TIPOIIECY Ha OCHOBI CITIBBIIHOIICHHS BUTPAT 1 Pe3yJIbTATUBHOCTI.
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TEMITOPAJIbHAM ONTUC BIBHEC-TPOLECIB
IMOYATKOBOI'O PIBHS ITPOLHECHOI 3PIVIOCTI

Yama O.B., boraros €.0.
XapKiBCHKUH HAIllOHAIFHUHA YHIBEPCUTET PadioeNieKTPOHIKH, XapKiB, YKpaina

biznec-npouecu (bIT) mpencraBnsioTh coO00 MOCHIZOBHOCTI poOiIT, IO
3a0e3MeuyroTh MEPEeTBOPEHHS BXIAHUX pECypCiB y NPOAYKTH a0 IMOCIYTH, SIKi
MaroTh LIHHICTB U1 KIIi€HTIiB. [IponiecHe ynpaBiiHHS NIANPUEMCTBOM 0a3y€eThCs Ha
no0y/a0Bi Ta BUKopuctanHi Mmoaeneii BIT [1].

[Tpu BpoBaKeHHI MPOLIECHOTO YIPABIIiHHS BUAUISIOTH 'ATh PIBHIB 3p1JIOCTI:
BiJl TIOYATKOBOTO JO PiBHA IOCTIHHOTO TOKpaIeHHs OisHec-mporeciz [2]. Ha
moyaTkoBoMYy piBHi 3pinocti BII € HedopmamizoBaHMH, a IX BUKOHAHHS TTIOBHICTIO
0a3yeTbcs Ha 3HAHHAX Ta iHiMiaTuBi BHKOHaBIiB. [ma dopmamizamii BII Ha
MOYaTKOBOMY PiBHI TPOILECHOI 3piIOCTi AOMUIBHO CIIOYAaTKy MOOYIyBaTH OIIHC
MpoIiecy Ha OCHOBI aHAIi3y XKypHAJIB MMOJiH, a MOTIM BUKOPUCTATH TIeH omuc s
nobymoBu mnpouecuoi moneni [3]. Takuit momepenniii omumc BIT moxe Oytu
(dhopMatizoBaHMii HA OCHOBI BUIIICHHS TEMIOPAIbHHUX 3AJIC)KHOCTCH MK HisIMU
MpoLECy, 10 1AaCTh MOXKIIMBICTh BCTAHOBUTH (PAKTUUHHI MMOPSIOK BUKOHAHHS Ail
MpolLecy y yaci K HeoOXiHy yMOBY Juisi 00y 108U Mozeni BIT.

MeTor m0moBini € po3poOka miaxoay A0 MOOYAOBH TEMIIOPAILHOIO OMHUCY
0i3HEC-TIPOLIECIB TTOYATKOBOTO PIBHS TIPOLECHOI 3pUIOCTI Ul MOAAJIBLIOTO
BIPOBAKSHHS IPOLIECHOTO YIPaBIiHHSL.

3anponoHoBaHUH MiAXiA A0 MOOYIOBH TEMIOPAIBLHOTO OMHCY Oi3HEC-TIPOoIIecy
BKJIIOYAE TaKi eTanu: GopMyBaHHS TEMIIOPATbHUX 3QJISKHOCTEH MiXK IIapaMHU CTaHIB
Oi3Hec-mipoliecy; BUIUICHHS TEMIIOPAJbHUX MPaBWI [UIIXOM  00'€IHAHHS
OJJHAKOBHX TEMIIOPANbHUX 3aJeKHOCTEH; (pOpMyBaHHs NpaBWJ, IO BH3HAYAIOThH
MOCTTIIOBHE Ta TMapajelbHe BHUKOHAHHS il mmpollecy; moOymoBa rpady MOTOKIB
pOOIT 3 ypaXxyBaHHIM BUIUICHUX TEMIIOPAJIbHUX MPABHIL.

3anpornoHOBaHUM MIAXiJ Jla€ MOXIMBICTH 3 ypaxyBaHHSIM (HaKTHYHOTO
NOPSJKY BUKOHAaHHS poOIT Ha mianmpueMmcTBi moOynysaru mozeni BIT 3a ymoBu
BIJICYTHOCTI YITKO BU3HAYEHHUX [I1a0JIOHIB BUKOHAHHS.
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MMOBYJOBA JEPEBA PIIIEHD JJIS1 ITIOSICHEHD 3
BUKOPUCTAHHSM TEMIIOPAJIBHUX ITPABWJI
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IHTENneKTyanbHi CUCTEMHM 3HAWIUIM IIUPOKE 3aCTOCYBAaHHS IS MiJTPHUMKH
NPUHHATTS PillleHb B Pi3HUX rajiy3sx - BiJ MEAWIMHU 1O npomuciosocTi. I[Ipore
CKJIQIHICTh QJITOPUTMIB MAIIMHHOTO HAaBYaHHS NPUBOAMTH JIO TOTO, LIO IPOILEC
(hopMyBaHHS pillIEHb CTa€ HEITPO30PHM, a OTXKE 1 HE3PO3YMIJIMM JUIsl KOPHCTYBaUiB.
B pe3ynbrati 3HHKY€EThCS IOBipa 10 pe3yJIbTaTiB pOOOTH IHTEIEKTYalIbHOT CHCTEMHU
Ta YCKJIATHIOETHCS BUSBJICHHS NOTCHLIHHMX TOMHIIOK Yy Tporeci (opMyBaHHS
pimrenns [1].

Jus 3abe3medeHHs MpO30pOCTi Ta 3pO3YMUIOCTI POOOTH iHTEIEKTYaTbHHUX
CHCTEM KOPHCTYBaudi MOXYTh OTPHMATH MOSCHEHHS LIOAO MHpoLecy HoOyIOBH
piuens [2].

Taki mosicHeHHs MalOTh BPaXOBYBATH SK BXiJHI JaHi, TakKi 1 3aJ€KHOCTI MiX
JisIMU B mIporieci GopMyBaHHS pillICHHS.

OcraHHi MOXYTb OyTH BiZOOpaskeHiI y acleKTi 4Yacy 3 BUKOPHCTaHHIM
TeMOopanbHUX mpaBii [3].

MeToro 1onoBiai € po3podka miaxoay 10 moOy0BHU IepeBa PIllIeHb Ha OCHOBI
TEMITOpPaJIbHUX TPaBHJI, 10 BU3HAYAIOTh MOXKJIMBI MOCIIIOBHOCTI i 3 THM, 11100
OTPUMATH MOSCHEHHS LIONO Npolecy (GOpMyBaHHS pilleHb B iHTEICKTyaJbHii
CHCTEMI.

3anponoHOBaHUH MIiAXiJ MiCTUTh HACTYITHI €Taly: BUIUICHHS TEMIIOPAITEHUX
3AISKHOCTEH 3 OKypHaly NOAIH IHTEeJIeKTyalbHOI CHCTeMH; (OPMYBaHHS
TEeMIOPAIbHUX TPaBWII Ha OCHOBI y3araJbHEHHS TEMIIOPAJbHUX 3aJICKHOCTEH;
PO3paxyHOK Bar TEMIIOPAJIbHHX MPaBII; GOpMyBaHHS JAepeBa pillieHb VIS TOSCHEHb
Ha OCHOBI 3BRXEHHX TEMIOPAJIBbHUX ITPABUIL

IToGynoBa mMOSCHEHHS BHUKOHYEThCA HIIIXOM 00xony zaepeBa. OTpumane
MOSICHEHHST BpaxoBye 0araroBapiaHTHICTh mpouecy (OpMyBaHHs pIllIeHHS B
IHTEJIeKTYyaNbHIi cucTeMi Ta BinoOpa)kae JUHAMIYHI 3B'SI3KM MK JIisSIMH Y IIpolieci
OTPHUMaHHS pe3yJIbTaTy, OCKUIBKH TEMIIOPAJIbHI TPaBuiia BCTAHOBIIOIOTH JIIHIHUN
MOPSIIOK Y Yaci st map JAOBUIBHUX i, 110 BXOIATH 0 CKJIaLy JAaHOTO MPOIECY.
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NPEACTABJIEHHSI YIIOPAAKOBAHOCTI BXITHUX TAHAX
IIPU ITOBYAOBI ITIOSACHEHD B IHTEJIEKTYAJIBHIM CUCTEMI
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[IIupoke BUKOPUCTaHHS IHTENEKTYaJIbHUX CHCTEM B OCTaHHI POKHU IOB'S3aHO
13 BUMOT'OI0 111010 3a0€31eYeHHS ITPO30POCTi Mpoliecy GopMyBaHHS PillieHb TAKUMH
CHCTEMaMH Ha OCHOBI MOOYIOBM Ta BHKOpPHCTaHHS mOsicHeHb [1]. 3okpema,
aKTyaJIbHOIO 3a/]aueio € HaJaHHsS 3pO3YMUINX MOSICHEHb Yy Taly3sX, MOB'SI3aHUX i3
3JI0POB’SIM Ta OE3MEKOI0 JIF0JEH, 1€ MOMIJIKOBI PIIIEHHS MOXYTh HPUBECTH 10
cepiifo3Hux BTpar [2].

Icaytoui migxomu mo moOyMOBH IMOSICHEHb 30CEPEKYIOTHCS MEPEBAXKHO Ha
BUSBJICHHI KIIOUOBHX (DaKTOPIB BIUTUBY HA OTPHMAaHI B iHTEIEKTyalbHIH cHCTEMIi
pilleHHs, NMPOTe HENOCTATHBO YBarM HPUIUSIOTh aHali3y YHOPSAAKOBAHOCTI
BXiZHUX JaHuX. [IpoTe Taka ynmopsaKoBaHICTh MOXKE CYTTEBO BIUIMBATH HA TOYHICTb
HOSICHEHHSI Ta Ha HOTO 1HTEPIIPETallil0 KOPUCTYBaUEeM.

MeToro nomnoBiai € po3podka miAXoAy IO MPEACTABICHHS YHOPSIKOBAHOCTI
BXIIHUX [aHMX TIpd TOOYJIOBI TMOSICHEHh B IHTCJICKTYaJbHIA CHCTEMI 3
BUKOPHCTAHHIM TEMIOPAIBHUX IIPABHUIL

TemnopanbHi  npaBuwia  A03BOJSIIOTHE  (hopMaii3yBaTH  3HAHHS — IIPO
MOCJIIZIOBHICTh Ta B32EMO3B'A30K Y Yaci mofiit abo craHiB HiboBOTO mpouecy. Taki
NpaBUJIa MOXXYTh OyTH BUKOPHCTAHI IS IPEICTaBICHHS YIIOPSAIKOBAHOCTI BXiTHHX
Ta MPOMDKHUX [aHWX, HANPHUKIAA, JUIS OMUCY MOCTIIOBHOCTI CIIB y BXiTHOMY
pedeHHi a00 MOPAIKY BUKOHAHHS Aii y MPOIeci NPUHHSATTS PilllCHb.

3anporoHOBaHEe  MPEACTABICHHS  MICTHTh  MHOXHHY — TEMIIOpPaJbHHX
npasui [3], 110 BU3HAYAIOTH YHOPSAKOBAHICTh JIJIsI TIAP €JIEMEHTIB BX1JIHOrO HAOOPyY
naHux. [IpaBuiia BU3HAYAIOTh BiJHOLICHHS JiHIHOTO HOPSAKY SIK JUTS OCIIiTOBHUX
€JIEMEHTIB BXIMHUX JaHUX, TaK 1 JJIsI €JIEMEHTIB, MK SKAMH PO3MIIICHI 1HIII
eneMeHTH. Bara mpaBui BH3Ha4ae CTyMiHb BIUIMBY YIOPSIKOBAHUX Hap BXIAHUX
JIAaHUX Ha PIlICHHS IHTEJIEKTYalbHOI CUCTEMH.

BukopucTaHHs TEMIOPAIILHUX TPABHII JUIsl IPEICTABICHHS YHIOPSIKOBAaHOCTI
BXIJJHMX JaHUX CTBOPIOE YMOBH JUIs MiZBHUIIEHHS TOYHOCTI MOSICHEHb 338 PaXyHOK
iHpopMalii Ipo B3a€MHe PO3TalllyBaHHS €JIEMEHTIB HA0OpY BXIIHUX JIaHUX.
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InrenexryanpHi  iHQoOpMaliiHi  cucTeMd  (QOpPMYIOTH  pillleHHA 3
BUKODHCTAHHSIM SIBHUX Ta HESBHHX 3HaHb. [IpoTe uepe3 CKIIaJHICTh AITOPUTMIB
MAIIMHHOTO HAaBYaHHS, SIKI BHKOPUCTOBYIOTHCS B IIMX CUCTEMAaX, NPOLEC IPUUHSTTS
pillleHp YacTo 3aJMIIAETHCS  HE3PO3yMIIMM  JUIi  KopucTyBawiB. JlaHa
HEBI/IMOBITHICTh MOKE TPU3BOAUTH JI0 3HUKCHHS JIOBIPU JI0 PE3yNbTaTiB POOOTH
IHTEJIEeKTyalnbHOI CHCTEMH. TOoMy B TaKMX CHCTEMax BHKOPHUCTOBYIOTHCS
nosiciennst [1]. st 3a0e3nedueHHs 3p03yMiNIOCTi pillleHb JOIIBHO Y3TOKYBaTH
MOSICHEHHS. 3 MEHTAIBHHMH MOJEIISIMH KOPHCTYBauiB, TOOTO iX BHYTpIIHIMH
VSIBICHHSIMH TIPO poOoTy cuctemu [2]. Y mporieci y3ro/KeHHsT KOPUTYEThCS HaOip
BXIJHHUX JaHUX JUIT MEHTAJIBHOI MOJIET KOPUCTyBaya.

Metoro nomoBiai € po3poOka MiAXOAy IO NONOBHEHHS BXIJHHX NAaHHUX Yy
MEHTaJIbHIA MOJIET KOPUCTYBaya IHTENEKTYalIbHOT CUCTEMH JIJIsI CTBOPEHHS OLIBII
iHpOPMATUBHUX Ta 3pO3YMIJIMX MOSCHEHB.

3anponoHOBaHUN MiAXiJ NOJIATae Yy BUKOPUCTaHHI HEPEIEBAaHTHHUX 3 TOYKH
30py KOpUCTyBadya 3HAUCHb BJIACTUBOCTEW DIlIEHHS IHTEJICKTYyalbHOI CHCTEMH 3
TUM, LI00 BCTAHOBUTH OOMEXEHHS II0JI0 MHOXXHHHM JOIyCTUMHUX DillIeHb.
JlonOBHEHHS Ja€ MOXKIIMBICTh YTOUYHHUTH Oa’kaHe PIIICHHS 3 ypaxyBaHHSAM BXITHUX
JTAaHWX, K1 He OyJIM BpaXoBaHi B MOYATKOBi MEHTANBHIN MOETI KOPHCTyBaya.

Hanpuknan, 3a 10moMororw pekoMeHIaliiHOiI CHCTEMH BHPILIYEThCS 3a7ada
MOITYKY cMapT(OHY 3 IEBHIMH XapaKTepUCTUKaMU (po3Mip eKpaHy, 00'eM TaM'sTi,
miHa). Ha ocHOBI aHai3y BIATYKIB iHITHX MOKYIIIB MOKHA JOAAaTH JO MEHTaIbHOT
MOZeNi  JOAATKOBI  XapaKTepUCTUKH (HarpiBaHHS HOPHCTPOIO, HENOCTAaTHS
TPHUBAJICTh aBTOHOMHOI pO6OTH), SIKi BiTOOpaxaroTh HEMOMIKA IEPBUHHOTO BUOOPY
Ta He OyJIM BpaxOBaHI y MEHTaJIbHIH MOJENi KOpUCTYBaya.

TakuM 4MHOM, 3alPOIIOHOBaHMM MIAXIA JO3BOJISIE BPAXOBYBaTH MOTEHIIIHI
HeraTHUBHI aCIEKTH PIllIeHHsI Ta CHPOILILy€e HOro BUOIp 1 3aCTOCYBaHHSI.
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MOSACHEHHS JIOKAJIbHOT'O PIBHSA JIETAJIIBAIIIL U1 IIPOIIECY
®OPMYBAHHS PIINEHD B IHTEJEKTYAJILHIA CUCTEMI

Yamuit C.®D., Jlemuncekuii B.O.
XapKiBCHKUH HAIIOHAIFHUH YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaiHa

Inrenexryanbai inpopmaniiizi cucremu (IIC) mmpoko BUKOPUCTOBYIOTHCS ISt
BUPIIICHHS CKJIaJHUX 3aBJlaHb, 30KpeMa y TaKHUX Tally3sx, sK MEIHMLHHA, (iHAHCH,
MPOMUCIIOBICTb.

OnHak 4epe3 3aCTOCYBaHHS JITOPUTMIB MAIIMHHOTO HaBYAaHHS I CHCTEMH
YacTO € HENPO30PUMHM JUII KOPHCTYBadiB, IO MOXXE BHUKJIMKATH HEIOBIpy 10 X
pilIeHb Ta IPUBECTH 10 YCKIIAIHCHHS BHSBICHHS Ta BUIIPABJICHHS HETOYHOCTEH y
nporieci mo6ymoBH pimrens [1].

Juis nigumeHas npo3opocti podotu I1C BaxmBo 3a0e3meunTi KOPUCTYBadiB
3pO3YMIIIMHU MOSICHEHHSIMH 111010 TIpotiecy ¢opmyBaHHs piteHb [2]. [ToGynoBa
TIOSICHEHb € aKTyaJIbHOIO SIK JJISl 30BHINIHIX KOPUCTYBadiB (KIHIEBUX CIIOKHBAYiB
pillIeHb), TaK i IS BHYTPIIMIHIX KOPUCTYBadiB (KOMaHAHX IiITPUMKHA Ta aHATITHKIB),
AKi MOTPEOYIOTh TIMOLIOro PO3yMiHHS KIIOYOBHMX €TaliB JaHOTO IPOLECY JUIs
HOJTTIIICHHST pOOOTH IHTENEKTyaIbHOT cuctemMH [3].

MeTorw momoBimi € po3poOka MojeNi MOSICHEHHS JIOKAJBHOTO piBHS
Jeranmizaiii aus  BUSIBICHHS OOMeEXeHb Impouecy (opMyBaHHS pilleHHS B
IHTEJIEKTYyaNbHIi CHCTEeMI.

B nomoBizi npencTaBieHo YIOCKOHAICHY MOZEIB IOSICHEHHS Ha JIOKaIbHOMY
piBHI getamizamii mporecy GpopmyBaHHs pimeHHs. Mojens 6a3yeTbes Ha iHTerparii
TEMIOPATbHUX 3aJIC)KHOCTEH, IO BH3HAYAIOTH JIHIWHY TIOCHIIOBHICTE Iii, y
Kay3aJbHI IpaBUIIa-00OMEKECHHS, SKi 3a7af0Th 00O0B'SI3KOBI i (a00 MOCIiTOBHOCTI
Iiit) s BCiX BapiaHTIB mporecy (GopMyBaHHS pimieHHS. [10sSCHEHHS Ha OCHOBI
Kay3aJIbHUX MPaBWI JAIOTh MOXJIMBICTh BHUSABIATH Iil, SIKI MOXYTh OOMEKYBaTH
HOpManbHe (YHKIIOHYBaHHsS IHTEJEKTyanbHOi iHQopmamliiiHOT cucTeMu Ta
MPU3BOJUTH IO HEKOPEKTHUX PillleHb Li€] CUCTEMH.

TakyM 4YMHOM, BUKOPHCTaHHS TEMIIOPAIBHHMX 1 Kay3aJbHUX 3alIe)KHOCTEH
JI03BOJISIE BUSIBIISITH NIPOOJIEMHI Miclisl B Tiporieci GopMyBaHHS PillIeHHS i CTBOPUTH
YMOBH ISl MiIBUIIEHHS €)EKTUBHOCTI pOOOTH IHTEIEKTYalbHOI CHCTEMHU
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MOXKJIABOCTI BAKOPUCTAHHSA HEUPOHHUX MEPEXK JIUISI ATAK
HA MYJIBTICEPBICHI MEPEXKI

Iopormrerko A.I., KoBanenko A.A., Bycios I1.B.
XapKiBCHKUH HAIIOHAIFHUH YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaiHa

3acTocyBaHHSI HEHPOHHHMX Mepex y KibepaTrakax Ha MYJIbTHUCEPBICHI Mepexi
Hapa3l He € 3Hauyllol0 3arpo30l0 Ui 3aXHCTy JaHUX, NpPOTe LSl TEHJCHIIS
3aCIIyroBy€ Ha yBary. TexHOJIOTI] IITYYHOTO IHTEJEeKTY, 30KpeMa HeHPOHHI MEepexi,
MOCTYIOBO IHTETrPYIOTHCS B METOM Kibeparak, 10 MOX€e YCKJIAJIHUTH BHUSBICHHS
Ta 3amobiraHHs 37104yMHHUM JisM. CydacHi HEHPOHHI Mepexi, BOJOAIYH
3MATHICTIO O0poOIATH Ta aHAm3yBaTH BENWKI OOCITH JaHWX, MOXYTh
BUKOPUCTOBYBATHCS IUIA aBTOMATH3aIlil aTak Ta TeHepamii miapoOiIeHoro
MepekeBoro Tpadiky, o MOXKe YCKIAIHWUTH Iiepenady IaHux y mepexi [l].
BuBueHHS MeXaHI3MiB, 32 OTIOMOTOIO SKUX HEWPOHHI Mepeki MOXKYTh IMITyBaTH
JIETITAUMHY TIOBEHiHKY, IO3BOJHUTH PO3POOUTH €(EKTUBHIMII CHCTEMHU BUSIBICHHSI
aHOMAJIH Ta 3aXUCTY.

MeToro nomoBiAi € OCITIIPKEHHS MOXJIMBOTO BHKOPHCTaHHS HEWPOHHHUX
MEpeX Ta WITYYHOTO IHTENIEKTY AJIsl arak Ha MYJIbTHCEPBICHI MEpeXi 3 METOI0
YIOCKOHAJICHHS MEXaHi3MIB BUSBJICHHs aHOMaJIii Ta 3aXUCTY.

B nomnoBizi HABOAATHCS pe3yNbTaTh aHaJi3y MOTEHIIHHUX 3arpo3 Ta CLeHapiiB
BUKODHCTaHHS HEWPOHHMX Mepex y Kibeparakax. HeHpoHHI Mepexi MOXYTh
BUKOPUCTOBYBATHUCS JUIS aHaNi3y Ta onrumizaiii DDoS-atak, ctBopeHHs Tpadiky,
SIKUH BUTTIsAAAE JeriTuMHUM Ut cucteM [IDS/IPS, a Takox A7t aTak Ha allrTOPUTMHU
mmdpyBaHHs, aTak Ha SKICTh OOCIYTOBYBaHHS MEPEXi Ta aHalli3y MOBEAIHKOBUX
MaTepHIB KOPUCTYBAYiB y MYJIBTHCEPBICHUX Mepekax. HaBeneHi qaHi MOKa3yIOTh,
110 iHTErpamnis ITYYHOTO IHTEJIEKTY B METOIM aTaK MOXKE 3HAYHO ITiABUIINTH IXHIO
e(eKTUBHICTb, II0 BHMara€ BJIOCKOHAJICHHS ICHYIOUMX CHCTEM Oe3IeKH.
Hes3Baxaroun Ha Te, IO CIIOCTEPIraeTbcs 3pOCTAHHA IOMYJISIPHOCTI CIIOCOOiIB
3aXHMCTY MYJBTUCEPBICHMX MEPEX Ha OCHOBI BUKOPHCTAHHSI HEMPOHHUX MEPEX Ta
IITYYHOrO iHTENeKTy [2], 3aBXAM 3’SBJISIOTHCS HOBI 3acO0M arak, TOMY JIHIIE
MOCTIHUI MOHITOPUHT Ta IHHOBAI[T MOXYTh 3a0€3MEYNTH HAMIMHUI 3aXUCT Yy Mik
Oe3nepepBHiii 00pOTHOI.
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MOJEJII TA METOJHU EGEKTUBHOI'O YIIPABJIIHHA PECYPCAMHU
Y CUCTEMAX XMAPHUX OBYUCJIEHb

Bonk M.O., Byrpiit A.M., bpecrosuupkuii P.M., Copob6eii b.B., XKypasens [1.C.
XapKiBCHKUH HAIllOHAIFHUHA YHIBEPCUTET PadioeNieKTPOHIKH, XapKiB, YKpaina

XMapHi 00YHCIICHHsI CHOTOJIHI BBAXKAIOTHCSI TEXHOJIOTIEIO, sSIKa HaJla€ KOMIIaHIsM
MO>KJIMBOCTI JIMHAMIYHOTO YIPABJIHHS PECYpcamMM JUIsl JIOCSATHEHHS ONTHMAaIbHUX
pe3yJIbTaTiB 3 MiHiMizali€to BUTpaT. CUCTEMH XMapHUX 00YHCIIEHh MOXYTh MaTH Pi3Hi
apxiTektypu. JlesKi TOCIiHUKY MiJKPECIIOI0Th MepeBark LeHTPaTi30BaHuX MiIXOIiB
JI0 YIPABIHHS pecypcaMu, JIe CEpBep PO3MOAUIE PecypcH Mik By3namu. OmHaK i
CHCTEMH MaroTh OOMEXEHy MacIITabOBaHICTh 1 MEHII CTiiki g0 300iB. IHmii
JOCITI/DKEHHS MATPHMYIOTh aBTOHOMHE YIIPABIiHHSA Ha PIBHI KOXKHOTO BYy3Ja
(meueHTpai30BaHi CHCTEMH), IO MIIBHUIIYE MACIITA0OBAHICTh, alie MPU3BOIATH 10
TPYAHOILIB 3 KOOPIMHALIEIO MK BY3JIaMH, II0 MOXKE MPH3BECTH 10 HEe(HEKTUBHOTO
BUKOpPHUCTaHHS pecypcis [1].

OO0’ eTHaHHS IEHTPATI30BAHMX 1 JETICHTPAIII30BAHIX METO/IIB, SIK 3aIIPOTIOHOBAHO
B CYYaCHHX JIOCII/DKEHHSIX, J03BOJISIE OTPUMATH TlepeBard 000X MiJXOIiB, 30KpemMa
Kpallly CTIHKICTb Ta e)eKTUBHICTb 1 PU3BOAUTH A0 riOpHIHUX pimeHs [2]. KpiM mporo,
OCTaHHI JIOCII/PKEHHS! aKLIEHTYIOTh yBary Ha ONTHMi3allii eHeprocrioKUBaHHs Yepes3
aJlaNITUBHE YIPABIIHHI pecypcamMu [3. AJTOPHTMH, SKi BPaXOBYIOTb €HEPIeTHUHY
eeKTUBHICTb, NO3BOJIIIOTH 3MEHLIMTH BUTPAaTH Ha eEJICKTPOEHeprilo 0Oe3 BTpaTH
HPO/IYKTUBHOCTI.

MeToro 1omoBizi € po3podka e)eKTUBHUX IMIAXO/IB IO YIPABIIHHSI peCypcamMy B
XMapHUX CHCTeMaX 3 aKICHTOM Ha MacIITa0OBaHICTh, HAMIMHICTH 1 MiHIMI3aIio
eHeprocroxuBanHsa. OCHOBHA ies TIOJSTae Y BUKOPHUCTAHHI TiOPUIHOTO MiIXOAy 10
YIIPaBIIiHHS PECypcaMy, SIKM 0a3yeThCsl Ha IEHTPATI30BaHUX Ta JICHEHTPAII30BaHUX
MeToJaX 1 3a0e3rnedye THYYKHAH PO3MOiUT OOYHCIIOBATGHUX 3aBIaHb Ta e()eKTUBHE
BUKOPHCTaHHs pecypciB. TpaiuiiiiHi cTaTUyuHI MiAXOIM HE BPaXOBYIOTh JTMHAMIYHI
3MIHM HaBaHT)XEHHsI, 10 NPU3BOAUTH JIO 3aTPUMOK 1 BUCOKOIO €HEpPrOCIIOKUBAHHSI.
lOpunHe ympaBIiHHS pecypcaMd BKIIIOYA€ IIEHTPai30BaHy KOOPIMHALNIO JUist
BEJIMKHUX 3aBJIaHb 1 ICLIEHTPaIi30BaHe 0OCIyrOBYBaHHS JUIsl MEHIIIUX 3alTUTIB.
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MOJEJII TA METOIUN MOAEJIOBAHHSA
CUCTEM TYMAHHHUX TA KOPJOHHUX OBYUCJIEHDb

Bonk M.O., Byrpiit A.M., Kostyn €.B., Camoiinos I.A., 36oposcekuit M.M.
XapKiBCHKUH HAIIOHAIFHUH YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaiHa

OcTaHHIM YacOM CIIOCTEPITa€ThCs 3HAYHMK  EBOJIOLIIHMIA  PO3BHUTOK
iHpOpMAaIifHO-KOMYHIKallifHNX ~ TEXHOJIOTiH, 30KpeMa Tepexii BiJ OKpPEeMHX
KOMITIOTEpPIB 70 CHCTEM XMapHHX OOYHCIICHb. 3aBISKHA CTPIMKOMY PpO3BUTKY
TEeNCKOMYHIKaIiHOI TalTy3i 3'IBIJIHCS TOTYKHI IPUCTPOI, IKi MOXKYTh MiIKIFOUaTHCS
JI0 KOMIT'IOTEPHHUX MepeX B Oy/b-SKMI 4ac Ta CTBOPIOBATH IOTOKH BEJIMKHX JaHHX.
OnHUM 3 BOXKJIMBUX KPOKIB Yy Il eBoJIroLil € TexHoJorist 5G, sika He TUTbKHU MITPUMye
0e31poTOBE MIJKIIOYEHHS, aje I IpPU3BOJAMTH JO PO3BUTKY 3aCTOCYBaHb, IO
MOTPEeOYIOTh BUCOKOT 0OUMCITFOBAILHOT MPOTYKTHBHOCTI Y peaibHOMY 4aci. Bogrouac
3 IUM, Y 3B'SI3KY 3 BEJIMKUMU 00CATaMU TAHUX, 1110 HAJICHJIAIOTHCS Ha 00OpOOKY y XMapy,
BUHUKA€ HEOOXIJHICTh HAONM3UTH OOYHUCITIOBAIBHI pPECypcd [0  KIHIIEBOTO
KoprcTyBada. Lle mpmsBeno mo mosBE HOBHX TexHOJoOriH, Takmx sk Fog m Edge
computing, SKi CTBOPIOIOTH MPOMDKHY JIAHKY MDK pO3IOJJICHIMH MPUCTPOSMH,
XMapol Ta KiHIeBUMH KopucTyBadamu [1]. Ili TexHomorii HaOmmKaroTh
00YHCITIOBAIBHI TIOCITYTH A0 MPUCTPOIB, IO JO3BOJISIE 3HAYHO 3MEHIINTH 3aTPUMKH Y
MOPIBHAHHI 3 TPAANMIMHIMKI XMapHUMH DIIICHHAMH, PO3BAaHTaXUTH JaTa-IICHTPH Ta
HaOIM3UTH pe3yIbTaTH OOUMCIIEHD 10 KOHKPETHOTO KOpUCTyBaya [2].

MeToro MOMOBINI € OOrOBOpEHHS MATEMAaTUYHHMX MOJCICH Ta METOMIIB
MOJIeJIFOBaHHsI cucTeM TyMmaHHHX (fog) Ta kopnoHHHX (edge) 0OuHCIIeHb 3 BEMKOO
KUIBKICTIO TYMaHHHUX HPHUCTPOIB 1 MOOLIBHUX BY3J1iB 00pOOKH iH(pOpMAIlii.

Hapasi icHye 3aBIaHHs THYy4YKOTO HAJIAIITOBYBAHHS MEPEKEBHX IapaMeTpiB,
TaKUX SIK KUIBKICTh BY3JIiB, IIBHJKICTB Iepe/iadi JaHUX, MOJIETi MOOUIBHHX MPUCTPOIB
Ta OOYHMCIIOBAdiB 3a7aHOl IMOTY)KHOCTi. 3ampOIOHOBAHI DIllIEHHS I CHMYJIAIIIi
SBISTIOTh COOOK0 IHHOBAIiNHY IUATGOpPMy Ui MOJCTIOBAHHS Ta YIIPABIIHHS
TYMaHHUMH, KOPAOHHAMHU OOYMCIIEHHSMH Ta MOOUTEHUMH XMapHUMH cucTeMamu [3],
SAKi  CIpSAMOBaHI Ha BHUPIMICHHS TPoOJIeM  e(pEeKTHBHOTO  BHKOPHCTAHHS
OOUYHUCITIOBAFHAX PECYPCiB Ta MIATPUMKA OOYHCICHb y TETEPOTCHHHIX PO3IIOIIICHIX
crcTeMax. MoJeni BpaxoBYIOTh SIK JPOTOBI, Tak i OE3IpOTOBI MEpexKi, IO Ta€ 3MOTY
BIIITBOPIOBATH peajibHI ClieHapil TYMaHHHX Ta KOPIOHHHX OOYHCIIEHb 3 BEIUKUMHU
MOTOKaMH JIaHKX.
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METO/M PO3IOJALTY PECYPCIB
Y CUCTEMAX XMAPHUX OBYUCJIEHb
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VY 1omoBil NpEACTaBIeHO OIS METOAIB YNpaBJiHHSA pecypcamy B XMapHHX
CEepe/IOBHIIAX 13 3aCTOCYBaHHSIM MAaIIMHHOTO HaByaHHs. Cy4acHi IOCIIKEHHS
ChOTOJIHI Y IIJIOMY 30CCpE/DKCHI Ha IO€IHAHHI eHeproeeKTHBHOCTI, Oe3MeKu Ta
niepenOaueHHs] HaBaHTa)KEHHS, BAKOPHCTOBYIOUM METOIM MALIMHHOTO HAaBYaHHS IS
TOJIIIICHHS YNPaBIiHHS pecypcaMu B XMapHHX cepefoBuinax [1]. OcHoBHOIO
poOseMoro € Hee(heKTUBHE po3MilIeHHs BipTyansHux MammH (VMP), mo Bene mo
TIEPEBUTPAT PECypciB 1 30UIBIIEHHS BHUTpPAT CHEPrii Ta MiABWINYE eKCIUIyaTamiiiHi
BUTpaTH JaTa-IIEHTPiB. AKTyalbHOIO 33/1auei0 Yy [aHiii o0Jacti € migTpuMka
MHAMIYHOTO OallaHCy MK €(eKTHBHICTIO BHKOPHCTAHHS PECYpCiB 1 3HIDKCHHSIM
CIIO>KMBaHHS eHeprii [2].

Meta ponoBigi. OCHOBHHII aKIICHT OTJISAY CyYacHHX IiIXOMIB O YIIPABIIHHS
pecypcaMu, BKIFOYAH0IH MOJIEII, 110 0a3yH0ThCsl HA MAITMHHOMY HaBYaHHI 1 aITOPUTMU
JUISL TIepe0aYeHHsT Ta PO3MOJALTy HABaHTAKCHHS, 3p00JeHO Ha Mirpariro VM mis
BUPILICHHS TPO0JieM NEepEeBaHTAXKEHHS Ta HEAOBAHTAXKEHHS CEPBEPIB, IO JIO3BOJISE
3HIDKYBaTH EHEProCIIOKUBAHHS 1 MiJBHUIILYBAaTH BHKOPUCTAHHS OOYMCIIOBAJIBHHUX
pecypciB.

Mogeni ympaBiiHHA pecypcaMH HAa OCHOBI TEHETHYHHX aJrOPUTMIB, PpOiB
YaCTHHOK 1 HEMPOHHMX MEpPEeXK JO3BOJIIOTH 3HAYHO MOKPAIINTH TPOIYKTHUBHICTH
XMapHUX CHCTEM 1 3HWKYBaTH €HEPrOCIOXKMBAHHA 33 PAaXyHOK JHHAMIYHOTO
yIIpaBJIiHHS POOOYNM HaBaHTAXKEHHSM. BHKOpHCTaHHS METO/IiB MAIIMHHOTO HABYAHHS
JIO3BOJISIE Tiepea0dayaTy MaiOyTHI BUMOTH JIO PECYPCIB 1 OMTHMI3yBaTH iX pO3NOALT Y
XMapHHUX cepenoBHInax. E(eKkTiBHe ynpaBiiHHSA pecypcaMH B XMapHHX CHCTEMax €
KJTFOUOBHM JUIsl 3a0€3MeUeHHs CTaOlIbHOI poOOTH J1aTa-1ieHTpiB. PO3BUTOK alroputmis
MPOTHO3YBaHHS Ta YIPABIIHHS PECYpCamMH JI03BOJISIE ITiBUIIMTH POLYKTHBHICTb,
3MEHILIUTH EHEProCIOXKMUBAaHHS 1 MIHIMI3yBaTH MOPYIICHHS YroJ TIpo SKICTh
obciayroByBanus (SLA)[3]. MaiiOyTHi JOCITIKEHHS MalOTh 30CEPEAUTUCS Ha
BJIOCKOHAJICHHI 1IUX JITOPUTMIB JUISl MyJIBTHXMAPHUX CEPEIOBHIII.
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ABTOMATH3ANIS ITPOLUECIB BIBHECY .
3A JOITIOMOT' OO0 IHOOPMANIMHUX TEXHOJIOI'TA

Hepes'sako KA., I'yk A.C.
XapKiBCHKUH HAIIOHAIFHUH YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaiHa

ABToMaTH3aIlisI 0i3HEC-TPOIIECIB 3a JOMOMOTO0 iHPOPMAIITHUX TEXHOIOT 1M
BiZlirpa€ KIIOUOBY pOJb Yy MiJBHIIEHHI e(EKTHBHOCTI Ta MPOJYKTUBHOCTI
oprasizauiil. BUKopucTaHHs Cyd4acHUX CHCTEM aBTOMAaTHU3allii 103BOJIsIE KOMITaHIsIM
ONTHMI3yBaTH PYTHHHI omepaii, CKOPOTUTH BUTPAaTH Yacy Ta PecypciB, a TaKOK
MIHIMI3yBaTH JIOJACHKUN (DaKkTOp y Ipolecax, TaKMX SK YNpaBIiHHS (hiHaHCAMHU,
00k, Jorictuka Ta ympasniHHS kKagpamu. ERP-cucremm (Enterprise Resource
Planning) Ta CRM-cuctemu (Customer Relationship Management) € mpukinagamu
TEXHOJIOTIH, SIKi JO3BOJIAIOT IHTETPYBATH BC1 aCTIIEKTH Oi3HECY B €MUHY TUTATHOPMY,
o chpoiye ynpaBmiHHA Ta KoHTpoib [1]. [rtyunwit intenexr (IUI) Ta
pobotm3oBaHa aBromarm3aiis mporeciB (RPA) € HOBUMH HampsMKamMH B
aBroMaTm3anii 6i3Hecy. LIl 3maTeH aHami3yBaTH BeMUKI OOCSATH TaHWUX, BHSABILATH
3aKOHOMIPHOCTI Ta HaAaBaTH PEKOMEHAALT TSl TPUAHATTS YIPaBIiHCHKUX PillICHb.
RPA no3Bossie aBToMaTH3yBaTh PyTHHHI 3aBAaHHA, Taki SK 00poOKa JOKYMEHTIB,
BBEJ/ICHHS JAHUX Ta YIIPaBJIiHHS 0a3aMH JJaHUX, 110 3HAYHO I IBUILY€ €)EKTUBHICTh
po6OTH CITIBPOOITHHKIB 1 3HHIKYE PUBUKH TOMUIIOK.[2]

MeToro nmomoBini € aHamiz cydacHuX iH(opMamiiHMX TEXHOJIOTIH, IO
BUKOPUCTOBYIOTHCS [I aBTOMATH3aIli1 Oi3HEC-TIPOIIECiB, Ta OIliHKA iIXHHOTO BILIUBY
Ha e(DEKTUBHICTD 1 KOHKYPEHTOCIIPOMOKHICTh OpraHi3amii.

Cnucok Jirepatypu

1. Muxaitno M.B. Cucremu ERP T1a CRM: IHTerpamis G6i3Hec-mporieciB st
ONTUMaBHOT MpoayKTUBHOCTI — KuiB: Bunasuuuwmii xim "bizuec IT", 2023. — 133 c.

2. Biracora O.M. IIII ta RPA B aBromarusamii Oi3Hecy: 3HWKEHHsS BHUTpaTr i
TOACKKUX oMIITOK — KniB: BunaBaumTo "ABromaru3zanis”, 2023. — 342 c. — (TexHika).

XMAPHI OBYUCJIEHHSA B YIIPABJIIHHI HNIAITPUEMCTBAMM:
ITEPEBAT'U TA PU3UKU

JIsmenxo B.O., I'yx A.C.
XapKiBChbKHH HaIlllOHAJILHUH YHIBEPCUTET pa/lioeNeKTPOHIKH, XapKiB, YKpaiHa

XMapHi 00YHCIIEHHS CTAIOTh HEB1/I'€MHOIO YaCTHHOIO CYy4acHOTO YIPaBIiHHA
MATIPIEMCTBAMH, HAIaI0YH MIUPOKI MOKIIMBOCTI I ONTHMI3allii Oi3HeC-TpoLeciB,
3HIDKEHHS BUTPAT Ta MiABHUIEHHSA THYYKOCTi. BuKopucTaHHS XMapHUX Mnatdopm
JIO3BOJISIE MIATNPHUEMCTBAM IIBHAKO MacImITalyBaTH peCcypcH, aBTOMAaTH3YBaTH
MpOIIeCH Ta 3a0€3MeYNTH TOCTYM A0 KPUTHYHO BaXKIIMBHX JTAHHUX 3 OyIb-5KO{ TOUKH
cBiTy. Lle 0co01MBO BaXKIIMBO IS MiIPUEMCTB, SIKi IParHYTh 3MEHIINTH BUTPATH
Ha 1HQPACTPYKTYpy Ta 30UIBIIMTH MIBUAKICTh pearyBaHHS Ha 3MiHIOBaHI YMOBH
puHKy [1]. OnHak BOpOBa)KEHHS XMAPHUX OOYHCIICHb TAKOXK HECE MEBHI PU3HKH.
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OCHOBHHM 3 HUX € TUTaHHS OE3MEKN JaHHUX, OCKUILKH 30epiraHHs KoHpieHITiHHOT
indopmarii Ha CTOPOHHIX cepBepax MOXE CTaTH MULIIO Il KiOdepartak. [HimmM
BUKIIMKOM € 3aJeKHICTh BiJl TOCTaYaJIIFHUKIB XMapHUX IIOCIYT, IO MOXeE
00MeXyBaTH KOHTPOJIb HaJl iHPPAaCTPYKTYPOIO Ta MaHUMH mianpuemctsa [2]. Kpim
TOTO, CIIi/I BpaXxOBYBAaTH MOJIMBI IPABOBI OOMEKEHHS, OB’ sI3aHi 3 Mepeaaucio Ta
30epiraHHsIM JaHUX Yy PI3HUX FOPUCIUKINAK, IO MOXKE CTBOPIOBATH JOJATKOBI
TPYIHOLII JJI MiXKHAPOJAHUX KoMmaHiit [3].

Mertot0 JIOTOBil € aHaji3 mepeBar i PU3UKIB BHUKOPHCTaHHS XMapHUX
O0YHCJICHbh B YIPABIIiHHI MiAMPUEMCTBAMH, a TAKOXX BHU3HAYCHHS KIHOYOBUX
ACTICKTIB, IO BILUTMBAIOTH HA YCIIIITHICTh X BIPOBAKCHHS.

Cnucoxk Jirepatypu

1. Cunopenko M.K. XmapHi TexHouorii B ynpasmiHHi mignpueMcrBaMu: [IBuaKICTS i
rHyuKkicts — Kui: BugaBanunii nim "IaHoBamii ta 6i3uec”, 2018. —311 c.

2. Kaprieako B.M. be3neka naHux y XMapHUX 0OYHCIECHHAX: BUKIMKA Ta pilieHHS —
Kuis: Bugasanurso "Ludposa 6e3mexa”, 2017. —299 c.

3. TaBputok O.C. IIpaBoBi acekT XMapHUX 004HcIeHb: FOpUCIUKIifHI 0OMEKESHHS
Ta BiINoBiAHICTh — KuiB: [HCTUTYT paBOBUX JocCiimxkeHs, 2021. —414 c.

BUKOPUCTAHHS MAIIIMHOI'O HABYAHHSA
B CUCTEMAX YIIPABJIIHHA

IToxkasziit K.O., Tumorienxo [1.0.
XapkiBChbKHH HallIOHAJILHUI YHIBEPCUTET pallioeNeKTPOHIKH, XapKiB, YKpaiHa

Mammane HaByaHHS (ML) akTHBHO IHTErpYETBCS B CYYacHi CHCTEMH
VIOpaBIiHHA, IO BiIKPUBA€ HOBI MOMKIIMBOCTI JJIsI aBTOMATH3aIlii Ta ITiIBHIICHHS
e(eKTUBHOCTI YIPABIIHCHKHX TMpOIeECiB. 3aBIsiku 3matHocTi ML anropurmis
aHANI3yBaTH BENHUKI OOCSITM JaHUX Ta BHSBIATH 3aKOHOMIPHOCTI, CHCTEMH
YIIPaBIIiHHSA CTAIOTh OLTBII afalITHBHIMH 1 3/[aTHIMH JI0 CAMOHABYAHHS, 110 J03BOJISIE
3HAYHO CKOPOTHTH JIIOACHKHUMA (QAKTOP 1 MiABUIIUTH TOYHICTH MPUIHATTS piteHs [1].

OnHi€er0 3 OCHOBHHMX TIIepeBar BHMKOPDHMCTAHHS MAIIMHHOTO HABYaHHS €
MOXKJIMBICTh TNPOTHO3YBaHHs MOJi Ha OCHOBI aHali3y iCTOpHYHMX JaHux. lle
JIO3BOJISIE MCHEDKepaM BYACHO B)KMBATH HEOOXIMHHX 3aXOfiB IS ONTHMI3allii
pecypciB, 3HIKEHHS PU3MKIB Ta MOJIMIIEHHS MPOIYKTUBHOCTI mignpuemcTBa. Kpim
Toro, ML Moxe OyTH BHKOpHCTaHE JJIsI PO3POOKM CHCTEM MIiATPUMKH HPUHHATTS
pilieHb, SKi HaJalOTh PEKOMEHJAIl Ha OCHOBI NMOTOYHUX YMOB i TEHJCHLIH, IO
HiJBUIIYE ONCPATHBHICTh Ta TOYHICTH YNpaBIiHCHKUX pimieHs [2]. TIporte
BUKOpHUCcTaHHs ML y cucremax ynpaBiiHHS Ma€ II€BHI BUKJIMKH, 30KpeMa IT0B’ sI3aHi 3
SKICTIO JaHNX, Ha SIKMX 0a3yI0ThCS AITOPUTMH. HexopekTHi a00 HEMOBHI JJaHi MOXKYTb
TPU3BOJUTH JI0 TIOMWJIKOBUX BHCHOBKIB, TOMY Ba)KJIMBHM € 3a0€3II€UeHHS] BUCOKOT
SKOCTI IaHUX Ta PEryJIsIPHOTO OHOBJIIEHHS Mojienel. Takoxk BaXIIMBOIO € mpobiema
"qopHOi CKpPWHBKH' — CKJIAIHICTh IHTepHpeTarii pimeHb, npuidHATHX ML
AITOPUTMAaMH, 10 MOXE YCKIIAJHUTH JIOBIpY [0 IIUX CHCTEM 3 GOKY KoprcTyBauis [3].
MeTor0 I0MOBiAi € aHANI3 MOXJIMBOCTEH Ta BUKJIMKIB BHKOPHCTAHHS MAITUHHOTO
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HaBYaHHS B CHCTEMAaXx YIIPABIIiHHI, & TAKOX PO3TIILS MPUKIIAIIB YCIITHOT iHTerpartii
ML y pi3HuX cdepax, TaKuX SIK BAPOOHHUIITBO, JIOTiCTHKA Ta (DiIHAHCOBHUI CEKTOP.

Cnucoxk Jirepatypu

1. Omiftnuk B.I. MamunaHe HaBYaHHS B MEHEIPKMEHTI: MOYKJIMBOCTI 1T aBTOMATH3aIi]
Ta MPUHHATTS pimeHs — Xapkis: Bunasauyiii xim, 2013. — 301 c. — (3ani3uuii Taro).

2. [Tomimyk B.O. IlporHo3Ha aHamiTHKa Ta ONTHMI3allis PecypciB 3a JIOMOMOTOO
MamgHHOro HaByaHHA — Oneca: Kuuraphs, 2007. — 143 c. — (OcBitai TexHomnorii).

3.IsanoBa O.M. IIpobiemMu BIPOBA/[PKCHHS MAIIHHHOTO HABYaHHS B CHCTEMHU
ynpasininas — Cymu: Kuaurapss, 2010. — 100 c. — (Ocgitai Texnomnorii).

MOJEJI I METOH OLIIHKHU MTPOJYKTUBHOCTI
IHO®OPMALINHUX CUCTEM

T'op6agos B.O., Xomomamii M.O.
XapkiBChKHUI HAIIIOHATBHUH YHIBEPCUTET padioelneKTpOHikH, XapKiB, YKpaiHa

[mKeHepHY NPOAYKTHUBHICTD MOKHA PO3TIANATH SK Habip METomiB It
HiATPUMKH PO3POOKH CHCTEM, OPIEHTOBAHMX MPOTATOM yChOTO JKUTTEBOTO IIMKITY.
TpanuuiliHo Oinbla YacTHHA PO3POOKU METOIB OLIHKH MPOJAYKTHBHOCTI Oyia
30Cepe/PkeHa Ha MPOAYKTHUBHOCTI amapaTHUX 1 mporpamMHux cucteM. CydacHi
METO/IM OIIIHKK MPOYKTUBHOCTI BIJHOCSTHCS HE JIAIIE O MPOCTHX CHCTEM, aje i
JI0 MEPEeX CHCTEM, CHCTEM KIIIEHT-CEpPBEp Ta IHIIMX MPHUKIJIAAIB CKIAIHUX CHCTEM.
CyyacHi METOAM OLHKM MNPOJYKTUBHOCTI aHANI3yIOTh Taki Iapamerpu
NPOJYKTUBHOCTI, SIK TIPOIMYCKHOI 37aTHOCTi, 4YacCy BiJTyKy, BHMKOpPHCTaHHS,
JIOCTYITHOCTI, HAIHHOCTI, Oe3rmekun, MacmraboBaHoCTi [1].

Meta poboTH € oOmLiHKa NPOMYKTHBHOCTI cepBepa 0a3i maHuX. Y Xomi
BUKOHAHHS POOOTH OYJI0 PO3pOOIICHO CTPYKTYPHY MOJETh B3a€MOJIiT KOMITOHEHTIB
KITI€EHT CEepBEpHOI MOJENi CalTy 1 3ampoNOHOBAaHO BHMOTH A0 iX Mojenel
CHUCTEMHOTO piBHA. bymm peamizoBaHi Taki 3amavi JOCTIIDKCHHS: DPO3pO0OJicHA
aHamiTHaHOI Moaeni cepBepy b/, [IpoBenena orinka mapamMeTpiB IpOXyKTHBHOCTI
aHamiTHYHOI Momenmi cepepy BJl, ekcneprMEHTanbHO BHU3HAYEHI BY3bKI MICI
cepepy b/, npoBeneHa oliHKa MapaMeTpiB MPOMYKTUBHOCTI iMiTaliiHOi Mozei
cepBepy b/l. PeanizoBaHo miaH OOUYMCIIOBAJHHOTO EKCIEPHUMEHTY 1 IPOBEIECHO
MOPIBHAUIBHUM aHami3 e(QEeKTHBHOCTI CalTy 3 BHKOPHCTaHHSIM aHATITHYHHUX 1
IMITAIHAX METOIIB MOJEIIOBaHHS Ha 0asi iMitariiHol cuctemu GPSS. Anamis
rpadikiB MMokaszaB, IO pe3yibTaTi aHATITUYHOTO 1 IMITAIIfHOTO MOJICIIOBaHHS
NPaKTHYHO 30iraroThcs. PesynbraTu mieli poOOTH MOXYTh OyTH BUKOPHCTaHi IUIst
NPOTHO3YBaHHA IIOKAa3HUKIB MPOJYKTUBHOCTI B KOMII'IOTEPHHX Mepexax,
HepeBipKky  JOCTOBIpHOCTI iH(opManii (abo mepeBipkH Ha HeCyNepeusMBICTb),
YIpaBIIiHHSA MEpeXaMH B pealbHOMY MacIuTadi yacy.

Cnucok Jitepatypu

1. TomameBcekuit B.M. Mognemosanns cucrem. —K.: Bugasauua rpyna BHV, 2005.
— 352 c.: in. ISBN 966-552-120-9
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METO/H NIABUIIEHHSA ITPOAYKTUBHOCTI PEHIEPHUHKY
B PEAJIBHOMY YACI 1JISA 3D-TPA®IKHA

Muwmmenxo O.P., Kpasuenko I1.0.
XapKiBCHKUH HAIIOHAIFHUH YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaiHa

Mertoau niABHUIIEHHS IPOAYKTHBHOCTI PEHJIEPHHTY B peajbHOMY 4aci it 3D-
rpadiky € OHUM 3 KITIOYOBHUX ACIIEKTIB PO3BUTKY CYYaCHHX KOMII'IOTEPHHX CHCTEM.
Cyuachi 3D-nonarku, oco0nMBO Bifeoirpu Ta Bisyasizauis, HOTpeOyIOTh BHCOKOT
IIBUJIKOCTI 00pOOKHU sl 3a0e3MeUeHHsI TUIABHOTO 1 PEaNiCTUYHOTO BiIOOpasKeHHS
rpadiku.

OmHrM 3 HaWOIMBII TOMMPEHWX METOMIB Ui IBOTO € BHKOPHUCTAHHSA
omruMmizamii meinepiB Ta cmpomeHHs reoMeTpii 00'exTiB [1]. Oxpim 1BOTO,
e(eKTUBHE 3aCTOCYBAaHHA pPI3HMX TEXHIK OCBITICHHS, TaKuX SK IOIEPEIHBO
oO4YrciIeHe OCBITICHHA a00 CIpPOIIEHI MOJENi OCBITICHHS, JO3BOJIE 3HAYHO
3MEHIINTH HaBaHTa)KCHHS Ha arapaTHe 3a0e3nedyeHHs [2].

MeTo0 a0moBiAi € JOCTIIKCHHS METOMAIB MiABHIICHHS MPOIXyKTHBHOCTI
PCHIEPUHTY B pealbHOMY 4Yaci, 10 JO3BOJSAIOTH 3HAYHO ITiBUIIUTH
MPOJIYKTUBHICTD 1 320€3MEUUTH Kpallly SKiCTh BioOpa)keHHs rpadiyHOro KOHTEHTY
0e3 3HauHOTr0 301NIBIICHHS BUMOT JI0 allapaTHUX PECypCiB.

Y po6oTi MpeaCTaBICHO PE3YIIbTATH AOCIIDKECHB PI3HIUX METOIIB ONTUMI3AIli1,
cepenl SKMX OOMEXKEHHs KUIBKOCTI TOJIroHiB, BukopuctanHsi LOD (piBeHb
JleTai3alii) Ta aganTUBHE CIIPOIICHHSI 00pOOKH TiHEH. 3aCTOCYBaHHS IUX METOMIB
JIO3BOJISIE  JIOCSATATH  3HAYHOTO 30UIBIIEHHA IIBHJIKOCTI DPEHICPUHTY IIpH
MIHIMATPHOMY BIUTHBI Ha SKICTh 300pa)KCHHS, IO POOUTH iX e()EeKTHBHUMH
pilICHHSM.

[IpoBeneHi eKkCHEpUMEHTH JEMOHCTPYIOTh, IIO IIi TEXHIKM 3HAYHO
MOJIETIIYIOTh OOYHCIIOBATIbHE HaBaHTaKeHHS Ha TpadidHmii mpouecop, 0coOInBO B
CKJIQIHUX CLIEHaX 3 BEJIMKOI KiJbKicTio 00'ekTiB. Bukopucranus LOD nae 3mory
3HW)KYBATH PIBEHb JeTajizauii A BijyianeHux o0'ekTiB Oe3 BTpaTH Bi3yallbHOT
SKOCTI Ha OJIM3bKUX AMCTaHIAX, a CIPOIICHHS TiHEeH 3a0e3neuye ONTHUMI3allilo
O04HMCIIeHHS CBITJIA Ta TiHEH y ClieHaX 3 IHTEHCUBHHMM OCBITJICHHSM. Y 3B'3Ky 3
I[UM, aKTyaJbHHUMH CTAalOTh MOMAJbBII JOCHTI[HKEHHS TEXHIK ONTHUMI3aIll, II0
MOENHYIOTh 1[I METOIW JUIS JOCSTHEHHS MAaKCUMAaJbHOTO pe3yJbTaTy MpHu
MiHIMQJIBHUX PECYpPCHUX BUTpATax.

Cnucok Jitepatypu

1. Barkovska, O., Shulinus, O., Rosinskiy, D., Lebodkin, Y., & Serdechnyi, V. (2023,
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BU3HAYEHHSI ONTUMAJIBHOI KJIBKOCTI CJIIB
IS IEHTH®IKALII KOPUCTYBAYA
B CUCTEMAX I'OJIOCOBOI BIOMETPIi

Bbonnapenko M.E.
XapKiBChbKHH HalllOHAJILHUI yHIBEPCUTET pallioeNeKTPOHIKH, XapKiB, YKpaiHa

CyuacHi pilleHHS 3aXWCTy JaHHX Ta JOCTYIly 0a3yloTbCs Ha OIOMETPHYHHX
o3Hakax JonuHU. OJHUM 3 KPUTEPIEM OLIHKK 3PYYHOCTI BUKOPUCTAHHS CHCTEMH €
MIBUIKICTh B3a€EMOAII KOpPHCTyBaya 3 CHCTEMOIO. UMM JIOBIIE TpHBae IIpoLEC
imeHTHdIKallii, THM OUTBIIE IIe MOXKE BIUTMHYTH Ha 3pyYHICTh KOPUCTYBaHHS CUCTEMOIO,
0COOJIMBO B CHTYaIlisIX, /I¢ Yac € KpUTUYHUM (aKTOPOM, HANPHKIIAL, Y OaHKIBCHKUX
orepamisix abo moctymi mo MemwdHOi iH(opwmarii. OnTrMmanbHa KUTBKICTH CIIB,
HEOOXimHUX I imeHTH(iKamii, TO3BOJISE CKOPOTHUTH Yac Ha aBTEHTU(]IKaIio 0Oe3
BTpaTH HAJIHHOCTI CHCTEMIL.

3HaxXOMKEeHHS OaNaHCy MDK KUIBKICTIO CIIB 1 piBHEM O€3NEeKH € KIIIOYOBHM
3aBIAHHSAM Yy CHCTEMaX TroyiocoBoi Oiomerpii. OnTUManbHa KiTBKICTB CIIB JI03BOJISIE
3a0e3neynTy HaAiiHUH piBeHb Oe3reku, BoAHoUac 30epiratoun MIBHIKICTD 1 3py4HICTh
BUKOPHCTaHHS CUCTEMH.

MeToro T0omOBiAi € po3poOKa METOMOJIONT BU3HAYCHHS ONTUMAIBHOI KUTBKOCTI
CITIIB y TOJIOCOBOMY 3pa3Ky JUIsl 3a0€3MEeUeHHsT MAaKCUMAIbHOT TOYHOCTI iaeHTH(IKAIIT
KOpHUCTyBaya IpH MiHiMi3alii yacy Bepuikallii B cucteMax roiocoBoi 6ioMeTpii.

AHaJi3 eKCIIepUMEHTANbHAX JaHUX JEMOHCTPYE, 0 ONTHMAJIbHA KUTBKICTh CIIiB
JUIL TOJIOCOBOI ieHTH(]IKalli KOMMBaeThCs B Mekax 5-8 cmiB. [Ipm BHKOpHCTaHHI
MEHIIIOi KIJIBKOCTI CIB 3HIKYETHCS TOYHICT PO3Mi3HABAHHS, NPH BHUKOPHCTAHHI
OLTBIIOT — 3pocTace yac Bepugikarii.

BaxneuMm € BpaxoByBaHH KUTBKOCTI MOo(heM. bilbIia KiTbKiCTh MO(eM JT03BOIIsIE
3MJIAJJUTH BIUTMB BUIAJKOBHX LIYMIB Ta CIIOTBOPCHb, SKi MOXXYTh BUHUKHYTH Iifl 4ac
3amucy rosiocy. OnTumanbHa KUTbKICTP MO(EM I KOXKHOTO CJi0Ba CKiIaia B
cepenHpoMy 3-5 Modem.
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METO/U BUSIBJEHHSI CHHTETHYHUX IIIPOBOK I'OJIOCOBHUX
3AIIMUCIB Y CUCTEMAX I'OJIOCOBOI IJIEHTU®IKALII

bonnapenko M.E.
XapKiBCHKUH HAIllOHAIFHUH YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaiHa

Y cy4acHOMY CBITi, Jle¢ TEXHOJIOTil CTPIMKO pPO3BHBAIOTBHCS, TEXHOJOTIT
deepfake cTaroTh HOBMM BHKIHUKOM JJIsI CHCTEM TOJOCOBOI ineHTudikarii. Llei
MIBUAKO 3POCTAIOYMI HANPSIMOK Yy Tajy3i IITYYHOTO iHTEJIEKTY JI03BOJISIE HE JIUIIE
HiApOOIATH TOJOCH JIIOJeH, ajie il TOTEHIIHHO reHepyBaTh Oyab-sKi 3BYKOBI
curHaiau. lle BiKpHBa€e MOXJIMBOCTI Uil 3JI0BXKHBaHb, CTBOPIOIOYM iMiTarlil
HPHUPOIHUX TOJOCIB, 1[0 MOXKE YCKJIaJHUTH BU3HAYCHHS aBTEHTUYHOCTI 3ByKOBHX
JAaHWUX Ta YCKIIATHIOE BiTOKPEMIICHHS PeaibHOCTI Bi mimpookw. [l 3abe3neueHHs
HAIHHOCTI TAKWX CHCTEM ICHYIOTH Pi3HI METOAW TEPEBIpKA Ha aBTCHTHUYHICTH
TOJIOCOBUX 3amHCiB. BukopucToByroun MeToad ()OPMAHTHOTO aHaji3y MOXHa
BHU3HAYHTH YHIKAIbHI XapaKTePUCTUKN MOBJICHHS, SIKi IPUTaMaHHi JTIOACHKiH MOBI.
BUKOPHCTOBYIOYH METOIH CIEKTPAIBHOTO aHAJi3y FOJIOCOBUI CHI'HAN IIPOPAXOBYE
PO3MOLT SHEeprii Ha PI3HUX YAaCcTOTaX, MO IHIAUBIAYAIBHO IS KOXHOTO MOBIIA i
JTO3BOJIsIE YHUKHYTH pOOOTH30BaHUX IMiPOOOK.

MeTtoro 0moBii € TPOBelEHHS EKCIEPUMEHTY ineHTHdIKail miapoOHUX
TOJIOCOBHX CHUTHAJIIB MOBJICHHS JIIOJIMHU 3HETEPOBAHUX 1HCTPYMEHTaMH IITYYHOTO
iHTenekTy. Jlnsg excrmepuMeHTy BHKOPHCTaHI TOJIOCOBI CUTHAlly 3reHepoBaHi
3aBmakn TexHonorisM Text-to-Speech (TTS), Voice Conversion (VC), TexHika
CIUTaHiCHHTY 1 MOHTaXY.

PesymbraT;  ekcriepuMeHTY TOKaszaiud, MO imaeHTH]ikamis MmigpoOiIeHnx
TOJIOCOBHX CHTHAJIB, 3rEHEPOBAHMX PI3HUMH METOAaMH, € MOXJIUBOIO, ale
e(EeKTHBHICT, PO3IMI3HABAHHSA 3aJIGKHUTh Bill BHUKOPHUCTOBYBAHOI TEXHOJOTIl
miApoOKU. YV MOJambIInX JOCHIIKEHHSIX MPOMOHYETHCS PO3pOOKa KOMOIHOBaHUX
METOJIB JJIs IIJBHIICHHS TOYHOCTI imeHTH(]iKamii CHHTCTUYHHX IiIAPOOOK
TOJIOCOBHX 3aIIUCIB.
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ANALYSIS OF DYNAMIC ROUTING ALGORITHMS
IN DECENTRALIZED NETWORKS

Tkachov Vitalii, Chepurna Iryna
Kharkiv National University of Radio Electronics, Kharkiv, Ukraine

Decentralized networks, such as TOR, Freenet, and 12P, use dynamic routing
methods that help ensure a high level of user anonymity by complicating the
identification of the source and recipient of data.

The use of multi-level encryption, such as «onion» or «garlic» routing, further
increases the security of these networks. At the same time, cryptographic processes
can lead to delays in data transmission, which negatively affects the overall
performance of the network.

The purpose of the work is aimed at the analysis of dynamic routing algorithms
in decentralized networks to increase the efficiency of data transmission. In
particular, attention is paid to the research of routing algorithms capable of achieving
an optimal balance between anonymity, security and performance.

The integration of overlay and decentralized networks, as in the case of TOR,
allows for a high level of security and adaptability of the network infrastructure.
Each node in the TOR network can function as a server, which provides dynamic
adaptation to changes in the network.

The use of overlay networks contributes to the protection of the physical
infrastructure and ensures the scalability of the system [1, 2].

One of the key elements of TOR network optimization is the accurate
measurement of the bandwidth of repeaters, which is used to balance the load and
predict the network's ability to handle increased traffic [3].

Dynamic routing protocols such as OSPF, 1S-I1S, BGP, and ZRP are common
in traditional networks. Scientific studies show that the use of OSPF and BGP
protocols in TOR-type networks can improve the speed of data transmission and
reduce delays [4].
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ANALYSIS OF FAULT TOLERANCE ALGORITHMS
IN MULTISEGMENT NETWORKS

Tkachov Vitalii, Mikhnov Yevgen
Kharkiv National University of Radio Electronics, Kharkiv, Ukraine

Fault tolerance is a determining factor in the effective operation of multi-
segment networks of medical institutions, which directly affects the stability of the
provision of medical services. In modern conditions of high network load and
potential threats, in particular, unauthorized access to medical data and power
outages, there is a need to implement solutions capable of minimizing the risks of
network infrastructure failures [1]. Such factors as delays in data transmission, a
significant volume of information flows and disruptions in energy supply can
negatively affect the timeliness and quality of medical care.

The purpose of the study is a comprehensive analysis of the factors that contribute
to the occurrence of network failures, as well as an assessment of methods of ensuring
fault tolerance of multi-segment networks of medical institutions, which will increase
the reliability of data transmission, optimize the use of network resources, and protect
the confidentiality of information. Achieving this goal involves the implementation of
a comprehensive approach that includes load balancing and virtualization of network
components aimed at ensuring high performance and security of the network
infrastructure [2]. The results of scientific research in this direction indicate that the
introduction of overlay networks allows for efficient distribution of network traffic
under conditions of limited physical infrastructure, reducing the risk of overload and
ensuring high stability and scalability of the system. The use of server clusters,
implemented with the help of software, ensures uniform load distribution, effective
backup of critical data and creation of alternative routes to maintain network stability
in case of component failures [3, 4]. Thus, the application of these methods increases
the fault tolerance of the infrastructure and ensures the necessary level of performance
and security of the network system, especially under conditions of limited physical
resources and possible power outages.
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A METHOD FOR ENHANCING THE RESILIENCE OF MULTISEGMENT
CORPORATE COMPUTER NETWORKS IN HEALTHCARE
INSTITUTIONS

Tkachov Vitalii, Mikhnov Yevgen
Kharkiv National University of Radio Electronics, Kharkiv, Ukraine

For multi-segment networks of modern medical institutions, a high level of
network reliability is critically important for maintaining the quality of medical care.
In conditions of limited resources and the possible destruction of infrastructure
caused by military conflicts and natural disasters, there are risks of failures
associated with interruptions in power supply, unauthorized access to confidential
data due to cyber threats, as well as delays or loss of data due to overloading of
network segments, which significantly affects the quality and possibility of
providing medical services [1].

Ensuring continuous access to critical data requires the implementation of
complex solutions to ensure fault tolerance of multi-segment networks [2]. The
purpose of this work is to develop a method of increasing the fault tolerance of multi-
segment networks in medical institutions, which requires the integration of physical
and software solutions to ensure the stable operation of the network infrastructure.

According to scientific studies in this field, the emphasis is on reservation
methods that provide duplication of network components, such as congestion
routers, switches, and communication channels.

The application of load balancing for uniform distribution of traffic is also
considered. The implementation of virtualization technologies and server clustering
contributes to system scaling, reduces delays and downtime, and also reduces the
overall load on the existing physical infrastructure. To ensure a high level of data
protection and integrity, as well as reliable remote access between segments, it is
advisable to use VPNs, which reduce the risks of unauthorized access to critical data
and information leakage [3, 4].

The use of monitoring systems in multi-segment networks makes it possible to
quickly respond to the detection of failures and warn of possible failures, which
minimizes downtime and increases the speed of network recovery.
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METO/U TECTYBAHHS TPOTPAMHOI'O 3ABE3ITIEYEHHS
TA IX AKTYAJIBHICTD

Cemxo B.B., Kpauenxo I1.0.
XapKiBCHKUH HAIllOHAIFHUHA YHIBEPCUTET PadioeNieKTPOHIKH, XapKiB, YKpaina

TectyBaHHSI MPOrpaMHOro 3a0e3NeUeHHsI — OJIMH 3 BXXJIMBHX €TaIlB pPO3POOKH,
IiJ] 4ac sIKOTO MPOBOASATHCS EPEBIPKHU IIPOTPAMHOTO 3a0€3IIEUECHHSI 3 METOIO BHSIBIICHHS
MOMMUJIOK Ta JieheKTiB. BoHO nae MOXIMBICTh NMEPEeKOHATUCS, IO JOJATOK IpaIoe
MPaBUJIBHO Ta BITOBIIa€ BUMOTaM KOpHCTyBauiB [1].

BukopucranHst cydacHHX METO/IIB TECTyBaHHS MOXe OyTH KPUTUYHO Ba)KIUBUM
TIiJT 9ac po3pOOKH MPOTPaMHOTO 3a0e3MeUeHHs, OCKUTBKH I03BOJISIE BUSBIITH OUIBIIICTD
TpoOJIEM IIie Ha eTarl po3poOKu.

Ha cporogni icHye 1Ba OCHOBHHMX MiIXOAW OO TECTyBaHHS NPOTPaMHOTO
3aCTOCYHKY: py4YHHI a00 aBTOMAaTH30BaHMii [2]. BoHM € MPUHIINIIOBO Pi3HUMH, KOKECH
3 SKHX Mae CBOI mepeBard Ta Hemoiiku. OIHAaK Ui JOCSTHEHHS BHCOKOI SIKOCTI
MPOrPaMHOTO 3a0e3TeUeHHs] BAKIMBO KOMOIHYBaTH IIi IIAXOAW 3 BHKOPHUCTAHHIM
PI3HMX METOAIB TECTYBaHHs, sIKi OXOIUIIOIOTh YCi acneKTH (yHKIIOHAILHOCTI
3acTOCyHKY. /Jlo HAWMNOIIMPEHINIMX METOMIB TECTYBaHHS HaJeXaTh MOyJIbHE
TECTyBaHHs, IHTErpalliiHe TECTYBaHHs, CHUCTEMHE TECTYBaHHS Ta TECTyBaHHS
npoaykTuBHOCTI. KoMOiHallis pi3HMX METOMIB TECTyBaHHS Ha KOXXHOMY 3 €TalliB
PO3poOKH 3a0e3nedye MOBHOTY NEPEBIPKU Ta BUCOKY SIKICTh JJOJIATKY.

MeTo10 10MOBINi € TOCIIDKEHHS Cy4aCHUX METOMIB TECTYBAaHHS NPOrPaMHOIO
3a0e3MeveH s Ta IX aKTyalbHOCTI B PEaNisiX ChOTOJEHHS. PO3rIsSHYTO pi3HI MeTomn
TECTyBaHHs, iX IEpeBard Ta HENOTIKH, a TAaKOXK OTPHUMAaHO PEKOMEHJAIli Iy
e(peKTHBHOTO BUKOPHUCTAHHSI TIiJT 9ac PO3POOKH.

B nmomoBizni HABOIATECSI OCHOBHI BIIOMOCTI PO iCHYFOUi METOAN TECTYBaHHS, 1X
KiTacu(iKarliro, a TAaKOXK JJaHi Ipo iX 3aCTOCYBaHHS pO3pOOHHKAMH Ta TECTYBaIbHUKAMHU
nporpamHoro 3abesmneuyeHns [3].

HaBezneHi maHi MOKasyroTh, 110 HAKOUIBII BHKOPHUCTOBYBAHMMH METOIAMH €
(yHKIIIOHAJIbHE TECTYBaHHsI, TECTYBaHHs iHTepdeicy Ta perpeciiiHe. BaxJinBo Takox
3a3HauMUTH, [0 HA CHOTOJHIIIHIN JIEHb ICHY€ Ha0Ip METO/B, sIKi B OLIBIIOCTI BUMAJIKIB
BBKAIOTHCS HEEPEKTUBHUMH Ta PIJIKO BUKOPUCTOBYIOTHCS. J[0 HUX MOYKHA BiJJHECTH
AyTCOPTHHIOBE TECTYBaHHsI Ta TAK 3BaHUII METO]] BICIBY IOMHUJIOK.
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AKTYAJIBHICTb BAJOCKOHAJIEHHSI METOJIB ITIPOIT'PAMHOT O
MOHITOPHUHI'Y TEXHIYHOI'O OBCJIYT'OBYBAHHS
HA EJJEBATOPHOMY KOMILJIEKCI

Mocroguit A.B., ITickapsoB O.M.
XapKiBChbKHH HalllOHAJILHUI yHIBEPCUTET pallioeNeKTPOHIKH, XapKiB, YKpaiHa

EneBaTopHi KOMIUIEKCH BiAIrpaloTh BaXKJIMBY POJIb y 30epiraHti Ta nepepooui
3epHOBUX KYJBTYp, OJHAK Ui 3a0e3MeueHHs ix Oe3nepeOiitHol poOoTH HeoOXiaHi
e(eKTUBHI METOIM MOHITOPHUHTY Ta TEXHIYHOTO 00CIYrOBYBaHHSI.

TpamuuiliHi migxomu xo0 o0OCIyroByBaHHs OOJlagHAaHHS, 3acHOBaHI Ha
HEePIOANYHNX OINIAAAX, YacTO HE BPAaxXOBYIOTh pEaJbHUH CTaH OONamHAHHSA, IO
MOX€ ITPU3BOIUTH JI0 IPOCTOIB, 3HIKCHHS MPOLYKTHBHOCTI Ta 0JATKOBHX BUTPAT.
Lle cTBOpIOE aKTyanpHy MoTpedy y BIPOBAKCHHI Cyd4aCHHMX MPOTPaMHUX PIlICHb
JUTS. MOHITOPHHTY TEXHIYHOTO CTaHy OONa HaHHS B PEXHMI peaqbHOro qacy [1].

MeTo10 10NOBIAi € OIIIAA CydacCHUX METOAIB IPOTrPaMHOTO MOHITOPHHTY, IO
3a0e3MeuyoTh MOXJIMBICTh MOCTIHHOTO 300pYy Ta aHami3y JaHWX 3 CEHCOpIB Ha
o0JiajiHaHHI eIeBaTOPHHUX KOMIUIeKciB. Bukopucranns iHrepuery peueit (IoT) ta
AQHAJITUKY BEJMKHX JAHHUX JIO3BOJISIE BIJICTEXKYBATH KIIIOYOBI MapaMeTpH, Taki sK
BiOpawisi, TeMmIiepaTypa, HaBaHTA)XCHHS Ha JBUIYHH Ta IHIII ITOKa3HUKH, IO
XapakTepu3yrTh crtaH TexHikd [2]. 1Ii gaHi 0OpOoOISIOTECS B PEKUMI PEabHOTO
Yacy, O JJa€ 3MOTY BUSBIISITH O3HAKH 3HOCY YM MOTEHLIHHI HECIIPABHOCTI 1IE 10
TXHBOTO KPUTHIHOTO PO3BHUTKY.

AnroputMu MamuHHOTO HaB4aHHs! (MH) 103BOISIOT MPOTHO3YBAaTH MOXKIIHMBI
MOJIOMKH Ha OCHOBI ICTOPHYHUX JaHUX PO poOOTy 0ONaTHAHHS.

Ile nae 3Mory mepeWTH A0 NMPEANKTHBHOTO OOCIYyrOBYBaHHS, KOJIH PEMOHT
BUKOHYETBCS 32 HEOOXITHOCTI, IO 3HIKYE BUTPATH 1 MiABHINYE €(DEKTUBHICTH
pOoOOTH KOMIIIEKCY .

BrockoHaneHHs: METOJIB MPOrPaMHOI0 MOHITOPHHIY IiIBUIILY€E TOYHICTD 1
MIBUIKICTh Peakilii Ha HECHPAaBHOCTI, 3MEHIIye PU3UK aBapiit i mpocrois [3]. Lle
pillIeHHS! I03BOJISIE ONTUMI3yBaTH BUTPATH, 301JIBLINTH TEPMIH CITy>KOU 001aIHAHHS
Ta MIIBUIUTH HAJIIHICTh €JIEBaTOPHUX KOMIUIEKCIB, 110 € OCOOJIMBO BOKIUBUM Y
Cy4acCHOMY arpapHOMy BUPOOHHIITBI.
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CYYACHI METOJI ONITUMI3AIII PYXY
MMPOMUCJOBUX MOBUIBHUX IIVTAT®OPM

T'opoxos JI.B., ITickapros O.M.
XapKiBCHKUH HAIIOHAIFHUH YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaiHa

Onrtumizaiss pyxy HIPOMHUCIOBHX MOOUIBHUX IUIATQOPM € KIIOYOBUM
(akTopoM MiIBUIIECHHS e(EeKTHBHOCTI Ta Oe3leKn Ha BHPOOHHMITBAX 1 CKianax.
3aBasiku  TakuM IulaTGopMaM  MOXIIMBO aBTOMAaTH3yBaTd TPaHCIIOPTYBaHHS
BaHTAXIB, 3MCHIIIMTH BUTPATH Yacy Ta MiJBUIIUTH TOYHICTh omnepaliiii. OCHOBHI
Cy4acHI METOIM ONTHMi3alii pyXy BKIIOYAIOTh ITOOYIOBY ONTHMAaJbHUX
MapIIpyTiB, YHUKHEHHS 3iTKHEHb, aJalTUBHE KEPYBAaHHA Ha OCHOBI IITyYHOTO
inTenexty (IL) ta Bukopucranus intepHery pedeit (IoT).

MeTo10 D0MOBiAi € OTIIAN CydacHHX METOMIB ONTHMI3alii pyXy MOOLTBHUX
wiaT¢opm, 110 CTAIOTh BAXXIIMBUM 1HCTPYMEHTOM ISl aBTOMATH3aLli1 CKIIAJICHKHX 1
BUPOOHWYHX TPOIECiB. 3aBIIKH TAKHUM TEXHOJOTISIM MOXIJIHBO JOCATATH OLIBIIOL
MPOAYKTHUBHOCTI Ta Oe3MeKH, Mo crpusie e)eKTUBHOMY BUKOPUCTAHHIO PECYPCIB i
3HIDKEHHIO BUTpaT [1].

[ToOynoBa onTHUMaibHUX MapIIPYTiB  3IIHCHIOETBCS 32  JOIMOMOTOIO
ITOPUTMIB, IO O3BOJISIIOTH 3HAXOJIUTH HANKOPOTHIMH HUIAX y CTaTHYHOMY
CepelloBHIL, Ta Kpalle MiaXOIITh JJIs AUHAMIYHUX YMOB, y SIKUX MOXJIMBI 3MiHU
mix yac pyxy. Lle nae 3Mory MoOiIbHUM Iu1aTopMam oOupaTH HaiieeKTHBHIINI
IUISX, HABITh SKIIO PO3TAIyBaHHS 00'€KTIB 3MIHIOETHCS B PEXKUMI pEaIbHOTO Yacy
[2].

Jus 3a0e3nedeHHss 0€3MeYHOT0 PyXy 3aCTOCOBYIOTHCS CHCTEMH YHHKHEHHS
3ITKHEHb, OCHAIIEH! JIa3epHUMM CEHCOpaMH, KaMepaMH Ta YJIbTPa3BYKOBHMH
JaT4rKkaMu. MeToA IITYYHOrO MOTEHIIaIbHOTO OIS JOJA€ IOAATKOBHI piBEHB
6e3nexy, (hOpMyIOUM HABKOJIO MEPEHIKoA "BiIITOBXYBaIbHI" 30HH, IO JO3BOJISIE
iaTgopmi 3MIHIOBaTH TPAEKTOPIIO AJIsl yHUKHEHHS 31 TKHEHb.

ApnanTtBHe KepyBaHHS Ha ocHOBi Il Ta peakTWBHI MeTOIU J03BOJSIOTH
wiatrgopMaM 3MIHIOBaTH HIBHAKICT 1 TPAaEKTOPiIO BIANOBIIHO 1O YMOB, a
inTerparisi 3 IoT 3abe3neuye MOHITOPHUHT 1 KOHTPOJb B peanbHOMYy daci [3],
MIIBUILYIOYH TIPOJYKTHBHICTB 1 O€31eKy onepartiii.
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HNIABUINEHHSA EOEKTUBHOCTI CUCTEMUA KEPYBAHHS BIIJIA

Pynagin A.€., [TickaproB O.M.
XapKiBCHKUH HAIlIOHAIFHUH YHIBEPCUTET PaliOCIeKTPOHIKH, XapKiB, YKpaiHa

EdexruBne kepyBaHHs OesminorHumu JiTanbHUME anapartamu (BITJIA) crae
KITIOYOBUM 3aBJIaHHSM, a/DKE BOHM 3HAXOJUITh IIMPOKE 3aCTOCYBAaHHS B CLIBCHKOMY
TOCIO/IapPCTBI, JIOTICTHI, 1HCIIEKIIAX Ta 000poHi. OnTHMI3alisi CUCTEMH KepyBaHHS
MiJBUIYE TOYHICTH Ta aBTOHOMHICTH BITJIA, a Takox H03BOJISIE PO3IMIMPHUTH iX
MO>JIMBOCTI y CKJIaJIHUX I HenepenOadyBaHnx ymoBax [1].

Metoio A0OmMOBiAi € O TEPCIEKTUBHUX HANPSMKIB - BHKOPUCTAHHS
AITOPUTMIB MAIIMHHOTO HaBYaHHS, M0 J03BOJLII0Th BITJIA aBTOHOMHO aHamizyBaTu
HABKOJIMIITHE CEPEIOBHUINE Ta MPUIMATH pillieHHs y peasbHOMY daci. BIIJIA 3MoxyTh
Ha OCHOBI TTOTIEPEHIX MOTBOTIB 0OpOOIIATH TaHi 3 CEHCOPIB, IO OTIOMAarae iM Kpare
OpIEHTYBATUCS y MPOCTOPI, YHUKATH MEPEIIKOA Ta aJaNnTyBaTH CBOIO TPAEKTOPIIO.
BukopucTaHHs HEHpOHHMX Mepex 3a0esredye IBHAKE OOpOoOIeHHS 300pakeHb 1
no3Boste BITJIA posmizHaBaTi 00’€KTH, IO CHpHsie OE3MeTHOMY BUKOHAHHIO TTOJHOTIB
HaBITh y CKJIQJIHUX YMOBaX.

AnanTvBHE YNPABIiHHS € BAXJIMBUM KOMIIOHCHTOM BJIOCKOHAJICHOT CHCTEMH
KepyBaHHs1, 1110 1o3Bousie BITJIA 3miHrOBaTH MapameTpy NosiboTy (LIBUIIKICTH, BUCOTY,
TPAEKTOPIIO) 3aJICKHO BiJ 30BHINIHIX YMOB (BiTep, Temmeparypa). lle 3Hmkye
CHEPrOCIIOKUBAHHS, ONTHMI3ye poOOTy Ta 3abe3neuye CTaOUTBHICTh 1 TOYHICTH
BUKOHAHHSA 3aBIaHb [2].

Iarerpamis TexHomorii intepHery pedeit (IoT) y cucremy kepysanas BITIA
JIO3BOJISIE CTBOPIOBATH Mepexi, e Kimbka BITJIA B3aeMoif0Th, OOMIHFOIOTBCS TAHUMU
Ta KOOPJIWMHYIOTh MapuipyTu. lle po3mmproe MOXIMBOCTI IJII KOMAaHIHHX MICiH,
TiIBHITY€E OS3MEKy IOJBOTIB Ta YHUKHEHHS KOH(MIIIKTIB MapIIPYTiB.

Cy4acHi MeTOIM KEepyBaHHS, TakKi SK aBTOHOMHA HaBiramis i HedpomepeskeBi
ITOPUTMH, POOJISITH POHU OUIBII CAMOCTIHHMMHM Y TPUHHSATTI PIillleHb 1 3HIKYIOTh
noTpedy y 30BHIMIHBOMY KOHTpOI [3].

L1i miiXo/¢ MiABHUIIYFOTh TOYHICTh, OE3MEKY 1 PO3MIHPIOIOTH ChEepr 3aCTOCYBAHHS
BIIVTA B aBTOMAaTH30BaHUX CHCTEMax. METONIB KEpyBaHHS € MEPCHeKTUBHUM
HanpsiMOM, SIKMi cripusie po3umpenHto cdepu 3actocyBanHs BITJIA y cyuacHnx
ABTOMAaTH30BaHHX CHCTEMaX.

Cnucoxk Jirepatypu

1. Teopis i npakTHKa 3aCTOCYBaHHs OE3MIIOTHUX JiTAIBHUX anapatis (IpoHiB) — KuiB:
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2. ®emoceeBa H. A. IlepcriekTHBHI Tamy3i 3aCTOCYBaHHS OE3MUIOTHHX JiTAIbHHX
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THTEJEKTYAJIbHI METOJIA BUSABJIEHHS AHOMAJITA B IT-
IHO®OPACTPYKTYPI 3A JOITIOMOI'OIO HH THUITY «TPAHC®OPMEP»

Muxaimigenko [.B.
XapKiBCHKHUH HAIllOHAEHUH YHIBEPCUTET paJioeNieKTPOHIKH, XapKiB, YKpaina

CyuacHi kopnoparuBHi IT-iHQpacTpykTypn BUMaraimoTh CTabiLIBHOCTI,
Oe3nepepBHOi onTUMi3amii Ta MBUIKOI peakiuii Ha moTeHuidHI 300i. TpaxumiiHi
CHCTEMH MOHITOPHMHTY HE 3aBXJY MOXYTb 3a0€3MeYNTH HEOOXiAHY aBTOHOMHICTB 1
caMOCTillHE KOPHUI'YBaHHS MapaMeTpiB y PeXHMi peallbHOrO 4acy, IIo 30UIblnye
PH3UK 3HKEHHS IPOLYKTUBHOCTI Ta IPOCTOIB.

MeTo1o 10n0Biai € po3poOKa aBTOHOMHOI CHCTEMH TSI BUSIBJICHHS aHOMAJIiH,
MIPOTHO3YBaHH MOTEHIIIIHAX MPOoOIIeM Ta ONTUMI3aIlil pecypciB y peaJbHOMY 4aci.
B nonoBini HaBOZATHCS peE3yNbTATH BHMIPIOBaHb, SKi IMIATBEPIKYIOTH, IO
3aIpONOHOBaHA CHcTeMa e()eKTUBHO BUSBIIsIE aHOMAIIT Ta Kopurye napametpu 1T-

1HPPACTPYKTYPH.

Anomanii CPU HaBaHTaxeHHs (BuABAeHi TpaHcgopmepom)

20 —— CPU Usage
& Anomalies

i M,ﬁw p M "

o 25 s0 75 100 125 150 175 200
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Pucynok 1 — Anomanii Busineni y CPU

CPU Usage (%)

Ha puc. 1 nokazano mpukiaau aHomaniii y CPU naBaHTaeHHi. UepBoHi
Kpallki T03HAYal0Th TOYKH 3 BUSBJICHAMH aHOMAIIsSMH, IO BIiAINOBIJAIOTh
KPUTHYHHUM BiJXWJICHHSM Bijl porHo3y. CucTtemMa CKIaJaeThes 3 TAKMX OCHOBHHX
KOMIIOHEHTIB: 30ip gaHuX, To0TO oTpuMaHHs MeTpuk CPU, BUsIBIICHHS aHOMATIH 3a
JOTIOMOTOI0 ~ MoJleNieli  TpaHcopmepa, OIliHKa  HMOBIPHOCTI  mpoOieM,
CaMOHAJIAIITYBAaHHA — aBTOMATHYHE HaJAIITYBaHHS MapaMeTpiB, KOPEKIis
HaBaHTaxeHHs [1].

BucHOBKHM: 3ampolioHOBaHa aBTOHOMHa cHCTeMa Ha 0a3i TpaHC(opMepiB
3[aTHa BUSBJIATH aHOMalii B peaJlbHOMY 4Yaci, MPOTHO3YyBaTH MOXJMBI 3001 Ta
ABTOMATHYHO KOPHUI'YBaTH [apaMeTPHd CUCTEMH, 3a0e3leuyloud  BHCOKY
e(eKTHBHICTh. BUKOPUCTAHHS IITYYHOTO iHTENEKTY [UISI MOHITOPHHTY JIO3BOJISIE
3HaYHO 3HM3UTH BuTpaTh Ha IT-miarpumky, 3abesmeuntd CcTabiIBHY pPOOOTY
iHGPACTPYKTYpH Ta MiABUIIUTH €(EKTHBHICTH BUKOPHCTAHHS PECYPCIB.

Cnucoxk Jirepatypu

1. Zhang Q., Yang L. T., Chen Z., Li P. A survey on deep learning for big data//
Information Fusion. — 2018. — Ne 42. — C. 146-157.
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PO3IIMPEHHST ®YHKIOIOHAJIY CUCTEMHA PO3YMHUU BYJIMHOK
JJI JIIOJEX 3 OBMEXXEHUMHA MOKJIIMBOCTSIMHA

[eperska €.0., bapkosceka O.1O.
XapKiBCHKUH HAIlIOHAFHUH YHIBEPCUTET paJioeNIeKTPOHIKH, XapKiB, YKpaiHa

Bunaxomu chOrozieHHS MiABUIIYIOTH KOM(OPT JIIOACTBA Ta PIBEHb OE3MEKH.
Jorisin 3a JOMalIHIMKA TBapHHAMHE, BHUPILICHHS €KCTPEHUX CHUTYyaliil 3 MoOyTOBHMH
NpHIaIaMH, KEPyBaHH OXOPOHHOIO CHCTEMOIO, TEMIIEPATYPOIO Ta BOJIOTICTIO MOBITPS
[1] anst BeMMKUX TPUMIIICHb paHIIIC HE BUAABAIMCS MOXJIUBUMHU 0e3 (Hi3UYHOro
BTpy4YaHHsl JIIOJIMHW, a 3apa3 II¢ HE3aJICKHHH Bl KOpUCTyBadya IPOLEC, SKUH
3a0€3MeUyI0Th CHUCTEMH PO3yMHOTO OYIOWHKY, SIK HEBiI €MHI YaCTHHH Cy94acHOTO
JKUTTA, TIOBS3aHI 13 TEXHOJOTiYHMM mporpecoM.Bemmki xommawii (Ajax, Xiaomi,
EcoFlow) ctBopunu BiacHi cucteMu 3 pisHIM (yHKIioHanoM. Hampukman, EcoFlow
MOXXE TICpEeMUKATHCS HAa Pi3HI JDKepella JKUBICHHS Ta CIIOKY€ 3a KUIBKICTh
BUKOPHUCTAaHOI eHeprii, Ajax — 3armo0irac BHHUKHEHHIO €KCTPCHUX CHUTYAIIiH i Ma€ OTHy
3 HalfKpallliX OXOPOHHHMX CHCTEeM, a Xiaomi - IIMPOKWI CIIEKTp Smart-Tpriazis,
iHTerparlito 3 rojgocopumu momiunukamu (Google assistant, Amazon Alexa). Ajax
Habarato Jopokya 3a Xiaomi, Ta B3araji He FHy4ka y BHOOpI €JIeKTPOKHUBICHHSI, K
EcoFlow. B cBow uepry y Xiaomi mnpoOieMd 3 KOHQDIICHIIMHICTIO IaHUX
KOPHUCTYBAa4iB, @ TAKOXK HasIBHI IPOOJIEMH, MOB’s13aH] i3 3aJIS)KHICTIO BiJl iHTETPOBAHOTO
nonatky Mi Home. Xoua EcoFlow i Mae eMHi akyMyJsiTOpH, 3aJ1€KHICTh BiJl TOTOAHHUX
YMOB POOHTH OCHOBHY II€peBary — HEAOIIKOM.

Mertoro podoT € po3umpeHHs (YHKIIOHATY cucTeM «Po3ymHHI OYyIMHOK
JUTs 3a0e31eueH s 3aMo0iraHHs eKCTPEHUX CHTYAIliH, TIOB’s3aHMX 13 3aXBOPIOBAHHAMH
ceplld, IMMABUINCHHS KOM(OPTY JFOACH MOXWIOro BIKy Ta JIOACH 3 OOMEXEeHHMHU
MokBocTAMH. [lepeBaramu 3arpornoHOBaHOTO PIIIEHHS € KOMIUIEKCHHH X, sSIKui
BKJIIOYA€ KOHTPOIh OIONOTIYHHMX TIOKA3HUKIB JIFONMHK, Bi3yaJbHE Ta aydiaibHe
OIIHIOBAHHS CTaHy KOPHUCTYBaYa Ta BiJTAJICHUIA aHaIi3 KOMAaH]I, sIKi MOXKYTh OyTH HajiaHi
TOJIOCOM, PyKaMH Ta O4YMMA 3JUlsl BUSBJICHHS IEPIIMX O3HAK CEPHO3HMX IMOpYILIECHb
POOOTH CepIIs Y JIFO/ICH TIOXHIIOTO BIKY a00 THX, 32 KM IOTPIOHO BUKOHYBATH Bif[aICHHUI
KOHTPOJIb. 3alpOIIOHOBAHE DIIICHHS Tepedadae PEaKilifo akTyaTopiB HA KOMaHIH B
PI3HUX MOJIATIBHOCTSIX, HAMPUKIIA] €KCTPEHNH BUKIIMK IIBUIKOI MEAUYHOI IOTIOMOTH Y
BHIIJIKy BUSBIICHHS CUMITOMIB iH(papkTy Miokapia [2]. B mopanbiiomy po3BUTKY
CHCTEMM IUIAHY€TbCS PpO3MIMPEHHS Ha HOBI KaTeropii Jmonell 3 OOMEXeHHMH
MO>KJIMBOCTSIMY 1 IHTErpartis 31 CIry>k0amy HOpSTYHKY.

Cnucok Jitepatypu

1. Liashenko, O., Barkovska, O., Al-Atroshi, C., Datsok, O., & Liashenko, S. (2019).
Model of the work of the neurocontroller to control fuzzy data from the sensors of the climate
control subsystem" smart house". International Journal of Advanced Trends in Computer
Science and Engineering, 8(1), 70-74. doi: 10.30534/ijatcse/2019/1281.22019

2. Kumar, A., Sharma, S., Goyal, N., Singh, A., Cheng, X., & Singh, P. (2021). Secure
and energy-efficient smart building architecture with emerging technology 10T. Computer
Communications, 176, 207-217. https://doi.org/10.1016/j.comcom.2021.06.003
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CHCTEMA TIIITPUMKH HABIT AT JIIOJIEM 13 BAJJAMH 30PY
Y TOPTIBEJIBHMX HEHTPAX

Jyuxo A.IL., Cepneunmii B.C.
XapKiBCHKUH HAIIOHAIFHUH YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaiHa

JlonuibHICTh aHaITi3y HABKOJIMIIHBOTO CEPE/IOBHINA, B SKOMY IepeOyBac JII0ANHA
i3 BaJaMu 30py, MOJATaE B TOMY, III0 30pOBa CHCTEMa 370POBOI JIFOJMHH JIO3BOJISIE
CIpuiiMaTH HAaBKOJMILIHI O00'€KTH, pearyBaTH Ha HUX Ta B3a€MOJISATH 3 HUMH, IO €
KPUTUYHO BaXKJIMBHUM JUTS 3[IHCHEHHS 0araThOX IOJeHHNX Oid. [lopymieHHs opraHis
30py HPH3BOAUTH JO 3HWKEHHS SKOCTI KUTTS, OCOONMBO Yy BENIMKMX MiCTax i3
YCKJIaHCHOIO HABITAIli€I0, 3HIKEHHS HE3aJIOKHOCTI Ta CaMOCTIHHOCTI JIOAWHHM, a
TaKO>X J0 3HKEHHS PiBHSA 3arajibHOI Oe3rekn. ToMy 3a/1ada CTBOPEHHS pOOOTH30BaHMX
MOMIYHUKIB 31 IITyYHUM IHTEIEKTOM a00 X Po3poOKa TEXHOJOTIYHHX PIlIeHb, SKi
3IaTHI 320e3MmednTi KOMQOPT, Oe3MeKy, MOOUTBHICTD Ta HEe3aJISKHICTh, 3AJTHIITAI0THCS
aKTyaTbHUMH. B po0oTi [1] 3ampormoHOBaHO CTBOPEHHS CHCTEMH IHTENEKTYalbHOTO
ACHCTYBaHH JIIOJLIM 13 BaJIaMH 30pY, SIKa, 3aBISIKA BUKOPUCTAHHIO METOJIIB IUTYYHOTO
30py, 37aTHA CYMPOBOXKYBAaTH KOPHCTYBa4ya Ha BYJIMIN Ta BIOMA, aHATI3YIOUM BXIiHI
JIaHi BUCOKOTO CTYTIEHS T€TepOreHHOCTI.

Merto1o 1aHoi po0OOTH € PO3IMIMPEHHS (YHKIIOHATY CUCTEMHU IHTEIEKTYalIbHOTO
ACHCTYBaHHS JIOAAM 13 BaJaMH 30py Ui 3a0€3MCucHHs OC3MCYHOrO Bi/BiTyBaHHS
o(1aiiH TOProOBUX IIEHTPIB, IO CIPUSAE PO3BUTKY OLIBII IHKIIFO3UBHOTO Ta JOCTYITHOTO
CYCHIIBCTBA Ta POOUTH MPOLIEC MOKYNMOK KOM(OPTHHM I JIOAEH 3 OOMEKCHHMHU
MOJIIMBOCTSIMH.

JonaTkoBoro (yHKIIEI0 € BU3HAYCHHS MICIE3HAXO/PKEHHS KOPHCTYBaua, IO
JIOTIOMArae y riiaHyBaHHI MApLIPYTiB 0 IYKaHUX MiCLb IPU3HAYEHHS a00 10 [IyKaHHX
TOJIMLIb i3 TOBApaMH Y BEIMKUX TOPTriBeNIbHHX IIEHTpaX. BU3HAUUTH MicTie3HAXOIKSHHS
kopuctyBaya y TL[ monomarae BOyaOBaHHIl B iHTeJIEKTyaJIbHOTO acucTeHTa Bluetooth
MO/TyJTb, CHHXPOHI30BaHHUI1 13 MOOUTLHUM 3aCTOCYHKOM, SIKHi 3a0e3Ieuye JOCTYI 10
inTepakTuBHOI Ludporoi kaptu (ILIK) TLI.

IK Brimodae faHi Hpo po3TallyBaHHS TOBapiB Ta 30HY OOCIyroBYyBaHHS,
JIOTIOMararouy CHCTeMi opieHTyBaTucs B mpoctopi. Bluetooth Beacon mitku marazuny
TAKOXX € CHUHXPOHI30BAHMMH 3 IHTEJIEKTyaJlbHUM AacCHCTEHTOM Ta  IepelaroTh
iHdopMmalilo PO po3TallyBaHHS TOPTIBENBHUX psifiB. Komu kopuctyBad mpoxoauTsb
noB3 Bluetooth masik, curaan 3 MiTKH i1eHTH)IKYEThCS, IepeaaecThest 10 MOOLTBHOTO
3aCTOCYHKY, Jie 00pOOJISIETHCST MapIIPYT JI0 UIyKaHOTO 00'eKTa.

Cnucok Jitepatypu
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METO/JM OHIHKH HAITPSIMY NOIJIAAY JIOJUHHU
B KOHTEKCTI LMS

Jlsamin S.A., Bapkoscbka O.10.
XapKiBCHKUH HAIIOHAIFHUH YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaiHa

JlucraHiiiiHe HaBYaHHS — BAXJIMBA CKJIAZ0BA HABYAJIBHOI CHUCTEMH YKpaiHU.
BukopucTaHHst TUCTaHIIITHOrO HaBUaHHS JI03BOJISIE 3a0e3nevyBaTy 3100yBadiB 3HAHb
BI/IMOBIZTHMM KOHTEHTOM, HaBiTh y HECHIPHUATINBHX YMOBAX, TAKUX SIK BIHCBKOBHI CTaH.
Jns po3poOKu 1 yHpaBuiHHSA [JUCTAaHIIMHAM HABYaHHSM ICHYIOTH BIJIOBIIHI
IHCTPYMEHTH, TaKi sIK CHCTEeMH ynpasiiHHs HaBdaHHsM (LMS) [1].

Ha manunit MOMEHT, BayKJIMBOIO OCOOJIMBICTIO JUCTAHIIIHHOIO HAaBYaHHS € HOT0
aJanTUBHICTH, IO BUPaXKa€ Mipy Y MPUCTOCOBAHOCTI CHCTEMH JI0 1HIWBIAYyaIbHUX
motped 3700yBadiB OCBITH. BUKOpUCTaHHS TEXHOJIOTII CTEKCHHS 3a MOTIIIOM Ta
aHaNi3y HampsMy Tomraay [2] [03BONsSE BOPOBAAWUTH [OJATKOBI EIEMEHTH
amantuBHOCTI B LMS, 30Kkpema, aHami3 MOy AO3BOJINTH IMIUIEMEHTYBAaTH
AaBTCHTHU(IKAIII0O 3a 30BHIIIHIMA XapaKTCPHCTUKAMH KOPHCTYBadi, a TaKOX
Mi/UTaIITOBYBATH I1iJ] PIBEHb 3HAHb KOHTEHT JJIsl MOTJIMOJICHHS 3HaHb B TEMax, JIe €
HEOOXI1THICTb.

MeToro nociizkeHHsI € aHalli3 METOMIB OLIHKM HAampsMKy MONISAY Y
cUCTeMaxX YIpaBJiHHS HAaBYaHHSIM Ta OLIHKA OCHOBHUX XapaKTEPUCTUK TaKHX
METO/IIB, @ TAKOXX CTBOPEHHS TOJATKOBHUX OCOOJHBOCTEH 1 (DYHKI[IOHATY CHCTEMH
KOHTPOJIIO 3HaHb 3 BUKOPHCTAHHAM METOJIIB OL[IHKH HANPSAMY TOTIISAIY.

3anpornoHoBaHa CHUCTEMa IOBHHHA BHUSBIISITH BHUKOPHCTaHHS CTYJCHTaMH
raJUkeTiB Ta CTOPOHHBOTO KOHTEHTY, 3a0e3ledyBaTd CTYICHTIB aJalTHBHUM
KOHTEHTOM TIiJI 9ac MPOXOKCHHS KypciB Ta 3a0e3MedyBaTH JOCTOBIPHICTH PiBHA
3HaHb CTYJICHTIB.

st iboro OyJie CTBOPEHO CHUCTEMY, SIKa BKJIIOYATHME MOHITOPHHT Ta OLIHKY
HAaIpsMKy 30py TECTOBAHOTO.

Takox, as 3a0e3MeUeHHs HAJC)KHOTO PIBHS aJalTHBHOCTI, Oyae CTBOPEHO
TaKi 0COOIMBOCTI SIK aBTEHTH(]IKALis 32 30BHIIIHIMU 0COOJIMBOCTIMH KOPUCTYBayYa,
HaJlaHH$ JIOJIATKOBOTO Marepially MiJ| Yac MPOXOJKEHHS 3aHATh y 3aJI€KHOCTI BiJ
IHIMBI/IyaJbHUX MOTPEO KOPUCTYBAya.

Cnucoxk Jirepatypu
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BITPOBAI’KEHHA TEXHOJIOTTYHUX PIIIEHDb
B CUCTEMY CYJAIBCTBA IIAXOBUX 3MATAHb

[IBauna M.B., Bapkosceka O.10.
XapKiBCHKUH HAIIOHAIFHUH YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaiHa

Ha cporosiHi BifieoHarsi Ha 3MaraHHsX 3 IIaxiB BEIEThCS 3 ABOMA LIUISIMU: T10-
nepie, o0 BUPINIYBATH CYNEPEYKH MDX IPaBISIMH, a TO-Apyre, o0 3a IaxoBUMHU
HOJISIMH MOIJIM CIIOCTEpIraTy Iiisiadil 3i BChoro cBity [1]. Bukopucranus TexHomnorii
Juist 3a0e3MeUeHHs] YECHOCTI TpU Ta BHUKIIOYEHHS TOTEHIIHHOTO InaxpaicTBa CTaio
BKpail B)XIMBHM, aie, NMpU [bOMY, HaBEJEHI TEXHOJOTIl He MaloTh IOPYLIyBaTH
TPUHIAITIB MPUBATHOCTI Ta €THKW IO BiJHOUICHHIO 10 TpaBmiB [2]. Bpaxomyroun
TPUBAJICTh TYPHIPIB Ta NPHUPONHY HEOOXITHICTH BiIBIAyBaHHA TyaleTy I dac
TYPHIpIB, MMUTaHHS CIHOCTEPEKCHHS 3a TPABLEM Ta BUKIIOYCHHS HUM BHKOPHCTAHHS
MOOUTEHHX TIPHUCTPOIB 200 IHINNX ENEKTPOHHHX IiIKAa30K Y HaBEACHOMY MICII cTae
aKTyaJIbHUM ITHTAaHHSM CaMe 4Yepe3 HEMOXIMBICTH BCTaHOBIIOBATH TaM KaMepu
BineocnocrepexeHHs. ToOToO 1aHa 30Ha Ma€ 3ATMILATHCS 30HOK 6e3 KaMep.

AKTyanpHICT TIpOOJIEMH TIAKPECTIOE 1 HEIIOAABHI BHMIAJOK IMij dYac
KOMaH/THOro 4yemmioHaty Icnianii, ne B Tyasnerti 3Haiiuum tenedoH. Ilicns kopoTkoro
po3citiyBaHHS B BHKOPHCTaHHI MiJIKa30K 3BHHYBATHJIN KOJIMIIHBOTO YKpPaiHCHKOTO
maxicra Kupuna [lleBueHka, xouya caM BiH BUHY HE BU3HAE.

Metoio po6oTH € po3poOKa TEXHOJOTIYHOrO pilleHHs, sike O 3abe3nedmio
HEMOXITHBICTH BUKOPHCTAHHS MOOUTEHIX ITPUCTPOIB a00 IHIIIX eIEKTPOHHUX IiJKa30K
y Oyap-SKifi 30HI TPOBENCHHS MIAXOBHX TYPHIPIB, HE MOPYIIYIOUH MPH [BOMY
NPHUBATHICTb T4 €TUYHE CTABJICHHS IO IPABLIL

JocsirHeHHs TIOCTaBJICHOI MeTH 0a3yeThCs Ha BCTAHOBIICHHI JATYMKIB BUSIBIICHHS
MOOUTBHMX TNPHCTPOIB y 30HAaX, J¢ BHUKOPHUCTAHHS KaMep BillCOCIIOCTEPSIKESHHS €
HeMOXJIMBUM. Lle cTBOpIOE OaltaHc MiXK 3aXHCTOM HEPCOHAIBHUX NPAB i 3a0e3eYeHHIM
YECHOCTI.

BnpoBajpkeHHs TaKMX TEXHOJIOTIH MiJTpUMae JIOBIPY IO pe3yJIbTaTiB TYpHIpIB,
JIOTIOMOXKE  320€3MEeUNTH  CIIPABEIMBICTh Ta TPO3OPICTh 3MaraHb, 3HWKYIOUH
MO>XJIMBICTh BHHHMKHEHHS MiIo3p y miaxpaiicTsi. [lopanblinmMyu KpOKaMH pPO3BHUTKY
3aIPOINOHOBAHOIO TEXHOJIOTIYHOT O PillleHHs! € r(epeHLIiallis eIeKTPOHHHUX PHCTPOIB,
SIKI HEOOXIiJJHI TpaBlEBl /Ul MIATPUMKH 370POB’S BiJl NPHUCTPOIB, SIKi MOXYTh OYyTH
PO3IIITHYTI SIK JOTIOMIXkHi 200 MIaXpaiChKi.
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MOJEJIb ABTOMATHU30BAHOI'O HABAHTAXKYBAJIBHOI'O
TECTYBAHHS IPOTPAMHHUX 3ACTOCYHKIB
3 BUKOPUCTAHHSAM METOAIB IITYYHOT' O IHTEJIEKTY

Pomanenko A.O., bapkosceka O.10.
XapKiBChbKHH HalllOHAJILHUI yHIBEPCUTET palioeNeKTPOHIKH, XapKiB, YKpaina

HaBaHTa)<yBaJibHE TECTyBaHHS IIPOrPaMHOI0 3a0€3IIeUeHHS BiJirpae BasKINBO
poIb chOrozHiI, 00 3a0e3neuye KOHKYpPEHTO3JaTHICTh 3aCTOCYHKIB, FapaHTyIO4H iX
pOoOOTY MiJ] BACOKUMH HaBaHTa)KCHHSIMU. J[MBJISIYUCH HA OLIBIICTH CEPBICIB, KOTP1
JIal0Th 3MOT'Y NPOBOJWTH HAaBaHTA)KyBaJbHE TECTYyBAaHHS, MOXKHA MOMITHTH, IO
OUTBIIICTE 3 HUX OPIEHTOBaHI HA JTOBTHI MPOIEC PYYHOTO HAIHMCAHHS TECTOBUX
MePEeBipOK, 10 00MeXKye TXHI0 e ekTHBHICTh. Bukopucrannas meronis 1111, 30xkpema
HEHPOHHUX MEpeX, Yy HABaHTAXYBAILHOMY TECTyBaHHI Mae 3Ha4HI IHepeBaru
3aBISKA aBTOMATHYHOMY BHSBIICHHIO NE(CKTiB, aHANI3Y BEIUKUX OOCATIB NaHMUX,
BU3HAYCHHIO 3aKOHOMIPHOCTEH 1 MOTSHIIHHKUX MPOOJIEM, a TAKOXX JO3BOJISE IBUIKO
3allyCKaTH YHCJICHHI CIIEHapii TECTyBaHHs, CKOPOUYYIOYH 3arajbHy TPUBAJiCTh
TeCcTOBOIO UKy [1].

Cepen iCHYIOUMX THCTPYMEHTIB JJIsl HABAHTAXXYBaJIbHOTO TECCTYBAHHS MOXHA
Buainutu Gatling, Locust, BlazeMeter, Artillery, k6, Tsung ToImmo, omHak ixHs
e(eKTUBHICTh 3aJEXHUTh BiJ| JOCBINy TECTyBaJbHHMKa Ta HOro kpaidikamii B
aBTOMAaTH3alii, NPaBWILHOTO CKJIaJaHHS] TECTOBUX HAOOpiB 1 HE3JaTHOCTI
BUKOHYBAaTH Oe3IepepBHE TECTyBaHHSI.

MeTo10 po0OTH € CTBOPSHHS MOJIEIi aBTOMaTH30BaHOTO HABAHTAXKyBaJIEHOTO
TECTYBaHHS NPOrPaMHUX HPOAYKTIB Ha ocHOBI meroxiB LI s posmmupeHHs
¢dyakmionany Apache JMeter, a Takox IJIs aHaJ3y MPOIXYKTHBHOCTI IPOTPaAMHOTO
3a0e3MCUCHHS.

OCHOBHHM De3yJIbTATOM CTaHE 3aCTOCYBaHHS KOMOIHALil reHepaTHBHHX Ta
3rOPTKOBHX HEHPOHHMX MEpeX Ul aBTOMAaTHU30BAaHOIO pO3Ii3HABaHHSI (OpM
peectpartii/agTopu3anii  [2], reHepamii gaHMX 1 MOOYIOBH  CICHApIiB
HAaBaHTAXXYBAJILHOTO TeCTyBaHHs. Lle /103BOJNMTH MOKpAIIUTH e(QEeKTUBHICTH
TECTyBaHHS Ta CKOPOTHTH Yac BUKOHAHHSI CILICHApIiB.

B paniii poboTm € BeNuKi NMEPCHEKTUBU SIK JUIs IJBHIIEHHS TOYHOCTI
HEWPOHHUX MEpEeX, 110 BUKOPHUCTOBYIOTHCS, JUIi aBTOMATHYHOTO PO3IMi3HaBaHHS
CKJIaIHIMX GOopM Ta iHTepdeiiciB, TaK i At po3poOKU aTanTHBHOI CHCTEMH, sIKa O
AaBTOMATHYHO Mi/IJIAIITOBYBajla CLEHapii HaBaHTA)XXyBaJbHOTO TECTYBAaHHS IIi[|
KOHKPETHI THIIH 3aCTOCYHKIB.
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METO/] BUBHAYEHHS BIICTAHI 10 JKEPEJIA 3BYKY
B CUCTEMI YIIPABJIIHHSA EJJEMEHTAMUA PO3YMHOI'O BYIUHKY

Kypnaes B.1., Bapkoscrka O.1O.
XapKiBCHKUH HAIIOHAIFHUH YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaiHa

lonocoBe ympaBmiHHA B "po3yMHHX OyauHKax" 3a0e3liedye NpocTy 1 3pydHy
B3a€EMOJIIF0 KOPHCTYBauiB 13 HPUCTPOSMH, ajle TOYHICTh 1 HIBUJKICTh peakiii Takoi
CHCTEMH 3aJIe)aTh BiJ] 31aTHOCTI KOPEKTHO BU3HAYATH MICLIE3HAXOKEHHSI KOPHCTyBaya
B npuMimenHi [1]. CydacHi miXoay O TOJIOCOBOTO YIPaBIiHHS MOXKYTh IpalFOBaTH
HE/IOCTaTHhO €(PEKTUBHO B yMOBaX OaraTOKIMHATHHX IPOCTOPIB a00 32 BUCOKOTO PiBHA
IIyMy, IO aKTyali3ye po3poOKy METOIB [T BU3HAUCHHS MiCIIe3HAXOIKEHHS HKeperna
3BYKy, SIK BaKJIMBOTO AaCTeKTy MiABHINCHHA €()EKTMBHOCTI TAKMX CHUCTEM. IcHyrodi
CHICTEMH TOJIOCOBOTO YTIPABITIHHS HAaJaCTIIIIe TIOKIIAJAl0THCS Ha XMapHi CepBICH, TaKi 5K
Google Assistant abo Amazon Alexa, sKi MATPUMYIOTh IIAPOKUHA CIIEKTP KOMaH 1
iHTerpamito 3 loT-npuctposmu. [IpoTe BoHM 3amexarh Bix IHTepHET-3’€MHAHHSA, a IXHI
ANTOPUTMH HE 3aBXKIW 37aTHI TOYHO BH3HAYMTH MICLIE3HAXOIDKCHHS KOPUCTYBada B
OaraTokiMHaTHOMY NpuMileHHi [2]. Lle 00MerKye MOXKITBOCTI alaTHBHOT'O YIPABITIHHS,
a TAKOYK 3HIKYE e(DEeKTHBHICTb 1 HAIIIHICTh CHCTEMH.

MeToro po6oTH € po3poOKa METOy BU3HAUCHHSI BIICTaHI JI0 JKEPEa 3BYyKY [T
MIBUIICHHS TOYHOCTI Ta €(EKTHBHOCTI TOJIOCOBOIO VIPABIiHHS ClIEMEHTaAMU
PO3YMHOTO OYIIMHKY.

3aBmaHHS MOCIIDKEHHS BKIFOYAIOTH aHANI3 iCHYIOUMX METOIB TO3UIIiFOBAHHS
3ByKy Ui BHOOPY ONTHUMAIBHUX PIillleHb, PO3POOKY MATEMaTHYHOI MOJENi Uit
BU3HAYCHHS BIJIICTAHI HA OCHOBI 4Yacy NpPHUOYTTS 3BYKOBUX CHIHAJIB, JOCIIIHKCHHS
MokHBocTeH peanizatii MeroziB Time of Arrival (ToA) 1 Time Difference of Arrival
(TDoA) mst 3acTocyBaHHS B YMOBaX "po3yMHOr0 OyIWHKY'; pO3poOKY i TeCTyBaHHS
MPOTOTHITY CHCTeMH Ha 0a3i martgopmu Arduino. J{7s TOCSTHEHHS OCTaBICHUX IIiIeH
3aMpONIOHOBAHO BUKOPUCTOBYBaTU MeToll TDOA, sikuii Jae 3MOTy BH3HAYATH BiJICTaHb
JI0 JDKepera 3ByKy Ha OCHOBI Di3HHMIII Yacy HPHUOYTTs 3BYKOBOTO CHUTHAIY O JBOX i
OubIe MiKpOOHIB. 3aCTOCYBaHHS IIi€1 METOAMKH Pa3oM i3 MPOrPaMHOI0 0OPOOKOI0
curHaity Ha tatdopmi Arduino Uno 103Bojisie JIOKami3yBaTH KOpUCTyBada B
NPUMILIEHHI Ta KepyBaTH IIPUCTPOSIMH BINMOBIAHO 10 HOro MiCIe3HaXOMKEHHSI.
OuiKyeThbCs, 10 Pe3yJIbTaTh JIOCIIPKEHHS I03BOJISITH aaNTyBaTH CUCTEMY JI0 TIOTpeO
KOPHCTYBa4a, aBTOMATHYHO aKTHBYIOUH MPUCTPOI BIAMOBIIHO 10 MicII 3HAXOKEHHS
KOPHUCTYBaya, 10 ITiIBUILUTH 3araibHui KOM(OPT i eheKTHBHICTH B3a€MOJIIi
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AOCUKEHHA CACTEMHA KOMII'IOTEPHOI'O 30PY
VIS PEAJII3AINIL B PEABIJIITAIIMHIN OPTOIEAIL

Kopo6ko B.1O., bapkoscrka O.1O.
XapKiBCHKUH HAIIOHAIFHUH YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaiHa

PeaOinitamniiina opTomesisi € BaKIMBAM HANPSIMKOM CYYacHOI MEITHIIHY,
CIIPSIMOBAHMM Ha BiJHOBJICHHS (DYHKI[IOHAIBHMX MOYJIMBOCTEH MAIEHTIB ITiCIISl TPaBM
Y{ 3aXBOPIOBaHb OIOPHO-PYXOBOTO anapary. 3acTOCYyBaHHS CHUCTEM KOMIT IOTEPHOTO
30py 3HAYHO MOKpaIIye MOXIMBOCTI aHaII3y Je()eKTiB Ta MOHITOPUHTY CTaHy Halli€HTIB
i yac peadimitarii. Takoxk MOMIOHI CHCTEMH MOXKYTh BUPIIIATH PST MPOOJIEM OIIHKH
CTaHy PyXOBOTI'O arapaTy, a caMe: TOYHICTh TOJIOKEHHI KiHIIBOK, CKIIaIHICTh 00poOKH
BEJIMKOTO OOCSTY TAaHMX Ta BiICTE)KEHHS Iporpecy peadimirarii [1].

MeTor0 10TIOBIi € TIOPIBHSAHHA Pi3HUX MMIIXOIB aHATIZY PyXY JFOIUHH, Ta-KHUX
K Bi3yaJbHHH aHadi3 HA OCHOBI MapKEpHHX Ta Oe3MapKepHHX METOIIB, a TaKOX
METO/IM, 3aCHOBAaHI Ha BHKOPUCTAHHI aKCEJICPOMETPIB, UL aHAI3y OPTONCIUIHUX
ne(heKTiB OTIOPHO-PYXOBOTO arapary.

B pamkax maHoi poOOTH MOXXHA BHAUIMTH HACTYIHI 3aBIAHHS: IOCIIKCHHS
METONIB Bi3yalbHOI MiarHOCTHMKM Ta 3a JONOMOror ceHcopiB. Cepex MetoniB
Bi3yaJIbHOT JIiarHOCTHKH PO3IIISIHY Ti MapKepHi Ta 6e3mapkepHi migxoau. Cepes METOIiB
aHai3y XO/I¥ 3a JJOTIOMOTOI0 CCHCOPIB PO3MJIIHYTa MOXKJIMBICTh JTIaTHOCTHKH Je()CKTiB
OIMOPHO-PYXOBOTO arapaTry Ha OCHOBI aKCEICPOMETPIB.

B nomoBini HABOIATECS pe3yIIbTaTH aHATI3Y TEePeNTiueHIX METO/IIB 3aXBaTy PyXy.
AHaJi3 MapKepHOro MiJXOAy INMOKa3aB, IO BiH Ma€ BUCKOKY TOYHICTb, alie BHMarae
TpUBaJe HAJAIITYBaHHI Ta 0OMEXye MOOUTBHICTH MAIli€HTiB. AHaIT3 Oe3-MapKepHUX
CHCTEM IT0Ka3aB, III0 BOHU OLTBIII 3py4Hi Ta IPOCTi y BUKOPUCTAHHI, IO POOUTB 1X OLTBII
NPHUBAaOIMBUMHE JUISI MaCOBOTO BHKOPHCTAHHS, aJle BOHM MEHIU TOYHI B ITOPIBHSHHI 3
MapKepHUMH dYepe3 3alIeKHICTh BiJl HABKOJMIIHIX YMOB. AHami3 CHCTEM 3
BUKOPHCTaHHSM aKCEJIEPOMETPIB MOKa3aB, 110 BOHH MOXYTb 3a0€3MEUNUTH MPOCTHIA
crioci0 OTPUMaHHS JIaHUX 1 BHKOPUCTOBYBATHCS B TIOPTATHBHUX HPHCTPOSX
MOHITOPHHTY, aJie JaHi MOTPeOYIOTh JI01aTKOBOT 0OPOOKH 1t IOBHOT iH(opMaliii mpo
pyxu Tifa. [ aHamizy TEXHOJIOTiH KOMIT'IOTEPHOro 30py Oyjo obpaHo 6i0iioTekn
OpenCV, MediaPipe ta Tensor-Flow. OpenCV € ray4koro 6i0/1i0TeKO0 i aHai3y
300paxkeHb Ta BifI€O, alie I KOHKPETHHUX 33/1ad BOHA MOTpeOye JOCTATHBO BENMKOL
BHOIPKM JaHMX JUI TOYHHX pe3ynbTaTiB. MediaPipe € mpocroo y BHKOpHCTaHHI
0i0ImioTeKO10, sIka Hajae 0araTo TOTOBUX PIIICHS 1 3a0e3neuye MBUAKY 00pOoOKyY Bieo
B peanbHOMY Yaci. biomioreka TensorFlow o3Boisie ckiagaTy OUTHIN CKITaHI MOJIEII
po3Mi3HaBaHHS Je(EKTIB OIIOPHO-PYXOBOTO arapary.
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METO/HM OBPOBKHU 'HYYKHNX I'OJIOCOBUX 3AIINTIB
B ABTOMATHU30BAHUX CUCTEMAX KEPYBAHHS 3ABJAHHSIMHA

Hasumos S.A., bapkoscpka O.10.
XapKiBCHKUH HAIIOHAIFHUH YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaiHa

ABTOMaTu30BaHi cucteMu KepyBaHHs 3aBaaHHAMHU (ACK) orpumanu 3HauHe
NOIIMPEHHSI B PI3HUX Taly3sX Ul MOKpauleHHS e(peKTUBHOCTI Ta 3py4YHOCTi B
yIOpaBiiHHI TNpoekTamMu Ta pobounmMu npouecamu [1]. OmHMM 13 OCHOBHHX
HaINpsMKiB BJIOCKOHQJICHHSI LIUX CHUCTEM € IHTErpallisi TOJIOCOBHX aCHUCTEHTIB, SIKi
JIO3BOJISIIOTH KOPHCTYBadyaM B3a€MOIATH 3 CHCTEMOIO 4Yepe3 roj0COBI KOMaHIH.
OpHak Cy4acHi TEXHOJIOTii 0OpOOKH TOJOCOBHX 3aIlUTIB CTHKAIOTHCSA 3 MEBHUMH
0OMEXEHHSIMH, TMOB'I3aHMMH 3 TOYHICTIO PO3IMi3HABAHHS CKIAJHUX 3aIUTIB,
pi3HOMaHITHICTIO (JOPMYIIOBAaHb Ta IHIMBIIYyalbHUIMHA OCOOJIMBOCTSIMH MOBJICHHS
KOpUCTyBadiB. JI0JaTKOBOIO CKIIAJHICTIO € HASBHICTh (JOHOBHX ITyMiB Ta 3alBUX
aKyCTHYHUX apTeakTiB B ayaiopsii, 110 aHami3yeThes [2].

MeTto10 10MOBiAi € HOCTiIKEHHS HOBUX METOJIB 0OPOOKH THYYKHX TOJIOCO-
BUX 3alUTIB Ui aBTOMAaTH30BaHUX CHCTEM YIPaBIIiHHS 3aBJAHHSIMHU, SIKI MOXYTh
3a0e3Me4YnTH BUCOKY TOYHICTh, 'HYUYKICTh Ta aJIaliTUBHICTh B Pi3HUX YMOBaX €KcC-
uryaTauii.

Po3poOka Takux MiAXOAIB HalijeHa Ha MiJABUIIEHHS e(QEeKTUBHOCTI
¢ynkuionyBanns ACK, po3mupeHHs iX JOCTYITHOCTI Juist O11b1IOT KiTbKOCTI KOpHUC-
TyBadiB Ta MOXKJIMBICTh aalTaIlil 10 iHIMBITyaTbHIX OCOOINBOCTEH MOBJICHHS.

B nmomoBimi po3risiHyTO Cy4acHi TEXHOJOTil po3Mi3HaBaHHS Ta OOPOKH MOB-
JICHHs1, 30KpeMa aBTOMAaTHYHE po3mi3HaBaHHs MOBIeHHs (ASR), 00poOku mpupos-
Hoi MoBU (NLP) ta renepamnii npupoarasoi MmoBu (NLG). Po3rnsgHyTo MeTomu riu-
Ookoro HaBYaHHSA, 30KpeMa HeWpoHHI Mepexxi LSTM ta Tpancdopmepu
(BERT,GPT), sxi 3maTHi 0OpoOJISATH 3alUTH B peajbHOMY Yaci Ta IMiIBUIIYBaTH
TOYHICTh PO3MI3HABAHHS CKJIQJHUX KOMaH]I.

TakuM 4WMHOM, 3aIPOIIOHOBAHUI MiJ-XiI 70 OOPOOKM THYYKHX TOJIOCOBUX
3aIUTiB B aBTOMATH30BaHUX CHCTEMax Kepy-BaHHsI 3aBIaHHSIMHU CIIPHSE CTBOPEHHIO
aJIaliTUBHOT B3a€MOJIi, 110 BpPaXxOBYy€ NPHU-POJAHY PI3HOMAHITHICTh MOBIICHHS
KOpPHUCTYBayiB Ta 3a0e3redye iHTerpaito 3 iH-IIMMH IPorpaMaMu JUTs [iJIBUILECHHS
3arajbHOi e)EeKTUBHOCTI.

Cnucoxk Jirepatypu

1. Mykhailichenko, 1., Ivashchenko, H., Barkovska, O., & Liashenko, O. (2022,
October). Application of deep neural network for real-time voice command recognition. In
2022 IEEE 3rd KhPl Week on Advanced Technology (KhPIWeek) (pp. 1-4). IEEE. DOI:
10.1109/KhPIWeek57572.2022.9916473

2. Barkovska, Olesia, and Anton Havrashenko. "Research of the impact of noise
reduction methods on the quality of audio signal recovery." IndpopmariiiiHo-kepyroui cHCTEMH
Ha 3aTI3HUYHOMY TPaHCHOPTI 29.3 (2024): 57-65. DOI:
https://doi.org/10.18664/ikszt.v29i3.313606

73



Problems of Informatization: the twelfth international scientific and technical conference

MAPKEPHU ITCP JJIA IHTEJEKTYAJIBHOT'O AHAJII3Y

3abpoxa I.C., Bapkoscrka O.1O.
XapKiBCHKUH HAIlIOHAIFHUH YHIBEPCUTET PaliOCIeKTPOHIKH, XapKiB, YKpaiHa

VYkpaiHa mijJ 4yac OBHOMACIITaOHOTO BTOPTHEHHS NEPEKUBAE CKIIAHI YacH,
II0 CHOBHEHI CTPEeCOBUMH (HaKTOpamH, sKi CHPUYMHEHI HaI3BHYalHMMH Ta
eKCTpeMaJIbHUMHU ~ TofissMu.  HansBuuaiiHo  TpaBMaTW4HI  HOAIl  MOXYTh
CIPOBOKYBAaTH PO3BUTOK IOCTpaBMaTH4HOTO cTpecoBoro posnany (IITCP), skuii €
CKJIQJIHUM CTaHOM Ta noTpedye KBami(hikoBaHOi JOMOMOTH. Alle 4epe3 MOCTiHHI
00CTpisIM HE BCI MOXKYTh 3BEPHYTHUCS 32 POPECIHHOIO NiarHOCTHKOIO.

Tomy mst mocmimxenHs nmomupernocti [ITCP y nuBinpHEX 0ci0 3aCTOCOBYIOTH
anamiz mapkepiB [ITCP, mis 9oro BHKOPHUCTOBYIOTH METOIM IHTENEKTYaJIbHOTO
aHamizy. B DSM-5 naBeneni cumnromu [ITCP, Taki sik 3ragyBaHHS PO MO0, Ky
JIFO/IMHA TIepesKHIIa, CIIOTaan, (Di310JI0TiYHa pEaKTHBHICTE, HOPYIICHHS KOTHITUBHUX
MpOIIeciB, 3MiHM B 30yIKCHHI Ta PEaKTHBHOCTI HepBOBOi cuctemu. [3] Mapkepu
YMOBHO MOJKHA TOJIUTHTH Ha TPYIH: iH(QOpMAIiifHi (3aIHCH B MEIHYHIX KapTKax
(miarHo3m, ckapru), JOKalii NpoXXUBaHHS, MOJIT 1 T.1I, sIKi 30epiralThesi y BUMIIAII
CTPYKTYpOBaHHX a00 HecTpyKTypoBaHux bJl 31 ciiB JromuHH); Bi3yalbHI
(moBeniHKoBI (haKTOpH, HANPSIMOK MOIJISLY, aHali3 MIKpOCakkaay, Miapia3sy,
PO3MIipy Ta MOCTIOBHOCTI pyxy 3inuilk, rIPPG, EET, aHanmi3 MikpoBupasiB o0nwus,
3MIiHHM €MOLiH, SIK peaKilis Ha NOJPa3HUK); aKyCTHYHI (aKyCTHYHI XapaKTepPUCTUKU
TOJIOCY, 3MiHa MIBUIKOCTI MOBH, TYYHOCTI Ta TOHAJILHOCTI).

Metoau MITYYHOTO IHTENEKTY, 30KpeMa, MITYYHOTO 30pY, MOXYTb OyTH
3aCTOCOBAHI U BHSABICHHS Bi3yaJbHHX MapKepiB Ta IUIS MOAAJBINOI HaBiramii
JIOIUHM 110 TpodinbHOTO JiKaps. BapTo 3a3HadmMTH, IO JUIS BHUSBICHHS AESKUX
Bi3yaIbHUX MapKepiB HEOOXiJHO BHKOPHCTOBYBATH CIICHIANi30BaHI IMPHCTPOI,
HAIPUKIIA]], OKYJIOMETPH IS aHAITI3Y pO3MIpy 31HHII.

MeTor0 poGOTH € CTBOpEHHS cUcTeMH JeTekTyBaHHs mposiBiB [ITCP B
HaBYAJIbHUX 3aKJIa/1aXx Ha OCHOBI 0OpaHMX MapKepiB, TAKHUX, SIK PETiOH MPOXKUBAHHS
(indopmauiitauit), peakuii oueil, wminpiaz (Bi3yajbHHil), IHTOHALlisS TOJOCY
(axyctnuni). Kilto4oBUM €J1€MEHTOM CHCTEMH € IHTENIeKTyallbHa MOJIeJb, siKa Oyie
BUSIBIISITH Bi3yallbHi Ta ayJlialibHi MapKepHu.
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METO/M OHIHIOBAHHS CUCTEM CTHCHEHHS BIJEOJAHUX

IrrateeB O.0., bapkoscrka O.10.
XapKiBCHKUH HAIlIOHAIFHUH YHIBEPCUTET PaliOCIeKTPOHIKH, XapKiB, YKpaiHa

CTHCHEHHS BIICOJaHNX € BOKIIMBUM 3aBIAHHIM Y Cy4aCHUX CHUCTEMax nepenadi
iHdopmarii, 16 OCHOBHUMH BHUMOTaMH € 3a0€3IeYeHHs BHCOKOI SIKOCTI Iepezaui,
MiHIMI3allisi 3aTPUMOK Ta 3MEHILIECHHs 00CsATy mnepeiaHux aaHux. Hespakarounm Ha
nporpec y Iiif raimys3i, icHye norpeda y BIOCKOHaJIEHHI METO/IB OLIIHIOBaHHS 3 METOIO
T IBUIIICHHS TOYHOCTI Ta BiMOBITHOCTI BUMOTaM Pi3HHUX TEICKOMYHIKAI[IHHIX MEPEK.

CyudacHl METOJM OLIHIOBaHHS SKOCTI CTUCHEHHS Biieo 0a3ylOThCs Ha KiJIBKOX
o0'ekTiBHEX MeTpukax, Takux sk PSNR, SSIM i VMAF, koxHa 3 SKkux Mae cBOI
VHIKaJIbHI XapaKTePICTHKHU Ta c(pepr 3aCTOCYBaHHSL.

3arampHa oOIliHKa MeTofiB mokasye mo PSNR momymsapHmit 3aBmsku cBOii
HPOCTOTI, ale HOro OLiHKAa 4acTO He KOPEJIOE 3 TUM, SIK JIFOJMHA CIPUHMAE SKICTb.
SSIM, Ha Bigminy Bix PSNR, TouHimme mepenae sKicTs 300paskeHHS 3aBISKH aKICHTY
Ha CTPYKTYpHIMH I0Ji0HOCTI, OJTHAK BiH T€X Ma€ 0OMEKEHHS y BHITAIKaX CIICIHA(PIIHOTO
koHTeHTY. VMAF, xoua # € CKJIQmHIIIOK y PO3paxyHKY METPHKOIO, 3a0e3reuye
HaWTOYHILTY OL[HKY /I HIMPOKOTO CIEKTpa KOHTEHTY 3aBJSKU TO€JIHAHHIO PI3HUX
METOJIB OLIHIOBAHHS, II0 POOUTH HOr0 ONTHMAILHUM BHOOPOM JUIsi MPOQeciiHUX
witeid [1-3].

Metoio po0OTH € NiJBUILCHHS TOYHOCTI NPOTHO3YBaHHS BTpaT SIKOCTI B
peaypHOMY Yaci Ha OCHOBI METO/IiB MAIIMHHOIO HABYAHHS1, 30KpeMa HEHPOHHUX MEpexK,
Hanpukonaz, perpeciitai Mogenni MoXyTh HaBauTHCS riependadat SSIM a6o VMAF nHa
OCHOBI TIEBHHX TIIapaMeTpiB BiZe0 Ta MepexeBHX yMOB. Kpim Toro, iHTerparis
ANropuTMIB MAIIMHHOTO HABYAHHS JO3BOJISE 3HM3UTH HABAHTAXKECHHS HA MEPEXKY,
3a0e3MevyroUr IIPH IIbOMY BHCOKY SIKICTh BiJICO B peabHOMY Yaci.

[porHo3yBaHHs SIKOCTi 3a IOIIOMOTOKO perpecii Mae HacTylHe MaTeMaTHYHE
o0rpyHTyBanHs: Hexail Q(t) — ouikyBaHa sKicTh y MOMeHT yacy t (Merpuka VMAF

yn SSIM), a P — Habip mapamerpiB CTHCHEHHs. MoJenb MAIIMHHOTO HaBYaHHS
namaraetses 3Haity Qyrkuiro f (P, N) ne N — cran mepexi: Q(t) = f (P, N) . Taxi

MOJIeJI 37aTHI aJanTyBaTUCS IIiJI 3MIHH Y MEPEKEBHX YMOBAxX Ta IapaMerpax Bizieo,
3HIDKYHOYH BTPATH SIKOCTI.
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TEXHOJIOI'TYHE PIINEHHA
VIS BAXUCTY MOJAYJBbHUX ITPOTE3IB

Byxaposa JI./I., Bapkosceka O.1O.
XapKiBCHKUH HAIIOHAIFHUH YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaiHa

Inest po3poOsIeHHs TEXHOJIOTIT MEMYHOT JOTIOMOT U, SIKI MOXKYTh OYTH 3aCTOCOBaHI
Ha eTari peaduniTanii BiiCbKOBOCITYKOOBIIIB Ta IIMBUIGHMX, SIKI OTPHMAJH XipypriuHi
MaToJIOTI] B pe3yJibTaTi BOEHHHMX i Ha TEpUTOPIl HAIIOi KpaiHW, OOIPyHTOBYETHCS
MPHUKPOIO CTATUCTHKOIO, sIKa TOBOPUTH IO KIJIBKICTh OPTOIPOTE30BAHKX MAIIEHTIB Ta
THX, L0 NOTPeOYIOTh MpOTE3yBaHHA Ta MOJAJbIIO (PI3UYHOI Ta ICHXOJOTIYHOT
peabimiTartii, 3Ha9HO 3pocia 3a 1ei Jac (1o JOToMiKHI 3acobu peabimiTarii craHoM Ha
yepBeHb 2023 poky 3BepHymucs 58852 mromiHy, 3 HUX npoTtesysaiu 20737 oci0).

Jns moKpaIieHHs TIporiecy peabutiTallii Ta COIianbHO-TICHXOJIOTITHOI aIanTallii
OPTOIIPOTE30BAHUX BilICEKOBOCITYKOOBIIIB Ta IUBUIGHUX, SKI OTPUMAJH XipypridHi
MIATOJIOTI1 B pe3ybTaTi BOEHHUX [ HA TEPUTOPIi HAIIOI KpaiHH, iCHYIOTh PO3po0IIcHI
MeIIYHI KOMIUICKCHI TIPoTpaMy, HaIIpaBiieHi Ha BiTHOBICHHA (i3i0NoriyHuX (QYHKIIN
JIOJIMHMA Ta CKOPIIIOTro TMOBEPHEHHS [0 HOPMAIILHOTO JKHTTS, ajie coliajbHa Ta
TICUXOJIOTiUHA pealiiTalis ToKJaieHa Ha creljaicta B oonacti rcuxoorii [1].

HasiBHicTh BEIHMKOI KiJIBKOCTI JIFOMICH, SIKI IOTPEOYIOTh MPOTE3yBaHHS BHACTIIOK
BOEHHMX liif, HELIaCHMX BHIIJIKIB YW 3aXBOPIOBaHb, IIJIKPECIIOIOTh aKTYyaJbHICTh
3a/1a4i Ta MO/IANBLIOTO BAOCKOHAICHHS ICHYOYHX pealblliTaliifHuX mporpam.

Meto0 podoTH € PO3poOKa MiICHUCTEMH 3aXMCTy MOXYJIBHHX MHPOTE3iB, sKa
3a0€3MeYNTh aBTOMATHYHE CTBOPSHHS 3aXHMCHHX Ta JCKOPATMBHHX HAKIAJOK Ha
MpOTe30BaHi KiHIBKHA. Ll po3poOka 37aTHA TIOMOBXKHTH CTPOK TPaIe3daTHOCTI
MOJYJIB MPOTE3y, MOKPAIIUTH ECTETHYHWH BHUIVISA IPOTE30BAHMX KIHIUBOK, IO
CIIPHUATHME TPICKOPEHHIO COLIATbHO-TICHXOJIOTTYHOT afalTallii TaIli€HTIB.

3anmpornoHoBaHa MiICHUCTEMa 3aXHCTy MOAYJIBHUX OPTONCOMYHUX IIPOTE3iB €
MPHUKIIAIOM 00’ €THAHHS KUJTbKOX KOMITOHEHTIB, sIKi [TOB’s13y€ KOMIIOHECHT 100y 108U 3D
MOJIeITI HAKJIaIKK Ha TIPOTE3, 1110 peali3oBaHa Ha OCHOBI BUKOPUCTAHHS KaCTOMi30BaHOT
rexepariBHOl HM juis reHepyBaHHs iepcoHatizoBanoi 3D Moieni HakiiaIki Ha poTes,
BPaxoOBYIOYHM aHTPOIIOMETPUYHI MapamMeTpy 370pOBOI KIHIIBKH, 3aMipy IpoTe3y, a
TaKOXK TOO@KAHHS TMaIfi€eHTa MIOA0 JAW3aliHy BHPOOY Ui CTBOPCHHS MOJENI
TPUBUMIPHOTO 00 €KTYy [2]. OCHOBHOIO HAYKOEMHOIO 33/Ia4€t0 PILICHHS € KaCTOMI3allist
GAN (Generative Adversarial Networks) st reHepyBaHHsI TpHBUMIpHOT MoJei 3a
TOYHO BU3HAYEHUMH MTapaMeTpaMH.
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1. Anderson, C. B., Wurdeman, S. R., Miller, M. J., Christiansen, C. L., & Kittelson, A. J.
Development of a physical mobility prediction model to guide prosthetic rehabilitation. Prosthetics
and orthotics international. 2021. T. 45, Ne3. C. 268-275. DOI: 10.1097/PXR.0000000000000001

2. byxaposa JI. JI., ITapruka C. O., PemeraukoB K. JI. ®opmar GLB y xommemmii
JIOTIOBHEHO] peanbHOCTL. CyyacHi nanpamu po36umxy iH@opmayitino-KOMyHIKayitiHux mexHonozit
ma 3acobis ynpasninis : MbKH. HayK.-TexH koH}. 2024. C. 112.

76



Mpo6nemu iHdopMaTusauii : ABaHagUsTa MiXkHapoAHa HayKOBO-TEXHIYHa KOHbepeHLis

POJIb TEXHOJIOT'Ti BJIOKYENH
B CUCTEMAX OBPOBKHY BEJIMKHUX JJAHUX

Borrap I1.11., AaxoBcrkuii O.A.
XapKiBCHKUH HAIllOHAIFHUH YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaiHa

3 poctoMm o6csriB Bemukux JaHux (Big Data) BuHMkae mnotpeba y
BUCOKOC()EKTUBHUX MeToziax iX o0poOku Ta aHamizy. TpaguuiiiHi mimxoam Yacto
CTUKAIOTBCS 3 OOMEXEHHSMU II0J0 MaciuTaboBaHOCTI, Oe3MeKW Ta IIBUAKOCTI
00poOKy. BukopucTaHHs OJI0KYEHH TEXHOJIOTIH Y KOHTEKCTI BEJIMKUX JaHNUX JIO3BOJISIE
3a0e3MCeUUTH HE JIMINEC HAAIHY JeleHTpali3oBaHy o0poOky [1], ame i cTBOprOE
MOKIIMBOCTI JUTS CIIUTBHOTO BUKOPUCTaHHS pecypciB, OOMiHy TaHUMH Ta KOOPJMHALI]
3YCHJIb MXK PI3HUMH YYaCHHKaMH, III0 BiATIOBia€ IPHHIIIAM BiIKpUTOI HayKH (open
science practices ) Ta mpuHInaM ympasiiHasa gaHuMu FAIR (Findable, Accessible,
Interoperable, Reusable), 30kpemMa ™mOmoO iHTEpOIEpabEIFHOCTI Ta TOBTOPHOTO
BUKOPHUCTAHHS JaHUX.

AKXTyalbHICTP TEMH TIOJSITa€ B TOMY, IO I1HTerpamis ONOKYeiHYy y mpomecu
aHaJI3y BEJIMKHMX JaHMX MOXKE CYTTEBO MiJBUIIMTH €()eKTHUBHICTh CHCTEM Yy cdepax
JIFOJICHKOT JIsUTLHOCTI, ¢ Oe3MeKa, TOYHICTh 1 CTIMKICTh CUCTEM € KIFOUYOBUMHU [2].
[cHyrOYMMH NPUKIIAZaMU CYMICHOTO BUKOPHCTAHHSI TEXHOJIOTIT Os10Kk4eiiny Ta BigData
aHaJ3y, sIKi MiICKIIOITE OAWH OJHOTO, € (piHAHCOBI CHCTEMH, CUCTEMH PO3YMHOIO
MiCTa, €HEpreTUYHi CUCTEeMH, CUCTEeMH KiOepOe3IeKH, eJIeKTPOHHOTO TOJIOCYBaHHS Ta
IOPUINYHI CHCTEMIL

Merta nocutizKeHHS TIOJISTAE y PO3pOOII MOJIENi Ta METOIB PO3MOIiIEHOT 00pOOKH
Ta QHAJI3y BENMKUX JAHUX 3 BUKOPUCTAHHSIM TEXHOJIOTT OJIOKYCHHY.

Bumoramu 10 po3poOiieHOT B pe3yNbTaTi JOCTIDKEHHS MOJETi PO3IOIUICHO
00pOOKH BEMKHX TAHKX € TTiIBUIIICHHS HAIIHOCTI, TOYHOCTI 1 Oe3mekn 00pOOKH TaHUX.
JU1s TOCATHEHHST HaBEIEHOI BUMOTH 3allpOIIOHOBAHO METOJ iMILIEMEHTALi OJIOKYeHH-
pillieHb y pO3MNOJJIeHy cHucTeMy OOpOOKM JaHHX i3 JOTPUMaHHSM e(eKTHBHOIO
PO3MO/IUTy HABAHTAXKEHHS MPU MaciTaOyBaHHI CHCTEMH, IO JO3BOJSIE 30UTHIIATA
MPOAYKTUBHICTH 0OPOOKH TAHKUX B OJIOKYEHH-CEPEIOBHIIII.

[MonanpmMM UISIXOM PO3BHUTKY JIOCIIJDKEHHS € TPOBEICHHS EKCIIEPUMEHTIB Ha
peasbHUX JAaHUX B cepi reoiHhopMaIliiHUX TEXHONOTIH, MPU3HAYCHHSM SIKOTO € OITiHKA
e(heKTHBHOCTI 3aITPOIIOHOBAHOT MOJIETI B IIOPIBHSHHI 3 ICHYFOUMMH PILIEHHSMH 32 TAKUMH
TOKa3HUKAaMH, SK TOYHICTh OTPUMaHMX pe3yJbTaTiB, MiATpUMKa (OpMaTiB JaHMX,
€HEeproe(EeKTHBHICTb, MEXaHI3MH YIpPABJIHHS JOCTYIIOM, BapTiCTb PpO3TOPTaHHS i
T ITPUMKH.
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IN SEARCH OF THE PERFECT ALGORITHM:
THE INSOLUBLE RIDDLE OF COMPUTER TECHNOLOGY

Bielytskyi D.M., Yeromina N.S.
Kharkiv National University of Radio Electronics, Kharkiv, Ukraine
Ponomarenko O.M.
Educational and Scientific Institute “Ukrainian Engineering and Pedagogical
Academy” of V. N. Karazin Kharkiv National University, Kharkiv, Ukraine

An ideal algorithm is a theoretical concept that represents the highest form of
computing process capable of performing tasks with minimal resource consumption and
high versatility. The purpose of the report is to analyze the concept of an ideal
algorithm. The report will discuss the criteria for achieving an ideal algorithm.

The main criteria for ideal algorithm are minimal execution time, low memory
consumption, ease of implementation, versatility, adaptability and stability, and for
encryption algorithms, the highest level of security.

Attempts to combine these requirements in a single algorithm face key limitations:
fast algorithms often need more resources, while memory-efficient methods may be
slower. Single-threaded algorithms suit limited devices, while multi-threaded ones are
better for powerful systems. Additionally, the pursuit of versatility can reduce efficiency
or accuracy for certain tasks [1].

Examples of algorithms that try to get closer to the concept of the ideal are sorting
algorithms such as QuickSort and TimSort. QuickSort is known for its fast execution
speed due to its O(n\logn) time complexity in the average case, but it is not stable and
requires a significant amount of memory when processing large data sets. This makes it
less suitable for tasks where it is important to preserve the relative order of identical
elements. TimSort, which combines merge and insert approaches, offers stability and
adapts well to partially sorted arrays. However, it has a more complex implementation
and may be slower on unsorted data than QuickSort, highlighting trade-offs between
speed, stability, and adaptability. Analyzing existing methods—sorting, greedy
algorithms, and multithreading—demonstrates the challenges in developing a universal
algorithm [2].

However, modern approaches, such as artificial intelligence and quantum
computing, open up new perspectives, allowing algorithms to adapt to real-time tasks
and use parallel computing. While the concept of the perfect algorithm remains elusive,
it is driving improvements in methods that bring algorithms closer to versatility and
optimality in the face of increasingly complex data and computing platforms.
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WAYS OF ACHIEVING FAULT TOLERANCE
OF HETEROGENEOUS INFORMATION SYSTEMS
UNDER CONDITIONS OF EXTERNAL INFLUENCE

Frolov D.Y.
Kharkiv National University of Radio Electronics, Kharkiv, Ukraine

The concept of fault tolerance in relation to the functioning of information
systems is the key indicator of reliability [1]. As a rule, classical information systems
that can be described using tuple mathematics are rare. Instead, in practice,
heterogeneous information systems are created. They have properties of other
systems, including technical.

At the planning stage of information systems, it is important to consider the
factors that affect their fault tolerance. For heterogeneous information systems, these
factors may include the redundancy of critical nodes, duplication of functional
capabilities, etc.

For example, work [2] considers a method for ensuring the guaranteed
provision of digital services in similar systems. The authors propose technological
principles to maintain a satisfactory level of the indicator of the stability of the
information environment. However, this approach in the conditions of
heterogeneous information systems does not consider the problems of external
influence on such systems.

The purpose of this report is to review the ways of achieving fault tolerance
of heterogeneous information systems under conditions of external influence. Within
this study, specific methods such as redundancy, clustering, and dynamic
architecture reconfiguration of heterogeneous information systems are examined and
their critical analysis was performed. This analysis reveals that the primary
differences in these approaches to achieving fault tolerance lie in the complexity of
their implementation. Secondly, the uncertainty in the dynamic behaviuor of
individual nodes within a heterogeneous information system can lead to a shortage
of time needed to solve quasi-local optimization tasks. Consequently, this
publication is devoted to the use of an adaptive approach that provides quasi-optimal
solutions at each stage of the life cycle of these information systems.

The research was conducted based on the resource provision of the
Information and Computing Center of KhNURE.
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MOPIBHAJIbHUM AHAJII3 AJITOPUTMIB
BUPIINEHHSA 3AJJAYI CYRPTW

Bonnapenko K.B., Isamenko I'.C.
XapKiBCHKUH HAIIOHAIFHUH YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaiHa

3ajgaya MapuIpyTH3alii TpaHCIOPTY 3 OOMEXEHHSIM MICTKOCTI Ta 4aCOBUMH
Biknamu (CVRPTW, Capacitated Vehicle Routing Problem with Time Windows) €
OIHUM 13 TMOIIUPEHUX 3aBJaHb KOMOIHATOPHOI ONTHMi3allii, IO Ma€e psf
NPaKTHYHUX 3aCTOCYBaHb Y c(epi TPaHCIOPTY Ta JIOTICTUKHU. 3aBAAHHS IOJISTAE Y
no0y/I0Bl ONTHMAJIBHUX MAapUIPYTIB, SIKI BUKOPHCTOBYIOTH INapK TPaHCHOPTHHX
3ac0o0iB s OOCIyrOoBYBaHHS HaOOpYy KII€HTIB, 3 ypaxyBaHHAM TOJATKOBHX
0OMEXKEHB.

Meta 3aBHaHHSA TMOIITa€ Yy MiHIMI3aMii KUTBKOCTI BHUKOPHUCTOBYBAaHHX
TPaHCIIOPTHHUX 3ac00iB, 3araJbHOI IPONHAEHOI BiICTaHI Ta Yacy Ha epeBe3eHH [ 1].
Yepes NP-cxmagaicte 3amaui CVRPTW mus i BHpIilIeHHS 3aCTOCOBYIOTHCS
HaOJIDKEH] alNTOPUTMH, SIKi TO3BOJIOTH 3HAXOOUTH ONM3BKI O ONTHMAIIbHUX
PIIICHHS 3 MEHIIIMMHU BUMOTaMH 010 00YUCITIOBATIBHUX pecypeiB [2].

MeTor0o po6oTH € TIPOBEICHHS IOPIBHSUIBHOTO —aHaNi3y ICHYIOUHX
HaOmkeHux minxoni st BupimeHHs CVRPTW. PosrnsiHyTo BUKOpHCTaHHS
TEHETUYHOTO AITOPUTMY, AITOPUTMY MYpPaIINHUX KOJIOHIH, kaliOHOTO aJropuTMy,
Taly-TOIIYKy Ta iMiTawii Bignaity.

[IpoBenene mOCHiKEHHS TOKa3ajo, IO T€HETHYHI aIrOpUTMH €(EKTHBHO
BUKOPHCTOBYETHCS JUIS BHUPIMICHHS CKJIAJHUX 3aBJaHb 3 BEJIMKOIO KUIBKICTIO
mapaMeTpiB Ta 0OMEKeHb, 0 MPU3BOIANUTE JJO HEOOXiTHOCTI JOCIIIXKEHHS BEITUKOTO
MPOCTOPY MOXJIMBHX pilleHb. HesomikoM BUKOPUCTaHHS TEHETHYHUX aITOPUTMIB
€ MOJKJIMBICTB TMOTPATUISHHS ITPU TII00aJIbHOMY TIOIIYKY JI0 JIOKAJbHUX ONTHMYMIB,
o0 MOXe OyTH BHpINICHO BUKOPUCTAHHSAM IMITaIlii Bimmamy, SKAH MOXe
BPaxoOBYBaTH WMOBIPHICTb MPUHHATTS TipIIMX PillleHb PH AUHAMIYHUX 1 3MIHHHX
yMmoBax 3ajaui. J{is BENMKMX CHUCTEM 3 HEOOXIOHICTIO ajanTaiii 10 3MiH Y
CepellOBHUILI Y PEXHUMI peallbHOr0 4Yacy MAOLIJIbHE BHKOPUCTAHHS MYpPAaIIHHOTO
anroputMy. TaOy-nouryk J03BOJISIE YHHKATH JIOKaJbHI MIHIMYMH, BpaxoBYBaTh
icTOpito pilieHb Ta 3a0e3nedyBaTd poOOTy y JAMHAMIUYHHUX Ta CKJIAIHUX YMOBax.
Kanibna eBpucTHKa NpU BUPILIEHHI KOMOIHATOPHUX 33]]a4 HE BPaXOBYE III00AIBHY
KapTHUHY MapIpyTiB, ajie € AOLUILHAM ii BUKOPHCTaHHS y TIOpUIHUX MifXoaax, y
KOMOIHAIIT 3 IHITUMHU PO3IIITHYTHMHU METO/IaMH, TAKUMH SIK TEHETHYHI aJITOPUTMHU.
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AHAJI3 AJITOPUTMIB TEHEPAIIIT TABIPUHTIB

Birko B.O., Isamenxo I'.C.
XapKiBCHKUH HAIllOHAIFHUH YHIBEPCUTET palioeNieKTPOHIKH, XapKiB, YKpaina

VY 3B’s3Ky 3 IIBUAKAM PO3BUTKOM irpoBOi IHAYCTpPii akTyalsHOCTI HaOyBae
npobiieMa ONMCy IrpoBHX CBITIB y BHIJISIII MaTeMaTHYHUX MOJENeH, st
MOAAJIBIIOTO0 BUKOPUCTAHHS B POLIEC pO3POOKH iIrpOBUX MPOTPaMHUX 3aCTOCYHKIB.
IrpoBuii cBiT 3a3BHYail MICTUTBH OKpPEMI JIOKAIIi1, KOXKHY 3 SIKUX MOJKHA IPEJCTaBUTH
y BUIIISAL J1a0ipuHTY, e CTiHaMu OyayTh YCi MICIsl, KyId TpaBLEBi HUIAX
3a00poHeHo. JIaOipHHTH TakoX BUKOPHCTOBYIOTbCS B POOOTOTEXHILI SK TECTOBI
CepelOBUINA U1 aJTOPUTMIB HaBiraimii Ta momyky nupixiB. HaBuanHS po0oTiB
opieHTyBatucs B JalipWHTaX CHpHUSE MiABUIICHHIO IXHBOI aBTOHOMHOCTI Ta
MOKpAIlye MOXIMBOCTI CaMOYNpaBIiHHA Ta anmantamii. Y cdepi imkeHepii
nmabipyHTH YacTO BUCTYMAIOTh MOJCIAMHU U BHUPIMICHHS 3a1adi ONTUMI3arlil
CKIagHUX CHCTEM, TaKHX SK JOPOXKHI Mepexi, OUIIXH TPOKIaJaHHS JiHii
enekTponepenadi Ta KaHamizamii. [ 3a0e3medeHHS PI3HOMAHITTSA IrpoBHX
JIOKalliid, TECTOBUX CEPENOBHII /I POOOTOTEXHIKM Ta IHIIMX Taly3ei, y SKUX
JIOLIbHO BUKOPHCTAaHHS JIa0IpUHTIB, HEOOXIAHWUM € BUpIlIeHHS npobnemMu ix
reHepairiii.

KoxxeH naGipuHT MoOXe OyTH ONWCAHWA 3a JOMOMOroK Teopii rpadis i
XapaKTePU3YEThCS TAKMMH BIACTUBOCTSIMHU, SIK pO3Mip, (hopMa, KUTbKICTh PO3BIJIOK,
KUIBKICTh TIJIOK Ta iX cepelHs IOBXWHA. IcHye OaraTo croco0iB reHeparrii
nabipHUHTIB, SKI MarOTh pPi3HY €(PEeKTUBHICTD B 3aJIC)KHOCTI Bi Ty TabipuHTY [1].
Jesxi meromu reHepallii MOKHA TOE€IHYBATH B 3aJIe)KHOCTI BiIl OCOOIMBOCTEH
TIOCTABJIEHOTO 3aBJaHH, [l OTPUMaHHS IlepeBar riopuaHuX miaxois [2].

MeToro 10moBizi € aHaIi3 eEeKTUBHOCTI BUKOPHUCTAHHS AITOPUTMIB FeHepaii
nabipuHTiB. [Ipotec reHeparlii mojsrac y CTBOPEHHI CTPYKTYPH, IO CKIIATAETHCS 3
HUISIXIB 1 CTiH, Ta MOXX€ BHUKOPHCTOBYBAaTHCS B PI3HHX Taly3siX, BKIIOYArOYU
pPO3pOOKY IrpOBHX 3aCTOCYHKIB, HaBYaHHS, POOOTOTEXHIKY Ta IOCHIKEHHS
AITOPUTMIB  MOWIYKY UUIsAxy.m8 PeanmizoBaHo mnporpamMHuii  3aCTOCYHOK 3
BUKOPHUCTaHHSIM MOBHU mporpamyBanHs C# ta texnosorii Unity, sikuil 1o3Bosisie
MPOBOJIMTH aHaji3 1 MOPIBHAHHS JaOIpUHTIB, CTBOPEHUX 3a JOIIOMOTOI0 0OpaHHX
ITOPUTMIB, @ TaKOXK BUMIPIOBATH 4ac, BUTpAueHUI Ha iX reHepaito. Po3risHyTi
Takl IAX0AW, SK ajdroput™M OiHapHoro nepesa, amroput™m Omnnmoca-Bponepa,
anroput™ Ennepa, a Takox riOpuaHi BapiaHTH UX aITOPUTMIB.
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MOJIEJIb HA OCHOBI IITYYHUX HEWPOHHUX MEPEX 151
IMPOTHO3YBAHHSA YACOBHX PSAAIB EHNIIEMIOJIOTTYHUX JAHUX

I'ypenxo /.M., Isamenxo I'.C.
XapKiBCHKUH HAIllOHAIFHUHA YHIBEPCUTET PadioeNieKTPOHIKH, XapKiB, YKpaina

AKTyaJIbHICTB 331241 TPOTHO3YBaHHSI IIOIIMPEHHS 3aXBOPIOBAHb Y JIIOJICEKOMY
CYCILUJIbCTBI 3HAYHO 3pOCiia B OCTaHHI POKH, 30kpeMa uepes mangemito COVID-19.
VY cydacHHMX yMOBaxX IIBUKOT 3MiHH €IiEMIOJIOTIYHOT CUTYyAIlil 0COOIMBO BaXKIIUBO
MaTd IHCTPYMEHTH, IO JO3BOJAIOTH LIBHIKO Ta JIOCTaTHHO TOYHO Iependadatv
TEHJCHLIT 3MiHU PiBHS 3aXBOPIOBAHOCTI. Lle 103BoJIsiE 3HU3UTH HaBaHTa)KEHHS Ha
CHCTEMY OXOpPOHH 3/I0pOB’S, ONTHMIi3yBaTH MEAWYHI PECypcH, KOHTPOIIOBATH
MIOIIMPEHHS cepell HaceleHHs 1H(eKIiHHNX 3aXBOPIOBAHb 1 BUACHO pearyBaTH Ha
MOTEHIIIHHI ClTaJaxH.

[NommpennmM 3aco00M NMPOTHO3YBaHHS TEHACHIINH € BUKOPHUCTAHHS INTYYHUX
HEHpOHHUX Mepex [ 1], 30kpeMa pekypeHTHUX HelipoHHHX Mepex (RNN), ski cranm
HOMYJIIPHAM IHCTPYMEHTOM ISl TPOTHO3YBAHHS YaCOBUX PAMIB 3aBAAKH 31aTHOCTI
BpPaxOBYBaTH 4acOBI 3aJIe)KHOCTI Ta 3B’SI3KM B BHUXIJHHMX JaHuUX. B cBOIO uepry
YacoBi PpsAAM  CMiAEMIONIOTIYHUX JIaHMX [P0 TOIIMPEHHS 3aXBOPIOBAaHb
XapaKTePU3YIOThCSA HASIBHICTIO TEHJCHINI, IO BiINOBIJaIOTh JTOBrOCTPOKOBHM
3MiHaM y CyCIIUIBCTBI, HANPHUKJIA/, MiJBUILEHHIO 00I3HAHOCTI MPO 3/10pOB’s a00 y
HACJIiJIOK BaKIMHALIii.

HasBHICTP  HOBroTpHMBalMX 3aleKHOCTEH B JaHMX YCKIAOHIOE iX
MPOTHO3YBaHHA [2], TOMy BHKOPHCTaHHS LITyYHHX HEHPOHHHUX MEPEX, 34aTHHUX
BPaxOBYBaTH HEIiHIITHI 3aJIe)KHOCTI Ta BIUIMB 30BHINTHIX YHHHHKIB IIPH MOOYIOBI
KOPOTKOCTPOKOBHX ITPOTHO3IB, € JOUITEHUM.

MeTtoro po6oTH € moOy0oBa Ta aHali3 poOOTH eeKTHBHOI MOZIETi Ha OCHOBI
PEeKypeHTHOI MTy4YHOI HEHpOHHOI MepeXi Ui NPOTHO3YBAaHHS YacOBHX pSIiB
JIAHUX TIPO TIOIIUPEHHS 3aXBOPIOBAHb.

JocinipkeHHs] BUSABWIO HECTALlIOHAPHUN XapaKTep YacOBUX PS/IB BHXIIHHX
JIaHUX, 110 MOTPeOye alanTUBHOCTI MOJIEN /10 3MIHHUX NaTepHiB. B yMoBax 3MiH,
TaKUX SIK CE30HHI CIIECKH 3aXBOPIOBAHOCTI, MOXKJIMBICTh JOHABYaHHS MOZENI B
PeXKHMMI peaNbHOr0 Yacy IOKpalllye TOYHICTh NPOrHo3iB. Po3poOieHa Monelnb
3acHoBaHa Ha RNN Ta mpu BIiANOBIJHMX HaJAIITyBaHHSAX IapaMeTpiB poOOTH
3abe3neyye BHCOKY €(EKTHBHICTh BHUPIIIEHHA 33/a4i KOPOTKOCTPOKOBOTO
MPOTHO3YBaHHS YaCOBUX PSIIIB CIIiIEMIOIOTIYHIX JTaHUX.

Cnucok Jitepatypu
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KEPYBAHHS MIKPOKJIIMATOM BY/JIUHKY 3 BUKOPUCTAHHSAM
3ACOBIB MAIIMHHOI'O HABYAHHSA

3y6enko [I.P., Isamenko I'.C.
XapKiBCHKUH HAIIOHAIFHUH YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaiHa

Y cyyacHOoMy OyNiBHMUTBI Ta YNpaBiiHHI >KUTJIOBUMU Ta KOMEPLIHHUMHU
NPUMILICHHSIMH HIATPUMKA MEBHOTO MIKPOKIIMAaTy Mae€ BaXKJIMBE 3HAUCHHS IS
3a0e3nedyeHHs KOM(OPTHUX YMOB IPOXHMBaHHS Ta poOoTH. {1 11boro HeoOXinTHO
e(eKTUBHO KEpyBaTH TEMIIEPATYPOIO Ta BOJIOTICTIO HOBITPS, pIBHEM BEHTHIIALIIT, 110
JI03BOJIsIE 3a0€3MeYnTH KOM(OPT MEIIKAHIIIB T ONTUMI3YBaTH €HEPTOCIIOKMBAHHS.
B ocranHi poku po3BUTOK TexHOJOTIH iHTepHETY peueii (Internet of Things, IoT) Ta
3ac00iB IITYYHOTO IHTENEKTYy HaJaB MOXIIMBICTH CTBOPIOBATH IHTENEKTyallbHI
CHUCTEMHU KEpyBaHHS, IO 3[aTHI aJanTyBaTH CBOK poOOTY BIAMOBIAHO O 3MiH
HaBKOJUIIHIX yMOB [1].

3acToCyBaHHS MAalIMHHOTO HaBYAHHS y CHCTEMaxX KepyBaHHS MIKPOKIIMAaToM
JIO3BOJIsIE OyQyBaTH MPOTHOCTHYHI MOJENI, SKi BPaXOBYIOTh BEIHKY KUTBKICTh
(akTopiB, TaKMX SK 30BHILIHA TEMIIEPaTypa, BOJIOTICTh, KUIBKICTh JIIOACH Y
NpUMILIeHH] Ta iH(OpMalilo MmoA0 IX 3BHYOK. 3a JIONMOMOTOK TaKMX MoOAeiei
MOJKHA ONTHMIi3yBaTH POOOTY CUCTEM OMAJICHHS, BEHTWIALIT Ta KOHAUI[IOHYBaHHS
(HVAC), aBroMaTH4HO HAJIAIITOBYIOYHM iX Ha MIATPUMAaHHS KOM(QOPTHHX YMOB Y
PEXHMIi peasbHOTO Yacy.

Le nve nmume migBuinye piBeHb KOM(OPTY IS MEIIKAHIB, ajle i J03BOJSE
CYTT€BO 3MEHIIUTH €HEProCIOXUBAHHS [2].

MeTtoww podoTm € po3poOKa KOMII'FOTEPHOI CHCTEMH KepyBaHHSA
MIKpPOKIIIMAaTOM Ha OCHOBI TEXHOJOTiIH MAITMHHOTO HaBYaHHS AJIS ITiJBUIICHHS
e(eKTHBHOCTI MiATpUMaHHS KOM(DOPTHIX YMOB Y puMimieHHsX. CHCTeMa aHaTi3ye
YacoBi PAOM TEMIEpaTypd Ta BOJIOTOCTI 3 ypaXyBaHHAM 30BHIIIHIX (haKTOpiB,
BUKOPHCTOBYE OTPHMaHi IIPOrHO3HI 3HAUESHHS [l aBTOMAaTHYHOI peryisiii podotu
HVAC-cucrem 10 pakTHUHOrO HaCTaHHS MPOTHO30BAaHMUX 3MIH MIKPOKIIMATYy, 10
3MEHIILIY€ KOJIMBaHH Horo napaMeTpiB. JloTpuMaHHs CTaauX 3HAUSHb TEMIIEPaTypH
Ta BOJIOTOCTI 3MEHIIYE BUTpaTH €Heprii Ha MIATPUMKY IMOTPIOHMX 3HAYEHb
MOKa3HUKIB MIKpPOKJIIMATy B IIPOLIECi KepyBaHHS. 3alpoIOHOBaHA CHCTEMa
interpyerbcs 3 loT-ceHcopaMu Ta BUKOPHCTOBYE METOJM MAIIMHHOTO HaBYaHHS,
Taki K IOTy4HI HEHWpoHHI Mepexi, 3o0kpema, LSTM, mng TOouHOTO
KOPOTKOCTPOKOBOT'O ITPOTHO3YBAaHHS 3MiH MIKPOKJIIMATy.
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BUKOPUCTAHHA CHHTETUYHUX JAHUX
JJIAA 3AJAY PO3III3BHABAHHS TA KITACU®IKALIL

Bamenko K.C., Isamenxo I'.C.
XapKiBCHKUH HAIlIOHAFHUH YHIBEPCUTET paJioeNIeKTPOHIKH, XapKiB, YKpaiHa

Kiacudikaniss Ta posmizHaBaHHS 00’€KTIB Ha 300paXKEHHSX € aKTyaJlbHHM
3aBJaHHSIM Yy PI3HOMaHITHUX 00JacTsix, Takux sk iHdopmauiiiHa Oe3mneka,
MeIUIMHA Ta KOHTPOJIb JOPOKHBOTO PYXY.

[TommpeHuM  MmiAXOAOM  BHpPIMIEHHS 337a4  OOpOOKM 300pakeHb €
BUKODHCTaHHs 3aco0iB Ha OCHOBI MAIIMHHOTO HaBYaHHS, TaKWX SK IITYy4YHI
HEHPOHHI Mepexki, poboTa SKUX mependadae TOCTATHIO KiITBKICTh BUXIAHAX HaHUX
it popMmyBaHHA HaB4danpHOI BHOiIpkw. [liqrotoBka TpeHyBambHOTO Habopy
yCKJIagHEeHa Yepe3 HeoOXiTHICTh BpaxXyBaHHs Pi3HOMAHITTS MOXKIMBHX JIOKAIIH A1
00’eKTy pO3MI3HABAaHHSA, [0 CYNPOBO/DKYETbCA 3HAYHUMH YacOBUMH Ta
peCcypCHUMH BUTpaTaMHu.

Oco0mBoO0 TPOOIIEMOI0 B YMOBaX peailbHO CBITY € CHTYyallii, KoJu 3i0patu
JlaTaceT HEMOJKJIMBO Yepe3 BUMOTH KOH(IASHIIHHOCTI i JTOTPUMaHHS MOPaJIbHO-
eTHYHUX HOpM [1].

MOXJIMBUM BHPILICHHSIM HEIOCTaTHHOTO OOCSTY HaBUAIbHOI BUOIPKH MOXKe
OyTH BUKOPHCTaHHS MOJENIOBAaHHS JUIs TeHepaulii JaHuX, Y SKUX IMITYIOTbCS
peanbHi Jokauii A 00’€KTiB po3mi3HaBaHHsA. Taki NpOrpaMHi 3aCTOCYHKH
TPUBHMIPHOI KOMITIOTEepHOI Tpadiky, sk Autodesk Maya un Houdini mpomoHyoTh
3D-animarito Ta Bi3yamizamii 15 CTBOPEHHS aHIMOBaHUX 00’ €KTIB, [0 TAKOXK MOXKE
OyTH 3acTOocOoBaHO NpH TeHepanii naracetry [3]. BHKOpHCTOBYIOTBCS TpHKIIaIu
OTOYYIOYOTO CEPEIOBHIIA, 1110 MPUTAMaHHE 00 €KTY PO3Mi3HABAHHS, 3 MOJAJIBIITNM
PEHAEPIHroM 3arajlbHOr0 300paXEHHs Ul JIONOBHEHHS HAaBYAJIbHOTO Habopy.
3aBIsAKd IILOMY, peajbHi (JOTO Ta Bijeo MaTepiaiu Il MPUKIAAIB JIOKAIii MOXKYTh
OyTH 3aMiHEHI ITYYHUMH.

Metoro aomoBiai € aHamiz eQEKTHMBHOCTI BUKOPHCTAHHS CHHTETHYHOIO
Jlatacery y CkiaJi HaB4YaJbHOI BHOIPKM INTY4HOI HEHpOHHOT Mepexi (MoJenp Ha
ocHoBi RCNN) ju1s1 BupilieHHs 3a1a4 po3mi3HaBaHHs Ta kiacu(ikaiii 00’eKkTiB Ha
300pakeHHsIX. BUKOpHCTaHHS 3reHEpOBaHUX [aHMX HE MOTpPedye J0NATKOBUX
BUTpAT Ta BUpILIye MpoOieMu Hectadi abo MOBHOI BiJCYTHOCTI TPEHYBaJbHOI'O
Habopy yepe3 0OMEXEHHH TOCTYI 10 peaJbHUX JaHHX.
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ABTOMATHA3AIIA YIIPABJITHCBKHUX PIINEHb
HA OCHOBI BIG DATA TA MAIIMHHOI'O HABYAHHS

onkia M. M., €pomterko O.A.
XapKiBCHKUH HAIllOHAIFHUHA YHIBEPCUTET PadioeNieKTPOHIKH, XapKiB, YKpaina

Y  cyyacHOMY, JUHAMI4YHOMY  OI3HEC-CEpPCIOBHIII  aBTOMATH3AIlis
YIPaBIiHCBKUX pIMIEHb CTaja HEBLA'€MHOI0 CKJIAJOBOIO U1 30epekeHHs
KOHKYPEHTOCIIPOMOJKHOCTI KOMIIaHid. 3acTocyBaHHs TexHojoridi Big Data Tta
MamuHHOTO HapuaHHs (ML) BikprBae HOBI MOXITUBOCTI JJIS aHAJTIZY Ta IIPHAHATTS
pimreHb. 3aBIOSIKH AaBTOMATH30BaHOMY MAIIMHHOMY HaB4YaHHIO (AutoML),
KOpHCTyBaui 0e€3 CHemiaJbHUX 3HAaHb MOJXYTH JICTIIE CTBOPIOBATH AHATITHYHI
MoOJIeNTi, 3HIKYIOUHM MoTpedy B eKCHepTHIH miaTpummi. AutoML aBToMaTHYHO
HaJIaIITOBYE MOJIEN, IO JI03BOJIIE CKOPOTHTH 4Yac Ha POo3poOKy MPOTOTHUIIB Ta
IIBHU[IIC BOPOBAKYBAaTH pimeHHS y cdepi OizHec-aHamituku. Lle poOuth
AQHAJITUYHI IHCTPYMEHTH MAOCTYNHIIIUMHM JUIA INUPIIOTO KOJa KOPHCTYBauiB,
0COOJIMBO JJIsI MAJIOTO Ta CEPEHBOTO OI3HECY, SIKMH HE 3aBXKIM Mae MOXIIUBICTh
HAWHATH MITATHUX aHATITHKIB.

HesBaxkatoun Ha Te, o AutoML nocsrae pe3ynbTaris, siki MOXKYTb 3piBHATHCS
3 pyYHMMH HaJalITyBaHHSIMH, JUIS JTOCSTHEHHS MaKCHMaJIbHOI TOYHOCTI BCE XK
NOTpiOHA eKCIepTHA MiATPUMKA, Yepe3 Te 110 HaB4YeHa JIoAnHa obupae Oinb Baaii
Ta TouHi cTpaterii. [arerpamis Big Data 3 [oT Ta nudpoBuMu 1BiHHUKAMU T03BOJIIE
CTBOPIOBATH OULTHIN THYYKiI ¥ amanTWBHI Mojemi ympaBiiHaA. L{udposi aBiitHuKH
JIOTIOMAararoTh MOJICIIIOBATH Ta IepeadadaT pO3BUTOK JIAHIIOTIB TOCTAYaHHS, [0
crpusie 3HIKESHHIO BUTPAT 1 MIABUIICHHIO MIBUAKOCTI peakilii Ha 3MiHM pHHKY. Lle
Jla€ 3MOTY IIBHJKO pearyBaTH Ha KOJIMBaHHS IONUTY, afanTyBaTH BHPOOHWUI
NpPOLIECH, ONTUMI3yBaTH JIOTICTUKY Ta poOoTy 3 mocradasibHuKamu. OOpoOka
BEJIMKUX OOCSTIB JaHMX 1 IX iHTerpauis y ynpaBiiHCHKi MPOLECH 3aIMIIAETHCS
BUKJIMKOM, IIIO0 MOTpedye rpaMOTHOTO OallaHCy MiX TEXHOJIOTISIMH Ta JIIOJCHKOIO
eKCIepTH3010. BripoBakeHHs aBTOMAaTH3allii yIpaBlliHCHKUX pillleHb Ha 6a3i Big
Data Ta MalIMHHOTO HaBYaHHsS CYTTEBO BIUIMBAaE Ha Oi3HeC, MiJABUIILYIOUU
e(eKTHBHICTh 1 MPOAYKTUBHICTh. [IOBHA aBTOMATH3aIlis MOKH IO 3aJHINAETHCS
HEJIOCSDKHOIO: JIIOACBKUI (DakTOp TPOAOBXKY€E BilirpaBaTH KIIOYOBY pOJIb Y
CTpaTerivHOMY IUTaHYBaHHI Ta ajganTariii A0 3MiH. JIumie rapMoHiiiHe IMOe€THAHHS
TEXHOJIOTIH 1 JIFO/ICBKOTO JI0CBiy 3a0e3neuye HalWKpamui mixXig 1O YIpaBIiHHS Y
cydyacHoMy Oi3Hecl.
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JIESKI MUTAHHS ATAITAUBHOI EJTEKTPOCTUM YJIAIIIT
HEPBOBO-M’s130BOI'O AITAPATY JIIOJUHA

€pormrenxo O.A.
XapKiBCHKUH HAIlIOHAFHUH YHIBEPCUTET paJioeNIeKTPOHIKH, XapKiB, YKpaiHa
babuu M.T".
XapKiBCbKHH pajioTeXHIUHNH (haxoBuil Konek, XapkiB, YKpaiHa

Ha cporoHimiHiit 1eHp akTyalbHUMU 3aBAaHHSIMU € BU3HAUYCHHS [TapaMeTpiB
BIUIMBY Ta CHHTE3 CHI'HANIIB €JIeKTPOMIOCTUMYJISLIIT 13 3aJaHUMH TepareBTHYHUMHU
BJIACTHBOCTSIMH Ha OCHOBI PO3POOJICHUX KPUTEPIiB.

EnexrpomiocTumyLis moBUHHA OyTH 3aCHOBaHa Ha y3ro/KEHHI TapaMeTpiB
cTUMyNy 3 (i310JIOTIYHMMHU XapaKTEpPUCTUKAMU M'SI3iB, IO CTUMYJIIOIOTHCS.
OO'eKTHBHUM JiarHOCTUYHHM MOKa3HUKOM (YHKLIOHAJIBHOTO CTaHy M'SI30BUX IPYII
€ mapametpu enekrpomiorpagigaoro (EMI') curnamy.

VY 3B'A3KY 3 MM JOITEHO PO3POOIIATH JiKyBallbHO-A1aTrHOCTHYHI KOMIUICKCH,
0 IependadaroTh OLIHKY (YHKIIOHAIBHOTO CTaHy HEPBOBO-M'S30BOTO arapary
METOAOM eleKTpomiorpadii, CHHTE3 CHTHANIB eIIEKTPOMIOCTUMYJIALII, aIeKBaTHUX
IHOMBITyaJbHOMY CTAQHy M'I30BHX TPYII, KOHTPOJb e()eKTUBHOCTI TEparneBTUIHOTO
BILTUBY.

OCHOBHUM 3aBJIaHHSIM, BiJ BHpIIIEHHS $KOI 3aJIeKUTh €(EeKTHBHICTH
EJIEKTPOMIOCTUMYJISIIHHOT ~ Tepamii, € BUPOOJICHHS KpuTepiiB (opMyBaHHS
ctumytrorouoi fii. [IpoBeaeHi MOCTIKSHHST BUSBIIN JOIUIBHICT BUKOPHCTAHHS
SIK KPUTEPiil CHHTE3y CTHUMYJIIOIOUOTO CUTHAITYy aMILIITYIHI Ta YaCTOTHI napamerpu
CyMapHOI eJIEKTPOMIOrpaMH CTHMYJIbOBAHOTO M'si3a, OTPUMAaHI B pE3yJbTATi
4acTOTHO-4acoBoi 00poOku EMI-curHany Ta BinOMBarOTh (PyHKIIOHAIEHUHN CTaH
M'S130BOT TKAHUHHU.

B nonoBigi HaBOAATBCA Pe3yJbTaTH PO3POOJIEHOrO METONLY aJalTHBHOIO
YIOpPaBIiHHA MIOCTHMYJIIOIOYAMH BJIACTUBOCTSMH CHTHAJYy BIUIMBY Ha OCHOBI
aHAJTI3y aMIUTITYy JHO-4aCTOTHUX XapaKTEePHCTHK CyMapHOI eJIeKTpoMiorpamMmu m'si3a,
II0 CTUMYJIFOETHCS Ta TEXHIYHE 3a0e3[eYeHHs arapary eJIeKTPOMiOCTUMYJILIT, 110
(YHKI[IOHY€E BiJIIOBIHO /10 JAHOTO METO/IY.
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JUHAMIYHA MOJIEJIb BIPTYAJIBHUX 3'€ITHAHDb
MYJbTHUCEPBICHUX MEPEXK

I'yapko MLA.
XapKiBCHKUH HAIIOHAIFHUH YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaiHa

TymaHHI Ta XMapHi 004YHCIIeHHS HaOyBalOTh BCe OLIBLIOT BarW B Cy4YacHUX
iHpOpMAaIIHHUX TEXHOJOTISIX, 3MIHIOIOYM MiAXOAM 10 30epiraHHs, O0OpoOKU Ta
JIOCTYIY 110 IaHHX.

BoHu npomoHyOTH THYYKICTH 1 MacmTaboBaHICTh, SKI JJO3BOJSIOTH
opraHizauisiM ontumizyBaTu BuTpatu Ha IT-iHppacTpykTypy Ta MiABHUIIUTH
MPOAYKTUBHICTB[1].

BuxopuctanHs TyMaHHHX OOYHCIICHb BiJIKpMBa€ HOBI MOXKIIHMBOCTI [UIA
iHTeTpalii 3’ €qHaHb Y PI3HUX CEpeNOBHINAX, OCKUIBKH IaHi NMEepeHaloThCS depes
Mepexy KoM totepiB. Cepio3HOI0 3a1a4eto € BUPILICHHs TUTaHH:I 00pOOKU TaHHUX
Ha Kparo Mepexi 4M B XMapHOMY CepeloBHIN. Bim IIpOT0 3aleXHUTh YacOBi
3aTPUMKH OTPUMaHHS iH(pOpMaIlii, a TAKOXK MMOCTAE MUTAHHSI €HEProe(eKTUBHOCTI
cHCTeMH B LiToMy|[2].

MeToro monoBini € qOCiHKEHHS YacOBHUX 3aTPUMOK IIPH Iepeaadi JaHux y
XMapHUX Ta TyMaHHHUX OOYHMCJIEHHSX Ta PO3pOOKa MaTeMaTHYHHX MOJEJel, L0
JIO3BOJISITH BPaxOBYBaTH KJIIOYOBI MapaMeTpPH, sIKi BIUTUBAIOTh HA 11i 3aTPUMKH.

VY xoni KociiKeHHs 0yJI0 PO3IIISIHYTO, SIK BiZICTaHb 10 By3JIa Iepenadi JaHuX
Ta MOTOYHE HABAaHTAXXCHHS MEPEXi BIUIMBAIOTH Ha Koe(illieHT 4yacoBoi 3aTPUMKH
(L). 36ip maHmX 3 CCHCOPIB BUSABICHHS BOJIOTOCTI Ta TEMIIEPaTypH ITOKa3aB, IO Ha
nepeaady iHpopmarii B XMapy MOKe BIUIHBATH psif (HaKTOpiB, 30KpeMa KiJIbKICTh
onHovacHux 3'eqHansb (F) Ta Bigcrans no By3na (D).

BusiBneHo, 110 32 YMOB 3HaYHOIO HABAHTA)XCHHS Ta BIACTaHEH 3HAYCHHS
KoedimienTa yacoBoi 3aTpuMku L mepeBumrye 2.0, mo poOUTH BHKOPHCTAHHS
XMapHOi 00pOoOKH MEHII e(heKTUBHUM.

PesysbpraTy BUMIpIOBaHb YaCOBHX 3aTPUMOK Y PI3HUX YMOBaX JAE€MOHCTPYIOTh
3aJIXKHICTh [LOTO KoedillieHTa BiJ| Bi/ICTaHi 0 By3J1a Ta 3aBaHTA)KCHHS MEPEexi.

JlaHi moka3yloTh, 110 IiJIBHUILIEHHS 3aTPUMOK BiOYBA€ThCS 3 HAPOCTAHHSIM
3HaveHb napamerpiB F 1 D, mo cBimuuTh Mpo HEOoOXiAHICTh BUKOPUCTAHHS METOJIIB
MOHITOPHHTY Ta ONTUMI3allii pecypciB uis  3a0e3ledeHHs  CTabiIbHOT
MPOJYKTUBHOCTI TAKUX MEPEXK.

Cnucok Jitepatypu
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METO/J NPOrHO3YBAHHS CITIO’KUBAHHSA EJEKTPOEHEPTTI
HA OCHOBI LITYYHUX HEMPOHHUX MEPEXK

I'puborcrka B.A., 3naiigrok B.I.
XapKiBCHKUH HAIIOHAIFHUH YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaiHa

BennuesHe 3pocTaHHS MOMUTY Ha €IEKTPOCHEPTil0 B YCHOMY CBITI IPH3BEIIO
J10 6araTbox mpo0JeM, NoB’sI3aHUX 3 ePEeKTUBHIM BUKOPUCTAHHSIM €JIEKTPOCHEPTii,
1110, SIK HACJIIZIOK, CTBOPIOE CKJIAJIHI 3aBJaHH [UIs CIIO’KMBAYiB €IEKTPOEHepTii BCiX
PIBHIB — BiJl JOMOTOCHOJAPCTB J0 00’€KTIB BeNMMKHUX KommaHiil [1]. bimpmricTs i3
X MpoOJeM MO)KHa IOJOJAaTH [UIIXOM TOYHOTO NPOTHO3YBaHHS HOMHTY Ha
€JIEKTPOEHEPTIIO.

Kpim Toro, BiamoBimanpHiCTs 3a OanaHC BKIOYae (piHAHCOBHH MeXaHI3M Ha
OCHOBI mTpadiB, MO CIPHUYUHSE JOJATKOBI BUTPATH 3a HETPABIUILHO OIliHCHE
CIIO’KMBaHHS, 1110 MIEPEBHIIYE JO3BOJICHI MEXI1 AuCOanaHcy.

Metoro pgomnoBigi € po3poOKy MeToqy NPOTHO3YBAHHS CIOXKHBaHHSA
eJIEKTPOSHEPTii Ha OCHOBI IITYYHUX HEHPOHHUX MEPex [2].

B sxocTi HabOpy JaHUX PO CIIOKUBAHHS €JICKTPOCHEPTil BUKOPHUCTOBYBABCS
3araJibHOJJOCTYIHUI HA0Ip JaHUX, AKE MICTHTh JaHi 3 MOTOJAUHHUMU IHTEpPBAIAMHU.
OTpuMaHi JjaHi BUMIPIOIOTBCS 32 TEpioj MOHAJ 2 POKH, a MOTIM IOAUISIOTHCS Ha
YOTHPH CE30HH, TOMY ISl KOKHOT'O CE30HY PO3POOIIAIOTHCS Pi3HI MOJICITI.

Posrnsipatothbes STk pi3HUX MepexkeBHUX CTpyKTYp (3Buuaitanii RNN, LSTM,
GRU, nBonamnpasnenniit LSTM, neonanpasnenuit GRU) st m°siTr pisHUX 3HAYCHD
TOPHU30HTY, TOOTO BXiTHUX JaHHUX (OIUH ACHB, BA THI, YOTHPH IHi, OIHH TIKICHB,
JIBa THOKHI).

IHnexen MpogyKTHBHOCTI, TaKi sSIK cepeqHs aOCOIOTHA BiZICOTKOBA MOMHIIKA
(MAPE), cepemnapokBagpatinyna nommika (RMSE), cepenas abcomoTHa TOMUITKA
(MAE) i cepemns xBagpatmyHa mommika (MSE), BHKOPHCTOBYIOTBCS IS
OTPUMAaHHS SIKICHMX 1 KUIbKICHUX TOPIBHSHb MiX OTpUMaHuMH Mojensmu [3].
Pesynpratn mokasyroTh, 1m0 Moaudikamii pPEeKypeHTHHX HEHPOHHHUX Mepex
npanoTh HabaraTo Kpamie, HDK 3BHYalHI PEKypeHTHI HEHPOHHI Mepexi.
Haiikpami xapakrepuctuku MatoTh cTpykTypu GRU ta nBonanpasnennii LSTM.
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MOJEJII EHEPTOMEHE/UKMEHTY JUIS1 3ABE3IIEYEHHST
E®EKTUBHOI POBOTHU MIKPOMEPEZK

Hemunenko /I.B., Konryn FO.M.
XapKiBCHKUH HAIIOHAIFHUH YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaiHa

CyuacHi eNeKTPOEHEpPreTHYHi CHCTEMH CTHUKAIOTBCS 3  YHCICHHUMH
BUKJIMKAMH, TaKUMH SIK 3aXHCT JOBKUULIS, 3POCTaHHS IJIOOAIBHOTO IOMUTY Ha
CJIGKTPOCHEPTit0, BUCOKI BHMOTH JIO HAJIMHOCTI Ta YUCTOTH CHEPTii, a TaKOoXK
OOMEXeHHsI y IUIaHyBaHHi. 3 METOI0 DO3BHTKY B HAaNpsIMKy EKOJIOTiYHOI Ta
IHTEJIEKTYalbHOI EHEPreTHKU LIEHTPaTi30BaHi TeHepyroUl MOTYKHOCTI TOCTYIIOBO
3aMiHIOIOTECSI MEHIIIMMH, PO3NOIiNeHNMH Ixepenamu eHeprii [1]. Lle nmpuBomuTs
o (opMyBaHHS KOHIETIii MIKpOMEpeX, SKi MOXKYTh (DYHKIIOHYBaTH SK €IWHA
KEpOBaHa CHCTEMa Ta PO3IIAATHCS SIK KJIACTEPH HABAHTAXXEHb 1 PO3MOAITICHUX
€HEepropecypciB, BKIIOYAIOYM BiJHOBIIOBAHI DKepena Ta CHCTeMH 30epiraHHs
EHeprii.

MeToro 1onoBiai € po3poOka onTUMizalitHIX MOIEel eHePrOMEHEIKMEHTY
Juist 3abe3nedeHHsT e(eKTHBHOI POOOTH MIKpOMepeK. 3alponoHOBaHI MOJENi
OXOIUTIOIOTh ~ YNpPaBIiHHA PO3MNOAUICHUMH EHEPropecypcaMu, IO  CIpHsE
€KOHOMIYHOMY Ta CTaJOMY PO3BUTKY TaKHX CHCTeM. BOHM BpaxoBYIOTb HH3KY
(axTopiB: eKcIuTyaTaliiiHi BUTPATH PO3MOAIJICHUX [C€HEPATOPIB, BAPTICTh BUKHIIIB
TPaAMUIHHUX JDKEpEeN eHeprii, MakCHMalbHe BUKOPHUCTAHHS BiJHOBIIOBaHUX
JDKepell, BUTPATH Ha JeTpajalliio JiTii-lOHHUX Oatapeid, CTUMYINHU JUI pearyBaHHS
Ha TOIUT 1 BUTPATH Ha BiJKIIOYEHHS HaBaHTaeHHS. OKpIM TOro, po3poOIieHO
KOMIUIEKCHY MOJIeNIb JUIsl CTaHJIapTH3alil NMpOIECiB y peaJbHUX E€HEPreTHYHHX
crcTeMax.

o6 mimBumMTH e(QEeKTHBHICTH 3aIpPOIIOHOBAHOI MOJEIN, MOXKIIHBO
3aCTOCYBaTH HEHPOHHI Mepexi s OOpoOKHM BeNHKHX OOCSTIB  JTaHHX,
nepenOavyeHHs MOBEIIHKK CUCTEMH Ta ONITHMI3alil yIIpaBIiHH eHepropecypcamMmu B
peXMMi peasbHOro uacy. BHKOpHCTaHHS HEHPOHHUX MEpEX JO3BOJISIE MOJEINI
MIBUKO aJanTyBaTHCs 10 3MiH Y CUCTEMI, ITiIBUILYIOYH HaAiHHICTh i CTa0lIbHICTh
mikpomepexi [2]. Lle Takoxk crHpuse ONTUMAJIbHOMY PO3NOALLY ESHEPreTHYHHX
pecypciB, MiHIMI3YIOUM eKCIUTyaTalliiiHi BUTpaTH Ta HOKPALIYIOYH IHTErpaiito
BIJIHOBJIFOBAHUX JIKEPEJ y 3arajbHy €HEPIeTUUHY CUCTEMY.
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METO/IM 35UVIBINEHHS JAHUX JJIS1 TIOKPAIIEHHSA
KOHTPOJIbOBAHOI'O HABYAHHA ITPU BUABJIEHHI KIBEPATAK

Owmenpuenko B.B., 3natigrok B.I.
XapKiBCHKUH HAIIOHAIFHUH YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaiHa

3pocTaroda CKIagHICTh KibepaTak BUMarae po3poOKH IEpeOBHX CHCTEM
BUSIBJICHHS, 3/JaTHUX TOYHO 1IeHTH(IKYBaTH Ta IOM’IKIITyBaTH NOTEHIii{HI 3arpO3H.
3arpo3u A JaHUX KIacU(]iKylOTbCs Ha BUTIK JaHUX 1 MOPYLICHHS JaHUX, SIKI
BIZPI3HSIOTHCSI TOJIOBHUM YMHOM 32 HaMipoM po3kpuTts [1]. Burik nanmx, sk
NPaBWJIO, € HCHABMUCHUM PO3KPUTTSM 4epe3 JIOJChKY IMOMUIIKY a00 BPasJIHBICTh
CHCTEMH, TOJl SK TOPYLICHHS IaHUX — II6 HABMHCHA aTaka, CIPSMOBaHa Ha
BUKpaJeHHs iH(popMaIIii.

MeTo10 10MOBiAi € 3aIIPONIOHYBATH MiAXiM, IO BUPINIYE KPUTHIHY IIPOOIIEMY
BUSIBJICHHSI KiOepaTak 3a JOIIOMOTOI0 KOMIUIEKCHOTO MiIXOJy, SKHH BKIJIIOYAE
CTBOPEHHSI PEAJiCTUYHOTO, ajieé He30aJaHCOBAaHOTO HAOOpY MAHMX, IO MOEIIOE
pi3Hi THIIH KibepaTak.

B nmomoBini  po3risiHyTO  BHYTpIIIHI  OOMEXEHHs, IOB’si3aHi 3
He30alaHCOBAaHUMHM JIaHUMHM, MPOBOJWIIOCH JOCIHIKEHHS UYUCICHHHX METOJIB
JIOTIOBHEHHS JaHWX, 00 MiABUIUTH €()EeKTUBHICTh HAaBUaHHS MOJCIi Ta
3a0e3MneunTH HaJiiiHy NpPOJYKTUBHICTh y pI3HHMX cleHapisx arak. [lo-mepiue,
CTBOpPEHO JIeTAJIbHUI HaOIp NaHWX, SKHH BigoOpa)kae peabHi yMOBH MEPEKEBHX
BTOPTHEHb, IMITYIOUH HU3KY THIIIB KibepaTak, TapaHTyIOUH, 10 BiH BTUIIOE THITOB1
JucOaaHCH, sIKi CIOCTEePIraroThCS ITif] 9ac CIIPaBKHIX 3arpo3 KidepoOesmeri. 3rogom
MH 3aCTOCYBalll JAEKiIbka METOHIB po3ImupeHHS maHuX, 3okpema SMOTE Ta
ADASYN, 100 ycyHyTH IIEpeKOC Y PO3IOALTI KIaciB, 3a0€3MEUNBIIA TAKHM YHHOM
OinmpIr 30anaHcOBaHUI HAOIp JaHUX I HABYAHHS MOJENeH MaIIHHHOTO HABYaHHS
3 HarsgoM. OIiHKa [IUX METOJIB y PI3HUX MOJENAX, TAKMX SIK BUTIAJIKOBI JIiCH Ta
HEWPOHHI Mepexi, JEMOHCTPYE 3HAa4yHi IMOKpPAaIIEHHS MOXXJIMBOCTEH BUSBIICHHS.
KpiM Toro, aHaiiz TakoX IOLIMPIOETbCS Ha JOCIIJHKEHHS BaXJIMBOCTI O3HAK,
HaJIAF0Y¥ KPUTHYHE PO3YMIHHS TOTO, SIKI aTpUOYTH HAOLIbII CYyTTEBO BILUIMBAIOTH
Ha NPOTHO3HI pe3ysbTaTH Mozesel. Lle He TUIbKM MOoKpallye iHTepIpeTaTUBHICTD
MO/IeJIeH, ajie i IormoMarae yTOYHIOBATH MTPOIECH PO3pOOKH (DYHKIIiH 1 BUOOpY st
onTUMi3alii NpPOIyKTUBHOCTI.
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METOU ®EJEPATUBHOI'O HABYAHHA
JJIs1 AHAJIITUKHU JAHUX B TYMAHHUX CUCTEMAX

Bammnos B.C., T'op6ados B.O.
XapKiBCHKUH HAIllOHAIFHUHA YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaina

Fog Computing — 1ie cdepa, sika pO3BUBAETHCS, 1 CIPAMOBAaHA HA BUPIIICHHS
OCHOBHHX HEJIOJIIKIB XMapHUX 00UYHCIIEHb, TAKUX SIK: IPOOJIEMH KOH(1IeHIIHHOCTI,
NPUXOBaHUH BIATYK 1 BUTpaTW Ha NPOMYCKHY 3narHicTb. Tymanni By3mu (TB)
IHKAICyJIIOI0Th O0YHUCIIeHHS, 30epiraHHs Ta MepexeBi CiIy>KOu B o/HiH rutaTdopmi.
TB 3naxonsatbes B Fog Layer, mpomi>kHOMY nporpamMHOMY 3a0e3NedeHHi, sike €
MOCEPETHUKOM MDK XMapHUMHU Ta TepUPEepiiHUMH MPUCTPOSMH, OIIKYIE 10
nepugepiiHoi CTOpoHM, MO0 OOYHCIIOBANBHI 3aBIAHHS CIPAMOBYBAIACS O
nepugepiiHIX IPUCTPOIB.

MerTo1o nonoBini € 3anpornonyBatu MeToau GenepatuBHoro HaBuaHH: (FL) sk
CTPYKTYpy ManmiaHOTO HaBuaHHS (ML) [1] ams cueHapito po3noaiieHoi aHaTiTHKH
IaHuxX, o0 He Oyno moTpedW B mepemadi MaHUX 3ampollOHOBAHO IOIUITBHICTH
3actocyBanHsi Active Learning (AL) B 00’eaHaHiii cTpyKTypi, 1100 3MEHIIUTH
BUTPATH Ha MapKyBaHHS BPY4HY.

B nmomoBini nocnimkeno npoGnemy rereporeHHocTi nanux y FL [2], sxa
BUHHUKAE Yepe3 He30aTaHCOBAHUN PO3MOMUT JaHHUX MDK PO3MOMIICHUMHU
npucTposiMu abo ynepe/pkeHI cxXxeMu BHUOIPKM [aHWX, HAIlpUKIaJ, aKTUBHHI
ceMIuIep.

Ie Mae BaxiMBe TEOpETHYHE Ta NPAKTHYHE 3HAYCHHS, OCKIIBKY B PEaTbHOMY
JKHUTTI JIaHI 4acToO € HEe3aIeKHUMHU Ta OJTHAKOBO PO3MOAiIeHNMH. Lle kunae BUKINK
HaBYAJIbHOMY TIIPOIIECY MOAEIN, BHMAararodd pEeTeNbHOTO PO3TISAy IIBHIKOCTI
HaBYaHHS Ta CTPATETii arperyBaHHs, sKi CIIiJl 3aCTOCOBYBATH.

FL 3ammmae Ourbiry YacTHHY OOYHMCIIOBAJIBHOTO HABaHTAKCHHSA Ha
nepudepiliHi NpUCTpOl, 3aIUIIAIOYM HAa CepBepi Juile MpocTi apupMeTHuHI
orepaiiii. 3anpOINOHOBaHO HOBY CTPYKTYpY, SIKa € OUIbILI THYYKOIO JUIS 3MiHHOTO
po3moAlTy OOYHMCIIOBAILHHUX PECYpCiB 1 3acTOCOBHA JIO CIEHApIiB, KOJIHU
O00YHCITIOBAILHUX PECYPCIB MPUCTPOIB HEAOCTATHHO I peaizailii 3aBaaHHs.
KibKiCHO BU3HAUCHO YMOBY HHKHBOT MEXKi, 11100 BUKOHATH MIOBHY PEKOHCTPYKIIIO
3a pomomororo OararomrapoBoro mnepcentpona (MLP) i 3roprkoBoi HeipoHHOT
mepexi (CNN).

Cnucok Jitepatypu
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NIIXO/1 3ABE3IIEYEHHS BE3IIEKH JAHUX
ITPHU OBPOKBII 3A JOIMTOMOI'OI0O TYMAHHHUX OBYUCJIEHDb

Kypwno O.1., Jismenko O.C.
XapKiBCHKUH HAIIOHAIFHUH YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaiHa

Fog computing (FC) € po3momiieHO0 apXiTeKTypow, sKa HabIMKae
004YHMCITIOBATIbHI PECYpCH Ta CEpBICH JO DKEpesl JaHuX, II0 J03BOJISE 3HU3UTH
3aTPUMKH, TiIBUIIUTH e()EeKTHUBHICTh OOPOOKH AaHUX Ta 3arajibHy MPOAYKTHBHICTh
cucremMu. Llg oOuncimioBambHa MOJENb IPOJEMOHCTPYBaja IEPCHEKTUBU IS
3aJJ0BOJICHHSI CYYaCHUX BUMOT JI0 OOYHCIICHb.

IIpoTe icHye HHU3Ka BUKIWKIB [UIS il TOBHOLIHHOTO BIPOBA/KCHHS, 30KpeMa
3a0e3MneueHHs HaIiitHOCTI Ta Oe3MEKH.

Merto10 f101n0Bidi € BU3HAUCHHS KJIIOYOBUX BUMOT AJis BOpoBamkeHHs FC. ¥V
pe3ynbTati Oymu chOpMyIbOBaHI YOTHPH OCHOBHI BHMOTH: HU3bKa 3aTPUMKA 1
IIBUJIKA PEaKIlis; MacIITa0OBaHICTh i YIPaBIiHHA pecypcamu; BiIMOBOCTIHKICTb i
pe3epByBaHHS; KOH(IIEHITIIHICTS 1 Oe3neKa TaHuX.

Jnst mocsrHeHHsST HHU3bKOI 3aTPUMKH 1 IIBUJIKOTO BIATYKY IPONOHYIOTHCS
METOJIY TPAaHUYHOTO KEeIlyBaHHS, aHali3y B PEabHOMY Yaci Ta IPUHHSTTS PillIeHb,
a TaKoX MOOUTbHI TPAaHUYHI OOYHCIICHHS.

MacmitaboBaHIiCTh 1 yHpaBiiHHS pecypcaMH MO)KHa 3a0e3le4YHuTH uepe3
tdenepamito Ha mnepudepii, BipTyamizaiio, KOHTCHHEPHU3AI[il0 Ta OPKECTPAIlilo
KpaloBuX pecypciB. BiqMOBOCTIHKICT Ta pe3epByBaHHS JOCITAIOTHCS 32 PaXyHOK
MeXaHi3MIB Pe3epBHOTO KOMIIOBAaHHS Ta BiJHOBJICHHS, PEIUTIKAIlil JaHUX 1 IUTaHIB
aBapiifHOTO BIZHOBJICHHS; TYT IIEPCIIEKTUBHAM € BHKOPHCTaHHS CHCTEMH
3amunrkoBux HoMepiB (RNS).

Just Oesrekn Ta KOHQIACHIIHHOCTI JaHWX BaXXIMBUMH € HaAiHI METOIU
aBTeHTU(IKaIlil, aBTOPHU3AIli{, YIIPaBIiHHSI JOCTYIIOM, a TAKOX Cy4YacHI TEXHOJIOTii
noBHicTio romomMopdHoro mmdpysanus (FHE) 1 cuctemu o6miny cekperamu (SSS).

Hns epextuBHOI iHTerpanii Fog computing i3 cy4yacHUMH MeEpEKEBUMH
iHppacTpyKTypaMH HEOOXiZHO pPO3POOUTH aJaNnTHUBHI AITOPUTMH  PO3HOALILY
HaBaHTAXXEHHs Ta OanaHcyBaHHs Tpadiky. L{i aaroputMu NOBHHHI BpaxoBYBaTH
3MiHHI OOYMCIIIOBANBHI TIOTY)XHOCTI Ha TiepuepiiHuX By3nax, AMHAMIYHI YMOBHU
MEpEKEBOr0 CEpe/IOBHUINA, a TAKOXK 3a0e3levyBaTd MiHIMI3al[ll0 3aTPUMOK NpHU
nepeaadi TaHuX.

BukopucranHs METONIB MAIIMHHOIO HaBYaHHSA 1 IITYYHOTO IHTEJEKTY
JIO3BOJIMTH yIOCKOHAJINTH ITPOLIECH aJanTamii CHCTEMH JJO 3MiHHUX HaBaHTa)KeHb Ta
HiABUIUTH i 3aTabHy IPOTYKTUBHICTH, 3a0€311eUyI0UN HAIIHHICTB i BUCOKY SIKICTh
00CIIyroBYBaHHS B peaJlbHOMY Yaci.

Cnucok Jitepatypu
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MOJIEJII HA OCHOBI PEKYPEHTHUX HEHPOHHUX MEPEX
Y POHNOAIVIEHUX CUCTEMAX

JIsmenxo O.C., Hro 3a @ar, Konrys FO.M.
XapKiBCHKUH HAIIOHAIFHUH YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaiHa

CydacHi po3moAiieHi 00UHCITIOBABHI CHCTEMH CTHKAIOTHCS 3 MPoOIIeMaMu
MPOTHO3YBAaHHS Ta YIPABIIHHA HAaBaHTAXKEHHSIM s 3a0e3ledeHHS HamiHHOL
poboTH, MiHIMIi3aIlii 3aTPIMOK i ONTHMAIBHOTO PO3IIOALTY pecypcis [1].

Pexypentni HeiiponHi Mepexi (RNN) € epexTHBHHM iHCTPYMEHTOM [T
00poOKHM MOCHIZIOBHUX AAHUX Ta MPOTHO3YBAaHHs 4Yacy 3aTPUMOK, 3aBISKU TXHIH
31aTHOCTI 30epiraTu iHdopMarito npo mnonepeaHi CTaHH.

RNN BHKOPHCTOBYIOTECS /171l IPOTHO3YBaHHS MOBEIHKH CUCTEM, OIITUMI3aLlil
pecypciB 1 3amoOiraHHs MEPEBAHTAXCHHSAM IIIJSIXOM TOYHOTO MepeadadeHHs
3aTPUMOK [2].

VY wiit gomoBini posrnspaerbes 3actocyBanHS RNN st mporHosyBaHHS
3aTPUMOK Y PO3MOAIJICHUX CHUCTEMaxX, IO JIO3BOJIIE YHHKATH IEPEBAHTAXEHb 1
TOKPAIIlyBaTH PO3MOILI PECypCiB.

PexypenTHI HEHipOHHI Mepexi BIAPI3HAIOTHCS Bill TPamWIiHUX HEHPOHHUX
MepeX THM, IO BOHH MICTSATh 3BOPOTHI 3B’SI3KH, SKi JO3BOJIIOTH 30epiraTu
iH(pOpMAIIifO PO MOTEePEIHi CTAaHU B JOBTUX TOCHTIJOBHOCTSIX TAaHUX.

e no3Bosisse RNN ehekTHBHO MpPAIfOBATH 3 IMOCTIIOBHHUMH Ta YaCOBHMH
JIAHUMH, TAaKUMU K ICTOPUYHI 3HAUSHHS 3aTPUMOK, [0 POOUTH IX MPUAATHUMU JUIs
MPOTHO3YBaHHI.

OcHoBHUMH NiepeBaramu BukoprctanHsi RNN y nporHo3yBaHHI 3aTpUMOK €:

— ajanTauis 70 A0Brux mociigoBHocTed aanux: RNN 3xarHi aHamizyBatu
JIOBT'l 4acoBi psju, 30epiraroun KOHTEKCT iH(OopMalil, 10 BaXIUBO JJISI TOYHUX
nepea0OavcHb;

— 00poOKa 3aJe)KHOCTEH y Yaci: 3aBASKH 3IaTHOCTI BPaXOBYBaTH IIOTIEPEIHI
crany, RNN BUSBIJISIOTh MaTepHH Yy YacCOBHX psAax, IO J03BOJSIE e(EKTHBHIIIE
nependavyaTH 3aTPUMKH.

MeTtow aomoBimi € BIpOBaDKEHHS BIOCKOHAJICHHX Mojeleld Ha 0asi
apxirekryp, takux sk LSTM (Long Short-Term Memory) ta GRU (Gated
Recurrent Units), 1m0 ycyBarTh Mpo0ieMH, OB'A3aHI 3 TPUBAIOIO 3aJICKHICTIO
y cragmaptHux RNN, mo poOuth ix me Oinbm e(peKTHBHUMH ST JOBTHX
MOCJIiJOBHOCTEM.

Jlis IpOoTHO3YBaHHS 3aTPUMOK Y PO3MOJINIEHIH CHCTEMi BUKOPHUCTOBYETHCS
apxitekrypa LSTM, sxa o6poOiste nmaHi mMpo 3aTpUMKH Ta HaBaHTAXKEHHS, IMI00
nepeadadynTi MMOBIPHICT 3aTPUMOK y MaiOyTHROMY. [Iporiec mobymoBu mMoxmeni
MOXHA OTHCATH HACTYITHUM YHHOM:

—30ip Ta MiArOTOBKa JaHUX: HEOOXiAHO 3i0paTW IaHi HpPO 3aTPHUMKH,
BKJIIOYAlOYM iH(OpMallilo Mpo HaBaHTAXKEHHS Ha MEpEexXy, yac 0OpOOKH 3aIuTiB,
cTaH pecypciB. JlaHi CerMeHTYIOThCS Ha 4acOBi psiH;

—cTBopeHHs Ta HapuaHHS Moxemi LSTM: Ha ocHOBI 3i0paHMX JaHHX
dhopmyetncst monenb LSTM, sika BUUTHCS BU3HAYATH 3aKOHOMIPHOCTI B 9aci.
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Mopens BUKOPHCTOBYE 30epekeHy iH(popMarlliro mpo MonepeaHi cTanu, Mmoo
nependadaTH 3aTPUMKH Ha OCHOBI MMOTOYHHUX YMOB;

— BaNiJamig Ta OI[iHKAa MOJENi: MOJENb IEepeBipsAEThCS Ha HOBHX Habopax
JAaHUX, 100 OIIHWUTH TOYHICTh HMPOTHO3YBAaHHS 3aTPUMOK. TaKOX KOPErYIOTBHCS
rineprnapameTpu JUisl TOCATHEHHS. ONTHMalIbHOT TOYHOCTI.

— iHTerpamiss B CHUCTEMY: IMICJIs HAJIAIITYBaHHS MOJENb IHTEIPYETHCS Yy
posmnozineny cucremy. RNN mocriiiHo oTpuMye naHi BiJ cucTeMH 1 3abesneuye
CBO€YACHE MPOTHO3YBaHHSI.

BunpoOyBanHs Takoi CHUCTEMH Ha pealbHUX JaHUX I[I0Ka3ano, M0
BukopuctanHst LSTM 103Bojsie 3MEHIIMTH 3aTPUMKU Ta YHHKHYTH IIKOBHX
HaBaHTaxeHb Ha 20-30% 3a paxyHOK IepeI4acHOro yIpaBIiHHI PECypCcaMu.

TakoX B [OMOBiAI PO3INIAHYTI IMEpeBard Ta BHUKIWKA TPH BUKOPHUCTaHI
3aIPONOHOBAHOT MOJIEII.

OCHOBHHMH TIepeBaraMH €:

— BHCOKa TOYHICTh TPOTrHO3yBaHHs: RNN BUABIAIOTE CKJIaIHI 3aKOHOMIPHOCTI
B JJaHUX, 1110 J03BOJIsIE 3a0e3MeuyBaTi TOYHINI nepeadadyeHHs 3aTPUMOK;

— MaciuTaboBaHicTh: Monenb RNN azpantyerbcss A0 pi3HHX PO3MOIUICHHX
CHCTEM, HAJIAIITOBYIOYH ii 1miJ crienn(piKy KOHKPETHHUX 3aB/IaHb.

B siKOCTi BUKJIUKIB Ta 3aBJaHb, SKi MOTPIOHO BUPIIIyBAaTH B MAaHOYTHHOMY
me:

— HEOOXIIHICTh BETTHUKOT0 00CTY MaHuX — HapuaHHS Mojeneil RNN morpebye
3HAYHOI KUTBKOCTI iICTOPUYHUX JaHUX IS 3a0e3IeYeHHS TOYHOT poOOTH;

— 00YHCITIOBANIBHI pecypcH — HaBUaHHs ckiagHux mozeneid RNN, ocobirBo B
PEXKUMI pealbHOTO Yacy, MOXKE BUMAraTH 3HAYHUX 00YUCITFOBAIBHUX PECypCiB, IO
€ 0COOMBO BXIIMBUM Y MACIITAOHUX PO3MOIIICHUX CHCTEMAX.

BucnoBku. PexypentHi HelipoHHI Mepexi, 1 30kpeMa LSTM, € edekruBHIMU
THCTPYMEHTaMH Ul IPOTHO3YBAaHHS 3aTPUMOK Y PO3NOAUICHUX OOYHCIIIOBATBHHX
cucTeMax.

BoHM  [103BONSIIOTH  3HM3MTH PH3MK  MEPEBAHTAXKEHHS, 3a0e3NeuuTH
Oe3nepediliHy poOOTY CHCTEMH Ta ONTHMAIILHO PO3IOAUISATH PECYPCH.

3aBmsakd IXHIN 34aTHOCTI 00poOIIsATH mociinoBHi naHi, RNN 103BOJISIOTH HE
auuie nependavyaTd MalOyTHI 3aTPUMKH, aje il BIPOBADKYBaTH 3aXONH, SIKi
JIOTIOMAraroTh 3MEHIINTH HABAHTA)KEHHS Ha CHCTEMY.
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METO/JHU MAILIMHHOI'O HABYAHHS JJI51 AHAJII3Y TPA®IKY
JJIA BUABJIIEHHA TPOT'PAM-BUMAT AYIB IIVIAT®OPMHA ANDROID

JIsmenxko O.C., Crymaperko P.1O., 3naiimok B.I'.
XapKiBCHKUH HAIIOHAIFHUH YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaiHa

Y cywyacHy uu@poBy enoxy BHKOpHCTaHHs mpucTpoiB Android mmpoxo
NOIIMpEHe B Pi3HHMX cekTopax. Kibep3nmouMHII HEMHHYYe MPUCTOCOBYIOTHCS IO
HOBHUX TEXHOJIOT1H O€3MeKH Ta BUKOPUCTOBYIOTH Il IIAT(OPMH JUII BUKOPUCTAHHS
BPA3JIMBOCTEH Yy IUIAX, TAKUX SK BUKPAJACHHSA KOH(DIICHIIIMHNX i 0COOMCTUX TaHUX
kopuctyBauiB. lle Moxe mnpu3BecTH 10 (HIHAHCOBUX BTpar, AMCKPEAMTALIi,
mporpaM-BuMaraviB ~ abo  PO3MOBCIODKEHHS  iH(EKUIHHOTO  IIKiIUTHBOTO
MPOTPaMHOTO 3a0e3MeveHHs Ta iHmuMX KaracTpodiuynmx kibepatak. Uepes Te, mo
MpoTpaMu-BUMaradi muQpyroTh TaHi KOPUCTYBada Ta BUMAraroTh BUKYTI B 0OMiH Ha
K04 gemudpyBaHHSA, II€ ONUH 13 HAaHPYHHIBHIINX THINB IIKiIIABOTO
nporpamHoro 3abesmeuenHs [1]. Hacmimkum atak mporpaMm-BHMaradiB MOXYTh
BapifOBAaTHCS BiJ BTPaTH BAXJIMBUX TaHWX IO 3pHBY Oi3Hec-orepariil i 3Ha4HOI
IPOIIOBOI IIKOMU.

MeTor X0NOBIi € H0CTiHKEHHS MeTOiB miTy4Horo intenekry (LI), a came
MamurHHe HaB4aHHst (ML) auist BusiBieHHi atak nporpam-BumaradiB Android. [Tpote
MoJieli aHcamOiro Ta Mozeni rimbokoro HaBuaHHs (DL) He Oynu nocraTHbO
BuBueHi [2]. Tomy B ibOMy JOCIHIKEHHI MU BUKOPHCTOBYBAJIH METO/U Ha OCHOBI
ML i DL nuist cTBOpeHHS e(peKTUBHHUX, TOUHUX 1 HAAIHHUX MOJENEH AJs ABIHKOBOT
wiacudikanii. s HaBYaHHS Ta TECTYBaHHS MOJENieH BHKOPHCTOBYBABCS
3arabHOAOCTYITHUA HaOip nanux Bix Kaggle, mo ckmamaerbes 3 392035 3amucis i3
OesneuynnM Tpadikom i 10 pi3sHEMH TUIMaMH aTak mporpam-BuMmaraviB Android.
Byno mpoBeaeHo 1Ba ekcnepuMeHTH. B ekcnepumenTi 1 Oyim BHKOpHCTaHi BCi
¢yskmii HaOOpy naHWX. Y eKCIEpHMEHTI 2 BHKOPHUCTOBYBaWCS nwire 19
Halikpaumx GyHKIii. PosropHyTi Mozeni Bkitodanu aepeso pimens (DT), mammny
omopuux BekTopiB (SVM), k-nait6nmwkunii cycin (KNN), ancam6ns (DT, SVM i
KNN), neitfponny mepexy npsamoro 3B°s3ky (FNN) i tabnuuHy Mepexy yBaru
(TabNet). 3aranoM ekcriepuMeHTH Jaiiu uyynoBi pesynsrati. DT nepesepiunye iHmi
3 TouHiCTIO 96,21%, TounicTiO 98,21% 1 mokasuukoM F1 98,35%. Toxi sK, 3 TOUKH
30py HaWBHUIIOTO BiaKIuKy, SVM mocsr 100%.

Cnucoxk Jirepatypu
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MOJEJIOBAHHSA THOOPMAIIMHOI CACTEMHA YIIPABJITHHS
MEPCOHAJIOM IT KOMITAHII 3 BAKOPUCTAHHSAM
KJITHHHUX ABTOMATIB

Hipynerikos [.B., Mixans O.I1., 3natigrox B.I.
XapKiBChbKHH HalllOHAJILHUI yHIBEPCUTET pallioeNeKTPOHIKH, XapKiB, YKpaiHa

MopemtoBanHs iHpopManiiiHoi cucremu ynpasiiHas nepconanoM (ICYIT) ms
IT-kommaHii, Ma€ HU3KY CKJIAHOCTEH, MOB'SI3aHUX 3 TEXHIYHUMH, OpraHi3alliitHUMU
Ta Joackkumu  Qakropamu [1]. IT-xommanii 3a3Bu4aii MarOTh OaraToOpiBHEBI
CHCTEMH YTNPABJIHHS, BKIIOYAI0YH MEHEDKMEHT PI3HUX PIBHIB (KEpIBHUKU KOMaH]I,
BifiiB i kommaHii). KoxeH piBeHh MOXe MaTH BIIaCHI OKa3HUKH Ta BUMOTH, IO
YCKJIaTHFOE€ MOJICITIOBAHHS BCi€l CTPYKTYpH OZHOYACHO.

Bukopucranns kmiTuHHHX aBTOoMaTH (KA) MOXyTb CTaTH OCHOBOIO IS
CTBOPEHHS AWHAMIYHOI MoOJesi yIpaBiiHHSA mepcoHasoM B IT-kommawii, ska
JIO3BOJIUTH MOJENIOBATH Ta aHAi3yBaTH NpOLECH HalWMy, IUIMHHOCTI KaJpiB,
PO3BHUTKY HABHYOK CHIiBPOOITHHKIB Ta iX B3aEMOii B poOOYOMY CEpeAOBHILI.
MopentoBaHHs 3MiH y IMOBEIIHII MpaliBHUKIB, TAKUX SK 1X MOTHBALlis, pPiBeHb
CTpeCy 4YHM TPOAYKTUBHICTh, € CKIaIHUM 3aBAaHHAM. KOXeH CIiBpOOITHUK
B32€EMOJII€ 3 IHIIMMH B KOMaH/1 MO-Pi3HOMY, 1 Il B3a€MO/Ii MaroTh OyTH a7eKBaTHO
omnucaHi B Mojeni. Bukopucranus KA no3Bossie onucaty 1i B3aeMoJIil yepe3 CTaHu
KIITUHOK 1 MpaBWia Mepexoiay, ane po3poOka IMX MpaBWI BUMarae rimOOKOro
aHali3y Ta HajamTyBaHHA [2].

Mertoro 1onoBifi € moOy0Ba MaTeMaTHYHOT MOJIETI Ta IPaBUII EPEXOAY MK
CTaHaMW, IO [O3BOJHWTH B TIOBHIH Mipi BpaxyBaTH BCi 0OCOONHBOCTI
(hyHKIIOHYBaHHS iHQOPMAIIITHOT CHCTEMH.

B nmomoBini HaBOJATHECS OCHOBHI NPOIECH MOJENIOBaHHS. TakoX JeTanbHO
PO3IIITHYTO MOJIETb KIITHHHOTO aBTOMAaTa, sSIKa BUKOPHCTaHA JUIS MOJICIIOBaHHS
Nporpecy CIHiBpOOITHUKIB Yepe3 CHCTEMH TPEHIHTIB Ta PO3BUTKY HAaBHYOK.
CriBpoOITHUK (KJTITHHKA) 3MIHIOE CBii CTaH B 3QJICXKHOCTI BiJ] TOCTYITy /IO OCBITHIX
pecypciB 1 B3aemMoaii 3 IHIIMMH KIiTUHaMH (IHIIMMH ~ CIIBPOOITHUKAMHU).
3acTocyBaHHSl KJIITHHHMX aBTOMAaTiB Yy MOJIENIIOBaHHI MPOILECIB yNpaBIiHHSA
nepcoHasom IT-koMmanii 7103BOJIsIE CTBOPUTH aJIaITUBHY CUCTEMY, SIKa JIMHAMIYHO
pearye Ha 3MiHM B TIOBEJIiHIII CITIBPOOITHHKIB, MPOAYKTHBHOCTI Ta 3aJJOBOJICHOCTI
poboToro.
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METOIU MAIIMHHOT'O HABYAHHSI JUIS1 3ABE3IIEYEHHS
HAJAIMHOCTI B KOMIT'IOTEPHUX CUCTEMAX

Tyxtapos B.b., Mixans O.I1., Kprokosa L.B.
XapKiBCHKUH HAIllOHAIFHUHA YHIBEPCUTET PadioeNieKTPOHIKH, XapKiB, YKpaina

HapiiiHicTh KOMITIOTEPHHX CHUCTEM € KJIIOYOBMM acleKTOM IX YCITIIHOTO
(YHKLIOHYBaHHSI B Pi3HUX TaTy3sX, BiJl IPOMHCIOBHX JIOJIATKIB IO CUCTEM IITYYHOTO
IHTCIICKTY.

Tpamumiiini Metoau 3a0e3NEUYCHHS HAMIMHOCTI IependavyaroTh iHKCHEpPHI
pillIeHHsI Ha eTarax po3poOku Ta TecTyBaHHs. OJHAK, PO3BUTOK METOJiB MAIlIMHHOTO
HapyaHHA (ML) BigkpuBae HOBI MOXKJIMBOCTI [UIS TIJABHINEHHSA HaJIHHOCTI
KOMITTOTEPHHX CHCTEM Ha BCIX €Talax iX >KUTTEBOro IUKIY [1].

Posrnsinaroun MeToIM MAaIIMHHOTO HaBYaHHS MOYKHA BHIITUTH OCHOBHI KJIacu:
KepOBaHEe, HEKEPOBaHE Ta IIAKPIIUIIOBAaJIbHE HABYaHHS. Y KEpOBAaHOMY HaBYaHHI
MOJIeJTi HABYAIOTHCS HAa OCHOBI ICTOPHYHUX JaHWX IMPO CHCTEMHI 3001, MOBEIIHKY
CHCTEMH Iiepe] Ta micist BiqMoB. Hait6inem nommpeni anmroputmu: Random Forest,
JIOTiCTHYHA perpecisi, HelpoHHI Mepexi. HekepoBaHe HaBYaHHS 3aCTOCOBYETHCS
JUIA BUSBJICHHS aHOMAaNii, KOJM JaHI NpO TOIEPEeIHI BigMOBH OOMeExeHi abo
BiZICYTHI. AJITOPUTMH, 10 BUKOPUCTOBYIOTHCSI:

— xnacrepusaitis (K-means, DBSCAN),

— METOJI TOJIOBHUX KOMITIOHEHT.

MeToau MiAKPIIUTIOBAJIBHOTO HABYAaHHS JI03BOJISIIOTh CHCTEMaM aJalTyBaTHCS
0 3MIHHUX YMOB B pealbHOMYy dYaci. BoHH eQexTHBHI U1 ympaBIiHHI
JTUHAMIYHAMH CUCTEMaMH, TAKUMH SK PO3MOALUICHI 0OYMCIIOBAIBEHI CUCTEMH ab0
Mepexi 3 6araTbMa By3JIaMH. AJNTOPUTMH MiAKPITUTFOBAIFHOTO HaBYaHHS, TakKi sk Q-
learning abo Deep Q-networks (DQN), MoxyTh aBTOMaTU4HO BHOMpATH il JJIs
MiHiMi3aIii pU3UKiB 300iB Ta MAKCUMI3allii IPOAYKTUBHOCTI CHCTEMHU.

MeTtoro nomoBigi € neranbHU aHadi3 METOJIB MAalIMHHOTO HABYaHHS SIKi
BUKOPHCTOBYIOThCS JJIsl 3a0e3MeueHHs] HaJiifHOCTI KOMIT IOTEPHUX CHCTEM.

B momoBini NponoHyOThCs HOBI IHCTPYMEHTH JIJIsl 3a0e31eYeHHs HaliHHOCTI
KOMIT'FOTEPHUX CHUCTEM, 30KpeMa yepe3 IPOrHOo3yBaHHs 3001B, BUSBIICHHS aHOMaTi i
Ta CAMOBIIHOBJICHHSI CUCTEM.

BukopucTaHHs HEHPOHHUX MEPEX Ta METOIB MiAKPIITIOBAILHOTO HABUYAHHS
JIO3BOJISIE CTBOPIOBATH OINIbII THYYKI Ta aaNTHBHI CHCTEMH, IIO 3a0e3MedyloTh
BUCOKMI piBeHb HaJIifHOCTI B yMOBax 3pOCTal4oi CKIAaJHOCTI Cy4YacHHX
00YnCITIOBATIBHUX IIAT(HOPM.

Cnucok Jitepatypu

1. Martovytskyi, V., Sievierinov O., Liashenko, O., Koltun, Y., Liashenko, S., Kis,
V., Sukhoteplyi, V., Nosyk, A., Konov, D., & Yevstrat, D. (2022). Devising an approach to
the identification of system users by their behavior using machine learning methods . Eastern-
European Journal of Enterprise Technologies, 3(3 (117), 23-34.
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CHUCTEMA MOHITOPUHI'Y
JAJIA POSIHNOAIVIEHUX CUCTEM OBPOBKH JAHUX

Pamuenxo 1.B., Mixans O.I1., 3natigrox B.I".
XapKiBCHKUH HAIIOHAIFHUH YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaiHa

Po3nonineni koHBeepr OOPOOKH JaHHMX JO3BOJIAIOTH KOMIIAHISIM CKOPOTHUTH
qac, HEOOX1AHUI JUIsl BUPOOHHLITBA MOJICNICH, CIIPHUSIFOYH MPUCKOPEHHIO 1HHOBAIIii
i mpopuBaMm y Oaratbox cdepax. MOHITOPHHT Ma€ BHpilllajbHE 3HAYEHHS IS
3a0e3neveHHs Ipane3aTHOCTI Ta ONITUMAIILHOT POOOTH IIX CUCTEM.

CyuacHi ruiaTopMu aHaIi3y JaHUX YacTO CTUKAIOTHCS 3 0OMEXEHHSIMH, KOJIH
MOBa HJie PO aJamnTallilo IO 3MiH SK y Iporpami, Tak i B 6a30BOMY MOTOII JaHUX,
3a3BUYaii HE B 3MO31 OHOBHUTH OKpPEeMi KOMITOHEHTH 3allyIICHHX KOHBEEpIB 0e3
HEOOXITHOCTI TMepe3amycKy abo mpoctoro. KpiMm Toro, BOHH He BPaxOBYIOTb, IIO
JDKepesia JaHUX MOXKYTb 3MiHIOBATHCS POTSTOM NEepiofy BUKOPHCTAHHS.

MeTo10 A0MOBii € 3amPONOHYBATH CXeMy PO3POOKH CUCTEMH MOHITOPHHTY
IUISL PO3MOAITICHHX CHUCTEeM OOpOOKM NaHWX, siKa MOJIETIIye MPOCKTyBaHHSA Ta
PO3TrOpTaHHS TaKUX KOHBEeEPIB [1].

B nmomoBiai Oyna Bu3HaueHa apXiTEKTypa MPOrpaMHOro 3a0e3NeueHHs s
CHCTEMH MOHITOPHMHTY, 1 UUIIXOM Meperiiay Ta MOPIBHAHHS JOCTYITHHX
IHCTPYMEHTIB 3 BIJKPUTHM BHXIIHHM KOJIOM Oylia 3allpollOHOBaHAa MOJXKJIMBA
peaiizaiisi BU3HAY€HOI apXiTeKTypu. byyio MOMiueHO, IO MOHITOPUHI CHIIBHO
3aJICKUTH BiJl KOHKPETHOTO BUITAJIKY BHKOPHCTAaHHS, IPUPOAN NpobieMu, GopMaTy
JAHWX 1 Ty MoJieni, cepel] iHmux ¢akropis. [IpoTe 3ampomoHoBaHa apXiTeKTypa
MOXKE CIIYTYBaTH OCHOBOIO JUIs PO3POOKH CHCTEMH MOHITOPHHIY JUISL CHCTEM, 3
HE3HAUYHUMH JeTasIMH peaji3allii, MO0 BiAPI3HAIOTECS 3aJIe)KHO BiX KOXKHOL
KOHKPETHOI Mpo0JIeMHU Ta KOHTEKCTY.

1106 3a0e3me4ynTH Y3rO/KEHICTh IMiJ Yac OHOBIECHb, CHCTEMa BKIIOYAE
aBTOMAaTH4HI (OpMabHI METOU MEpPEBIPKHU, Taki K NporpamyBaHHs 0OOMEKEHb i
wianyBanss I [2]. L{i MeToau mpo30po MepeBipsiFoTh OHOBJICHHS, 3a0€3MeYy UM
OaxcaHy noBeniHKy. [lo€qHyIOUM 3IaTHICTh BHOCHTH 3MIHH 3 MAacIITa0OBaHOIO
iHQpacTPyKTypol0 Ta MexaHi3MaMM IEpEeBIpKH, CHUCTEMa yCyBae OOMEXKEHHS
ICHYIOYHX TUIaT(GOpM aHai3y JaHUX 1 HAIa€ KOMIUICKCHE PIIICHHS [T HAYKOBIIB 1
KOMITaHIH, sIKi 3aiMAIOTHCS aHATI30M JaHUX.

Cnucoxk Jirepatypu
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MPOEKTYBAHHSA MOJIEJII IHOOPMAIIMHOI CUCTEMHA
JJIs1 OBPOBKH BEJIMKUX TAHUX B MEJUYHHUX YCTAHOBAX

JIsmenko O.C., Benikan O.B., Bonk JI.M.
XapKiBCHKUH HAIllOHAIFHUH YHIBEPCUTET PaliOeNIeKTPOHIKH, XapKiB, YKpaina

B cydacHoMy CBiTi 3 KOXXHUM POKOM 30UIbIIy€eThCsl 00’ €MH iHOpMarii sika
NOB’s3aHA 3 CTaHOM  3JIOPOB’Sl  JIIOJMHH, JUIS  SIKICHOTO  MOHITOPHHIY
BUKOPHCTOBYIOTh 1H(OPMAIii{HI CHCTEMH NPHU3HAYEH] JUIs 30MpaHHsl, 30epiraHHs,
00poOKHM Ta aHami3y JJaHuX, IOB'I3aHUX 3 JIIarHOCTHKOIO, JIKyBaHHAM Ta
YIPaBIHHAM MEIUYHUMH MPOLIECaMHU.

BrpoBamkeHHs CydacHHX METOJIB 0OpOOKH MaHWX y MeAW4Hi iHpopmamiiHi
CHUCTEMH 3HAYHO TIOKpAIly€ SKICTh OOCIyrOBYBaHHS TAIli€HTIB, IIiBHIILY€E
e(eKTUBHICTh MEANYHUX IOCIYT Ta 3HIKYE BUTPATH Ha OXOPOHY 3[J0POB'S.

OCHOBHUMH MeTOJaMH OOpPOOKHM NaHUX € KiIachudikarlis, KiacTepu3allisi,
MPOTHO3YBaHHSA, a TAKOXK aHAI3 BENUKUX JAHHUX 1 MalIMHHE HABYAHHS.

Metorwo paomoBini € mobymoBa moperni iH(poOpMamiifHOI cucTeMH 00poOKH
BEJIMKUX 00’€MiB iH(pOpMaIii 3 BUKOPUCTAHHSIM 3TOPTKOBUX HEHPOHHUX MEpex
(BHM) [1].

Cucrema O0OpOOKM MEIUYHHMX BEIMKUX JaHMX 3 BHKoOpucrtaHHsMm 3HM
NpU3HAaYeHa Ul aBTOMAaTUYHOTO aHAIIi3y BEJIMKOTO 00CATY MEIUYHHX 300paKeHb
(KT, MPT, peHTreHiBcbki 3HIMKH) Ui MIATPUMKH JMiarHOCTHKH, BHSBICHHS
MATOJIOTIH 1 MOHITOPUHTY e(peKTHUBHOCTI JikyBaHHSI. 3HM Oymydn Hang3BHYaitHO
e(eKTHBHUMH MU aHali3y 300pakeHb, 3a0e3MeUyroTh BHCOKY TOYHICTH 1
aBTOMATH3AaIliF0 0OPOOKH X JaHUX.

B nonoBizi po3risiHyTO alrOpUTMHU Ta MOZAEII JUIS TIOKPAIICHHS TOYHOCTI [2].
Jis migBUINEHHS NPOXYKTUBHOCTI BHUKOPHCTOBYIOTHCS JOAATKOBI QJTOPUTMHU:
TpaHcpepHE HaBUAHHS, 3aCTOCOBYETHCS JUI II€PEHAJAIITYBAHHS IONEPEIHBO
HaBueHoi 3HM, 1o 1n03BoJisie BUKOPHCTOBYBaTH B)KE€ HAKOIMYEHI 3HAHHS IS
pO3B'si3aHHS aHAJIOTIYHMX 3aBJaHb, aHcamOlieBI Mojeni, Uil KOMOiHyBaHHs
Jexinbkox 3HM uist oTprMaHHs OUTbII TOYHUX NTPOTHO31B; CErMeHTallist 300pakeHb
JUI OUTBII JETaJbHOTO aHaNi3y 300pakeHb, IO JO3BOJSE PO3AUIUTH 00’€KT Ha
CErMEHTH 1 BUJIUTUTH NATOJIOTI4HI 30HH.

Cnucoxk Jirepatypu
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IJEHTH®IKANIA TPOLECY ®YHKINIOHYBAHHSA
TPAKTOPHOI'O ATPEI'ATY I3 3HAPALJSIM ITPA
BUKOHAHHI CUIbCBKOT'OCIIOJAPCBKHUX POBIT

Jlsmenxko C.0., @ecenko A.M., Kpusopyuxo O.M.
JleprxaBHuit 610TEXHOIOTTYHUI YHIBEPCUTET, XapKiB, YKpaiHa

[TponyKTHBHICT ~ MalIMHHUX  arperariB  3a3BM4ail  BH3HAYAETBCS
eKCIUTyaTalllfHUMK BJIACTUBOCTAMH MallMH 1 peXUMaMH I1XHboI pobortu. Sk
CBITUNTH JIOCBiZ eKCIUTyaTalil  MallMHHMX  arperaris, 3pOCTaHHSA
€HEepProHacH4EHOCTI TPAKTOPIB HE Jia€ IMPONOPLIHHOI0 NPUPOCTY HPOIYKTHBHOCTI
arperaTiB 1 MPU3BOAUTE A0 301MBIICHHS BUTPATH TalBa HA OJMHUINI0 BUKOHAHOL
pobotu.

[ligBumeHHs TMPOAYKTUBHOCTI arperatiB 3a 30iIbIICHHSIM IOTY>KHOCTI
TPAaKTOPHOTO JIBUTYHA BiOYBA€THCS 3aBSIKM MOCHIICHHIO HOTO TATOBOTO 3YCHILISA
Ta uepe3 30UTBIICHHSA po0OOYOI MIBHIKOCTI arperaTiB, IO CYHIPOBOKYETHCS
3POCTAaHHSAM IUTOMOI BUTPATH MAINBA.

Jns  migBuineHHs e(EeKTHBHOCTI TEXHIKO-TEXHOJIOTIYHUX IOKAa3HHUKIB
POOOTH TPAaKTOPHOIO arperary OyJi0 BU3HAYCHO NUISXH ONTUMI3AIli TEXHIYHUX Ta
TEXHOJOTIYHHIX CKJIAJOBUX poboTH arperary [1, 2].

Metoro nomoBigi € onrumizauis eHeproeeKTUBHUX CKIAJOBUX POOOTH
TPaKTOPHOTO arperaty IpH BHKOHAaHHI CUILCHKOTOCHOJAPCHKUX ONepaliid o
00pobmi 3emili NUIAXOM ePEeKTHBHOI imeHTHQIKaMisA Mpolecy (QyHKIIIOHYBaHHSI
arperary.

B nomnoBiai Bu3HAaYeHO eQEKTUBHICTH EHEPreTHYHOI CKIagoBOi pOOOTH
TPAKTOPHOTO arperary MUITXOM iIeHTH(DIKAaLlis PoTiecy (PYHKIIOHYBaHHS arperaTy
MalIfHH.

B poboTti Oymo po3pobieHo MoIeNb Mporecy poOOTH arperaty MaildHH 3
ypaxyBaHHSIM pOOOTH CHUCTEMH 3aJHbOi HABICKHM arperary 3 CHCTEMOIO
peryioBaHHs 3ycwiuis. st aHanizy cucremu Oyjio 1moOyJOBaHO MaTeMaTHuHY
MoJieNb (PYHKIIT CHCTEMH: TPaKTOP-3HAPSLAS-TPYHT, 10 BU3HAYAE (Hi3UTHI 3B A3KH
Ta B3AEMO3AJICKHOCTI MK OKPEMHUMH IiJICHCTEeMaMHu cucteMud. Ha OCHOBI Iri€l
Moieni Oyia po3pobiieHa i peanizoBana B cepenosuiii Matlab/Simulink imitarifina
MoJienb. Y OJI01li OLIHKKA PO3PAXOBAHO MOKA3HUKH €(EKTUBHOCTI 3a MPUHHATHMHU
KkpurepisiMu. Js  OWIHKM TIpollecy BpaxOBYBaJIM TEXHIKO-EKCILTyaTalliiHi
napaMeTpH TPaKTopa, THI i mapaMeTpu 3Hapss, BIaCTUBOCTI IpyHTY [2, 3].

Cnucok Jitepatypu
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PO3POBKA JIETAJIbHOI IMITAIIIMHOT MOJIEJITI KOJIICHOT O
EJIEKTPUYHOI'O CUIbCBKOT'OCIIOJAPCBKOI'O AT'PETATY

JIsmenko C.O., ®ecenko A.M., Konosox 1.1O.
JHep:xaBHUi1 010TeXHOIOTIYHUHN YHIBEpCUTET, XapKiB, YKpaiHa

KoHnenmist iHTeNIeKTyalIbHOTO 3eMJIepOOCTBa, siKa Tepeadadae BUKOPUCTaHHS
TAaKAX TCEXHOJIOTIM SK IITYYHUH IHTENCKT 1 pPOOOTOTEXHiKa, Ui IiJBUIICHHS
e()eKTUBHOCTI CUILCHKOTOCHOAPCHKUX Ollepalliid, OCTaHHIM 4YacoM HpPHUBEPHYJIa
3HAYHUU JTOCIITHALILKUHN 1HTEpEC.

KpiM TOro BaXJIMBOIO CKJIAQJIOBOIO CLIBCHKOTOCIOJAPCHKUX POOIT €
E€HEProePEeKTUBHICTE POOOTH MEXaHI30BAHUX Ta EIEKTPU(PIKOBAHUX arperartisB
[1, 2].

Metoro aomnoBiai € po3poOka geTanbHOI iMiTaIliifHOI MOAeTi KOJiCHOTO
EIEKTPUYHOTO CIThCHKOTOCIIONAPCHKOTO arperary, ska BKIodana O pi3Hi Momermi
TIPY BUKOHAHHI CUIBCHKOTOCTIOAPCHKUX POOIT.

3 mi€ro METOIO 1€ JOCHIIKEHHS TPEICTABISe€ HOBUH ITIAXI 0 MOAETIOBAHHS
KoMmIakTHoro  Bcroguxona (ATV) po3mipoM 3 eNeKTpUYHUN  KOJIICHUE
CUIBCHKOTOCIIOIAPCHKUI arperaT-aKyMyJIsiTop, SIKAH TSATHE 3HAPSII.

ImiTarifina Moieb BKIIFOYA€ MOJICII TPAHCMICIT, B3a€MO/IIT IIIMHU 3 TPYHTOM 1
MO/IEJTi arperaris.

Moenp HMIMHA-TPYHT BKJIFOYAE CKIaaHuil penbed. [Tinxia moaentoBanus 0yiio
BUKOPHCTAHO [UISi CTBOPEHHS IMITamifHOI MOJENi THIIOBOTO EJIEKTPHYHOTO
clbchKOTOCIOAapehkoro arperary [1, 3].

B nmomoBimi mpencraBieHO HOBHH TIIXiM IMITAIifHOTO MOIETIOBAHHS
KOJIICHOTO  €JISKTPUYHOTO  CIJIbCHKOTOCIIOIAPCHKOTO — arperaty po3mipom i3
KBaJIPOLMKJI, SIKUI TSATHE 3HApsAs Ha neopMoBaHOMY penbedi.

3arajgomM  pe3yJbTaTH  HPOJEMOHCTPYBAIM  BAaXJIMBICTh  ypaxyBaHHS
XapaKTepUCTUK MICIIEBOCTI Ta poOOYOr0 HABAHTAKEHHS TpPH MPOEKTYBaHHI
@IEeKTPUYHHX CUTLCHKOTOCIOJAPCHKUX arperaTiB.
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METO/I CTETAHOAHAJII3Y HA OCHOBI HEUPOHHUX MEPEK

Yenypaux M.A., Bonorosa H.M.
XapKiBCHKUH HAIlIOHAIFHUH YHIBEPCUTET PaliOCIeKTPOHIKH, XapKiB, YKpaiHa

CyuacHi Meronm mpuxoBaHOi mepeiayl AaHUX, 30Kpema B HU(POBUX
300pa)KeHHX, Bi/IeO Ta ayAio, CIIPUYMHSIOTH BUKIMKU JUIsl 3a0€3MeueHHsT Oe3MeKn
iHpopMaii B KOMII'IOTEPHUX Mepexax. ¥ 3B 53Ky 3 IIUM, JOCIIKEHHS Ta po3poOka
e(eKTUBHUX METOAIB CTeraHOaHaNi3y, 3IaTHUX BUSBISATH PUXOBaHy iH(opMarito
B Megiadaiinax, € akTyalbHOI0 HayKOBOIO Ipodiiemoro [1].

OpHi€l0 3 KIIIOYOBHX CKJIA/IOBHX 11 BUPIILICHHS € CTBOPEHHSI MO/IEINEi Ha OCHOBI
HEWPOHHMX MEpEeX, 3JaTHUX 3 BHCOKOIO TOYHICTIO BH3HAYaTH HAsSBHICTh
cTeraHorpadigHOro KOHTGHTY. BHCOKa CKIQAHICTP METOHNIB IPHUXOBAaHHI
iHpopMamii y MUPPOBUX NAaHUX BHMarae HOBHX MiJXOJIB 10 aBTOMAaTH30BaHOTO
aHamizy MemiadaifimiB, y TOMy UHCII AN aHamily 300pakeHb, IO
BUKOPHUCTOBYIOTBCS Y MEPEKEBii KOMYHIKAaIIii.

MerTo10 10CaiTKeHHsI € po3po0Ka METOLy CTEraHOaHaMi3y, KUl 03BOJIUTH
BUSIBIISITH TIPUXOBaHi JaHi B nudpoBux Meniadaiinax, 30kpema Bi3yalbHHX, 3a
JIOTIOMOTOI0 TJIMOOKMX HEHPOHHHUX MEpeX, BPAaXOBYIOUM CKIAJHICTh CyYacHHX
creraHorpadiyHux mMetonis [2].

Y onomnoBini HaBeAeHO pe3yiIbTaTH EKCHEPUMEHTAIBHOTO TECTYBaHHSI
po3pobieHoi Mojeni Ha Habopax 300paKeHb 13 MPHUXOBAaHOK IH(pOPMAILIETO.
PesynbpraTy BKa3yloTh, IO Ha 3[aTHICTh BUSBICHHS CTEraHOTpagidHOro KOHTEHTY
BIUIMBAIOTh OCOOJMBOCTI alTrOPUTMY IIPUXOBAaHHS JaHUX, HANpPHKIAL, METO[
MaHIimymsamii 3 MeHm 3HauymuMm#u Oitamum  (LSB), BukopucrtaHHS 3MiH Y
JHMCKpeTHOMY KocuHycHoMy nieperBopeHHi (DCT), a Takox napaMeTpH BiyallbHOT
iH(popMarii, Taki Ik po3Mip Ta popMat 300paKeHHSI.

JocnimkeHHs: TOBOAUTh e(heKTHBHICTh METOJY, 3aCHOBAHOTO Ha 3rOPTKOBHX
HelipoHHux Mepexax (CNN), sikuii 31aTeH aBTOMaTHYHO BUIUISITH KIIFOYOBI O3HAKH
creraHorpadiyHuX 3MiH y 300paKeHHSIX.

BukopucTaHHs HEMPOHHUX MEpeX IJIsl CTEraHOaHaJi3y IMiJBHIIYE TOYHICTh
BUSIBJICHHSI TIPUXOBAaHOTO KOHTEHTY, 3a0€3Me4yroud IpH LbOMY aBTOMATHYHY
aJIanTanio mij pizHi popMaTH 1 METO/IM MPUXOBAHHS JIAHUX.

Lle BinkpHBa€ NEPCHEKTHUBY JJIsl BIPOBAKEHHS IIO1I0HUX MOJIEIIeH y CHCTEMU
iHpopMamiiHOi Oe3leKn 3 METOK NPOTHAIl HECAaHKIIOHOBaHIM mepenadi JaHUX
yepes3 Mepexy.

Cnucok Jitepatypu

1. Ruban, Igor, et al. "Digital image authentication model." Advanced Information
Systems 5.1 (2021): 113-117. DOI: https://doi.org/10.20998/2522-9052.2021.1.16

2. G. Liashenko, A. Astrakhantsev and V. Chernikova, "Network steganography
application for remote biometrie user authentication,” 2018 IEEE 9th International
Conference on Dependable Systems, Services and Technologies (DESSERT), Kyiv, UKraine,
2018, pp. 326-330, doi: 10.1109/DESSERT.2018.8409153.
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METOJ YIIPABJIIHHS PUSUKAMM HA OCHOBI NIIKPIIIVIEHH S
HABYAHHSA TP ®OPMYBAHHI IHBECTUINIMHOI'O TOPT®EJISA

ApryHos B.B.
XapKiBCHKUH HAIIOHAIFHUH YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaiHa

VrpaBiiHHA pU3UKaMH € KPUTUYHUM KOMIIOHEHTOM IIpu  (OpMyBaHHI
iHBECTHIIIHHOrO mopTderns. 3aCTOCyBaHHs IIIKPIIUICHOTO HAaBYaHHS B YIpaBJIiHHI
pH3UKaMH JI03BOJISIE a[IANITUBHO PETyJIIOBATH 1HBECTHUILIIHI cTparerii Ta mpuiiMaru
PpiIICHHS] Ha OCHOBI 3MiH PHMHKY, IO 3HAYHO ITOKpallye epeKTUBHICTh 1 CTaOUILHICTD
noptdens [1]. OmHiero 3 BaXIMBUX CKIAJOBUX BHUPIIICHHS IIi€l 3a7adi € po3poOka
MOZIeNell Ha OCHOBI aJTOPWUTMIB MiOKPIIDIGHOrO HABYAHHS, AKi 3[JaTHI B PEKUMI
peaNBHOTO Yacy ONTHMI3yBaTH PH3WK 1 JOXIMHICTH IHBECTHHIHHOTO TOPTQeEns,
BUKOPUCTOBYIOYH ICTOpMYHI JaHI Ta TOTOYHI PHHKOBI yMmoBH. lle mo3Boise
MOJICIIOBATH Pi3HI CIIeHApii PUHKY, IPOTHO3YBATH iX 1 BIIIIOBIIHO KOPUTYBATH CKJIA]]
TopTQers, 3a0e3MeTyr0UH CTIHKICTD IO PUHKOBUX (PIyKTyaIii.

MeTtor0 gomoBigi € po3poOka MeTONy YNpaBIiHHA PH3UKAMH Ha OCHOBI
MIiAKPIMJIEHOr0 HAaBYaHHS, SKWUH JO3BOJMTH 3MEHIIUTH PU3UKH I1HBECTHILIHHOTO
noptdensi, BOJHOYAC ONTUMI3YI0UH HOTO JOXITHICTS.

Y omoBigi HaBeAEHO pe3yidbTaTH MOJEIIOBAHHS IIPOLECY YIPaBIiHHS
PHU3HMKaMHU JUIS IHBECTUIIIIHOTO MOPT(es 3 BAKOPUCTAHHAM MeToy Q-HaBYaHHs Ta
Horo BapiaHTiB. JlaHi MOKa3yrOTh, 10 HAa €()EKTHBHICTb YNPaBIiHHS PU3HUKAMHU
CYTTEBO BIUIMBAIOTH TITHOMHA HaBUYaHHS MO, BUOip KOe(iIlieHTIB BHHATOPOIH 32
JIOCSITHEHHS LIUIbOBUX TIOKa3HUKIB HOPTQEs Ta MPOTHO30BaH1 PUHKOBI KOJIMBAHHS.
BukopucraHHS MiAKPIIICHOTO HABYAaHHS ISl YNPABIIHHSA pH3MKaMH 3abe3reduye
MIBUJKY ajanTamiro moptdens A0 3MiH PUHKOBHX YMOB, 3MEHINYE KUTBKICTBH
PU3UKOBHX MO3UIIIH Ta MiJBUIIY€E 3arajJbHy NPHOYTKOBICTh 1HBECTHIIIMH.

[ligxim Ha OCHOBI MIAKPIIJICHOIO HAaBUaHHS 3a0e3ledye BHCOKHH pPiBEHBb
THYYKOCTI Ta aJIaliTUBHOCTI B YIPAaBJiHHI PU3MKaMM 1HBECTHLINHHOrO moptdesns B
yMOBaxX BOJATWIBHOTO Ta IIBHIKO3MIHHOTO DHWHKY. 3aBISKH MOXJIHMBOCTI
ABTOMATHUYHOTO aHAIi3y Ta KOPUTYBAHHS CTpaTerii 3aJie)KHO BiJl 3MIHM PHHKOBUX
YMOB, JIAaHUI METOJI JI03BOJISIE 3HAUHO 3HU3UTH PU3UKOBICT MOPTQEIS Ta 0HOUYACHO
MIABUIIUTH HOTo A0XiAHICTh. OCO0IMBO e(heKTHUBHUM € 3aCTOCYBAHHS TAKHX METOIIB
B YMOBaxX BHCOKOi HEBHU3HAYCHOCTI, KOJM TPAMUINHHI MIAXOAM IO YIIPABIiHHS
pHU3MKaMHU CTalOTh Maloe(eKTUBHUMHU ab0 He 3a0e3NevyroTh HaJeXKHOI IIBUJIKOCTI
pearyBanHs Ha 3MiHM. JloJaTkoBO, METOA MiAKPIIUIEHOrO HaBYaHHS HAJae
MOXKJIMBICTh BUKOPHUCTOBYBATH Pi3HI OKa3HUKH PU3UKY SIK T Ju1st onTuMizanii. Le
JIO3BOJISIE YTIPABIISITU HE JIMIIE CYKYITHHM PiBHEM PU3HMKY MOPTQENs, a i pu3HKaMu
OKpEMHX aKTHBIB a00 TPyl aKTHBIB, 10 BXOJATH JIO0 HOTO CKIIAJY.

Cnucok Jitepatypu

1. Martovytskyi, Vitalii, et al. "Developing a risk management approach based on
reinforcement training in the formation of an investment portfolio." Eastern-European Journal
of Enterprise Technologies 122.3 (2023).

103



Problems of Informatization: the twelfth international scientific and technical conference

METO/] BUSIBJIEHHSA ATAK HA BGP-MAPHIPYTHU3ALIIIO
31 CTOPOHH KJIIEHTA

Yyxneoos [.4., Inpina [.B.
XapKiBCHKUH HAIllOHAIFHUHA YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaina

Artaku Ha nportokoia rpanuuHoro o3y (BGP) e cepito3noro 3arposoro s
crabimpHOCTI Ta Oesnekn IHTepHeTy. BOHM /103BOJAIOTH  3JIOBMHUCHHKaM
MepexXOILTIoBaTH abo IepeHanpaBisiTH iHTepHET-Tpadik, 10 MPU3BOIUTE JI0 BTPATH
KOH(IAEHIIHHOCTI, 3HIKEHHS JOCTYIHOCTI pecypciB Ta IiJBHIIEHHS PHU3HKIB
KibepOe3neku At KIIEHTCHKUX CHCTEM.

30kpema, MapIIpyTU3aIliifHi aTaky, Taki sk BGP-xalikeKkiHr Ta MaHITyIISIIis
MapuipyTaMy, CHpPSMOBaHI Ha TMiIpuWB (YHKIIOHYBaHHSI MepeX 1 MoTpeOyroTh
e(eKTHBHUX 3ac00iB BUSBJICHHS.

BukopucranHs METOAIB MAaIIMHHOTO HAaBYAHHS JJIsI MOHITOPHHTY Ta aHAJi3y
anomanii y BGP-Tpadiky € nepcrieKTHBHUM HAIPsSMOM AJIsl IPOTHII1 TAKMM aTakaM
[1-3].

Metoro pociimkeHHst € pozpoOka MeToay BUsBIeHHs aHomaniii y BGP-
MapIipyTu3ailii 31 CTOPOHH KJII€HTA Ha OCHOBI MAIIMHHOIO HABYAHHS, SKHIA
JIO3BOJIUTH IIBUKO iNeHTH(DIKYBaTH MiA03Piii 3MiHK B MapLIpyTax.

Pe3yabraTH [OCHIXKEHHSI JEMOHCTPYIOTh, IO METOAM MAIIMHHOTO
HABYAHHS 3JaTHI 3a0e3MEUUTH BUCOKY TOYHICTh BHSBICHHsA aHomaiiii y BGP-
MapIipyTH3alii, 30KkpeMa B yYMOBaX HOBHX BH[IB aTak, sSKi He OyiHm Bimomi Ha
MOMEHT HaB4aHHs. BusBIIEHO, 110 3anpONIOHOBAHMHI MiJXiJ 3/aTHUI OIEPaTHBHO
IIeHTU(IKYBATH MIA03P1NIi MAPIIPYTH, IO JO3BOJISIE 3HUIUTH PU3UK YCIIIITHOT aTaAKH
Ha MapuIpyTH3allio.

BuxopucraHHd MallMHHOTO HaBYaHHS JuId BUSBIEHHS arak Ha BGP-
MapIIpyTH3aIlil0 31 CTOPOHU KIi€eHTa € e(EeKTUBHUM 3aco00M  IIiIBUIICHHS
kibepOe3neku Mepexx. Moziesnb 3abe3neuye HaiiHUI KOHTPOIIb 1 paHHE BUSBICHHS
aHOMaJIH, L0 CHpUsE 3aXUCTy TeJeKOMYyHiKaliiHuX cucteMm Bix 3arpo3 BGP-
MaHIIMyJISIii.

Cnucoxk Jirepatypu

1. Ruban, 1., V. Martovytskyi, and N. Lukova-Chuiko. "Approach to classifying the
state of a network based on statistical parameters for detecting anomalies in the information
structure of a computing system.” Cybernetics and Systems Analysis 54 (2018): 302-309.

2. Martovytskyi, Vitalii, et al. "DEVISING AN APPROACH TO THE
IDENTIFICATION OF SYSTEM USERS BY THEIR BEHAVIOR USING MACHINE
LEARNING METHODS." Eastern-European Journal of Enterprise Technologies 117.3
(2022). DOI: 10.15587/1729-4061.2022.259099

3. V. Martovytskyi, I. Ruban, H. Lahutin, I. llina, V. Rykun and V. Diachenko,
"Method of Detecting FDI Attacks on Smart Grid," 2020 IEEE International Conference on
Problems of Infocommunications. Science and Technology (PIC S&T), Kharkiv, Ukraine,
2020, pp. 132-136, doi: 10.1109/PICST51311.2020.9468005.
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MOJIEJIb TEHEPAIIITI ATAK I MAPKYBAHHSI HABOPIB JAHUX
ITPO ATAKMU JJI5s1 CUCTEM BUSIBJIEHHSA BTOPTHEHD

IMaciuntok P.P., Iimsina 1.B., MaproBumskuii B.O.
XapKiBCHKUH HAIIOHAIFHUH YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaiHa

Cucremu BusiBieHHs BroprHeHb (IDS) BimirpaioTe BaXiIHMBY pojib y
3a0e3mneucHHI Oe3neku iHPOpMaNidiHUX cucTeM. BHCOKUil piBeHb CKIAJIHOCTI Ta
JMHAMIYHICTh KiOepaTak MOTpeOyIOTh CTBOPEHHS Ta BHKOPUCTAHHS JOCTOBIPHUX
HaOOpIB JaHMX, SIKi O MICTHJIM PI3HOMAaHITHI THUNM aTak i Majlk BHCOKY SKICTh
MapKyBaHHS.

Tpaguuiiini HabOpH HaHUX, IO BUKOPHUCTOBYIOTHCA Ui HaBuaHHA IDS, wacto
HE BiTOOpa)karoTh CydacHI METOAM aTaK i HEIOCTaTHHO MapKOBAaHi.

Metoro gomnoBiai € po3poOka Mozeni reHepamii aTak Iyl CTBOPEHHS Ta
MapKyBaHHA pEaJiCTHYHUX HAOOpiB [aHWMX, MNPU3HAYCHHUX JUIA ITiJBHIICHHS
TOYHOCTI CHCTEM BHSBICHHS BTOPTHEHb.

PesynpraTi JOCHIIKEHHS TOKa3yloTh, IO BUKOPHUCTAHHS T'€HEPAaTHBHOI
MOJIEJIi JJIsl CTBOPEHHS Ta MapKyBaHHs Ha0OPiB TaHuX 3a0e3nedye BUCOKY TOUHICTh
1 pealicCTUYHICTh MOJICJIIOBaHHS aTak.

Lle 3HauHO miABHIIY€E ehEKTUBHICTH CUCTEM BHSIBJICHHS BTOPIHEHb, 30KpeMa B
yMOBax HOBHX 1 CKJIaJHUX THIIIB aTak. Bucoka sKicTb reHepauii i MapKyBaHHs
JIO3BOJISIE CUCTEMaM BHSBJICHHS BTOPTHEHb Kpalle iJeHTH(]IKyBaTH aHOMaJbHI
MaTepHH, M0 BIAMOBINAIOTE CyYaCHHM 3arpo3aM, MIHIMI3yIO4d dYacTOTy
MOMIJIKOBUX CIPAIlbOBYBAHb i 30UIBIIYIOUN aJalTUBHICTh IO TUHAMIYHHUX 3MiH Y
OB iHIII Kibep3arpos.

Po3po0Oka Ta 3acTocyBaHHS MOJEJICH TeHepallii atak i3 TOYHUM MapKyBaHHIM
JaHUX € BaXJIMBHM HAmpsMOM JUIi IMABHINEHHA SIKOCTI CHCTEM BHSBIICHHS
BTOPTHEHb.

3aBIsIKM MOXJIMBOCTI CTBOPEHHSI pEaJliCTUYHHMX CIEHapiiB arak cucreMa
HAaBYaHHS OTPUMYE JIOCTATHIO KUIbKICTh AaKTyaJbHUX JaHUX sl 1OOYJI0BU
HaJ[IITHUX MOJIeNIeH, SIKi MOXKYTh €(DEeKTHBHO MPalOBaTH B YMOBaX Cy4acHHX 3arpo3.
Bucoka sikicTh MapKyBaHHSI, 110 BPax0OBYe€ Kilacu(ikalliro Ta 0COOINBOCTI KOXKHOTO
TUIy aTaku, CIpHUsi€ BIOCKOHAJEeHHIO anroputmiB IDS, mo3Bonsioun iM TouHime
pO3pI3HATH pi3HI BUAM BTOPrHEHb 1 3MEHUIYBATH YacCTOTy HOMMJIKOBUX
CIpanbOBYBaHb.

Cnucok Jitepatypu

1. Ruban, 1., V. Martovytskyi, and N. Lukova-Chuiko. "Approach to classifying the
state of a network based on statistical parameters for detecting anomalies in the information
structure of a computing system.” Cybernetics and Systems Analysis 54 (2018): 302-309.

2. Martovytskyi, Vitalii, et al. "DEVISING AN APPROACH TO THE
IDENTIFICATION OF SYSTEM USERS BY THEIR BEHAVIOR USING MACHINE
LEARNING METHODS." Eastern-European Journal of Enterprise Technologies 117.3
(2022). DOI: 10.15587/1729-4061.2022.259099
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METO/] BUSIBJIEHHSA ATAK 3 BIZIMOBOIO B OBCJIYT'OBYBAHHI
HA OCHOBI MAIIIMHHOI'O HABYAHHAA

BpecroBuipkuii P.M., Inbina I.B.
XapKiBCHKUH HAIIOHAIFHUH YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaiHa

ATaku 3 BimMoBoI0 B o0ciyroByBanHi (DoS) ta po3noaineni araku (DDoS) e
OJTHUMH 3 HAWOUIBII MOMIMPEHHX 3arpo3 Ui CYy4acHHX KOMI'IOTEPHUX MEpEK,
3JIaTHUX 3HU3UTH NPOJYKTUBHICTH MEPEKEBUX pecypciB abo MOBHICTIO OJIOKyBaTH
ix.

3 PO3BUTKOM MEpPEXKEBUX TEXHOJIOTIH, a TaKOX 301JIbLICHHIM 00CATY JaHHX,
IO IUPKYJIIOIOTh ¥ Mepekax, TPAAULiiHI METOIU BHUABICHHS aTak 3 BiAMOBOIO B
00cCITyroByBaHHi CTaroTh MeHII epekTuBHUMHU [1-3]. OOHHUM i3 TEpCHEKTHBHUX
MiIXOMAIB Ul BHSBICHHA Ta NPOTHAIl TakMM aTakaM € BHKOPHCTAHHS METOJIB
MAaIIMHHOTO HaBYaHHS.

MeTtoro gociaigxeHHsl € po3poOka METOAy BHABICHHA DoS-aTak Ha OCHOBI
MAaIIMHHOTO HAaBYaHHs, IO JO3BOJIE 1NCHTU(IKYBaTH aHOMajbHI MaTepHU Y
MepexeBomy Tpadiky, BUKIHKaHI MOJIOHUMHU aTaKaMH.

B nomnoBini HaBOAATHCS pe3yNbTaTH POOOTH Pi3HUX METOJIB MAIIMHHOI'O
HaBYaHHS.

3 pe3ysibTaTiB MOXHa 3pOOUTH BUCHOBOK, [0 METOAM MAIIUMHHOTO
HABYaHHA HAJAIOTh MOXKIUBICTh MiABUIMUTH TOYHICTD 1 IIBUAKICT BUSBICHHS
aTak 3 BIIMOBOIO B OOCIyrOBYBaHHi, a TaKOX 3HHU3UTH KiNbKICTh XHOHHX
CIIpallOBaHb MOPIBHAHO 3 KJIIACHYHUMHU METOJaMH. METOIH 3/1aTHI BUSABIATH
aHoMaJlil B peaJlbHOMY 4Yaci, 0 € KPUTUYHO BaxJIMBUM It mportunii DoS-
aTakaM y BUCOKOHAaBaHTa)XCHHX MeEpexkax.

BukopucraHHs METOAIB MaIIMHHOTO HaBYaHHS JUIS BUSBICHHSA atak DoS
3a0e3rneyye BHCOKUI PIBEHb HAJIHHOCTI 1 JO3BOJSE OMEPATHBHO pearyBaTH Ha
3arpo3u B YMOBax peajbHOTO 4acy. Po3poOka i BIPOBa/PKEHHS TAKHX METOIIB €
aKTyaJIbHUM HAIpsIMOM JJIsl 3aXHCTY CyYaCHUX TEJIEKOMYHIKALIHUX MEpex BiJ
Kibep3arpos.

Cnucoxk Jirepatypu

1. Ruban, I., V. Martovytskyi, and N. Lukova-Chuiko. "Approach to classifying the
state of a network based on statistical parameters for detecting anomalies in the information
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2. Martovytskyi, Vitalii, et al. "DEVISING AN APPROACH TO THE
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LEARNING METHODS." Eastern-European Journal of Enterprise Technologies 117.3
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MOJEJIOBAHHS METO/IB PO3PAXYHKY PI3BHOCTI ®A3
3ACOBAMMA MOBH PYTHON

Bacuiees O.JO., Oimimmenxo O.1.
XapKiBCHKUH HAIIOHAIFHUH YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaiHa

B cy4acHUX pajlioTeXHIYHHX CHCTEMax BayKJIMBOIO 337auel0 € IIBHIKE i TOYHE
oOumcneHHs1 pi3HuLi (a3 MK curHamamu. lle BHKOPHUCTOBYETHCS IUIsi BU3HAUCHHS
JIoKai3awii Jukepesa paaioBUITPOMIHIOBaHHSL.

HaiinommpeHinmmm MeTooM € o04YHCIIeHHs Pi3HMII (a3 Ha OCHOBI IIBHJIKOTO
neperBopenHst Oyp'e (LUTID), mo 3abe3nedye BUCOKY TOUHICTD i HU3BKY 3aTPHUMKY.
Anmnapatra peamizanis takux anroputMiB Ha [IJIIC (FPGA) a6o ASIC gacto HeoOXimHa
JUTSL TOCSITHEHHST BUCOKHX BUMOT IIIOJIO TIPOIYKTHUBHOCTI Ta POOOTH B PEaTbHOMY Yaci.
OpmHak Ha TOYATKOBIM CTamii pO3pOOKM BHTIMHO 3IIMCHIOBATH MOJCIIOBAHHS U
TECTYBaHHS AITOPUTMIB LU(PPOBOI OOpPOOKM CHTHANIB HA IIPOTPAMHOMY DiBHI.
[lomepemre MoAerOBaHHSA O3BOJAE OWIHUTH €(QEKTHBHICTH AITOPHTMIB 1
ONITHMI3yBaTH iX Tepel BIPOBADKEHHSAM HA TEXHOJOTIYHIN TUIaThopMi cHCTEM Ha
KpHUCTAII.

Metoio poGoTH € TMPOBEJCHHS MOJCIIOBaHHS Ta MOMNEPEJHBOTO aHaJI3y
ATOPUTMIB  OOpPOOKM CHUTHaNIiB Ta OOUYHCICHHA (Da30BUX XapaKTCPHCTHK 3
BUKOpHCTaHHAM Python sik eekTHBHOTO IHCTpYMEHTY ToriepeHbporo aHamisy. Python
i3 HOro YKMCIIeHHUMU Oi0Ti0TeKaMy, € 3pYYHHUM I TAKOTO MoesroBanHs. Hanpuknan,
0i0mioTeka numpy 3abe3nedye IMBHIKI MaTeMaTH4IHI o0uncieHHs, 30kpema IO, a
matplotlib mo3BoJIsI€ Bi3yalti3yBaTi pe3yIbTaTi.

OoOuncnernus pizauii ¢a3 3 BukopucTaHwsM LIID monsrae y BU3HAYCHHI
(ha30BOTO 3CyBY MK CHTHAJIAMH, III0 HAJIXOASATH Bijl KTbKOX aHTeH. Y Python rie Moxxna
peati3yBaT yepes epeTBOPEHHSI CHTHAILY B YaCTOTHY 00J1acTb i3 IMOAJIBIIO0 OL[IHKOK
(ha3oBux 3cyBiB. Takuil MIXix € THYYKHM i JTO3BOJISE IIBUIKO BHSBILITH MOTCHIIIHI
HEZIONIKK anroput™my. Bukopucranns Python Takox 3py4HO st MOJENIOBaHHS
JIOIATKOBHUX €(eKTIB, TaKUX SK IIyMH, CTOXaCTUYHI CHIHaiM abo Oyjap sike iHIIe
CIIOTBOPEHHS CUTHAIIIB, 1110 BAXKJIMBO JUIS BIATBOPEHHS YMOB HAOMIKEHHUX JI0 PEaJIbHUX.

ITig wac mepexomy 1O amapaTHOi peajizamil CJiJl BpPaxOBYBaTH OOMEKEHHS
o0NajHaHHs, 30KpeMa pO3pAIHICTh uuceld, (opMar MOAAHHS JaHUX, YacTOTy
JICKpeTH3allil Ta BUKOPUCTAHHS T1aM’sITi ISl MPOMDKHUX pe3yibratiB. Y Python i
oOMe)KeHHs1 He OepyThCsl JI0 yBard, OCKUIBKM MOJIETIOBaHHS BHKOHYEThCS 0€3
00MesKeHb Ha PO3PSAHICTD 1 peCypCH.

Cnucok Jitepatypu

1. Lyons, R.G. (2022). Understanding Digital Signal Processing (3rd ed.). Pearson.
ISBN 9780137582228.

2. Wkins O. C., Paxumic [. 10., ®ininmenko 1. B., Kopuienko B. P., Poxuosa T. T
ABTOMAaTH30BaHE MPOEKTYBaHHS BOYIOBAaHUX cHCTEM IU(BPOBOro 0OPOOJICHHS CUTHANIB Ha
mwrargopmi SoC. CydacHuH CTaH HayKOBHX JOCHIKEHb Ta TEXHOJIOTiH B IPOMHCIOBOCTI.
2024. Ne 1 (27). C. 72-82. DOI: https://doi.org/10.30837/ITSSI.2024.27.192
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ABTOMATHU30BAHI CUCTEMMU 3POLIEHHSA

Cunopenko C.I1., ®ininmenxo O.1.
XapKiBChKUIT HAITIOHABHUH YHIBEPCUTET PaJioeeKTPOHIKH, XapKiB, YKpaina

3MiHM KJIIMaTy CHpPUYMHSIOTH aHOMaJbHI TEMIeEpaTypHi KOJMBaHHS Ta
3MUJTIHHS BOZHUX PECYPCIB, 1110, 30KpeMa B Y KpaiHi, HeraTHBHO BIUIMBAE Ha CUIIbCHKE
rOCIo/apCTBO. 3MEHIIECHHS BOJHHUX PECYpCIB 1 3pOCTarOYMid IONUT Ha BOXLYy B
arpapHiii cdepi BHUMararoTh e(QEKTHBHOTO YNPABIiHHS BOJAOKOPHUCTYBaHHAM [1].
Onrtumizaliss BAKOPUCTAHHS BOAHUX PECYPCIB y CLIBCBKOMY T'OCIIONAPCTBI CTae
Ba)XJIMBOIO HAYKOBOIO Ta MPAaKTHYHOIO POOIEMOIO.

Po3p’s3aHHs  mi€i mpoOIeMH  JOCATAETBCA  HUIIXOM  BIPOBAKCHHS
AaBTOMAaTH30BaHUX CHUCTEM 3pOIIEHHS Ha 0a3i MiKpOKOHTPOJIEPIB, IO MPALOIOTH i3
CCHCOpaMHU BOJIOTOCTI IPYHTY Ta METEOpPOJOTIYHHMH JIaHUMH, SKi BPaXOBYKOTh
MOTpeON KOHKPETHHUX arpoKyJlbTyp i 0coONMBOCTI IPyHTIB. MIKpOKOHTpPOJIEPHI
CHCTEMH OTPUMYIOTH Ta 00POOIISIOTH JaHi PO MOTOIHI YMOBH, CTaH IPYHTY 1 piBEHb
BOJIOTOCTI B peajibHOMY 4aci [2]. Lle mo3Boisie aBTOMaTHYHO agalTyBaTH PEXUM
3pOLIEHHS BiAMOBIIHO 0 HOTOYHUX YMOB i MiHIMI3yBaTH BTpaTH BOJH, 30epiradn
NP LBOMY HPOJYKTHBHICTD CLIBCHKOTOCIIOAAPCHKUX YTi/ib.

MeTo10 n0moOBiAi € NOCHiKEHHs 3alpONIOHOBAHMUX METOJIB, AITOPUTMIB i
CTPYKTYPHUX PpILIEHb JJIsl aBTOMAaTH30BaHOI CHUCTEMH 3pOLICHHS Ha OCHOBI
MIKpPOKOHTPOJIEPIB, 10 3a0€3MeUy0Th ONTUMI3allil0 BOJOKOPUCTYBaHHS B YMOBax
3MiHH KJTIMaTy.

vy JOTIOBI i PO3TIANAIOTECS 0cOo0JIMBOCTI (hyHKIIOHYBaHHS
MIKPOKOHTPOJIEPHHUX CHCTEM 3POLICHHS Ta CTPYKTYpa aJrOPUTMIB, IO PETyJIHOIOTh
MoJja9y BOJIH BiJIIOBiTHO J0 BOJIOTOCTI IPYHTY Ta KIIIMaTHYHUX yMOB. Po3poOieHO
MiAXiA 0 OonTHUMI3amii BHTpPAT BOAM 3a JOMOMOTOK MIKPOKOHTPOJEpPIB, SKi
30HparOTh Ta 0OPOOIIIOTE JaHi, OTPUMAHI BiJl CCHCOPIB i METECOPOJIOTIYHIX CTAHIIIH.
3anpornoHOBaHO AITOPUTMH, LIO 3a0e3NeuyloTh aBTOMATHYHE KOPUTYBaHHS
PeXKMMY 3pOILICHHS HA OCHOBI IMOTOYHHMX KJIIMaTHYHMX YMOB Ta IPYHTOBHX
XapaKTEePUCTHUK.

3acTocyBaHHS 3aMPOIOHOBAHUX PIllIEHb J03BOJISIE TOYHO J03YBaTH KIIBKICTh
BOJM BIAMOBIIHO 10 TOTpeO arpokynsTypu. Takuil miaxim crpusie CTiHKOCTI
arpapHoOro  CekTopa J0 KIIMAaTHYHUX 3MiH, 3a0e3meuyoun e(CKTUBHE
BUKOPHCTAHHS BOJHHUX PeCypCiB i cTabibHICTh BUPOOHUIITBA.
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MOJEJJIOBAHHSI CEHCOPHUX MEMC-KOMITIOHEHTIB
3 BUKOPUCTAHHSAM ITAKETY MATLAB/SIMULINK

xins O. C., Momrysos /1.0.
XapKiBCHKUH HAIlIOHAFHUH YHIBEPCUTET PaliOCIeKTPOHIKH. XapKiB, YKpaiHa

OmarM 3 HAyKOBO-TEXHIYHMX HANpPSMIB, IO CTPIMKO pO3BUBAIOTHCA Ha
MIKpOPiBHi, € MIKpOCHCTEMHa TeXHiKa i MikpoenekTpomexaHigHi cuctemu (MEMC), siki
CTBODIOIOTBCSL HAa OCHOBI MikpocucTeMHOi TexHikd. MEMC sBisioth  coboro
IHTErpoBaHi MPHUCTPOI, SIKI BUKOHAHI 32 TEXHOJIOTIEO BWUIOTOBJIEHHS IHTErPATBHUX
MIKpPOCXEM 1 MiKpOOOPOOKH.

[Tporec mpoekTyBaHHSA 1 aHaI3 pe3yJbTaTiB IIOBEIIHKOBOTO MOJICIFOBAHHS
komroHeHTiB MEMC nepen0avae mmMpoke BHKOPHCTaHHS Cy4acHHX 3aco0iB
ABTOMATH30BAHOTO MPOCKTYBaHHsA, Y TOMY YHCIi i mporpamuoro makery Matlab.
Matlab/Simulink no3Bomsie cTBOprOBaTH MOAET AWHAMIYHHX OO’€KTIB 1 CHIPHATH
CKOPOYCHHIO Yacy MPOCKTYBaHHs Ta MiABHILCHHIO SKOCTI CTBOPEHHS IIEBHUX MOJIENCH
1 MOJICTIFOBAaHHs BIM3HAYCHUX mporeciB [1]. Buxopucranns cepenosumma Simulink e
3pyYHHM IIPH MOJEIIOBAHHI CUCTEM, 1[0 MOXYTh CKJIANATHCS 13 MOEAHAHUX OKPEMHX
(hYHKITIOHATBHUX TIPUCTPOIB.

Mertoro gonoBini € po3po0Oka iMitatiiinoi moaeni inepuiiinoro MEMC-ceHcopa,
nporenypu  MonemoBanHs MEMC-akcenepoMeTpiB B pyXOMHX 00’€kTax 3
BUKOpHCTaHHsAM nakety Matlab/Simulink.

[IpoaHanizoBaHO MeXaHiYHy cXeMy Ta npuHIMI Aii ockoBoro MEMC-
aKcelepoMeTpa, OTpUMaHO  audepeHiiiiHe pIBHIHHSA  JHHAMIKA  JIHIHHOTO
aKceepoMeTpa. 3MIHCHEHO aHal3 eJIeKTPUYHOI MOJIET EMHICHOTO aKCelIepoMeTpa,
OTprMaHO (OPMyYJIM ENEKTPUYHUX EMHOCTEH KOHIEHCATOpiB akceiepomerpa [2].
3miificHEHO MOJIeNOBaHHS enekTpoMmexaHiynoi monerni MEMC-akcenepomerpa B
cepenoBumt Matlab Simulink.

PosrmsiHyTO Mpotexypr MonemoBaHHA akcenepomeTpis. Po3podneno Simulink—
MOJZIeNTb MEXaHIYHOI CHCTEMH aKcellepoMeTpa Ta Ha i OCHOBI iMiTamiiiHy MOZeNTh
MEXaHIYHOro KoMIoHeHTa eMHicHoro MEMC-akcenepomerpa 3 BHKOPUCTaHHIM
cepenouiia Matlab/Simulink. Ha ocHoBi crBOpeHoi Momeni Oyno MpoBeieHO
MOBEIIHKOBE MOJICITIOBAHHS Yy TJIIMBOTO ejeMeHTa emHicHoro MEMC-akcenepomerpa,
OTpUMaHO Tpadiku 3aleKHOCTEH, 10 MiATBEPIKYIOTh IHHAMIUHI XapaKTEePHCTUKH
MEMC-akcenepomerpa.
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MOJEJI E@EKTUBHOI'O CUHTE3Y HA IIJIIC

Parymmwii I.B., @ininenko 1.B.
XapKiBCHKUH HAIllOHAIFHUH YHIBEPCUTET PadioeNieKTPOHIKH, XapKiB, YKpaina

CyuacHi TexHOJOTii CHHTE3y UM(POBHX MPUCTPOIB HA NPOrPaMOBAHUX
noriyaux iHTerpansHux cxemax (I1JIIC) craBnsTh BUCOKI BUMOTH 10 e(heKTUBHOCTI,
MIBUAKOAII Ta onTHMMIi3amii amapaTHUX pecypciB, IO POOWUTH Taki IIaTGopMU
B)XJIMBUM IHCTPYMEHTOM JUIsl pPO3POOKH BUCOKOIPOIYKTUBHHUX OOYHCIIIOBAIEHUX
cuctem [1].

[porpecusHi nixxoau 1o cunresy Ha [1IJIIC 1o3BonsoTh cTBOprOBaTH LU(POBI
npucTpoi 3 BUCOKOIO — MNPOJXYKTHUBHICTIO 1  BOAHOYac  3abe3redyBaTd
eHepro30epekeHHs] Ta EKOHOMIYHE BHUKOPHCTAaHHS amapaTHuX pecypciB. Taki
MPUCTPOI BiAITParOTh 3HAYHY POJIb y IMTUPOKOMY CIIEKTPi TOJATKIB — Bifl BOYTOBaHUX
CHCTEM 0 HAayKOBHUX JOCTI[KEHb 1 IPOMHCIOBOi aBTOMaru3amii. 3abe3neueHHs
30araHCcOBaHO{ POIYKTUBHOCTI, MiHIMi3aIlisl CIIOKHUBAHHS €HEPTil Ta ONTHUMI3aIlisd
IUIONIl KPHUCTala € OCHOBHMMH 3aBHAaHHAMH IUIS IH)KEHEpIB, SIKI MPOEKTYIOTh
UQPPOBI CXEMU.

Jlyist 1pOro BaXKJIMBO PO3POOISATH 1 BUKOPHCTOBYBATH MOZENI CHHTE3Y, IO
BPaxOBYIOTh Pi3HiI KpUTEpii CPEKTUBHOCTI Ta OMOMArar0Th CTBOPIOBATH HAMINHI 1
€KOHOMIYHO BHTi/HI anapartHi pimenHs. Takuit miaxig 0coOIMBO aKTyaJIbHUN IS
BUCOKOIPOJIYKTUBHHX JIOJATKIB, e HEOOXIHO MiATPUMYBATH BUCOKY IIBHKO/IIIO
0e3 3HauHOTO0 301NIBIICHHS anapaTHUX BUTpPaT.

MerToro 10moBii € CTBOpeHHS ePEKTUBHUX MOJIEIIei CHHTE3Y LIM(PPOBUX CXEM
Ha IIIC, a came mmdparopiB, , sKi 3a0e3MEUyIOTh ONTHMAlbHE MOETHAHHS
MPOJYKTUBHOCTI, €HEPro30epeKeHHsI Ta €KOHOMHOTO BHKOPHCTAaHHS anapaTHUX
pecypciB s pi3HOMaHITHUX IMU(YPOBHUX JOJATKIB.

Y pamkax IBOTO IOCTIKEHHS OylIo pO3TISHYTO CYYacHI MiOXOOH [0
moOyJOBH PI3HHX THUIIB IIM(PPATOPIiB, iXHI YaCOBI XaPaKTEPUCTHKH Ta METOAH
onTUMi3allii, Mo 3a0e3MeYyloTh MiHIMI3aIlil0 3aTPHUMOK 1 ONITHUMI3aIil0 KPUTHIHUX
IUISAXIB.

JlocmiKeHHsT CHPSAMOBAaHE HA IIIBUIICHHS HAMIMHOCTI Ta IIBHAAKOMIIT
(POBUX NPUCTPOIB, & TAKOXK HA PO3BUTOK METOJIONIOTIH e(pEeKTHBHOIO CUHTE3Y 3
BUKOPHUCTAHHAM MPOodiIiB onTHMI3allii B cepeoBuii po3podku Quartus Prime.
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JOCJIJKEHHA METO/IIB IIONEPETHHOI OBPOBKH 305PAKEHD
3 PYKOIIMCHUM TEKCTOM

Tymumrox M.B., Maprosunpskuii B.O.
XapKiBCHKUH HAIllOHAIFHUH YHIBEPCHTET paliOeNeKTPOHIKH, XapKiB, YKpaiHa

AHani3 pyKONUCHOTO IIOYEPKYy HPOBOAUTHCS PI3HOMAHITHUMH METOJaMHU,
30KpeMa 1 MeTOJaMHU MallMHHOTO HaBuaHHA. [lin wyac aHami3y mo4epky BemeThCs
pob6oTa 3 300paKEHHSIMH 3 PYKOIIUCHUM TEKCTOM.

Meroau momnepeanboi 00poOKM 300pakeHHs HAIJIeHI Ha BHIIPABJICHHS,
¢inpTpauito, HopManizanito, GiHapu3arito abo MoKpameHHs 300pakeHHs, 1€ B CBOIO
Yepry migBHUINY€ iX MPUIATHICTH I MOJambIIoro aHamizy. L{i Meromu, 3acHOBaHI
Ha TpamuIifHUX MeTomaXx OOpOOKM 300pa)keHb, BHKOPHCTOBYIOTBCS IS
TIOJICTIICHHST BUPINICHHS MOJANBIIOI HpoOieMu Kiacudikarlii, BHUABICHHSA abo
cermeHTanii [1].

MeToro poOOTH € TOCTIIKEHHS METOIIB IONePEIHB0I 00pOOKH 300paKeHb 3
PYKOIIMCHUM TEKCTOM.

ABtopu [2] po3risnaloTh BIUIMBOBICTH BHOOPY METONY IEPETBOPEHHS
KOJILOPOBHX 300pakCeHb y Ipajiallii ciporo Ta MpUIHHA HOTO 3aCTOCYBaHHS.

[oOBHUMH TNPUYMHAMH BHUKOPHCTaHHS LBOTO METONY € CIPOIICHHS
ITOPUTMY, 3MEHILICHHS HEOOXIJIHUX OOYHMCIIOBAJIBHUX PECYPCIiB Ta 3MEHIICHHS
00csTy HeOOXiTHIX HABYAIbHUX JaHUX.

Jus BupimeHHs poOieMu BHIAUIEHHS 00’€KTiB 3 (JOHY BHKOPHCTOBYIOTBHCS
MeTOoAM OiHapH3allii.

B po6ori [3] posrnsmaeTbes MeToq 3aTouyBaHHs qoiHH (valley sharpening),
MeTox pizHuIeBoi ricrorpamu (difference histogram) Ta mpomoHyeThCsS anropuT™M
ABTOMATHYHOTO BH3HAYCHHS IMOPOTYy s OiHapw3amii 300paXXeHb y Tpajarmisx
ciporo.

B pesynbraTi poboTH OyJIO MPOBEACHO IOCHIIHKEHHS METOIIB MOMEPEIHbOT
00poOKH 300pakeHb.

Taxkox Oynu po3risiHyTI poGJieMH, SIKi OB’ s13aHi 3 MONEPEIHBOI0 00POOKOI0
300paKeHb, 110 BUHUKAIOTH M1l 4ac pPOOOTH 3 300paKEHHIMH PYKOIMHCHOT'O TEKCTY.
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MEASURES FOR COMPLEX NETWORKS ANALYSIS

Ponomarenko O., Gorbachov V.
Kharkiv National University of Radio Electronics, Kharkiv, Ukraine

Characteristics of the real networks cannot be explained by random
connectivity [1]. Real networks can contain community structure, power law degree
distributions, hubs and other structural features. Measurements can be used for
analysis, recognition and synthesis of complex networks. They are capable to
express the most relevant topological features [1].

Many real networks have thousands of vertices, so network visualization
cannot help in network analysis. In this case measures can be used to understand the
network characteristics [2].

The goal of the work is to study the measures for complex networks analysis.

In [3] authors propose a framework to investigate a change of properties in
different types of networks. This approach allows to generate the network models
such as random, small-world and scale-free. In the work authors analyze measures
such as average shortest path, global clustering coefficient, closeness and
betweenness centrality for generated networks. In this experiment properties of
different network models were compared. The paper analyzes the influence of
network structure on its properties.

In [4] authors propose a package for analysis of networks and network
algorithms. Package provides an ability to calculate network measures such as
shortest paths, degree distribution, clustering coefficient, and betweenness
centrality. Also, package provides a possibility to generate graphs such as directed
graphs, simple graphs, and graphs with parallel edges and self-loops. Analysis of
network structure can be conducted, and network measures can be calculated using
this tool.

In this work the measures for complex networks analysis were investigated.
The framework for networks properties change investigation was considered. The
package for network structure analysis and network measures calculation was
considered.
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ABTOMATHM3AIIIS BABOPY KOMITOHEHTIB ITH®OPMAIIMHOT O
3AXHCTY JIOKAJIBHUX OBYUCJJIIOBAJIBHUX MEPEXK

Kurank B.1O., Yeos O.0., Xapuenko H.A.
XapKiBCHKUH HAIIOHAIFHUH YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaiHa

Bukopucranns iHpopManiiHUX TEXHOJOTIH y Cy4acHOMY CBITI Jla€ HH3KY
Oe3nepedHuX IepeBar: miBUILEHHs e(eKTUBHOCTI IPOLECIB YIIPaBIiHH, 00pPOOKH
Ta Tepenadvi JaHUX. Y CBiTI HEMOXJIMBO YSBUTH BEJHKY OpraHi3aIlito, 10 HeE
3aCTOCOBY€ HOBI iH(QOPMAIIiHHI TEXHOJOTI], TOYHHAIOYH 3 aBTOMATHU3AIlI1 OKPEMIX
pobounx Micip i A0 MOOYAOBM KOPIIOPAaTUBHHUX PO3MOAIICHUX iH(MOPMAaIiHHUX
CHCTEM.

IIpote, po3BUTOK OOYHCITIOBANBHIX MEPEXK, X YCKIIaJHEHHS, CKJIa[IHA B3a€EMHA
IHTeTpalis i BOAHOYAC BIAKPUTICTH, MPHU3BOASITH O IMOSBH SKICHO HOBHX 3arpos,
30UIBIICHAS KiJIBKOCTI 3TOBMHUCHUKIB, 1[0 MAaIOTh MOTCHIIHHY MOXKJIMBICTH BIUTHBY
Ha CHCTEMY.

B nanwnii wac mis 3a6e3nedeHHs iHPOPMAaLiHHOTO 3aXUCTY MOTPiOHA po3poOKa
HE MPOCTO OKPEMHUX MEXaHI3MIB 3aXMCTy, a pealli3allis CUCTEMHOTO IiIX0ay, L0
BKJIIOYA€ KOMIUIEKC B3a€MOIOB'I3aHUX 3aXOJiB (BHUKOPUCTAHHS TEXHIYHHX Ta
MpOTrpaMHUX 3aco0iB, HOPMATHBHO-TIPABOBHX aKTIiB, OpraHi3alliifHUX 3aXOJIiB,
MOpPaJIbHO-€TUYHUX 3aXOAiB MPOTHAIT Tomo). KoMmekcHuil XapakTep 3aXucTy €
HACJIiIKOM KOMIUIEKCHUX JIiil 3JI0BMHCHHKIB, SIKi IParHyTh Oy/b-sSKUMHU 3aco0amu
BUAOOYTH BaXXITUBY JUTS HUX iHQopMarito [1].

MeTo10 10mOBiAi € CTBOPEHHS KOHIEMII IPOrpaMHOTO KOMIUIEKCY, IO Ha
OCHOBI aHAITi3y MepexXi JO3BOIUTH (POPMYBATH OLIHKY 3aXHUIIEHOCTI MEPEKi.

B nonoBini HaBOAATHCS PE3yJIBTATH POOOTH MPOTPAMHOTO KOMIUIEKCY, IO
BKITIOYA€ MOIYIi:

— MOHITOPHHTY MEPEXi aBTOHOMHOT'O Ta CEPBEPHOTO PEXUMY [2];

— ¢opMyBaHHsI OI[IHKH 3aXHIICHOCTI MEPEXi, Ha OCHOBI 0a3W MpaBWI Ta
METO/IiB HEYITKOT JIOTIKH;

— CTBOPEHHSI MaKeTy 3ac00iB 3aXMCTY Ta 1X HANAIITYBaHb JJIsl 3a0€3IeUeHHs
3aXHIIEHOCTI KOPIOPAaTHBHOI MEPEkKi Ha 3aJ]aHOMY PIBHI.

BuxopucTtanHs IporpaMHOrO KOMIUIEKCY JO3BOJUTH 334 IPUWHATHUN UL
KOPHCTYBaya, aJMIHICTpaTOpa Ta iHKeHepa 3 OE3MeKH Yac 3MEHIIUTH IIKOAY Bij
BIUIMBY MOXJIMBOI 3arpo3W Ha pecypcH, IO 3aXMINAIOTHCs, abo 3armodirtu
HOpYIIeHHIO iH(popMaliitHoi Oe3mnekn.
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BUKOPVCTAHHA IIJIAT®OPM HEHPOHHUX MEPEXK Y CYYACHHUX
THOOKOMYHIKANISAX AJIS1 ONTUMI3ALII MEPEXK
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XapKiBCHKUIT HAITIOHAIBHUH YHIBEPCUTET palioeNIeKTPOHIKH, XapKiB YKpaina

Heiiponni mepexi (HM) ta mryunnii intenekr (ILI) na neit wac crarots
KJIFOYOBUMHM 1HCTPYMEHTaMH, 10 3aCTOCOBYIOThCS MIPAKTUYHO Y BCIX chepax KUTTS
CY4YacHOTO CYCIHUIbCTBA, y TOMY YHCHI 1 Juisi onTuMizamii iH(QOKOMyHIKamiiHIX
cucreM (IK). 3acrocyBanns HM n03Bosisie miABUIIMTH HAIHHICTD Mepenayvi JaHuX,
MIHIMI3yBaTH MO>JIMBOCTI BUHHKHEHHS aBapiiiHUX CUTyalliil Ta BTpaTH JaHUX Ta
MiABUIINTA MOJIMBOCTI ajanTHBHOTO ympaBimiHHA Tpadikom [1]. Ilpum mpomy
Bukopuctanus LI y HM no3Bossie 30mpaTh i IBUAKO aHANI3YBAaTH BEIUKI 00CATH
inpopmanii npo IK y peampHOMY dbaci Ta caMocCTiifHO 3amoOiraTé aBapiitHUM
curyarism [2].

MeTtoro gomoBiai € aHami3 pi3HUX IUIATPOPM HEHPOHHUX MEPEXK B ACTEKTI
3aCTOCYBaHHA  IX  IITyYHOTO  IHTENCKTY Yy  (YHKIOIOHATI  CyJacCHHX
PEXHMIi peasbHOTO Yacy.

Hanpuknan, Ttaka koneeprenmis HM ta IK 103BOJMTHE aBTOMATHYHO
3HAaXOJUTU aJbTEPHATHBHUHA MapuIpyT mepenadi JaHUX y pa3l BHHHKHEHHS
MepeBaHTAXKEHb, [IEPSHATIPABIII0YM TpadiK Ha KaHAIH, sIKI MEHII 3aBaHTaKeHi, a00
MONEpPENUTH TPO MOXKIMBHH HECAaHKIIOHOBAHMHA JOCTYNl 1 aBTOMAaTHYHO
3aCTOCYBaTH AITOPUTMH AT NIONIEpEKEHHS BUTOKY JaHuX [2].

B nomosini anani3yrotecs mwiatgopmu HM aekiTpkoX KOMIaHIH, SKi HATAI0Th
incTpyMmeHTapiii Ha ocHoBi IIII. A came: mmatdopma Google Cloud Al — mns
ONTUMI3aIlil MEePEXHUX KOMYHIKAIIH, TAKOXK aHANI3YEThCA (PYHKIIOHAT TIaTGopM
Qualcomm Al Engine ta Ericsson Al-based Network Management — mis
MIABUIICHHS HATIHHOCTI OE3IPOTOBHX MEpPEeX 1 Ui aBTOMATH3allii YIpaBIiHHS
iHPOKOMYHIKaI[IHHUMU CHCTEMaMHU.

Kpim Toro, y momosini anamizyerbcst ¢pyHnkuionan ruargopmu GNU Radio
(hpeiiMBOpKY, II0 HAga€ 3MOIY MOJCIIOBATH Ta PO3TOPTATH BHUCOKOC(PECKTHBHI
peaibHi pagiocucTeMu. 30KpeMa Il IIaThopMa HaJae dy0BY MacIITa00BaHICTh 1
BEJIMKY 010JIIOTEKY CTaHJapTHUX ITOPUTMIB, IO ONTHMIi30BaHa JUIl HIMPOKOTO
CIIEKTpPY 3aCTOCYBaHb Yy iHQOKOMYHIKaliHHUX cuctemax [3].
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3ACTOCYBAHHSI METOAIB MAIIMHHOT'O HABYAHHS JIJIA
OIITUMIBALII TAPAMETPIB TEJIEKOMYHIKAOIMHUX MEPEXK

Ky3emin A.A., Koty FO.M.
XapKiBCHKUH HAIIOHAIFHUH YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaiHa

CyyacHi TeJeKOMYHIKalliiiHi MepexXi XapaKTepU3YIOThCS 3pPOCTAHHIM
KIJTBKOCTI KOPHCTYBadiB Ta CKIJIQIHICTIO peaizalii ympaBiiHHA MEpEeKHUMHU
pecypcamu. Jlnst 3abe3nedyeHHs e(eKTHBHOI POOOTH TaKMX CHCTEM BCE YacTille
3aCTOCOBYIOTBCS TEXHOJIOTi MammHHOro Has4yanHa (ML), mo no3BomnsroTs
ONTHMI3yBaTH MapaMeTpHu MepeKi, 30KpeMa Taki, sIK: MPOIYCKHA 3JJaTHICTh, YacOB1
3aTPUMKH Tiepefadi i oOpoOKM MakeTiB, mapaMeTpH E€HEPrOCIIOKUBAaHHS, TOIIO.
Iarerpamis ML y mpomec ¢yHKIiOHYBaHHS MEpPEeK 3 METOI0 ONTHMi3amii ix
mapaMeTpiB  Ta MiJBUIMICHHS ©()eKTUBHOCTI VYIPaBIiHHA HHAMHU [IO3BOJIIE
MiHIMI3yBaTH py4YHEe BTPyYaHHA Ta IIABHIINTH SAKICTb OOCIyrOBYBaHHS
kopuctyBauiB (QoS) [1].

Metoro momoBimi € JOCTKEHHS METOMIB 3aCTOCYBaHHA IHCTPYMEHTIB
MAITMHHOTO HABYaHHI [T aHANI3y Ta ONTHUMI3allil mapaMeTpiB TeICKOMYHIKaIliHHIX
Mepex, a TaKOX aHaji3 arOpPUTMIB LIOAO0 MiJABUILECHHS €(EeKTUBHOCTI YIPaBIiHHS
MEPEXKEI0 B yMOBaX 3MIHHHX HABaHTaXXECHb Ta 00OMEXeHuX pecypciB. OcobiiBa yBara
NPHUIIISETECS. PO3POOLI aJaNTHBHUX PillleHb, SIKI MOXKYTh BpaxOBYBaTH JWHaMIYHI
3MiHM B yMOBaxX (YHKILIOHYBaHHS Mepexi y peajJbHOMY dHaci, L0 JO3BOJUTH
I ABUIIUTH 11 POIYKTUBHICTh Ta CTAOUTBHICTh POOOTH.

B nomoBini po3risiatoTECsl METOIHM ONITHMIRAIII] TApaMeTPiB TEIEKOMYHIKaIliHHAX
MEpEexX 13 3aCTOCYBaHHSIM TEXHOJIOTIH MalllMHHOTO HaByaHHs. HaBezneHi pesynbratu
MOKa3yl0Th, 110 BHKOPHCTaHHS, HANpHKiIaj, meroxy ML, mo 3acHoBaHMi Ha
aNrOpuTMaxX HABYAaHHSA 3 MiAKpimieHHAM (reinforcement learning), mo3Boisie
3IIMCHIOBATH aBTOMATHYHY aJallTallil0 HaJallTyBaHb MEPEKHHX NapaMeTpiB 0
3MiH HaBaHTaXXCHH:, 3a0e3medyroun motpiOHi BuMoru 10 QoS [2]. Bussneno, mo
KITIOYOBMMH (DaKTOpaMH, 110 BIUIMBAIOTh Ha €(EeKTHBHICTh IMX aJITOPUTMIB, €
JMHaMika Tpadiky, NpPOIYCKHa 3JaTHICTh KaHANB Ta 3aBaHTaXXKEHICTb MeEpexi.
30KkpeMa, B ILbOMY KOHTEKCTI OULIbII aKTyaJbHHUMH € METOJM HPOTHO3YBaHHS
(YHKIIIOHAIILHUX TIPOLIECIB Y MEPEXKi Ha OCHOBI ICTOPUYHMX JAaHHUX Ta MOBEIHKOBUX
Mozeneii Tpadiky, 1110 JOIoMarae y KparioMy MporHo3yBaHHI MOXKIIMBHX IPOOIeM Ta
y ix BupimenHi [3]. Takox y3aragpHEHO 3a3Ha4YeHO, IO BCi pO3IIIsIHYTI MeToau ML
MaroTh CBOI OCOOJIMBOCTI, IepeBaru Ta HeJoJiKi. ToMy BHOip HalKpamoro Merosa
JUIsL ONITHMI3alii mapameTpiB TeJIeKOMYHIKaliifHOI Mepexi Oyne 3anexard Bin ii
o0nafHaHHs, CTPYKTYPH Ta MOCIIYT, 10 HA/IAI0ThCS KIHIIEBUM KOPHCTYBadaM.
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OCOBJHUBOCTI BAKOPUCTAHHSI LITYYHOI'O IHTEJIEKTY
VIS BAXUCTY TIEPCOHAJIBHOI IHOOPMAIIII

Bonnap H.O., Kontyn I0.M.
XapKiBCHKUH HAIllOHAIFHUH YHIBEPCUTET PaJioeNieKTPOHIKH, XapKiB, YKpaina

CyyacHMii HaJIIHTEHCUBHMH Ta JMHAMIYHUHA pIBEHb PO3MOBCIO/DKCHHS,
BUKODHUCTaHHA Ta iHTerpauii mrydHoro inrtenekry (ILI) 3 indopmamiianmu
MPOJIYKTaMH Ta TEXHOJIOTISIMU BUMarae (popMyBaHHS Ta JOTPUMAHHS )KOPCTKUX BUMOT
Ta 00MEXeHb, MO0 3aXUCTy MEePCOHANBbHOI iH(opMarlii. OCHOBHOI MPOOIEMOI0 €
JIOCTYIHICTD TIepcoHaNbHOI iH(opManii s BOymoBanux 3aco0iB LI, HeoOMexeHe
3pocTaHHs 00’ €MIB JIaHUX, 30epeKeHNX Y HU(POBOMY BHIJISL, IO IMiJIBUILYE PHU3UKH
oo 6e3mnekn, 0OMeXeHHs JOCTYIy Ta IPHBAaTHOCTI. [H(opMartiiiHa iHppacTpykTypa
MOBHHHA TIIOBHICTIO BIANOBIATH MDKHAPOJHWM CTaHAApPTaAM Ta  MICIICBOMY
3aKOHOJABCTBY KpaiHHM KJIieHTa Ta KopucTyBada [1, 2].

MeToro qomoBini € aHaii3 mepeBar, 0OMeKeHb, OCOOIMBOCTEH Ta 3pOCTAr0UOi
pomi HII B 00pobmi mepcoHampHOi iH(pOpMari. Takok IPYHTOBHO aHANI3yIOThCS
OCHOBHI TOHATTS 3aXHCTy IE€PCOHAIBHHUX MAHWX, OOIPYHTOBYIOTHCS MIAXOIH IO
IUTaHyBaHHs1, OOY/I0BY, BUKOPUCTAHHS, ayIUTy O€3MeKH IPUBATHOI 1H(pOpMALlii, 1110
30epiraeTbest, 0OpOOISETHCS YN HAJJAEThCSl KOPUCTYBAYaMH Y TPOLIEC] BUKOPHCTAHHS
3aco0iB IITY4YHOTO iHTENeKTY [3].

B momoini aHami3yroThCs TpOLIECH CTBOPEHHSI ONOPHOI 0a3u HEeoOXimHMX
TMOJIOKEHb MDKHAPOJIHOTO Ta YKPaiHCHKOTO 3aKOHOJABCTBA IO/I0 PEryJBLii 3aXUCTY
MEPCOHATBHUX JaHUX. OOroBOPIOIOTBCS MOXIMBI pu3ukd podotn meromamu 1111
[IpononyeTbest pUKIIa] MPaKTHYHOTO BUKOPHCTAHHS XMapHOTO CEpBiCy Oe3NeKkd Ha
OCHOBI MAITMHHOTO HAaBYaHHS Ha IUiaTdopMi BeO-cepBicy AWS Macie. 3aramom Best
pobota Mae Ha MeTi (JOPMYBaHHS IUTICHOTO MiIXOIy Ta TUIAHYBaHHS BHKOPHCTAHHS
IITYYHOTO iHTENEKTY, IO y MICYMKY Ma€ MPU3BECTH JIO IiIBUIICHHS SKOCTI 00pOOKH
JTAHUX, TIOKPAIICHHS B3a€MOJIi iHPOPMAIIHOI iHPPACTPYKTypH 3 KOPHCTyBaYeM Ta
PiBHSI BIZIMOBIZHOCTI CyYacHMM IPaBOBUM BHMOTaM. 30KpeMa 3a3Ha4eHO, 110 TLIbKH
KOMIUICKCHI pinreHHst Ha 0a3i 11l 3 HOTpUMaHHAM TPUHIMITE OE3MNeKU NOCTYIY 10
pecypciB Ta MPUBATHOCTI, B 3MO031 3a0€3MEYUTH TEXHIUHI Ta JOTOBIPHI 3aXOfH, SKI
HeOoOXi/IHI U1 3aXUCTy MpUBaTHOI iH(pOpMAaIji.
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ITAKETHA CTETAHOTI'PA®ISA
TA OB'€IHAHUU CTETOAHAJII3 B JPEG

Hapgaros O.I1., bomorosa H.M.
XapKiBCHKUH HAIIOHAIFHUH YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaiHa

CyyacHi MeTOAM TPUXOBAaHOro TepenaBaHHA iH(opMmanii B HU(YPOBUX
Meperkax HaOyBalOTh BAXKJIMBOTO 3HAYESHHS 11l 3a0e31eYeHHs KOH(1IeHIIHHOCTI Ta
3aXUCTy JaHux [1].

OnHuM 13 TakMX METOMAIB € IaKeTHa creraHorpadis, ska J03BOJISIE
MPUXOBYBATH NOBIOMJICHHS B IapaMeTpax MEPEIKEBUX ITaKETIB, a TAKOXK BizyasbHa
crera”orpadis, 3okpema ais 300paxens y ¢popmari JPEG. EdextnBHe BUABNCHHS
MPUXOBaHOI iHQOpMAIlii B TAKUX TaHUX MOTpeOye HOBHX ITiAXOIIB, IO 3aTHI TOYHO
BU3HAYATH (PaKT HAIBHOCTI CTEraHOTpaiyHOro CUrHAIy Ta HOTO XapaKTepPHCTHK.

Metoro mociaimkeHHsi € po3poOka o0'eqHaHoro creroaHamizy ansi JPEG-
300paXKeHb, 0 JO03BOJIAE BHABISITH IPUXOBaHy iH(OpMalilo 3a IOMOMOTOI0
MaKeTHOI cTeraHorpadii, BpaxoBYIOUH cIielidiky 1oro ¢popmary.

VY 0moBiAi HABOISATHCS CKCIEPHUMEHTAIbHI PE3yJIbTaTH OCTIIKCHb, IO
MOKa3ylTh €()EeKTHBHICTh PI3HUX IMiJXOIIB JI0 BUSBICHHS NPHXOBAaHUX AaHHUX Y
JPEG-300paxeHHsx. 30kpeMa, Oylud BHKOPUCTaHI METOAM aHali3y TiCTOrpam
Koe(ilieHTIB AUCKpeTHOro KocunycHoro neperBopeHHs: (DCT) ta 3actocyBaHHsS
HEWPOHHUX MEPEX ISl TOKPAILEHHS TOYHOCTI BHSBIICHHSI.

Ha gnokampni ¢Quykryamii mapamerpiB creraHorpadiyHux —300paKeHb
BIUTMBAIOTH TaKi (PaKTOpH, IK PO3Mip MOBITOMIICHHS, METOI BOYTOBYBaHHS, a TAKOXK
piBEHb CTUCHEHHS 300pakeHHS.

JocmikeHHsT TOKa3aind, IMO IHTEerpamis KUIBKOX METOJIB CTeroaHaiizy
JI03BOJISIE OTPHMATH BHIILY TOUHICTB ITOPIBHSHO 3 BAKOPUCTAHHSM OJTHOTO OKPEMOTO
METOLY.

Ie mocsira€Thest MIISIXOM 3aCTOCYBAHHS aHCAMOJIEBHX IMiIXO/IB Ta TITHOOKOrO
HaBYAHHS, SKi aHAJII3YIOTh 0araTOBUMIPHI XapaKTEPUCTUKU 300PaXKEHb.

[Moennanus naketHoi creranorpagii ta o6'egHaHoro creroananizy B JPEG-
300pa)KEHHSX € MEepPCIEeKTHBHUM HANpsIMOM ISl MOJAIIBIIUX AOCIIDKeHb y chepi
iHpopMauiiHOT Oe3rneku.

BukopucTaHHs Cy4acHMX METO/IB MAlIMHHOTO HAaBYaHHS JI03BOJISIE 3HAYHO
MiABUIINTA €(DEKTUBHICTh BUSBJICHHS MPUXOBAaHUX IMOBIJIOMIICHb, II0 POOUTH IaHi
MiIX0/1 BRXKJIMBUMH JUISL 3aCTOCYBAHHS Y peaJIbHUX CUCTEMax 3aXMCTy iHpopMarlii.
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1. Ruban, Igor, et al. "Digital image authentication model." Advanced Information
Systems 5.1 (2021): 113-117. DOI: https://doi.org/10.20998/2522-9052.2021.1.16

2. G. Liashenko, A. Astrakhantsev and V. Chernikova, "Network steganography
application for remote biometrie user authentication,” 2018 IEEE 9th International
Conference on Dependable Systems, Services and Technologies (DESSERT), Kyiv, UKraine,
2018, pp. 326-330, doi: 10.1109/DESSERT.2018.8409153.

117


https://doi.org/10.20998/2522-9052.2021.1.16

Problems of Informatization: the twelfth international scientific and technical conference

3ACOBM NIJBUIEHHSA PIBHA BE3IEKH ONEPAIIMHAUX CUCTEM
3 BIIKPUTUM KOJAOM

Hyxanos €.€., Copokin A.P., Isaenxo [1.0.
XapKiBCHKUH HAIllOHAIFHUHA YHIBEPCUTET PadioeNieKTPOHIKH, XapKiB, YKpaina

Besnexa omepaniitnoi cucremu (OC) Mae mnepuiodeproBe 3HAYCHHS IS
3a0e3MneveHHs IUIICHOCTI, KOH(INEHLIHHOCTI Ta JOCTYNMHOCTI KOMIT FOTEPHUX
cucreM i manux [1].

[IpoBenenuit cucTeMHMI aHami3 MPEACTABISE€ BCEOIYHE JTOCIIIKCHHS
Oararorpannoi cdepu Oesnekn OC, cnpsMOBaHE Ha IOKpAUICHHS PO3YMiHHSA,
BUSIBJICHHS IPOOJIEM 1 IPOTIOHYBAaHHS €(PEKTHBHUX PillICHb.

MeToro nomoBini € anami3 3aco0iB TiABUIICHHS PiBHS O€3MeKH OoIepamiifHuX
CHCTEM 3 BIIKPUTHM KOZIOM, 30KpeMa B KOHTEKCTI 3a0e3neueHHS KOH(1ICHIIIHOCTI,
IUTICHOCTI Ta JOCTYIHOCTI JaHUX.

JocnimKkeHHs. crpsAMOBaHE Ha BUSBICHHS aKTyalbHUX 3arpo3 Ta PO3poOKy
MPaKTUYHAX PEKOMEHIAIIH [T iABUIICHHS 3aXHUCTY Big Kibep3arpos.

B poGoTi po3risiHyTi METOI KOHTPOITIO IOCTYILY, & caMme!

RBAC (Role-Based Access Control) — wagae MOXIHBICTH yNpaBIiHHS
JIOCTYIIOM Ha OCHOBI poJiell KOPHCTYBa4iB, KOXKHA POJIb Mae OOMEXEHHH TOCTYI JI0
CHUCTEMHHX PECYpPCiB, 3MEHIIIYIOUN PU3UK HECAHKIIIOHOBAHHUX JIilA;

SELinux (Security-Enhanced Linux);AppArmor — MexaHizMu OOMEKCHHSI
JIOCTYITy 1O CHCTEeMHHX (haililiB Ta IMpOIECiB HA OCHOBI MONITHK Oesrekn. BoHn
JIO3BOJISIFOTB 130JIFOBATH TIPOLIECH, 3aM00Iralouy JIOCTYIY 0 KPUTHYHO BasKIIMBUX
pecypcis.

Takox 3alpoNOHOBAaHO BUKOPHCTAHHS MOJYJIB BUSBICHHS Ta 3aroOiraHHs
sropraeHasM (IDS/IPS): Snort i Suricata — BiAKpUTI CHCTEMH ISl MOHITOPUHTY
Tpadiky Ta BUABIEHHs 3arpos. IDS 1n03Boisie BUABIATH aHOMalbHY aKTHBHICTB, a
IPS 3naten GiokyBaTy mifo3piii 3'eqHanHs B peanbHoMy uaci; OSSEC — IDS nis
MOHITOPUHIY CHUCTEMHHX JKYpPHaliB Ta BHUSBJIEHHS aHOMallii B aKTHBHOCTI
KOpHUCTYBayiB i cucremu [2].

i meToau € hyHIAMEHTAILHUMH TS 3a0e3eUeHHs OC3MIEKU B OTepaliiHuX
cHcTeMax 3 BIJKPUTHM KOJIOM 1 HaJJal0Th 3MOTY CTBOPIOBATH CTa01IbHI Ta 3aXHIIEH]
cepezoBuINa Jysl 30epiraHHs Ta 0OpOOKH TaHUX.
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3ACOBH NIJIBUIIEHHSA EGEKTUBHOCTI B3AEMO/IIi TIPOTPAM
B PO3IIOAIVIBHUX CUCTEMAX

Bonpap L1, Mixams O.I1., Jsraenxo B.O.
XapKiBCHKUH HaIllOHABHUH YHIBEPCUTET PadioeNIeKTPOHIKH, XapKiB, YKpaina

Y cydacHMX pO3NOJAUIBHHX CHCTeMax e(eKTHBHa B3aEMOJIIS MIX
NPOTPaMHAMH KOMIIOHEHTAaMH Ma€ KpPUTHYHE 3Ha4eHHs [yl 3a0e3nedyeHHs
HaJIHHOCTI, MacIITabOBaHOCTI Ta MPOAYKTUBHOCTI CHCTEMH B Hinomy [1].

[TporpamHi KOMIOHEHTH, SIKI MOXKYTh ITPAIIOBATH B PI3HUX CEpPENOBHUINAX 1 HA
pisHMX (i3uyHMX abo BipTyaJbHUX IUIATPOpMaxX, IOBHHHI e(QEKTUBHO
oOMiHIOBaTHCS JaHUMH Ta KOOPAWHYBAaTH CBOI Jii, He3Ba)Kal0ul Ha BifCTaHb a0o
BIIMIHHOCTI y TEXHIYHHAX XapaKTCPUCTHUKAX.

Metoo nomoBigi € aHami3 Ta cHCTEMaTH3allil CYYacHHX 3aco0iB I
i ABUIICHHS ¢(EKTHBHOCTI B3a€MOII1 MiX ITPOTpaMaMH Y pO3MOAIICHIX CHCTEMaX,
30KpeMa Ha MpHKIaAi MikpocepBicHOI apxitektypu Ta APl Gateway. YV pamkax
JOCIHIIKEHHS. PO3IIISIHYTO MEXaHI3MH 3HIDKEHHS 3aTPHMOK, MacmiTabOBaHOCTI,
HaJitHOCTI Ta 0e3NeKH, a TAaKOXK HaBeIeHO MTPUKIIAIM peaji3aliil i OCHOBHI BUKIUKU
BIPOBAJKEHHS LINX TEXHOJIOT1H.

APl Gateway € OCHOBHMM KOMIOHEHTOM /IS YNpPAaBIiHHSA 1 onTumizauii
KOMYHIKaIliif y MIKpOCEpPBICHUX 1 pO3MOJUICHHX apXiTeKTypaX. BiH BUcTymae sk
€IMHA TOYKa BXOJY IUIS KII€HTIB, 00’€HYIOYHM JOCTYI JI0 PI3HHX MIKPOCEpBICIB
yepes oauH iHTepdetic. Lle 103Bosge YHUKHYTH HAIMIPHOTO MEPEKEBOTO Tpadiky,
3HIKY€ 3aTPUMKH TIPH ITIepefadi JAaHMX Ta CIPOILye MapIIPyTH3aI[I0 3aIMTiB.
MikpocepBicHa apxiTeKkTypa nepeadavae Mol MOHOITHUX MPOTpaM Ha HEBEJHKI
HE3aJIE)KHI CEpBICH, KOXEH 3 SKHX BUKOHYE KOHKPETHY (YHKIIIO Ta MOXe
po3pobisiTHes 1 po3ropratucst okpemo. KoxeH MikpocepBic 3a3BHUail mpamioe B
ABTOHOMHOMY KOHTEWHepi, IO /O03BOJISE PO3POOHHMKAM JIETKO MacIITadyBaTHy,
OHOBIIIOBATH Ta TECTyBaTH KOMIIOHEHTH HE3aJIe)KHO OJWH Bix oxHoro. lle
MIIXOAUTH JJIsl BEIUKUX PO3MOJIIEHUX CHCTEM, J€ PI3HI YacTHHU IPOTrpaMu
NOTPeOyIOTh PI3HUX 00YHCIIOBAILHUX PECYPCIB 00 YaCTO 3MIHIOIOTHCS.

OcHoBHoto  mepeBaroto APl Gateway € CHpOLICHHS  YHpaBIliHHA
MiKpocepBicaMy, aje Iel KOMIIOHEHT MOXKE TaKOX CTaTH BY3bKHM MicCLEM Yy
CHCTEMI.

V pasi mectipaBHocTi APl Gateway yci cepBicH, 10 SIKHX 3BEpTalOThCS Yepe3
HBOTO, MOXYTb CTaTW HEIOCTYHHUMHU AJsl KI€eHTiB. ToMy Ui MiJBHIICHHS
HaJIIITHOCTI 4acTO 3aCTOCOBYIOTHCSI pe3epBHI cepBepn Gateway, a TakoXK METOJIU
BIZIMOBOCTIHKOCTI, TaKi sik «blue-green deployment» i «canary release».
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MOJEJJIIOBAHHSI CUCTEMH CIVIBCBKOTI'OCITIOAAPCBKHUX
TEXHIKH 3 JOIIOMOTI'OI0O MATLAB

JIsmmenxo C.O., bainyxuauit B.B.
JHep:xaBHUi1 010TeXHOIOTIYHUHN YHIBEpCUTET, XapKiB, YKpaiHa

CiibCHKOIOCIIONAPChKI TPAKTOPH € MAIlMHAMHK, SIKi CIOXHMBAlOTh 0Oararo
najguBa Ta 3a0pyAHIOIOTH I'PYHT/MOBITPs; TakuM YWHOM, 3alpOBaKCHHS HOBHX
CTIKMX TEXHOJIOTIH, TaKWX SK TiOpUau3allisi, MOXe OyTH IyKe BIUIMBOBHUM Ha
pPO3pOOKY  EJNEKTPUYHHUX TiOPHUIHHMX CLIBCHKOTOCTIONAPCHKUX TpakTopiB. ILli
TPaHCIIOPTHI 3aCO0M MOENHYIOTh KJIACHYHUI JBUTYH BHYTPIIIHBOTO 3TOPSIHHS 3
SJIEKTPUYHOIO MAIINHOIO.

MeTolo gonoBiai € po3podka Ta oriHka epeKTUBHOCTI T1OpUIHOT MO IS
CUTBCBKOTOCIIOAPCHKUX TPAKTOPIB 3 METOI0 3HIKEHHS CIIOXHMBAaHHS IaJMBa Ta
3MCHIIICHHS BUKUAIB BYTJICKHUCIIOTO Ta3y, II0 CIPHUATAME eKOJIOTidHIH CTIHKOCTI Ta
MIIBUILEHHIO eHeProe(peKTUBHOCTI Y CLIbChKOMY rocmoaapcTsi [1].

Jns  MopmemroBaHHS ~— CHCTEMH  IJIBHINCHHS  CHEProe)eKTUBHOCTI
CUIBCHKOTOCIIOJAPCHKUX TPAaKTOPIB 3 BHKOPUCTAHHSAM ENEKTPUYHHUX TiOpHIHHX
TexHouoriii BukopuctoByBascst MATLAB, mo no3Bossic moOy/yBaTu MoJielb, 0
OXOIUTIOE KITIOUOBI €JIEMEHTH CHUCTEMH CHIIOBOrO arperary Tpakropa. OCHOBHI
napaMeTpyd Ta HaJalTyBaHHS 3alpONOHOBAHOI MOJENi, L€ IOCIiI0BHA
koHpiryparis, JIB3 renepye enekTpoeHeprito s 3apsaku Oatapei abo KUBICHHS
CJICKTPOJBUI'YHA. TaK0oX BHKOPHCTOBYETHCS HACTYIHA MOZETH YNPABIIHHS, IS
T ABUIIICHHS €HEeproepeKTHBHOCTI MOJKHA peainizyBaTu CTpAaTeTito
€HEepProMEeHEKMEHTY, 110 BU3HAYa€ ONTHMalbHy poboty JIB3 i enexkrponsuryna
JUTS MiHIMi3aIli{ BUTPAT ITajiBa Ta BUKHIIB.

e peasizoBaHO Yepe3 KOHTPOJIEP Ha OCHOBI JIOTiKH 3 BHKOPHCTaHHSIM METO/IIB
oInruMizarii.

Cumynsifisi poO0o4oro 3aBAaHHs, JA03BOJIIE CTBOPHUTH CICHAPIH, 1[0 iMiTye
peasbHi YMOBH CIIbCHKOTOCIIONAPCHKOI POOOTH, HANpPHKIAL, PyX Tpakropa 3
MpHUYeroM-TipecoM sl OOMOTYyBaHHA Ta TpecyBaHHS cojiomMu. lle 3aBmaHHA
BKJIFOYA€ 3MiHHE HaBaHTa)KEHHSI, 110 JI03BOJISIE NIEPEBIPUTH eHEProe(eKTUBHICTh Ta
MPOJYKTUBHICTh KOKHOT KOH(ITypartii.

Ha ocHOBI Momeni MOXKHA BHM3HAYMTH ONTHMAaJbHY KOH(QIrypairo Ta
mapamMeTpu TiOpUIHOI CHUCTeMH JUIs 3a0e3MCUeHHs MiHIMI3allii BHKHIIB Ta
3HIDKEHHS BUTpaT NHaiguBa. Mojenb TakoX [O3BOJIUTH IPOBECTH IOJAJIbIIL
EKCIIEPUMEHTH II0JI0 1HIIMX CUILCHKOTOCIIOJIAPCHKUX 3aBJaHb Ta PI3HUX THIIIB
riOpuAHNX YCTaHOBOK.
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TH®OPMAIIITHA MOJIEJIb NIJIBULEHHS
EHEPTOE®EKTUBHOCTI TPAKTOPIB

JIsmenxo C.O., Bo6pycs T.M
JHep:xaBHUi1 010TeXHOIOTIYHUHN YHIBEpCUTET, XapKiB, YKpaiHa

[MuranHs eHeproeeKTHBHOCTI € KPUTHYHHM Yy CUJIbCBKOMY TOCIIOJapCTBi, e
TPaKTOPH BHKOPUCTOBYIOTHCS IHTEHCHBHO, YacTO B YMOBaX BEJIHMKOI BUTpaTu
nanuBa. ONTUMI3allis eHeprocHoXKUBaHHS JJ03BOJISIE HE TUIBKU 3HU3UTH (hiHAHCOBI
BUTpATH Ha naybHe [1], ane i crpusie 3MEHIICHHIO BUKUIB IIKIIJIMBUX PEYOBHH,
IO BIJNOBINAE Cy4YacHUM €KOJIOTIYHUM CTaHgapTaM 1 MiAXoJaM JO CTajoro
PO3BHTKY.

MeTtoro momoBini € po3podOka iHpopMamiiHOI Mojermi, ska CIpsSMOBaHa Ha
MiABUIICHHS €HEProeEeKTHBHOCTI BHUKOPHUCTAHHS TPAKTOPIB IiJ Yac BUKOHAHHS
CLITBCHKOTOCTIOIaPCHKIX POOIT.

3acTocyBaHHs TaKOi MOZEI JO3BOJIUTH ONTHMI3yBaTH BUTPATH €HEPril Imij yac
pOOOTH TEXHIKH, 3HWKYIOUH OIepaliiHi BUTpPATH Ta EKOJOTIYHHH BIUIMB Ha
HaBKOJIMILIHE CEPEIOBUILIE.

B nomogiai 3anpornoHoBana iHdopMariiiiHa Mojeb eHeproe)eKTUBHOCTI B SKii
BUKOPUCTOBYIOTBCSL JlaHI NpO poOOTY TPAaKTOPiB Yy pI3HUX yMOBaX, 30KpeMa
HIBUJIKICTh PYXy, HABAHTa)KEHHS Ha JIBUT'YH, BUJI Ta CTaH IPYHTY, aTMOC(EpHi yMOBH
toro. [ndopmariiina Mozenb po3pobIicHa 3 BAKOPUCTAHHIM HACTYITHUX ITiIXOIiB.

30ip i 0OpoOka maHWX, AKWH BKIIOYae 30ip JaHWX MPO BUTPATH MAIBLHOTO,
nmapaMeTpy HaBaHTa)KEHHS 1 MPOAYKTHUBHOCTI TpakTopiB. Bci maHi HagXomsaTh 3
CEHCOPIB Ha TPAKTOPaX, a TAKOXK 3 IHIIUX JKepen iHdopMarrii.

Amnai3 (akTopiB BIUMBY, BU3HAYAIOTHCS KJIFOUYOBI (DAaKTOPH, IO BILUTUBAIOTH
Ha BUTpaTH eHeprii. 30Kpema, pO3rsIaThes MapaMeTpH JBHIYHA, TPAHCMICIl,
00epTiB Ta MBHUIKICHOTO PEKUMY.

MopentoBaHHs Ta ONTUMI3allisl, HA OCHOBI 310paHKUX AaHUX OyIy€THCS MOJIENb,
IO JIO3BOJISIE NTPOTHO3YBATH SHEPrOCIIOKMBAHHS B 3aJIEKHOCTI BiJi yMOB POOOTH.
BUKOpPHCTOBYIOTBCSI METOIM MANIMHHOTO HAaBYaHHS Ta PErpeciiHOrO aHai3y st
TOYHOTO NPOTHO3YBaHHS.

Bauniganiss Ta BUnpoOyBaHHSI MOJIeNi, BiJOYBa€eThCsl MEpeBipKa pe3yJbTaTiB
MOJIEJTi Ha PeaTbHUX MaHUX IS MIATBEPIKCHHS 1 TOYHOCTI Ta €()EKTUBHOCTI.

3anporoHoBaHa iH(pOpMalliiiHa MOAENb MOXE CTaTh OCHOBOIO JUISi CHCTEM
MOHITOPUHTY Ta YIpPaBIiHHS EHEProCIOXXHUBaHHSIM  CUILCHKOTOCHOAAPCHKOT
TEXHIKH, HaJal04l MOXIIUBICTh  CUIBCHKOTOCIIOJAPCHKUM  MiANPUEMCTBAM
3HW)KYBATH BUTPATH Ta IMOKPAIyBaTH €KOJIOTI4HI ITOKa3HUKNA BUPOOHHUIITBA.
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PERSPECTIVES ON DEEP LEARNING IN PREDICTION AND
OPTIMIZATION TASKS IN URBAN PLANNING AND
ENVIRONMENTAL MANAGEMENT

Romanenkov Yu., Svitenko H.
Kharkiv National University of Radio Electronics, Kharkiv, Ukraine

The relevance of geospatial analysis and forecasting is increasing due to the
growth of spatial data and its importance for strategic decision-making in a multitude
of domains. The examination of spatial patterns facilitates the formulation of
sustainable development strategies and the optimal utilization of resources at the
municipal and national levels [1].

The application of deep learning methods has the potential to enhance the
efficiency of geospatial analysis, as they facilitate the automated processing of large
data sets and enable the identification of intricate spatial and temporal
dependencies [2]. Furthermore, they facilitate spatial forecasting, incorporating
dynamic variables such as weather patterns or demographic shifts that conventional
analytical techniques often struggle to process [3]. Recurrent models and
reinforcement learning approaches facilitate not only forecasting but also
optimization of decisions in real time, thereby providing the adaptability and
accuracy required for modern spatial planning and management.

The objective of this report is to provide an overview of the current state of
development of deep learning methods and tools for addressing geospatial analysis
challenges.

The report examines the principal approaches employed to process spatial data,
including convolutional, recurrent, and graph neural networks. The primary domains
of application encompass natural disaster forecasting, sustainable urban
development, analysis of animal migration processes, and optimization in
agriculture. The integration of deep learning in these domains can enhance forecast
precision and management efficacy, which is crucial for contemporary spatial
analysis.
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OLIHIOBAHHSA JTMHAMIYHUX XAPAKTEPUCTHK KPUTHYHUX
INOKA3HUKIB 30BHIIIHBOT'O CEPEJJOBHIIIA
JOTICTUYHO-BUPOBHUYIUX CUCTEM

[Tycan A.M., Pomanenxos 10.0.
XapKiBChbKHH HalllOHAJILHUI yHIBEPCUTET pallioeNeKTPOHIKH, XapKiB, YKpaiHa

Pu3uky MisSUIBHOCTI JIOTICTUYHO-BUPOOHMYMX MiAnpueMcTB [1] B cywacHiit
VYxkpaini BinoOpaxaloTh KpUTHYHI yMOBH iX QyHKuUioHyBaHHs. Tpaaumiiii maxonu
JI0 YIPaBIIiHHS TAKUMH 00’ €KTaMH, SIKi OyJiu e(heKTHBHI 32 YMOB CTaJIOi EKOHOMIKH,
CTPIMKO BTPa4alOTh CBOIO €(PEKTUBHICTh Ta MOTPEOYIOTh aKTUBHOTO aJarTyBaHHs
IO KOPCTKUX 200 HABIiTh )KOPCTOKUX YMOB (DYHKITIOHYBaHHS.

3 iHmoro OOKy TpeHX IMQpOBI3amii Ta BIEBHEHE 3pPOCTaHHSI SKOCTI
inctpymenTiB Big Data Analytics BKa3ylOTh HampsIMOK BIOCKOHAJCHHS CHCTEM
YIOpaBIiHHSA  JIOTICTUYHO-BUPOOHMYMMHM CHCTEMaMH. B  cydacHHX yMoOBax
MOHITOPUHI Ta pearyBaHHA Ha 3MiHH KPHUTHYHHUX IIOKAa3HHKIB 30BHILIIHBOTO
CepelOBHIA CTAIOTh HE MEHII Ba)KIMBHMH 33 YIPaBIiHHA BHYTPILIHIMH
napaMeTpamHt JIOTiCTHYHO-BUPOOHMYMX cucTeM. OnHak iH(pOpMAaIisl 00 TaKHX
MOKa3HUKIB, Ha BIIMIHY BiJi BHYTpIIIHIX, JOCTYIIHA, SIK MPAaBWIO, BiJ JEKLILKOX
JUKEpell, ajle B pi3HUX «(popMaTax.

Mertoro nomoBini € popmaizanis 3aja4 MOHITOPUHTY Ta KOMILJIEKCYBaHHs
KPUTHUYHHX TTOKAa3HHKIB 30BHILIHBOTO CEpeNOBUINA (YHKIIOHYBaHHS JIOTICTUYHO-
BUPOOHWYMX CHCTEM 3 METOIO 3a0e3MeUeHHs] poOACTHOCTI Ta aAalTUBHOCTI TAaKUX
cucTeM. B mpoueci NOCSATHEHHS MOCTaBICHOI METH IepeadavaeTbCs ananTariis
BIZIOMHX METO/IiB KOMILJIEKCYBaHHS JaHuX [2] 10 pi3HUX (OPM aHUX B 3aJI€KHOCTI
BiJI CTyIEHIO TX HeBHU3Ha4YeHOCTI [3].

Takum ynHOM, MOXKE Oyze chOPMOBAHO METOJMYHE 3a0€3IIEYCHHSI KOHTYPY
MOHITOPUHIY CHCTEMH YIPABIIHHSA JIOTiCTHYHO-BUPOOHHYOK CHCTEMOIO, SKE
NUIAXOM  BHUPIIICHHS  3aa4i  NPEIUKTHBHOIO  OIIHIOBAHHS  JAMHAMIYHHX
XapaKTEePUCTUK KPUTUYHUX IOKa3HHWKIB 30BHIIIHBOIO CEPEIOBHIINA JIOTICTUYHO-
BUPOOHMYMX CHCTEM Jla€ 3MOTY pEJEeBaHTHO pearyBaTH Ha 3MIHM YMOB
(hyHKIIOHYBaHHS TaKUX CHCTEM.
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IOUPPOBA CEPBICHA KHUKKA JIVIS1 ABTOMOBLJIA

Omegip M.O., €pomenko O.A.
XapKiBChKUI1 HAITIOHAIBHUH YHIBEPCUTET PaJioeNIeKTPOHIKH, XapKiB, YKpaiHa

Hudposa Tpancdopmarnis B aBTOMOOLIBHIH iHAyCTpii 3yMOBHIIAa HEOOXIIHICT
CTBOPEHHSI HOBHMX IHCTPYMEHTIB JuIi OOJIKY Ta IUIaHyBaHHS TEXHIYHOTO
00CITyrOByBaHHS aBTOMOOLITIB.

TpanuuiliHi nanepoBi cepBiCHI KHWKKH MAlOTh HU3KY HEIOJIIKIB, TIOB’I3aHUX
i3 3pYYHICTIO BHMKODHCTaHHs, BTpPAaToOl J@HUX Ta JOCTYIIOM M0 icTopil
00CITyroByBaHHSI.

e 3yMoBIIOE aKTyadbHICTH PO3pOOKH HHU(PPOBOI CEPBICHOI KHHTH, IO
3a0e3meunTh 30epekeHHs Beiel iHpopmamii mpo oOCIyroBYBaHHS aBTOMOOLTI B
oIHOMY nonatky Ha 6a3i Android i3 3acTocyBaHHSM MOBH nporpamyBaHHs Kotlin
[1-4].

MerToto n0moBii € po3poOKa MOOITFHOTO JOAaTKa, IO 3a0e3MECUNTh BEICHHS
€JIEKTPOHHOI CepBICHOT KHUTH aBTOMOO1IA. [01aTOK Mae Ha METi IOJISTITUTH O0JIiK
TEXHIYHHUX JaHUX, JO3BOJUTH 30epiraHus iHpopmaii y 3pyunomy Qopmati Ta
IHTErpyBaTHCS 3 XMapHUMH CEpPBiCAMH JUIS JOCTYIA 3 Pi3HUX OpucTpois [5-6]. ¥V
JIOTIOBi/Ii HaBEeJEHO pE3yJIbTaTH PO3POOKH apXiTeKTypH JoJdaTKa, peaizamil
OCHOBHHX (DYHKIIH, TAKHX SIK O0JIIK TEXHIYHOTO 00CITyrOByBaHHsI, HaraJlyBaHHs PO
IUIaHOBI poOoTH, nojaBaHHS (OTO- Ta TEKCTOBUX HOTAaTok. IIpencraBieHo
NOPIBHAJIEHUN aHAaJi3 IPOAYKTUBHOCTI Ta 3pYyYHOCTI BUKOPHCTAHHS TOJATKA.

OTpuMaHi pe3yNbTaTH CBIIYATH PO epeKTHBHICTH 3acTocyBaHHa Kotlin ms
CTBOPCHHS  (YHKIIOHATHHHX  MOOUTBHHX  JOHATKiB, OpIEHTOBaHMX Ha
aBTOMOOLITBHHUH CepBiCc..
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PROPOSALS FOR DETECTING OBJECTS IN THE STREAMING VIDEO
OF COMPUTER VISION OF AN UNMANNED AERIAL VEHICLE
USING ARTIFICIAL INTELLIGENCE TECHNOLOGY

Kolomiitsev O.V., Rudakov |.S., Biesova A.O., Mosiichuk A.M.
National Technical University
“Kharkiv Polytechnical Institute”, Kharkiv, Ukraine
Komarov V.O.
Kruty Heroes Military Institute of Telecommunications
and Information Technology Kyiv, Ukraine

Today, artificial intelligence (Al) has become a key technology offering
solutions to intricate challenges across numerous sectors and domains of society,
including object recognition.

Al technology enables computers to analyse and recognise selected objects in
streaming video, which provides opportunities for the development of autonomous
unmanned aerial vehicle (UAV) systems.

Highly accurate recognition of selected objects in streaming video in real time
increases the speed of making the right decision and responding to different
circumstances.

Thus, the development of proposals for detecting objects in the UAV's
computer vision streaming video using Al technology is an urgent scientific and
technical task.

The aim of the report is to develop software for detecting objects in the UAV
computer vision streaming video using Al technology.

The report analyses the known models and methods for object recognition
based on computer vision.

The algorithm and software with Al elements for UAV computer vision are
presented.
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TO CONTROL A GROUP OF ‘SMART’ DRONES
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Ivan Kozhedub Kharkiv National Air Force University, Kharkiv, Ukraine

Recently, there has been a significant breakthrough in the development of
unmanned aerial vehicles and the creation of ‘smart’ drones that can independently
solve tasks (detect necessary objects and monitor them, etc.).

The main features of smart drones are: the use of artificial intelligence to detect
necessary objects (using an intelligent system, the drone scans the area and finds the
necessary objects), automatic capture of necessary objects (the drone operator only
needs to select an object from the list of objects detected by the drone system and
confirm its tracking by pressing a button on the control panel), etc.

However, the issue of managing a group of ‘smart’ drones has not been fully
resolved.

Thus, the application of a neural network to control a group of ‘smart’ drones
is an urgent scientific and technical task.

The aim of the report is to develop proposals for the application of a neural
network to control a group of ‘smart’ drones.

The report analyses the known types of neural networks and algorithms for
their training.

Their features and principles of application are considered. The activation
functions and their impact on the functioning of neural networks are revealed. The
neural network for assessing the general state of a group of drones and the quality of
communication between them is presented.

References

1. Konowmiites O.B., Imitpies O.M., Komapos B.O., Karyniz A.M., Pynakos I.C.,
ITomoraes 1.B., bapsinok P.JI., Ctpuryn B.B., Tenesna T.I1., bparko B.B. Oco6muBocTi
3aCTOCYBaHHs HEHPOHOI Mepexki y CHCTeMi KepyBaHHS TIPYNOI0 OE3MiIOTHUX JITAIbHUX
amapatiB. [ PAAJIb HAVKU: mixcuap. uayk. ocypuar. — Binnnnsa: 'O «EBpormeiicbka
HaykoBa miatdopma»; HY «IHCTHTYT HaykoBO-TeXHI4HOI iHTerpawii Ta ciiBnpari», 2024. —
No 43. — C. 322-334. DOI 10.36074/grail-of-science.06.09.2024.

2. Komowmiiiies O.B., Komapor B.O., Karynin A.M., Konogiii O.I1., ITomoraer 1.B.,
Camnon B.1., Kpasuenxo B.JI., Pynaxos I.C., becoBa A.O., Mociitayk A.M. IIpono3umii momo
po3poOKK  TporpaMHOro  3a0e3ledeHHs Ui BUSBJICHHS Jitofgell Ha  1udpoBHX
aepoOTO3HIMKaX Ta MOTOKOBOMY BiJJeO KOMIT FOTEPHOr0 30py OE3MiIOTHOro JiTalbHOI'O
anapaty. I PAAJIb HAYKHU: miocnap. nayk. scypuan. — Binnuis: 'O «EBponeiicbka HaykoBa
mathopmar; HY «IHCTHTYT HayKOBO-TeXHIUHOI iHTerpauii Ta criBmpartii», 2024. — No 45. —
C. 411-420. DOI 10.36074/grail-of-science.01.11.2024.

126



Mpo6nemu iHdopMaTusauii : ABaHagUsTa MiXkHapoAHa HayKOBO-TEXHIYHa KOHbepeHLis

DEVELOPMENT OF INTELLECTUAL MONITORING SYSTEM
FOR FORESTRY

Liu An, Podorozhniak A., Liubchenko N.
National Technical University "Kharkiv Polytechnic Institute”, Kharkiv, Ukraine

Forestry management is a complex task that requires the use of modern methods
and innovative solutions.

One such solution is the use of smart technologies for continuous monitoring in
the interests of forestry [1, 2].

By using such solutions, forestry managers can gain a deeper understanding of
forest ecosystems and make more informed decisions about forest management.

The aim of the work is to develop an intelligent monitoring system for forestry
with components of artificial intelligence analysis, which can be used to analyze the
current state of forest areas and its temporal changes.

It is proposed to use the results of satellite multispectral imagery using deep
learning models based on convolutional neural networks (to recognize certain types of
vegetation cover and the state of the forestry area) [3] and U-Net models (to recognize
temporal changes in the state of the forestry area) [4] in the implementation of the
intelligent monitoring system.

The obtained results are proposed to be used as an element of the decision support
system for forestry management.

The purpose of further research is to adapt the developed software product for
use with various satellite and unmanned multispectral imaging systems.
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PO3POBKA IHTEJIEKTYAJIBHOI'O IHTEPHET-MAT' A3UHY TOBAPIB
JJIS1 EK3OTUYHUX TBAPUH

3wmieBceka [.B., ITogopoxask A.O.
HarmionansHui TeXHIYHUN YHIBEPCUTET «XapKiBCHKUH IMOMITEXHIYHAN IHCTUTYTY,
XapkiB, YkpaiHa

Ha crorozani B Ykpaii moau Maio iHpopMoBaHi IIpo SIKICHUH Ta BiNOBI A bHUN
JIOTJISIT 38 €K30TUYHUMU TBApUHAMU (XOM SIKH, MAITyTH, MAalfOKK Ta 0araro iHIIMX, 10
€ eK30THYHUMH TBAPHHAMH).

BinpmiicTe TakMxX TBapUH IpUpEdYEHi HA CaMOTHE OJKUTTS, YTPUMaHHS B
HEeNpaBUIIBHUX YMOBAX, [II0 CTBOPIOIOTH iM TUCKOMQOPT Ta He Tal0Th BUKOHYBATH CBOE
NPHUPOHE PHU3HAYCHHSL.

OnHak, SKIIO B MarasuHi ¢ MOKYIAlTh X TBapHH Oyne OJoT i3 KOPHCHOIO
iH(opMaLi€ero PO IOIVIST Ta CTBOPEHHS SKICHUX YMOB IUISL )KUTTSl TAKUX TBApUH, a
TAKOXX OKPEeMHH YaT 00T MIOJO MPUXUCTKY SK30THYHHX MOKHHYTHX TBAapHH, [Ie MOXKE
YaCTKOBO BUPILIHTH podiemy [1].

MeTtor0 pO3pOOKH € TIOKPAILEHHS YMOB JKHUTTS €K30THYHUX TBapHH ILIIXOM
BUKOPDHUCTaHHsS OJIOTY Ta IHTENIEKTyaJbHOrO 4ar-00Ty B IHTEpPHET MarasuHi s
€K30TUYHUX TBAPHUH.

KiTto4oBUMH TEXHOJIOTISIMH PO3pPOOKH IPOMIOHOBAHOTO TPOEKTY IUIAHYIOTHCS:
JS React, Express & Node JS, MongoDB, api. ChatGPT, api.telegram.

[epeBaroro PONIOHOBAHOTO MPOAYKTY € 30UIBIICHHS BiBiIyBaHOCTI CalTy (11e €
TIepEBaroko U PO3MILIIEHHS PEKJIAMHHX TIOCTIB Ha CaiTi).

KpiMm 1mporo, unm Oubie ozeit OyayTs 3HATH PO e iHTepHET-Mara3uH, THM
Outpme Jrozeit OymyTh iH(OpPMOBaHI TPO TPABHIBHUI AOTIA 32 CK30THYHUMU
TBapHHAMH, a L€ 1 € TOJIOBHA METa MIPOCKTY.

INepcriekTHBaMU PO3BUTKY MPOIIOHOBAHOTO MPOIYKTY € MOMJIMBE PO3LIMPEHHS
¢byHkiionany caiity [2, 3], momaBaHHsS HOBHX PO3IUIB (HANPUKIAI: OJaromiiHiCTh,
PEKOMEH/IOBaHI BETePUHAPHI KITHIKH TSI €K30THIHHUX TBAPHH TOIIIO).
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THTEJEKTYAJLHAN MAPKETILUIEVC OCBITHIX KYPCIB

Xowma JI.M., [Tomopoxusk A.O.
HamionansHuil TeXHIYHAN yHIBEpCHUTET «XapKiBCHKUH MO TEXHITHUI
iHCTHTYT», XapKiB, YKpaiHa

Mapkeriuieiic 30upae pi3HOMaHITHI OCBITHI KypcH B OJHOMY MiCIl, IO
MOJIETIy€ KOPUCTYyBayaM MOUIYK, aje BOHU MaloTh psii NpoOJieM Ta HEJOJMIKiB, SKi
BIUTMBAIOTh SIK Ha CTY/CHTIB, TaK i Ha BuKianayis [1].

OpHi€ro 3 TakuX Mpo0JIeM € HETOIMyJISPHICTh Ta HEAOCBITYEHICTh YKPaTHCHKUX
€HTY31acTiB, SKi XOYyThb BHMKJIACTH CBil Kypc, IHIIUMH € CKJIQIHICTh HOIIYKY
moTpiOHMX KypciB Ta 3a0e3meueHHs KypCiB SKICHUMH TPAKTHYHAMHA 3aBIAaHHIMH
JUTSL TIOBHOIIIHHOTO 3aCBOEHHSI HABYAIBLHOTO MaTepiany [2, 3].

MeTtoro po3poOkum € 3abesledeHHS JOCTYIy MO SKICHHX KypciB Ta
KOHCTPYKTOpA IJIsl CTBOPSHHS BIIACHUX KYPCiB Ha OTHOMY MapKETIUISHCI, IO TAKOXK
HaJaBaTUMe IHCTPYMEHTH IS JFOJICH SIKi MPparHyTh IBUIKO BYUTHCS 33 JOTIOMOT OO
ACHCTECHTA 3 BUKOPHCTAHHAM TEXHOJIOTIH IITYYHOTO IHTEIICKTY.

Ki1r040BUMHM TEXHOJIOTISIMU PO3POOKH NMPOIIOHOBAHOTO MPOEKTY IIAHYIOTHCS:
Django, DRF, Redis, Celery, Cachelot, PostgreSQL, AWS, Docker.

IepeBaroro MpOMOHOBAHOTO MPOIYKTY € 3a0e3MeUeHHS MPOCTOr0, IHTYITUBHO
3pO3yMIJIOTO HOIIYKY Ta IOCTYILY A0 SIKICHUX KypCIB 1 KOHCTPYKTOPA JUIsl CTBOPEHHS
BJIACHUX KYPCIB.

[epcriekTMBaMH PO3BUTKY IIPOIIOHOBAHOTO MPOIYKTY € TaKi:

MoJfaITbINa iHTETpaIlisi OTpUMaHHSA KOMICIHHUX 3a BIIaCHI KYPCH,

po3mupeHHs GYHKIIOHATY B KOHCTPYKTOPi KypciB (pi3HI BUIU 3aB/IaHB),

IUIAHYBAHHS 3aHATh,

OTpUMAaHHS JIIeH311 U1 BuAadi cepTu(ikaris,

BUKOPHUCTAHHS aHATITHKH IJIs1 PO3yMiHHS ITOBENIHKA KOPUCTYBAYiB,

MOKpAaLIeHHs IaTGOpMH Ha OCHOBI OTPUMAHUX JIAHUX,

MOXIIMBICTh TIAPTHEPCTBA 3 YHIBEPCUTETAMH Ta HABUAIBHUMHU LEHTPAMH JUIs
CTBOpPEHHsI cepTU(IKOBAaHUX KYPCIB,

naptHepcTBo 3 [T koMIaHisIMu 15t IPOBEICHHS KYPCIB ITiIBUIIIEHHS KBasTi(hiKallii.
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MECEH/IKEP YAT-BOT JIJISI OHJIAH 3AMOBJIEHD
Y 3AKJIAI XAPYYBAHHSA

Kiiiko A.A., [Tomopoxusx A.O.
HarmionansHMHA TeXHIYHNH YHIBEpCUTET
«XapKiBCHKHUI MONITEXHIYHUN IHCTUTYT», XapKiB, YKpaina

VY cy4yacHOMY CBiTi LIM(POBI3aLisl IPOHUKAE Y BCI CepH KUTTA, 1 IHAYCTpis
Xap4uyBaHHS HE € BUHSATKOM.

3amMoBIIeHHs TKi uepe3 OHIalH-CePBICH CTa€ HE TUIBKM MOJHOIO TE€H/ICHIIIETO,
ane i HeoOXigHICTIO B YMOBaxX IIBUAKOTO TeMIy >KHUTTS. JIromu nmemani yacrimie
00mparoTh 3pydHi ciocoOM OTpUMAaHHS 1Ki, YHHKalOUH Yepr Ta 3aiiBHX KOHTAKTIB,
0COONMBO B TIOCTIIAHAEMIYHHN TEpioN, KOJNW OE3KOHTaKTHI PIICHHS CTAaroTh
npiopurerom [1].

Telegram sk mmardopMa Uit 3aMOBJIEHHS iXi € 0COOJHMBO IPHBAaOIINBOIO,
OCKINIBKH BiH YK€ Ma€ BEJIMYE3HY ayAUTOPII0 IO BCHOMY CBITY, IO 3abe3medye
JIETKUI JOCTYII 10 BEJIMKOI KiIbKOCTI MOTEHIIWHUX KITieHTiB [2, 3].

OcHoBHOIO MeTOIO po3poOku Telegram-60Ta Ajst JOCTaBKU TKi € CTBOPECHHS
3PYYHOTO Ta JOCTYITHOTO PIIlICHHS /11 aBTOMATH3AIlI] TPOIIeCY 3aMOBJICHHS k1. boT
MOBHHEH 3a0€3MeYUTH MaKCHMaJIbHO CIIPOLIEHY Ta KOM(OPTHY B3aEMOI0 MiX
KOPHCTYBa4eM Ta 3aKJIaJIOM Xap4yBaHHI.

Lleli iHCTPYMEHT [ONOMOXKE KOpPHCTyBayaM IIBUJIKO 3HAXOAWUTH HOTPiOHI
cTpaBH, poOUTH 3aMOBJIEHHS Oe3 3aliBHX KpOKIB i OTpuMyBaTd iHQopMmarito mpo
CTaTyc AOCTABKH B PEKHMIi pPeabHOTO Yacy.

KiIr040BHMH TEXHOJIOTISIMU PO3POOKH MPOIIOHOBAHOTO MPOEKTY IIaHYHOTHCS:
Python, Aiogram, PostgreSQL, APIs mist miaTi>kHUX CHCTEM Ta CHCTEM JOCTaBKH.

[NepeBaroro NPOMOHOBAHOTO MPOAYKTY € 3a0e3MeUeHHs IPOCTOro0, IHTYITHBHO
3pO3YMINIOro LUIAXY JUIS MOLIYKY, 3aMOBIICHHS Ta TOCTABKH 3aMOBJICHb y 3aKijafi
Xap4uyBaHHS.

[TepcriekTBaM¥ PO3BUTKY MPOIIOHOBAHOTO MPOJYKTY € IHTErpaist 3 iHIIUMHA
wiatrgopmMaMu, BIPOBA/KEHHs aJrOPUTMIB MAalIMHHOTO HABYaHHS JUIS CHUCTEMH
pEeKOMEHAIIIH, MiATPHUMKA FOJIOCOBUX KOMAH]I, MyJIbTUMOBHICTb.
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DEVELOPMENT AND RESEARCH EXTENSION FOR SMART
GROUPING OF BROWSER TABS

Taran N., Podorozhniak A.
National Technical University "Kharkiv Polytechnic Institute”, Kharkiv, Ukraine

Modern web browsers support tab functionality for opening various URLS. It may
happen that some users do not close open tabs after they finish browsing the web, but
instead prefer to open a new tab for each new URL.

Currently, almost all web browsers support 50 or more tabs open simultaneously.
In this situation, it will be very inconvenient for users to navigate to the necessary tabs
that are relevant to the current browsing context while browsing the web [1].

The purpose of this work is to develop a browser extension that allows to organize
site tabs into virtual groups in various ways, including using artificial intelligence [2],
preview them through screenshots, and search, sort, and share tabs.

To interact with artificial intelligence, it was decided to use OpenAl technologies.
I had to conduct several experiments to identify the most optimal way to use Al models.

The gpt-3.5-turbo, gpt-4, gpt-4o and gpt-4o-mini models were taken for
consideration, each of them has its own pros and cons. So, gpt-3.5-turbo has the same
intelligence level as gpt-4o0-mini, but costs more, gpt-40 has a higher level of intelligence
than gpt-4o0-mini and costs more, and gpt-4 has an intelligence level higher than gpt-4o,
but costs significantly more.

Unlike mini, gpt-40 model supports structure output. Structured Outputs is a feature
that ensures the model will always generate responses that adhere to your supplied JSON
Schema, so you don't need to worry about the model omitting a required key, or
hallucinating an invalid enum value [3]. For this purpose, the project uses Zod — a
TypeScript-first schema declaration and validation library.

As aresult, the gpt-4o and gpt-40-mini models were chosen for the program, which
will be used depending on the type of task.

Optimal system instruction prompts for models that produce the most accurate
results have also been developed.
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OPTICAL METHODS FOR DETECTING EXPLOSIVE OBJECTS
USING AUTONOMOUS UNMANNED SYSTEMS

Skorlupin O., Podorozhniak A.
National Technical University "Kharkiv Polytechnic Institute”, Kharkiv, Ukraine

Optical methods for detecting explosive materials in unmanned aerial vehicles
(UAVs) have significant potential to enhance safety during various operations, including
military missions, humanitarian demining, and search and rescue operations. With
advancements in computer vision and deep learning technologies, optical systems have
become crucial components of autonomous solutions, offering high accuracy and real-
time threat detection [1].

Modern optical methods rely on the use of various types of cameras, such as RGB
cameras, infrared (IR) cameras, and multispectral cameras. RGB cameras analyze the
shape, texture, and color of objects in the visible spectrum [2]. IR cameras, on the other
hand, detect objects based on thermal radiation, making them particularly effective in
low-light conditions or for identifying hidden objects. Multispectral cameras allow for
the analysis of the spectral properties of materials, significantly improving the accuracy
of explosive material identification [3].

Deep learning, especially the use of convolutional neural networks (CNNS), plays
a key role in these detection systems. Trained on large datasets, these networks can
accurately classify objects based on their visual characteristics. One of the most effective
architectures for real-time object identification is YOLO (You Only Look Once), which
simultaneously determines the location and type of objects in an image, offering high-
speed data processing-critical for use in autonomous systems.

In conclusion, optical methods for detecting explosive materials show great
promise for improving the efficiency of autonomous UAV systems. Future research
should focus on combining these methods with other sensor technologies to increase
adaptability to diverse environmental conditions.
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MOJEJIb YITPABJIIHHSA EJJEKTPOIIPUBOJOM KOJIIC
BPOHbOBAHUX MAIIINH

I'peudixin A.O., laBunenko B.B., Hamanko B.B.
HamionaneHuil TexHIYHAN yHiBepcuTeT " XapKiBCHKUH MO TEXHIYHAN IHCTUTYT",
XapkiB, YkpaiHa

3acToCyBaHHSl IHAMBIAyaJbHUX €JIEKTPONPHIIAIIB  JIO3BOJISIE  IOCSTTH
3HAQYHOTO MiJBHIIEHHS MaHEBPEHOCTI Ta MPOXITHOCTI KOJICHUX OpOHBOBAHUX
MaIllH, O0COOJHMBO NPH PyCi MEpPECiYHOI0 MICIIEBOCTI Ta B YMOBaX OOMEXEHOTo
OTJIsI Y.

[Ipote, BIpoBa/KeHHA TaKMX CKIAIHUX 1 IHHOBAI[iHHUX CHCTEM BHMAarae
pPETeIpHOTO aHajlizy, MOJENIOBAaHHSI Ta BHUIPOOYBaHHS, MO0 3a0e3mednTH ix
eeKTUBHICTh, HAMIHHICTH 1 O€3MeKy B pealbHUX yMOBax 3acTocyBanHs [1].
ImiTamiiiHe MOIETIOBaHHSA € TOTY)KHAM IHCTPYMEHTOM, SIKHH JO3BOJISIE
JOCTIKYBAaTH AUHAMIKY pyXy KOJICHHX OpOHBOBaHHX MAIUH i3 1HIUBIAyaTIbHIM
SNIEKTPONIPUBOIOM, PO3POOIISITH Ta ONITHMI3yBaTH AITOPUTMH YIPABIiHHS, a TAKOXK
MPOBOJIUTH BipTyasibHi BUIPOOYBaHHS y PI3HUX yMOBAX, BKIIIOUAIOUN EKCTPEMabHI
cuTyarlii Ta pi3Hi TUIH JOPOKHBOTO MOKPHUTTS [2]. Lle 103BOIIsE 3HAYHO CKOPOTHTH
9ac i BUTPATH Ha PO3POOKY Ta BIPOBAHKCHHS HOBUX TECXHOJIOTIH, MIABHIUTH iX
SIKiCTh 1 Hafi#HIiCTh [3].

Merol JOCHIIKEHHS € po3poOKa Ta aHali3 e(eKTHBHOCTI pI3HUX
ATOPUTMIB KEPYBaHHS IHOWBIAyaJlbHHM eNeKkTpornpuBoioM. Lli  anroputmu
JIO3BOJISIFOTH ONITHUMIi3yBaTH PO3IOALT KPYTHUX MOMEHTIB KOJIIC 3aJIeKHO BiJ YMOB
PYXY, MiABHITYIOYH MPOXITHICTH 1 KEPOBaHICTh KOJNICHUX OpOHHOBAHHUX MAIH Ha
pi3HMX THIAX MOBEPXHI, a8 TAKOX 3MEHIIYIOYM EHEProCIOXKHMBAHHS Ta 3HOC
KOMIIOHEHTIB TpaHCMicii. PO3rmsmaloTecs K KIaCHYHI aJTOPUTMH, 3aCHOBaHI Ha
MPUHIHUAX poOOTH MeXaHIYHUX TUQEpeHINaiB, TaKk i ORI CKIaJHI aJanTHBHI
JITOPUTMH, 1110 BPAXOBYIOTh 3YiITHI BJIACTHBOCTI KOJIIC 1 IMHAMIKY PyXy KOJICHHX
mamuH. [IpoBoauThCS aHai3 cTaHy O0e3NeKd pyXy KOJIICHUX OpPOHbOBaHUX MAILUH,
JIOCJIIJDKYETBCSL BIUIMB iX XapaKTEPHCTHK Ha CTIHKICTh 1 KepOBaHICTh, a TaKOX
PO3pOOJISIIOTh pEKOMEHAINT 00 MiJBUINCHH OC3MEeKH eKCIUTyaTallii KOJICHUX
OpOHBOBAHMX MAIIHH 13 IHAMBIyaJIbHUM €JIEKTPOIIPHBOIOM KOJIiC.

Cnucoxk Jirepatypu

1. Herasimov, S., Borysenko, M., Roshchupkin, E. et etc. Spectrum Analyzer Based
on a Dynamic Filter. J Electron Test. 2021 Ne 37. Pp. 357-368. DOI:
https://doi.org/10.1007/s10836-021-05954-0.

2. Shmatko O., Herasymov S., Lysetskyi Y. and etc. Development of the automated
decision-making system synthesis method in the management of information security
channels. Eastern-European Journal of Enterprise Technologies. 2023. Ne 6(9) (126). Pp. 39—
49. DOI: https://doi.org/10.15587/1729-4061.2023.293511.

3. Herasymov S., Soroka V., Milevskyi S. and etc. Development of a Method for
Measuring small Nonlinear Distortions of Periodic Electrical Signals. International
Symposium on Multidisciplinary Studies and Innovative Technologies (ISMSIT). 2022. Pp.
49-52. DOI: https://doi.org/10.1109/ISMSIT56059.2022.9932685.
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PO3POBKA TA TECTYBAHHS BEB-3ACTOCYHKY
JJIA IMMOITYKY ABTOMOBIJIBHHUX ITOITY THUKIB

Psa60B O.B., I'etiko I'.B.
HarmionansHuit TeXHIYHANA YHIBEPCHTET «XapKiBCHKHUI MO TEXHIYHANA THCTUTYTY,
XapkiB, YkpaiHa

B Ham yac mOJOpOXKi 3aUIIAIOTHCS OJHIEI0 3 HAWMOMyNApHIMUX (GopMm
BiAMOYMHKY. Beb-caliTi Ayt moutyKy NOMyTHHKIB IONIOMAararoTh 3HAWTH NapTHEPIiB
JUISL IOZIOPOXKi, IO 3MEHIIYE BUTPATH Ha IIOJOPOX Ta pOOUTS il OLIBII IIKaBOIO Ta
6e3neyHor0.

Bracmimok Toro, mo OUIBIIICTH CEPBICIiB MO TONIYKY MOIyTHUKIB IS
HOOPO’KEeH MPALIOIOTh JIMIIE Y BEMKUX MICTax, dyepe3 Le JIFOIH, SKi 3HAXOIAThCS
B ceslax a00 MaJIeHbKHX MicTaxX, He MOXKYTh HUMH KOPUCTYBaTHCS.

MerToro nomoBizi € po3poOka BeO-3aCTOCYHKY IS TIOIIYKY ITOYTHHKIB JIJIs
MOJIOPOXKEM.

IIpomec momryky 31 CTOPOHH BOMiS MOJSTaE y CTBOPEHHI Ta PO3MIIICHI
OTOJIOIEHb, SIKI MICTATh iHQOPMAIIil0 PO MapUIPYT, Yac MOI3IKH, IIHY 3a MOT3IKY
Ta KUTBKICTh BUIBHUX MICIIb, & 31 CTOPOHH MacaXupa — y MOUIYKY iICHYIOUYHX MOT3/I0K.

[Mporpamuuit mpoxyKT po3poOiIeHO 3 BHKOPUCTAHHSM MOB IIPOTrpaMyBaHHs
C#, HTML/CSS, JavaScript B cepenouiiii po3podku Microsoft Visual Studio.

Oco0JIUBICTIO PO3POOJICHOTO BEO-3aCTOCYHKY € HOTro 3p03yMUIHil Ta MPOCTHI
IU3aifH, KpocOpay3epHICTh i MOMIIMBICTh TPAIFOBATH 3 PI3HUMH OTCpaIlifHUMHU
CHCTEMaMH, a TAKOXK BUKOPUCTAHHS TPUPIBHEBOT apXiTEKTYPH:

—Yy Mpe3eHTaliiHOMY piBHI 3HaXOOUTBCS iHTep(eiic KOopHcTyBaya, SKHA
MICTHTB BEO-CTOPIHKH Ta iHIIII €IEMEHTH, SIKi BiTOOpaXKaroThCsI HA €KpaHi;

— Yy JIOTiYHOMY PiBHi 3HAXOAUTHCS Oi3HEC-JIOTIKa 3aCTOCYHKY;

— piBeHB JIOCTYITy 10 JAaHHUX BiJIIMOBIJA€ 32 pOoOOTY 3 623010 JaHUX.

lle Hagmae MOXIMBICTH IIBWAKOTO PO3LIMPEHHS (YHKLIOHANy BeO-caiita y
Maii0yTHEOMY.

ApxiTexTypy no0y10BaHO 3 BUKOpUCTaHHSIM cTpykTypr MV C Ha MoBi C#, 110
3a0e3neuye e(eKTHBHIlIE BUKOPHCTaHHS KOIY, IIPUCKOPIOE pO3pPOOKY Ta
3abe3mnedye OLIbINY BIEBHEHICTh B SKOCTI MpOrpaMHoro 3abesmeueHus [1, 2].

IMpu po3poOIi MpOrpamMHOro MNPOAYKTY BHKOHAHO TECTYyBaHHS HOTO
MPOJYKTUBHOCTI IPH Pi3HIH KiJBKOCTI OJJHOYACHUX 3aITUTIB KOPHCTYBAUiB, a TAKOXK
nepeBipeHa KOPEKTHICTh PoOOTH iHTerparii i3 KaprorpadiyHO CHCTEMOIO IS
no0y/10BH MapIpyTiB.

Cnucok Jirepatypu

1. Learn to Code [Enextponnwuii pecypc] // Pexxum moctymy: https://www.w3schools.com
/ (nara 3Bepuenns 30.09.2024).
2. Eloquent JavaScript / Marijn Haverbeke. — No Start Press, 2014. — 676 p.
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CUCTEMA KEPYBAHHA EJIEKTPOIIPUBOAY 3MIHOT'O CTPYMY
3 BUKOPUCTAHHSAM METOAIB HEUYITKOI JIOT'TKA

3amonmoserkuit M.U., Mesennies M.B., Omicdip M.B.
HarmionansHui TeXHIYHUN YHIBEPCUTET «XapKiBCHKUH MMOMITEXHIYHAN IHCTUTYTY,
XapkiB, YkpaiHa

[TokpamieHHst SIKICHMX IIOKa3HUKIB CHCTEMH KEpPYBaHHS MOXJIHMBO 32
JIOTIOMOT'0I0 CY4aCHUX METOJIIB aBTOMAaTHYHOTO KEPYBaHHsI, OJJHAM 3 SIKHX € METO][
Ha OCHOBI HEUiTKOi Joriku [1, 2].

Bukopucranns 3amicts crannaprtaoro I11/1- perymsrtopa, perynsitopa Ha 6a3i
HEUiTKOI JIOTiKH, ]a€ MOXKITMBICTB MMOKPAIINTH SKIiCHI Ta JMHAMIYHI XapaKTEPUCTHUKU
CHCTEMH KEPYBaHHS EICKTPOIPUBOY.

Oco0a1BO 1e BaXIMBO ISl CHCTEM KEPyBAaHHS EJIEKTPONPHUBOAAMH 3
BUKOPHCTAHHIM METOMIB BEKTOPHOTO YINPABIIHHSA, SIKE € HalOLIbII TOYHMM Ta
OLTBI eKOHOMIYHUM [1].

Metoro gomoBiai € moOymoBa MaTeMaTHYHUX MOAETCH 3 BHUKOPHUCTAHHIM
METOJIIB HEUITKOI JIOTIKH JJIsl eJISKTPONPUBOIIB 3 aCHHXPOHHHMH JIBUTYHAMH Ta
MPOBE/ICHHS MOPIBHAJIBHOIO aHAJI3y 3a JOMOMOIOI0 MOJCIIOBAHHS JIMHAMIYHUX
XapaKTEepUCTUK, BIHOCHO CHCTEM KepyBaHHs, sKi MOOyJOBaHi Ha OCHOBI
cranaptaux [11/]-perymnsropis.

[lpu pocmimkeHHI pPO3MNIAHYTa CTPYKTYpPHAa CXe€Ma CHCTEMH KEpyBaHHS 3
BUKOPHCTAHHSIM HEYITKOrO KOHTpOJIEpA pEryJIIOBaHHSA IIBUAKOCTI 00epTaHHA
poTOpa TArOBOTO [JBHI'YHA €JIEKTPONPHBOJLY Ha OCHOBI MOJENI BEKTOPHOTO
YIpaBIIiHHSA i CHCTEMHU KepyBaHHs 3 BukopuctanHsaM [11-perynsropa. Bona Bkirouae
Omoku: IUQEepeHIifOBaHHS; IHTETPYBaHHS; HEUITKHH KOHTPOJIEP; BEKTOPHOTO
YNpaBIiHHS;  ACHMHXPOHHMI IBHUryH. st peamizamii anropuTMy KepyBaHHS
BUKOPHCTOBYETHCSI CHUTHAIM: ITOMMWJIKH, CUTHAJI IPOTIOPIIHHUNA MOXiJHIA CHTHATY
MOMHJIKH, CUTHAJIM Ha BUXOZaxX OJIOKIB IHTEIpyBaHHs Ta HEYITKOrO KOHTpOJIEpY,
CHTHAJM TPOMNOPLIHHI MIBUAKOCTI O0EpPTaHHS pOTOpa 1 IIBUAKOCTI 3aBlaHHS.
@dopMyBaHHS BHXIIHOIO CHTHally KOHTpOJIEpa 3/iHCHIOETBCS Ha OCHOBI psay
HEUITKUX MPaBUIL.

JlociipkeHHsl CUCTeM KepyBaHHSI 3 BUKOPHCTaHHSIM Pi3HOrO poay (QyHKIii
MPUHAJIEKHOCTI HEYITKOr0 KOHTpOJIepa IIPOBEAEHO ULUISIXOM MOJICIIOBAHHS B
cepenosumi makery MATLAB miaTBepanio MOMXIHBICT Ta S(PEKTHBHICTH iX
BUKOPHCTAHHSI JUISl IPOEKTYBAHHS PETYJISTOPIB.

Cnucok Jitepatypu

1. Yatsko, S. Comprehensive approach to modeling dynamic processes in the system of
underground rail electric traction / S. Yatsko, B. Sytnik, Y. Vashchenko, A. Sidorenko, B.
Liubarskyi, 1. Veretennikov, M. Glebova // Eastern-European Journal of Enterprise
Technologies. — 2019. — Ne 1/9 (97). — P. 48-574.

2. 3anonoBchiuit ML JlocTipKeHHST CHCTEeMHU KepyBaHHS €JIeKTpoNepenadi Iu3elb-
10i31a Ta yTouHeHHs ii crpykrypu / M. 3anonoscskuii, M.B. Mesenues, B.B. CkopozenoB
// Cuctemu ynpaBiiHHs, HaBiramii Ta 38°s13ky. — Bunyck 1(53). IToarasa. 2019. C. 55-59.

135



Problems of Informatization: the twelfth international scientific and technical conference

PE3VJIbTATH AHAJII3Y TEXHOJIOTT PO3POBJEHHS BEB -
3ACTOCYHKIB B IOBCAKAEHHOMY KUTTI JIIOJUHHN

Bepemaxk A.T'., 3anonoBcekuii M.U.
HarmionansHui TeXHIYHUN YHIBEPCUTET «XapKiBCHKUH MMOMITEXHIYHAN IHCTUTYTY,
XapkiB, Ykpaina

Be06-3acTocyHKH B Halll Yyac € HEBiJ'€MHOK YacTHHOIO KUTTS [1, 2]. Bonu
3a0e3MeuyroTh JOCTYn 10 iH(OpMalii, JO3BOISIOTh BUKOHYBATU PI3HOMAHITHI
3aBJaHHs Ta IOJIETIIYIOTh B3Aa€EMOJIIIO JIFO/EH Ta IIBUJIKUI NOCTYI 1O CEpBICIB,
TaKUX SIK OHJIAMH-OAHKIHT, €JEeKTPOHHA KOMEpIlis, HaByYaJbHI IUIATPOPMHU Ta
comianbHi Mepexi. KpiMm Toro, Be6-3aCTOCYHKH MOXXYTh BHKOPHCTOBYBATHCS IS
KepyBaHHS pI3HUMH TPHCTPOSMH Ta CHCTeMaMH. Y TIO€[HAHHI 3 IHIINMH
TEXHOJIOTisIMH, BE0-3aCTOCYHKH CIIPUSIOTH TTI00ANBHIM aBTOMAaTH3AaIlii, 10 3HAYHO
iABHUIIY€ PiBEHb 3pyYHOCTI Ta €PEKTHUBHOCTI B )KUTTI JIFO JIHU.

MeTor0 A0NOBiAi € pe3ynbTaTH aHaNi3y TEXHOJIOTIH Jis peamizamii BeO-
3aCTOCYHKY, SIKHH MO€AHYyEe Yy co0i (yHKIII A KOHTPONIO BaXKIMBHX cdep
MOBCSIKACHHOTO JKUTTS, TaKUX sSK (hiHAHCOBHH O0OJIK, 30€peXeHHs Ba)KJIHBOI
TeKcTOBOI iH(popMaIlil, 00JIiK 3a/1a4 AJIsI TEPMIHOBOTO PillICHHSI.

Jliist pimeHHs 3aqa4d (iHAHCOBOTO OOJIKY MPOMOHYETHCS 3aCTOCYHOK Money
Pro, mo mnpu3HayeHWil IS KOHTPOJIIO BUTpAT Ta JOXOMIB, SKUH Mae JOCUThH
IIMPOKUN CHCKTP MOXJIMBOCTeH. JIjisi CTBOpeHHs Ta 30epiraHHs 3aMiTOK-
nporpamunii poaykt Microsoft OneNote, sskuii Hagae KOpHCTyBadaM JOCTATHBO
MIMPOKI MOXKITMBOCTI IO YIIPABIIiHHIO TEKCTOBOKO iH(popMamicto. MOBOIO pO3MITKH
nependavaeTbes Bukopuctanusg Moy HTML, BoHa BiAmoBiae 3a po3TalryBaHHs y
JIOKYMEHTI TEKCTiB, 300paKeHb, MyJIbTHMENIHHNX (aiiniB abo Tabmump. MoBorO
JUISL CTHUTI3AI] 30BHIIHBOTO BUTJIALY JOKYMEHTY, IO HAITMCAHUH 3a JIOIOMOTOI0
MOBH PO3MITKH - MOBY CSS.

Jns HamucaHHS mporpam sl OOJIKy 3afad TEepMiHOBOTO pIIIEHHS -
BUKOpDHUCTaHHS MOBHM Java-Script. MoBa miaTpumye He TUIBKH IPOTOTHITHY
napajgurmy InporpaMmyBaHHs, a i iHIII, Taki sK: JeKIapaTHBHA, (GYHKI[IOHAJIbHA Ta
iMIIepaTHBHA.

3 mosBorw miaardgopmu Node.js BOHa cTana yHIBEpCAIBHOI 1 MOXKeE
BUKOPHCTOBYBaTHCSl JUIA peanizalii KIIEHTCbKOT Ta CEpBEPHOI YaCTHHU
MPOTPAaMHOTO TPOAYKTY Ha OLIbIIOCTI MOOUTBHHMX IUIAT(OPM, Y TOMY YMCII AJIS
PO3po0OKH 3aCTOCYHKIB Ha oneparliitai cucremu Android ta iOS.

PesynpraTi aHamily JaroTh OCHOBY INOJO NPUHHATTSA pIllIeHb, SKHHA
nependavyae BHOIp TEXHOJIOTIi Ha OCHOBI 3aJaHUX KOPHCTYBAaue€M BHMOT IS
MPOEKTYBaHHS BE0-3aCTOCYHKIB.

Cnucok Jitepatypu

1. 1. Matt Frisbie. Professional JavaScript for Web Developers, 5th. ISBN: 978-1-
3941-9321-9.

2. 2.Barry Wellman, Caroline Haythornthwaite. The Internet in Everyday Life.
Oxford: Blackwell Publishers, Fall 2002.
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CYYACHI PIIIEHHS TA TEXHOJIOTTI
Y CO®EPI PO3YMHUX BY/INHKIB

Momaanos I'.I.
HamionaneHiit Texaigamit yaisepcureT «XI1I», Xapkis, Ykpaina

PozyMHI Oy IMHKH CTaJIU BCE OUIBII MOMIMPEHUM SIBUIIEM B Cy4acHOMY CBITI, 1€
texnoiyorii [nrepHery peweit (IoT) [1] 3abe3meuyroTb 3pyd4HICTh, KOMQOPT i
e()eKTHBHICTh B IMOBCSIKJICHHOMY XUTTi. IIpoTe, edekTHBHE KepyBaHHS PO3YMHHM
OyIIMHKOM BHMarae po3poOKH IHTENEKTyalbHHX CHUCTEM KEpyBaHHS, SIKI 37aTHI
aJanTyBaTUCh 1O NOTPe0 KOPHUCTYBadiB 1 ONTHMI3yBaTH €HEProOCIOKHUBAHHIL.
Po3ymumii OyIrHOK, Ha OCHOB1 HEHPOHHOT MEpEXi MOKE aHAIli3yBaTH, IIPOrHO3YBAaTH
Ta TpUIMaTH pIilIeHHS Ha OCHOBI 3i0paHWX JaHUX MPO 3BHYKH Ta IOBEIIHKY
KOpPHUCTYBadiB, a TakoX iH(opmarii mpo crad cepegosuina. Lle mo3Boisie 3abe3neuntu
ONTUMAalIbHE KePYyBaHHS CHCTEMaMHU OCBITJIICHHS, ONMaJCHHS, BEHTWLALII Ta iHIIMX
TPUCTPOIB, 3a0e31euyroun KOM(OPT, CHeproeeKTUBHICTH 1 Oe3MmeKy.

MeTo10 101OBii € IPOBEACHHS OTIIAAY ICHYIOUHX PIillIeHb Y cepi po3yMHUX
Oy/AMHKIB, a TaKOX JOCITIPKEHHS BHUKOPUCTAaHHS HEHPOHHUX MEpPEeX Yy CHUCTEMax
KEpyBaHHS, CTPYKTYPY Ta NPUHLIUI pOOOTH HEHPOHHUX Mepex, PyHKIIT akTHBAI]
Ta alrOPUTMU HAaBYaHHS HEWPOHHUX Mepex. [IpoBeneHo orsy Cy4acHHX pillleHb
Ta TEXHOJIOTiH, BU3HAUCHO MOTEHIIHHI 00J1aCTi 3aCTOCYBaHHSI HEHPOHHUX MEPEK Y
KepyBaHHI PO3YMHUM OyIUHKOM, a TaKOX PO3IJISHYTO MEPEBard Ta HEIOJIKH
BUKOPHCTaHHS HEHPOHHUX MEPEX y CHCTeMax PO3yMHHX OynuHKIiB. Po3poOka
NPOTOTHUITY Ta aHaJi3 CHCTEMH PO3yMHOro OYAWHKY, sKa 0a3yeThcsi Ha HEHPOHHIH
Mepexi Ta Moke (QYHKIIOHYBATH aBTOHOMHO 0€3 IOCTYITy 10 XMapHHUX CEPBICIB.

Cnucok Jirepatypu

1. Smart Home Market Size, Share & Growth [Enexkrponnuii pecypc] — Pexum
nocrymy: https://www.grandviewresearch.com/industry-analysis/smart-homes-industry

CUCTEMM 3BEPITAHHSA JAHUX
HA MPOMUCJIOBUX NIAITPHEMCTBAX

Hanenko C.C., Kyuyk H.I'.
Hanionanbhiit texHiuaui yHiBepceutetr «XI1I», Xapkis, Ykpaina

B skocrti cuctem 30epiraHHs JaHMX Ha HPOMHUCIOBUX IANPUEMCTBAX
HalfyacTile 3aCTOCOBYIOTHCS CHCTEMH, IO HA3UBAKOTHCSA 0a3aMU JaHUX PEeaTbHOTO
yacy (BJIPY) [1]. Lli cucTeMu Bigpi3HSIOTHCS Bia Oiiblie TPAAUIIHHUX CHCTEM
ynpasiiaHs 6a3amu nanux (CYB/]) Tum, mo 1i cucTeMu MarTh BUCOKY MIBUIKICTH
BUKOHAHHS OIepalliii, moB's3aHuX i3 3aMKCOM, YUTAHHSIM 1 BUTIPABICHHSAM JaHUX,
mo 30epiraioThCsi, ONTHMi30BaHI Ha pOOOTH 3 BHCOKOIIBHJIKICHUM amapaTHUM
3a0e3meueHHsIM 1 JIO3BOJISIOTH MPAIfOBAaTH 3 BEJIMYE3HHMHU 00'€eMaMU JAaHUX Y
pamkax oxHiei 6a3u ganux (BJI).
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basn paHux peanpHOrO 4Yacy MOBHHHI BpaxOBYBAaTH HACTYIHI AacIHEKTH:
napaienbHa 00poOka, b/I[PU nosruHHa 3a0e3medyBaTy mapaielibHy 00poOKy JaHuX 3
PI3HHX [DKepel, pO3IOAUIBHICTh, JIOTiYHA Y3TO/DKEHICTh [aHWX, THMYacoBa
Y3rODKEHICTh, deproBictb 1 00poOKa omepariiif, yIpaBIiHHA ITOTOKAMHU
BBEJICHHI/BUBEICHHS 1 uepramu 00poOku naHux. ¥Yci onepauii bJIPY BizHOCSTBCS 10
TPhOX HACTYIHUX THUIMIB 3amMTIB : 3anuc naHux y bJl; unranas manux 3 BJl;
onosieHnsi 3micry bJI. Takox onepanii BJPY matore pi3Hi Mipu SIKOCTI
00CITyroByBaHHS JJIs PI3HUX OTlepaiil i MPUCTPOiB Y paMKax MPOMHUCIOBHX CHCTEM

Cnucoxk Jirepatypu

1. Nichols, M. E. Applications for satellite positioning technology in the construction
industry / M. E. Nichols // Proceedings of Position, Location and Navigation Symposium —
PLANS '96. — 1996. — PP. 15-18. — DOI: 10.1109/PLANS.1996.509050.

BI-KPUTEPIAJIbHUAM AHAJII3 IIPA PO3MO/IIII PECYPCIB

Anpapycenko 10.0., Kyuyk H.I'.
XapKiBCHKUI HAITIOHAFHUH YHIBEPCUTET PaliOeeKTPOHIKH, XapKiB, YKpaina

baratokputepianbHa onNTUMi3alis 3a3BUYall 3HAXOMUThb HaOIp pillIeHb,
BiIOMUH sIK onTuManbHa MHOXxHHA [lapeto [1]. OnHe pimieHHS MOXKe OyTH HyXKe
XOPOIIMM IIOJI0 CHOXHMBAHHS €HEeprii, TOMI SIK iHIIE PIlEHHS MOXe OyTH aye
JIOOpUM OO JOXOAY.

Mera yonoBii — BUOpaTH HaOIIbII aleKBaTHE PILIEHHS Ta OTpUMATH Habip
KOMIIPOMICHHUX pillleHb, sIKi € TapHUM HaOMKeHHsIM 10 ¢poHTy [lapeto. [IBoma
BOXJIMBUMH XapaKTEPUCTUKAMH XOpOWIOl OaraTOKpUTEpianbHOI METOIUKH €
30kHICTH 10 ppoHTY IlapeTo i pi3HOMaHITHICTP MaKCHMAaJbHO TOBHOI BHOIpKH
(dponTy. PimrenHs € ontuManparM moao [lapeTo, sSKIIO HisKe iHINE pIlICHHSA HE
MOKpaIrye Horo 3 MOTIBIAY BCIX HUTBOBUX (YHKLIH. Bynp-ske pimieHHS, ske He
BXOJUTD Y ()POHT, MOXKE BBAKATHCS MEHII SKICHUM, HIX Ti, 10 JI0 HHOTO BXOJIATh.

Bubip mix pimeHHsIMH, 1110 BXOIATh y GpoHT [lapeTo, 3anexuTh Bija nepesar
cUcTeMH. SIKIIO OJMH KpHTepiii BBaKA€TbCS OUIBII BaXIJIMBHM, HDK IHIIMH, TO
nepeBara HaJ@€ThCsl TMM DIIICHHSM, sKi OJIM3bKI JI0 ONTHMAJIBHHUX 32 KPallUM
KpHUTEpieM, HaBITh SKIIO 3HAYCHHS BTOPHHHOTO KPUTEPIIO HE € OHUMH 3 KpaIlnX.

Yacto pe3ynbTaTd po3B'A3aHHS 0araTollilbOBUX 3aBIaHb IOPiBHIOIOTHCS
BI3yQIPHUM CIOCTEPE)KEHHSIM MPOCTOpY pimeHs. bimbmr ¢opmaneHHA Ta
CTaTHCTHYHUH MiX1J{ BUKOPHCTOBYE METPHUKY ITOKPHUTTS JOMIHYBaHHS MHOXXHUHH
[2]: maHo ABi MHOXXHHH pitieHsb i , meTprka SC(A ,B) o6unciroe 9acTKy pillicHs Ha,
K1 ¢1a00 JOMIHYIOTh HaJ| pillIeHHAMH A
|{b € B;|3a € A:a < b}|

1B

Mertpuune 3HaueHHs SC (A,B) =1 o3nHauae, o Bei piteHHs B goMinyrots A,
togi sixk SC(A,B)=0 o3nauae, 110 xoj€eH wieH B He mominyerbest A. Takum 4uHOM,
yuM Oinbiie 3HaueHHs SC(A, B), tum kpamie ¢pponr ITapero A 1o BiHOIIEHHIO 10

SC(A,B) =
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B. Ockinbku onepatop AoMinyBaHHs He € cumerpuatuM, SC(A,B) He 060B's13K0BO
nopisaioe SC(A,B), i mist Toro, 106 3po3yMiTH CKillbKH pilicHb A TOKPHBAEThCS B
i HaBmaku HeoOXigHo oOumciuTH K SC(A,B), Tak i SC(B,A).

Cnucoxk Jirepatypu

1. Kokilavani, T., Amalarethinam, D. G. Load balanced min-min algorithm for static
meta-task scheduling in grid computing // International Journal of Computer Applications. —
2011. - T. 20. — Ne. 2. — C. 43-49.

2. Kuijl A., Emmerich M. T. M., Li H. A novel multi-objective optimization scheme for
Grid resource allocation //Proceedings of the 6th international workshop on Middleware for
grid computing. — 2008. — C. 1-6.

JOCJIIKEHHS CITO)KUBYOI'O I MTPOMUCJIOBOT'O
IHTEPHETY PEYEMN

CupanoeB A.O., Moxaes O.0.
XapKiBCHKUI HAITIOHAEHUH YHIBEPCUTET PadioelIeKTPOHIKH, XapKiB, YKpaina

VY cydacHOMy cBiTi TexHoiorii [HTepHETY pedelt HaOWparOTh Bce OUTBIINX
obepriB. Tak, y 2023 pormi cBiToBHMiA puHOK [HTEepHETY pedeil akTHBHO 3pOCTaB,
KUTBKICTh migKmoueHux mnpuctpoiB loT nocsrma 16,7 mupa., mo B 2 pasu
MIEPEBUIIY€E HACCICHHS 3eMITi.

Mertolo 1OMOBiAI € aHami3 MOMJIMBOCTEH Ta 3aBJaHHS CYy4aCHUX CHCTEM
InrepHery peueil. 3okpema, BinMiueHa poJib [HTEpHETY pedell y cyyacHOMY CBITi,
HaBEeJIeHI TeMIM HOTO 3pOCTaHHs Ta PO3IIMPEHHs cdepu 3acTocyBaHHA. Takoxk
HaBeneHa Kiacudikailis [HTepHeTy pedeid, o moaise Horo Ha JABi BEIHKI KaTeropii
— crioxuBYMi [HTEpHET peuel i mpomucioBuid (iHaycTpianbHuii) [HTEepHeT pedeii,
TOJIOBHA BiIMIHHICTh M)XK SIKHMHU TIOJISATA€ B TATy3i 3aCTOCYBaHHS.

[IpoBeneHO TOPIBHSHHS CIIOXKHMBYOTO 1 TPOMHCIOBOTO [HTEpHETY peuei,
30KpeMa MO TaKUM XapaKTePHCTHKAM, K HaJlIHHICTh Ta IliHa TOMMJIKH, CKJIaJIHICTh
ANTOPUTMIB, MIBHIKICTE 00poOkm iH(opmarii, Oe3meka, oOCATH OaHWX, IO
30HpAIOTHCS, CXEMH BIIPOBAKEHHS Ta OCOOIHUBOCTI Tpadiky.

OOrpyHTOBaHI HEOOXITHICTH TUHAMITHOTO TiAXO0Y 10 BUALICHHS €JTaCTHIHUX
XMapHUX 00YHCIIIOBANLHUX PECYPCIB CHCTEMaM IMPOMHUCIIOBOr0 [HTepHeTY peueii Ta
HEOOXIZHICTE B PO3pOOI METOXy KOPOTKOYACHOTO NPOTHO3YBaHHA Tpadiky
MPOMHUCIIOBOTO [HTEpHETY peueii, 1110 Ha0yBa€e eacTUYHOI BIACTUBOCTI.
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OBJIIK JE®@OPMYIOUYUX CIOTBOPEHb
Y MOJEJIAX PO3III3BHABAHHS OBPA3IB

Mimenxko /1.0., Moxaes O.0.
XapKiBCHKUH HAIllOHAFHUHA YHIBEPCUTET PaJioeNIeKTPOHIKH, XapKiB, YKpaina

[MoTteHniiiHa KOpHCTh BiA 00JdiKy AeOpMyOUHMX CHOTBOPEHb Y MOJEISIX
posmizHaBaHHs 00pas3iB MOB'sI3aHa 3 THM, 1110 00'€KTH peajibHOTO CBITY, BiJOOpaXKeHi
Ha 300paXeHHSX, MAlOTh TEHJCHIII0 O TOro, 1100 IMepeMilaTHCs, 3MiHIOBATH
poO3Mipu, MOBEPTATHCS Ta CIIOTBOPIOBATHUCS BiJ Kajapy 10 Kajapy. IcHyroui moneni
posmizHaBaHHS 00pas3iB, 110 BPaXxoBYIOTh Y co0l1 abo 3acHOBaHI Ha OOJIIKY TaKUX
CIIOTBOPEHB, MOXKHA PO3UINTH Ha BEJUKI TPYITH:

- eNIACTHYHI MOJIENI po3Mi3HaBaHHS 00pas3iB, sIKi HOPIBHIOIOTH 300pa)KeHHS K
y BMICTI, a il OMU3BKOCTI PO3TAIIYBAaHHS X OKPEMHX YACTHH 10 TICBHUM ITO3HIIISIM
Ha 300pakeHHI 9u moa0 ApyT apyra [1];

- CTaTUCTHYHI MOJENi, IO aHAJi3yIOTh OJM3BKICTh 300payKCHh Ha OCHOBI
3HAXOPKCHHS HalOLTBII HMOBIpHOT Aedopmartii, HeoOXiqHOT 1A IX epeTBOpeHH [2].
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JOCJIIIKEHHSA APXITEKTYPU
TA OCHOBHHUX ITPUHIIUIIIB CRM-CUCTEM

dinoHenko A.M.
HauionaneHiii Texniuanii yaiBepcutet «XI1I», Xapki, Ykpaina

CRM-cucremn HampaBieHi Ha 30UpaHHs, 30epiraHHA Ta CTPYKTypyBaHHS
MaKCUMaJIbHOI KOPUCHOI KUTBKOCTI iH(opMaIli mpo KiIi€HTa IUIS MOJAIBIIOTO il
aHaJi3y Ta BUKOPUCTAHHS MPH B3aemoii [1].

Ineonoriyno ocHoBoto dyHkIioHyBaHHST CRM-crctemi € nenTpanizoBana b/], o
00CITyTOBYE Bech MPOLIEC B3aEMOBITHOCHH 13 KITIEHTAMU YCIM HOTO eTamnax. 3 orisiry Ha
1le HAWOUTBII MOIIMPEHOI0 peaTizallielo, Mo 3ade3redye MaKCUMalbHO e()EeKTUBHY
OpraHi3ariio, € peaji3allis 3 BAKOPHCTaHHAM KITIEHT-CEPBEPHOTO NPHHIIUITY B3a€MOII1
[2]. TIporpama 3a3BH4aii peanizoBaHa y GopMi «TOHKOTO» KIIIEHTa, TOOTO KOPUCTyBadi
OTPUMYIOTH JIOCTYTI J10 iH(opMaItii, 110 30epiraeThCs B IIEHTpaANIi30BaHii 0a3i JaHKX 3a
JIOTIOMOT OO BeO-Opay3epa. [IpraomMy 11e MoxKyTh OyTH sSIK BHYTPIIITHI, TaK 1 30BHIIIIHI 11O
BIJIHOIIIEHHIO JI0 KOMIIaHii KOpPHUCTyBaui. AHaliTHyHa YacTuHa (yHKiioHary CRM-
cepBepa MOxe BKIIOYaTH IBi ckianoBi actiuau: CYBJl mis 30epirannas ta 0a3o0BOl
00poOku iHpopmanii Ta iHcTpymenTn OLAP. [lns peanizanii gyHKIioHaNBHOT J0TiKN
Ha CepBEpHill YaCTHHI BUKOPUCTOBYETHCS CEpPBEpHI peastizallii nmporpam, Taki sik ASP,
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JSP. IcHye kinbka BapiaHTiB posropranus iHPpacTpykTypn CRM-cuctem. OnHiero 3
dopm dynkiionyBanas CRM-cuctem € GopMa opeHIH i3 3a0e3MeUeHHsIM CYITyTHIX
MOCJTYT, TAKKX SIK PE3EPBYBaHHS JaHUX Ta 320€3MEUCHHS rapssaoro BiTHOBJICHHSL.
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AMULTICORE COMPUTER SYSTEM
FOR PERFORMING PARALLEL CALCULATIONS

Gorbachov V., Harajli H.
Kharkiv National University of Radio Electronics, Kharkiv, Ukraine

Modern parallel computer systems have a different structural organization [1].
The emergence of multicore processors creates the basis for the massive use of
parallel processing due to the use of powerful multicore processors in PCs. Multi-
core processors are characterized by the organization of cache memory, the number
of cores, and the core communication system. The basis of a parallel program for
PCs is a process (thread). A program that is represented through threads can be
executed on multiple processors (cores). Flow programming is carried out using
special software tools provided by parallel programming languages and libraries.

The work is related with multicore parallel computer systems. Analyze of
hardware and software of modern multicore parallel computer systems is presented.

Mathematical model of process behavior in multicore parallel computer
systems is development. Model provides to describe processes and process
interaction. Use model allows to reduce the time of program development and to
improve the quality parallel program for multicore parallel computer systems.

In this work, the primary focus was on parallel computing. A portable application
for performing matrix operations was developed during the work. Parallelization
helped increase the speed of the program. Dart was chosen as the programming
language, offering capabilities for building cross-platform applications and
parallelizing tasks using isolates and asynchronous operations. Through the
experiments, it was found that this approach is not universal and shows the highest
efficiency only for tasks that meet specific requirements. Dart-based parallelization
lags behind OpenMP, but the ability to run the application and perform computations
on almost any device is a notable advantage. Dart has been rapidly developing and
gaining popularity in recent years, so it is likely that more efficient parallelization tools
will emerge over time, further improving the performance of programs.
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DEVELOPMENT OF A METHOD FOR SYNTHESISING MODELS
OF REAL-TIME SOFTWARE SYSTEMS

Kuchuk N., Shyman A., Shyman M.
National Technical University «KhPI», Kharkiv, Ukraine

The development of a method for synthesising models of real-time software
systems is based on the use of generalised Petri nets to describe the dynamics of
computer systems [1]. Typically, models of such systems are built by analysing the
workload and processing the sequence of events that occur in processes. However,
traditional approaches based on the static structure of the source code or tracing the
actions of a real system have certain disadvantages: they may contain irrelevant
routes that do not correspond to the actual behaviour of the system, and require
extensive data storage. To solve these problems, we propose a method for
synthesising network models capable of compactly describing the time processes
that take place in a PCRF, ensuring that the details of the model match the operating
system and its load. The method of constructing Petri nets using stochastic-
deterministic time networks involves a five-stage approach, including collecting
information about events, identifying key states and representing them in the form
of an event graph. This allows tracking the probabilistic relationships between
events, making it possible to identify cause and effect relationships. The method also
supports hierarchical modelling and working with different levels of detail, making
it suitable for assessing the performance and efficiency of a PCRF in real time.
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AJITOPUTM ITPUCKOPEHOI OBPOBEKM BEJIUKHUX JIAHUX:
CYYACHI NI AXO01HN

IToxkasiit K.O., Tumomenko [1.0.
XapKiBCHKUH HAIIOHALHUH YHIBEPCUTET PaJioeICKTPOHIKH, XapKiB, YKpaiHa

3i 3pocTaHHAM OOCSTIB JAHUX, IO TEHEPYIOTHCS B PI3HHUX Taly3sixX, BUHUKAE
norpeda B €(PEeKTHBHHX aJTOpUTMax Il iXHbOI 00poOku. TpaawmiiitHi meroam
00pOOKHM JaHUX YacTO HE CHPABISIOTHCS 3 Cy4aCHHMMH BUMOTaMH IIBUJIKOCTI Ta
MacmTabOBaHOCTI, IO 3YMOBIIOE HEOOXiIHICTH PO3POOKM HOBHX ITIIXOIIB 10
MPHUCKOPEHOi 00pOOKH BeMUKUX NaHWX. OJHUM i3 TaKHUX MiIXOAIB € BUKOPUCTAHHS
napajelbHUX OOYMCIIEHb Ta KIACTEPHHX CHCTEM, SIKi JO03BOJSIIOTH OJHOYACHO
00poOmsaTi Benuki o0caru iHGoOpMalii, pPO3MOAINSIIOYN HaBaHTaKEHHS MIiX
KibKOMa Tporecopamu abo cepepamu [1]. CydacHi aNropuTMH MPHUCKOPEHOT
00pOOKH BEIMKUX NaHUX TaK0XK aKTHBHO BUKOPUCTOBYIOTH TEXHOJIOT1i MaIlTMHHOTO
HaBYaHHS Ta LITYYHOTO IHTEJIEKTYy JUIsl aBTOMaru3alii oOpoOKu i aHadi3y AaHUX.
Hanpuknan, anropuTMu INIMOMHHOTO HaBYaHHS MOXYTh OyTH 3acTOCOBaHi JUIst
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kimacudikamii, KiacTepusamii Ta BHUABICHHS aHOMANIH y BEJIMKHX MacHBaXx
indopmarmii. Ili mMeTogw momoMaraloTh 3HIKYBATH CKJIATHICTH i 9ac 0OpoOKw,
3abesnedyroun OLTBIT TOYHI Ta edekTHBHI pesynabratd [2]. [HmmM BaxIHBUM
HAIIPSIMKOM € ONTHMi3amisi oOpoOKHM MaHWX y peaqbHOMY dHaci, IO OCOOJIMBO
aKTyaJbHO JUII TOTOKOBHMX JaHUX. AJITOPUTMH OOpPOOKM IOTOKOBUX JaHHX
BUKOPHCTOBYIOTh MeXaHi3Mu Oydepu3zarii Ta 00poOKu Ha JIBOTY, 1100 3a0e3MeYnTH
MHTTEBY PEaKLilo Ha 3MiHU BXIJHUX JaHuX. lle Mae KpUTHYHE 3HAUEHHS B TAKUX
cdepax, Ik GpiHAHCOBI PUHKH, IHTEPHET-peKIaMa Ta CUCTEMH MOHITOpHHTY [3].

MeTor IOMOBiTi € pO3MNIA Cy4acHHX MiIXOMIB O MPUCKOPEHOi 00pOoOKH
BEJIMKUX JaHUX, 30KpeMa IMapajeibHUX OOYMCIIeHb, 3aCTOCYBaHHS IITYYHOTO
IHTETIEKTY Ta ONTHMi3amii 0OpoOKHM JaHMX Yy peaJlbHOMY dYaci, a TaKOX aHali3
NPaKTUYHUX NPUKIAAIB IXHBOTO BUKOPUCTAHHS B PI3HUX Taly3sX.
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FUZZING TESTING OF WEB APPLICATIONS

Pyrozhenko S., Kuchuk N.
Kharkiv National University of Radio Electronics, Kharkiv, Ukraine

Web applications are a widely used online tool that operates within the global
Internet and is designed to organize business processes, sell goods and services,
distribute information, and communicate with users. Web applications can act as
application services responsible for interaction with information systems around the
world, and also provide user interface functionality for administration and access to
data by users within the Internet [1]. Tools for designing and developing information
systems based on web applications can simplify the process of creating complex web
applications. However, developing a high-quality and reliable application is a
complex and multifaceted process that requires an in-depth understanding of the
principles of interaction between not only functional but also software components
responsible for a specific set of actions within the program. Incorrect understanding
of this process inevitably leads to the emergence of various errors that pose a threat
to the integrity of data and contribute to the loss of confidential information [2]. To
solve these problems, a strategy of testing applications for software errors is used.
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IHTEJEKTYAJIBHA CUCTEMA MOHITOPHHI'Y TA AHAJII3Y
ITOKA3HUKIB ITPU PEABLJIITAIIII CIIOPTCMEHIB

Binny 10.€., ®iminnenko 1.B.
XapKiBCHKUH HAIllOHAIFHUH YHIBEPCUTET palioeNeKTPOHIKH, XapKiB, YKpaina

[HTeHCHBHI HaBaHTaXEHHS B CIHOPTI YacTO MpPU3BOIATH JO TPaBM, SIKi
BUMararoTh e()eKTHBHOI pealimiTamii 1 MOBEPHEHHS CIIOPTCMEHA A0 aKTUBHOI
nisutbHOCTI. OJHIEIO 3 TOJIOBHUX ITPOOJIEM Yy IpOIECi BiHOBJIEHHS € BiJACYTHICTh
TOYHOTO 1 ONEpaTHBHOTO KOHTPOJIO (i310JNOTIYHUX MOKa3HUKIB crioprcMeHa. Lle
0o0MexXye MOKIJIMBOCTI MepcoHali3alii peaduTiTaliiiHuX mporpam, IO MiJBHUILYE
PHU3UKH MOBTOPHUX TPaBM a00 3aTPHMKH y BiTHOBJICHHI.

MeTor0 a0noBiai € po3poOka iHTENEKTyalbHOI CHCTEMH MOHITOPHHTY Ta
aHami3y (i3i0JOTIYHUX MOKA3HUKIB, SKa TO3BOJIUTH aBTOMATH3YBaTH 30ip IaHUX Y
peampHOMY 4Yaci ¥ HamaBaTH PEKOMEH[AIii MO0 KOPHUTYBaHHS pealimiTariitHux
npoueciB. Taka cucTeMa BUKOPHCTOBYE JJaHi 3 HOCUMHX IIPHUCTPOIB, 10 BKIIOYAIOTh
MOHITOPH YaCTOTH CEPIIEBUX CKOPOYEHb Ta PIBHS KHCHIO B KPOBI.

Y poboTi po3rsIIarThCs CyYacH! MiJXOAU 0 BHKOPHUCTAHHS alrOPUTMIB
MalIMHHOTO HAaBYaHHA Ui aHamidy 3i0paHux naHuxX. Ha ocHOBI oTpuMaHHX
pe3yNbTaTiB MPONOHYETHCSI CTBOPEHHS IPOTHO3HMX MOJENeH, sSKi JAOMOMOXYTh
ONTHMI3yBaTH  TEpMiHM  BIJHOBJICHHS  CHOPTCMEHIB  Ta  3a0e3NeuuTH
MEePCOHATI30BaHI peKOMeHaIlil 3 peadimiTamnii. J[ist 300py Ta 00poOKH maHUX OYII0
pO3po0JIEHO IHTEJCKTyalbHYy CHCTeMy Ha 0a3i  MikpokoHTpoiepa ESP32,
OCHAIIIEHOTO AaTYnKoM Iyinbcy MAX30102. [lana cuctema 103BOJIsIE Oe31epepBHO
30MpaTé AaHi PO YacTOTy CEpIEBHX CKOPOUCHb Ta PiBEHb KHCHIO B KpOBI,
aHaNi3yBaTH iX 3a JIOIOMOTOI0 AJITOPUTMIB MAIIMHHOTO HABYAHHA 1 B pealbHOMY
yaci ¢opMyBaTH pEKOMEHAAIil MI0J0 HaBaHTaXEHb JUII  CIIOPTCMEHA.
BuxopucroByetbess came amapatHa tiatgopma ESP32, s 3abesmedeHHS
HEOOXiHOT 00YHCIIOBAILHOI IIOTYKHOCTI UT pOOOTH 3 BEIIMKAMH 00CSATaMU JaHUX
i miaTpumye nepepady inpopmarii uepes Wi-Fi, mo poOuts cucreMy npuaaTHOIO
Ui BimganeHoro Mositopunry. Jlarunk MAX30102 Hagae MOMIMBICTH TOYHOT
peectpaitii  (i3iOJOriYHUX MOKA3HHKIB, MI0 € KPUTUYHO BAKIUBHM IS
MepcoHai3arii mporecis peadimitarii.

[TpoBeneHi nOCHiPKEHHST CBiMYaTh NMPO 3HAYHHUKA MOTEHIiall BIIPOBAKECHHS
IHTEJIEKTyalbHUX CHUCTEM Yy MEJU4YHy NpPAKTHKy Ui TOJIIIIEHHS SKOCTI
00CITyTOBYBaHHS CIIOPTCMEHIB.

[Monanpuinii po3BUTOK L€l TEXHOJOTII nepeadayae IHTErpaLiio 3 iCHYIOUNMH
MEIUYHUMH iHOPMAIIHHUMH CHCTEMaMH Ta MOXKJIMBICTh 3aCTOCYBAaHHS B IHIIHMX
o0JacTsX MeTUINHH.
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TEXHOJIOI'TA OBPOBKH JAHUX I KEPYBAHHS OIS
IHTEJIEKTYAJIBHUX MEPEK SMART GRID

Bopuamox C.4., lemuenko €.B.
XapKiBCHKHUH HaIllOHAIEHUHA YHIBEPCUTET palioeNIeKTPOHIKH, XapKiB, YKpaiHa
bopuamox H.I.
JleprxaBHuit 610TEXHOIOTTYHUI YHIBEPCUTET, XapKiB, YKpaiHa

B ocrammii wac y 0araThbOX TEXHOJIOTIYHO PO3BHHEHHMX KpaiHaX CBITY
CIIOCTEPIraloThesl TI00aNbHI 3MIHM Yy TiIXoax 0 MOOyIOBH 1 BIOCKOHAJICHHS
SHEpPreTHYHUX MEPEX. 3 OJHOro OOKY 3pOCTalOTh MOTYXKHOCTI JDKEPEN TeHepyBaHHS
eHeprii, 3 IHIIOr0O — YacTHHA LMX IOTY>KHOCTEH 4YacTo € PO30CepemKEHUMHU
MAaJIOTIOTYKHUMH «3€JICHUMI» JDKEpesiaMH, TIPOIYKTHUBHICT SKUX CHJIBHO 3aJIEXKHTh
Bijl 0arathboX (PaKkTopiB.

Jns sixicHoi iHTerpauii TakuMX EJNEMEHTIB, 0 MOXKYTh BHUKOHYBaTH (YHKIIl
pO3MOAUICHOT TeHepallii, aKyMyJIIOBaHHSA 1 CIIOKHBaHHA CHEPrii 10 Mepexi,
copMyITEOBaHO MiIXil, 0 OTpHUMaB Ha3By «Smart Grid» — iHTeNeKTya bHI Mepexi,
METOIO SIKOi € 3a0e3MeUYeHHs HaiiHOI, BUCOKOS(EKTHBHOI, €KOHOMIUHOI Ta cTajol
CHCTEMH TIOCTaYaHHA eJeKTpoeHeprii [ 1, 2].

MeTor0 I10moBini € aHaJi3 TEXHOIOTIH 0OpPOOKHM JaHWX 1 KepyBaHHS B Mepekax
Smart Grid, Ta popMyBaHHS MATPYHTS IS peajizallii elTeMeHTIiB Takoi 00poOKH Ha 0a3i
KEpYIOUHX IIPUCTPOIB 3 MapaIeNIbHOIO apXiTEeKTYPOIO.

VY [3] cdopMysTbOBaHO BUMOTH 1 HAIPSAMKH YIOCKOHAJICHHS KEPYIOYHX CTPYKTYP
3 TapajebHOI apXiTeKTyporo, uisi crBopenHs cywachux IUIIC IUIK TIM, 3
pO3UIMPeHUMH  (DYHKIIOHATBHAMH MOKJIMBOCTSIMH, 1110 BIJIKPUBAIOTH IIIISIX  JUIS
noOy/IOBU CHCTEM KepyBaHHs 1 0OpOOKM JaHMX Ha iX 0a3i He TUIbKH IS CHCTEM
KPUTUYHOTO 3aCTOCYBaHHsI, aje 1 JUlsl IHTENeKTyaJlbHUX Mepex. Taki ocoOuMBOCTI
KepYIOUHX MPHUCTPOIB 3 MapaebHOIO apXiTEeKTYPOIO SIK BIICYTHICT 3aJIEXHOCTI Yacy
00pOOKH BXiTHUX JaHUX 1 ()OPMYyBaHHS KOMAaHJ KEpyBaHHS BiJ KUTBKOCTI BXOJIIB-
BUXOJIB, a TaKOXK peaiizalis (YHKII HEYITKOTO JIOTIYHOTO BHCHOBKY, HO3BOJITIOTH
MPOTIOHYBATH TONIOHI CTPYKTYpH IS MOOYI0BU €(DEeKTUBHUX i HAaJIMHUX €IEMEHTIB
crcTeM 00pOOKH TaHUX 1 KepyBaHH: B Mepekax Smart Grid.
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NNPUCKOPEHHSI XMAPHUX OBYUCJIEHD
VI BAITMTIB CUCTEMM IH TEPHETY PEYEHN

Kosxesnikos I'.K., Tpetpsxosa /I.€.
HarmionansHui TeXHIYHUN YHIBEPCUTET «XapKiBCHKUH MMOMITEXHIYHAN IHCTUTYTY,
XapkiB, Ykpaina

3 nosiBoro B [oT cepenoBmax MOKIMBOCTI 00UHCIICH Ha Iepudepii Ta y TyMaHi
CTaJI0O MOJKJIMBUM BHKOPHCTaHHS KOHICMILi PO3MOALICHUX CHUCTEM TP BHKOHAHHI
XMapHUX OO4YMCIEHb M1 3allUTiB CHUCTEMH [HTEpHeTy peued, IO CHPHIIO
MIEPCHECEHHI0 HU3KM OOYMCIICHb 13 XMapHOTO Iiapy Ha HukHi 1wapu [1]. OxHak e
TaKO’K CTBOPHIIO J€SIKi HOBI IPOOJIEMH JUTSl ONTHMI3aLlii Ipoliecy 00YHCIICHD y BUIAJIKY,
KOJIM Tporpamy, 1o Oa3yloThcsl Ha KOHTEHHepax, NMOBHHHI OyTH OpraHizoBaHi Ha
onTUMalbHIM  iHMpacTpykTypi posropranHs [2]. Cywacui l0T-3acTocyHKH,
HAaJIAIITOBaHI Ha PO3MOJUICHI OOYMCICHHS, BHMAraloTh PO3TOPTaHHSA MPOrPaMHUX
KOMITOHCHTIB Ha KilbkoX mapax 10T, movrHaroun 3 peabHUX JAaTYUKIB Ta Bieokamep,
SIKi BUPOOJITIOT IOTOKH JJaHHX J0 XMapHHX [EHTPIB 00pOOKH TaHMX, /Ie BUKOHYETHCS
KOMITJIEKCHHI aHaIti3 HajaHoi iHdopmariii [3].

Y nomoBimi mpeAcTaBiIeHi pe3yIbTaTH JOCTIIKCHb Ta PO3POOKH METO.NY, SIKHA
MO)XE BHKOPUCTOBYBATHCS JUIsi BUOOPY ONTUMAIBHOI 1HPPACTPYKTYpH PO3rOpTaHHS
3acocyHkiB loT Ta iHTerpyBaTHCsS B iCHYIOYi IHCTPYMEHTH PO3POOKH MPOIPaMHOIO
3a0e3neyeHHs. MeTo]] OpieHTOBaHMII Ha 3a0e3MeUeHHs BHCOKOTO PIBHS SIKOCTI IPH
obuncnennsix y «Edge-t0-Fog-to-Cloud» koHTHHYyMI, NIIIXOM 33JOBOJICHHS KPHUTEPIIO
SIKOCTI, 33J]aHOTO TP BU3HAYCHHI ONTUMAJIbHOT 00UHCITIOBAILHOT IHYPACTPYKTYPH.

PesynbraTi, OTpEMaHi y MpOIECi MPOBEACHHS MIOCTIPKCHHS e(eKTHBHOCTI
3aMpOIIOHOBAHOTO METO.Y, JI03BOJIMIIN 3pOOUTH BUCHOBKH LIOJIO HOTO MPAaIe3/1aTHOCTI.
Po3pobnene pilmeHH OpieHTYEThCS SIK Ha HEOOXiTHI BIIACTHBOCTI 3aCTOCYHKIB, TaK i Ha
BUMOTH IOJO BHKOHaHHA QOS mMocTavyanbHUKAMK iHQPACTPYKTYpH, 3iCTaBISIE Li
BJIACTUBOCTI Ta BHKOHYE PO3paxyHKH, 00 CHOpMyBaTH CIHCOK pPaH)KyBaHHS
JOCTYIHUX 1H(QPACTPYKTYp pO3ropTaHHs. Pe3ynpTatoM € CIHCOK pamKUpyBaHHS
THQPACTPYKTYp PO3TOPTAHHS, SIKHI TIepeBIpsEThC 3a JoromMororo soriku PCTL.

3anponoHoBaHuil MeToJ He OOMEKYeThCsl aTpruOyTamMu He(yHKIIOHATBHHUX
BHMOT, 1[0 PO3IJISIAI0THCS Y NOCIIKEeHHI. BiH MOke OyTH J10JaTKOBO PO3IIMPEHUM 32
paxyHOK peaizaii 101aTKOBUX JUCHYHKIIN 115 €PEeKTUBHOTO 3310BOJICHHS BUMOT JI0
SIKOCTI Oy[Tb - SIKOTO iHIIOTro Mikpocepsicy IoT.
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AKI MIPUAHANN YHACTb Y KOH®EPEHLIII
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