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Bcesosog Muxaitnosuu Kynuesuu (1929 — 2022)

Bunatamii  ykpaiHChbKWI BYCHHM, BIJOMHIMA
HAyKOBIA CHUIBHOTI CBOIMH (PyHIaMEHTaIbHUMU
poOoTamMu B raiy3i JUCKPETHUX CHUCTEM KEepyBaHHS,
30KpeMa,  JIOCHI/DKEHHIO  Mpo0JeM  CHHTE3y,
pOOACTHOCTI, CTIHKOCTI TaKuUX CHCTEM, ITPOBUM
3a7a4aM Ta 1X MPAKTUYHUMU 3aCTOCYBaHHSIMH B
aBiaIiifHIi Ta paKeTHIN MPOMHUCIOBOCTI.

Koo HayKOBHX 1HTEpEeCiB BUCHOIO
Haj3BUYaliHO mupoke. lle, mepmr 3a Bce, HemiHINHI
CUCTEMH  KEpyBaHHA 3  YaCTOTHO-UIUPOTHOIO

IMITYTbCHOFO MoyJismiero. [lomanpim  qocmiTKeHHS
MOB’s13aH1 3 MPOOJIEMOIO0 CUHTE3y HENIIHIMHUX CHCTEM KepyBaHHS 3a JOIMOMOTOIO
anmapaty ¢yHkiii Jlsmyrnoa. B.M. KyHieBud pazom 3 ydHAMH pPO3pOOHIH
HOBUH MiAXiJ A0 MOOYAOBH aIallTUBHUX CUCTEM KEepyBaHHs, M0 0a3yeTbcs Ha
METOJaX PpO3B’sI3aHHS 3aad  MMapaMeTpudHoi igeHTHdikamii. Pasom 3
akanemikom HAH VYkpainn b.M. IlmennyHuM BiH BHKOHAB IUKJI POOIT 1O
JOCITIKEHHIO JTMHAMIKA CHCTEM, BU3HAYCHHIO iX MiHIMaJIbHHX 1HBapiaHTHUX
MHOHH. 30KpeMa, OyJI0 OTPUMAaHO PO3B 30K y3arajibHEeHoi 3aja4i bynrakosa
npo HakormuueHHs 30ypeHb. B cBoix pobGorax  B.M. KyHnmesuu 1oBiB
CIIpaBeUIMBICTH T1MOTE3W AiizepMaHna JJisi TUCKPETHUX CUCTEM.

[IpencraBaukn HaykoBOi mkomu KyHIleBHYa MpaIoOTh B PI3HUX TOYKAX
3emHoOi KyJi. BceBonon Muxaitnosuy miarorysas 11 mokropis ta 30 kaHauIaTiB
HayK, BiH aBTOp 7 MoHOTpadiit Ta 6inbm Hik 300 HAYKOBHUX POOIT.

Axkanemik KyHueBnd mnpoBoauB BENIMKY OprasizauiiiHy pob6oty. Bin
OpraHizyBaB Ta OYOJMB IHCTHUTYT KOCMIYHUX AocihipkeHsb (1996), Oys
['omoBoro  Acomiaiii aBTOMAaTMYHOTO KEpyBaHHS  YKpaiHH, TOJIOBHUM
penakropoM MUDKHApOAHOTO HAyKOBO TeXHIYHOro kypHainy “IIpoOGnemu
kepyBaHHA Ta iHpopMatuku” (1989), mpoBiB 26 MixHapoaHuX KoH]eEpeHIiit
“ABTOMAaTHKA.

3a cBoro TuraHiyHy npamo B.M. KyHueBuu HaropomxeHuil Oararbma
YpsIAOBUMHU Haropojiamu, BiH — jaypear 3 Jlep>kaBHUX npeMiid YKpaiHu.

Y B.M. KynueBuua 3aBxau OyB CBif JOCHIAHULIBKUN CTHIJIb: SCHICTH 1
MPUPOJIHICTh AYMKHU B CIIOJIYYEHHI 3 OJIMCKYYOIO IHTYIII€l0, IO 1 BU3HAYMUIIO
HOT0 HAWBUIIYy HAYKOBY PEMyTallifo.



FOpiii I'eopriitoBnu Kpusonoc (1939 — 2017)

Binomuii ykpaiHCcbkuif BUSHUI Ta OpraHizaTop
HAayKd, JOCHIDKCHHS  SIKOTO MIPUCBSYECHI

iHhOpMaLIHHUM KOMIT IOTEPHUM TEXHOJIOT1ISIM Ta

MaTeMaTHIHOMY MO/IETIOBAHHIO, 30KpeMa,
METOIaM MMOCJIITIOBHOT imenTudikarmii
MaTEMaTHYHUX Mo€eIen XBUJIbOBUX Ta

IBUIKOILUTMHHUX GIBUYHUX 1 TEXHOJIOTTYHUX

HpOHGCiB, IIPpUKJIaTHUM 3aJadaM KCPYBAHHA

> CUCTEMaMH 3 PO3MOAUICHUMHU MTapaMeTpamH.
FO.I'. KpuBoHOC 3akiHUMB MeX.-MaT. (akyiabTeT J(HIIpOneTpoBCHKOTO
YHIBEPCUTETY 1 B MOJAJBIIOMY MPAILOBAaB MOCTIHHO B [HCTUTYTI KiOepHETUKH
M. B.M. I'mymkoBa HAH VYkpainu. Ha iioro oo BunaB BeIMYE3HUN 00’eM
oprasizaiiitHoi poootu: 3 1977 no 1996 poku — BUeHUi1 cekpeTap IHCTUTYTY, a 3
1996 poky — 3aCTYyIIHUK TUPEKTOPA 3 HAYKOBOI pOOOTH IHCTUTYTY KIOEpHETUKH.

3a mux ymoB lOpiii ['eopriiioBuy 3HAXOAMB 4Yac AJisi aKTUBHOI HAyKOBOI
pobotu. Bin 3aiimaBcs 3agauaMu po3paxyHKy KEpyrOuyoi CUCTEMH PiBHOBAaru
MJIa3MEHHOTO IITHYpa, THAYKIIIHHOTO YyTPUMAaHHS BEJIMKUX Mac PiJIKOTO METaly,
3a floro ydacTio OyiM 3aKjiaJieHI OCHOBU Teopii 30y/I>KeHHsI TICEBJOIHBEPCHUX 1
MIPOCKTUBHUX OMeparliii B 3aCTOCYBaHHI J0 PO3B’SI3aHHS TMPOOJIEM KepyBaHHS
TUHAMIYHUMH CHUCTEMaMHM, aHalli3y Ta  CHUHTE3Y BHUCOKOSKICHUX CHCTEM
KJIacTepu3allii, 3aJayamMy ONTUMI3alii KOH(MIIKTHO-KEPOBAHUX MPOIIECIB, IO
BU3HAYAIOTBCA CHUCTEMaMM  3MIHHOI CTPYKTYpU Ta 3  IMIOYJbCHUMH
kepyBanHaMmu. YuHi HO.I'. KpuBoHoca mpogoBXKyrOTh pO3BUBATH HOTO 17€i.
Axkanemik IO.I'. KpuBonoc aBTop 6 MoHorpadiii Ta oubiue, Hix 150 poOit. Bin
3acinyxeHul nisiu Haykd 1 TexHika (2000), HaropomxkeHud OaraTbMa
BiJI3HaKaMu Ta opjeHamu Ykpainu, HAH Ykpainn.

FOpiii ['eopriiioBud — aBTOPUTETHUH CHIEIIANIICT Ccepesl HaAyKOBLIB, BiH OyB
OPEKpPacCHUM  KEpIBHUKOM, SCKpPaBOlO, NPUHLMIIOBOIO B TOH K€ 4ac

JTOOPO3UUINBOIO JTFOIUHOIO.
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PECULIARITIES OF INITIAL CONDITION SPECIFICATIONIN A
PROBLEM OF WAVE PACKET PROPAGATION IN LAYERED FLUID
Avramenko O.V., o.avramenko @ukma.edu.ua

National University of Kyiv-Mohyla Academy

The problem of wave packet propagation along the interface of two semi-
infinite fluids with different densities is considered within the framework of a
weakly nonlinear model, taking surface tension into account. The method of
multiple scales expansions is applied. The analytical analysis of admissible
initial conditions is carried out in two stages. In the first stage, the initial
perturbation of the free surface is specified as a smooth function symmetric
about the central point. This function is expanded into a series of the first
harmonics, taking into account the dispersion relation. In the second stage, a
sequence of second harmonics is constructed that satisfies the evolution
equation, namely, the nonlinear Schrodinger equation.

It was found that at the initial moment, the deviation of the central point of
the contact surface, caused by the second harmonic, sharply increases with
increasing surface tension, and then the deviation begins to decrease, taking
negative values corresponding to a trough. Thus, the second harmonic is highly
sensitive to the value of surface tension, especially at low values, and the region
where the surface deviation is sensitive to changes in surface tension expands as
the density ratio of the upper and lower fluids decreases.

Additionally, it was revealed, if surface tension is not considered in the
problem formulation, the contribution of the second harmonic takes the form of
a bright soliton. For small values of surface tension, oscillatory components are
observed, with the peak at the central point increasing. With further increases in
surface tension, the oscillations intensify, and their amplitudes become
comparable to the deviation at the central point. At even higher values of surface
tension, the deviations take on a form characteristic of a dark soliton, which

fully corresponds to the presence of a trough at the central point.
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GROUP DIFFERENTIAL-DIFFERENCE GAME OF APPROACH
FOR DIFFERENT INERTIA OBJECTS

Baranovska L.V., lesia@baranovsky.org

Institute of Artificial Intelligence Problems

The issue of optimal management of moving objects in conflict conditions
1s quite topical today. In particular, in the military and commercial sectors,
unmanned aerial vehicles are increasingly used, which acquire more and more
functional capabilities, and the variety of technical characteristics of such
vehicles makes it difficult to control them simultaneously in a group. Many
works consider heuristic methods of controlling moving objects, in particular,
prototypes of unmanned aerial vehicles, the results of which are confirmed by
computer experiments and field tests. For the theoretical substantiation of such
practical results, it is necessary to develop a mathematical apparatus for
problems of convergence of conflict-controlled objects with different inertia and
methods of building optimal strategies for intercepting targets, in particular, in
dynamic games with many participants.

This paper considers the task of bringing a group of pursuers closer to one
fugitive. A dynamic system is described by a system of differential equations
with a delay, and moving objects have different inertia [1]. An approach to the
solution of this problem based on the method of resolving functions is proposed
[2]. The guaranteed time of the game termination is found, and the

corresponding control law is constructed.

References
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2. Baranovska L.V. Method of resolving functions for the differential-difference pursuit
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ADVANCED VIRTUAL-REALITY BASED HARDWARE AND
SOFTWARE COMPLEX FOR TRAINING UAV OPERATORS
Bondar S.0., Popov L.V., Komar M.M., Lakhtyr D.A., seriybrm@ gmail.com
International Research and Training Center for Information Technologies and
Systems of the National Academy of Sciences of Ukraine and Ministry of

Education and Science of Ukraine

Our scientists have created a universal educational program complex for
the training of unmanned aerial vehicle (UAV) operators. The complex allows
you to simulate aircraft of various types and sizes, as well as flights in various
weather conditions. The complex provides full training of operators in
conditions close to real ones, without the risk of damage to the aircraft.

With the expansion of the field of UAV applications, there is a need for
more aircraft operators who have all the skills of remote control of UAVs.

A flexible software package has been developed that can be configured
for virtual reality-based simulators to enhance training capabilities and can also
be used as a ground control point for UAVs [1]. Additionally, UAV operators
training takes place according to global standards that will allow implementation

worldwide. The following methods were used during development (Fig. 1):

Rapid Application The Human-in-the- The Systems

~—~ Development (RAD) U Loop D Engineering O Rapid prototyping
methodology approach approachinvolves a This approach
focuses on rapid emphasizes the role structured process ensures fast
prototyping, of the human for designing creation of the
iterative operator in the complex systems prototypes of the
development, and system and seeks to that involve the product to test and
close collaboration optimize human- integration of refine its design.
between machine multiple disciplines
developers, end- interaction.. and technologies.
users, and

stakeholders.
Fig.1. Methods that were used in the development

According to the research plan, several blocks of tasks were performed:

- development of models that will merge parts to the virtual environment;

- creation of methods of data analysis, structuring and combination from

various sources into a single "information image" of the situation;
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- methodical approaches development accounting the experience of
managing UAVs under conditions of obstacles, communication limitations [2];

- application software development for computer modeling of typical
management and navigation tasks;

- creation of a prototype simulation complex for training UAV operators;

- testing.

Experiments were conducted on a real flight task (movement along a
given route with a variable flight profile in height). In the process of simulation,
control of the flight height, lateral displacement and flight speed of the UAV,
which implements the flight task, is carried out by the autopilot. UAV motion
simulation is carried out using a developed modular principle built flight
simulation software complex. The flight data logging and display module is used
to acquire, log, display and save flight data for real-time visualization and
further analysis. The hardware and software complex is a necessary tool used to
solve complex scientific, design, engineering and operational tasks.

FUNDING The research is done under grant support of the Ukrainian
National Research Fund within the framework of “Modern hardware and
software complex for unmanned aerial vehicle operators training” project
(registration number 2023.04/0082) implemented within Science to Strengthen

Defense Capabilities of Ukraine competition.
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ARTIFICIAL INTELLIGENCE SYSTEM FOR TRENDS ANALYSIS
IN ALLERGENIC HAZARDS AND ALLERGEN SPREAD

Brovko D.V., brovko.dnl@ gmail.com, Baranovska L.V., lesia@baranovsky.org

National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic

Institute of Artificial Intelligence Problems

Institute"

The artificial intelligence system "PolliWeather" is created to track and

forecast the allergenic danger and the spread of ragweed pollen allergens

depending on the weather conditions and districts of Kyiv. This system can

inform people about the level of allergen danger in different areas of the city,

analyzing and predicting the risk of developing hay fever depending on the time

of day, season, and districts of Kyiv. The AI system for trends analysis in

allergenic hazard and allergen spread in Kyiv city is structured into a

microservices architecture comprising two primary services interconnected with

a MySQL database. This approach provides flexibility in terms of programming

languages and frameworks. These services are designed to handle different

aspects of the system’s functionality, namely data scraping and data analytics.

The overall architecture of the cluster is shown in Figure 1.
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=
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>
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Fig. 1. The sequence diagram of the Al analytics system
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Key findings indicate that the Darnytskyi, Desnianskyi, and Dniprovskyi
districts experience the highest ragweed spread and allergenic risks, especially
during peak periods, while the Pechersky district remains comparatively safe.
The results of the mathematical model analysis showed that the general
pollinosis season lasts from April to October, with a peak between June and
September. The study predicts a decrease in the risk of pollen-related allergies
over the next three years due to global warming, which increases air humidity
due to melting glaciers. However, residents of large built-up cities suffer more
from pollen allergies due to the urban heat island effect, which leads to higher
temperatures in the city. With this information, people will be able to take steps

in advance to avoid health problems.

The presence of ragweed is consistent across all districts, with around
12500 locations also identified in other Ukrainian cities, highlighting the need

for nationwide research expansion.
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TIME DILATION PRINCIPLE TO SOLVE COMPLEX GAME
DYNAMIC PROBLEMS OF APPROACH
Chikrii G.Ts., g.chikrii@ gmail.com
Kuzmenko V.M., kvn_ukr@yahoo.com
V.M. Glushkov Institute of Cybernetics of NAS of Ukraine

We consider the problem of approaching a linear subset by the trajectory
of conflict-controlled process, described by the quasi-linear system. Note that
such form of terminal set is suited the pursuit problems, in which the goal of one
of opposing sides (the pursuer) is either coincidence of its geometric coordinates
with those of the another side (the evader) or the achievement of soft meeting
with the evader (simultaneous coincidence of their geometric coordinates and
velocities). As a main tool for investigation we use the generalized form of
Pontryagin’s First Direct Method (FDM). Created to make decision in the linear
differential games, it is one of most effective mathematical methods, providing
guaranteed result without warring about optimality. At the core of FDM lies the
condition of the same name that reflects an advantage of the pursuer over the
evader in control resources. However, there are classes of the problems in which
this condition does not hold, e.g. the pursuit problems for oscillatory systems,
problems of soft meeting etc. D. Zonnevend, Pontryagin’s postgraduate,
advanced an idea to weaken this condition by incorporating certain non-negative
increasing differentiable function, later named by the function of time dilation,
and with its help to construct current control of the pursuer on the basis of
information on the evader control in the past. Unfortunately, the supporting
example contained a slip. Establishment of close relation of this approach with
the passage from original game of pursuit with complete information to the
game with the time variable information delay gave rise to further development
of this approach, later called Principle of Time Dilation (PTD) [1-3]. A number
of model examples have been explored with its use. We have applied PTD to

solve the game problem of soft meeting of controlled oscillatory systems.

11
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Sufficient conditions on the game parameters, ensuring the guaranteed game
termination, have been obtained, the appropriate function of time dilation has
been deduced and on its basis the way of constructing the pursuer control with
regard to the evader’s control in the past have been specified [1, 3]. With the use
of software tools, we have created a visualization of the process of convergence
on a plane, under one-time switch of the evader orbit and various systems’
parameters [3]. Here we study the case when suitable function of time dilation
has a countable number of the first-order discontinuities and is continuously
differentiable at the points of its continuity. We deduce sufficient conditions for
the guaranteed game termination in a finite time. This makes it feasible to study
in detail the problem of soft meeting for the different inertia objects. To be
specific, one of the objects is moving in accordance with the Newton Second
Law under friction and another one is performing damping oscillations. We
deduce conditions on the game parameters, providing the objects soft meeting
and provide formula for pursuer’s control, realizing this for arbitrary counter-
controls of the evader. It should be emphasized that, unlike the case of
continuous function of time dilation, the pursuer’s control is constructed on the
basis of the evader control on the time semi-interval in the past. The computer
simulation of the process of soft convergence, performed for various system

parameters, illustrates the presented result.
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REINFORCEMENT LEARNING ALGORITHMS FOR
INTELLIGENT CONTROL IN CYBER-PHYSICAL SYSTEMS
Drahan M.S., mykhailodrahan @ gmail.com
Pysarenko A.V., pysarenko.andrii@Ill.kpi.ua
Igor Sikorsky Kyiv Polytechnic Institute

Cyber-physical systems (CPS) consist of interacting networks of physical
and computational components that interface with humans, offering real-time
responses and intelligent behaviors. Integrating reinforcement learning (RL) into
CPS significantly enhances their ability to adapt and make complex decisions in
real-time. RL has demonstrated effectiveness in addressing research challenges
within complex, dynamic, and heterogeneous CPS environments [1]. However,
RL encompasses a variety of algorithms, each tailored to specific tasks and
challenges within CPS contexts, making it significant to categorize these
algorithms based on their suitability for intelligent control. The authors of [2]
classified RL algorithms according to the types of states and actions; building on
this, we propose the following classification to enhance decision-making
capabilities in CPS.

Limited states represent environments with discrete and finite state
spaces, which facilitate the use of simpler tabular methods like Q-tables,
enabling efficient decision-making. For example, in a structured environment
like a warehouse, an autonomous robot (AR) can learn optimal navigation routes
by assessing all possible states, leading to reliable and efficient performance. In
contrast, unlimited states involve continuous or expansive state spaces,
necessitating approximation techniques such as neural networks, as storing all
potential states is infeasible due to their vast numbers. Neural networks enable
intelligent decision-making in dynamic and unpredictable environments, such as
urban settings, by generalizing from past experiences.

Discrete actions encompass a finite set of predefined choices, making

decision-making more straightforward and well-suited for tasks like grid
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navigation, where agents can follow structured processes for quick responses.
On the other hand, continuous actions include an infinite range of possibilities,
demanding more sophisticated decision-making approaches, often required in
applications like precise robotic manipulation or autonomous vehicle (AV)
control.

On-policy methods evaluate and optimize the policy currently being
executed by the agent, making them particularly effective in stable environments
where dynamics remain relatively constant. For instance, an AR operating in a
static warehouse can refine its navigation policy to optimize its performance. In
contrast, off-policy methods learn the value of a different policy than the one
currently being used for exploration, which allows for greater flexibility and the
ability to leverage past experiences. This capability enables autonomous systems
to adapt to various scenarios, using a broader knowledge base to enhance
decision-making. For example, an AV can utilize past driving experiences, even
those not directly relevant to current conditions, to make more informed real-
time decisions.

Single-agent systems involve one agent focusing on optimizing its own
behavior to achieve a goal within the environment. Multi-agent systems,
however, consist of multiple agents that may collaborate or compete, requiring
each agent to consider the actions and strategies of others, thereby increasing the

complexity of intelligent decision-making processes.
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INTELLIGENT SYSTEM FOR ASSESSING THE BODY'S
ADAPTATION CAPABILITIES TO INCREASED LOADS
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The intelligent mobile system for rapid assessment of human body adaptive

capabilities under physical and emotional overload is considered (Fig. 1).
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Fig. 1. Simplified structure of the mobile system

Based on a set of original filtering algorithms using a Smartphone camera
without additional technical means, the pulse wave of the subject is recorded.

To assess a person's adaptive capabilities, three groups of pulse wave
indicators calculating at rest, immediately after exercise, and after a 3-minute
rest are automatically determine.

Statistical and spectral indices of heart rate variability are used as such

indices. In addition using numerical differentiation algorithms with necessary
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regularization procedures, characteristic points of the averaged pulse wave are
determined by which the pulse wave propagation velocity is calculated.

The system has two software modules for managing physical and
emotional loads. The first module provides management of physical loads based
on the Ruffier test. For convenience, a procedure for animating a virtual teacher
demonstrating the correct technique for performing the test has been
implemented. Adaptation of testing parameters is provided taking into account
the individual characteristics of the subject.

The second module provides control over emotional load based on the
Stroop effect [1]. Testing is reduced to performing a mental task under time
pressure. The system automatically analyzes and signals possible errors causing
additional emotional load.

. . 1 2 3
Based on indicators <x,.( ) x® x

] 1

>, i =1,...,N calculated on the testing

results a specific graphic image is generated, which, in accordance with the
patent [2], provides an integrated assessment of the adaptive capabilities of the
test subject.

Experimental studies have confirmed that the original computing
procedures implemented on a Smartphone running the ANDROID operating

system ensure the convenience and reliability of the system in field conditions.
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OPTIMIZATION MODEL FOR PHASING ORBIT SELECTION
OF EMERGENCY ORBITAL SERVICE ON
SOLAR SYNCHRONOUS ORBITS
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of Ukraine and the State Space Agency of Ukraine

Solar synchronous orbits are characterized by favorable properties for the
creation of space systems. As a result, the number of spacecraft operating in
these orbits is constantly growing. The need for emergency orbital service of
spacecraft arises in case of unforeseen, emergency situations with them.
According to available statistical estimates, emergenciu situations with serviced
spacecraft do not occur often. Therefore, serviced spacecraft must be within
reach of the service spacecraft for a long time. When planning emergency
orbital services, it is also necessary to meet the following restrictions: not to
exceed the allowable time of convergence of the service spacecraft with any of
the serviced spacecraft and at the same time not to exceed the allowable energy
costs of the service spacecratft.

The aim of the work is to develop an optimization mathematical model with
restrictions for the selection of phasing orbit parameters, the use of which allows
minimizing the maximum execution time of emergency orbital service of a
group of spacecraft in the field of solar synchronous orbits. The method of
solving the problem is minimax optimization with constraints. In the minimax
approach, the optimization problem is formulated as the problem of finding the
best solution that guarantees the achievement of the result for any set of
uncertain factors from among the allowable ones. The developed mathematical
model can be used in the planning of emergency orbital service operations to
minimize the maximum execution time of transport operations of emergency
service due to the special choice of parameters of the orbits of phasing of the

service spacecraft.
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FINANCIAL FORECASTING STRATEGIES: INTEGRATING DATA-
DRIVEN APPROACHES AND ADVANCED MODELS
Guk N.A., Gerasimov E.A., izanamissues @ gmail.com

Oles Honchar Dnipro National University

Financial forecasting is a vital practice that hinges on three key financial
reports: the Income Statement, Balance Sheet, and Cash Flow Statement. These
reports provide essential insights into a company's financial health and intrinsic
value, serving as crucial tools for managers, investors, and auditors.

Forecasting methods can be broadly classified into two categories:
qualitative and quantitative. Qualitative forecasting relies on subjective insights,
such as reasoning, intuition, and experience, while quantitative forecasting
employs mathematical models for a more objective analysis of data.
Quantitative methods are further divided into two main types: time-series
models and associative (or causal) models. Time-series models analyze
historical data to predict future trends by identifying patterns, whereas
associative models link forecasted quantities to other variables in the data
environment, utilizing techniques such as regression, covariance, and correlation
analysis.

The relevance of financial forecasting in today's dynamic economic
landscape can be summarized in several key points:

e Planning and Decision-Making: Forecasting financial indicators allows
organizations to allocate budgets and resources effectively, guiding
management in making informed decisions about investments and business
strategies.

e Risk Management: By identifying potential risks and uncertainties, financial
forecasting aids in developing strategies to mitigate them, which is especially

critical during market fluctuations and economic downturns.
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e Attracting Investors: Reliable financial forecasts are essential for companies
seeking investment, as they instill confidence in potential investors regarding
the company's stability and future prospects.

e Competitive Advantages: Accurate financial forecasts enable organizations
to swiftly adapt to market changes, providing a competitive edge in
responding to new conditions.

e Regulatory Compliance: Many jurisdictions impose legal requirements for
financial reporting and forecasting, necessitating careful attention to these
processes.

e Technological Advancements: Modern technologies like machine learning
and artificial intelligence have enhanced the precision of financial
forecasting, allowing for more effective analysis of large data sets.

e Globalization: In an interconnected world, external factors influencing
financial performance are numerous. Forecasting helps organizations account

for international trends and adjust strategies to meet global challenges.

Despite its importance, financial forecasting is not without challenges. One
major hurdle is the availability and quality of data. Inaccurate or incomplete
historical data can lead to flawed forecasts, making data integrity a critical
concern. Additionally, external factors such as economic shifts, regulatory
changes, and unexpected events (like natural disasters or pandemics) can
significantly impact forecast accuracy. Another challenge is the complexity of
modeling.

Choosing the right forecasting model is crucial, as different models may
yield varying results based on the same data. This requires expertise and a deep
understanding of the underlying business dynamics. Moreover, organizations
may face internal resistance to change, particularly if forecasts conflict with

established beliefs or practices.
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ALGORITHMS FOR NUMERICAL ANALYSIS OF A CONTROLLED
THERMOSTATIC SYSTEM
Hart L.L., l[_hart@ukr.net, Hart A.V., av.hart.237 @ gmail.com

Oles Honchar Dnipro National University

Currently, numerical modeling of heat transfer processes is becoming
increasingly important, since modern science and technology require reliable
prediction of such processes, the experimental study of which in laboratory or
natural conditions is difficult and expensive.

An important class of applied problems are problems of controlling the
thermal state of the object under study, including thermostat problems, where it
1S necessary to maintain a given temperature in a certain part of the
computational domain due to certain thermal effects.

Distributed or point internal heat sources, such as heaters can act as
control. This paper considers the problem of optimal control of sources in the
heat conduction problem, in which the quality of control is assessed by a
quadratic quality functional, and the optimality conditions in the optimal control
problem are formulated in the form of a system including a primal state
equation, an adjoint state equation.

The problem of controlling the temperature of an isotropic solid (plate) is
considered [1], when the computational domain has the form Q = Q + I', where
Q={s=(s;,s;) ER*>: 0<s; <y, 0<s, <Il,}. The stationary field when
controlling distributed heat sources is determined from the equation

Lx=f(s)+u(s), seQ, (1)

d
05,
x(s) = g(s), sET. @

under the usual assumptions that f(s), k(s), g(s) are given continuous functions

2
0x

where L = Z Ly, Lyx = (k(s) g), with the boundary conditions
a=1 ¢

in their domain of definition, k(s) > C >0, s € Q; x(s) is the desired

function in Q.
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It is assumed that the temperature is monitored in the entire computational

domain, so the quality functional is considered in the form
9w = [ x5 - p(s)%ds, ®3)
Q

where @ (s) is a given function in Q (desired temperature distribution). Thus, it
is required to find a control u(s) € L,(2) and the corresponding state
x(s;u),s € Q of the system, which provide the minimum value of the
functional (3) under conditions (1), (2) (optimal control problem with no control
constraints).

To approximately solve the optimal control problem (1)—(3), the grid
method [2] was used: second-order accurate grid analogues were constructed to
approximate both the functional J(u) and the primal and adjoint boundary value
problems.

To solve the obtained difference schemes, the Fourier method of
separation of variables and the simple iteration method were used, and to
minimize the grid functional under appropriate conditions, the steepest descent
method was used.

Along with problem (1)—(3), problems of minimizing the auxiliary
functionals

Jn() = Jw) + a, j u?(s)ds, n=1.2,.. (4)
)

were considered under conditions (1), (2), where «, > 0 are numerical
parameters, such that a,, = 0 as n — co. It should be noted that for each n =
1,2, ... the optimal control problem (1), (2), (4) is a well-posed problem in the
sense of [3] due to the strong convexity of the functional (4) in L,(€2) under
conditions (1), (2).

For each fixed n = 1,2, ..., the problem of unconstrained minimization of
the functional J,,(u) in L,(Q) under conditions (1), (2) can be solved using the
developed grid algorithms with a given calculation accuracy &,(a,) > 0. We

propose an effective regularization approach [4] to approximate solving the
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original optimal control problem (1)—(3), which provides the construction of a
minimizing sequence of approximations for the functional (3) under conditions
(1), (2). To implement this approach, it is planned to develop software that will
allow one to analyze the results obtained and study the practical convergence of

the constructed numerical algorithms.
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METHOD FOR COMBINING 3D MODELS IN SCENE MONITORING
PROCESSES
Hubskyi O.M., Popov L.V., Hubskyi Y.M., popigor7 @ gmail.com
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Intelligent technologies have expanded automation in spatial scene
monitoring [1]. Automating stage production involves combining various 3D
models to identify scene objects. These models often have inconsistent
parameters like scale and perspective, requiring coordination of diverse digital
data arrays. Combining scene objects typically involves multiple iterations of
manual model scale adjustments.

Offered to speed up and simplify work with 3D object models adapt the
previously developed method of combining 3D models [2] with a method that
integrates 3D environment models based on camera trajectories [3], and extend
it to data processing in stage action observation tasks. A feature of the proposed
method is the direct compilation of 3D models tied to a sequence of frames
characterizing the movement of the camera based on photogrammetry.
Reduction to a single view occurs by parallel scaling of the parameters to the
given values of the environment parameters for the 3D model, when the
parameters of the three-dimensional environment are set as [a; b; c], none of the
combinations of parameters [n; m; 1] cannot be [n>a; m > b; 1>c]. Scaling can be
proportional or individually calculated for each parameter automatically.

The 3D model combination method involves several steps. First,
interface-determined environmental parameters and primary scene data are
obtained. Data sets are then reduced to a single view based on environment
parameters and 3D model overlay specifications, selecting only algebraically

matchable data without human intervention.
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Next, data sets are processed in parallel for each 3D model, reducing
failure probability. The resulting combined 3D model is compared with the
environment using control points that also indicate the camera position. The
model is checked for environmental set inclusion before adding an additional 3D
model. Finally, the 3D model parameters are adjusted to match the environment
by aligning control point coordinates.

This method of data processing allows us to reduce the number of
iterations in the process of combining 3D models. This is achieved by
introducing new types of parameters for 3D models that have not been used
before. Selection and comparison of camera movement parameters occurs
automatically, without human intervention. Therefore, the specified method
allows filtering and combining without using combinatorics, which speeds up
work. For the practical application of the method, a prototype software with a
special interface is being developed for determining the current parameters of

the environment and working with 3D objects of the scene space.
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In this work, we consider a model of combat operations that takes into

account auxiliary forces with a constant delay argument [1-2]:

dx(t) =—ax(t)—-byt—7)+u(), 120,
dt (0

% — —a,y(t) = byx(t —7) + (1), 120.

The initial values for system (1) are as follows:

{x(t) —p()=x,, te[-7,0], o
y(t):(02(t):yo’ IE[—T,O].

Where x(t) and y(t) are the number of forces of sides X and Y at time 7,
respectively 7 - 1s the delay time for the transmission of information about the

actions of the opposite parties (7 >0); a,, a, - coefficients of losses due to non-
combat causes; b, b, - coefficient of losses due to combat actions; u(¢) and v(¢)

are auxiliary force arrival rates i.e. auxiliary force control functions.

Based on Euler's method, we present the algorithm for finding the
approximate solution of the initial value problem for the functional differential
system (1) — (2) when u(¢) =0 and v(¢) =0.

Step 1. Giving values

1. a,,a,,b,,b,,7 assign values to parameters;
2. ¢, =x, va @, =y, give initial values;

3. Give initial values to calculation step & and maximum time ¢

max

4. Determine the number of steps of the delay N. N=¢__ /h.
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Step 2. Create an array to save results

1. h step by step create a time array in the range from —r to ¢

.
max ?

2. create arrays x(¢) and y(r).
Step 3. Assign initial values. Initialize the arrays x(z) and y(¢) from O to

Lo x(=x; 2. y0)=y,
Step 4. Calculation process. For each time step 7z, from N to ¢

calculate (N <t, <t ):
1. Calculate the values of x(t, —~N) and y(, - N);

2. Use Euler's method to calculate the new values of arrays x(z) and y(z);
X, =X +h(—ax byt —1)),
{ym =y, +h(-a,y, —bx(t,-7)).
3. Check that x(¢) or y(¢) is less than zero. If any of them is less than zero,

stop the loop
Conflict. In this conflict, we assume that the initial number of troops is

7000 for X side and 5000 for Y side. A side with more initial strength suffers 2.5
times more combat losses and 0.75 times more non-combat losses than a side
with less strength. Also, if the conflict takes place with a constant delay of
7 =1.5, then which side will win the conflict, how many forces will survive, and
how long will the battle last?

Let's assume that the strategies of the distribution of auxiliary forces of the
opposing sides are as follows. Let each side have a total of 1000 auxiliaries:

a) Side X directs and distributes its self-supporting forces as follows. These
auxiliaries will reinforce X side by 15 from the 11th to the 70th day of the battle,
and the remaining 100 auxiliaries will join on the 77th day.

b) On the 20th day of the battle, 300, 500 on the 40th, and 200 on the 60th
day of the battle should join the Y side.

In this conflict, side Y wins in 88 days, with 1224 soldiers surviving and a

survival rate of 24%.
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Fig. 1. Graphical solution

Applying the delayed argument to Lanchester's extended quadratic model
to mathematically analyze combat conflict situations is effective in
understanding the nature of the military actions that take place and more

accurately analyzing the results.

References

1. Karimov N.M. About the method of solution the model of combat actions
with delay argument. Scientific Bulletin of Namangan State University. Vol.
11.2023. pp. 49-57.

2. Andriy Shatyrko, Bedfich Piiza, Veronika Novotna. Comparative analysis and
new field of application of Lanchester’s combat models. Post-conference
proceedings of selected papers extended version Conference MITAV-2018,
Brno, Czech Republic, 2018. pp.118—133.

27



ABTOMATHKA 2024

USE OF DISCRETE AND CONTINUOUS ALGORITHMS FOR THE
CONSTRUCTION OF AN OPTIMAL TRAJECTORY IN 3D PRINTING

Kiseleva O.M., kiseleva47@ukr.net,
Kuzenkov O.0., kuzenkovl986 @ gmail.com
Oles Honchar Dnipro National University

In today's world, technological progress in the field of 3D printing is of great
interest in the scientific and industrial environment. This technology is widely used in
various fields, from manufacturing to medicine and architecture. However, despite the
many opportunities it provides, production optimization remains an urgent task that
requires constant improvement of algorithms and methods of constructing 3D printing
trajectories.

An essential part of this optimization is the development of optimal 3D printing
trajectories. Each movement of the print head and rotation of the printer requires time
and materials. The main goal of the research is the development of algorithms and
methods for optimizing printing trajectories, aimed at minimizing the costs of
materials and time, which will increase production efficiency and reduce the cost of
manufactured products.

The following tasks were considered and solved in the work: development of
the trajectory optimization algorithm; software product implementation; visualization
of the obtained trajectory; generation of G-code for the printing machine.

When developing the algorithm, the results of the analysis of existing
algorithms were taken into account, in particular, methods that: are based on
coordinates; are based on vectors; methods using continuous curves and surfaces;
methods that take into account the features of the geometry of objects; methods of
determining the trajectory for filling the object.

The adequacy of the developed algorithms was verified during many numerical
experiments evaluated using penalties. According to the obtained results, it can be said
that the proposed algorithms perform 64% less printing stops, sharp corners, right
corners and sectoral breakdowns, which significantly affects the quality and cost of

manufactured parts.
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APPLICATION OF CLUSTERING METHODS IN SOLVING OPTIMAL
SET PARTITIONING PROBLEMS
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!Oles Honchar Dnipro National University

’Kyiv National Economic University named after Vadym Hetman

In modern optimization theory, significant attention is given to the problems of
optimal partitioning of sets, which have a broad range of theoretical and practical
applications, particularly in pattern recognition, decision-making theory, and other
fields. The theory of continuous optimal partitioning problems of sets in an n-
dimensional Euclidean space is based on the methods of infinite-dimensional
mathematical programming with Boolean variables.

The main tool for solving optimal partitioning problems is reducing the original
infinite-dimensional problem to a finite-dimensional one with non-smooth objective
functions, which are solved using efficient non-differentiable optimization methods,
such as Shor’s r-algorithm and its modifications.

In this work, Shor’s r-algorithm has been implemented, where the initial centers
are selected based on the results of prior clustering. The user can choose one of the
methods for initialization: K-Means, EM clustering, or hierarchical clustering. This
approach provides flexibility and avoids random initial positions. Additionally, there is
an option to select the metric (Euclidean, Manhattan, or Canberra) used for calculating
distances from points to centers. The results of the clustering and r-algorithm are
visualized for illustrative analysis. Furthermore, at each iteration of the r-algorithm, the
subgradient values for each center are displayed, and upon completion of the
algorithm, the final optimal centers of the subsets and the objective functional value
are presented.

The application of clustering before the r-algorithm serves as one way of
defining the initial coordinate values of the subset centers. Various clustering methods
can be applied in this step, which reduces the risk of convergence to a local minimum
and allows the r-algorithm to start from positions closer to the optimal ones. This
approach decreases the number of iterations and allows for obtaining results with

fewer computations.
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Introduction. Nowadays, the issue of the spread of infectious diseases

among humans and animals is a significant problem that has not only a regional

and national, but also a global scale. Only in the 21st century should we name

eight events that were classified as epidemics and pandemics, namely:

Disease, causative Region Number of patients Number of
agent dead
SARS-CoV-2 The whole world 775 million 18,5-35,2
million

Monkey pox The whole world 98 thousand 184

Measles Africa, South and | 20 million / year 140 thousand /
Southeast Asia year

Dengue fever Africa, South and | 50 million / year 40 thousand /

Southeast Asia year
Cholera Kpainn, 1o | 3-5 million / year 100-140
PO3BUBAOTHCS thousand / year
Chikungunya virus Africa, South and | 3 million / year 3 thousand /
Southeast Asia, South year
America
MERS, MERS-CoV | Arabian Peninsula 2,5 thousand 880
HIV infection, HIV The whole world 64,8-113 million 43 million

Thus, in the last 25 years alone, global epidemics and pandemics have

affected more than a billion people, of whom, according to various estimates, 20
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to 80 million have died. Epidemiologists around the world are constantly and
quite successfully trying to formalize the rules and laws of the spread of such
diseases, which allows, if not to create a unique mathematical model, then at
least to outline a class of models for predicting the states of such systems for
some time, and to establish the results of artificial intervention in the system and
the results managing it.

Setting the problem. The paper considers a mathematical model of the
spatial dynamics of an infectious disease developed using the approaches
proposed, including, in the works of Ross R. [1], Macdonald G. [2],
Hoppensteadt F. [3]. The study is based on the idea of a population as a set of
individuals that are healthy, infected or eliminated. The spatial distribution of
the population over the area is taken into account, without taking into account
the geographical features of the area and buildings, the metric is considered
Euclidean.

Mathematical model. The mathematical model of the spatial dynamics of

an infectious disease is proposed to be considered in the following form:

n

Vi =—a;-V,+(1-6)-(I;+C) + Z (l_a/_G"j)'(ﬁ’j

=L j#i

ii:ai'Vi_ﬂi'Ii""%"Ci"' Zn: (aj+Gij)'¢ij

j=1,j=i

P=pB,+C)

where i=1..n;

V. - the number of healthy residents i -th territorial sector;

I, - the number of infected patients i -th territorial sector;

P, - the number of dead in i -th territorial sector;

N, - the total number of infected during the study period in i-th territorial

sector;
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n, - total number of residents in i -th territorial sector;

D - total number of study weeks;

d, - total number of dead in i -th territorial sector;
¢, - the total number of personnel (medical and auxiliary) involved in the care of

infected patients in i -th territorial sector;

C, - the number of infected personnel (medical and auxiliary) who were

involved in the care of infected patients in i -th territorial sector;

¢, - passenger traffic arriving in the sector i for the accepted time interval from

the sector j;

m; - the average number of flights from the sector j in the sector i for the

accepted time interval (week);

s; - the average area of vehicles used for transportation from the sector j in

sector 1.
n - the number of sectors into which the studied area was divided.

Auxiliary parameters a;,[,,7,,G

;j»9; 1t is proposed to calculate the

following as follows.
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GENERALIZED ACTIVE CONTOUR MODEL IN BV SPACE
AND ITS APPLICATION TO SATELLITE REMOTE SENSING
OF AGRICULTURAL TERRITORIES
Kogut P., p.kogut@i.ua

Oles Honchar Dnipro National University

We discuss a new variational problem which is suggested by applications
to satellite 1mage segmentation. Since the satellite images are an important
source for extracting landscape boundaries and other vegetation structures which
can provided extremely useful insights for applications in environmental
monitoring, agriculture, forestry, and other related fields. In particular, in
agricultural crop field classification, one of a fundamental problem is to provide
a disjunctive decomposition of a fixed domain onto finite number of nonempty
subsets such that each of these subsets could be associated with a crop that is
grown in this area, or with a forest regions, or water zones, and so on, and this
correspondence must be established at rather high level of accuracy. Up-to-date
and accurate crop maps (or crop field classification) are needed to update
agricultural statistics, to provide agricultural crop yield prediction, and are often
used in environmental modeling. Typically, such association between a given
region and some agricultural crop can be made through the detection and
quantitative assessment of green vegetation which is one of the major
application of remote sensing studies. The information obtained in this way is a
source of knowledge used for environmental resources management. One of the
way enabling to get such information is determination of the so-called
vegetation indices. Since over years many vegetation indices have been
proposed for determining the vigor and health of vegetation, the reliability of
information about vegetation directly and strictly depend on the fidelity,
preciseness, and smoothness of the corresponding vegetation indices (VI) within

an each particular crop field.
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Thus, each pixel of the original image can be associated with the
corresponding VI-feature. The problem, which is suggested by application to
remote sensing satellite image processing, consists in computing a

decomposition of the domain Q of a given image such that

e the VI-characteristic varies smoothly and/or slowly within each subset of
Q;
e the VI-characteristic varies discontinuously and/or rapidly across most of

the boundary between different subsets.

As distinguished features of this statement is that we cannot reduce it to the
standard settings of segmentation problem (see, for instance, the Mumford-Shah

energy based model and others) are the following ones:

e FEach region of Q should consist of pixels that can be reasonably grouped
according to the VI-characteristic. Simultaneously, these regions should
be easy to differentiate according to the chosen image feature;

e The respective interiors of image regions should have a more or less
simple geometry without gaps. Boundaries of image regions should be
smooth enough but also accurate with respect to the chosen image feature;

e The most restrictive obstacle in the construction of such decomposition is
the fact that these subdomains should not overlap the borders between
fields or contain any fragments of such borders, meaning that they
cannot take in even small parts of different fields with arguably different

Crops.

All of these makes the above mentioned segmentation problem rather
challenging. It is enough to observe that a precise consideration of this problem
demonstrates that the quantitative interpretation of remote sensing information

from vegetation is a complex task. Many studies have limited this interpretation
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by assumption that the extracting vegetation information uniformly and
smoothly distributed within the particular crop fields. However, this assumption
is evidently broken when trying to apply these type vegetation indices on
heterogeneous canopies such as plantations with a mixed combination of soil,
weeds, and other crops, or plantation where the vegetation of interest has
different VI-characteristic due to spacial variability.

The main idea, we realize in the new setting of variational problem, can be
briefly described as follows. We propose to make use of the so-called f-
decomposition instead the standard Chan-Vese 'active contours without edges'
model. The role of the function f in such decomposition has to guarantee that
the new objects after the f-decomposition will have homogeneous values of the
target function f withig each separate field. In particular, in the case of the
agricultural applications, where Q stands for a zone of interest, the VI-
characteristic can be considered as the main feature of this area, i.e. in this case
f(x)=VI(x) for all x of Q. Thus, the main idea, that we push forward is to
formulate the segmentation problem as a constrained minimization problem in a
special anisotropic BV space, where the 'effect of anisotropy' we associate with

the structure topology of VI-distribution.
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GENERATION OF STABLE SYSTEMS OF ORDINARY
DIFFERENTIAL EQUATIONS FOR UNIVARIATE TIME SERIES
MODELING
Koshel Y.V., eugenefade @ gmail.com
Belozyorov V.Ye., belozvye2017 @ gmail.com

Oles Honchar Dnipro National University

The neural ordinary differential equation (NODE) is a model that allows
predicting the desired values as results of an integration of an ODE which has its
right-hand side defined as a neural network. NODE can be successfuly applied
for predicting the univariate time series data with two helper models — encoder
and a decoder — that adjust the dimensionality of its inputs and outputs in order
to achieve the desired range of behaviors [0].

However, it is often required to model the systems which can change their
behavior depending on some external parameters or their internal state. If the
NODE model was trained only for one set of such parameters, it can quickly
become useless if the environment changes. To address this issue, the hNODE
(hyper NODE) architecture was developed. It infers the actual parameters of the
NODE model based on the current state of the modeled system and adapts to
reflect it in the NODE’s trajectories.

The modeled processes are often bounded and (quasi)periodic, which
means that the NODE model should also posess these qualities. Once the
complete hNODE model 1s constructed, we can check whether or not these
qualities are present throughout the possible parameter space. To do this, we can
plot the Lyapunov exponents spectrum of each constructed against the
environment parameters that influence it. If the largest values of the spectrum
are not greater than zero, the solutions of the constructed model are stable and it
can be used to predict the desired values indefinitely without its trajectories

diverging into infinity.
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An example of this approach is demonstrated on the Fig. 1. It shows the

values of the Lyapunov spectrum for the model that generates harmonic signals

of frequencies in range from 60 to 600 Hz. Evidently, all the frequency

variations lead to construction of a stable system that always approaches some

limit cycle in its latent space.
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Fig. 1. Lyapunov exponents of the hNODE model for input data with 3

harmonics and frequencies ranging from 60 to 600 Hz, calculated from the

initial conditions obtained from the encoder network.

References

1. Koshel Ye. V, Belozyorov V. Ye. Univariate time series analysis with hyper neural ODE.

Journal of Optimization, Differential Equations. 2023. V. 31(2).

37



ABTOMATHKA 2024

OPTIMIZATION-ORIENTED METHODS FOR THE IMPROVEMENT
OF FUZZY CONTROL SYSTEMS
Kozlov O.V.!, kozlov_ov@ukr.net
Kondratenko Y.P." %, y_kondrat2002 @yahoo.com
!Petro Mohyla Black Sea National University,
Institute of Artificial Intelligence Problems of MES and NAS of Ukraine

Challenges 1in industrial and economic development, production
intensification, increased productivity of technological complexes, the creation
of new equipment models, and the study of natural phenomena are inherently
linked to the need for advancing automation levels in various complex dynamic
objects and processes. Such objects and processes include industrial robotic
complexes, mobile robots and unmanned vehicles, land and air transport, marine
vessels and floating structures, thermal power facilities, chemical reactors,
thermoacoustic installations, diagnostics and forecasting processes, route
planning, and enterprise and organizational rating assessments, among others.
The primary objectives in improving modern computer control and decision
support systems, used to automate these complex objects and processes across
various sectors, are to increase precision, responsiveness, reliability, reduce
energy consumption, and expand functional capabilities.

The Fourth Industrial Revolution, rapid artificial intelligence (Al)
advancements, and increased computational power have accelerated the use of
intelligent automatic control systems (ACS) and decision-support systems (DSS)
based on soft computing and fuzzy logic across various fields. Global research
confirms the value of fuzzy ACS and DSS for automating complex, dynamic
processes with nonlinear, nonstationary parameters under incomplete
information, enabling effective expert knowledge integration, human thought
modeling, autonomous learning, linguistic model creation, and multidimensional
approximation.

The effectiveness of fuzzy systems (FS) heavily relies on the expertise of
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developers, as most design methods are based on expert judgments, introducing
subjectivity that can reduce system quality and performance. This creates a
contradiction: while fuzzy-based ACS and DSS are widely used to automate
complex processes across industries, there is a lack of universal methods to
standardize their design and reduce dependence on the skill level and subjective
input of specialists. This contradiction can be addressed by reducing or
eliminating the subjective influence of expert knowledge and heuristic factors on
the design of fuzzy logic-based intelligent control and decision-making systems,
enhancing their quality and robustness. Achieving this requires the development
of new or the refinement of existing optimization-oriented synthesis methods to
ensure that complex dynamic objects and processes meet specified technological
performance indicators.

The report examines developed optimization-oriented synthesis methods
for fuzzy systems, including: 1) hybrid multi-agent methods for parametric
optimization of fuzzy ACS and DSS, integrating global and local search
procedures; 2) intelligent methods for optimization-oriented rule base synthesis;
3) bio-inspired methods for structural optimization of FS by linguistic
termsnumber and their membership functions types; 4) methods for finding the
optimal hierarchical structure of fuzzy DSS; and 5) methods for comprehensive
structural-parametric synthesis of fuzzy ACS. It also presents examples of
successful application of these optimization-oriented synthesis methods to
enhance fuzzy automation systems for various complex technical objects
(multipurpose mobile robot, UAV, floating dock for small vessels, specialized
pyrolysis complex for solid polymer waste disposal, ship steering machine, and

electric vehicle) and a fuzzy DSS for medical diagnostics.
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DECENTRALIZED LOAD BALANCING CONSENSUS CONTROL
IN DISTRIBUTED COMPUTING SYSTEMS
WITH UNCERTAIN BUT BOUNDED TIME DELAYS

Lyubchyk L.M., leonid.liubchyk @khpi.edu.ua
Dorofieiev Y.1., yurii.dorofieiev@khpi.edu.ua

National Technical University “Kharkiv Polytechnic Institute”

Among the problems of networked control, load balancing in distributed
computing systems, which is associated with the widespread use of distributed
data processing and cloud computing, is a special place. A distinctive feature of
the problems considered is the presence of uncertain but bounded
communication delays [1].

The models of local controlled agents, which correspond to the nodes of a
distributed computing network, are represented by difference equations that
describe the change over time in the queue lengths of packets received for
processing. It is assumed that at each moment we know: the queue length and
current performance of the node, queue lengths and performances of
neighboring nodes, which are directly connected to the node in question by
communication channels, information on which is received with delays. The
delays are represented by integer constants describing the maximum possible
values of delays. Control actions describe the number of redistributed tasks
between the network nodes. State-dependent controls are formed in the form of
a ‘local voting protocol’, in which the value of each node input depends on the
weighted sum of differences between its state and the states of its neighbors,
information about which is received with delays.

In this paper, we propose a decentralized approach to the consensus
control design for load distribution in the presence of uncertain bounded
communication delays [2]. The purpose of the control system is to equalize
workload among computing units to reduce queues lengths and job execution

time considering load balancing as a consensus problem.
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The proposed approach is implemented by a decomposed numerical
procedure for designing a set of local controllers that ensure stabilization of
individual controlled agents. They simulate the dynamics of queues in
computing units represented by the nodes of a networked computing system and
coordinate their states to ensure consensus conditions.

Local controllers design in the presence of uncertain delays is carried out
based on the invariant ellipsoids method, which is extended to systems with
bounded delays. The process reduces to solving a set of linear matrix
inequalities. As a result, selection of non-stationary gain matrices of local voting
protocols is reduced to a sequence of semidefinite programming problems which
are solved numerically. The proposed approach makes it possible to obtain
sufficient conditions for the closed-loop system stability and guarantee an
asymptotic consensus.

The proposed method decomposes the computational procedure for the
local controller’s design, which reduces to solving a set of optimization
problems of a smaller dimension. For large-scale networked control systems,
this leads to a significant simplification of calculations and an increase their
accuracy. The proposed approach, in comparison with the traditional one, does
not require the construction and analysis of high-dimensional Laplacian of the
system-wide network topology graph, which is essential when balancing loads

in complex networked systems.
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A DIGITAL TWIN OF A LANDMINE DETECTOR DRONE BASED ON
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Galchonkov O., 0.n.galchenkov @ gmail, Mokritskiy V.,

mokritskiy.v.a. @ gmail.com, Shunin O., mds_aleks@ukr.net
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Systems based on UAVs (unmanned aerial vehicle) that are capable of
detecting landmines in a fast and precise way are the only possibility to
significantly increase the reliability of the demining process. The technology of
inducted metal detection has been leading in the demining area. However, the
construction of modern mines makes them a difficult goal for traditional metal
detectors. Systems with double or multiple connected detectors contribute to
better mine identification, as far as they combine the advantages of two or more
Sensors.

The Prompt Gamma Neutron Activation Analysis solution has the potential
to be a disruptive game changer. The PGNAA technology has been used in
larger, stationary explosive detection systems. However, we are not aware of
any operational solution where small-form-factor neutron generation is
integrated into a payload suitable for UAV-based demining.

Nuclear-physical methods involve radiating the target area with a fast
neutron beam, which detects and identifies explosive materials using three types
of detection (a) neutron backscattering detection, the presence of explosive
material can be identified by detecting the unique way neutrons interact with
known explosive materials, (b) gamma radiation detection, when a target
material is radiated with neutrons, activates a detectable gamma radiation
response, measurement of gamma radiation spectra of neutron activation
products makes it possible to detect and characterize the specific chemical

elements present in a given type of explosive material, (¢) secondary gamma
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radiation detection, as neutron-activated material releases gamma rays, those
gamma rays, in turn, interact with the surrounding material.In nuclear physics
methods, including PGNAA, both the hardware and spectra analysis methods
(software) are important and influence the measurement performance. To
optimize measurement time and height for various scenarios, preliminary
mission modeling using a "digital twin" is applied. The basic principles and
mathematical model of this method are introduced. A numerical simulation
platform of this method was established based on the Monte Carlo code
GEANT4. The model has established an environment for (a) simulating the
transport of D-T fast neutrons and interactions with an object to induce
emission, detection of characteristic gamma-rays, and (b) image reconstruction
(3D) of the controlled objects.

The research was carried out with the financial support of grant No.

131/0161 of the National Research Foundation of Ukraine.
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ENHANCING COLLECTION PERFORMANCE IN SOFTWARE
THROUGH MEMORY SNAPSHOT ANALYSIS AND
MATHEMATICAL MODELING
Mitikov N., mitikov.m22 @ fpm.dnu.edu.ua,

Guk N.A., huk_ n@fpm.dnu.edu.ua,

Oles Honchar Dnipro National University

This study addresses the challenges of optimizing collection performance
in software applications. We present methods based on data from industrial
systems, focusing on hash collection implementations and their practical
applications. A mathematical model is developed to evaluate the performance of
existing and improved implementations.

Experimental results confirm the significant performance gains achieved
through the proposed optimizations.

Base libraries are foundational to modern software development,
providing essential tools for creating efficient solutions. However, strict
requirements for interface immutability and consistent component behavior
often hinder optimization opportunities, especially for usage patterns not
initially prioritized

Optimizing base collections is critical given the importance of software
efficiency in today's technological landscape. There is a need for new
methodologies and mathematical models to assess and adapt base collections to
evolving usage conditions, enhancing computational resource utilization and
reducing infrastructure costs.

The objective of this work is to develop a methodology to assess the
operational cost of using hash collections in software through memory
snapshots, identifying excessive memory consumption and proposing
optimizations.

The performance of hash collections in the .NET environment was

analyzed, specifically focusing on Hashtable and Dictionary<TKey, TValue>.
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The Hashtable class, predating generics, requires boxing operations for
numerical keys, introducing performance overhead due to additional data
copying and memory operations. The advent of generics enabled type-safe
collections like Dictionary<TKey, TValue>, eliminating the need for boxing and
improving performance.

Both collections use hash algorithms involving arrays and linked lists to
manage data and resolve hash collisions. To minimize collisions, larger arrays
than necessary are created, leading to increased memory usage and impacting
system performance. Literature lacks studies evaluating storage costs within
these implementations, indicating a need for further research.

A mathematical model was developed to represent a memory snapshot as
a structured array of bytes, capturing information about objects, types, states,
and interrelationships.

An analysis of industrial systems revealed that storing a single key-value
pair has a storage efficiency of approximately 5%. This inefficiency is
significant but may not be detected by standard monitoring systems since it does
not constitute a traditional memory leak.

The proposed optimizations effectively reduced memory consumption by
13.67 GB (from 21.80 GB to 8.13 GB) for 99 million dictionary objects. Further
optimization for read-only collections resulted in total memory savings of 18.84
GB, or 16% on average. This emphasizes the importance of optimizing base

collections to improve software performance and resource efficiency.
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STABILITTY AND OPTIMALITY IN CONTROL PROBLEMS
FOR SWEEPING PROCESSES

Mordukhovich B., aal086 @wayne.edu

Wayne State University (USA)

The talk presents new results for the class of optimal control
problems governed by discontinuous constrained differential inclusions of
the sweeping type involving the duration of the dynamic process into
optimization. We develop a novel version of the method of discrete
approximations of its own qualitative and numerical values with
establishing its well-posedness and strong convergence to optimal
solutions of the controlled sweeping process. Using advanced tools of rst-
order and second-order variational analysis and generalized
differentiation allows us to derive new necessary conditions for optimal
solutions of the discrete-time problems and then, by passing to the limit
in the discretization procedure, for designated local minimizers in the
original problem of sweeping optimal control. The obtained results are
applied to practical models of robotics, traffic equilibria, unmanned
surface vehicle, and nanoparticle modeling.

Based on joint work with Giovanni Colombo (University of Padova,
Italy), Dao Nguyen (San Diego State University, USA) and Trang Nguyen
(Wayne State University, USA).
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THE INFLUENCE OF SOLAR RADIATION PRESSURE ON THE
MOTION OF SATELLITES IN ALMOST CIRCULAR EARTH ORBITS
Pyrozhenko O.0., Maslova A.L, Pirozhenko A.V.
alex.pirozhenko @ ukr.net
Institute of Technical Mechanics of the National Academy of Sciences of
Ukraine and the State Space Agency of Ukraine

We consider the effect of the solar radiation pressure on the motion of a satellite
in an almost circular low Earth orbit. The formulation of the problem is due to the
need to determine the effect of solar radiation pressure forces on the motion of light
commercial Earth remote sensing (ERS) satellites with large areas of their surfaces
(solar batteries and antennas). The goal is to determine the main regularities of this
effect, construct reasonably simple and accurate estimates of changes in orbital
parameters for the orbits under consideration, and clarify the physics of changes in
parameters. The novelty of this study also lies in the use of variables specially
introduced to describe motion in almost circular orbits.

The studies are carried out under the assumption of constant solar radiation
pressure forces throughout the entire orbit and are directly related to the dawn-dusk
orbits, which are often used for ERS satellites with radar observation systems.

Simple analytical expressions were constructed that describe the main patterns of
short-term (several days) changes in orbital parameters. The main effect of the solar
radiation pressure is the excitation of forced oscillations of the orbital radius, whose
amplitude linearly increases with time. The maximums of these oscillations (apogee)
are at the point where the light pressure forces maximally slow down the motion of
the satellite (directed oppositely to the velocity), and the minimums (perigee) are at
the point of the maximum motion acceleration.

It is shown that the annual movement of the Sun can qualitatively change the
picture of the evolution of orbital parameters. For sun-synchronous dawn-dusk
orbits, compact analytical solutions for changes in orbital parameters are constructed,
and it i1s shown that the annual movement of the Sun’s declination reverses the

direction of evolution of the orbital shape.
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ARTIFICIAL NEURAL NETWORKS IN SOLVING DIFFERENTIAL
ALGEBRAIC EQUATIONS
Rutkas A.A., andrew @ rutrus.com

Kharkiv National University of Radio Electronics

There is presented a multilayer perceptron neural network method for solving

the initial value problem for the nonlinear differential algebraic equation (DAE)
Lx(t)] = g[Ax(t)] +Bx(t)— f(t,x(¢))=0, 0<t<T, x(0) =x,. (1)
4

For regular characteristic matrix pencil AA+ B, DAE (1) is decomposed into the

following two equations:

LIx(0]= 4 10 A0]+Q,Bx()-0,f (.x0) =0, j=1.2, @

where Q,,0, — the mutually complementary projectors which correspond to the
direct sum R" =AX, + BX,, X, — the subspace of eigenvectors and adjoined
vectors of the characteristic pencil at all finite points of the spectrum, X, — the

subspace of eigenvectors and adjoined vectors of the pencil at the infinitely
remote point A =oo. To obtain solutions to DAE (1) or (2) a discretization of the

interval [0,7] by a finite set of points 7, is considered. Then the problem is
transformed into the following system of equations:

L[x(t)]=0, k=1,...m, j=12.
Trial solutions x(z,6) with adjustable parameters 6 (the vector 8 corresponds

to weights and biases) are constructed in a differentiable analytic form by using

neural networks. Parameters @ are adjusted to minimize the error function

E©0) =33 |L 13,00 .

j=1k=1
The trial solution is of the form X(z,0) = x, +tN(t,6), where the vector N(t,0)

consists of single output feed forward neural networks with one input data ¢ and

parameters 6.
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STOCHASTIC DIFFERENTIAL GAMES IN SOBOLEV RETARDED
SYSTEMS
Rutkas A.G., anatoly @ rutrus.com, Vlasenko L.A., lara@rutrus.com

Kharkiv National University of Radio Electronics

We study a differential game of approach in a system, which is dynamically
described by the It stochastic delay differential equation

d[Ay(H)]+ By(t)dt =[Cy(t —r)+ f(¢) + Ku(t) + K,v(t)]dt + Adw(t). (1)

With respect of this equation, we assume the following: the coefficients are

closed linear operators on Hilbert spaces; the Wiener process w(¢) with values in

a Hilbert space is consistent with a filtration and has a kernel symmetric positive

covariance operator; the controls of the pursuer u(¢) and the evader v(r) are

random processes. The operator A 1is generally non-invertible and for this
reason equation (1) is not solved for the stochastic differential of the unknown

random process y(¢). The characteristic operator pencil AA+B:D — H

strongly affects the dynamics of the equation. The main assumption is a

restriction imposed on the characteristic pencil on a ray of the real positive semi-
axis. It follows the direct decomposition H = AD + B(KerA(YD) with the
mutually complementary projectors Q,,Q,. The operator W =—Q B(A+Q,B)™
is a generator of a strongly continuous subgroup U(#) of bounded linear
operators. Using the subgroup U (), solutions of equation (1) are represented by
a stochastic variation of constants formula where the delay effect is taken into
account by summing shift-type operators.

To obtain conditions under which the dynamic vector Ay(¢) of the system
approaches a cylindrical terminal set, we use constraints on the support
functionals of two sets defined by the behavior of pursuer and evader. We
present an example of the differential game in a pseudoparabolic system
described by a stochastic partial differential equation, in particular, a stochastic
system of Navier-Stokes type is considered.
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ASYMMETRICAL GENERALISATION OF CHEBYSHEV’S
INEQUALITY
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International center for Information Technologies and Systems of the National
Academy of Sciences of Ukraine and the Ministry of Education and Science of

Ukraine

Chebyshev's Inequality is one of the most used results in theoretical and applied

statistics. This result is as follows.

I. Theorem 1. If p: R — R is the probability density function of a one-

dimensional random variable with expectation u= I x-p(x)dx=0 and
R
. 2 [ .2 _ h S 01 < 1
variance o __[x - p(x)dx =1, then P[|x|_c9]_E for any 6 > 0.
R

The inequality in Theorem 1 was derived by Chebyshev as an auxiliary fragment
of the proof of the law of large numbers, and it was formulated with the level of
generality necessary for this purpose. However, the life of this inequality has
extended beyond its original scope. It is the wide demand that has led to the
need for further research to answer questions such as how Chebyshev's
inequality changes under certain relaxations, reinforcements, or other 'slight'
changes to the conditions of Theorem 1. These questions inevitably arise in
certain real-life situations, as the following example demonstrates.

Let the water level in a river be a random variable with expectation p = 0 and

variance o~ =1. The danger is a flood when the water level reaches or exceeds
a threshold value 6 > 0, and the question arises about the maximum possible
probability of such danger. The answer to this question cannot be
straightforwardly derived as a consequence of Theorem 1 because not all levels

of x are dangerous where [x| > 6, but only tose where x > 6. The following
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theorem, which is similar to Theorem 1 but differs from it, provides the answer

to this question.

II. Theorem 2. If the expectation of a random variable is 0 and its

variance is 1, then P[x>0]<—

for any 6 >0

and this bound is tight.

Let numbers 6, <0, 6" >0 be given, and in the considered example, alongside
the danger of flooding when x > 6", there is also the danger of the river drying
up when x<46,, and it is not necessarily true that |¢9¢|=‘9T‘. The existence of
both these factors determines the overall danger as the set
D= {x |x>6' } U{x|x<6,} . The following theorem answers the question about

the maximum possible probability of this danger.

III. Theorem 3. Let the expectation of a random variable be 0, its

variance be 1 and letd, <0, 6" >0 be two numbers. Then:

-1 0'+0
if —1< ¢,thenP[xeD]£ 21 ;
0, 0,”+1
-1 0'+0 1
if —> i,thenP xeD|<——;
QT [ ] 0T2+1
1 6"+, - 0" +6,)* +4
if —Tls %—l,thenp[xeD]Smin 1 - ) —
0 2 0, @ +6,)

and these bounds are tight.

Theorems 2 and 3 expand the scope of Chebyshev-like bounds.
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DEVELOPMENT OF A MIXED REALITY FITNESS GAME
INCORPORATING USAGE OF REAL OBJECTS
Sidorova M., Bondarenko B. bogdan.bondarenko99 @ gmail.com

Oles Honchar Dnipro National University

In recent years, the fitness industry has witnessed a significant
transformation through the integration of virtual and augmented reality
technologies. While Virtual Reality (VR) has dominated the gaming-fitness
space, Mixed Reality (MR) has primarily been relegated to safety features, such
as preventing users from colliding with walls or furniture. However, this limited
application barely scratches the surface of MR's potential in fitness applications,
particularly when it comes to incorporating real-world exercise equipment and
conventional workout movements.

Traditional VR fitness applications, while engaging, often lack the tactile
feedback and resistance that real exercise equipment provides. This gap presents
an opportunity to develop innovative Mixed Reality solutions that combine the
motivational aspects of gaming with the physical benefits of working out with
actual weights and equipment. By tracking real objects like kettlebells and
barbells in three-dimensional space, we can create an immersive experience that
maintains the authentic feel of strength training while adding gamified elements.

The proof-of-concept application that is currently being developed
demonstrates this potential by implementing hand-tracking technology and
virtual interactive platforms as shown on Fig. 1. This system allows users to
perform conventional exercises without the need for controllers, which often
interfere with natural movement patterns, unlike hands [1]. For instance, when
performing kettlebell exercises, the application provides real-time feedback and
automatically counts repetitions. This technological integration enhances the
workout experience without compromising the fundamental benefits of

traditional strength training.
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Fig. 1 —hand-tracking and interactable buttons in mixed reality

The advantages of this approach are obvious. First, it maintains the crucial
aspect of progressive overload in strength training by allowing users to work
with real weights rather than simulated resistance. Second, it provides
immediate feedback on form and technique through motion tracking, potentially
reducing the risk of injury. Third, it gamifies the workout experience while
preserving the authenticity of physical exercise, creating a more engaging and
sustainable fitness routine.

The integration of Mixed Reality with physical fitness equipment
represents a significant step forward in the evolution of digital fitness solutions.
Unlike purely virtual workouts, this approach doesn't seek to replace traditional
exercise methods but rather to enhance them through technological
augmentation. By maintaining the use of real exercise equipment while adding
digital overlays and interactive elements, we create a hybrid solution that offers
the best of both worlds: the tangible benefits of conventional strength training

and the engaging, motivational aspects of gaming.
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THREE VARIANTS OF THE GENERALIZED ELLIPSOID METHOD

Stetsyuk P.L.!, Fischer A.2, Khomiak O.M.!, stetsyukp @ gmail.com
'v. M. Glushkov Institute of Cybernetics of the NAS of Ukraine,

2 Faculty of Mathematics, Technische Universitiit Dresden

Consider the following problem. Given a mapping g : R" — R", assume that
there is a point x" € R" such that g(x)T (x - x*) >0 forall xeR" and g(x)=0

for all x # x". Without loss of generality, we assume that the point x" is unique.

To find an approximation to a point x*, you can use the generalized ellipsoid
method (GEM) [1], which has the following form.
Algorithm of the GEM in B-form

Step 0. Select « > 1 such that o+ 1/a < 2%/a. . Choose x, € R", anon-singular
matrix B, € R"" and r, >0 so that HBO_ (x, - x*)H <r,. Moreover, set k :=0.

Step 1. Set g, =g (x,).If g(x,)=0,thenset k" :=k, x" :=x_, and STOP.

Step 2. Calculate
B g(x) 1 1
X =X, —thké:ka where ék ::m, hk :E(l—y)}’k
k k
1 - 1 1
Step 3. Update B,,, =B, +| ——1|(B.&, )& and r,=—|a+—|r.
a a a

Step 4. Set k :=k +1 and go to Step 1.
Theorem. Let x, and x ,, be generated by the algorithm of the GEM. Then,

HAk (x, —x*)H = HB,;l(xk —x*)H <r, keN. (1)
The ratio of the volume of ellipsoid &, | = {x | HB,: e x)H < rkﬂ} to the volume of

ellipsoid &, = {x | HB,: "(x, — x)H < rk} does not depend on k and is equal to

_vol(5,) _1(1( 1YY
q,(a):= vol(&) _a(2(a+an <l1. 2)

Moreover, x" € &, forall k e N.
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The classical ellipsoid method [2] is a partial case of the GEM, which

n+1

corresponds to o= = . If a=a", then the minimum value of the

n—1
coefficient ¢, (o) is reached and ¢, ()< exp(—%n). If n=1, then o is
undefined, and the classical ellipsoid method is replaced by the dichotomy method, for
which ¢, = 1/ =0.5.

If n=1, one can use the approximate ellipsoid method [3]. It is also a partial

case of the GEM, which corresponds to a=a" = ,/1+%2 +%, and

qn(a**)ﬁexp(—%n+%n2). Here o™ is found from the condition of the

minimum of Qn(a):lexp(g(a+l—2D2qn(0{). If n=1, then for the
o o

approximate ellipsoid method we have ¢, (\/5 +1)=2- V2 ~0.5858.
The third variant of the GEM can be obtained by removing square root

operation from ¢ . This variant corresponds to a=a™ =1+ %, for which

g (@)= 1! <exp| ——— |, If n=1, then for the third
n+1 2n(n+1) 2(n+1)

variant of the GEM we get ¢,(2) =5/8=0.625.

The research is supported by the Volkswagen Foundation grant No. 97775.
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NONLINEAR MATHEMATICAL MODELS OF COMPLEXLY
ORGANIZED NATURAL SYSTEMS
Trotsenko A.G., trotsenkol1998 @ gmail.com
Kuzenkov O.0., kuzenkovl986@ gmail.com

Oles Honchar Dnipro National University

The problem statement for the study of mathematical nonlinear models of
complex natural systems is driven by the need for an adequate description of the
dynamics of processes occurring within such systems. In the context of global
changes, such as climate change, loss of biodiversity, and ecological disasters, it
is crucial to have tools that enable the prediction of natural system behavior.
Traditional linear models often prove insufficient for capturing the complex
interactions inherent in ecological and biological systems. Nonlinear models can
provide more accurate forecasts by accounting for the interrelations among
components and the dynamics of their changes.

To emphasize the necessity of nonlinear models for describing complex
natural systems, consider adding a nonlinear differential equation that illustrates

the system’s dynamics, for example:

ax _ X — bX?2
ar -

where X is a variable representing the state of the system, and a and b are
parameters governing the growth rate and saturation. This formula demonstrates
how a simple nonlinearity can influence the system’s behavior.

The research objectives to develop new nonlinear mathematical models
that adequately describe the dynamics of complex natural systems, taking into
account the interactions among their components; to deepen knowledge of the
mechanisms governing these dynamics for more accurate predictions; and to
apply findings in practical fields such as natural resource management and
climate adaptation. This study will utilize analytical methods to establish

theoretical foundations, numerical methods to simulate system dynamics under
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various conditions, and comparative analysis to evaluate the effectiveness and
accuracy of the developed models against existing approaches. This approach
will help identify the strengths and limitations of different modeling methods.

Comparative analysis accuracy table:

Scenario Linear Model Accuracy Nonlinear Model
Accuracy
Without external 85% 95%
disturbances
Parameter a variation 70% 90%

In the initial stage of the research, I obtained preliminary results that
confirm the viability of the developed nonlinear models for analyzing complex
natural systems. The simulations conducted indicate that the new models can
adequately reproduce the dynamics of changes in ecosystems and climate
systems while accounting for interactions among their components. These early
results suggest that the models have significant potential for accurate
predictions, particularly under conditions of uncertainty. Additionally, I have
started conducting a comparative analysis with existing approaches, which
already shows that the developed models may outperform traditional methods in

predictive accuracy.
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CONCEPTUAL BASES FOR MANAGING THE PROCESSING OF
DISCRETE FLOWS IN A MULTICOMMODITY
HIERARCHICAL NETWORK
Vasyanin V., Trofymchuk O., archukr@meta.ua, itgis @nas.gov.ua

Institute of Telecommunications and Global Information Space

of the NAS of Ukraine

The report discusses methodological approaches [1-3] to the construction
of multicommodity hierarchical communication networks and identifies the
main tasks of processing and distributing discrete correspondence flows, which
allow creating favorable conditions for reducing material, financial and labor
costs in transport systems with further mechanization and automation of
production. Multicommodity communication networks are characterized by the
presence of a multitude of sources and drains of correspondence flows (products
or requirements). Correspondence is understood as a pair of different network
nodes, between which there is a directed (addressed) discrete flow of elements
(for example, indivisible loads of uniform size, bits or symbols) of a given size.
In the backbone network, all correspondence is transmitted via communication
channels or transported in vehicles in transport blocks of a given size (capacity,
volume). The size of the transport unit is measured by the number of units of
correspondence that fit into it (for example, 64 KB, 40 packaged cargos). In a
multicommodity network, all correspondence flows are subject to a one-time
transfer from sources to drains. In general, a certain set of types (categories) of
correspondence can be defined on the network, differing in weight, dimensions
and other characteristics, but having common sources and drains. Some aspects
of the creation and implementation of spatial data infrastructure (SDI),
geographic information system (GIS) and special mathematical support for
transport networks and data transmission networks are presented. A conceptual
approach to the construction of an information-analytical decision support

system (IA DSS) for managing the processes of processing and distribution of
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discrete flows in hierarchical communication networks using SDI and GIS
technologies i1s considered. The issues of creating a toolkit and information
platform (portal) for automating decision-making processes in the tasks of
operational management, current planning and long-term development for trunk
transport networks and data transmission backbone networks are discussed. The
purpose of creating IA DSS is to increase the efficiency of communication
networks by reducing scarce material, raw materials, energy, financial and labor
resources on the basis of the proposed methodology for mathematical modeling
of processes of processing and distribution of discrete flows and a set of
measures for information and analytical support and automation of decision-
making procedures in flow management. It is assumed that the TA DSS will
operate in real time and allow to effectively managing nonlinear and non-
stationary processes of processing and distribution of flows at all levels of the

network.
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THE PROBLEM OF GLOBAL EVASION FOR NONLINEAR
CONFLICT-CONTROLLED PROCESSES
Yugay L.P.
Uzbek State University of Physical Education and Sport, yugailp @mail.ru

1. The global problem of evasion. A conflict-controlled process is

considered, governed by a system of nonlinear differential equations:

z=f(zuv), (D)
where z € R", u€e P c RP,v € Q c R4, Pand Q — are non-empty compact
sets. The function f(z, u, v) satisfies the standard conditions for the existence,
uniqueness, and continuability of solutions for all time t =0, and is sufficiently
continuously differentiable with respect to all its arguments. A terminal set M C
R™ is given, which is a subspace.

For the process (1) with a given terminal set, the following global
evasion problem is considered [1, 2]: For any initial position z, € R"*\M it is
required that, for each t >0 a control v = v(t) € Q is constructed based on
the available admissible information such that, for any measurable control u =
u(t) € P, the trajectory z(t)(z(0) = z,) of system (1) corresponding to the
selected controls does not enter the terminal set at any t = 0.

The side choosing the parameter v = v(t) € Q, is traditionally called the
evading player, while the side choosingu (t) € P, is referred to as the pursuing
player, who generally opposes the player choosing v = v(t) € Q. Each player
selects controls, generally, from classes of measurable functions. The evading
player, at each current moment, is informed of the initial game parameters and
the control value at the same moment.

2. Main result

Let W; and W, be one-dimensional mutually orthogonal subspaces of
the orthogonal complement L to M in R™, and let W, = W, + W,. Denote by

m; the orthogonal projectors from R™ on to W;, and by B;(z) the closed ball
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in W, centered at the origin with radius d;(z) = él;a)éQ @;(z,u,v). Let S;-be
u , U

the unit sphere centered at the origin in W;, fori =0,1,2, and let N =
{1,2,3 ... }.
Further, let i = 1,2;j € N) ¢;(z,0,u,v) = m;z,

0 .
(pi(Z;j; u, U) = E(pi(ZJj - 11u! 17) f(Z, u, U),TL(Z,j) = (Pi(Z;j; P, Q)t

k;(z) where is the smallest natural number such that the

set T'(z,j) contains more than one point; other wise, k;(z) = 0. Define

QOi(Z, u, 17) = <pi(Z; ki(Z), u, v)a
Po (Z’ u, v) = COl((pl(Z; u, v)) ) (Z, u, v))

We will define also the advantage functions (fori = 0,1,2) as follows:

Ai(z, 1) = glelg min IllleaQX <Y, pi(z,u,v) —1; >1; € B;(2).

Assumption 1. In L there exist one-dimensional mutually orthogonal
subspaces W, and W,(W; + W, = W,) and a region Q such that M ¢ Q c R"
with a smooth boundary, and for which the following conditions hold:

a) k;(z) = k; = const,i = 1,2;z € Qy = Q\M.

b) for alli=12;7=0,12,...,k; —1, the functions ¢;(z,j,u,v)

andl rga(x) Ao(z,1y) are continuous in (z,u,v) € Qy X P X Q and continuously
0€Bo(z

differentiable with respect to z € )y, and it is assumed that the functions
@;(z,u,v) = ¢;(z,k;,u,v) depend at least on v € Q.

Assumption 2. k; = k,,Ny(z) = , rer}?m(()/lo (z,1y) > 0, and there exists
0&bo(Z

a continuous function

lo(z) € Arg lorerge;)é) Ao(2,1p),z € Q.

Assumption 3. For all z € ()y,and i = 1,2 the following hold:
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ki >k, Ni(z) = lrer}ga€<)/1i(z, [[) >0 and there exist continuous
i€bilz
functions [;(z) € Arg liggia(;() Ai(z, 1).

Theorem 1 (Main Result). If the conflict-controlled process (1) satisfies
Assumptions 1 and 2, or Assumptions 1 and 3, then the global evasion problem
is solvable.

The proof of the theorem is based on a modification of the method
developed by B.N. Pshenichny and V.V. Ostapenko for solving the evasion
problem [2].

The advantages of the sufficient conditions for evasion obtained in
Theorem 1 are illustrated using nonlinear Pontryagin'sControl Example with

"forcing"[3].
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AN EXTENSION OF IDENTIFICATION-BASED APPROACH TO
ADAPTIVE CONTROL UNDER NONSTOCHASTIC UNCERTAINTIES
Zhiteckii L.S., leonid_zhiteckii@i.ua
Solovchuk K.Yu., solovchuk.ok@ gmail.com

Institute for Information Technologies and Systems

of NAS of Ukraine

This paper extends the idea advanced in [1] to deal with the adaptive
suboptimal and stabilization controls of linear, discrete-time, time-invariant,
minimum phase plants in the presence of the so-called simple and transformed
nonstochastic unmeasurable disturbances whose upper and lower bounds are
assumed to be unknown a priori. Additional assumption is that any unmodelled
uncertainness are absent. The distinguishing feature of the problem stated in this
paper is that there is no information concerning a priori knowledge of an
available bounded region to which the unknown plant parameters belong. To
solve this problem, identification-based adaptation procedures for the point and
membership set estimation are employed. Novelty of our approach is that,
instead of unknown a priori membership set of these parameters, their peculiar
hypothetical a posteriori membership sets are designed via the use of the
measured system’s signals. Different adaptive control algorithms utilizing this
approach are proposed. The asymptotic properties of the adaptive controllers
including the finite convergence of the adaptation procedure and also the
ultimate boundedness of system’s signals are established. To demonstrate an
efficiency of these controllers and support the theoretical study, simulation

results are given.
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3AINPOBA/I’KEHHS IITYYHOTI'O IHTEJIEKTY ¥
CYYACHI BIBHEC-ITPOLLECH
AnapeeB [ILA., denisandreev1611@ gmail.com

Jninpoescwvkuti Hayionanvruutl yHieepcumem imeni Onecs I'onuapa

VY cydacHOMy Oi3HEC-CepeioBHIIT, SPEKTHBHI METOM aHATI3Y JTAHHX € KITFOYOBUM
(hakTopoM JUIS TIPUHAHSTTS OOTPYHTOBAHMX CTpAaTeriyHUX pillleHb. B 1bOMy KOHTEKCTI,
BOpoBa/pKkeHHsT IrydHoro iHtesnekty (L) y mpomecn anamizy naHux HaOyBae
0coOJIMBOro 3HaYeHHs. O/HIEIO 3 HAHOUIBII aKTyaTbHUX MPOOJIEM CydacHUX IMPOEKTIB €
norpeda B 0OpoOII Ta aHAMI31 BEJIMKUX OOCSTIB JIAHUX, 110 HAJIXOMATH 3 PI3HUX JKEPEIL.
TpamuiiiiHi METOIM aHATI3Y TAHUX YacTO HE MOXKYTh 3a0€3MeUHTH TOTPIOHOI IIIBUAKOCTI
Ta TOYHOCTI y 00poOIi 1H(opMalIii, 10 YCKJIAIHIOE OTIepaTUBHE MPUMHATTS PIIICHb Ta
3HIDKYE KOHKYPEHTOCHIPOMOXKHICTH KOMIIAHIM Ha PHUHKY. BIpoBapkeHHsI IITY4HOIO
HTEJIEKTY JIO3BOJISIE aBTOMATH3yBaTh Ta ONTUMI3yBaTy MPOIECH OOpOOKW JaHWX, IO
NPU3BOJIUTE JI0 CKOPOUEHHSI Yacy BHUKOHAHHS 3aBllaHb Ta IMIBUIICHHS OMEpaTUBHOCTI
NPUAHATTS pillieHb. BUKOPHUCTaHHS METOMIB MAIIMHHOTO HABYAHHS, TAKHUX SIK HEHMPOHHI
MEpeKli Ta IMOPUTMU IJIMOOKOIO HABYAHHS, CHpPUSE BUSBICHHIO IPUXOBAHHX
3aKOHOMIPHOCTEH Y JIaHMX, 1110 TIOKpPAIIye SIKICTh aHATIITHYHIX BUCHOBKIB Ta TIIBHIITYE
JIOCTOBIPHICTh  1H(opMarlii. ABTOMaTW3allisi PYyTMHHUX 3aBJaHb, IPOTHO3YBAHHS Ta
aHAJIITHKA, TICPCOHAJTI3AIIIS TIOCTYT Ta ONTUMI3AIIIS MApKETUHTY Ta PEKJIaMH — I1¢ JIHIIIS
JIesIKI 3 METOJIB, SIKI MOYKHA YCHIIIHO 3acTocoByBaty 3 Bukopuctanusm 11 y Gi3Hect.
Hamnpuxnan, y iHaHcoBi cdepl amropuT™Mu MAalllMHHOTO HABYaHHS MOXYTh OyTd
BUKOPHCTaHI JIsi aBTOMATU3AIlii MPOIECIB aHATI3y PHHKY, a CHUCTEMH TPOTHO3YBAHHS
TIONUTY 1S TIPOTYKTOBMX KOMIIaHIA MOXKYTh JIOTIOMOITH OITTHMI3YBaTH 3aracy TOBapiB
Ta YIpPaBJIATA BUPOOHUIITBOM. TOMY came 3aCTOCYBAaHHSI aJlTOPUTMIB KJIAaCTEpH3allii Ta
wiacuikarii B LI Takox crpuse maBuIeHHIO OC3MEKH JIAHUX,I TUM CaMHUM
3aro0irarody MOMJIMBHAM 3arpo3aM Ta TIOPYIIIEHHSIM O€3MEKH, 1110 € BAKIMBUM acTIeKTOM
JUTsl CydacHUX KomraHii. Hampukrian, 6aHKM BUKOPHCTOBYIOTH ITOPUTMH MAITIMHHOTO
HAaBYaHHS JUI1 aQHATMZY KPEIUTHOTO PHU3MKY, III0 JIONIOMarae iM MpUiMaTd OUTbIII

OOTPYHTOBaHI PIITICHHSI.
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JOCJIIJIPKEHHSI AJITOPUTMIB HECKIHUEHHOI TEHEPAILIT
IIPU PO3POBLI I'PU STELLARUSH 3 BUKOPUCTAHHSAM
JABUT'YHA UNITY

AnToHenko C.B., svitlanav.antonenko @ gmail.com, Pynenxo 1.0.

JlHinpoecvkuti hayionanvHul ynieepcumem imeni Onecs [ onuapa

AJITOpUTM HECKIHUYCHHOI T'eHepallli B irpaxX CTBOPIOE AWHAMIYHHMM IrpOBUMN
MPOCTIpP, SIKUW Oe3MepepBHO OHOBIIOETHCA MO Mipi pyxy rpasusg. OCHOBHa i€
NOJIATae 'y MPOUEIypHOMY (OpMyBaHHI HOBUX E€JIEMEHTIB PIBHA Ha OCHOBI
BUIMAJAKOBHUX a00 3amporpaMoBaHuX I1a0soHIB. Lle 3a0e3nedye pi3HOMaHITHICTD
IrPOBOTO CBITY 1 1a€ BIAYYTTS IOr0 HECKIHYEHHOCTI. Y TaKHX alrOpuUTMax 4acTo
BUKOPUCTOBYIOTHCS METOAM KOHTPOJIO 32 TOJIOKEHHSIM TPaBlis, IO JTO3BOJISIE
JI0J1aBaTH HOB1 €JIEMEHTH TUIBKU MPU JIOCSTHEHHI NIEBHOT TOYKH, ONTHUMI3yIOUH
pecypcu.

StellaRush — 3axomnmuBuii muatgopmep y KOCMIYHOMY CTHII, IO
posropraeThcs Ha Micsmi. ['paBelib kepye mepcoHakem, M0Jal04YH MEePEIIKoIH,
30uparoun OOHYCHM 1 HaMaralouyuchb JAOCATTH (IHAJIBHOI TOYKM piBHA. ['pa
Opi€EHTOBaHa Ha TIJITKIB 1 MOJIOAb, SKI 3aXOIUTIOIOTHCA apKajamMu 1
KOMIT'IOTEPHUMHU irpamMu. Y 1id poOOTI PO3IIIIHEMO peani3auiio (yHKIii
HECKIHYEHHOI T'eHepallii irpoBOTo piBHSI.

J71st CTBOpEHHS HECKIHYEHHO1 TeHepallii 101aH0 HOBY 3MiHHY chunk Amount
Ta BCTAHOBJICHO il 3HaueHHs — 5. Llg 3MiHHaA BiAmoBiZae 3a KIJIBKICTH
3reHEepOBaHUX YaCTHUH Ha CcTapTi piBHA. Jlami CTBOpPEHO IMKJ, SAKUW TEHEpYe
BUIAJIKOBl YaCTHMHM NUIAXY, 1100 piBEHb TPU KOXKEH pa3 BIJIPI3HSIBCSA BiA
NOTIEPEAHBOTO 1 OYB PI3HOMAHITHUM.

[lepuroro moTpiOHO reHepyBaTH Ty YAaCTUHY LUIAXY, SKa MiAXOIUTH IS
CTapTy piBHA. Takol YaCTMHOK € YacTWHA Mif 1HJAEKCOM HYJb. OTXKe, y IUKI
JI0JTAHO TIEPEBIPKY, KA BUKOHYETHCA SKIIO TEHEPYETHCS TMepIia YaCTHHA MUIIXY

Ha PIBHI 1 y pa3i 400 TeHepy€e YACTUHY MiJ] IHAEKCOM HYJIb.
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Ha pucynky 1 MoxHa moOaunTH UK TeHepallii BUMAaIKOBUX YaCTHH ILIAXY

3 nepeBipkoro (puc. 1).

void start()

! for{int i = @; 1 < chunkamount; i++)
‘ iF (i == @)
ELSEEEHE"atECthk(EI;
aGenerateChunk{Random.Range{@, chunkPrefubs.Length));
}
Puc. 1 — Huki renepariii 3 nepeBipkoio

Jl1st Toro, o0 HACTYIHI YaCTUHU LUISIXY T'€HEePYBAIKUCS HECKIHYEHHO JOKH
rpa He 3aBEPILINTHCS CTBOPEHO HOBY 3MiHHY Transform Ta Ha3BaHo ii player. Ll
3MiHHAa TMOTpiOHA [JIi OTPUMAHHS TOTOYHOI TMO3WINT MOJEeal TpaBud. Y
1HcIekTopi irpoBoro o0’exkty PathGenerator mojaHo irpoBHii 00’€KT TpaBLs 10
CTpOKH 31 3MiHHOIO Player st Toro mo0 ix 3’€IHAaTH 1 OTPUMYBATH MOTOYHE
MOJIOKEHHST MOJIEIIl TPaBIIS.

Ham y void Update( ) cTBOpeHO THEpeBIpKYy Ha MPOXOIKEHHS MOJEIIIO
IpaBUs JOCTATHBOI KIIBKOCTI LUISIXY, IIO0 3reHepyBaTH HOBY YAaCTHHY.
[lepeBipka MOPIBHIOE MOTOYHY MO3MILIO TPABIS 32 BICCIO Z 3 JOBXHHOIO YCiX
3r€HEepPOBAaHUX YACTHH NIUIAXY ICHYIOUMX Ha MOTOYHMA MOMEHT yacy. Y pasi
BUKOHAHHS TMEPEBIPKH T'€HEPYEThCS HOBAa YAaCTHHA HUIIXY, SKa 3a JOIMOMOTOIO
Merony Random BumankoBo oOupaeTbcs 3 M'SATH 3a3fajieriib chopmMoBaHUX
YacTUH NUIsAXy Ta Jnoxaetbes MmetonoM GenerateChunk micist ocTaHHBOT
c(hOpMOBaHOI YACTUHU ILIAXY.

Ha pucynky 2 mpeacTaBieHO KOJA NEPEBIPKHA MOTOYHOI MO3MIT MOZENI

rpaBlls Ta I0JAaBaHHS HOBOT YaCTUHU LUIAXY (puUC. 2).

vold Update()
1

if(player.positicn.z > zGeneration - (chunkamount * chunkLengthl)

{

GenerateChunk({Random.Range({@, chunkPrefubs.Length));
}
Puc. 2 — [lepeBipka no3uiiii Ta 10AaBaHHS HUIAXY
Taxkum urHOM, 1711 TpH OYJI0 CTBOPEHO (DYHKIIIIO HECKIHYEHHOI TeHepallii,

sKa 3poOUTh yC1 MalOYTHI IrpoBi piBHI PI3HOMAHITHUMU Ta I[IKABUMHU.
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IHTEJEKTYAJIBHA CUCTEMA JJ1 ONTUMI3ALI NITOTOBKU
"KIHOK-BIMCbKOBOC.JIYKBOBIIIB

Apanosa H.L.!, aralova@ukr.net, llaxnina JLSL.-T".2
! Inemumym xibepnemuxu im. B.M. I'nywikoéa HAH Yxpainu,

’Hayionanvnuti ynisepcumem Qizuunozo euxoeans ma cnopmy Yxpainu

Hapasi B naBax 30poiinux Cun Ykpainu nepeOyBae 3HayHa KUIbKICTh
KIHOK - BIMCBKOBOCIY)KOOBIIIB, YacTMHA 3 SKUX BHKOHYE OOMOBI 3amadi
0e3nocepeIHbO B paiioHl MpoBeAeHH OoioBux Aii. Takox 3a3HAYMMO IO Ha
ChOTOJICHHS B YKpaiHCBKIM apMii HE JiI0Th  HIAKI OOMEXEHHS II0J0
NPU3HAYEHHS Ta MPOXO/KEHHS KIHKAMH-BICHKOBOCTYKOOBILSIMA  CITY’KOU Ha
BCIX Tocajiax (B TOMY 4HCIi 00MOBHX) 3a BCIMA TpylnaMu BICHKOBO-OOIIKOBUX
cnemiaibHocTei. Y Jlomoini HATO mono iHTerparii »kiHOK y Ha3eMHi O0HOBI
M1JIPO3/1JIU HAroJIOUTYyEThCSl HA BpaXyBaHH1 OCOOJIMBOCTEH MMiITOTOBKH YK1HOK [0
BUKOHAHHsS OOMOBHMX 3aJay 3 METOI0 3MCHIICHHS TpaBMaTu3My. B MenuuHiii
Hoxtpuni HATO miakpecitoeTbcsi HEOOXITHICTh 3aCTOCYBAHHS HAyKOBO
OOIPYHTOBAaHHUX METOAUK JJisi Npo(eciiHOI MIATOTOBKU BIHCHKOBOCTYKOOBIIIB.
B [1] micTuThes oruisin psay myOsikaiiil MoB'sI3aHuX 13 CIpo0aMu ONTUMI3YBAaTH
TPEHYBAJIbHUI TIPOLIEC BINCHKOBOCTYKOOBIIIB, 100 BIJAMOBIIATH YHIKAJIbHUM
BUMOTaM TpodeciitHoi BIICKKOBOI JISIILHOCTI Tak SK B ycminmHoMy BUKOHaHHI
BIMCHKOBO-TIpOECIMHUX  3aBJaHb HEaOWAKYy poOJjb  Biairpae M si30Ba
MIJITOTOBJICHICTh BIMCHKOBOCTY>KOO0BIIIB. Hapa3i € moTtpeba B onTumizalii i€l
MIATOTOBKH. 3a3BUYail CHJIOBY BUTPUBAIICTh MOXXHA €()EKTUBHO IMOKPAITUTH,
MOEHYIOYM CHUJIOBI, aepoOHI Ta cHelllaibHI TPEHYBaHHsS 3 BaHTaXXeM. Tomy
aKTyaJIbHOIO € 3aja4a 00’ €KTUBHOTO KOHTPOJIO TMPOIECY MATOTOBKU. Psin
JDKEpeN HaroJIollye Ha 3B’S3Ky TpaBMaTH3My BIHCHKOBOCIYKOOBIIIB B yMOBax
npodeciiiHoi JISIBHOCTI 3 aepoOHOI0 MNPOAYKTHBHICTIO. ToMy BHIaeTbcs
JOUUTBHUM 17 ONTUMI3alii  mpoueccy — MIATOTOBKM — 3aCTOCYBaTH

IHTENEKTyaJIbHy CHUCTEMY, 1110 BKJIIOUYA€ KOMIUIEKC MAaTEMAaTUYHUX MOJEINEH, sKi
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XapaKUTEePU3yIOTh OCHOBHI (DYHKIIOHQJIbHI CHCTEMHU OpraHi3My: IWXaHHS 1
KpOBOOOITY, TEIJI00OMIHY Ta iIMyHHOTO BiAKIUKY [1,2]. B cTuciomy Burmsai ii

MOJHa 1MoJJaTn HaCTYITHUM YHNHOM:

%:go(pl.Oz,piCOZ,?],.,V,Q,Qti,G,iOz,q,iOQ), (1)
% =y(p,0,.p,CO,.1,.V.0.0,.G,CO,.q,CO,), (2)
w:¢(T,Tti,Q,Ql/_,vt,yt,cl,}/ti,V,.,G,i,Dti), (3)
%:q(c,V,F,m), (4)

ne OyHKIl ¢, v, ¢, ¢ OeTaabHO omucadi B [1,2]; V - BEHTHIIALS, 7 - CTYIIHb
HACUYCHHsI T€MOITIOOMHY KMCHEM, Q- 00€MHA MIBUIKICTH CHUCTEMHOIO 1 Q, -
JIOKQIIbHUX KPOBOOOITIB, ¢, O,- MIBHIKICTh CHOXHMBAHHA  KHUCHIO i- WM
TKaHUHHUM PE3EPBYapoM, g, CO,- MIBUAKICTH BHLICHHS BYTJIEKUCIIOTO rasy B
i - OMy TKAHUHHOMY PE3€pBYyapi.

3anponoHOBaHUI 1HTENIEKTYaJbHUNA KOMILJIEKC anpoOOBaHUN Ha Pl
3a/lay MEAUIIMHYU Tpalli Ta CIOPTY, B TOMY YHCJII 1 )KIHOYOI0, 1 pH BIAMOBIIHIN
Moaudikaiii Moxe OyTH 3aCTOCOBaHHWI IJIsi ONTHUMI3allli MPOIECY MiATOTOBKH
KIHOK-BIMCHKOCTYKOOBIIIB  JJIsl  3MiMCHEHHS  mpodeciitHoi  BIHCHKOBOL
ISUTBHOCTI.

Bioniorpagiuni nocuianus

1. Aralova N., Aralova A., Mashkina. I.V., Radziejowski P., Radziejowska M., Vyshenskyy
V.I. Web application for studying oxygen regimes of the body. Cyb. and comp. eng. 2024. Ne
3 (217). P. 54-66. (y npymui).

2. Aralova N. I. Mathematical models of functional respiratory system for solving the applied
problems in occupational medicine and sports. Saarbriicken: LAP LAMBERT Academic
Publishing GmbH&Co, KG. 2019, 368 p. (In Russian). ISBN 978-613-4-97998-6

3. Shakhlina L.J.G. Medizinisch-biologische ‘Grunglagendes sportlichen Trainings von
Frauen. Bundesinstitut fiir Sportwissenschaft. Bonn: 2010. 322 p.
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YCEPEJHEHHS B IU®EPEHIIAJIBHUX ITPAX
HEPECJ/IIAYBAHHSA 3 BATATOYACTOTHUMMU 3bYPEHHAMU
bapnan A.O., bardan.andrii@ chnu.edu.ua

Yepniseyvkul Hayionanvhuil yHigepcumem imeni FOpis eodvkosuua

Teopis mudepeHiianpHIX 1rop, 3anodyatkoBana P. Aiizexcom [1] y XX cromiTri,
€ OJTHUM 13 BKJIMBUX HAMPSIMKIB TIPUKJIATHOT MATEMATHKH, 30KpeMa B TOCIIKEHHSIX
KepyBaHHS MPOIIECAaMH B YMOBaX KOH(IIIKTY. 3HAYHMI BHECOK y PO3BUTOK ITi€l TeOpii
3po0mi yKpaiHchki BueHi, cepen sikux b.M. IMmennunnii Ta A.O. Yukpiit. Meton
po3B’siByrounx (pyHkiiH, 3anporoHoBanuii A.O. UukpieM [2], BUsSBUBCS €PEKTUBHUM
METOZIOM JIOCII/DKEHHSI PI3HUX THINB IMPOBUX 3a7ady, sIK CTAI[lOHApHUX, TaK 1
HECTAL[IOHAPHUX, SIKI OMHUCYIOThCSA 3BHYANHUMU 1 JU(epeHLIaTbHO-(PYHKIIIOHATBHIX
Ta CTOXaCTUYHUX PIBHSHb.

Hexaii rporiec rmepecitifyBaHHs 3a0aH0 PiBHSAHHIM
z=Az+ o(u,v), (1)
ne z = col(x,y) — Ga3oBuil BEKTOP, KMl CKJIANAETHCS 3 TEOMETPUYHIX KOOPIMHAT,

IIBUJIKOCTEH 1 IPUCKOPEHB MTepeciTiTyBaya X Ta BTikayay, x € R™t € D;,y € R™2 €
D,, A= (A;,A,) — Onouna wMarpulsd MOPSAKY N =N, +n,, @u,v) =
col(py(w), p,(v)) — 6nok KkepyBanus. Posrsmemo 3azady (1) y BUIauKy, Ko Ha
pyX IepeciiayBaya i BTiKauya HakJIaJeH1 30BHIIIHI Majl Oararo4acTtoTHi 30ypenHst. Toai

crcteMa piBHsHb (1) HaOyBae BUITISITY

dz
da
T 3
dr ())((T'“'lp)' 3)
dy ow(t
v _ 4
dt £ +Y(7a), 4

e a € D — BeKTOp aMIuTTyIHUX 3MIHHUX, D — oOMexeHa 00JacTh B Rk, BEKTOP

¢azoBux 3MiHHEX P € R™,m > 1,7 = £t — NOBUIBHHI Yac, € — MAMIA TIapameTp,

€ € (0, &], Bexrop-ynkiii X, Y, Z— 2m-nepionndHi 3a KOMIIOHEHTaMH BEKTOpa 1.
Po3risinemMo BUMAOK, KOJM MaTpUIlsd A 3ajIeXKHUTh Bl Yacy t Ta Bil BEKTOpa

aMILTITYTHUX 3MIHHUX A. TOJl PIBHAHHSA (2) MaTHUME BUTJISI
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dz
prie Alt, )z + o, v) + e Z(t,a,). &)
BiamosiiHO ycepeaHeHe 3a MBUAKAUME 3MIHHIMH PIBHSHHS HAaOyBa€ BUTITISTY
dz o _
= A(t, )z + ou,v) + & Zy(t,q). (6)
ne Zy(t, a) — ycepenHeHa 3a MBUIKMMA 3MIHHAMHU Ha KyOl MepiofiiB BEKTOP-(PYHKIIIs

Z(t,a,).

JI71st OIIHKY BiAXWJICHHS PO3B’SI3KIB IUX CHUCTEM PIiBHSHB (5) 1 (6) 3acTOCOBaHO
oziepkaHy B [3] OIIHKY

la(z,&) = (@)l + 9.8 - bz o) < ¢ e

e p = m, a Bektop-byHkiii X,Y 1 w — J0CTaTHRO MIajKi 3a BCciMa 3MIHHUMU 1
BUKOHYETBCS CIICIia/TbHa yMOBa Ha BEKTOPI YacToOT.

Teopema. Hexaii: Bekrop-pyskuii X,Y,Z 1 w AocTaTHRO TJajKi 3a BCIMa
3MIHHUMHA B 00JacTi BHU3HA4YeHHs; BU3HAuHMK BpoHcbkoro W (t) 3a cucremoro
byuki {w;, ..., W, } BiamiaaMiA Bix Hyas st T € [0, L]; dyHKis ¢ — HenepepBHa
3a CYKYITHICTIO 3MiHHMX Ha KommakTi U X V'; Marprana dynkist A(t, a) HenepepBHa
mwt (t,a) € [0,L] X Di||A(t, a)|| < M(t),M(t) € C[O,L]iM(t) = 0.

Toni MoxkHa Brasatu Take €* € (0, &y] 1 HesanexHy Bif € cramy ¢, > 0, 110 1St
kokHOTO € € (0, €] icHye emunmii po3B’s30K cucTeMH (5) i3 MOYATKOBUMH YMOBAMH

z(0,&) = Z(0, €) i BUKOHY€ETBCS OIiHKA

1

lz(t, &) — z(t, &)l < ¢ &m,
i (t,e) € [0,L] x (0, g¥].
OpnepxaHuii pe3ysbTar MPOAEMOHCTPOBaHO Ha mpukiam «lIpoctuit pyx 3i

30ypEHHIMID.

Biomiorpagiuni mocnianus
1. Isaacs R. Differential Games: A Mathematical Theory With Applications to Warfare, Control and
Optimization. Dover Publications, 1999. 416 p.

2. Chikrii A. O. Conflict-controlled processes. Boston: Springer Science and Business Media, 2013.
424 p.

3. Camoiinenko A. M., Ilerpunmn P. I. Marematnuni acekTd Teopii HeMHIMHUX KouBaHb. Kuis:
Haykosa nymxa, 2004. 474 c.
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YCEPEJHEHHS B CUCTEMI 3B’SI3AHUX OCIIUJIATOPIB
I3 IEPAPXIEIO YACTOT 1 JITHIHHO NEPETBOPEHUMU
APT'YMEHTAMUA
Biryn .M., y.bihun@chnu.edu.ua, Jpo6ot A.B., drobot.andrii @ chnu.edu.ua

Yepniseyvkul Hayionanvnuil yHigepcumem imeni FOpis ®eodvkosuua

Y KJIacWMYHHUX Mpangx 13 JOCHIDKEHHS 0araro4acTOTHHUX CHCTEM
nudepeHIiaTbHuX PIBHSAHb IMIBHAKOCTI aMIUNTYIHUX 1 (a30BUX 3MIHHHUX
XapaKTepU3yIThCS OJHUM MMM mapamerpoMm & > 0 B omakoBiit cteneHi [1].
VY nauHiif 10MOBIAI PO3TISAAETHCS CUCTEMA 3B'SI3aHUX OCIHUJISATOPIB 13 JIHIMHO
MIEPETBOPCHUMH apTYMEHTAMH BUTIISATY

d?x,

dx
dt? 4_CUV(T)xv = eHV+1fL(Tv»eria¥ ) (1)
e t€[0, ], e€(0,&], 0< 2#; <+ < 3y, x = (%1, .. ,Xp) E

D,D-R™% A=Ay, .., 43),0 <A <2, < <A, S 1,xy (8) =
x(A,t), T=¢€t, T, = €'t

bararodacTtoTHi cucTeMH 13 PI3HOIO MIBUAKICTIO BEKTOpPA aMIUTITYJAHHUX 1
dbazoBUx 3MIHHMX po3rigaanuch y crarri [2]. Cucremu 13  JiHIHHO
MEePETBOPEHUMH aPTYMEHTAMHU JTOCIIKYyBaIuCs y npansx [2, 3] Ta iH.

3aminoro Kupunosa-boronrobosa

dx, .
Xy = AyCOSPy, — = = —AyWySing,

cuctema piBHAHD (1) 3BOAUTHCA 10 CUCTEMU 3 aMILTITYIHUMU dy 1 Ha30BUMU @y
3MIHHUMU BUTJISITY

day Wy (T)

doy T
- = Xv (Tvr anp, <PA); dt, = + Yv (TV' ap, QDA)J =1, n.(2)

daty gty

VYcepeHUBIIN NPaBl YaCTMHKU CHCTEMH PIBHAHB (2) 332 3MIHHUMHU ;) HA

KyOl1 1epioiiB, 3T1IHO 3 GOPMYJIIOIO
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2T

1
Fo(t,ay) = Wf F(z,a, @p)den,

0

OJIEP>KMMO 3HAYHO MPOCTIITY CUCTEMY PIBHSHb

da, ~

r, Xuo(T,84), (3)
do Wy (T) _ -
dr: - {;fv + Yv,O(T: a,),v=1,n. 4)

[Tpumnyctumo, mo mnpaBl yacTuHU cucteMu (1) moctaTHbo rianaki QyHKIT 3a
BCiMa 3MIHHHMH, ICHY€ €IUHUIN PO3B’s130K a(T;y) ycepenneHoi cucremu (2) i3
no4yatkoBoo ymoBoro a(0; ¥) = ¥, skuii nexuth B obsacti D pasom i3

neskuM okosoM, ko 0 < 7 < Lel™ni 0 < & < g,. Takox, nmoOynoBaHuUiA 3a
CHCTEMOIO (DYHKIIIiH {a),ll (), s w3, (T)} Bu3HaYHUK Bpoucekoro W(t) # 0
s T €]0, ).

Tomi mma xoxHoro €€ (0,e*], €" <¢g, IicHye emuHuUi PO3B’I30K
cuctemu piBHsHb (2) Ha [0,Le™*m] 1 mId KOMIIOHEHT PpO3B’SI3KIB CHCTEM
BUKOHYIOTHCS OIIIHKH

lay(s; 7.9,8) —ay(s, D + loy(s; 7.9,8) — §u(s; 7,9, 8)| < e,
ne a, = n,/qm, s €[0,Le?™]. @,(s; ¥,9,€) =P, c, > 0i He 3anexath Bix

€.

Bibaiorpagiuni nocunanus

1. Camoitnenko A.M., Ilerpummn P.I. MatematuuHi acnekTd Teopil HENIHIHHUX
kosiuBaHb. KuiB: HaykoBa gymka, 2004. 474c.

2. Yaroslav Bihun, Thor Skutar A veragingin multifrequency systems with multi-point
conditionsand a delay. Actaet Coomentationes. Exactand Natural Sciences, 2023, Nr.
2(16). P. 13-24.

3. Yaroslav Bihun, Roman Petryshyn, Thor Skutar. A veragingin a generalized
multifrequency system with a delay. Analytical and Approximate Methods for

Complex Dynamical Systems. Springer Link, 2025. Pp. 264-276.
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PO OAHY 3AJAYY NIOWIYKY JIOKAJIBHO-JOIIYCTUMHX
PO3B’A3KIB HA IIEPECTAHOBKAX

Bineubkuiut B.1., bilvassa @ukr.net

B po6oti onucyeTrhcss MeToa po3B’sS3yBaHHS 3a7adl YMOBHOI ONTHMI3allii
JiHIMHOT (YHKIT HA MHOXHHI TIEPECTAHOBOK, CYTh SIKOTO IOJIATAE B MOUIYKY
MEePEeCTaHOBOK, Ha SKMUX JiHIMHA (QyHKIIS IpUiiMae 3HAYCHHS 13 3aJaHOro
1HTEpBaIYy.

3amava. 3agmaHa giHiMHA  QyHKOiA  f(x)=pX, Oe  p-—10OBUIbHA
NIEPECTAHOBKA 13 MHOKUHHM IIEPECTaHOBOK P uwmcen (¢;,cy,..c,), X =(1,2,...n)

. HeoOxinHO Ha MHOXHWHI MEPECTaHOBOK P 3HAWTH Taki MEpPECTaHOBKU p, Ha

AKUX JHIMHA QyHKUIS f(x)=pX npuilMae 3HAYEHHS, 1O 3aJ0BOJIBHAIOTH
YMOBI ‘ pX —A‘SA, ne A - 3ajmaHa BeJIWYMHA MK MIHIMAJIbHUM 1

MaKCHMAaJIbHUM 3HadeHHAMH QyHKIIT f(x) , A— monmycTUMe BIIXWJICHHS BiJ

3HaueHHS A.

Bigomo, mo MakcumanibHe 3HaueHHs (PyHKuisS f(x)=pX mnpuiimMae Ha
nepecTaHoBul p; =(cy,¢, ¢,), y K ¢;, 1 <i<n po3TalIOBaHI B MOPAIKY
3pOCTaHHs, a MIHIMAJIbHE — JUId IEPECTAHOBKU, B SIKIM ¢; PO3TAlIOBaHl IO

CTIaJIaHHIO.

CyTb MeToAy moJisirae B ILUJIECHPSIMOBaHIM MOOY0BI MEPECTAHOBOK 1 iX
OLIIHKK, HE Oo0YMCIoYM Oe3nocepeHbo 3HadueHHs ¢yHkmii. Orinka
MEePEeCTaHOBOK BIJIOYBAETHCS 3a MEBHUMH MpaBUJIAMU 1 CKJIAJAETHCS 3 JBOX
yacTuH. [lepiia yacTHa CTOCYETHCSI 3MEHIIICHHSI 3HAYeHHS (DYHKIIIT 32 PaXyHOK
TPAHCTO3UIIIT YMCeN 13 OCTAaHHIX TPHOX B MEpII 7 —3 MO3HIlii, a Ipyra yacTUHA
— 3 OIIIHKM 3a TEeBHUMH MPaBUJIAMH OTPUMAHOI MEPECTAaHOBKH JUIsl OCTaHHIX
TPHOX YHCEIL.

B po0oTi HaBOAUTHCS MPUKIIAJ PO3B’A3aHHS 337aul MOIIYKY TOMYCTUMUX

PO3B’SI3KIB 151 1 = 6.

73



ABTOMATHKA 2024

MPOEKTYBAHHS PYTHON-BIBJIOTEKHU JISA ONIHIOBAHHSA
SAKOCTI KJIACTEPU3 AL
Bo:xko B.O., viadbozhko003 @ gmail.com,
Manyra O.M., olga.matsuga @ gmail.com

JlHinpoecvkuti hayionanvHul ynieepcumem imeni Onecs [ onuapa

Krnacrepusaliist € oJHI€l0 3 KIIOYOBHUX 337a4 MAlIMHHOTO HAaBYaHHS 0e3
BUHUTEJIA, SIKA JIO3BOJISIE TPYIyBaTH 00’ €KTH Ha OCHOBI iXHBOI moAi0HOCTI. [IpoTe
il pe3ynbTaTH 0a3yIOThCA Ha aBTOMAaTUYHOMY I'PYITyBaHHI 0€3 MOINepeIHiX 3HaHb
PO KJ1acu 00’€KTIB, Uepe3 110 BUHUKAE OTpeda y TOUHIN OIlIHIII SKOCTI TaKOTro
TpyITyBaHHS.

Ha cborojiHi icHye GaraTto iHAEKCIB JIJIsl OI[IHKM SIKOCTI KJIacTepHu3allii, siki
peanizoBani, 30kpeMa, y 0i6mioreri NbClust [1] mis moBu R, mo Bkirogae 30
Takux 1HAeKkciB. Y Python, onHak, icHye oOMexxeHHil HaOlp UUX IHIAEKCIB, LIO0
YCKJIaJHIOE€ KOMILIEKCHE OIIIHIOBAHHS Pe3yJIbTaTiB KiacTepu3ailii. B Toit xe vac
Python, 3aBmsiku CBOIM MPOCTOTI, MAOCTYNHOCTI Ta BEJNUKIA KUIBKOCTI
cremiaigi3oBaHux O10J110TeK, cTaja OJHIEI0 3 HAWOUIbII TNOMYJISPHUX MOB
mporpamMyBaHHsl IS PO3B’SA3aHHS 3a7a4 MAIIMHHOTO HaBYaHHA, 30KpeMa
KJIacTepu3allii TaHuX.

[Is pobGora Mae Ha MeTi po3pobsieHHs Python-6i6mioTexku, 1mo craHe
anprepHatiBoto NbClust 1 HagacTh KOpUCTyBayaM 3pyYHUN THCTPYMEHT IS
BCEOIYHOI OIIHKHU SKOCTI KJIacTepu3allli Ha OCHOB1 KUJIbKICHUX 1HJIEKCIB.

VY mnporeci NMpoeKTyBaHHS HOBOi O010i0TeKH OyJI0 BHOKPEMIJICHO MBI
YJaCTUHH MPOEKTY:

1. ®poHTeH |, SKUM BIANMOBIIAE 3a 1H(QOPMATUBHE MPEICTABICHHS
pE3yNbTaTIB, 3pyYHICTh KOPUCTYBAHHS Ta IHTETPAIliIO 3 IHIUMU O10JT10TEKaMHU.
st po3poOaeHHs GppoHTeHay oopano Moy Python.

2. bekeny, sikuii BIAMOBiNA€ 3a MIBUAKICHE MPOBEICHHS OOYHMCIICHD.

Jns fioro peanizaiiii o0pano MoBy Rust.
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st moeqnanust GpoHTeHIY Ta OekeHAy oOpano 6i6mioTexy PyO3, ska
3abe3reuye MOKIIMBICTh KOHBEpTAallii THIIB JaHuX 3 Python y Tunu Rust.

OynkuionyBaHHs ~ 010/10TeKM  BiAOYBA€TbCSI  HACTYIHUM  YHHOM:
bpoHTEeHT MpUKiMae BiJi KOPUCTyBava BXiAHI JaHI Ta MapaMeTpu OOYHCIICHD,
nepegae ix Ha OCKeHJ, Ji€ BUKOHYIOTBCS TMOTPIOHI OOYMCIICHHS, OTpHUMaHI
pE3yNbTaTH TOBEPTAOTHCA 10 (PPOHTEHAY, SKUH TOHa€ iX y 3pydyHOMY ISt
KOpHcTyBaua (opMati — y BUTJISA1 TaOIUIh a00 rpadikiB.

ApxiTekTypy O10J10TE€KH CIIPOEKTOBAHO THYYKOK: KOXXEH 1HJICKC
MPEICTABICHO Y BUTJISIII OKPEMOTO KIIacCy, 10 JO3BOJUTH B MailOyTHHOMY JIETKO
po3improBaty 010:110TeKy Ta BUKOpUCTOBYBaTH Iuiargopmu taki sk OpenCL 1
CUDA. Jlna oOumcienp oOpaHo MmaTemMaTuyHy O10mioTeky ndarray, sika €
anbrepHaTtBOl0 Python-6i6mioreri numpy. Crninparouuch Ha pe3yJbTaTH TECTIB
[2], MOXHa cka3zaTH, 10 MIBUIKICTH 0OuYMcieHb ndarray mepeBepllye Taky y
numpy Ta R. Tomy MokHa O4iKyBaTH, 110 IIBUJKICTb O0YUCIIEHb B 010i0Tel
He OyJie mocrynartucs opurinanbHii 616moreni NbClust.

byno posmnodaTto peanizaiii0 MPOEKTY 1 YCIIIIHO IMIUIEMEHTOBAaHO 15
iaaekciB: Calinski and Harabasz, C index, Gamma, Point Biserial, G+, Davies-
Bouldin, Ratkowsky, Ball-Hall, Trcovw, Tracew, McClain, Silhouette, Dunn,
SDindex Ta SDbw iHzmekcu. 3 KOJIOM MPOEKTY MOKHA O3HAMOMHUTHCH 3a

nocuinanasaMm https://eithub.com/V1adGTT/cluster valid.

[TnanyeTrbes, mo HOBa 010J10TeKa B MailOyTHHOMY MOIOBHUTH MOTYXKHY
exocucteMy MoBH Python Ta HamacTe KOpUCTyBauaM MOXJIMBICTH IIBHAKO 1

3pYyYHO MPAIFOBATH 3 BEIMKUMH O00CATaMU JTAHUX.

Bibaiorpagiuni nocunanus

1. Package ‘NbClust’. October 12, 2022. URL: https://cran.r-
project.org/web/packages/NbClust/NbClust.pdf

2. Data Science at scale: comparing Rust vs Python and R performance. 22.08.2024. URL.:

https://www.besidethepark.com/blog/python-r-rust-performance/
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PO IMITAIIIO POBOTH BY3J11B CUCTEMHA
boxyxa JI.1., bozhukha_d@365.dnu.edu.ua, baiioys O.I'.

Jninposcwvkuti Hayionanvruuu yHieepcumem imeni Onecs I onuapa

AKTyaJTbHUM 3JIMIIAETHCS MTUTAHHS HEE()EKTUBHOCTI Cy4aCHUX CHUCTEM Ta
TOPU30HTAJILHOTO MAacIITa0yBaHHS, SIK METOAY 3OUIbIICHHS MPOAYKTHUBHOCTI
[1]. OcHoBHUMHM TpoOJeMaMU MOXKYTb OyTH CKJIQHOINI MpPOrpaMyBaHHS Ta
NUTaHHs OallaHCy MK BUTpaTamMHu Ta MPOAYKTHUBHICTIO. BiIKpUTHM NMHUTaHHIM
3aJIMIIAETHCS AUHAMIYHA PEKOH(Irypalisi CUCTEMHU 3 YpaXxyBaHHSIM IapaMmeTpiB
SAKOCT1 OOCIIyTOBYBaHHSI KaHaJIB 3B 43Ky, HAJIMHOCTI BY3JiB Ta MiABUIICHHS
CTaOUIPHOCTI mepenaul  JgaHux [2]. 3anumaeTscs  BIOAKPUTOK — 3ajada
B3a€EMOIHTETpaIlii OTPMMAHUX PIllIeHb IS 3a0€3MEeUYEHHS YHIBEpPCaJIbHOCTI
cucteMd. ToMy, Ui MOXJIMBOCTI JOCHIDKEHHS ICHYIOUHMX AapXITEeKTypHUX
pimieHb 00paHO METOAM IMITALIITHOTO MOJETIOBaHHS, IO MPHUBEIO [0
pPO3pOOJIEHHSI TPOTrpaMHOrO 3a0€3MEUEHHSI EJEMEHTapHUX CTPYKTyp JJs
MOJAJIBIIOTO iX 00’ €THAHHSI B CUCTEMI.

[ToObynoBaHo 1miTalilHI MOJEAl POOOTH BIPTYaJbHOTO BY3Jla CHCTEMH
XMapHUX OOYMCIIEHb (K OKPEMOTO MOIYJsi XMapHOI apXiTeKTypH), sKi
BUKOPUCTOBYIOTHCSA /ISl BUPILIEHHS PI3HUX THUITIB 3a]1a4.

[Tepmuii 670K po3poOICHOTO MPOTPAMHOTO 3a0€3MEUCHHS peaIizye 3a1aqy

HaJIXO/KeHHS N 3amuTiB y BU3HAYeHUN MpoMDKOK 4dacy Big K go (K + h) 3

0 max

input’ tinput]; Ta TpHBaHOCTi X

BpPaxyBaHHSIM IHTEPBAJIB iX HAIXOKEHHS [t
o0poOsieHHs1 S. 3po0JIeHO TPHUITYIIEHHS, 110 MOYaTOK OOpOOJIEHHS 3aluTy Ha
BipTyaibHOMYy By31y V 3 wacy M (Hanpukiaj, BUKOPUCTAHHS CTpaterii
NOMEPEHbOr0  3amucy). BipTyanbHuilt By301 MOXKe MICTUTH (IKCOBaHY
KUIBKICTh L enemeHTiB (y TEepMIHOJIOTII CHUCTEM MacOBOTO OOCIyrOBYBaHHS -
KaHaiM), $KI € OJHAKOBUMH Ta OOpOOJSIOTh 3aluTH 3a BHU3HAYECHUM
po3noautoM. B ymoBax peasmizariii Mojesni IPUHHATO, 110 Yy pa3l HEMOXKIUBOCTI
BUKOPHCTATU CTpaTerito Ajsi BUOOpy L; eneMeHTa BipTyaJbHOTO By3Ja, - 3alUT

BBAKA€THCA 3araJIbHOTO TUITY Ta IICPCHAIIPABIAETHCA 10 BUILHOT'O €JIEMEHTA 3a
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OPUHLIAIIOM MaKCHUMyMYy BUIBHOTO uacy. J{7s oOuncieHHs MMOBIPHOCTI MOSIBU
KOXHOI 3 €eJeMEHTapHUX TMOoJii o0paHO TeHepaToOp BHUMAJAKOBUX YHCEN 3
BU3HAYCHUM PO3MOJIIOM. Peamizaiiss ONHMCAaHOTO MOIYJS TPOTPAMHOTO
3a0e3MeYeHHs] HaJa€ MOKJIMBICTh JTUHAMIYHO CTBOPIOBATH CIIEHapii poOOTH
BIPTYaJIbHOTO BYy3Jla JJI BU3HAYEHHS Yacy OINpallbOBYBAaHHS 3alUTIB HA PI3HUX
eTanmax Mojeini. TakoX MOKHa JTOJAaTKOBO BU3HAYWTH KUIBKICTH 3alUTIB Ha
MomeHTH 4dacy (K + h) i M ta cepenniit gac poOOTH BIPTYadbHOTO By3ja Ha
pi3HUX Habopax BXIZHMX JaHUX. [IpW yMOBI CTBOPEHHS YeprH 0JaTKOBO
NOTPIOHO TPUILIUTH yBary BHOOpPY CTPYKTYpU JaHUX Jis 30epiraHHs JaHUX
(depra 3/6€3 TIPIOPUTETIB).

Hpyruit 610Kk po3po0JeHOr0 MporpaMHOro 3adesnedeHHs Gopmye
IMITallliiHYy MOJENb B YMOBax MEpIIOTO OJIOKy, aje BHUAAISIE CTPATETIiIo
nonepeaHboro 3anucy (K = M) Tta pomae ymoBY ICHYBaHHSI JOJATKOBHUX
pecypcie R; st posmilueHHs 4epru 3amuTiB @ (800 Qpriority), AKI Oyiam
BixwieHi. Yac, sskuil HeoOX1AHUM 111 00pOoOJIeHHS 3anuTy, GOPMYETHCS K S =
[tgmessing; te sing|- 11 BuOOpY BipryambHoro Bysma V a6o MHOXHHH
JIOAATKOBUX PECypcCiB R; CTBOPEHO JOMOMIXKHY (YHKIIIO, SIKa MICTUTh JIOTIKY
BHOOPY THITY Yepru Ta WMOBIpHICHI KpuTepii. Peamizaliis mpboro Moayis Hagae
MOXJIMBICTh IMHAMIYHO CTBOPIOBATU CILIEHAPil poOOTH BIPTYalbHOTO BY3ja JJIs
BU3HAYCHHS HEOOX1HOCTI BHYTPIIIHHOI PEKOHCTPYKITIT apXiTEKTypU CUCTEMHU.

Pe3ynpTaTt poOOTH onucaHuX OJOKIB HAa pI3HUX HaOOpax BXIIHHUX JAaHUX
MOXHa TEperisiHyTH B TaOMW4HIA (QopMi Ta y BHUIISIAI MOBIIOMIIECHb, SK
CJICKTPOHHOMY CTI0CO01 repeaayl iHpopmartii.

Bibsiorpagiuyni nocuinanus
1. Meroau miaBuieHHs epekTHBHOCTI MaciTaboBaHux cucteM: orisy / O.'oHUapeHko,
I'. JIyaekmit // Inf. Comput. and Intell. syst. j., Bum. 3, I'pyn 2022. — c. 63-76. DOI:
https://doi.org/10.20535/2708-4930.3.2022.265229
2. Metoa minBUIIEHHS CTaOUIBHOCTI Mepeadi JaHUX Yy HPOTrpaMHO KOH(]IrypoBaHiit
Mepexi 3 ypaxyBaHHAM MeETPUK sKocTi oOciyroByBanHs / O. YepeBaTeHKO,

1O. Kynakos // Inf. Comput. and Intell. syst. j., Bum. 4, c. 3747, XKos 2024. — c. 37-
46. DOI: https://doi.org/10.20535/2786-8729.4.2024.303467
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PO3POBJIEHHS HABUYUAJIBHOI'O CUMYJISITOPA POBOTH
MMPOTOKOJY HTTP
Bboarenkos 1.B., vaniabbond @ gmail.com, AuTonenko C.B.

Jninpoescwvkuti Hayionanvuii ynisepcumem imeni Onecs I onuapa

[HTEpHET CTaB HEBIJ'€MHOIO CKJIAJOBOIO HAIIOTO MOBCSIKICHHOTO >KUTTS.
Mu BUKOPHUCTOBYEMO HOTO IJisi MOKYIOK, (piHAHCOBUX ONEpalliii, CIiJIKyBaHHS
Ta pO3Bar.

3 nosioto IHtepHety peuelt (I0T) Bce OuUTbLIE MPUCTPOIB MIIKIIOYAIOTHCS
70 MEpEeXi, Ha/lalouu MOXIJIMBICTH BiAJANEHOro aocTyny no Hux. Lle crano
MOKJIMBUM 3aBISKA PpALYy TEXHOJOTIM, 30KpeMa MPOTOKONy Tepeaadi
rineprekcty (HTTP).

3HaueHHs NPOTrpamMHOro 3a0e3NEYeHHsI IMOCTIMHO 3pocTae, 1 B LbOMY
koHTekcTi HTTP € ocHOBOwO misi mepenadi JaHUX MDK KIIEHTOM 1 CEPBEpPOM.
JI1st cTyAeHTIB, SIKi BUBYAIOTh BEOPO3pPOOKY Ta MEPEKEB1 MPOTOKOJIU, BAXKIUBO
He Jjuiie 3Hatu TeopernyHi acriektd HTTP, ane i1 Matu 3mory Ha mpakTull
3aCTOCYBATH 11l 3HAHHS.

JHana poOoTa chpsiMOBaHa Ha CTBOPEHHsS IHTEPAKTHBHOIO CHUMYJSATOpa
JUTSl TPAaKTUYHOTO HAaBYaHHS OCHOBHUX 3anuTiB npotokoiny HTTP (GET, POST,
PUT, DELETE), ixHp01 CTpyKTypH Ta BiATOBIJICH.

Po6ora HTTP ocHoBaHa Ha KIIIEHT-CEpPBEPHIN apXiTEKTypi mepemadi
JaHUX, J€ WJe “CHuUIKyBaHHA MIDXK KIIEHTOM Ta CEpBEPOM 3a JIONOMOIOKO
3alMTIB Ta BIATOBIACH.

Ha pucynky 1 mokasaHo, 110 3alUTH CTBOPIOIOTHCS Y YITKO BU3HAYCHIH
MOCIIZOBHOCTI Ta MalOTh BCTAHOBIIEHY CTPYKTYpy. MeToa 3amuty 3ajae Aiio,

SIKY CJIJI BUKOHATH Ha pecypci.
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HTTP 3anuT MicTUTL TPU CKNaAoBi:

PapoK 3anuty 3arosoBoK Tino nosigomneHHs
(Request Line) (Message Headers) (Entity Body)
Bkasye meTtop BukopucToByeTbCA 36epirace paHi,
nepepayi, URL- ANs BignpaBneHHs AKi
ajpecy Ta Bepcito MeTagaHnX npo nepeaarwTbCA B
HTTP 3anuty pecypcun 3anuTi

Puc. 1 — Cknagori HTTP 3anury

Konu 3anuT HanxoauTh Ha cepBep, BiH 0OpOOIs€ThCS, 1 CEpBEP MOBEPTAE
BIIMOBIb, IO JA€ MOXJIMBICTh BU3HAYMUTH YCIIIIHICTH 3amuTy. Biamosiab
cepBepa CKJIAIA€ThCs 3 TAKUX KOMITOHEHTIB:

—  CTaTyc-KOJ, IKHW BKa3ye€ Ha YCIIIIHICTh 3auTYy;
—  HTTP 3aronoBkuy;
—  TUIO, IO MICTUTh 3alUTYBAHUI KOHTEHT.

Cumynsrop niarpumye kitodoBi meroan HTTP-3anuTis:

—  GET: orpumanns iHpopMalii 3 cepBepa;
—  POST: HajcunaHHs JaHUX HA CEPBEP;

—  PUT: oHOBJIEHHS ICHYIOUHX JaHUX;

—  DELETE: BunaneHHs JaHUX Ha cepBepi.

JIns KOXKHOTO 3 IIUX METOJIB CUMYJISTOP JIEMOHCTPYE BIAMOBIAHI THITH
3aMuTIB, 3aT0JIOBKHU Ta CTATyCH BIJMOBIACH.

Po3pobnene mnporpamHe 3a0e3leueHHs BKIIOYAE€ HU3KY KIIFOYOBHX
GyHKLIA, cepe; IKUX B1IOOPa)KEHHS 3alUTIB 1 BIANOBIACH, CTBOPEHHS 3allUTIB
PI3HMX THITIB, iX HaJaro/HKEHHS Ta BiANpaBKa, aHAJI3 OTPUMAHUX BIAMOBIICH, a
TaKOX MIATpUMKa (YHKIT aBTO3amoBHEHHS. [[I MOXIJIMBOCTI J103BOJISIOTH
KOpPUCTYyBayaM aKTHUBHO B3aeMojisiTd 3 mnpotokosiom HTTP, BiaTBOproroun

peanbHi crieHapii B3aeMOIT M KITIEHTOM 1 CEPBEPOM.
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POJIb CYUACHUX TAJKETIB Y HIJABUIIEHHI AKOCTI

®I3UYHOI MIAIOTOBKU KYPCAHTIB Y MOPCBHKIM T'AJTY3I
Bbonaapenko L. B., inga.bondarenko 1216 @ gmail.com,
Jlynaucvkuu Incmumym Hayionanbhno2o ynigepcumemy

"Oodecvka mopcoka akademis'

CydacHi TEXHOJIOT1i KapJWHAJIbHO 3MIHUIU CIOCIO MmiaXoay a0 (i3zudHOi
HITOTOBKH. Y 0aratbox cepax >KUTTA, BKIIOUYAIOUU MOPCHKY Tally3b, TaJKETH
CTJIM HEBIJI’€MHOI0 YaCTUHOIO IIOJEHHUX TpPEHYyBaHb Ta MpodeciiiHoi
nismpHOCTI. KypcaHTH MOpCBKUX akajeMmiil, sKi TOTYIOThCA 1O MaiOyTHBOI
poOOTH, OCOOMMBO BUTPAIOTh BiJ] BUKOPUCTAHHS HOBITHIX TEXHOJIOTIN st
BJIOCKOHAJICHHSI CBO€1 (PI3UYHOT MIATOTOBKH.

Mope, sik cTHXisl, 3aBXKIM BUMArajio BiJl CBOiX MPAIiBHUKIB BUCOKOTO PIBHS
¢13uyHO1 TOTOBHOCTI. 1€ MoB’s13aHO 3 THUM, 1110 YMOBU pOOOTH 4acTo OyBarOTh
eKcTpeMaIbHUMU. BiimoBiiHO A0 11bOT0, (hi3MYHA MIATOTOBKA KYPCAHTIB € JIyKe
BAYKJIMBOIO CKJIAJI0BOIO IXHBOIO HaBYaHHs. D13M4YHI TPEHYBaHHS CIPSIMOBAaHI Ha
NIJBUILLEHHS BUTPUBAJIOCTI, CUJIM, THYYKOCTI Ta KOOPAMHALII — KIOYOBUX
aCNeKTiB, HEOOXIAHMX HJisi ycmimHoi pob6otu Ha Mopi. OCHOBHI METOIU
TpeHyBaHb, Takl AK OIr, MJIaBaHHS, CHJIOBI BIPAaBU Ta KOMAaHJIHI BUIU CIIOPTY,
3aJUIIAIOTECS OCHOBOIO (hi3MuHO1 MiAroToBKU. OjHAK 1HTErpaiis Cy4acHUX
TEXHOJIOTIH BIJKpHUBAE HOBI MOJKJIMBOCTI JJIS MiABUIIEHHS €()EKTUBHOCTI ITUX
TpPEHYBaHb.

CMapT-TOTUHHUKHA, (PITHEC-TPEKEPH, AOJAATKUA IJii MOHITOPUHTY CTaHy
3JI0pOB’sl y MOOUIbHUX Telle(hoHax — MPUCTPOI, B 3aJEKHOCTI Bl (PYHKIIOHAIY,
HAJIaI0Th MOXKJIMBICTh KOHTPOJIIOBATH (Di3MYHY aKTUBHICTh Ta 3arajbHUN CTaH
3I0pOB’sl B peaJbHOMY daci, BIJCTEXYIOTh YacTOTy CEpLEBUX CKOpPOUEHb,
pIBEHb CTpecCy, SIKICThb CHY, MiAPAaxOBYIOTh KUJIBKICTh 3pPOOJEHUX KpOKIB Ta
BUTPAYCHUX KAJIOPii a TAKOK MOXXYTh CIOCTEPIraTy 3a HAJIXOKEHHSIM BOIH B
opraHi3Mm. /[l03BOJSIOTH CTBOPIOBAaTH MEPCOHANI30BaHl IUIAHU TPEHYBaHb,

BIJICT€XKYBATH MPOTpec, OTPUMYBATH MOPAAM BiJ TPEHEPIB Ta OpaTH ydyacTb y
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BIpTyaJIbHUX 3MaraHHsIX. 3aBASKH IHTETPOBAHUM CHUCTEMaM IITYYHOTO
iutenekty (Al), MOXyTb JONOMOITH CKOPUTYBaTH TIPOLIEC MPOBEICHHS
TpEHYBaHHS, TOMEPEIATh TPO TMEpPeBAaHTAXEHHS, JaAyTh TMOpaad Ta
JIOTIOMOKYTh YHUKHUTH TpaBM. TakoX € TeBHI HapoOKH y  BIpTyasbHU
peaIbHICTI.

3a [MOCHIKEHHSIMH: IO JIIOAU, SKI BUKOPHUCTOBYIOTH (DiTHEC-TPEKEPH,
YacTile J0CATal0Th CBOIX IUIeH y (Pi3UYHIN MATOTOBI, OCKUIBKH BOHU 0aydaTth
CBOi JJOCSATHEHHS 1 PO3YMIIOTh, HAJl YUM IIe TOTPIOHO MpaIfoBaTH.

AJle X 5 1 HEJOJIIKH, MOB’sI3aH1 3 BUKOPUCTAHHAM TakeTiB. OXHUM 13
OCHOBHHMX OOMEXEHb € TOYHICTh JaHUX, BIUIUB Ha pOOOTY MPUCTPOIB: BOJIOTICTI,
TeMIlepaTypy, BIOpamii — B3HIXKYIOTb TOYHICTh BHUMIpIOBaHb. HaaMmipHe
MOKJIaJaHHs Ha Ta/PKeTH MOXKE TMPU3BECTH JIO0 3HIKEHHS CaMOCTIHHOCTI
KypCaHTIB y IPUUHATTI PIIIIEHb MiJ] 4ac TPEeHYBaHb.

BucnoBku. Poib CydacHHMX Ta/pKeTIB Yy MIJABUIIEHHI SKOCTI (Pi3WYHOL
MIJTOTOBKM KYpPCAaHTIB Yy MOPCBHKIM ranay3l € 3Ha4yHOI0 Ta MEPCHEKTUBHOIO.
TexHoJsOri HE JUIe J0NMOMaralTh €PEKTUBHINIE AOCATaTh (I3UYHUX IIEH,
ane 1 3al0e3meuyroTh Oe3leKy Ta MoTHBaUllO. lIpaBuibHE BHUKOPUCTAHHS
TEXHOJIOT1M MOXE CTaTH KIo4YoBUM (hakTopoM y (opMyBaHHI mpodeciiHux
MOPCBHKHUX (paxiBIliB, TOTOBHUX JI0 OYb-SIKUX BUKJIMKIB.

[Tomanpine yaoCKOHANEHHS MPOTPAMHUX Ta TEXHIYHUX CTOPIH Ta/KETIB, 1X
B3aUMOJIisl 3 JIIOJMHOIO B Tamy3l (U3WYHOI KyJIbTYpH Ta CIOPTY, MOTpeOye
O1TBII TIMOOKOTO HAYKOBO-TIEJArOTIYHOIO MIIX0AY Ta € 00'€KTOM MOJaIbIINX

CIIOCTEPEKEHB Ta JOCIIKEHbB Y i Tary3i.

Bbi6aiorpaguyni nocunanus
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2.https://prostoway.com/3182-eksperty-rozpovily-chy-varto-korystuvatysya-fitnes-trekerom

3.https://www.researchgate.net/publication/339588102mobilnoorientovanifitnes
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ITPOBI 3A/IAYI NEPEXOILIEHHA KEPOBAHUX ITJIEA
Bumencoknii B.1., vyshenskyy @ukr.net
Inemumym xibepnemuxu imeni B.M. I'nywxoea HAH Yxpainu
Yuxpiit A.OQ., a.o.chikrii@ gmail.com
Incmumym ribepnemuxu imeni B.M. I nywrxosa HAH Ykpainu
Benoycor A.O., andybelousov03 @ gmail.com

Kuiscovkuii nayionanvruut ynieepcumem imeni Tapaca Lllesuenka

MateMaTtuyHa Teopis KepyBaHHS PyXOMUMHU 00’ €KTaMHu MpPHU KOH(DIIKTHIMI
B3a€MO/IIT Ta HEMOBHIN 1HGOpMAIIii, 30KpeMa, B IFPOBHX 3a7a4ax MEePEeXOTUICHHS
KEpOBaHUX I[UIEM, Ma€ y CBOEMY pPO3MOPSKEHHI MIUPOKUI CIEKTP
byHIaMEHTAIBHUX MAaTEMAaTUYHUX METOJIIB ISl AOCTIHPKEHHS PI3HUX CHUTYaIlli
npotuctosinHa. Cepesr HUX — METOJ po3B’si3yrounx QyHKIiH 1] Ta oro cydacHi
Moaudikamii. Metoa neMoHCTpye ePEeKTUBHE BUKOPUCTAHHS Cy4YacHOI TEXHIKH
OIyKJIOTO aHaii3y, Oararo3HauyHUX BIJOOpakeHb Ta iX CEJIEKTOPIB JIs
OOTpYHTYBaHHSI ITPOBUX KOHCTPYKIIM 1 OTpUMaHHS Ha iX OCHOBI 3MICTOBHHUX
pesyabTariB. Bin 0a3yetbcs Ha kiacuuHid ymoBi IloHTpsirina abo ii
MoaudikaiisaxX, SKi € HEOOXITHMMHU Jis 3aBEpIICHHS TpH, Ta TapaHTYIOTh
noOyZ0BY KEpyBaHHsI HA OCHOBI TOMOJIOTIYHUX TEOPEM BUMIPHOTO BUOODY.

Bracniiok CcBO€i yHIBEPCAIBHOCTI Ta HAKOMUYYBAIBHOMY MPHUHITUITY,
3aKJIaICHOMYy B CXEMl, METOJ PO3MOBCIO[PKEHO Ha KOH(IIKTHO-KEPOBaHi
MpOIECH, IO OMNUCYIOThCS y3araJbHEHUMHU KBA3UNHIMHUMHM CHUCTEMaMH,
30Kpema, PI3HMIICBUX, 3BUYAWHUX AudepeHIliaIbHuX, IudepeHiiaabHo-
PI3HUIIEBUX, IHTETPAIbHUX Ta IHTETpO-AudepeHIlaJbHuX PIBHSIHb, PIBHIHb 3
IpOOOBUMH Ta YACTUHHUMH TOXITHUMH, IMITYJIbCHUMH, NECKPUITOPHUMHU Ta
CTOXAaCTUYHUMH CUCTEMaMHU.

Amnapat po3B’sa3yBajJbHUX (YHKIIIH, sIKI B IPUKIIAIaX 3 €JINCONOI0HUMHU
o0NacTsIMM KEpyBaHHS TPABIiB € OUIBIIMMH TO3UTUBHUMH KOPEHSIMU
KBaIpaTHUX pIBHSIHb, HAJA3BUYAHHO 3py4yHMM 1 e(EeKTUBHUUA NpH aHami3i

KOHKPETHHUX MPUKIA/IIB.
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[TpuBabauBOIO PUCOIO0 METOA PO3B’A3yI0UnX (PYyHKLIN € TOH (aKT, 1m0 BiH
Jla€ TIOBHE TEOPETUYHE OOIPYHTYBAHHS KIACHMYHHUX 3aKOHIB MEPEXOIUICHHS
KEPOBAHMX LIJICH, SIKI BHKOPUCTOBYIOTHCS TMPOCKTYBATbHUKAMU PAKETHOI Ta
KOCMIYHOI TE€XHIKH, a came, 3aKOHIB MapaJieJIbHOrO MEePECiiTyBaHHs, OTOHHOI
KpUBOi, Ta MeETOAy ImponopiiiiHoi Hapiramii [2, 3]. Ilokazano, mo mpwu
OPSIMOJIIHIHOMY pyci 3 MakCHMalbHOIO MIBUAKICTIO BTiKaya, MapajieiabHa
nepeciiayBaHHs 3a0e3neuye He OUIbIIMKA 4Yac MiMaHHS, HDK MOTOHHA KpHUBa
Eiinepa. Ilpu 1poMy TEOMETpPUYHE MICIlé TOYOK IMHMaHHS MPU TaKOMY
NEPEXOIUIEHH] JIJIsl MapajieIbHOrO MEPECHiyBaHHs - 1€ KOJIO AMNOJUIOHIS, IS
eTNICUJIOH-3aXOIUIEHHsI — oBasl JlekapTa, a JAjs MepeciilyBaHHS 3a MOTOHHOIO
KpuBoto — paBnuk Ilackans. 3 iHImoro OOKy, SIKIIO yTiKad MaHEBpPYeE, TO yac
HOro nepexoIyIeHHsI Moke OyTH SIK Ha KOPUCTh MapalieIbHOIO IepeciilyBaHHs,
Tak 1 moroHHoi kpupoi. HaBexeni BiamoBigHi npuxiaau. Kpim toro, meron
IPOIOPIIAHOI HaBirauii, SKM € OIbII 3arajJbHUM, HIK BKAa3aHl BUIIE 3aKOHU
MEePEXOIUICHHS, MOXKE Y JICAKUX BUMAJKAX JIaBaTH KpaIlluid pe3yibTar.

[IpoBeneHi aHaTITUYHI JOCHTIIKEHHS Ta KOMIT IOT€pHE MOJICTIOBAHHS Tl
3MOTYy TIOPIBHSITH Yac MiMMaHHS IIeH JJis BKa3aHUX 3aKOHIB MEPEXOIJICHHS, 1
MOKa3aJId 3PYYHICTh 1 TOUYHICTh METOJIa PO3B’A3yHOUHNX (YHKITIN I BUPIIICHHS

IMPpaKTUYIHHX 3aaa4.
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MATEMATHUYHI MOJEJII TA AJITOPUTMU YIIPABJITHHSA PYXOM
MATEPIAJIBHOI TOYKH 11O 3AJJAHUM IHTETPAJIBHUM
MHOI'OBUJIAM
BoJaocos B.B., wwolosov@ gmail.com, llleBuenko B.M., vovan_16 @ukr.net

Inemumym xocmiunux oocnioncenv HAH YVipainu ma JIKA Ykpainu

bararo 3amau ympaBimiHHS MPOCTOPOBUM Ta KYTOBHM pyXam 00'€KTaMu
ACPOKOCMIYHOI TEXHIKH 3BOJSATHCS IO METOJIB OTpUMAaHHS JU(epeHIIaTbHUX
PIBHSIHb Ta aJTOPUTMIB YIPaBJIIHHSI PYXOM CHCTEM MaTepiaibHuX Todok (MT)
0 3aJlaHMM MHOTOBHJAM y BIANOBIAHMX (pa30BHX HpocTopax. Bimomi nBa
METOAM PO3B’sI3aHHS BUIE3rafgaHux 3anad. lle meron mMuoxHMKIB Jlarpamxka
(piBHsHHS JlarpaHka nepimoro pojy) OTpUMaHHs PiBHAHb pyxy cuctemu MT i3
reOMETPUYHUMHU 3B's13KaMu. B mpoiiec cTaHOBIIEHHS 1 PO3BUTOK JAPYTOr0 METOY
ciin BimHectu podoty H.II. €pyrina.

JIoCHPKEHO 3acTOCYBaHHS IIMX METOJIB IS PO3B’si3aHHS  3ajady,
OOyMOBJICHHX MPaKTUYHUMHU 3a/ladaMy YMIPABIIHHS 1THCHEKIIHHUM 00JIH0TOM
a00 3aBHcaHHAM KocMmiyHoro amapaty (KA) Hag neskoro XapakTepHOI TOYKOIO
KocMmiyHOro o6'ekta, 3okpema iHmoro KA. Ilepenbavaerbcsi, 1mo 00'ekT
NMoBHICTIO "3aHypeHuit" y cdepuuny mnoBepxHio paniycy r. Llentp cdepu
3HaXOJUThCS y TMEBHIM Toulll 00'ekTa, Hampukiag B Horo ueHtpt mac O.

3B"sKEMO 3 00'ekTOM cucTeMy KoopauHat OXyZ i BUALIMMO Ha cdepi TOUky X,
, IO BIJMOBI/Ia€ TIEBHIM XapaKTEpHiN TOYIll Ha MOBepxHI 00'exTa. J[07aTKOBO
HAKJIaeMO YMOBY, IO Touka X Hanexuth miomuni h'X =0, ne h —

3aJJaHUu1 BEKTOP.

Meton mHOxkHUKIB Jlarpanxka. Cucrema piBHsAHb pyxy MT no mHoroBuny

v (X)=X"X-r*=0, y,(X)=h"X =0, ne r i he E’ 3amani mapamerpm,
nrykaeTbest y Burasagi mX = F+R. Tyr F — urykane ynpasniaas, R=R, +R, -
peakuii 3B'a3kiB: R, = 4 grady,(X)=2A4X, R, =24,grady,(X)=24,h.

BukoHnaBim BiMOBIHI BUKIIAJIKY [2], OTpUMAEMO IITyKaHE PIBHSHHS
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X=-X(X"X) X[+ (1, - X XTX) X — W R )F VFeE, (1)

pyxy MT mo iarerpansHomy Mmuorosuay v ,;(X)=0,j=12, 3a noBiabHuX
novaTkoBuX yMoB ¥ ;(X,) =0, Xy, = X(#),t =0.

Meron  €pyrina. CraBuThCi 3a7aya 3HAWTH  MHOXHMHY  BCIX

nuepeHianbHuX PiBHSHB, SKi MalOTh Tepuii inrerpamu y;(X)=0,j=12. B
pesynbTaTi  JIBOPAa3OBOTO  JU(EPEHIIOBaHHA  CHiBBiAHOWIEHs ¥ (X)=0
OTPHMAEMO CHUCTEMY PiBHSAHb JiHIMHMX anreOGpaidHuX piBHSAHbL BigHOCHO X :

AX =b, b = (—HX H2 O), AT =(X h). MuoxuHa ii po3B’A3KiB Mae BUTIIAT

X =AT(AATY b+ - AT(AATY AU VU e E? 2)

1 € IIYKaHOK CHCTEMOIO NH(epeHLIabHUX PiBHAHB. [1i1ICTaBUBIIM B PIBHSHHSA
(2) BiAmoBinHI 3HaUeHHA A Ta b oTpumaemo piBHsIHHS (1). B piBHsSHHSX (2) Ha
BIJIMIHY BiJl piBHSIHb (1) pOo3MipHICTh BekTOpa X Moke Oytu Ouibmie 3. Jls
CHUHTE3y VIPaBIiHHA BHKOPHUCTOBYBAJOCS BiOME y3arajdbHEHHS APYTrOro
MeToay JISmyHOoBa AOCIIKEHHS CTIMKOCT1 IMHAMIYHUX CHCTEM Ha MHOTOBHAX.

Cunre3 anroputMmy YymOpaBmiHHS F  3[1ACHIOBABCS 3a KPUTEPIEM YMOBHOI
ACUMIITOTMYHOI cTilikocTi pimens X (1)=X" pisasaas (1), (2). Ilposeneni
00YHMCITIOBANIbHI €KCTICPUMEHTH TMPOLTIOCTPYBAIM TpaIe3aTHICTh OTPUMAHOTO
AITOPUTMY .

Bibaiorpagiuni nocunanus
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659-670.
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JIOCBIJI BAKOPUCTAHHS BEJIUKUX MOBHUX MOJIEJIEA ¥V
JOCJIIKEHHAX TMHAMIKN KOCMIYHUX AITAPATIB
Boaomenwk O. JI., ITupoxenko O. O., Xpamos /1. O.,
dakhramov @ gmail.com

Incmumym mexuiunoi mexanixu HAH i JIKA Vkpainu

VY cydacHMX JOCHIJDKEHHSX JuHaMiku KocMmiyHuX amapatiB  (KA)
BUKOPUCTOBYETHCSI IIUPOKUNA CHEKTP MPOrpPaMHHUX I1HCTPYMEHTIB: MOB
nporpamMyBaHHs, CHELlaTi30BaHUX O010MI0TE€K, CHCTEM CHUMBOJIBHOTO Ta
(GI3UYHOTO MOJICTIOBAHHS, METOJIB MAaIMHHOrO HaBuaHHs [1-3]. Awnami3
JOCBIZYy 3aCTOCYBaHHSI BeJMKUX MoOBHUX Mojened (Large Language Model,
LLM), noni6nux no ChatGPT, nacts 3Mory BUSIBUTU MEPCHEKTUBHI HANPSIMKH
iXHBOTO BIIPOBAXKEHHSI B TOCIIKCHHS 3a7a4 quHaMiku KA.

[Tponiec monentoBanHs nauHamiku KA MokHa yMOBHO pO3JIUIMTU Ha JiBa
eTany: aHAIITUYHUNA Ta oOuucioBaibHUM. Ha meprioMmy erami 3amucyroThCs
PIBHSIHHA PYyXy CHCTEMH, SIKI MEPETBOPIOIOTHCS O BUTJISAY, 3PYYHOTO IS
IPOBEICHHS AaHANITHUYHUX JOCIIKEHb a00 BUKOHAaHHA po3paxyHkiB. Ha
JIPYroMy eTami OTpUMaHl PIBHSHHS TEPETBOPIOIOTHCS B TPOTPAMHHI KO,
ONTUMI3AIll SIKOTO Ja€ IHCTPYMEHT ISl YUCEIBbHOTO JOCHIKEHHS AUHAMIKU
CUCTEMU.

Jlnst BuBeneHHs: piBHsAHb pyXy KA akTUBHO BHKOPHCTOBYIOTH CHUCTEMU
cuMBoJibHOTO MozemoBaHHsl (CCM). PoboTa 3 HUMHM MOYMHAETHCA 13 3aMUCY
OCHOBHHMX piBHAHBb MOBOIO CCM. TyT Ha nonomory npuxoasats LLM, ski gatoth
3MOry 3a TEKCTOBHUM 3allMTOM JOCIIJHMKA 3alMCaTH PIBHAHHS pPyXy, a MOTIM
nepetBoputu ix y nporpamuuii kogx CCM. Takum umnom LLM cnpourytoTh
JIOJIMHO-MAIIMHHY B3a€EMOJIII0, OCKUIHKM TMOCTAHOBKA 3a/Jadi 3alUCy€eThCS
OPUPOAHOI0 MOBOKO 1 He BuMarae ocBoeHHs moBu CCM. LLM 3parthi
MEePETBOPIOBATH PIBHSHHA, aje Hapa3l HE MAarOTh MEXaHI3My KOHTpPOJIO 3a
KOPEKTHICTIO MePEeTBOPEHb 1 HE MPUCTOCOBAHI ISl X MakeTHOro BUKoHaHHs. Lli

¢bynkuii 3anumarThes 32 CCM.
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LLM MOXyTb MiJABUIIUTH BapiaTUBHICTh MIAXOAIB A0 PO3B'SI3aHHSA 3a/a4l.
Bonu 31maTHI 3reHepyBaTH TPOIMO3UILT MO0 BHOOPY CHUCTEM KOOpAWHAT abo
CHOCO0IB CIIPOIIEHHS PIBHSIHB, SKI MOTIM MOKHA peajli3yBaTH 3a JOMOMOIOI0
CCM.

LLM BinkpuBarOTh HOBI MOKJIMBOCTI B YaCTHHI NIEPETBOPEHHS (HOPMYIT y
nporpaMHuil Kojl. BoHM MIATPUMYIOTH BEIHMKY KITBKICTH MOB MPOTpaMyBaHHS.
Ha Bigminy Bim CCM, siki 3I1HCHIOIOTH MIPsIME MEPETBOPEHHS IMiATOTOBICHUX
HUMH PIiBHSHb Y KOJ, LLM MOXyTh 3amporoOHyBaTH BHOIp THUX YW I1HIIUX
010J110TEK, 10 JACTh 3MOTY CYTTEBO PO3LIMPUTH MOXKIHUBOCTI MOJETIOBAHHS.
Kpim Toro, LLM 3naTHi reHepyBaTy KOJ PO3B'si3aHHA 3a/1aul 3arajioM, a TaKOX

cnoci0 Woro po3OUTTA Ha (pparMeHTH.
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IMITAIIMHE MOJEJIIOBAHHS ITPOILIECY BUIIPOBYBAHD I'T/I
TB3-117B
BsiioB C.P., vialov0608 @ gmail.com

AT «Enemenmp, Hayionanonuii ynisepcumem «Odecoka noiimexmikay

ImiTariiHe MOJCNIOBAHHS TMPOIECY BHUIPOOYBaHb Ta30TypOIHHOTO
neuryHa TB3-117B € BaxJIMBUM [Jis IMIJABUIIEHHS HAAIHHOCTI Ta O€3MEKH
JBUTYHA TIIiJI Yac I1HTCHCHBHOI eKcIuTyatarii. PeaysbHi BUINpOOYyBaHHSA Y
KPUTUYHUX PEXKUMAX MOXKYTh OyTH JOPOTMMH 1 PUZMKOBAHUMU, TOMY IMITaLIis
HAa OCHOBI MAaT€MaTHYHUX MOJIEJICH T03BOJISIE€ BIITBOPUTH IMOBEIIHKY JIBUTYHA
0e3 3HOCY 1 IOJAaTKOBUX PHU3UKIB, 110 MIABUIILYE €(PEKTUBHICTh J1arHOCTUKU Ta
KOHTPOJIIO JIBUT'YHA.

MopnentoBaHHsI BHKOHYETbCSA Ha CTEHII-IMITATOpI — MPOrPaMHO-
anapaTHOMY KOMILUIEKCI 3 BOYJJOBaHOIO MaTEMAaTUYHOIO MOJEIUTIO ABuryHa TB3-
117B. Ilporpama aBTOMaTH3allli MEPEBIPOK BUKOHYE 3aJaHUN aJITOPUTM
nepeBipok pexumiB podotu I'TJ. Crenn iMmiTye curHaiau BiJ AaTYUKIB Ta
arperaTiB JBUTYHABIATBOPIOIOYM YMOBH JJIsl MEPEBIPKU PEXKUMIB pPOOOTH 1
peaxkiii cucteM aBroMatuyHoro perymioBanns PIII[-450M-117B. Lle mo3Bomsie
OTpUMYBaTH TOYHI TOKa3HUKH, MOJENIIOBATH BIAMOBM Ta 3a0e3medyBaTH
Bi3yasrizallio JJaHuX JUIs TOJAIbIIOro aHam3y [1].

[Tpu imitamii podotu I'TJ[ ocobmuBy yBary BapTO NPUIUIUTH TaKUM
peXUMaM SIK 3JMITHUAN, 3aXUCTy Ta TIOMITaXy, OCKIIBKH BOHH XapaKTePU3yIOThCS
HETUTIOBUMHU JIsI IITATHOT pOOOTH JBUTYHA 3HAYCHHSIMU MTapaMETPiB.

3MITHANA PEXUM — JBUTYH MPALIOE HA MAaKCUMAaIbHINA MOTY>XHOCTI IS
JIOCSITHEHHSI TSTH, IMITAIlisl I[bOTO PEKUMY J03BOJISIE OLIHUTH BUTPUBAIICTH 1
CTaOUIbHICTh TIPU MIKOBUX HaBaHTaXEHHsX. Pexum 3axucty (A3CT) —
CUCTEMa aBTOMATUYHO CIPAIbOBYE MPU BUXOJI MapaMeTpiB 3a MEK1 HOPMHU, L0

niepeBipsie eEeKTUBHICT 3aXUCTY 1 PEaKIlii0 Ha KPUTHUYHI cUTyarii. [2].
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[Tommaxx — pexxum HecTabUIbHOT pOOOTH 3 KOJMBAHHIMU THCKY, IMITallis
JIO3BOJIIE OIIIHUTH 3JaTHICTh JIBUTYHA CTAaOUTI3yBaTHUCS 1 PEAKII0 CHCTEMH
3aXHCTy Ha 3001 [1].

ImiTariiHe MOJCIIOBAHHS Jla€ 3MOTY CYTTEBO 3HU3UTH BUTpaTH 1
KUIBKICTh pEAJIbHUX BHUIIPOOYBaHb, JO3BOJISIOUM BIATBOPIOBATH HEOE3IMEUHI
pexxuMu 0e3 HaBaHTAXKEHHS Ha pecypc ABHryHa. Takuil miaxin 3abesmnedye
E€KOHOMIIO PECYpCiB 3a PaxXyHOK CKOPOYEHHs OOCSTY TEeCTyBaHb 1 BUTpaT Ha
0oOCIIyrOBYBaHHS, MIABUILYE HAIIAHICTh 3aBIASKH BHUSBICHHIO MOTCHIIMHUX
HECMPABHOCTEN 1 CTaOLIBHIA POOOTI CHCTEM 3aXHUCTy, a TaKOX IOKpallye
Oe3MeKy, T03BOJISI0UM YHUKHYTH TTOJIOMOK Ta 3a0e3Meuyioun cTabuibHy poOoTy
HaBITh Y KpUTUIHUX YMOBAX.

Imitamiitne MojaenoBaHHs BUnpoOyBaHb naBuryHa TB3-117B Ha creHmi-
IMITaTOPi1 J103BOJIIE OE3MEUHO BIATBOPIOBATH KPUTUYHI PEXKUMHU POOOTH, TaK1 K
3T, 3axuct (A3CT) Ta nomnax, MiHIMI3yIOUH PU3UK MOJOMKH JJIA ABUTYHA Ta
CKOPOUYYIOYHM BUTpATH pPeCypciB Ha BUMNpPOOyBaHHS. Takuil MIAXIJ IiJIBUIILYE
HAJIMHICTh 1 O€3MeKy JABUTYHA, 3HUXKYE PU3UK aBapiil 1 3a0e3neuye CTaOUIbHY
po0OOTy perymaropa, IO BaKJIMBO JJisi OE3MEYHOI eKCIUTyaTalii B yMOBax

IHTEHCUBHOI'O HaBaHTaXeHHS [2].

Bibaiorpagiuni nocunanus
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ABTOMATHU3ALISA CTBOPEHHS CI/CD KOHBEEPA 3
BUKOPUCTAHHSM JENKINS PIPELINE
I'amxa A.C., hanzha_as@outlook.com, AuTonenko C.B.

Jninpoescwvkuti Hayionanvrnut yHieepcumem Imeni Onecs [ onuapa

CydacHi MeTomoyorii po3poOKH TPOrpaMHOrO 3a0e3MedYeHHs, TakKi SK
DevOps, 3Ha4YHO NPHUCKOPIOIOTH MPOIEC IHTErpaiii Ta PO3TOPTaHHS 3MiH
3apasku mpaktukam CI/CD (Continuous Integration/Continuous Deployment,
abo Oe3mepepBHa iHTerpailiss Tta posropranns). CI/CD no3Boiisie KomaHiaMm
aBTOMAaTU3yBaTh 0arato acmekTiB pO3pOOKHM Ta MIATPUMKH MPOrPAMHOIO
3a0€3MeUeHHs], TaKUX K 301pKa, TECTyBaHHs, IHTErpallisi HOBUX 3MIH y KOJl, a
TaKOX PO3TOPTAHHS X Y BUPOOHUYOMY CEPEIOBHIIII.

OcunoBuoto wmetoro CI/CD € 3abe3nedenHs OesnepebiitHOi poOOTH
IPOrpaMHOTO 3a0€3MEeUeHHs NUIAXOM IIBUAKOTO Ta HAJIMHOTO BUSBICHHS i
YCYHEHHs TTOMUJIOK Ha paHHIX eTamax po3podOku. Jenkins Pipeline € ogaum 13
HaWMOMyJISPHIIIKX IHCTPYMEHTIB g peanizaiii CI/CD nporneciB, OCKUIBKUA BiH
JIO3BOJISIE HAJAIITOBYBaTH KOHBEEPU JIJIS aBTOMATH3allli BCIX €TamiB, BIJ
TEeCTyBaHHS N0 po3ropTanHs. Brtim, wnamamryBanHs Jenkins Pipeline s
KOXKHOTO TIPOEKTY BpPY4YHY MOXKe€ OyTH TPYAOMICTKHUM, TOMY aBTOMAaTH3allis
Horo reHeparlii crae akTyanbHUM 3aBAaHHsAM g DevOps-daxiBiiB 1 komaHa
PO3POOHUKIB.

Meroro naHoi po3poOku € aBroMartu3ailisi ctBopeHHs Jenkins Pipeline
daiiny (Jenkinsfile) Ha OCHOBI OTpUMaHOTO BijJ KOpHCTyBaua CIHUCKY (aiiiB
MPOEKTY 3a JOMOMOIOK MITYYHOro iHTenekry. Jmga mporo Oyno oOpaHO
miatdopmy OpenAl.

OcHOBHUMU 3aBIaHHSIMU CKPUIITY € aBTOMaTH4HE cTBopeHHs Jenkinsfile
Ha OCHOBI (pailyliB mpoekTy abo ioro cTpykrypu. lle nocsraeTbcs HIISAXOM
HajmamTyBaHHS acucteHTa OpenAl, skuil nOpuilMae CHOUCOK Ta TEHEPYE

BIJIMOBITHUN KOHBEEP.
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Ha Buxoxi po3po6nennii ckpunt renepye Jenkins Pipeline, moaiOuuit 1o
HaBejgeHoro y uictuHry 1. lle#t xoxn BusHawae etanu Checkout, Install
dependencies Ta Run script, siki € ocHoBHuME i Oinbinocti CI/CD mporeciB y

Python-npoekrax.

Jlictunr 1 — Ipuxnan 3renepoanoro Jenkins Pipeline

pipeline {
agent any

stages {
stage('Checkout’) {
steps {
git 'https://github.com/your-repo.git'
}
}

stage('Install dependencies') {
steps {
sh 'pip install -r requirements.txt'

}
}

stage('Run script') {
steps {
sh 'python script.py'

}
}
}
}

3anponoHOBaHU CKPUNIT € TMEpIIMM KPOKOM [0 aBTOMAaTu3amii
ctBopeHHst Jenkins Pipeline, 3MeHIIylouM yac 1 3yCWJUI HAa HalallITyBaHHS
CI/CD nns HOBHMX mpoe€kTiB. Ha OCHOBI IIbOTO CKPUIITY MOXHa MOOYyIyBaTu
CUCTEMY, sKa OXOIUIIOE BCl €Tamu J>KUTTEBOTO ILMKIY MPOrpaMHOro

3a0e3MeUeHHs] — B1J] TECTYBAaHHS 10 PO3TOPTaHHS.
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ITPO AJITOPUTMMU BU3HAUYEHHS OIITUMAJIBHOI CTPATETII
INPOI'PAMHOI'O KEPYBAHHS IIOTSAI'OM
Taprt JLJL, lI_hart@ukr.net, llonoucwbknit J1.0., daniil546 1 @ gmail.com

J[Hinposcovkuti HayionanvHu yHieepcumem imeni Onecs I onuapa

3ajaya ONTUMAIBHOTO MPOTPAMHOTO KEepyBaHHS MOTATOM (abo Moi3iom)
MOJISATa€ y TOIIYKY TaKOTO CIOCO0Y YMpaBiiHHS MOTYXHICTIO JOKOMOTHBA 1
raJlbMyBaHHSM, 100 MIHIMI3yBaTH TI€BHUUM KpPUTEpPId ONTUMAJIBLHOCTI
(HampuKJaa, 4Yac pyxy, CIOXKHBaHHS eHeprii abo 3HOC oOJagHaHHS) IPH
JOTpUMaHHI (PI3MYHUX Ta TEXHIYHUX 0OMexeHb [1].

Posrnsimaerbest 3aada KepyBaHHS TOTSTOM, IO PYXA€ThCA 3 OJHIET
CTaHIii A0 1HIIOT 0 piBHOMY IIIsAXY. [logopok Mae OyTH 3aBEpIICHOIO B MEXax
3aJIaHOTO 4Yacy 1, 3a MOXIJIMBOCTI, 3 MIHIMaJbHOI BHUTPATOI MAaJLHOTO.
BBaxkaetbcs [2], mo 3minai crtany x = x(t) € [0,X]c R T1a v=v(t)€
[0,V] € R (monoxeHHsI Ta IIBHIAKICTh TOTATY BiJIOBIAHO) 3aJ0BOJIBHSIOTH

IIPOCTY aBTOHOMHY CHUCTEMY IU(EPEHIIAIbHUX PiBHSIHb

dx dv

Frie v, Frin F(x,v,u), nex(0)=0,x(T)=X,v(0)=v(T)=0, (1)
ne t € [0,T] € R — ygacosa 3minHa; u = u(t) € U € [—q,p] € R — kepyrouwmii
BB, T,X,V,p,q — 3amani momatui unciaa. Oyukiis F(x, v, u) BBaKaeThCs

. . dF dF dF
BHU3HAYCHOIO Ta HCIICPCPBHOIO pPa3oM 13 YACTHHHHMHU ITOX1ITHHUMH d_’ d_’ d_
X 1% u

s Beix (x,v,u) € [0,X] X [0,V] X U i Takoro, mo mus 3asHadenux (x, v, u)
3ag0BoJbHsE yMOBH F(x,0,—q) < 0 < F(x,0,p), 3—5 (x,v,u) > 0, 30kpema

Af (W)

v

F(x,v,u) = +Bw) +gx) —r(v), (2)
ne A >0 — Bigoma crana; B(u) =0 g 0 < u < p; B(uy) < B(u,) <0 mis
U, < u, <0; g(x) — KOMIIOHEHTa TPaBITALIHHOTO TMPUCKOPEHHS B HAIMPSIMKY

pyxy; r(v) — omip TepTst Ui OJJMHHUII MACH ITPOTH HAMPSIMKY PYyXY.

BapricTh nogoposxi BU3HAYAETHCS BUTpaTaMU NalbHOTO [2]:

J= f fu@®)de - inf, 3)
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ne f:[—q,p] > R — mHemepepBHa ¢yHKIiA, CTpPOro 3pocramua Ta
nudepenmiioBana Ha [0, p] i Taka, mo f(u) = 0 ma [—q, 0].

BigmoBigHO 10 mpuHIMIY ~MakcumMyMy [loHTpsriHa — CKJIaJeHO
ramineToHiad H = H(x, v, Y, Y,, u) 3amaui kepyBauus (1)—(3):

Af ()

v

H=—-f(uw+yYv+y, +Bu)+gx)—r(w)|, 0<t<T

Ta OTPUMAHO CUCTEMY CIIPSHKEHUX AUQPEPEHIIAIbHUX PIBHSHb

d d A
W g, Drm gy gy, (2

+1r'(v) |. (4)

YMOBHU TpaHCBEPCAIBHOCTI BUKOHYIOTHCS TPUBIAIBHO.

Jlia po3B’si3aHHsA 3anadl ontuMizanii kepyBaHHs (1)—(3) oGroBoproerbes
MOKJTUBICT peaiizamii ABox miaxoxdiB. [lepmmii (HempsMuid) miaxia moJsrae y
pO3B’s13yBaHH1 KpailoBoi 3aiaul npuHIuny Makcumymy (1), (2), (4) ana cucremu
YOTUPHOX AUdEepeHIllabHUX PIBHSAHb (OCHOBHUX Ta CHPSDKEHMX) 32 HAsIBHOCTI
OOMEXEeHh Ha KEpyBaHHS Ta Ha TPAEKTOPIIO pyXy 13 BUKOPUCTAHHSIM
aJanToBaHUX 1O YMOB 3ajJayl aJIfOPUTMIB OagiCTUYHOTO METOAy ab0 METOIy
poroHkH 3 itepamismu [3]. dpyruit (mpsiMuil) miaxin mosisrae y 3acTOCyBaHHI
1TepaliifHOTO METOY JUIS MiHIMI3allii UIbOBOTO (yHKITIOHANA (3), TOTIOBHEHOTO
mrpadaMu Ha OOMEXeHHsT KepyBaHHA Ta (a3oBoi Tpaektopii [4].
[lepenbavaeTscsi AOCHIDKEHHST TMPAKTUYHOI 30DKHOCTI Ta €(EKTUBHOCTI
no0yTOBAaHUX YUCIIOBUX CXEM.

Biosiorpagivyni nmocuianus
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HHAPAJIEJIBHI METOIU JETEKTYBAHHSA
PAIIOBUITPOMIHIOBAHHA
I'onoBuncbkuit A.JL., golovinsky.andriy@ gmail.com
Incmumym ribepnemuxu imeni B.M. I nywxosa HAH Yxpainu
Kpasuenko H.B., kravchenko.n.v.88@ gmail.com
Incmumym ribepnemuxu imeni B.M. I mywxosa HAH Yxpainu
Hoaimko C.B., Sergpilen777 @ gmail.com
Llenmp 6oenno-cmpameziunux docniodicenv Hayionanornozo ynisepcumemy

oboponu Ykpainu imeni leana Yeprnsaxoscvkoeo,

Cucremn pamnioenexktponHoi po3Binku (PEP) 3a3Buuaii mMaroth Ha MeTi
BUSIBJICHHS, 1ICHTH(IKAIIIO Ta BUBYEHHS PaJllOCIIEKTPOHHUX CUTHAIB. KommakTHI 1
MoOUThHI PEP cucremu n03BOJISIIOTH 31MCHIOBATH 11 (DYHKLIT Y PYyXJIMBUX YMOBaX,
10 poOUTH iX JyK€ IIHHUMH JJIs1 PO3BIIYBaJIbHUX Ta BIMCHKOBUX omepariiil. Taki
CHCTEMH MOXKYTb OyTH BCTaHOBJIEHI HA TPAHCIIOPTHUX 3aC00aX, HEBEIMKUX araparax
a00 HaBITh Ha OCOOMCTOMY OOJaHaHHI BIMCHKOBOCTYKOOBIIB. Cucrtemu PEP
NPE/ICTaBICHI HA PUHKY y PI3HOMAHITHUX BapiaHTax. € MpuB’si3ka 10 TMEBHUX
JliaraszoHiB, HEMa€e THYYKOCTI 1 BOJHOYAC aBromaru3ailii. OIHUMH 3 MOIIUPEHUX
cucteM PEP € Taxi sk 11ykopok, BaHUTbHUH IyKOPOK, TinySA, Kymon ado "KyrmonoBuit
cka"ep" abo "KymnosbpHa Kamepa'.

JleTekTyBaHHS — II€ TIPOLIEC BUSIBJICHHSI, PO3IMI3HABAHHS a00 1MeHTU]IKAIT
NEBHUX 00'€KTIB, CUTHAIIB abo0 sBUII. B pamioeneKTpoHHIN pO3BIAII JAETEKTYBAHHS
pallOCUTHATIB BiJIOYBAEThCS, 30KpEMa, 33115l BUSBJICHHS JKEPENT BUIIPOMIHIOBAHHSI,
SIKI MOXKYTh HAJISKATH IPOTUBHHUKY.

J1o 3ama4 IeTeKTyBaHHsI BITHOCATLCS HACTYITHI OTepallii: CKaHyBaHHSI IIEBHOTO
JiarazoHy, BU3HAYEHHS KOPUCHUX CHUTHAJIIB Ha (DOHI 3aBaJl Ta aBTOMAaTU4HE
BU3HAYCHHS HANMPSMKY Ha [UTh Ta Mepeaada KOMaH]l Ha TOABJICHHS Yi OUIBII TOUHY
TMIEJICHTAITIF0 3@ JIOMIOMOTOK) KUIBKOX JETEKTOpiB. TouHi iama3oHH MOXKYTb
BapilOBaTHCS B 3aJIGOKHOCTI B Momem Ta BupoOHmka. CkaHep SpectraScan

BUKOPUCTOBYE JiBa OpUTIHATBHI METON JIETEKTYBaHHS JoKepena
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PaTIOBUIPOMIHIOBAHHS 3 TIAPAJICIbHOIO OOpPOOKOI0 JaHWMX: 3a CHEPri€ro0 Ta
KOPEJIAIIMHUN, KOKEH B OJHO- Ta JBO-KaHAIbHIN Momudikamii. [1IBuakomis MeTonis

1t 256-s1epHoro obuncioBada npu ckanyBanHi 40 MI 11 cmyru noka3ana B Ta0im. 1.

Tabmuus 1. [IBuakomis MeToaiB i 256-s1epHOro o0UMCIIIOBaYa MPU CKaHyBaHHI

40 MI'y cmyT

Yac ckaHyBaHHA, € OHOKaHa/IbHUM JBoKaHanbHWUi
3a eHeprieto 34 11.2
KopenaujinHuii 34 11.6

Memoo 3a ewnepeiclo BU3HAYAE CyMapHY CHEPril0 CUTHATY Y KOXHOMY
CTOBITYMKY MaTpHill M 1 BIATOBITHO (popMye BEKTOP V MAKCUMYyMIB 33 CTOBITUMKAMHU.
HactynmHuMm KpOKOM € MpOXOKEHHS BEKTOpa BIKHOM 33[aHOl IIUPHHU W 1
BU3HAYEHHS CUTHAJIIB, SIK1 OLIBIII 32 CEPE/THE Y BIKHI.

Aemokopenayitinuti Memood i€ 3 MaTpuielo M IHIIMM 4YWHOM, a came Y
KO’KHOMY CTOBITYMKY IIIYKA€ThCS MAKCUMYM aBTOKOPEIIINHOI (QyHKIT. Ko e
MakCUMyM BHUIIMHA 3a pe3yJbTaTh aBTOKOPENALli y CYCUIHIX CTOBIYMKAaX y BIKHI
HIMPUHOI W, TO 1I€ € O3HAaKOI CUrHaidy. KpiM BracHe NETeKTyBaHHS, KOMILIEKC
MOXKE TpAalOBaTH B PEXHUMI TMOJABICHHS. Y ILOMY pPEXKHMI BIH Ja€ KOMaHIU
30BHIIIHIM MOJYJISIM TIOCTAHOBKM 3aBaJl a00 TEHepye 3aBajd CaMOCTIMHO 1
BUIIPOMIHIOE X BJIACHUM IiepenaBayeM. B 11bOMy BUMaAKy NOTYKHICTH 3aBajd
BU3HAYAETHCS MIKIIIOYCHUMU TTICHITIOBaYaMu Ta aHTeHaMmu. Komrieke SpectraScan
MO>K€ TPAItOBATU K Y TIOBHICTIO aBTOHOMHOMY PEKUMI, MalOUH JIUIIE KOHCOJIbHUN
JOCTYM JUIsl 3MIH MapameTpiB poOoTH, Tak 1 rpadiunuid iHTepdeiic, skuid 1HpopMye
KOpPHUCTYyBaya Ipo 3arpo3u.

Omxe, y cdepi 3actocyBanHs PEP nerexTyBanHS MOXe 3MIHCHIOBATHCS 32
JIOTIOMOT'OF0 PI3HMX TEXHOJIOTIM Ta METOIB, @ HOBI CUCTEMH Ta TEXHOJIOTI Jal0Th
MOXIIMBICT, 3HAYHO TABUIIMTH €(EKTUBHICTh PaIIOCIIEKTPOHHOT  PO3BIIKH,
JIO3BOJISIFOYM BIMCBKOBUM 1 PO3BIIYBaJbHUM OpraHizalisiM OTPUMYBAaTH BaKJIHUBY

1H(opMalliro B yMOBaxX Cy4yacHUX OOMOBHUX JI1H.
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3AJJAYA NIOKPUTTSA OB’EKTIB CUCTEMHU
I'opbauyk B.M., lynaescbkuii M.C., Pu6avok 1.0O.
GorbachukVasyl@netscape.net

Incmumym ribepnemuxu imeni B.M.I nywrxosa HAH Yxpainu

Ckiagna cuctema 1 Hepiako 3a3Hae aTak 3 OOKy iHIIOI cucTtemMu 2. ATaka
Ha cuctemy 1 moTpedye 1Hpopmarlii mpo peakiiiro cucteMu 1 Ha fii cuctemu 2.

[Tpumnyctumo, 1o € Habip 3 p 00’€KTIB, IO CTAHOBJITH CUCTEMY 1, sika

MOKE aTaKyBaTHUCS, 1 € pecypcH Ui ataku r 13 1ux 00’ektiB. Hampukian,
KOMYHIKaIllifH1 3acO0M MarOTh OOMEKEHHSI Ha T€, HACKUIbKU JAJIEKO KOXKHUM
3aci0 MOXe 3B’SI3yBaTUCA 3 TOYKOIO IOIUTY, 3a0€3MeUyr0Yd MaKCHUMaJIbHHIM
cranaapt oOcayroByBaHHs [1]. KoxHa Toyka mnomury mnpoaoOBKyBaTUMeE
OTPUMYBATH TPAHCIIALINHUI 3B SI30K J0 TUX Mip, MMOKU ICHYBaTUME MPUHANMHI
OJIMH 3aci0 KOMYHIKaIlii MC/Is aTaku, SKUH MOKPUBATUME J1alla30H nonury. Tyt
3a/laya CUCTEMH 2 (HaIlaJHUKa) MOJArae y ToMy, o0 3HaXOIUTU Ti 1 00’ €KTIB,
Kl BapTO aTaKyBaTH YW TMONIKOJKyBaTh (OJOKyBaTH), 1 TapaHTyBaTH

BIJICYTHICTh KOMYHIKAI[IMHUX TOCIYT JJig HaWOUIBIIOro OO0CATY MOIHUTY.

MakcuMmizyeThCsl IO 3MIHHUX PIIICHHS yiL, $ ; UIbOBA (QYHKLIist OOCATY IOTHUTY

dayi, (1)

iel
SAKUW BTPATUTh TOKPUTTS TMicis OokyBaHHs, ne: I — Hallp TOYOK 1
KOHKPETHOIO IONHUTY; @; — OOCAT IONUTY B TOYLI i yiL — OyneBa 3MiHHA 31

3HAYCHHSM 1, KOJIM IIONUT y TOYLI { HE MOKPHBAETHCSA; s; — OyieBa 3MiHHA 3i

3Ha4YeHHsM 1, KoM 3aci0 y MicLiepo3TalryBaHHl j € 3a0iokoBaHuM. Ll monensb

Mae 0OMEXEHHS Ha YKUCIIO 3a0JI0KOBAaHMX a00 3HUIIEHUX 00’ €KTIB

Zsj:r<p, (2)

jeQ

yiL <s;,iel, jeN,={jeQ:3aci0 j NOKpHBa€ TOUKY MONHUTY I }, (3)

ja
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s;€{0, 1}, 1< j<®; =|N;| — uncno icHyrouux 3aco0iB, ki HOKPHBAIOTh TOUKY
MIOTIUTY I ; 4)
Fe{0,1},iel 5
y i E{ H }’ lel, ( )
ne: ) — MHOXKHMHA KOHKPETHHX MICIIEpO3TalllyBaHb | iCHYIOUHX 3aco0iB; |Q|=p.
OOmexennst (3) noryckae yiL =1, KomM OJIOKYIOThCA BCl ICHYIOYi 3acoOu, sIKi
MOKPHUBAIOTh TOYKY IOMUTY { ; KOJIM XK iICHY€ TIPUHAWMHI OJTMH 3aci0, SIKHMiA TIOKPHUBAE
TIOKPHBAIOTh TOUKY MOMATY i Ta He 6JIOKyeThes, Ty, = 0. TaKuM 4HHOM, JIMIIE

TOYKM TIONUTY, $KI BTPaTWIA BCl CBOi ICHYIOYl 3acO0M MOKPUTTSA, MOXYTh
BBOXATUCSA TaKWMH, 110 TOBHICTIO BTpaTWiM TOKpUTTS. OOmexeHHs (4), (5) €
OIHAPHUMHU IUIOYMCETBHUMHU, PUUOMY OOMEKEHHS (5) BUILIMBAIOTH 3 OOMEKEHb
(3), (4). 3amauy (1)—(5) moxHa po3B’sI3yBaTU 3a JOINOMOIOIO OYJIb-SIKOTO
MIPOrpaMHOTO 3a0e3MedeHHs I IJI0YMCEIBHOrO JHIMHOTO MporpaMyBaHHS [2].

JUis p pi3HMX MICLIEpO3TalllyBaHb TOUOK IOMUTY, 33Ja4y MOUIYKY IMIAMHOXXUHH F

00’€KTIB, OJIOKYBaHHS SIKUX MaKCHUMI3y€e Pe3yJbTyIOu€ 3MEHIIECHHS MOKPUTTS IHX
MICIIEpO3TalllyBaHb, HA3UBAIOTh 33/JaY€l0 MOKPUTTS r OO0’€KTIB. 3 1HIIOrO OOKY,
3aXUCT cuctemMu | motpedye iH(OpMAITi mpo peakiliro cucTeMu 2 Ha Jii cucrem 1.
TakuMm uyuHOM, 1H(OpPMAaIis (JaHi) MPO PEAKLIIO I1HIIOI CUCTEMHU € BAXKIIMBOIO Y

MUTAHHIX OpraHi3allii 3axucTy i ataku [3].

Biosiorpagivyni nocuianus

1. Chikrii A., Denisova N., Gorbachuk V., Gromaszek K., Krivonos Y., Lytvynenko V.,
Matychyn 1., Osypenko V., Smailova S., Wojcik W. Current problems in information and
computational technologies. V. 2. W. Wojcik, J. Sikora (eds.) Lublin: Politechnika
Lubelska, 2012. 196 p.

2. Topbauyk B.M., €pmonbeB IO.M., €pmonseBa T.FO. [IBoeramHa Mozenb €KOJIOTro-
€KOHOMIYHUX pilmeHb. Bichux (Odecvbkozco HayioHanbhoco YHieepcumemy. Exonomixa.
2016. T. 21. Bum. 9. C. 142-147.

3. Topbauyk B.M., Makapenko O.C. OcoOnuBOCTI NPUHHATTS PpillIeHb TIOAWHOIO IS
PO3B’S3aHHS CKJIAJHUX MDKIUCUMIUTIHApHUX mpoOneM. CucmemHi 00CnioxcenHs ma

inpopmayivni mexnonoeii. 2017. Ne 3. C. 73-87.

97



ABTOMATHKA 2024

BEPU®IKALISA CAHMETPUYHOI KPUIITOIPA®IYHOI CUCTEMHU
3AXMCTY MOBHOI IH®OOPMAIIII HA TJUPEPEHIIAJIBHUX
INEPETBOPEHHSIX B ACY KPUTUUYHOI'O IPUBHAYEHHSA
I'pumyk O.M., hry.olga @ gmail.com

Hayionanvnuii asiayitinuii ynieepcumem

IMocranoBka mnpo6jemMu. CTpIMKUN PO3BUTOK TEXHOJOIHA JIOCTYIy [0
qyTIMBO1 MOBHOI iH(popmarii (MI), sika UpKy/Ir0€ B aBTOMaTH30BAaHUX CHUCTEMax
ynpaBiiHH ~KpuThnyHOro npusHaueHHs (ACY KII), oOymoBmoe mnotpedy
NOAAIBLIONO PO3BUTKY HasiBHUX cucteM 3axucty (C3). [lepir 3a Bee 1ie crocyeThest
kpunrorpagiuaux anroputMiB (KA), ski 3acTOCOBYIOThCS B TaKMX CHCTEMax. Taki
KA noBuHHI OyTH CTIHKMMU JI0 KBAHTOBUX KiOEpaTak, 10 € aKTyaIbHOK HAyKOBOIO
po0JIEMOI0, SIKa Ma€ BaXJIMBE MpaKTUIHE 3HaueHH 11 3axucty ACY KII.

AHaJji3 crany npoodsemu. Ha cboromni Biiomo He Masio KA, 1o € cTiikumu
710 KBaHTOBUX KiOepaTak i 3aCTOCOBYIOThCS JUIsl OOYIOBU CUCTEM 3aXHCTY MOBHOI
iHpopmanii (C3MI). Lle xBantoBi KA Ha OCHOBI IpaToK, MYJIbTUBApIaTUBHOL
kpurnrorpadii, kpunrorpadii Ha OCHOBI Xem-(QyHKIIN, Kpunrorpadii Ha OCHOBI
KOJIIB KOPUTYBAHHSI TIOMWJIOK, Kpunrorpadii Ha OCHOBI i3oreHii Ta iH. OcTaHHIM
yacoM MHOkMHa KA CTIMKMX 10 KBaHTOBHMX KiOepaTak pO3IIMpHUIACS 3a PAXYHOK
nosiBu cuMeTpuaHux kpurnrorpadiunux (CK) cucrem Ha oCHOBI auepeHITiaTbHUX
neperBopens (JI11). Ha BiqmiHy Bij KJIaCHYHOI CUMETPUYHOI Kpuritorpadii B OCHOBY
AKO1 TIOKJIAJICHO METOIM JUCKpeTHOI MateMaTukd, KA B Takux cucTeMax
IPYHTYIOTBCSL Ha MeToJlaX iHTerpanbHoi kpunrorpadii. OcaoBy KA craHoBuTH Te,
Y{ 1HIIE THTerpaJibHe PIBHSAHHS MaTeMaTU4yHoi (Pi3uku. Pa3om 3 THM Ha cbOrojHi i
moci Oumemmicth Takux CK C3MI Ha ocuoBi JIII 3 BimmoBigammu KA He
BepHr(iKOBaHI.

OcHoBHuii 3micT gocaimkenns. 3 meroro Bepudikamii CK C3MI Ha ocHOBI
JIT mporionyethest: mo-niepiie, Bepudikysaru mozens CK C3MI na ocHosi JIT; mo-
npyre, BepudikyBathu KA Ha ocHOBI iHTerpajibHoro piBHsHHA ®Openronbma

TMIEPIIOro pojy; MO-TpeTe, BepudiKyBaTH aJITOPUTM T€HEpallli Ta PO3MOALUTY KIHOYIB

98


mailto:hry.olga@gmail.com

ABTOMATHKA 2024

nm¢pysanss Ha ocHoBi JII; mo-yerBepte, BepudikyBatu CK C3MI B uinomy.
Bepudikaris mogeni CK C3MI Ha ocHoBi JII1 npoBenieHa 3 BUKOPUCTAHHSIM METOIY
nopiBHsAHb. [IOpIBHAHHS pe3yNbTaTIB OJlepKaHUX Ha OCHOBI KiacuuHoi mozeni CK
cucteMu Ta mozeni kpunrorpadiuHoi C3MI, ska mochipkyBaiacs JI03BOJMIO
BCTAHOBWTH, 1110 OCTAHHS € aJIEKBaTHOIO Ta HAJICKUTH J10 cucTeM 3 KA 1moTokoBoro
nmgpyBanHs. Takuil BUCHOBOK JIO3BOJIIE CTBEPIKYBAaTH, II0 BOHA MOXke OyTH
3aCTOCOBaHA I 3aXHMCTy MOBHOI 1H(OpMalllii B peabHOMY MacIiTadl dvacy.
Bepudixkariiss KA Ha 0CHOBI iHTErpaabHOrO piBHSIHHA Dpenroiapbma Mmepioro poay
MIPOBEACHO 3a JIOTIOMOTOK) BIJIOMOTO METOJY aHAJITUYHUX PillieHb. 301KHICTb
pe3yibTaTiB  KOMI'IOTEPHOTO  MOJETIOBAHHA 3  pe3yJibTaTaMd  aHATITUYHUX
PO3paxyHKIB JIO3BOJIMJIO BCTAHOBUTH BIJICYTHICTh MOMHJIOK Ta pPO30DKHOCTEH B
peamizaiiii Mozieni. SIk pe3ysbTar MepeBipeHo MPUUHSATI MPUITYIIICHHS Ta OJEeP)KaHO
MIATBEP/PKEHHST HOro KOpPEKTHOro (PyHKITIOHYBaHHS. Bepudikariio airopurMmy
reHepailii Ta po3no/uTy KIHO4iB MPOBEACHO METOAOM BepU(IKaIiifHOrO TeCTyBaHHS,
10 JIO3BOJIWJIO JUIs PI3HUX KJIACIB alreOpUYHUX MaTeMaTHYHUX MOjEied KITIOYiB
mmdpyBaHHs OlepXaTyh BIINOBIAHI 1M JuQepeHmianbHl  criekTtpu. OpepikaHi
pe3yibTaTH  MiATBEPDKYIOTH  CIPOMOKHICTH — 3aIPOMIOHOBAHOTO  aJITOPHUTMY
Oe3nomuikoBo reHepyBaru kimoui mudpysanns it CK C3MI wa ocHosi JI1.
Po3B's13aHHs1 MOAETBHUX MPUKIIA/IIB Ta BpaXyBaHHS 1HIIMX pe3yJIbTaTiB BepUQiKallii,
3a SIKI MOBa WIIIa BWINE, JO3BOJWIO MPUNTH JO BUCHOBKY — CHCTEMa, sKa
BepHU(iKyBaslacs NpaIOe KOPEKTHO, & TOMY MOYKE 3aCTOCOBYBATHCS JUISl 3aXHCTY
MoBHOi 1Hpopmarii B ACKIIL.

BucHoBKH. 3arporioHoBaHu Tiaxia 10 Beprdikarlii, Ha BiIMIHY BiJ BIZIOMHUX
JO3BOJIMB ~ TIAIATH 70 Mpoueaypyd Bepdikaiii JAEKOMITO3UIIINHO, BCeOIYHO
Bep(iKyBaBIIM BCi €TANU SKi MEPEAyIOTh MPAKTUYHIN peaizallii 3amporioHOBAHO1
cuctemu. OpepkaHi pe3ylbTaTd MIATBEPHKYIOTh TMPABWIBHICTE MPUAHATHX
TEXHIYHUX pIIIeHb, a iX 30LKHICTh 3 BIIOMHMH Ta HECYIEPEYHICTh OCHOBHHUMH
SBUIIAMHA Ta 3aKOHAMW TPUPOJAM, BIIKPUBAIOTH IUPOKI MOMIIMBOCTI ISt

MIPAKTUYHOTO BIpoBakeHHs HoBoro kiacy KA mns CK C3MI B ACY KIL
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METOJOJIOTTYHI 3ACAJIN TIOBY OB MOJEJIEN YIIPABJITHHS
KIBEPBE3IEKOIO OB’€EKTIB KPUTUYHOI IHOPACTPYKTYPH
I'pumyxk P.B., Prof.Hry @ gmail.com

Biticoxkosa axkaodemisa (m. Odeca)

IMocTanoBka npodaemu. O0’€KTH KPUTHUHOI 1HPPACTPYKTYpU BIIITPAIOThH
BUKIIIOYHO BRXXJIMBY pOJib Yy 3a0€3MEUYeHH] O€3MEeKH KUTTEAISUIBHOCTI HACETIECHHS
Ta eKOHOMikM Ykpainu. HecaHkilioHOBaHE BTpy4YaHHS B KOHTYpP YIpaBIiHHS
o0'ekTaMu KPUTHUYHOI 1H(PACTPYKTYpH Ta BUBEJEHHS I1X 13 JIaay CTaHOBUTH
peayibHy 3arpo3y JJIsl HalllOHAJIBbHOI, PErioHAJIbHOI Ta rio0anbHoi Oe3neku. Came
TOMY 3aXUCT 00’€KTIB KPUTUYHOI 1HPPACTPYKTYpH Bl KiOeparak € mpoOJIeMOro
HE TUIBKU JIEP’KaBHOTO, a U CBITOBOrO 3HaueHHs. OCKUIBKH BiIIpalfOBaHHS
0€3MEeKOBUX AITOPUTMIB Ha peaibHUX 00 €KTaX KPUTHUHOI 1HPPACTPYKTypu Ha
ChOTOJIHI HE BOAYAETHCA MOXJIMBUM, TO aKTYaJbHOIO HAyKOBOIO 3a/auel0 €
pO3pOOJICHHS ~ METOJOJIOTIYHUX ~ 3acajl MMOOyJAOBM MOJENCH  yIpaBIiHHSA
Ki0epOe3MneKoro Takux 00’ €KTIB.

AHaJii3 crany npo0Jemu. Ha cydacHOMy etarii po3BUTKY HAayKH 1 TEXHIKU
CTBOPCHHS  Mojelie  ymnpaBmiHHS  KiOepOe3rekorw 00’€KTIB  KPUTHIHOI
1H(GPACTPYKTYpH K MPABHIIO HOCUTH PO3pi3HEHUM xapakrep. ICHyroTh mojeni
JUISL YOPaBIMHHSA KiOEpOe3NeKo OKpeMuX O0’€KTiB. ICHYIOTh U KOMIUICKCH
Mozenel Juis TakuX OO’€KTIB KpUTUYHOI 1HpacTpykTypu. Pazom 3 Tum 10
ChOTOAHI HE OYyJ0 CTBOPEHO €AMHI METOMOJOTIYHI 3acalyd CHUHTE3y TaKuX
mozeneil. Kpim Toro icHyro4i Mojeni y CBOiM OUIBIIOCTI HE MependavyaroTh
THTEJIeKTyalli3allii, 1110 Ha ChOTOHI € CBITOBUM O€3MIEKOBUM TPEHIOM.

OcHoBHuii  3mict  jgociaimkenHs.  DyHnameHTanbHa  mpoOiema
3a0€3MeUYeHHs] CTIMKOCTI 00’€KTIB KPUTHYHOI 1H(pacTpyKTypu Bim Kibeparak
CIIOHYKAa€ J0 TOIIYKY HOBHX Ta HETPUBIAIBHUX MIJIXOMIB 0 i BUpIIIEHHS. Y
poOOTI 3aMpPOTIOHOBAHO HAYKOBO OOIPYHTOBaHI METOJOJIOTIUHI 3acaau, SKi Ha
BIIMIHY BiJ BIJIOMUX BIEpIIE JO03BOJSIOTH CHHTE3YBaTH HOBI MOAENTI IS

yIpaBJiHHs Ki0epOe3neKkor 00’ eKTIB KpUTUYHOI IHPPACTPYKTYPH.
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B ocHOBY MeTOAOJOTIYHMX 3acaj MOKIaneHo iaei cuHepretuku ['. Xakena
ta kibepretuku H. Binepa. I{e 103B0IMI0 BUSIBUTH HOB1 HEBIJIOMI 10 ChOT'OJIHI
eMEp/KEHTHI BJIACTUBOCTI Y CHHTE30BAHUX MOJENSIX. SIK pe3yapTaT BU3HAUYEHO
HOBI HAIPSIMHU ITABUIICHHS CTIHKOCTI 00’ €KTIB KPUTHYHOI 1HPPACTPYKTYpH 10
Kibeparax.

Y pesynbTari AOCHIIKEHHS TAaKOX BIEpIIE OOIPYHTOBAHO HAJEKHICTDH
CUCTeMH YMpaBIiHHA 00’€KTa KPUTHYHOI 1HQPACTPYKTYpH JIO CHCTEM 3
KPUTHYHOIO KiOepiHGPaCTPYKTYpOIO, III0 OOYMOBJIEHO iX (DYHKIIIOHYBaHHSM ITiJ
yIpaBJiHHIM 1H(QOpMaIiiiHO-KOMYHIKaIIMHUX cucTeM. [{e 103BoMII0 Ha OCHOBI
3aMpONOHOBAHUX TpadoBUX AUQPEPEHINATBHO-ITPOBUX MOJEIe 3a0e3neunTH
3aBYACHE BHUSIBJIICHHS Cepejl HaSBHUX CHUCTEM YIIPaBIiHHSA 00’ €KTaMH KPUTHIHOI
1H(}pacTpyKTypu HaWOIbII KPUTHYHI OO’ €KTH, MPIOPUTHU3ALIS 3aXUCTYy SKUX
3armobira€ BUHUKHEHHIO €(EKTIB JIAaHIIOTOBUX pEakIlii, 4YuUM CHOpHUs€e
MIJBUIIICHHIO PiBHS 1X KiOep3axucty. Tak, HampuKia, 1€ He TUIbKU T1 00’ €KTH
K1 HaJEXaTh CyTO JI0 CEKTOpPY (hiHAHCOBO-EKOHOMIYHOI cepu, a mepl 3a Bce
e 00’€KTU KPUTUYHOI 1HPPACTPYKTYpH, BITHECEHI J0 CEKTOPY HAI[IOHAIBHOT
0e3MmeKku Ta 00OPOHH.

VY OTOBil TAKOXK PO3KPUBAIOTHCS PE3yIbTaTH BIPOBAHKEHHS OJCPIKAHUX
HAyKOBHUX PE3yJbTaTIB, U0 MiATBEPKY€E HAYKOBY IIIHHICTH POOOTH.

Bucnoeku. Ot1xxe, METOONOTIYHI 3acaay MOOYIOBU MOJIENEH YIpaBIiHHA
K10epOe3eKor 00’ €KTIB KpUTUIHOT IHPPACTPYKTYpPH JO3BOJISIIOTH OJIEPKYBATH
HOBI ()yH/IAMEHTAJIbHI T4 OJJHOYACHO KOHKYPEHTOCIIPOMOKHI 3HaHHS CBITOBOIO
piBHS, COpSIMOBaHI Ha BHUPIMICHHS aKTyalbHOI HAyKOBOi  MpoOJIeMH
3a0€3MeUeHHsI CTIMKOCTI 00’ €KTIB KPUTHUYHOI 1H(QPACTPYKTYpH BiJ KidepaTak, y

TOMY 4MCHI 1 BiA KibepaTak HyJIbOBOIO JHS.
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INEHTU®IKAILISI IAPAMETPIB AJIAIITUBHOI MOJEJII
KEPYBAHHS HA OCHOBI PE3YJIBTATIB CIIOCTEPE/KEHb
I'yk H.A., huk_n@365.dnu.edu.ua

Jninposcwvkuti Hayionanvuuu yHieepcumem imeni Onecs onuapa

AJanTUBHI CUCTEMH KEpPYBAaHHS HalleXaTh IO KJIacy CHUCTEM, B SKHUX
iH(opMalris po 00'€eKT KEpyBaHHS OTPUMYETHCS 0€3MOCEPENIHBO i Yac HOro
po60TH, a KepyBajIbHI Jii 3MIHIOIOTHCS BIAMOBIIHO J0 MOTOYHUX XapaKTEPUCTUK
ctany oO'ekta. Ha BiaMIHY BIJl KJIAaCMYHHMX METOJIB TEOpli KepyBaHHs, SKi
BHUMAararoTb CTBOPEHHS TOUHOI MaTEMaTUYHOI MoJieNl 00'eKTa, 110 HallyacTille €
CKJIQJHUAM JJI TEXHIYHUX CHUCTEM, aJalTHBHI CHCTEMH BUKOPHUCTOBYIOTH
IHTEJEKTyalbHl METOAU Ul OUIbII THYYKOTO KEpPYBAaHHSA. 3aBISKU LIbOMY
MIIXOMy  MOXIJIMBO  OJHOYACHO  BPaxOBYBaTW  KUIBKICHI ~Ta  SIKICHI
XapaKTEPUCTUKU O0'€KTa 1 aBTOMATHUYHO HAJAIITOBYBATH CUCTEMY Ha 3MIHHI
30BHIIIHI YMOBH, IO MiABHUIINYE il CTIMKICTh 7O BIUIMBY 30ypeHb. Y pPOOOTI
PO3TTISAAETHCA TPOIEC KEPyBaHHS HArpiBaHHAM METAJIEBOTO CTPIDKHA Ta
pO3pOONISEThCS MIAXIA 10 1ACHTH(IKALII MHapaMeTpiB aJanTUBHOI MOJENI
KEepYBaHHsI Ha OCHOBI PE3yJIbTATIB CIIOCTEPEKEHb 3 BUKOPUCTAHHAM HEWPOHHOT
Mepexi. JlJisi BU3HAUEHHS MapaMeTpiB KEPYBAJIBHOIO BIUIMBY Ha BHUKOHABYI
€JIEMEHTU BUKOPHCTOBYETHCS MOJENb 00’ €KTY Ta MOJIE]b MPOLECY KepyBaHHS,
IO ONHUCYETHCA POOOYMMH MapaMeTpaMH, 30KpeMa MapaMeTpamMu YCTaHOBKH
BaJIKIB y MPOKATHIM JiHII ab0 MapaMeTpaMu HarpiBajlbHUX/OXOJIOMKYIOUUX
€JIEMEHTIB Ha JUISHII TePMIYHOT OOPOOKH.

[IpononyeThest 3A1MCHIOBATH 1€HTU(DIKAIIIO MapaMeTpiB KEePyBAJIbHOIO
BIUIMBY B TNIPOIECI €KCIUTyaTalii 00’€KTy 3 BHKOPHUCTAaHHSIM CHUCTEMH, sKa
CKJIQIa€ThCS 3 JIBOX IUTYYHUX HEMPOHHUX MEPEX MPSMOro MOUIMPEHHS 3
eJIeMEHTaMu 3aTPUMKH, OJHA 3 SKMX BHUKOHYE (YHKIIIO KepyBaHHs (0JIOK
KepyBaHHA), a Jpyra 3IHCHIOE ampOKCHUMAIII0 3aJIeKHOCTI KEPYyBAIBHOTO
BIUIUBY BIJ CTaHy JHUHAMi4HOI cuctemMu (00K moOyaoBu Mojeni). biok

noOyoBH MoJeni 3’€AHYETbCS 3 OJIOKOM KEpyBaHHs, SKUWA TeHepye
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KepyBaJIbHUH BIUIMB 4(?) Ta mepeaae WOro Ha 00’e€KT KepyBaHHS. B pe3ynbrarti
3MIHCHEHHS BIUITUBY 00 €KT KEPyBaHHS MepexoauTh B ctad y(t + 1), a 3HauCHHS
napaMeTpiB LbOTO CTaHy BUMIPIOIOTH B 3a/IaHUX TOYKaxX 00’€KTY 3a JOMOMOIOI0
BUMIpIOBaNbHUX jgardukiB. I[lapm 3Hauenbp {u(t), y(t +1)} yTBOpPIOIOTH
HaBYaJbHY BHUOIPKY, SIKa 3aCTOCOBYETHCS JJIi HaBUAHHS HEUPOHHOI MEpPEXI B
pexumi offline. Ha BXim HEHpoHHOT Mepexi, M0 € MEpPEXKEI0 MPSIMOTO
NOIIMPEHHS 3 JIBOMAa TMPUXOBAaHUMHU IIapaMu, T[E€pPeAaloTh MapameTpu
KEPYBAIBHOIO BIUIMBY u(f) Ta 3HadenHs y(t + 1) uepes 6ok 3atpuMku Y.
Heiiponna wepexa reHepye peakiiro o00’ekry kepyBanHa VP(t+ 1) Ha
KepyBaJIbHUMN BIUIUB u(1). 3a 3HAUCHHSIMHU CIIOCTEPEKYBAHUX MMAPAMETPIB CTaHY
y(t + 1) Ta renepoBaHuX HEUPOHHOIO Mepexkero Y (t + 1) dopmyersest hyHKITIS
noMusiku t+1). Ilicnga HanamTyBaHHs OJOKY MOOYAOBH MOJEINI 3A1HMCHIOIOTH
HaJallITyBaHHS B pexuMi online Apyroi HEWpPOHHOI MEpPEXi, sIKa BUKOHYE
dbyHkuiro 00Ky KepyBaHHA. Ha BXim Mepexi mojaroTh iH(OpMaIiioo mpo
nependayyBaHui cTaH 00’€KTy x(f+/) Ta HWOro MOTOYHUU CTaH yepe3 OJIoK
3aTpUMKH Y™', OJOK KepyBaHHs TIe€Hepye KepyBaJbHWM BIUIUB u(l), SKUM
NOTpaIisie Ha BXIJ OO’€KTy KEpyBaHHS Ta Ha BXiJ HEWpPOHHOI Mepexi. B
pe3yibTari 00’€KT KepyBaHHs reHepye peakmito yY(t + 1) Ha KepyBalbHUM
BIUIMB u(?), a HEHpOHHA Mepexa reHepye peakmiro y(t + 1) Ha kKepyBalIbHUN
BITMB. DyHKIIS MOMUIKHA KepyBaHHS 7+ 1) B 3BOPOTHIN OIK TPOXOJUTH Yepe3
0JIOK HEHPOHHOI Mepexi, MPU I[bOMY BaroBl Koe(ilieHTH OJIOKY HEHPOHHOI
Mepexi He 3MIHIOIOTh. Jlani (QyHKIis MOMUJIKKA KepyBaHHS MOTpAIUIsie Ha OJIOK
KepyBaHHA, JI€¢ CTa€ KpUTEpPIEM JUIsl HaJAIITyBaHHS TMapaMeTpiB OJIOKY
KEepyBaHHSI.

3anponoHOBaHUM MAXi M03BOJISE BUSHAYUTH TTApAMETPU KEPYyBaITbHOTO
BIUTUBY B TIpoiieci (DyHKIIIOHYBaHHS 00’€KTa B PEXUMI PEaTbHOTO Hacy, IO

CYTT€BO MIJBUIIYE TOYHICTh KEPYBaHHSI.
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3ACTOCYBAHHS AJITOPUTMIB MAIHLIMHHOI'O HABYAHHS B
AHAJIIBI EMOLIA TEKCTY HA BA3I HEYITKOI JIOTTKHA
J:xkenkoBa M.M., dzhenkova.mariya @ gmail.com,
IlleBeaboBa A.€., shevelevaae @dnu.dp.ua

ninpoecvkuti Hayionanonuii Ynieepcumem imeni Onecs I onuuapa

Ha cporoguimHiii 1aeHb OAHUM 3 PO3MOBCIOPKEHHX HAMPSIMKIB
JOCIIIJIKEHb € KOMIT IOTEpHUN aHalli3 JIOACHKOrO CIUJIKYBaHHS Ta TEKCTIB.
BusHaueHHsT eMoOLiitHOro 3a0apBlIEHHS TEKCTIB 3aCTOCOBYETHCA Y PIZHUX
cdepax AisUIBHOCTI: BiJl TOPTiBJi Ta MAPKETUHTY J0 HaBYaHHS Ta MeauiuHu. Ha
TEMY aHali3y TEKCTY ICHYe OaraTo IOCHiKeHb, OUTBIIICTh 3 HUX HalpaBJeHl Ha
BUKOPUCTAHHA HEUPOHHUX MeEpex s aHamizy TekcTiB [1]. Tum He MeHin,
CUCTEMH, 5Kl TOOYI0BaH1 Ha OCHOBI BUKOPUCTAHHS HEWPOHHUX MEPEK, MOXKYTh
OyTHu TyXe CKJIAQJHUMH, a 4YaC HAaBYAHHS Ta HEOOX1JHA KUIbKICTh MOYaTKOBHX
JTaHUX MOXe OyTH JTy>ke Belnkoro. Ha BiMiHY BiJl HEHPOHHUX MEpEkK, HeUITKa
JIOT1KA € JIOCUThH MOTY>KHUM aJie MEHII 00’€MHUM MEXaH13MOM, KWW J103BOJISIE
MpaIoBaTy 3 TAKUMHU HEUITKUMHU BXITHUMH MapaMeTpaMHu, K TEKCTH, HaITMCaH1
mroapMu [4]. Ha >kanb, HediTKa JIOriKa TakoxX Mae aesikl Baau. OCKIJIbKH BOHA
0a3yeTbcsl Ha HEUITKMX MPABWIAX CTBOPEHUX JIOAbMH, TO 3 YaCOM BUBEICHHS
CUCTEMH MOXE CTaTH MEHII TOYHUM. TOMY NIpPOMOHYETHCS BUKOPHUCTOBYBATH
QITOPUTMH MAIIMHHOTO HaBYaHHS JUIsi MOOYAOBH TiOpUAHOI CHCTEMH, sKa
3MOKE€ BHUKOPHCTOBYBAaTH AaBTOMATUYHE HAaBYaHHS JUIsl TIOKPAICHHS CBOEL
poboTH.

Jiist TectyBaHHs Oyi0 MO0y I0BaHO HEBEIMKY CUCTEMY HEUITKOTO BUBOZY.
MopentoBanHst Oyi0 BUKOHAaHO B 3acTocyHKy MATLAB, 3 BHUKOpUCTaHHSIM
nignporpamu  Fuzzy Logic Toolbox [3]. Cucrema Bxiouyae B cebe 3
JIHTBICTUYHI ~ 3MIHMA:  HETaTUBHO, HEWUTpaibHO, NO3UTHUBHO. CroBam
MIPUCBOIOIOTHCS 3HAaUeHHs 3 Alana3ony [0, 1], ne 0 o3Ha4ae HeTaTUBHE €MOIIiiTHE
3a0apBieHHs, a 1 — no3utuBHe. CrucreMa MICTUTh 3 3pa3ku mpaBui. Ak QyHKIi

HaJIEXKHOCTI BUKOPUCTOBYIOThCA ['aycciBChbka Ta TpUKyTHA (QYHKIIII.
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Omneparop «min» BUKOPUCTOBYETHCS SIK METOJ HEUITKOI arperaiii is
00’€THaHHS OI[IHOK HACTPOIO Ha PIBHI CJIOBAa B OIIHKY Ha PiBHI pedyeHHs. Tak
camo Iie MpaIoe A7 OLIHKK HACTPOIO TEKCTY peueHHs. MeTol HEeHTPY TSHKIHHS
BUKOPHUCTOBYEThCA JUIs edhazudikariii.

[licns 3aBepilleHHS MOJEIIOBAHHS HEYITKOI CHCTeMH, MOXe OyTu
3aCTOCOBAHO aJTOPUTM MAIIMHHOTO HaByaHHA. B Hamomy Bumaaky
MPOMOHYETHCSI BUKOPUCTOBYBATH MAIIMHHE HABYaHHSA JUIA TEPEpPaxyHKY
napaMeTpiB (YHKIIH HaJe)KHOCTI, a MPOIEeC HaBYAHHS MOXKe OyTH ONHMCAaHUM
¢dynkuiero MiHiMizanli BTpar [2]. Konau HaBYaHHS 3aKIHYEHO, HEYITKA CUCTEMa
BHUBOJIy MOK€ OTPUMATH OHOBJIEHI (DYHKIIIT HAJIEKHOCTI 1 BUKOPUCTOBYBATH JUISI
1mo0y/1I0BH OLIbIII TOYHOTO BUBEACHHS.

[HTerpanis MalIMHHOTO HaBYaHHS B CHUCTEMY HEYITKOTO BUBEICHHS
CTBOPIOE BIJIHOCHO JIETKUM MeEXaHI3M, SKUH poOUTh cucTeMy HabaraTo
THYYKIIIO Ta Ouibln aganTuBHOWO. [lomanbima pobGota Oyae Oa3zyBatucs Ha
PO3LIMPEHHI ONTUMI30BAHMX TApaMETPIB CHUCTEMHU HEUITKOTO BHUBEICHHS,
MOJICJIIOBAaHHI ~ OLIBII  CKJIAQQHOI CUCTEMHM Ta po3poOll  MpPOrpaMHOrO

3a0€e3eYeHHS.
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AHAJII3 KPUTEPIIB JUIS1 OIITHKH EKCILTYATAIIIMHAX JAHUX
TP MOJIEJTIOBAHHI PEJKMMIB POBOTH ABIAIIIMHOI'O
I'A3OTYPBIHHOI'O JIBUT'YHA
Hynaii A.B., adunay99 @ gmail.com

AT «Enemenmy, Hayionanvnuti ynieepcumem « Ooecoka nonimexHixay

MeToro MoJIeNTIOBaHHSI B MPOIIEC] KOHTPOJIIO MapamMeTpiB ra3oTypOiHHOTO
neuryHa (I'TJI) € 3a0Ge3nedyeHHs1 HaIIiHOT OIIHKK TEXHIYHOTO CTaHy Ha OCHOBI
00'€eKTUBHOTO TOPIBHSIHHS pEalbHUX IMAapaMeTpiB 3 €TaloHHUMU.B pe3ynbrarti
aHamizy OyJio 3’4COBaHO, L0 JJII CHUCTEMAaTHYHOTO KOHTPOJIO MapaMmeTpiB
JIBUTYHA JIOIIJILHUM € BOPOBAKEHHS MOTo JiarHocTuyHoi moaeni (JAM) [1].
Takuit  maxig  go3Bodsie  mpoBoauTu  jgiarHoctuky [T/l muzsxom
aBTOMATHU30BaHOTO TIOPIBHSHHS 3HAYCHHSANApaMETPiB JBUTYHA Ha PI3HHUX
pexxumax poOOTH 31 3HAYEHHSAMH, sKI iMITyroTbea JIM. 3 ornsiay Ha BeNHKi
oOcsaru ekcrutyatamiinux ganux ['TJl, aBTOMaruzarlis ix aHami3zy cropuse
MMIBUIIEHHIO TOYHOCT] BUSABJIEHHS BIAXWJIEHD 1 3MEHIIIEHHIO KUTBKOCTI IIOMUJIOK
B MMOPIBHSHHI 3 OLIIHKOIO TAHUX OMEPATOPOM.

['TH TB3-117B, nns sikoro peani3dyerbest [IM, Mae psin peskuMiB poOOTH,
KOXEH 3 HUX XapaKTepU3YEThC HAOOPOM 3HAUYEHb MapaMeTpiB, K1 MIAJIATal0Th
KOHTpoJit0o Ta jmiarHocTHill. Cepel OCHOBHHMX pPEXHMIB poOOTH JBUTYHA
BUIIISIOTH «Mamuit ra3y, «Kpencepchkuil pesxxum», «3IMTHUN pekum», «Pexxnm
2,5-XBWJIMHHOI TIOTYXKHOCT1», «Pexum KoHcepBalii/po3koHcepBartii». s
JAaHUX PEKUMIB HEOOX1THO 3a7aTH KPUTEPIl IS MOPIBHSHHS PEAIbHUX JIAHUX 3
JannMu M.

Y 4KOCTI Takux KpUTEPIiB MOIIJILHO BUKOPUCTOBYBATH HACTYIIHI
napameTpu: Temmeparypa rasiB 3a TypOiHoto (Tr), wacrora obepTaHHs poTOpa
KoMIipecopa (nk), kpyTHuid MoMeHT (Mkp), Butpara nanusa (GT).

Pexum «Manuif ra3»  BUKOPHUCTOBYETHCS TMpPH  MIHIMAJIbHOMY

3aBaHTaXEHH1, MOMEPEAHBO IMiJ Yac MporpiBy abd0 OXOJOJKEHHS JBUTYHA.
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Kputepismu Buctynaiots: Tr=400-450°C, nk=65—-70% Bix HOMIHANIBHOI, MKp
MiHIMaabHUM, GTBIJMOBIIHA PEKUMY XOJIOCTOT'O XOY.

«Kpelicepcbkuii  pexum» € OCHOBHHUM poOOYMM  PEKHUMOM 3
niATpUMaHHAM cTabuibHuX napamerpiB. Kpurepii nactynui: Tr=500 — 550°C,
nk=90-95% Big HOMIHaNBbHOI, MKp cepelHii 3 onTuMaabHOI TiArow, GT
BIJIMTOBITHA CTA01UTBHOMY TIOJIHOTY.

«3HITHUN PEXUM» aKTUBYETHCA MiJ Yac MAKCHUMAaJIbHOI TITU MiJ 4ac
3mb0Ty. Kputepisimu nis vporo €: Tr=550— 600°C, nk=100% Bi7 HOMIHAJIBHOI,
Mkp makcumanbHuid, GT BiANOBITHA MAKCUMAJIbHIN TTOTY>KHOCTI.

«Pexkxum 2,5-XBUJIMHHOI MOTY>KHOCT1» BUKOPUCTOBYETHCSJII OTPUMAHHS
MaKCHUMAaJIbHOI MOTY>KHOCTI MPOTATOM KOPOTKOTO 4acy. Kpurtepii mis pexumy:
Tr mo 660 °C, nk ne O6umbme 103 % Bim HomiHambHOI, Mkp = 10-15 % Bixg
HOMIHaJIBHOTO, GT MaKCUMaJIbHA 1 BIJTIOBITHA EKCTPECHOMY PEKUMY.

«PexuM KOHCepBallil/po3KOHCEpBAIlll» MPU3HAYEHUNU MJI1 MiATOTOBKHU
JIBUTYHA 70 30epiraHHs Ta MOBEPHEHHS MOro B eKCIUTyaTamiHuil ctaH. s
JTAHOTO PEXKUMY KpuTepissMu € Tr BIAMOBIIHOIO TEMIEPATypl HABKOJUIIHBOTO
CepelloBUIA, THCK Yy KaMmepl 3TrOpsiHHS PIBHUM aTMoc(epHOMyTamiHIMalbHI
3HAauYEHHA MapameTpiB nk, Mkp, GT.

Takum yMHOM, peasi3oBaHa Ha 0a3l nepepaxoBaHUX BHIIE KputepiiB M
3a0e3MeuYnTh aBTOMATU30BAaHUHM 1 TOYHUI KOHTPOJIb 32 TeXHIYHUM cTaHoMm [ 'T/]
TB3-117B. OO6pani kputepii BpaxoBYIOTh OCOOJUBOCTI PEXKUMIB POOOTH
JIBUTYHA Ta JAIOTh MOXJIMBICTH 00'€KTUBHO MOPIBHIOBATH €KCILUTyaTalliiiHI JaHi

3 CTAJIOHHHNMMH ITIOKa3HHUKaMH.

Bibaiorpagiuni nocunanus
1. BmagoB C.I. Po3pobka iHpopmariiiHoi Ta AMHAMIYHOI Mojened KOHTPOIIO 1

JMIarHOCTUKM TEXHIYHOTO CcTaHy aBlauidHoro jasuryHa // CydacHM CTaH HayKOBHUX

JIOCJTIJDKEHDb Ta TEXHOJIOT1H B mpomucioBocti 4 (10) (2019): 44-54.
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SAKICTH 1 HAJIMHICTH EKCIIEPTHUX OIITHOK ITPH
BU3HAYEHHI TEXHIYHOI'O PIBHSA CKVIAJHUX CUCTEM
Kyxosa JL. I'., zhukovalg @ukr.net
Incmumym mexuiunoi mexaniku Hayionanovnoi akademii nayk Yxpainu i

Ilepotrcasrozo kocmiunozo azencmea Ykpainu

MeToau eKkcrepTHHX OIIHOK, IO IPYHTYIOThCS Ha 3HAHHAX (PaxiBLIB Ta
HAKOMMMYCHOMY HHUMH JOCBiJIl TMpHU TMPOBEACHHI HAYKOBO-JIOCTITHUX Ta
JOCITITHO-KOHCTPYKTOPCHKUX POOIT, € BAXJIMBUM 1HCTPYMEHTOM BH3HAUYCHHS
3arajbHUX TEHIEHUINA PO3BUTKY, MapaMEeTpiB Ta TEXHIYHOrO PIBHSA CKIIAHUX
TeXHIYHUX cucteM [1].

Sx mpaBWiiO, METON EKCHEPTHHX OI[IHOK BHUKOPHCTOBYETHCS MO0
00'eKTIB 1 MpoOJieM, aHalli3 PO3BUTKY SIKUX a00 MOBHICTIO, a00 YacCTKOBO HeE
niagaeTbes dopmaiizaiii, To0TO, Ui SKOTO Ba)XXKO PO3POOUTH aJCKBATHY
Mozenb. OCHOBHUMHU (pakTOpamMu MpU MNPOBEIEHHI E€KCIEPTHUX OIIHOK, IO
BU3HAYAIOTh HAJIMHICTh 1 TOYHICTh OIIHKHA, € MmiAOIp eKcmepTiB Ta iX
KOMIIETEHTHICTb.

OcHOBHI crocoOM TIPOBENEHHS OIHKH  KBami(ikaiiii eKcrhepTiB
0a3yrOThCS HA MIPOBE/ICHHI CHCIIAIbHUX OpraHi3aliitHuX 3axo/iB [2]:

— TECTYBaHHS €KCIIEpPTIB (3aCTOCOBYETHCS PIAKO, TOMY WO HOTO
3aCTOCYBaHHS HAIITOBXYETHCS HA HEMPUUHATTS 3 OOKYy MPETEHICHTIB, IO
3arOCTPIOETHCS MUTAHHSAM €TUYHOI MPABOMIPHOCTI TECTYBAaHHSI €KCIIEPTA);

— JOKYMEHTAIIMHUNA MeTOH, SKUU € OUIbII JIOSUTbHUM, IO JO03BOJISIE
OIIIHIOBATH  pPIBEHb  KOMIIETEHTHOCTI  eKcmepra 3a  00'€KTUBHUMU
JOKYMEHTAIIMHUMH JTaHUMU: KIJIBKOCTI MyOJiKallidi Ta MOCWUiIaHb Ha pPoOOTH
eKCIiepTa, HAYKOBOTO CTYNEHS Ta 3BaHHS, MOCaaH, CTaxy Tomio. Crabkum
MICIIEM JOKYMEHTAIIMHOTO TIAXOQy € HEOOXiIHICTh TOoOyAOBH MO
KOMITETCHTHOCTI €KCITepTa, sKa J03BOJIIE 33 KOMIUIEKCOM JOKYMEHTOBAHUX

XapaKTEPUCTHK CHOPMYBATH IHTETPATHHUI MOKA3HUK CTYIIEHS KOMITETEHIII;
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—caMO-  Ta  B32aEMOOIIIHIOBAHHA  KOMIIETEHTHOCTI  E€KCIIEPTIB.
BUKOpUCTOBYIOTBCS JOCUTH YacTO B Pi3HUX MOAMUQIKAIAK, 3BOAATHCS [0
OTpUMaHHs OaTbHUX OLIHOK PIBHA KOMIIETEHTHOCTI KOKHOTO 3 €KCIEPTIB, IO
BUCTABJISIIOTHCS. HUM CaMHM Ta HOTO KOJIETaMU, 3 MOJANbIIO 00pOOKOIO Ii€l
CYKYITHOCTI OIIIHOK 3a CIICI[iaJJbHO PO3POOJICHUMHU METOJIMKAMHU; OTpUMaHI
PE3YNBTaTH MOXYTh BUSBUTHUCS Ty’KE CYO'€KTUBHUMH.

Po3po6ieno mporpamy OINIHKKM TEXHIYHOTO PIBHS CKJIQJHHX TEXHIYHUX
CHUCTEM 3a y4YacTIO eKclepTiB Ta mporpamy (Ha moBi Jlendi) «OuiHroBaHHS
KOMIIETEHLIII EeKCIEepTIB IiJ 4Yac TMPOBEAEHHS KOJIEKTUBHOI (IpyHoOBOi)
EKCIIEPTU3NY, SIKI MOXKYTh OyTH BUKOPUCTaH1 B KOCMIYHIN ramy3i.

OLiHKY KOMIIETEHTHOCT1 €KCIEPTIB MOKHA MPOBECTH 32 OJIHUM 13 JBOX
METO/IIB, B IKHX:

— BpaxoBYIOTbCs (DakTOpu: Crieriaizaiis eKcrnepTa, CTax Ta J0CBia HOTo
pobotu y Iii ramy3i, HaykoBa KBamidikallis, HasBHICTb HAyKOBHUX Mpailb 3
poOIeMaTUKU MPOBEJICHHS eKCIIepTU3u. J{Jisi BUSBIICHHS IPIOPUTETY YHHHHUKIB
II0JI0 KOMIIETEHTHOCTI €KCHEPTIB BUKOPHUCTOBYETHCS METOJ aHAMI3y l€papXiil.
HeoOxigHa KUIBKICTh €KCHEPTIB IOJO0 €KCHEepTU3U O0'€KTIB BU3HAYAETHCS 3
ypaxyBaHHSM 3aCTOCYBAaHHS CTATUCTUYHOTO aHATI3Y;

- BpPaXxoBYIOThCS ()aKTOpH, 110 BIUTMBAIOTH HA KOMIIETEHTHICTh €KCIIepTa,
Takl K JOCBiA POOOTH, KUIBKICTh YCHIIIHO MPOBEIEHUX EKCIEePTU3, SKICTh
BUKOHAHHS TECTOBOTO 3aBJaHHsS, BIJAMOBIAHICTH OCBITH, OIlIHKAa EKcIepTa
pobouoto rpymnorw. MeToj BiIPI3HAETHCS MEPEBAror0 Mepea METOJOM aHali3y

1epapxii, 0 BUPAKAETHCS Y MIBUIKOCTI Ta IPOCTOTI PO3PAXYHKY.

Bibaiorpagiuni nocunanus

1. I'natienko I'. M., Cuutiok B. €. ExcriepTHi TexHOI0Tr1] NPUHHATTS pitnenb: MoHorpadis. —
K.: TOB "Makmnayt", 2008. — 444 c.
2. Camoxsanos 10.4., Haymenko E.M. DkcneptHoe onieHMBaHuEe. MeTOIUYECKUIA aCIeKT. —

K.: HaykoBa nymka, 2007. — 265 c.
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PO OJIHY NPOLEJIYPY TEHEPAILIl ATPETATHUX
e-CYBI'PAJIICHTIB

Kypoenko M.I'., zhurbnick@gmail.com

Incmumym xibepnemuxu im. B.M. I'nywxoea HAH Ykpainu

B ocranHi wacu Oynu po3poOsieHI BapiaHTH aJTOPUTMIB HETIAIKOT
onTHUMi3alii Ha OCHOBI BHUKOPHUCTaHHS &-cyOrpajieHTiB. OCHOBHa MeTa MpH
bOMY TIOJIATa’a y po3poOIl alropuTMy 3 IMOPIBHSHHOIO 3 T-aJrOPUTMOM
€(EeKTUBHICTIO Ta 3 TEOPETHYHO OOIPYHTOBAHOK HOr0 TPYAOMICTKICTIO MJIS
BUpPIIIEHHST 3a7a4 ontumizauii maia  onykiaux (Qyskmid. i anroputmu
IPYHTYIOTBCSI HA CYTTEBOMY BUKOPHCTAaHHI arperaTHUX €-CyOrpaJli€HTIB.

Y ngomoBigl OyayTh HaBEIECHI BHU3HAYCHHS €-CyOrpaji€HTIB, IO
BUKOPUCTOBYIOTBCSI, arperaTHuX &-CyOrpaji€eHTIB iX BiacTUBOCTI. byxe
HaBEJCHO HOBY TMpOIEAYpYy TeHepallii arperaTHUx ¢g-cyoOrpazaieHTiB. Bona
3aCHOBAaHA Ha OJIHOBUMIPHHUX CITyCKax 3 MOTOYHOI TOYKH IO AHTH HAMPAMKY
arperaTHoro ¢g-cyOrpanienta. Taka mnpoueaypa BU3HAYae BUOIP KPOKOBOIO
MHOKHHKA ITPU MEPEX0/il B HOBY TOUKY Ha ITEpallisiX alfOPUTMY.

3anponoHOBaHa cxeMa MOOYJOBH arperaTHuxX g-CyOrpajiiEHTIB MOXKe
BUKOPHUCTOBYBATHCS JIJIsl BUPIMIEHHS 3a7a4 BEJIMKOI PO3MipHOCTI. 30KpeMa, IT0
IpoLeypy MOKHa BUKOPUCTOBYBATH JUIA MoAu(ikaiiid cyOrpaaieHTHOTO
anmroputmy [lonsika 3 amnpiopHO BIJOMHM 3HAUYC€HHSAM (QYHKIII y TOuII
PO3B'sI3aHHS 3a/1a4i.

JInst 3amay BENMUKOi PO3MIPHOCTI TpOIEAypa TeHepallii arperaTHux g-
CyOrpajiieHTIB MICTUTh MapaMmeTp m - MaKCMMallbHa KUIbKICTh CyOrpai€HTIB,
[0 BUKOPUCTOBYIOTHCS Ha iTeparlisax anroputMy. Lleli mapamerp BUOUpaeThCs
Ha OCHOBI pPO3MIPy MPOCTOPY 3MIHHUX Ta JOCTYmHOTO oOcCiry mam'ari

KOMIT'FOTepa.
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PO3POBKA IHTEJEKTYAJIBHOI CUCTEMM JJI51 AHAJII3Y
HAIIPY KEHO-JE®OPMIBHOI'O CTAHY B KOHTAKTHUX
3AJAYAX
Kymman B.B., zhushmanviad @ gmail.com, 3aiineBa T.A., ztan2004 @ukr.net

JIHinpoecwvkuil HayionanvHul yHieepcumem imeni Onecs I onuapa

3amayul KOHTAKTHOI B3aeMojii MOTpeOyrTh OCOOIMBOI yBarm 3 OOKY
HayKOBIliB. BaxiauBicTh KOpeKTHOI ijeHTH(iKalii (HOpM KOHTAKTHHUX 30H 1
BU3HAUYECHHS  HAINPY>KEHO-AC(POPMIBHOTO  CTaHy  TLI-KOHTaKTEpIB  Mae
HEeTMepeciyHe 3HAYeHHS MO0 IMIJBUINEHHA O€3MeKu 1 JOBrOBIYHOCTI
eKCIUTyaTallli KOHCTPYKIIH. VY SKOCTI METOJy pO3B’s3aHHA TaKUX 3ajad
IPOIMOHYETHCSI 3aCTOCYBAHHSI E€KCIIEPTHOI CHCTEMHM, IO HAJa€ MOKIUBICTh
edekTUBHOT 0OPOOKH 1 aHANI3y JAHWX Yy aBTOMAaTU30BAaHOMY PEKHUMi. ABTOpaMU
Oyna po3poOJieHa EKCIepTHAa CHCTeMa Il PO3B’A3aHHS KOHTAKTHOI 3ajaadi
ineHTrdiKaii GopMU MOMEPEYHOTO Mepepidy IMTammna i CUCTeMU IITaMIl-
NPYKHUK MIBIPOCTIP, IO HAAAIO MOXJIMBICTh 1IEHTU(]IKYBATH (POPMY LITAMITY
3a HaABEJCHUMH JIaHUMHU IIOJ0 HampyXeHb Ta mnepemimeHs. CTBopeHa
eKCIIepTHAa CHUCTEeMa CTajlla «SApOM» ISl PO3pOOJSEMOi 1HTEIEKTYadbHOI
CUCTEMHM, WLI0 3[aTHAa pO3MI3HaBaTH pi3HI (HOPMU 30H  KOHTAKTY,
BUKOPHUCTOBYIOUM TMONEPEIHI PO3B’S3KM BUPIIIEHUX 3alad Ta aBTOMATHYHO
HaBuaTuCA. [HTENeKTyanbHa cUCTeMa Ma€ MOXKJIMBICTh CAMOCTIHHO (hOpMyBaTH
HOBI TIOTE3H 00 (POpM Ta pO3MIpiB KOHTAKTHUX 30H 1 MOXKE€ 1HTErpyBaTH 1ii
3HaHHS B MalOyTHI MPOTrHO3W. TakuM YMHOM, BUKOPUCTAHHS 1HTEJIEKTYyalbHOI
CUCTEMU JUIsl PO3B’sI3aHHS KOHTAKTHUX 3a/lady B3a€MOJIIi MPYXKHUX Tl Oyne
COpPUATH TOKPAIICHHIO BHU3HAUEHHS KOHTAKTHUX 30H, M0 3a0e3Me4YUTh
NiABUIICHHA $KOCTI aHali3y HampyXeHO-AeQOpPMIBHOTO CTaHy [JIsl TuI-
KOHTaKTEPIB.

VY sKocTl mpuKIaAiB OyJa0 pO3IJSHYTO 3aJadyl KOHTAKTHOI B3a€MOAIl
OJIHO3B’SI3HUX UWIIHAPUYHUX IITaMOiB pi3HOI ¢GopMH, M0 MJIIOTh Ha

OJIHOP1THUM, 130TPONHUMN NPY>KHUI MiBIPOCTIP.
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MATEMATHUYHA 3AJJAYA KEPYBAHHSI TAPAHTOBAHOI
TOYHOCTI TP HEBU3HAYEHUX 3bYPEHHAX
3aripcbka 1.0O., 30pyuskuii O.B., Mimyk A.C., Ocokin B.C.
zbrutsky07 @ gmail.com

HTYY «Kuiscokuti norimexniunuu incmumym imeni leops Cikopcoko2o»

[luTaHHIO TrapaHTyBaHHS TOYHOCTI KEpyBaHHSA MPHUCBAYEHI Oararto
nociipkeHb. [Ipu 1mboMy B HHMX 34€OUIBIIOIO BUKOPHUCTOBYIOTH HAOJIMIKEHI
Mozeni 30ypenb. HaOyB po3noBCIOKEHHS ISl pO3B’sI3aHHSA LI€T 3a1a4l METO
3BOPOTHOI JUHAMIYHOI MoOjemi. AJie ICHyH4l TpoOJeMH 3yMOBIIOIOTH
NPOJOBXKEHHS JociikeHb. B [1] 3ampomoHoBaHWMi METOJ PO3MIMPEHOI
3BOPOTHOI JIMHAMIYHOI MOJENI Ta T[OKa3aHa MOXJIMBICTh TapaHTyBaHHS
TOYHOCTI KEepyBaHHs, HE BUKOPUCTOBYIOUM 1H(poOpMaliio npo 30ypeHHs. B [2]
pO3TISTHYyTa MOJKJIMBICTH y3arajllbHEHHS 3aj7adi KEepyBaHHS  TapaHTOBAHOI
TOYHOCTI IIPU 3aCTOCYBaHHI PO3LIMPEHOI 3BOPOTHOI AMHaMIuHOi Mozeni. [Ipore
NUTaHHS MaTeMaTU4yHOi opMamizauii IS MOXKJIMBOCTI aHAIITUYHOTO aHAII3Y
Ta CHHTE3Y 3aJUIIAE€THCS BITKPUTHM.

3anponoHOBaHO 3aCTOCYBaHHS K—KpaTHOI 3BOPOTHOI AMHAMIYHOI MOJIENI,
g K—KpaTHOTO peryssTopa 3BOPOTHOTO 3B’SI3KY JUIS JOCATHEHHS TapaHTOBAHO1
TOYHOCTI K€pyBaHHS B YMOBAaxX JIOBUIbHMX HEBHU3HAUYCHUX 30BHIMIHIX 30ypeHb.
BigcyTHicTh MaTeMaTWYHOTO amapary aHamidy TaKuX CHCTeM 3YMOBMIIO
BUKOPHUCTAHHS U1l JOCHTIKEHHS iX BJIACTUBOCTEH Ta XapaKTEPHCTUK JIHILE
METOJIB  YHUCIIOBOTO MOJenoBaHHs. HaBoasATeCs pe3yiabTaTH UMCIOBOTO
MOJICTIIOBaHHSI KEpPyBaHHA TapaHTOBAHOI TOYHOCTI B OJHOBUMIPHHX Ta
0araToBUMIpHUX CHCTEMaX. Bubip ¢yHKIii KepyBaHHS 3I1MCHIOBABCS
eBPUCTUYHO 1 HE MOXE MPETEHYBaTH HAa BCEOCSKHICTh Ta AOCTaTHICTh. B Toil
K€ Yac BHUKOpUCTaHl 11 GOpMH Yy BUIJISAl aireOpaiyHoro MOJIHOMA,
nudepeHIliaJIbHOTO  omepaTopa,  MOKAa3HUKOBOI  (YHKINI,  aJanmTUBHOL
HelpoMepexi NpHU AOBUIBHMX JAETEPMIHOBAHMX Ta BHUMIAJAKOBUX 30ypeHHSX

HIATBEPAKYIOTh €(PEKTUBHICTH METOJLY CUHTE3Y.
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[TpoBomuThCS y3araabHEHHS MAXOMY KepyBaHHS rapaHTOBAaHOI TOYHOCTI
3acTocyBaHHsAM K-—kpaTHOi 3BOpOTHOI JuHaMiuHOi Mojeni Ta K-KpaTHOro
peryisTopa 3BOPOTHOTO 3B’SI3Ky, IO 3pOOMIO MOXIWBHM c(opmMyBaTH
y3araJbHeHy MaTeMaTH4Hy MOJIEJb KepyBaHHS B Takux cucreMax. [lokazaHo,
0 yTBOPEHY CTPYKTYPY KEpyBaHHsS TrapaHTOBaHOi TOYHOCTI MOHa
pO3TISAaTH SIK HOBY MaTeMaTH4YHY CTPYKTYpy — anredpo-audepeHiiaabHe
PIBHSIHHS, YU CHCTEMYy TaKuxX piBHsAHb. I[logiOHI CTpyKTypH pIBHSHb B
MaTeMaTU4HIA  JliTeparypl  BIACYTHI. BaXiauBiCTh IS NPAKTHYHOTO
3aCTOCYBaHHS KEpPYBaHHS TapaHTOBAHOI TOYHOCTI B YMOBaX HEBU3HAUYCHUX
30ypeHb 3YMOBJIOE aKTYalbHICTh TMOIIYKY Ta pPO3POOKH MaTEeMaTUYHOTO
anapaTy noOyJJ0BM aHaJIITUYHUX PO3B’SI3KIB TAKUX PIBHSHbD.

TakuMm YMHOM, 3aMpPOMOHOBAHMM MeTOA K-KpaTHOi 3BOPOTHOI JIMHAMIYHOI
MOJIeNl JJisi KepyBaHHS TapaHTOBAHOI TOYHOCTI MPU HEBU3HAYECHHMX 30BHINIHIX
30ypeHHSIX 3BEICHMA JO HOBOI MaTeMaTW4yHOI CTPYKTYypu -  airedpo-
nudepeHIiagbHX pIBHSAHB, fKa MOTpedye po3poOKM METOJIB ii PO3B’S3aHHS.
BaxnuBOIO BIIACTUBICTIO 3alPONOHOBAHOIO METOAY € T€, IO aJIrOPUTM
KOMIeHcalli 30ypeHb He TOpYIUIye HasiBHI, YU TMOIMEPEIHbO CHUHTE30BaHI

XapaKTEPUCTUKH STKOCTI CUCTEMHU KEpyBaHHS.

Bibaiorpagivni nocujianus

1. Zbrutskyi O., Zagirska I., Stetsenko T. Algorithm of control systems required
accuracy providing under the undetermined external disturbances // Automatics —
2011. - Lviv. - Ukraine.

2. 36pyuskuii O.B., Mimyk A.C. AnanTUBHHA aldropuT™M KepyBaHHS 3 3aJaHOIO
TOYHICTIO TpPHU HEBM3HAYEHMX 30BHIMIHIX 30ypeHHax // Indopmarniiini cucrtemu,
MexaHika Ta kepyBaHHs.-Ne.-2014.-C.15-22. DOI:10.20535/2219-380410201442515

3. Zbrutskyi O., Osokin V., Min Z. Mathematical model of the automatic control system
in the problem of guaranteed accuracy// Mechanics of gyroscopic systems.- No.42.-

2021.- p.34-42. DOL: http://dx.doi.org/10.20535/2219-3804192018169621.
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PO3POBJIEHHS I'BPITHOTI'O METOAY JIA IMITYTYBAHHS
IMPOITYCKIB Y JJAHUX HA OCHOBI PEI'PECII TA
EHTPOIIMHOI'O NIIXO/IIB
3emasinmii O. . zemlyanoy.aleksey @ gmail.com, baiioy3 O.I'.

JlHinposecvkuti Hayionanvuiu ynieepcumem imeni Onecs I onuapa

Hamu Oyno po3poOieHo JekiibKka METOJIB IMITYTYBaHHSI IMPOMYCKIB Yy
JIAaHUX: Ha OCHOB1 MeToiB Kiacu@ikarii ta perpecii (UnifiedClassRegrImputer),
TIIBKM Ha OcHOB1 perpecii (Regrlmputer), 3 eHTpONIAHUM MIIXOJ0M
(Entropylmputer), Ha  OCHOBI  BHUSBIEHOTO  KOPEJALIMHOTO  3B’SI3KY
(Correlationlmputer). IIpoBeneHo nekiIbKa THUMIB TECTIB, SKI NEPEBIPSIOTH
AKICTh IMITyTyBaHHS, IIBHUJIKICTh BHUKOHAHHS, OOYHCIIOIOTH EHTPOIMII0 Ta
OLIIHIOIOTH BIUIMB IMIIyTYBaHHS Ha SKICTh Mojeled kiacudikamii uu
IPOTHO3YBaHHH.

Bei mogzeni BUSIBUIM TapHI TMOKa3HMKU IIOAO IMOKpPAIlEHHS MOJENeH
Kkinacudikanili Ta MOPOrHO3YBAHHS, ajl€ MIOAO TECTy IEPEBIPKU SKOCTI
IMITyTYBaHHSI METOJ] Ha OCHOBI EHTPOIIMHOIO MIAXOAY 3HAYHO MPOrpaBaB
IHITUM METOJiaM, Xoda 1 3HAYHO 3HWI)KYBAaB YMOBHY CHTPOIIIO TMOKa3HHKIB.
AHami3 cnabKuX MiICIb LOTO METOAY JIO3BOJIMB 3POOUTH TPUIYIICHHS, IO
BTpaTa SKOCTI B1IOYBA€ThCS MiJl 4ac IMITyTYBaHHS KUIBKICHUX O3HakK. Tomy
OyIo 3anponoHoBaHo po3podutu riopiagnuit meroa HybridRegrEntropylmputer,
KU TIOETHY€E PErpeCIHUI Ta eHTPOMIMHUI M1AXOAH.

3riIHO 3 17IE€I0 IBOTO 1IMIT'I0TE€pa KIJIBKICHI MOKAa3HUKUA IMIYTYIOTHCS 3a
nonomororo  Regrlmputer, a saxicHi — 3a jgomnomorow Entropylmputer.
3anponoHoBaHUM MiAX1 A03BOJIUB MOKPALUTUTH MOKa3HUKU SKOCTI IMITyTYBaHHS
Ta 3HAYHO CKOPOTUTH 4ac OOYMCIIEHb, 10 CTaBUTh LeH IMII'IOTEp MOpyd 3
THITUMH PO3POOJICHUMHU METOJJaMHU 3a BCIMa PO3TJIIHYTUMH TTOKa3HUKaMHU.

Ha  ocHOBI  3ampomOHOBAaHOrO  AJIrOPUTMy  PO3POOJEHO  KJac
HybridRegrEntropylmputer Ha MoBi nporpamyBanHs Python 3rigHo apxiTekTypi

010motexu Scikit-learn.
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HOPIBHSJIbHUI AHAJII3 MOJEJEN BUSIBJIEHHS OB’EKTIB B
3AJIEZKHOCTI BIJ] OBCSAT'Y TPEHYBAJIbHOI BUBIPKH
KamanueB A.C., kamantsev_a@365.dnu.edu.ua,

Tapt JLJL., hart_|@365.dnu.edu.ua

JlHinpoecvkuti hayionanvHul ynieepcumem imeni Onecs [ onuapa

BusiBienHst 00’ €KTiB — 11€ 3aBJaHHS KOMIT FOTEPHOI'0 30PY, METOIO SKOTO
€ BHSBJICHHS Ta BH3HAUYCHHS MICIIE3HAXO/KCHHSI IUILOBHUX OO’E€KTIB Ha
300paXKeHH1 YH BiJI€O.

3aBgaHHs mepefdavae BU3HAYEHHS TOJOKEHHS Ta MEX OO0 €KTIB Ha
300paKE€HHI a TAKOXK 1X KIaCH(IKALIIO 32 PI3HUMH KaTE€rOPISIMH.

Y po3BUTKY Mojielield BHSBJIEHHS 00 €KTIB ICTOPUYHO MOKHA BHUIUIMTH Taki
eTanu po3BUTKY [1]:

1) Tpanuiiitni mMonesni BusBIeHHS 00’ekTiB. Jlo Mojeneil gaHOTO TUITY
BigHOCATHC: Viola Jones Detector, HOG Detector, Deformable Part-
based Model (DPM) ta inmi.

2) JBoctynenesi Mojenl BusiBIIeHHA 00’€kTiB. Jlo Mozeneld JaHOro TUITY
BigHocAThCsl: RCNN, SPPNet, Fast RCNN, Faster RCNN, Mask
RCNN, Feature Pyramid Networks (FPN), G-RCNN Ta ixmii.

3) OnmHocTtyrieHeBl Mojeai BusABIeHHS 00’ekTiB Ha ocHoBi CNN. Jlo
OJTHOCTYIICHEBUX MOJeeH BHSABICHHS 00’€KTiB BigHOCAThCS: YOLO
v1-v8, SSD, RetinaNet, RefineDet, CornerNet, CenterNet, DETR Ta
1HIIII.

Bubip momeni st BUpIIIEHHS peajdbHUX 3aBJaHb, IO MOB’s3aHl 13
BUSIBJICHHSIM 00’€KTiB, moTpebye iH(opMallii HE JHWIe Mpo iX TOYHICTH Ta
IIBUJIKICTh POOOTH, a W IIPO 0OCSAT JTaHMX, KUK € HeOOX1THUM JUIS JOCATHEHHS
3aJI0BUIBHUX pE3yJbTaTIB TIED YM 1HIIOK Mojaewmo. Tomy, y po0GoTi
IPOIMOHYETHCS PO3TIISTHYTHU JI€K1 MOJIET BUSIBICHHS 00’ €KTIB, III0 MAalOTh Pi3HY
HIBUIKICTH POOOTH, 1 MOPIBHATHM iX TOYHICTh B 3aJIEKHOCTI Bia 00cAry

TPEHYBaJIbHOI BUOIPKH.
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g exciepuMmeHTy Oyno oopano HactynHi moaeni: YOLOvS-m, DAMO-
YOLO-Ns, DAMO YOLO-Nm. ExcnepuMeHTH MpPOBOJWINCH Ha TPbOX
BinkpuTHX Habopax manux: Hard Hat Workers Dataset, Playing Cards Dataset,
BDD100K.

Jlnsi MOpIBHSIHHS TOYHOCTI MOJIEJel BUKOPUCTOBYBAJIMCH METPUKH
mean average precision (mAP) ta mean average recall (mAR) [2]. V
SAKOCTI MIpH IIBUJIKOCTI POOOTH MOJIEeJeil BUKOPUCTOBYBAJIaCh METpPHUKA
floating point operations (FLOP).

Pe3ynpTaT €KCIIEpMMEHTIB MOKa3aji, L0 JJis HEBEJIMKOi 3a 00CsAroM
TPEHYBAJIbHOI BHUOIPKM yCl PO3TJSHYTI MOJENI IOKa3ylTh MPAKTHYHO
CKBIBAJICHTHI pe3yJIbTaTH 3a TOYHICTIO, MPOTE JJIsi BEJIUKOI KIJTBKOCTI JTaHUX
HaWKpallll pe3yiabTaTu JeMOHCTpYe HaiOuiba Mmoaens YOLOvE-m. OTxe, Xxou
SKICTh PE3YyJIbTaTIB 32 TOYHICTIO OUTBIIUX MOJIENe Ha HEBEJIMKUX BHOIpKax €
€KBIBaJICHTHOIO pEe3yJIbTaTaM MEHILIUX MOJEJNEH, X BUKOPHCTAHHS HAa TaKUX
JTAHUX HE € PalllOHAJBLHUM 3 TOYKH 30py BUTpAT PECYpCIB; alie JJI BEJIMKHUX 3a
0o0cArom BHUOIPOK JaHUX BUKOPUCTAHHS BEJIMKHUX MOJEJIEH € BUIIPaBIAHUM 1,

OCKUJIBKU JIA€ Kpallli 3a TOYHICTIO PE3yIbTaTH.

Biosiorpagivyni nocuianus

1. Object Detection in 20 Years: A Survey / Z. Zhengxia [et al.]. Proceedings of the IEEE.
2023. V. 111, Ne3. P. 257-276. DOI: 10.1109/JPROC.2023.3238524.

2. A Comparative Analysis of Object Detection Metrics with a Companion Open-Source
Toolkit / R. Padilla [et al.]. Electronics. 2021. V. 10, Ne 3. P. 279. DOLI:
10.3390/electronics10030279.
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IMITAIIIMHE MOJEJIOBAHHSI KEPYBAHHSI PYXOM
BIOJ’KETHUX KOLITIB PUHKY ITPAIIIL
Kapnens E.IL., eleonora.karpets @ gmail.com

Inemumym xibepuemuxu imeni B.M. I'mywxosa HAH Ykpainu

B ymoBax BiiiHM mepen pUHKOM TMpaii YKpaiHM BUHUKIN HaA3BHUYAiiHI
BUKJIMKH: BTpara KBaidi(hiKOBaHUX KaJIpiB YHACHIAOK Mirpaiiii Ta Mooii3alii Ha
dboH1 maBuIeHHS piBHA 0e3poliTTa. lle 03HaKM 3aroCTpeHHS CTPYKTYPHOTO
0e3po0iTT B KpaiHi, 1[0 MNOTPEOYIOTh ONTHUMI3AIlli PO3MOJALTY HAasBHUX
¢dbiHaHcoBUX HaaxoMxkeHb 10 DoHay 3araJbHOOOOB’SI3KOBOTO JIEPKABHOTO
COIlIaJIbHOTO CTpaxyBaHHSA Ha BUNAJOK Oe3poOitTs (mami - @ouay). Ak oauH 3
MOXJIMBUX BapiaHTIB HaMHW BHUKOPUCTAHO IMJAXIJ 3 TMO3UIIA 1MOBIpHICHO-
aBTOMATHOTO MOJIENIOBaHHs, po3pobiieHoro B Inctutyti kibepuetnku HAH
VYKpainu.

Memorn oocnioxncenHs € TOCITHEHHS ONITUMAJIBHOTO CITIBBIIHOIIEHHS MK
OOMEXEHUM HAJXOMKCHHSIM KOIITIB Ha TMEBHI MEPIIOYEProBl 3aXOAU IIOAO
NOJIITUKM Ha PHUHKY Mpanl Ta 30UIbIIEHHSM BUTpar B pas3l MIJBUILEHHS
coliaibHO-AeMorpadiyHOTO HABAHTAXKCHHS B yMOBax BiliHU. {751 BU3HAueHHs
JOCIII)KYBaHUX TPOLIECIB SIK MEXaHI3MYy NEPEXOAY CUCTEMHU 3 OJHOIO CTAaHY B
IHIIUH, IMITYyeEMO pyX (PIHAHCOBUX KOMITIB 3a JOMOMOTOK) TaKUX EJIEMEHTIB
MOJEIIFOBAHHS, SIK CUCMEMU IMOBIPHICHUX A6MOMAMIE.

[lin 1MOBIpHICHUM aBTOMAaTOM pO3yMIIOTh JUCKPETHUN 1HIIIadbHUN
IMOBIpHICHUN aBTOMar Mypa 3 JeTepMIHOBAaHMMHU BHUXOJAMHU, TOOTO JIESKHIA
00'€KT, 110 MAa€ IMOBIPHICHY NMPUPOJY, HAJIJICHUN MEBHUM BHYTPIIIHIM CTAaHOM
Ta CIPOMOXHHH CHOpHHMATH BXITHWW CHUTHAJI 1 BHAAaBaTH BuUXigHui. Jlos
noOyI0BH JIOCUTH CKJIATHOT MOJIENI 3a7al0Th CUCTEMY IMOBIPHICHUX aBTOMATIB,
o0'eTHaHHS SAKUX Bi0OYyBa€ThCS Ye€pe3 OTOTOKHEHHS BUXITTHUX CUTHAJIIB OJHHMX
aBTOMATIB 3 BX1JHUMH CUTHAJIAMH 1HIINX.

[I{o6 3amatu MoJeah CUCTEMHM, BBEJIEMO TaKi 3HaYEHHsI: HasBHI (DiHAHCOBI

HAJIXOMKEeHHS a; (f) Ta BIAMOBIAHI MOTPEOM PUHKY mpall y komrtax b; (1);
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MOXJIHMBI 3MIHM OOCATY HAIXOIKEHHsS (iHAHCYBaHHS di(t;t+1) Ta moTpeOu
PUHKY TIpalll y KomTax c,(t;t+1). IIpu 11s0My BpaxOByBaHO IOKa3HUK PEKUMY
HAJXOKEHHS (DIHAHCOBUX KOIITIB HAa BIAMOBIAHI 3aXOMU TOMITHKH Ha PUHKY
nparli f{t) B MOMEHT 4acy ¢ (To0To f{t)=0 —mpodinut Ta f{t)=1-gedinur).
3HauCHHS BUIAJKOBUX BeIWYUH at), bi(t), c(t), d(t), f(t), € BHYTpIIIHIM
cTaHOM aBTOMaTIiB BignoBigHo A, B, C, D, F. B nanomy Bumnagky Mu BU3HAYUIIH
BHyTpimHIM ctad 13 aBroMmariB (E, R, Ry, R3, R4, Rs, Re, R7, Rg, So, Si, Sz, Ss,
S4, T), sIKI CTAaHOBIATH BUXIAHI JaHI Mojeil Ta il 1HAMKATOPU W MPOBEIACHO
IMITalIHUM ~eKcepUMEHT Ha 0a31 bBopoAsSHCBKOrO pallOHHOIO UEHTPY

BaﬁHﬂTOCTi, 1o IIOBiB e(bCKTI/IBHiCTB BHKOPUCTAaHHA BaHPOHOHOBaHOI MCTOOHMKH

(puc. 1).

Puc. 1. I'pad MikaBTOMaTHUX 3B’S3KIB CUCTEMH KEpyBaHHS
OIOJPKETHUMU KOILLITaMHU Ha NEPIIOYEProBi 3aX011
MOJIITUKY Ha PUHKY Tparl
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ATEHTHE MOJEJIOBAHHS NOBITPSAHOI'O BOIO IPOHIB 3A
YYACTIO I'PYII 3 OBOX CTOPIH
Kacim A.M., aneesa.qasem@ gmail.com

Incmumym ribepnemuxu imeni B.M. I nywxoea HAH Ykpainu

AKmyanvHicmb  00CNi0NCeHHA TIONATAE Yy CTPIMKOMY  PO3BUTKY
TeXHoJorid  Oe3nutoTHUX  JmitadpbHux  amapariB  (BITJIA) Ta  ixHBOTO
BUKOPUCTAHHA B Cy4YacHUX OOHOBUX [iiX. 30KpeMa, 3pocTae IHTepec 0
BHUBYEHHSI B3a€EMOJIIi TPyl JIPOHIB B yMOBaX MOBITPSHOr0o 0010. OCKIIBKH TaKl
001 XapaKTepu3yIOThCsI BUCOKOIO JTUHAMIYHICTIO, HEBU3HAYEHICTIO Ta CKJIAJIHOIO
KOOPAMHAIIIE€I0, BAKJIMBUM 3aBIAaHHAM € po3poOka e(EeKTUBHUX MOJENeH s
ONTHUMI3allli CTpaTerii B3aEMO/I11 IPOHIB Y peaibHOMY Yaci.

Mema oocnidxycenns 1ojsArae y po3poOIii MoJiel MOBITPSIHOTO 000 MiX
rpynaMy JpOHIB, fKa J03BOJIUTH JOCIIKYBaTH PI3HI CTpaTerii yHpaBiliHHS,
MaHEBpYBaHHA Ta KOOPJIMHAILIIL JIIA TpyI APOHIB 3 000X CTOPIH.

Memoodonozia. [Ins MoAenOBaHHA BUKOPUCTAHO MIAX1J MYJIbTUAr€HTHUX
CHCTEM, JI¢ KOXXEH JpOH SBJISIE COOOI OKPEeMOr0o aBTOHOMHOIO areHTra 3
MO>KJIMBICTIO yXBAJICHHS pillieHb. BUKOpUCTaHHS aNTOPUTMIB OHTOJIOTIYHOTO
aHami3zy [1] mo3Bosise aApoHaM ananTUBHO OOWpaTH CTpaTerii Ha OCHOBI
MOTOYHOTO cTaHy 0010 Ta iH(popMarlii Bix ceHcopiB. Moeni TakoX BpaxoBYIOTh
MepexeBl 0OMEKeHHSI KOMYHIKaIIii Ta 9Yac Ha BUKOHAHHS KOMaH/I.

Pe3ynemamu. AreHTHa MOJENb — 1€ MIJX1J 10 MOJETIOBAHHS, B SIKOMY
CHCTEMa CKJIAJa€ThCs 3 HE3aJIEKHHMX arcHTIB, KOXKEH 3 SKHX Ma€ CBOI I,
CTpaterii Ta MOXJIMBOCTI MPUUHATTS pillleHb. Y KOHTEKCTI MOBITPSIHOTO 00O
JPOHIB, KOXE€H JPOH BHUCTYNA€ SIK areHT, 3JaTHUM TPUHAMATH aBTOHOMHI
pIIIICHHS TIPO CBIM pyX, aTaKy, YXWJICHHs Ta CIIBIPAIO 3 1HIIMMH APOHAMU B
rpymi. OCHOBHa i€l CTBOPEHHS areHTHOI MOJEdl Mg MOJETIOBaHHS
aBTOHOMHOI TOBEIIHKMA KOKHOTO JPOHA B TPYII MOJISITAE Y TOMY, II00 KOXKEH
JIPOH Ji5IB SIK OKPEMUIl areHT, NpuilMaroyuu pillieHHsS Ha OCHOBI JIOKAJIbHUX YMOB,

3a/1a4, B3a€MO/Iii 3 IHIIMMU JPOHAMHU Ta BOPOKUMH 00’ €KTaMHU.
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OcHoeHi Komnonenmu azeHmHoi mooei Opoua.

1. BracTuBoCTI areHTa-1poHa — KOXEeH JPOH Mae HaO1p BIACTUBOCTEH, SIKI
BU3HAYAIOTh MOTO CTaH: KOOPAWHATH (TO3|IIS Ha Modi 0010) [2]; mBUAKICTE Ta
HampsSIMOK ~ PyXy (BEKTOp IIBHMJIKOCTI); €HEPreTUYHHl pecypc (eHepris,
HEOoOX1/IHa JJI1 BUKOHAHHS MaHEBPIB 1 aTak); Ooe3zamac (KUIbKICTb JOCTYIHHUX
cHapsiiB abo 30poi); moJe 30py abo 30Ha Jii ceHCopiB (paaiyc, B MeXaX SKOTO
JIPOH MOYKE€ BHUABIIATH 00 €KTH); aJTOPUTM YXUJICHHS (JIOTiKA JUIS YXHWJICHHS BiJ
BOPOXXHMX CHapsI/IiB a00 IPOHIB).

2. IloBenIHKOBI aJITOPUTMHU JPOHA — ABTOHOMHA MOBEIIHKA JpPOHA B 0010
BU3HAYAETHCSI HAOOPOM IMPaBUJI Ta AJITOPUTMIB, Cepe]] TKUX:

- aHaii3 CeHCOpHOi 1H(popMalii — IPOH CKaHye HABKOJUIIHIN MpPOCTIp,
oTpuMmye 1HGOPMAIIIIO TTPO MICIE3HAXOHKCHHS BOPOXKHMX JPOHIB, CHApsAIB Ta
JIPOHIB-COIO3HUKIB;

- OPUAHATTS PIIIEHHA — SKIIO BOPOT B 30HI aTaku, APOH BHUPIIIYE, YU
aTaKkyBaTH MOro; SIKIIO JPOH IIiJl 3arpo30l0 aTakd, BiH BUPINIYE, YU BapTO
YXUJISTHCS a00 3aCTOCYBAaTH KOHTPATAKY; SKIIO COIO3HUK MOTpeOye MOTOMOTH,
JPOH MO>K€ BUPIIIATH 3MIHUTH CBOIO CTPATET1I0 Ta HAJIaTU MIATPUMKY;

- MaHEBpPU yXUJIEHHS — KOJHU JIPOH TepeOyBae Mmija 3arpo30i0 aTaku, BiH
BUKOPUCTOBYE AITOPUTMHU YXHWJICHHS JUIsl MIHIMI3alli MOMIKOMKEHb (IUIIXOM
3MIHH Kypcy ab0 IMIBUIKOCTI);

- TPYMNOBI MaHEBPU — 3JIEKHO BiJl CTpaTerii, APOH MOKE KOOPJIUHYBATH
CBOI Al 3 IHIIMMH areHTamu (4epe3 BUKOHAHHS CIIJIbHUX aTak ab0 CTBOPEHHS
obopoHHUX dopmarrii [3]).

Bucnosox. MonenioBaHHs AWHAMIKH B3a€EMOJIii JPOHIB 3a JTOTIOMOTOIO
areHTHUX MOJIEJIeH J03BOJISIE CTBOPUTH CKJIAAHY Ta €()EKTHUBHY CHUMYJISIIIO
MOBITPSHOTO OO0 3a y4acTio rpym 3 000X cTOpiH. BukopucTtaHHs aBTOHOMHUX
areHTiB 3a0e3rnedyye THYYKICTh Yy TMOBEIHII JAPOHIB, a TaKOX JO3BOJISE

MOJICITIOBATH PI3HOMAHITHI CTpaTerii, TAKTUKH Ta CIieHapii 00ro.

120



ABTOMATHKA 2024

PO HAUITPOCTIIIY JTUHAMIYHY 3AJJAYY OIITUMAJIBHOI'O
PO3BUTTA MHOXHWH
Kiceasoa O.M., I'apt JL.JIL., Ky3enkoB O.0., 3akyTHiii /I.B.

J[Hinposcovkuti HayionanvHu yHieepcumem imeni Onecs I onuapa

3amadi onTuManmbHOTO po30mTTsT MHOXMH (OPM) wMmaioTh BakiIuBe
MpakTUYHE 3HAYCHHS Yy Takux cdepax, SK JIOTICTHKA, KOMYHIKAIi Ta
yIpaBIiHHS pecypcaMu, A€ HEOOXITHO €(PEKTUBHO PO3MOIUISATH O0’€KTH YU
pecypcu. Metroqu OPM, 3anporionoBani y po6oTi[1], mepeBaxHO 30cepeKeH1
Ha CTATUYHMUX MIIX0JaX, sIKI HE BPAaXOBYIOTh 3MiH IOIMUTY Ta BUTpaT Yy dYaci.
BTimMm, peanbHi poIeCH 4aCcTO XapaKTEPU3YIOThCS JUHAMIKOIO, JI€ 111 MapaMeTpHu
3MIHIOIOTHCS 1] BIUTMBOM 30BHIIIHIX YMOB Ta KEPYIOUHX JiH.

JluHaMmivH1 3a/1a4l ONTUMAJILHOTO PO3OUTTSI MHOXHH [2] mependadaroTh
iHTerpaito meroAis OPM i3 migxoaamMu Teopii ONTUMAIBHOTO KEPYBaHHS 3115
BpaxyBaHHS TapaMeTpiB, IO MOXYTh 3MIHIOBATUCS Y Yacl MijJ BIUIMBOM
30BHIIIHIX YMOB Ta YNPaBIIHCHKUX pillleHb. MaremMatuyHa MOJEINb
HaWmpocTimoi AuHaMivHOoi 3aaa4i OPM mae BuTIIs:

I((T),I/l(','), p(’ )) - _ N min s
BEEY; u(-),p(-)eLy (0,T])
ne

I(@,u(-"), p(~") = B,

O ey N

i [(eCe 70+ a) plx,tydxdr + B, [ [ (x, 1)t

i=1

32 HassBHOCTI YMOB
aa—'o(x,t) =u(x,t), 0<t<T; PX,0)=p,(x), Mm.B. 11 x € Q2.
(4

Tyr Q- obmexena, BumipHa 3a Jleberom MHoxuHa 3 E,; Y. — KIac BCix

MOXJIMBUX pO30UTTIB MHOXMHMA €2 Ha 3aJaHy KUIbKICTb N BHUMIPHUX 3a

JleOeroM maMHOKHH:

Zgz{@z(gl,...,QN): LNJQ[:Q, mes(Q,NQ,)=0, i ], i,j=1,_N};

i=1
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T>0 — 3amaHuid KiHIIEBUH MoMeHT dacy; f,,[5 20, ﬂoz+ ﬂf #0 — 3amani
KoeQilli€HTH, SKI BU3HAYAIOTh MPIOPUTET AOJAHKIB y (YHKI[IOHATI Ta MICTSThH
BEJIMYMHHM, IO POOJATH JNOAAHKH Oe3po3MmipHuMHU; (yHKIUA c(x,7;,f) iicHa,
oOmexeHa, BusHayeHa Ha QxQx[0,T], BuMipHa 3a X i f IPH AOBUIBHOMY

¢ikcoBanomy 7, =(z!",..,7")eQ, i=1,N;a, i=1,N — 3amafi, AK MNOpaBWJO,

1

HEBIJ’€MHI yHcna; p,(X) —3amaHa HeB11 €éMHa (YHKIIIS, BA3HAUEHA HA MHOKHUHI1
Q; u(x,t)eL,(Qx[0,T]) — mykana QyHKIA, IO 3aJa€ KEPYIOUHH BILIHUB,
p(x,t) — mykana Qynkuis va Qx[0,7] (basosa Tpaekropis, WO BiANOBiKAE
oOpaHOMy KepyBaHHIO u(X,?)), HEMEepepBHA 3a 3MIHHOIO f M.B. Il x€Q Ta

BUMIpHA ¥ oOmexeHa 3a x i Oyaw-sikoro t€[0,7]. Touku

r.=(",..t") eQ, i=1,N, HA3MBAIOTECA  «IEHTPAMU»  BiAMOBiZHUX
MIIMHOYKHUH Ta BBAKAIOTHCS 3aJaHUMH.

3riIHO 3 METOJIOJIOTI€l0,  3allpONIOHOBaHO B [2], HaBejeHa
HECKIHYEHHOBHMMIpHA ONTHMI3alllifHa 3a/7a4a 3BOJUTHCS 10 3a]ayl BIAITYKAHHS

XapaKTEePUCTUYHUX (YHKIINA MIIMHOKUH (),...,Q, , a ONTUMaJIbHE KEPYBaHHSI
u(x,t) Ta BIAMOBIIHA (ha3oBa TPAEKTOPIS O(x,7) BU3HAYAIOTHCS 3a JOIIOMOTOIO

npuHIuny makcumymy [lonTpsirina. Ilomaneimi gocmimkeHHs TnependavaroTh
PO3pOOKYy MPOTPpaMHOr0 3a0€3MEUCHHS ISl pealti3allii aJrOpUTMIB YHCEIbHOTO

PO3B'sI3aHHS IT11-32/1a4, 1110 BUHUKAIOTh Ii]] 9ac TUCKPETH3aIlli BUX1THOI MOJIE]II.

Biosiorpagivyni nocunanus

1. Kucenesa E. M., llop H. 3. HenpepsiBHBIEC 331a41 ONTUMAIBHOTO pa30MEHUSI MHOKECTB:
Teopusl, aAITOPUTMBI, ipuiioxkeHusi: Monorpagus. — K.: Haykosa nymka, 2005. — 564 c.
2. KicenboBa O.M. CTaHOBJEHHSI Ta PO3BUTOK TEOPii ONTUMAIBHOTO PO3OUTTSI MHOXKHH.

TeopernuHi 1 NpakTU4HI 3acTOCyBaHHs: MoHorpadis. Juinpo: Jlipa, 2018. 532 c.
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METO/J OIITUMAJIBHOT'O PO3BUTTA MHO’KUHHU HA
HEUYITKI OHIJIMHOKHWHHU 3 POSMIILIIEHHSIM IX IIEHTPIB

Kicennosa O.M.., Illpuromanosa O.M.2, Jledenes J1..,
mstr.danila@gmail.com
!Oles Honchar Dnipro National University
’Kyiv National Economic University named after Vadym Hetman

[IporoHyeTbcs METOA ONTUMAIBHOTO PO3OUTTSI MHOXKUH 13  71-BUMIPHOTO
EBKJIIJIOBOTO MIPOCTOPY HA HEWITKI IMIMHOKUHH 3 PO3MIIIICHHSIM IIEHTPIB ITIMHOHH,
KU 0a3ye€ThCSl HA CMHTE31 METOJIIB TEOPii ONMTUMAILHOTO PO3OUTTS MHOXHH, IO €
HOBUM PO3/IJIOM HECKIHYEHHOBUMIPDHOTO MAaTE€MaTHYHOTO TMpOTpamMyBaHHS 3
OyJIEeBUMH 3MIHHUMH, 1 TEOPIT HEHITKMX MHOKHH.

HeudiTka HemepepBHa 3aaya ONTUMAIBHOTO PO30OUTTS YITKOI MHOXHHM Ha ii
HEYITKI MIJMHOXKUHHA (POPMANI3ye€ThbCs 32 PAXyHOK BBEIEHHA IO ILUTbOBOIO
¢GyHKIIOHATY 3amayl  (PYHKIIM HAIEKHOCTI HEYITKUX MIAMHOXMUH. JloBeneHo
TEOpeMy, sIKa BU3HAYAE BUJI ONTUMAJIBHOIO PO3B’SI3KY BIAOBIIHOI HEYITKOI 3a/1a4l
ONTHUMAJIHOT'O PO3OHUTTSI MHOYKHHU 3 1-BUMIPHOTO €BKJILIOBOIO MPOCTOPY HA HEUITKI
MJIMHOKUHM 3 PO3MIIICHHSAM IIEHTPIB MIAMHOXWH. Po3pobieHo amroputm
PO3B’sI3aHHs HEUITKOI 3a/1adl, KUl 0a3yeThcs Ha JIOBEACHIM TeopeMi Ta OJHOMY 3
BapIaHTIB METOJy HemudepeHiiiioBHoi onrumizamii r-amroput™my I[llopa. 3a
pe3ysbTaTaM YHCIIOBUX EKCIIEPUMEHTIB JIJISl TECTOBHMX IPHKIIAIIB MOYKHA BUIUTUTH
TaKi BIIMIHHOCTI MK 3a/1a9aMH{ YITKOTO Ta HEUITKOTO ONTHUMAIBHUX PO3OUTTIB YiTKOI
MHOKHHHU:

1) meTox MOOYAOBH ONTHMAIBLHOIO PO3B’S3Ky B HEUITKOMY BaplaHTl 3ajadi
po3naaeThcs Ha JIBl TUIKKA MOUITYKY: MOUIYK YITKOTO PO3B’S3KY 1 MOIIYK HEYITKOTO
PO3B’SI3Ky, IO JOAATKOBO BHMAara€ TMOOYJOBH YMOBH CTOCOBHO TOTO, SKa TiIKa
NoTpiOHA B JIaHIM CUTYallli IS JAHOI TOUKH.

2) HeuiTKa 3a7aya Mae JI0JIaTKOBY Mi3aady BigHeceHHs (1neHTudikariii) ToHok
MHOKHHH BITHOCHO HEYITKHUX ITJIMHOYKHH TICJIS TOTO, SIK OTPMMAHO ONTHMAaIbHUIA
PO3B’SI30K TIOCTABJIEHOI HEUITKOT 3a1a4l. Llg mporenypa Buaiise o0macTi miaMHOXAH
(ToukM WX 00aCTel HAaNleBHE BITHECEHO JI0 IAHOT MiJIMHOYKHUHH) 1 00J1aCTh HEUITKO1

MeXl.
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CTUCHEHHS 30bPAKEHHS 3 BTPATAMMU 3A IOITOMOTI'OIO
CTOXACTHUYHOI'O KBAHTYBAHHSA
Ko3upes A.FO., Hopkin B.1. anton.kozyriev99@ gmail.com
Hayionanvnuii mexniunuu ynisepcumem Ykpainu « Kuigcokuti nonimexniunuu

incmumym im. leopsa Cikopcvkozon

VY nonosiai po3risnaerses anroputMm Croxactuunoro Kesanrysanns (SQ)
SK albTepHATUBHUN MaciITabOBaHMUI METOJ JUIsl PO3B's3aHHS 3a]a4 HAaBUYAHHS
0e3 yuuTels, a TaKoX JAOCIIHKY€EThCSA MOPIBHIHHS 3 KIIACHYHUMU aJITOPUTMaMU
BEKTOPHOTO KBaHTYBaHHS (KiacTepusailii), a came K-Means Ta #oro moxiaHuii
BapianT K-Means++. AnroputMu KBaHTYBaHHS € (yHAAMEHTAIbHUMHU
METO/JaMH KOAYBaHHsS 1H(OpMaIlii, SKi JT03BOJSIOTH OTPUMATH KOMIIAKTHE
MPEACTABICHHS BXIJHUX JaHUX. 3aCTOCYBaHHS aJTOPUTMIB OXOIUTIOIOTH
pi3HOMaHITHI cepu [K TpaHCIOpPTHI 3anadl [1], kimacudikamis TEKCTOBUX
JTOKYMEHTIB Ta CTHCHeHHsS naHux [2]. Kimacwuni anropuTtMu KiacTepu3arii
MalTh HEJIONIK HEe(PEeKTMBHOTO BHUKOPHUCTAHHS IMaM fATi, HOTPEOYyHOUH
3aBaHTAKEHHS yCIX €JIEMEHTIB 3 BUOIPKU JAHUX, 1110 POOUTH iX HEMPAKTUUHUMHU
JUIs BenuKuX AaHux. Hespakarouum Ha icHyBaHHS Mojudikarii sk Mini-Batch
K-Means, 110 4acTKOBO BUPILIYIOTh Npo0sieMy HEE(PEKTUBHOIO BUKOPUCTAHHS
nam’siTi, BOHM HE MAalOTh HAAIMHUX TEOPETUYHUX TapaHTIN 301’KHOCT1, OCKIJIBKU
iX 1mipboBa (QYHKIIS € 3a3BHYail HETJIAJKOK HEOMYKJIOK, Ta MOKIAAAloThCA B
OCHOBHOMY Ha METOJIM 1HILiami3aii (seeding).

Anroputm  Croxactuunoro KanTyBaHHS miepeopMysroe —3amady
KJIacTepH3allii K CTOXaCTUYHY TPaHCHOPTHY 3ajayy [1], MIHIMI3yI0UH BiICTaHb
MDK €JIEeMEHTaMH BX1THOTO PO3MOJILTYy Ta aTOMaMH 3aKOJJOBAHOTO JTUCKPETHOTO
po3nonauty. Teopiss CTOXacTHYHOI omTuMizallii Hajgae crenudidyHl YMOBU IS
JIOKaNbHOI 301KHOCTI aJIfTOPUTMYy, Ha BIAMIHY BIJl KJIACHUYHUX METOJIIB
Kiactepu3allii. B J0moBigl TakoX IMPEACTaBICHO BIOCKOHAJICHI Moamdikalii
Croxactuunoro KBaHTyBaHHS, 1110 BKJIIOYAIOTh TPAAI€HTHI METOIA OMTUMI3aIlIl

3 MPUCKOPEHUM Ta aJallTUBHUM KPOKOM IIIBUIKOCTI 3015KHOCTI.
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AnroputMm Oyli0 3aCTOCOBAaHO HAa MaTeMAaTUYHIA MOJEN1 KBAaHTYBAaHHS
KoJbopy [3] s jmeMoHcTpariii 301KHOCTI Ta edeKTUBHOCTI. [laHy Mojaenb
ONTUMI3alii MOXKHA IHTEPIPETYBAaTU fAK 3ajady KJIacTepu3allii, ¢ METOI0 €
3HAXO/KCHHsSI ONTHUMAaJIbHOT OOMEXKEHOI NaliTph KOJhOPIB Ta 31CTABICHHS
KOXXHOTO TIIKCENsl 300pa)K€HHS 3 BIANOBIJIHUM ONTUMAJIBHUM KOJBOPOM,
30epiraroum po3nUTbHY 3aTHICTh 300paKEHHSI PY 3HAYHOMY 3MEHINIEHH] JaHUX
Ha 1udpoBoMy npuctpoi. PosrmsHyTuit anroputMm [1] BBOIUTH CTOXacCTHUYHE
HaOJIMOKEHHS JI0 MOJIeNl, IHTEPNPETYIoUd 11 K TPUBUMIPHY CTOXAaCTHYHY
TPAHCIOPTHY 3a/a4y MI)K MHO>XHHOIO MIKCENIB 300paXeHHSI Ta ONTHUMAJIbHOIO
NaJITPOIO, JIe KUIbKICTh KOJILOPIB € HacaMIepel BA3HAYEHUM TileprapaMeTpoM.
PoGoTa anroputMmy npoioCcTpoBaHa Ha CTUCHEHHI YOPHO-OINX Ta KOJIbOPOBUX

300paKeHb.

Bibaiorpagiuni nocuianus

1. Kozyriev A., Norkin V. Lossy image compression with stochastic quantization.
Cybernetics  and  Computer  Technologies. 2024, Ne 3.  P.60-66.
https://doi.org/10.34229/2707-451X.24.3.6

2. Wan X. Application of k-means algorithm in image compression. IOP Conference
Series:  Materials Science and Engineering. 2019. 563 (5). 052042.
https://doi.org/10.1088/1757-899X/563/5/052042

3. Orchard M.T., Bouman C.A. Color quantization of images. IEEE Transactions on

Signal Processing. 1991. 39 (12). P. 2677-2690. https://doi.org/10.1109/78.107417
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EJEKTPUYHO NPOHUKHA TPIIUHA B FIMATEPIAJIBHOMY
IPE3OEJEKTPUYHOMY KBA3IKPUCTAJII
Komapos O.B., avikomarov@ gmail.com,
Cxpunvenko B.C., vova2000sk@ gmail.com

ninpoecwvkuti Hayionanvnuu yHieepcumem imeni Onecs I'onuapa

B nauiii poOOTI pO3MISHYTO IJIOCKY 3aJady JJisd €IEeKTPUYHO MPOHUKHOT
TpiuHA B OimaTepiaii, IO CKJIAQJAa€Tbcsl 3 JBOX HaIiBHECKIHYCHHUX
OJTHOBUMIPHHUX I’ €30€JIEKTPUYHUX KBA31KPUCTAIIIB, KOPCTKO 3’€THAHUX Pa3oM.
Hampsimok nomnsipu3atiii 301ra€Tbesi 3 KBa3inepiogMIHUM HAIIPSIMKOM MaTepialliB
1 OpTOTOHAJIBHUI MEXI1 iX MmoAlTy. PIBHOMIpHO po3no/iieH! (POHOHHI HOpMaJlbHI
Ta 3CYyBHI HaIlPy>KCHHs B IUIOIIMHI, a TakoX (a30HHI HANpY>KEHHA Ta
CJICKTPUYHI 3MIIICHHS MPUKJIAJCHI Ha HECKIHYEeHHOCTI. OTpUMaHO MaTPUYHO-
BEKTOpPHI  MpEACTaBICHHS g (POHOHHUX 1 (A30HHMX  HANPY>KEHb,
CJIEKTPUYHOTO 3MIIIEHHS Ta ISl MOXITHUX (POHOHHUX 1 ()a30HHUX 3MIIIEHD 1
CTPUOKIB €JEKTPUYHUX TMOTEHIIAIIB Yepe3 KyCKOBO-T0JOMOPGHY BEKTOP-
¢GyHKU1I0. BUKOPUCTOBYIOUHM 111 CHIBBIIHOUIEHHS Ta 3a0BOJIBHSAIOYM YMOBU Ha
Oeperax TpimuH, cPOpMylIbOBaHI Ta TOYHO PO3B’sA3aHI 3aJadl JIHIHHOTO
cupspkeHHsl. YucenbHMI aHajai3 BUKOHAHO IS JBOX PI3HUX OJHOBUMIPHUX
1’ €30€JICKTPUYHUX KBa3IKpUCTATIB, 3a JaHUMHU SKOro 3pOOJieHI HACTYIMHI
BUCHOBKHM: Ha BIJIMIHY Bl TPIIMIMHU B OJHOPITHOMY KBa3IKpPUCTaIl, KOXXEH
OKpPEMHUII HEHYJIbOBUH KOMIIOHEHT 30BHIIIHIX (OHOHHUX HAaINpPYKEHb
00OyMOBJTIOE HEHYJILOBE 3HAYEHHS BCIX KOS(DIIIEHTIB IHTEHCUBHOCTI HAIIPYKEHb,
KOXHa CKJagoBa ()OHOHHMX HAIpYy>KeHb BUKIMKAE (PAa30HHI HAINPYKEHHS 1
CTpUOOK MEePEMIIIEHb.

Bibaiorpagiuni nocunanus

1. Fan T.Y., Mai Y.W.: Elasticity theory, fracture mechanics and some relevant thermal

properties of quasicrystal materials. Appl. Mech. Rev. 57, 325-344 (2004)

126



ABTOMATHKA 2024

IHTEJIEKTYAJIBHA CUCTEMA SIK IHCTPYMEHT ME/JIUKO-
BIOJIOT'TYHOI'O INI3BHAHHSA
Koctpa B.B., v.kostra@gmail.com

Incmumym mexuiunoi mexanixu HAHY i JIKAY

B3aemoist mocmigHEKa Ta KOMITIOTepa — MOTYKHUAN 1HCTPYMEHT, IO JIO3BOJISIE
OCMHUCIIUTA Ta TIOB'S3aTH BOEJAWHO TMPOLECH PEryJsllii Ha KITHHHOMY Ta
MOJIEKYJIIPHUX PIBHSX 3 MPOIECAMH PETYJIAIT HIJIOr0 OpraHiaMy 1 Ha Iii MiJICTaBi
CTBOPUTH HOBI YSIBJIEHHS MPO MaTo(i3i0NOoriyHi MEXaHI3MHU 3alalieHHs, 1H(eKuli,
IHTOKCHKaIli Ta iH. HemapameTpuuHuil miaxin HaBOIUTH MPO Pi3HI (Hi310JI0TIUH1
MIPOIIECH Ta iX BIIHOCUHU MK COOOI0 OJJHOMAaHITHUM YHMHOM Yy BUIJISII MATPHIb 3
1H(pOPMALIIHOT TOYKK 30py MOAIOHUX 0 MaTpHilb OIHAPHMX BIJHOCHH KIIHIKO-
nabopaTopHux JaaHuX. JlpHamika (i3iooriyHoro mporiecy (IIPOIECiB) 3a TaKOro
M1IXOY ONHUCYETHCS — CTAHAMM 1 MATPULIIMU [IEPUIOTO 1 APYTOro MOPSIKIB.

EdexTrBHE BUKOpUCTAaHHS 3HAHb BUMArae, 100 3HAHHS BUIMOBIIHUM YHHOM
OyJu CTPYKTYpOBaHi Ta MpeACTaBICHI y KOMI'TOTepHUX 00'ekTax. O0'€KTH MOXKYTh
OyTH pO3HECEHI 3a TpbOMa PI3HMMHU PIBHSAMHU: BHUCOKHMI piB€Hb — 0aza MLJIeH,
HACTYIIHUI piBeHb — 0a3a 3aB/IaHb; HA HAWHIKIOMY PiBHI 30€pIratoThCs BUPIIIATBHI
MpaBujia, po3po0sIeHi B MPOLEC] JIFOIUHO-KOMIT'IOTEPHOI B3a€EMOIII ISl BUPIIICHHS
3aBaHb, IO I[KABISATh KOPHUCTyBaya — IHTEpBaJbHI Ta OiHApHI (MaTpUYHI)
CTPYKTYPH 3aMiCTh CTparerii po3mnizHaBaHH:s.HallOi1bI nepcrieKTHBHUN HAPSIMOK
ATOPUTMIYHOTO (opMyBaHHS 0Oa3d 3HAHb TIOB'SI3aHUN 13 B3AEMOMIEI0 MIXK
EeMITIPUYHUMHU JIaHUMH, IIUIIMH Ta 3aBJaHHSIMUA KOpPHUCTyBaya (CeMaHTHYHA
iHpOopMalis) Ta MapamMu: IHTEPBAILHUMU Ta OIHAPHUMHU CTPYKTYpamu pPa3oM 3i
CTaTUCTUYHUMHU 3HAYEHHSIMH PO3Mi3HABaHHS 00pa3iB (parMaTiyHa iHpopMartis).

Jlo TnmOOKMX pe3yNbTaTiB MPU3BOAUTH HETAPAMETPUYHUN MiIXiJ, KOJIU
BIZIMOBJISTFOTHCS BiJI aHAI3Yy CaMHUX 3HAYCHb XapaKTEPUCTHK TTOOTUHOKHX KOJIMBAHb

Ta 0OMEXYIOTBHCS aHATI30M OCOOJIMBOCTEH JUHAMIKH iX 3pOCTAHHS Ta CTIaIaHHS.
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I'TBPUJTHU KOPIIOPATUBHUAM IIIT B YMOBAX KPHU3H1
Kpacuwok M.T., e-mailkrasnyuk @kneu.edu.ua
Kuiscoxuii Hayionanonui Yuisepcumem im. Baouma I'emvmana
Haymenko ML.A., e-mailmaxim.naumenko @ukr.net

Hayionanvnuii Ynisepcumem Xapuosux Texnonoei

[Nopunanit wryadauit iaTenexkt (') — me miaxia, mo moenHye pi3Hi
MeToau Ta TexHousiorli mry4yHoro iHTenekTy (LLI) nms crBopeHHs OiibId
TapreToBaHUX, KpPIM TOro, OJHOYACHO pPOOACTHX Ta THYUYKUX/aJalTUBHUX
CUCTEM MIATPUMKH TPUUHATTS PIllIEHb HAa TAKTUYHOMY Ta CTPATETIYHOMY
PIBHAX MEHEDKMEHTY.

Ocnogna konuerniist 'L monsirae B moeHaHHI MOXJIUBOCTEH KJIACUYHOTO
MaluHHOrO HaBuaHHs, shallow ta deep HelpoHHHMX Mepex, TpPaIAULIMHUX Ta
IHHOBAIIMHUX  (€BOJIIOIIMHMX  Ta/ab0  METAEBPUCTUYHHUX)  AJTOPUTMIB
MaTEMaTUYHOTO MPOTPaMyBaHHS, TEXHOJOTIA Ta METOJIB M'AKUX OOYHCIIEHb -
JUIS NOCATHEHHS BUIIOI TOYHOCTI, MOBHOTH, a OTXKE 1 CTaJI0CT1/CTabIILHOCTI
pe3yNbTaTiB  JECKPUIITUBHOTO, TMPEAUKATUBHOTO Ta  MPECKPHUIITHBHOTO
MOJICITFOBAHHS.

Inmumu cnoBamu, I'IIT aBTOMaTH3ye 3aBAaHHs/3ajadyi, SKi CKIAAHO YU
HEMOKJIUBO €(PEKTUBHO (SIKICHO Ta OTEPATUBHO) BUPINTYBAaTH 3 BUKOPUCTAHHAM
JUIIe OJHI€l 1HTENEeKTyalbHOi TexHousorii, Tooro IIII wmoxe Oytu
3aCTOCOBAaHUN Yy OUIBLIOCTI Taly3el Ta CEKTOpPIB E€KOHOMIKH, OCOOJHMBO Yy
CKJIQJHUX, HECTAOUTHHUX, KPU30BHX €Tanax/CUTyallisix/cTaHax.

Kpim Toro, aBropu 3a3HaudaroTh, mo [l mominbHO BUKOpPHCTOBYBATHU B
TUX 1HIYCTPIAX, KOMITAHISX/OpraHi3aiisx, MPOEeKTaX, sIKi XapaKTepU3YIOThCS:
MDKJIHCIUIUIIHAPHICTIO; CKJIAJTHUM €KCIIEpTHUM JIOCB1IOM;
OaraTokpuTepialbHUMU IUILOBUMU (DYHKIIISIMU; CTOXaCTUYHUMH Ta, HABITb,
JTUHAMIYHUMH YMOBaMH/aTpuOyTaMH; PO3PLIHKEHICTIO BXIAHUX JaHUX a0o,

HABMAaKU, MOTPeOYIOTh  CKOPOYEHHS  PO3MIPHOCTI  BXIJHUX  BEKTOpIB
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O3HAK;0JJHOYaCHO pI3HUMH THUIIAMH HEBU3HAYECHOCTI (MMOBIPHOCTI Ta
HEYITKOCTI).

B ymMoBax Kpu3u BUKOPWCTaHHS TIOpUIHUX KOPIIOPATUBHUX MOJEIEH Ha
ocaHoBi IIII crae ocob6namBO akTyadpbHUM. Taki Mojem J03BOJISIOTH
KOMIaH1IM/KOPIOPAIIIMCUCTEMHO  IMIABUINYBaTH €(QEKTUBHICTh IPOIIECIB,
TOTAIBPHOCKOPOUYBATH BUTPATH 1 MIBUAKO aIaNTyBaTUCS JO KOMIUICKCY YMOB,
110 3MIHIOIOThCA. OTXKE, HABEJIEMO PE3yJIbTaTH JIOCTII)KEHHS OCHOBHUX IepeBar
"I B HecTabu1bHUX 200, HABITh, KPU30BUX YMOBAX:

1) IlokpamieHe NpUKWHATTS PIIIEHB 3a JOMOMOIOK0 PI3HOMAHITHUX JaHUX:
riOpuIHUM ITYYHUHN THTEIEKT MOXKE aHaJI3yBaTH PI3HOMAHITHI JIXKEpea JaHuX,
30KpeMa CTPYKTYpOBaHI JlaHi, TEKCT 1 JaHl B peajbHOMY 4aci. [{1 MoXIHBICT
JIO3BOJISIE  OpraHizaiisiM OTPUMATH YSABJICHHS TIPO YMOBH, W0 IIBUIKO
3MIHIOIOTBCS, BiJl 3MIH Yy IIOBEHIHII CHOXXHMBadiB 70 300iB y JIAHITIOKKAX
MIOCTaBOK.

2) llIBuaka amanTaliss A0 PUHKOBUX 3MIH: Y KPHU30BHX CHUTYaIlisx
TIOpUIHUN IITYYHUI IHTEJIEKT MOKE aJAalTyBaTUCS 1O PUHKOBUX 3MIH ILJISIXOM
KOPUTYBaHHSI MOJIeJied Yy pPEeXUMI peaJbHOTO Yacy Ta MepeKaliOpyBaHHS
CTpaTeriii Ha OCHOB1 OHOBJIEHOT 1H(OpMAIIii.

3)  Onrumizauis BUTpAT 1 yHOpaBimiHHS pecypcamu: Kpusu wyacto
BUMAaralTh CKOpPOYEHHs BHUTpar 1 ontumizamii pecypeiB; [T moxe
aHaI3yBaTU OMNEPAaTHBHI JaHl, m00 BU3HAYUTH cepu, 1€ MOKHA 3MEHIIUTU
BUTPATH, NEPEPO3NOAUIUTHA PECYPCH Ta ONTUMI3yBaTH POLIECH.

4) MacmraboBaHiCTh 1 THYYKICTh: KOoMOiHytouu pi3Hl miaxoau I,
riOpuUIHI CUCTEMHU MOKHA MacIITaOyBaTH Ta aJanTyBaTH BiJIMOBIIHO J0 Pi3HUX
oTepaliiHuX MOTpeO; MiJl Yac KPU3W I THYUYKICTh JO3BOJISE OpraHi3allisiM 3a
noTpeOu 30UTbITyBaTH a00 3MEHIIIYBATH PECYPCH, TIEPEMUKATUCST MK PI3HUMHU
CTpaTeriiMM Ta 30CEepe/KyBaTHCS Ha HaWHarajdbHIIMX TmoTpedax 0e3

nepedyaoBu 1101 iHdpacTpykTypu 1.
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5) VYmpaBniHHA pU3MKaMH Ta MPOTHO3HUM aHali3: TiOpUIHUN MITYYHUN
IHTEJIEKT MOXE OI[IHIOBaTM Ta TMPOTHO3YBATH PU3UKHU, BU3HAYAIOUU
3aKOHOMIPHOCTI B ICTOPHYHUX JAaHUX 1 JAHUX Yy peajbHOMYy dYaci: B yMOBax
KPU3U MOJCIIOBAHHS PU3HKIB 1 MPOTHO3HA aHATITUKA CTAlOTh BAaXJIUBUMH JIJIS
OM’SIKIIEHHSI TOTSHIITHUX 3arpo3, HE3aJeKHO BiJl TOTO, YA CTOCYIOThCSI BOHH
¢diHaHCOBOI HECTAOLTFHOCTI, PU3UKIB [ 3I0POB’Sl UM OMepallifHuX HeOe3MeK.

Omxe, ' - e MOTYXHUN 1THCTPYMEHT, IO MOEAHYE HAMKpalie 3 pi3HUX
MetoxiB LI ms cTBOpeHHsT OUTBIT TOYHUX Ta aganTUBHUX cucTteM. Llel miaxin
CTa€ BCE OUIBII MOMYJSIPHUM, OCKIJIBKH BIH HAJAa€ THYYKICTh Ta €()EKTUBHICTbD,
Kl OCOOJMBO aKTyaJlbHI B YMOBaX pPHUHKIB, IO HIBUIKO 3MIHIOIOTHCS, 1
TE€XHOJIOTITYHUX BUMOT, Kl TaKOX JAMHAMIYHO TpaHchopmyroTbes. 'L moxe
HaJaTH OpraHizalisM TMOTY)KHUH 1 ajantoBaHuii HaOIp I1HCTPYMEHTIB s
HaBiraiii B yMOBaX HEBH3HAYEHOCTi, MPUUHATTS pillleHb HA OCHOBI JaHUX 1
IIBUKOIO pearyBaHHs Ha IIBUJIKI 3MIHU.

JloiaTkoBO, aBTOPH MiJCYMOBYIOTb, 110 came ['10puaHuii KoprnopaTuBHUN
T nomomarae KoMIaHisIM/KOpHopauisiM OyTd cTaO1IbHUMU/CTIHKHUMU/CTaTUMU
Ta HaBITh PO3BUBATUCS B HECTaOlIbHUX, a00, HABITh, KPU3OBUX YMOBaxX - 3a
paxyHOK aJanTHBHOCTI, 3HIDKEHHS BHUTpAaT Ta TOTJIUOJICHOI aHATITHKU.
[HTerpamia Ttakux cucteM poOUTh Oi3HEC OUIbII THYYKUM Ta CTIHKHM,
JT03BOJISIIOYHN €()EKTUBHIIIE 10IaTH KPU3OB1 YaCH.

OCKUTbKM KPH3W CTalOTh YACTIIIUMHA Ta CKJIQAHIIIUMH, 3JaTHICTH
riOpUJAHOTO IITYYHOTO IHTEJIEKTY 3HAaXOAUTH ONTUMAJbHE IOEIHAHHS
aJanTUBHOCTI 13 Y3TO/PKEHICTIO, JIeTali3allii 3 y3araJbHeHHSM - JIOJIaTKOBO
NIJBUIIYE aKTYaJbHICTh TaKOro TIOPUAHOrO MIAXOAY SK [JIsI OKpPEeMHUX
KOMITaH1i/Kopropariii, Tak i A [IJTUX TaTy3ei/CeKTOpIB €eKOHOMIKH, aje 1 IS
YPSIZIIB Ta MICIIEBOTO YPSTyBaHHS.

ABTOpHU OKPEMO HAroJOmIyIOTh Ha HEOOX1HOCTI MOAANBIINX JOCIIKEHb
IOJI0 BUKOPUCTAHHS IITYyYHUX HEUPOHHUX MEPEXK 3  EBOIIOLIMHUMHU

QITOPUTMAMHM 1X HABYAHHS JJI1 MOJIEIOBAHHS LIJIbOBUX Ta/a00 (iTHEC-DyHKIIIMA
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OaraTokpuTepiaibHUX 3aBIaHb MaTEeMAaTUYHOTO MPOrpaMyBaHHS (3a HAsSBHOCTI

BEJIMKUX BXIJHUX JaHUX).

Bibaiorpagiuyni nocuinanus

1. I'pamenko 1.C., Kpacurok M.T., Kpacuiok C.O. I'iOpumHo-crieHapHEe 3acTOCyBaHHS
IHTENIEeKTyalbHUX, OPIEHTOBAHUX HA 3HAHHS TEXHOJOIIH, SK BaKIMBUH aHTHKPU30BUM
IHCTpYMEHT JIOTICTHYHMX KOoMmaHid B YkpaiHi. Bueni 3anucku Taspiticbkozo
Hayionanonoco Yuieepcumemy imeni B. I Bepnaocvrkoco. Cepis: ExoHoMmika 1
ynpasninHs. 2019. Tom 30 (69). C. 121 — 129.

2. Krasnyuk, S. Goncharenko, S. Krasniuk. Intelligent technologiesinhybridcorporate DSS
(ontheexampleofUkraineoil&gasproductioncompany). Innosayiuno-ineecmuyivinuu
MexaHizm 3a0e3neveHHsi KOHKYPEeHMOCNPOMONCHOCME Kpainu: KOJIEKTUBHA MOHOTpadis /
3a 3ar. pea. O. JI. I'anbrooi. — JIsBiB-Topyns : Jlira-Ilpec, 2022. — C. 194-211.

3. Krasnyuk, M., Hrashchenko, 1., Goncharenko, S., Krasniuk, S. Hybrid application of
decision trees, fuzzy logic and production rules for supporting investment decision
making (on the example of an oil and gas producing company). Access to science,
business, innovation in digital economy, ACCESS Press, 3(3): 278-291. DOI:
https://doi.org/10.46656/access.2022.3.3(7)

4. Kpacutok M.T. T'iOpuansaiisi 1HTENEKTYaJlbHMX METOMIB aHali3y OI3HECOBHUX JaHHMX
(pexyM BHSBIIEHHS aHOMalii) SK CKJIaJ0BUN IHCTPYMEHT KOPIIOPATUBHOIO AayAMTY.
Cman i nepcnekmusu po3eumky 001ikogo-ingpopmayitinoi cucmemu 6 YKpaiui
marepianu III Mixnap. Hayk.-mpakT. koH¢. [M. Tepnominb, 10-11 >xoBt. 2014 p.] /
penxon. : 3. B. 3amopoxuuit, B. A. Jlepiii, M. P. Jlyuko [Ta iH.] ; rom. pen. 3. B.
3anopoxuuii. - Tepuonins : THEY, 2014. - C. 211-212.
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KOMIIEHCANISI KOJIMBAHBb MOMEHTY B CUHXPOHHHUX
JIBUT'YHAX 3 IOCTIMHUMHU MATHITAMHA
KyBaeB M.B., kuvaevnv@ukr.net Tapacos C.B., tsv.transmag @ gmail.com

Incmumym mpancnopmuux cucmem i mexuonoeiti HAH Ykpainu

CunxponHi ABUTYHU 3 mocTiiiHuMEU MarHiTamu (CJIIIM) mMoxyTh maTu
3HAYHI MyJIbcallii MOMEHTY, sIKi O0yMOBJIIOIOTh HETaTUBHUHN BIUIMB Ha TOYHICTH
peryJioBaHHs, MPU3BOJATH /0 TMOSBH aKyCTUYHUX IIYMIB Ta BiOpalliid, 1110 B
0araThOX BHUMAJKaX HEMPUITYCTUMO. 3HAYHA YacTHWHA TMyJbCalliii BHHHUKAE 3a
pPaxyHOK 3yOlI€BOr0O MOMEHTY, SIKHMil CTBOPIOETHCSI B3AEMO/I1€F0 MArHITHOTO TOJIS
NOCTIMHUX MArHITIB 3 3alli30M cTaropa. IcHye OaraTo HUISXIB 3MEHILECHHS
3yorieBoro moMenty st C/IIIM 3a paxyHOK KOHCTPYKTUBHHX 3MiH, TaKUX SIK
CKic 3yOIiB cTaTopa ad0 MOCTIMHUX MAarHiTiB Ha POTOpi, BUOOPY ONTHUMAIbHOI
KOMO1HaIi yncia 3yOLiB cTaTopa Ta MOJIOCIB pOTOPA, YIOCKOHAJIEHHS CUCTEMHU
30y/UKEHHS Ha POTOpPl, YAOCKOHAJICHHS KOHCTPYKIi ctatopy. LI metomm
NPU3BOAATh, JO0 MIABUIIEHHS BapTOCTI Ta CKJIATHOCTI BHUTOTOBJICHHS
€JIEKTPOJABUTYHA. [HIIMI HUISIX — 1€ CTBOPEHHSI TaKOl rapMOHIYHOI CKJIaJOBOi
CTpyMy CTatopa, sika 0 KoMIeHCyBaia 3yO1eBruil MOMEHT. 3yOl1eBril MOMEHT €
(GYHKITIEIO TIONOXKEHHST pOTOpa, SIKy MOXIIMBO BHU3HAYUTH E€KCIIEPUMEHTANBHO,
a00 3a J1I0MOMOT 00 CIEL1aTbHOIO IPOrPaMHOTO MAKETY.

Jlns 3amo0iraHHs 1UX KOJWBaHbL MOMEHTY OYJIO 3aIIPOTIOHOBAaHO HAYKOBO-
TEXHIYHE PpIIICHHS, [0 € MOAAJBIIMM PO3BUTKOM BIJIOMHUX METO/IB.
Kowmmencaiisi 3a mogudikoBanuM MetofoMm [1], Sk 1 y BUNAAKY KIACHUYHOI
KOMIIEHCallli, BITOYBAETHCS 3a JOMIOMOTOI0 CUTHATY CTPYMY, SIKUH JOJAETHCS JI0
OCHOBHOTO 3aBJIaHHS HA CTPYM, Ma€ TaKWW e CaMH TapMOHIYHUU CKJaJ Ta
3HaXOAWTHCS y TmpoTuBOodaszl 10 3yOmeBOro MOMEHTY. BiamiHHICTIO
3alpPONOHOBAHOTO  MOAM(PIKOBAHOTO METOJly € BpaxyBaHHA YaCTOTHUX
XapaKTEePUCTHK KOHTYpY CTpymMy: Momyns Ta ¢asu (apryment). [ns
NIATBEPAKEHHSI IepeBar MoIM(iKOBaHOT KOMIIEH ALl MOPIBHAHO 3 KJIACUYHOIO

Oyn0 mpoBeneHO MojentoBaHHs poOoTH BucokoMoMeHTHOI CHIIM 3 o6oma
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METOJIJaMU KOMITEHCAI[ll Ha HOMiHaNbHIi mBHUIKOCTI 4000/XB, Ta HOMIHATBHOMY

MOMeHTI HaBaHTakeHHs 11,2xHm.
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O6eprouii MomeHT C/ITIM 3 BpaxyBaHHSM BIUIMBY 3yOII€BOTO MOMEHTY Y PEXKHUMi il
HaBaHTAXKXCHHSM, JIe TOYMHAIOYH 3 1.5 CeK 3aCTOCOBY€ETHCS KOMIICHC AL Iy IbCalliid 3yO1eBOro
MOMEHTY. a) CTaHIapTHUI 3aKOH KOMIeHcallii 0) Moau(ikKoBaHMI 3aKOH KOMIIEHCAITii

3acTocyBaHHS ~MOAM(IKOBAHOI KOMIIEHcCalli 3yOI€BOIO  MOMEHTY
JT03BOJISIE, Mailke MOBHICTIO KOMIIEHCYBATH KOJIMBAHHS MOMEHTY Ha BIAMIHY Bij
KJIACUYHOTO LUISIXY KOMIIEHCAIlll, SKMI J03BOJISIE 3MEHIIUTH KOJIMBAHHS Maixke
y nABa pasu. To0To, 3anmponoHOBaHWN MOAM(PIKOBAHUA METOJ JT03BOJIsIE
Ha0arato Kpaile KOMIICHCYBaTH KOJMBAaHHSA MOMEHTY Y BChOMY Jllara3oHi

pOOOUYNX MIBUJIKOCTEH HIK KJIACHYHUM METOJI KOMIIEHCAITI1.

Bibaiorpagiuni nocunanus

]. O. Beshta, E. Nolleund M. Kuvaiev, "Entwurfeinereinfachenundmodifizierten
RastmomentkompensationfiirdiepermanenterregteSynchronmaschine",  Hayxosuui  6icnux

Hayionanvnoco cipnuuoeo ynisepcumemy, Ne 6, c. 95-100, 2016.

133




ABTOMATHKA 2024

MOJEJII KEPYBAHHS HAITPY KEHUM CTAHOM Y
TEXHOJIOTTYHUX OIEPALIAX
Kysbmenko B.I., vasilkuzmenko50@ gmail.com

Jninposcovkuti Hayionanvrut yHieepcumem imeni Onecs I'onuapa

PosrnsmaeTscst  kiac  3aad  BU3HAYEHHS  MPOLIECY  30BHINIHBOTO
HABAHTAXKEHHS, 32 SKOTO HANMPYXEHHH cTaH 1edOpMIBHOTO cepenoBuia Oyjae
3QJIOBOJIBHATH TIOTPIOHI KOHCTPYKTOPCHKI Ta TEXHOJOTIYHI BUMOTH. Taki
BUMOTH (DOPMYITIOIOTHCS Y BUTJIAJII CUCTEMH PIBHOCTEN Ta HEPIBHOCTEW. 3ajgaya
chopMmybOBaHa K 3ajaya ONTUMAJIBHOTO  KepyBaHHS . 3a UUIbOBUHU
(GyHKLIOHAT O0O0paHO CEepeIHbOKBAJPATUYHE BIAXWIEHHS Y BUKOHAHHA
nocTaBieHUX BUMOT. DyHKIIOHAT BU3HAYEHUW HA MHOXHHI MOMIJIMBUX
HAIPY>KEHUX CTaHIB, AKI 3aJOBOJIbHSIOTH PIBHSHHS DPIBHOBAard Ta PIBHAHHS
cyMicHOcTI  aeopmauiid. Jas  yTBOpPEHHS  HPUIYCTUMOI  MHOKWMHU
BUKOPUCTOBYEThCSI MeToA GyHKIiM ['piHa. 3agada 3BOAUTHCS O BU3HAUCHHS
MOBEPXHEBOTO HABAHTAXCHHSI, 32 SKOTO (YHKI[IOHAT CepeAHbOKBAIPATHUYHOTO
BIIXWJICHHSI Jocsirae HaWMeHIIOro 3HadeHHs. Ilicisi CKiHYEHHO-PI13HUIIEBOT
arpoKCHUMaIlli BHHUKAE 3a7a4a yMOBHOI OINTHUMI3aIlii, JJIs1 pPO3B’SI3aHHS SIKOi
BUKOPHUCTAHO METO/I JIOKAJIbHUX Bapiallii.

PosrnsigatoTees mpukiIand po3B’s3aHHSA 3a7ad BU3HAUCHHS TMOTPIOHOTO
PO3MOITYy 30BHIMIHBOIO HABAaHTAKEHHS, 3a SKOrO0 TIPU BUTOTOBJICHHI
KOMITO3UTHHUX MaTepiaiiB KOHTAKTHI HANPY>KEHHsI HA TOBEPXHI CKJICIOBAHHS YU
nu(y31MHOTO 3BaploBaHHsl  OyIyTh ONTUMAILHUMH JIJIs1 3a0€3MeYeHHS MIITHOCTI
3’eaHaHHs. [HIIMI KIac yTBOPIOIOTH 3a/ja4l BU3HAYEHHS YMOB, 3a SIKMX Y TI€BHIM
o0nacTi BUHUKAIOTh IUIACTUYHI Jaedopmariii, o COpUsTAME MOAAIBIIAM
TEXHOJIOTIYHHUM OTepallisiM MPOIIMUBAHHS OTBOPIB y TPYOHUX 3aroTOBKAaX.
JloCHiIKYyIOThCS YMOBH, 32 SIKUX (OPMYETHCS CXeMa BCEOIYHOTO CTUCHEHHS 3

MeTOI0 OJIOKYBaHHS PO3BUTKY TPIIIHH.
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CUCTEMHMI AHAJII3 TA MOJAEJIIOBAHHS MIKTI'AJTY3EBUX
3B’SI3KIB EKOHOMIKH SATIOHII (2020p., 108 ykpynHeHHX npoayKTiB)
Kyauk B.B., volodymyr_kulyk @ukr.net

Hepoicasna nayxoso-naguanvna ycmanoga « Axademis pinancosoeo ynpasninHsy

CTaHOBUTH 1HTEpPEC TMPOBEACHHS CHCTEMHOTO aHaTI3y CTPYKTypH
€KOHOMIKM Ta MOJCIIOBAaHHS MDKraidy3eBHX 3B’S3KIB Oararoramsy3eBoi
E€KOHOMIKH 3a anpoOOBAHOIO 1 YCTAJIEHOIO CXEMOIO. 3alliKaBJICHICTh Y TaKOMY
aHami3l iCHye JJIsl OyIb-sIKOT €KOHOMIKM — €JMHA CXEMa aHajli3y YMOKIJIUBIIIOE
MOPIBHSIHHS €KOHOMIYHUX CHCTEM, BU3HAYEHHS iX SIKICHUX XapaKTEPUCTHUK 1
MIPUXOBAHMUX PE3EPBIB IS PO3BUTKY TOIIIO.

Amnpo0OoBaHa 1 TpUBaJIM Yac 3aCTOCOBYBaHa B SIMOHIi cxema aHami3y
MDKTaJIy3eBUX 3B’SI3KIB  €KOHOMIKM TipeactaBieHa B [1, cc. 189-215].
3acTOoCyBaHHSA TaKOi CXEMH TIPYHTYEThCSI Ha YCTAICHHX Tay3eBUX
kiacudikamigx (BKIOYAOUM — arperoBaHi  kiacudikaiiii), 0COOIMBOCTSIX
MIJITOTOBKUA JTAHUX MIXKTajdy3eBOro OajiaHcy, 110 y3TOJIKEH1 13 KiacudikarisaMu
MaKpOEKOHOMIYHUX MOKAa3HUKIB CUCTEMU HalllOHAJIbBHUX PaxXyHKiB TOIIO.

B Anonii koXHI M’ATh POKIB MYOJIKYIOTHCS JETANI30BaHI MIDKIaTy3eBl
Oamancu 1 pidHa nonatkoBa iH(opmaiis 10 Hux [2]. Ili3Hime myOmiKyrOThCS
aHAJITUYHI 3BITH, SIKl y3araJbHEHO PO3IIIIAI0Th MDKTaTy3eBy €KOHOMIKY fIOHIi B
pamkax 13-Tu ramy3eBoi MOJIENI «BUTPATH-BUITYCK», OCOOIMBOCTI i pO3BUTKY [3].

Hanpukinm uyepBHs 2024p. 3’sBunack myOmikauisi 108-ramyzeBoro OanaHcy
exonomiku fAmnowii 3a 2020p. 3a yKpyITHEHUMH TpyHaMu TpoayKTiB [2]. CTpyKTypHO
JaHWH OaJlaHC BIJTOBIAE YCTATICHUM TPAJIUILISM IIOAO0 1X MiITOTOBKH.

3riJHO yCTaNeHOI CXeMH aHajli3y MIKTaly3eBHX 3B’ A3KIB IIPOBEICHO aHAJI3
MDXKTraiy3eBuX 3B’ s13KkiB ekoHOMikH SnoHii B 2020p. B pamkax 108-mu ramyseBoi
MOJIeNIl «BUTPATU-BUIYCK». BH3HAU€HO TEXHOJOTIYHY MaTpumio A 1 ii
CICKTPAJIbHI XapaKTepUCTUKH, Matpuili JleoHTheBa BUIYy Bl=(I-A)", Ta
B2=(I—(I—A_/I )-A)", ne M - MaTtpuils iMmnopty. [IpoBeneHo BBeCh KOMILIEKC
O0YHMCIICHB MO0 aHATI3y CTPYKTYPH MPOMUCIIOBOCTI, BIUIMBY 3POCTAHHS IIIH B
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OJIHIM rady3i Ha 3pOCTaHHS LiH B 1HIIUX TaJly3sX, KOJUBaHHS 3MIH Y CTPYKTYpi
JI0JaHO1 BapTOCTI (3apo0iTHA IJ1aTa, HEMPSAMI MOJATKH) HA BUITYCK 1 KIHIIEBHM
IPOAYKT, IPOTHO3YBAaHHS 3MiH y KIHIIEBOMY TOIMHUTI HA BUITYCK TOIIIO.

He 3Bakatoum Ha BIJHOCHO BEJIMKHA pO3MIp MOJENI «BUTPATHU-BHUITYCK»,
OOYMCIICHHS MPOBOAWIMCA IIBUIKO, B PEXHUMI peanbHOTOo uacy. Po3spaxyHku
TOJIOBHMM UYWHOM MOXJIMBO TEPEBIPUTH HA MPABHIbHICTh, 3aCTOCOBYIOUH
CyMapHi TOKa3HUKH, 1HIN crernudiyHl MeToau OIHKU. J[J1a TpucKopeHoi
OIIIHKM BEJMUKHX 00cATiB 1UdpoBOi 1HPOpMaIli 3aCTOCOBYBajach KOJIbOPOBE
BUJIUICHHS CTPYKTYp JaHHX.

3acToCyBaHHS JAETali30BaHOI MOJIENl «BUTPATU-BUIIYCK» YMOXKIMBUIIO
BIJIHAXOJIUTA OCOOJMBOCTI PO3BUTKY ramy3eil exkoHomiku fAmonii B 2020p. B
KOHTEKCT1 PI3HUX eTamiB KpyrooOopoTy (MOMUTY-TIPOIO3HUIlii, BUPOOIEHOTO
KIHIIEBOTO TPOAYKTY, BHPOOHMIITBA, YTBOPEHHS JOXONY), OCOOJIUBOCTI Y
(bopMyBaHHI KIHLIEBOI'O MPOAYKTY Ha PI3HUX €Tarax Ta 1H.

3a aHaAJOTIYHOK CXEMOI0 TaKOXK MOXe OyTH IpoaHasli30BaHa JeTali30BaHa

MO/IEITb «BUTPATH-BUITYCK» €KOHOMIKH Y KpPaiHH 1 BUSBIIEHI 11 OCOOIMBOCTI.

Bibaiorpagiuni nocunanus

1. MaremaTndeckasi 5KOHOMHKa Ha TiepcoHanbHOM KommbioTepe: [lep. ¢ sm. / M.KyboHnuga,
M.Tabata, C.Tabara, FO.Xaca63; Ilom pen.M.Kybonusa; Ilog pen. u c mpenuci.
E.3.lemunenko. M.: ®unaHchl u ctatuctuka, 1991. 304 c.

2. Input-Output Tables for Japan. 2020 Input-Output Tables. e-Stat, Portal Site of Official
Statistics of Japan. URL: https://www.e-stat.go.jp/en/stat-
search/files?page=1&layout=datalist&toukei=00200603 &tstat=000001218140&cycle=0&t

classlval=0. [lata 3BepHeHHs: 6 BepecHs 2024p.

3. Input-Output Tables for Japan. 2020 Input-Output Tables for Japan. Ministry of Internal
Affairs and Communications JP]. URL
https://www.soumu.go.jp/english/dgpp_ss/data/io/index.htm. Jlata 3BepHEHHS: 6 BepecHs

2024p.
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OCOBJHUBOCTI KEPYBAHHSA KOCMIYMHUMHU EHEPTETUYHUMU
ATTAPATAMM PO3HOJIJIEHOI CHCTEMM EHEPT OKUBJIEHHS
KOCMIYHOI IHAY CTPIAJIBHOI IJIAT®OPMHU

Jlanxanos E. O., lauiit O. C., Ceopo6in /I. C.
ericksaavedralim@ gmail.com
Incmumym mexuiunoi mexanixu Hayionanvnoi akademii nayk Ykpainu i

Ilepotrcasroco kocmiunoz2o acenmemea Yxpainu

[loganema iHAycTpiamizalis KOCMOCY BHMAara€e HOBHUX 1HHOBAIlIMHHUX
pillieHb, cepell SKUX MOXKHA BUAUIUTA PO3pOOKY HOBHUX MPOEKTIB KOCMIYHHMX
iHaycrpiansHux miatgopm (KIIT). B cBoto yepry, BUrOTOBIECHHS Ti€l YW 1HIIOL
npoaykKilii motpedye HEOOXIMHOI KUIBKOCTI eHeprii Ta pecypciB. OjaHak,
3a0e3MeYnTH JTOCTaTHIO KUIbKICTh enekTpoeHeprii Ha KIII € 3agadero mocutsb
npo0JIeMaTUYHOO. 3 OISy Ha 1€, 3alpONOHOBAHO KOHIIETIIIIO 3aCTOCYBAaHHS
JOJJaATKOBUX €HEPreTUUHUX PECYPCIB LUIIXOM PO3POOKH PO3MOILIEHOT CUCTEMU
»kusieHHs KIIT.

Tak, B mocmimkenHsx [1, 2] cpopMoBaHO y3araJlbHEHy MaTeMaTHYHY
MOJIeNIb (PYHKITIOHYBaHHS KOCMIYHUX EHEPreTUYHUX amapariB pPO3MOiICHOT
CUCTEMU €HEPrOKUBJICHHS KOCMIYHOI 1HAYCTPIaIbHOI MIaT(HOPMH Ta MPOBEAECHO
KJacu(ikalio TEXHOJOTIYHUX TPOIIECIB, 10 MOXKYTh OyTH peanizoBani Ha KIII.
3 ypaxyBaHHAM OCOOJMBOCTEH (YHKIIIOHYBaHHS KOCMIYHMX EHEPTreTUYHUX
amapaTiB JIsi CUCTEMHU Opi€HTallii 1 crabimi3aiii BUAIEHO IT’ATh OCHOBHHX
pEXUMIB POOOTH:

1) pexxum opieHTalli anepTypd KOCMIYHOTO EHEPreTUYHOro amnapara-
nepeaBaya  Ha  aneprypy KOCMIYHOTO — amapaTa-puiiMada 3  METOH
3a0e3nedeHHs] OE3KOHTAaKTHOI mepenadi enexktpoeneprii. HaBemennst ameptyp
npuiiMaua 1 repejaBayda peajizyeThbcsl 3a PaXyHOK 3MiHU OpI€HTAIlll KOCMIYHUX

SHEepreTUYHUX amaparis [3];
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2) pexuM opieHTarii coHSYHMX maHened Ha COHIlE 3 METOK 3apSIKH
aKyMyJIATOPHUX CUCTEM Ta HAKOIIUYEHHS €IEKTPOCHEPTii;

3) macUBHUI peXXUM OUiKyBaHHS;

4) pexxuM TaciHHS KyTOBUX IBHUIKOCTEH;

5) peXuM po3BaHTAXKEHHS KIHETUYHOTO MOMEHTY JIBUTYHIB-MaXOBHUKIB.

B nmepmmx ABOX peXuMax Opi€HTalilo 1 CTaOLTi3aIiio IIaHy€eThCS
3MIMCHIOBATH 13 3aCTOCYBaHHSIM JBUTYHIB-MaxXxOBHKIB, B TPEThOMY PEKHMI
HOIATPUMAaHHS ~ KYTOBOTO  TIOJIOKEHHSI  IJIAHYETbCS 13 3aCTOCYBaHHSM
€JIEKTPOMArHITIB. ['aClHHA KyTOBHMX IIBHJKOCTEW B YETBEPTOMY PEKHMI TAKOX
peaizyeThCs 13 3aCTOCYBAHHSIM €JIEKTPOMArHiTiB.

B poGoTi mpoBeneHO MOCHIIKEHHS OCOOJMBOCTEH KEepyBaHHS KyTOBUM
PYXOM KOCMIYHMX €HEpPreTMYHHX amapaTiB 3 OISy BHUKOHAHHA iX
(YHKI[IOHAJILHOTO TPU3HAYEHHS. 3alpolOHOBAaHO OCHOBHI PEXUMHU POOOTH
CUCTEMHU Opl€HTalli 1 craOumi3amii KOCMIYHUX EHEPreTUYHUX amapariB IJid
KOCMIYHMX arapaTiB nepeaaBaua i npuiiMaya. Po3po0ieHo 3akOHU KepyBaHHS
Opi€HTaIli€l0 1 CcTabuT3alli€l0 B HABEICHHX peXumax podotu. BuzHaueHo
IIPOEKTHI TapaMeTPU CUCTEMH Opl€HTallil 1 cTadim3anli, BUOIp SIKUX BIJIMBAE HA
SKICTh BUKOHAHHS MOJBOTHOTO 3aBJAaHHSA KOCMIYHOIO €HEPreTUYHOro amapara
mo0  OE3KOHTAaKTHOI  Tepenadyi  eNeKTpOoeHeprii  amaparaM-mpuiiMadam

KOCMIYHOT 1HAYCTpiaibHOI IIaTGopmu.

Biosiorpagivyni nmocuianus
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ONITUMIBAIIISI HEHPOHHUX MOJIEJEM JJISI IX EOEKTUBHOI
POBOTHU HA ITPUCTPOSAX 3 OBMEXXEHUMU PECYPCAMU
Jloreun J.A., lohvyn_d@365.dnu.edu.ua,

Bboxyxa JI.M., bozhukha_l@365.dnu.edu.ua

JlHinpoecvkuti hayionanvHul ynieepcumem imeni Onecs [ onuapa

Po3BUTOK HEHPOHHUX MEPEeX CIPUYMHUB MPOPUB B TaAKUX 3ajadax
00poOku npuponnoi MoBu (OBM), sk MamMHHMIA TNepekiiaj, po3Mi3HABAHHS
MOBH Ta aHaii3 TeKcTy. [IpoTe HelpoHHI Mojenl MOTpeOyIOTh BEIUKUN 0OCsT
O00YHUCITIOBANILHOT OTYKHOCTI, 10 YCKJIAJIHIOE iX BUKOPUCTAHHS Ha MIPUCTPOSX 3
0OMEXEHUMHU pecypcaMH, TaKUMHU K cMapTdOHU, IaHmeTu Toio. CkiaaHi
HEHPOHHI MOJENl MOXYTh NOTPeOyBaTH BETUKHUM OOCAT OOYUCIIOBAIBHOI
MOTYXHOCTI, II0 MOX€ OyTH BHpIIIAIbHUM (PAKTOpPOM iX BUKOPUCTAHHS Ha
MOOUIBHUX MPUCTPOsAX. BTiM, € epexkTuBHI METOAM ONTHUMI3alli HEUPOHHUX
MOJIeJIEeH, SIK1 I03BOJISIIOTh 3MEHIITUTH PO3MIp MOJIEII Ta, HaBITh, TPUCKOPUTH iX.

OnHuMU 3 MONYJISAPHUX Ta €(PEKTUBHUX METOJIIB ONTUMI3ALLIT €:

1) npyninr (anri. Pruning) [1] — me TexHika, B KOHIEMIli K01 € BUJAJCHHS
Majo3HavYylux a0o 3alBUX MapaMmeTpiB MOJENi, MO0 3MEHIIye ii po3Mmip i
MPUCKOPIOE POOOTY O€3 3HAYHOIO0 HEraTMBHOIO BIUIMBY Ha SKICTh KIHIIEBOTO
pe3yabTary;
2) kBanTu3anisi (anrin. Quantization) [1] — e mporec 3MEHIIEHHS TOYHOCTI
YUCJIOBUX NapameTpiB (Hampukiaza, nepetBopeHHs 3 float32 Ha int8, sxe
3MEHIIYE PO3PSAIHICTh YUCIOBOTO MapaMeTpy), 0 J03BOJISIE€ CYTTEBO 3MEHILIUTH
PO3Mip MOJIENi Ta MPUCKOPUTH ii BUKOHAHHS HA MEHIII MOTY>KHUX PUCTPOSIX;
3) aucTuasaunia 3HaHb (aHria. Knowledge Distillation) [1] — me mporuec
nepeaaBaHHsl 3HaHb 13 BeNMKoi (moOpe HaBuyeHoi) moxeni (teacher model) y
KOMMAaKTHiITy Mojaenb (student model); quctunbroBana Mojes 30epirae OiIbITY
YaCTUHY NMPOAYKTUBHOCTI OPUTIHAJIBHOI, aJIe BAKOPUCTOBYE MEHIIIE PECypCIB.
JInst OmiHKM BIUIMBY METOJIB ONTHUMI3alii Oylo 0OpaHO [1BI HEWPOHHI

mozeni: NLLB-200 [2] ta MarianNMT (moBHa mapa English — Ukrainian) [3].
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Bubip nmx moneneit 3yMOBICHHUH 1X 3AaTHICTIO 3a0€3MeYyBaTH BUCOKOSKICHHMA
nepekyian Juis pizHuX MoBHHMX map. Moxens NLLB-200 BukopucroByBanacs
pa3oM i3 ii muctunsoBaHoo Bepcieto — NLLB-200-distilled-600M [2].

[Tin yac omiHOBaHHA OyJI0 TEPEBIPEHO, SK KOXKEH METOJ ONTHMIi3arii
BIUIMBA€E Ha po3Mip Mojeneil. byno mopiBHSHO Taki MITXOAU, SIK JUCTHIISAIIS
3HaHb 3 PYHIHTOM Ta KBaHTU3aIis. BOHU qanu 3MOTy CyTTEBO 3HU3UTH BUMOTH
710 OOYHCITIOBATIBHUX pecypciB (Tabmuis 1).

Ta6mui 1. Pe3ynpratu ontumizaiiii HeHPOHHUX MOJIEIICH

Moeis Po3mip mopeni / Binbumii|Un JOIIJILHO
" 00’em RAM po3ropraTu?

NLLB-200 ~18TB6/2TB Hi

NLLB-200-distilled-600M ~25Tb/2Tb Hi

NLLB-200-distilled-600M + xBanTH3amis 3

fp32 70 int8 ~ 09 I'b / 2 I'b MO)KJII/IBO

MarianNMT ~043Tb/2TB Tak

MarianNMT + xBantmsaris 3 fp32 mo int8§ |~ 0.11T'b/2Tb Tax

JI71st BUBHAYEHHS, Y1 MOKHA PO3TOPHYTU MOJEII Ha MOOUTBHUX MPUCTPOSIX,
OpIEHTYEMOCS Ha THUIIOBI OOMEXEHHS OIEepaTUBHOI IaM’gTi MOOUIbHHX
MPUCTPOIB, JIe Or0/KETHI Ta cepeani cmapTdonu maioTh 2-4 I'b BimbHOT RAM
nam’sTi.

Bioaiorpagiuni nocunanus

1. Song Han, Huizi Mao, William J. Dally. “Deep Compression: Compressing Deep Neural
Networks with Pruning, Trained Quantization and Huffman Coding”. ICLR, 2016,
arXiv:1510.00149.

2. NLLB Team, “No Language Left Behind: Scaling Human-Centered Machine Translation”, 2022,
arXiv:2207.04672.

3. Junczys-Dowmunt et al., “Marian: Fast Neural Machine Translation in C++”, ACL, 2018, DOLI:
10.18653/v1/P18-4020.
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3AJAYA ONITUMIBALII BUJILJIEHHSI PECYPCIB
BJJACHUX MICHEBUX IIVIAT®OPM XMAPHUX OBYUUCJIEHb
Jlosincbkmit A.IL., lozinskyy @ gmail.com

Inemumym ingpopmayitinux mexuonoeiu i cucmem HAH Yxpainu

Beryn. [punimn npo3oporo A0cTyIy HTbOBOTO CIIOXKHBAYa 10 O4iKyBaHOTO
MakCHUMaJIbHO  3pO3yMLIOr0  pe3ysbTary OOyMOBHUB  CTpIMKE  3pOCTaHHS
NOMYJSIpHOCTI XMapHUX nocyT [1]. Crix 3ayBaXXUTH 3BOPOTHY CTOPOHY MPO30POCTI
MIXO0IB KOMEpLiiHOi cpepu. [IpuxoByBaHHS PI3HOMAHITTS PILIEHb Ta CKJIAJHOCTI
pearizallii mporeciB yCKIAAHIOE JOCTDKeHHsS. Jlami 1Mo TEeKCTy BHKOPHCTAHHS
TepMiHy "BilacHa MicneBa Iuiatgpopma xmapuux oOuucieHs" (BMIIXO) 3amictb
MOIIMPEHOT Yy MOMYJIIPHUX BUJAHHSX TpaHCIITepallii 3 aHTJICbKOT MOBH "'TpUBaTHA
JokanbHa xmapa" (awen. private local cloud) koHKpeTu3ye MOHSTTS 00’€KTa
JIOCIIJDKEHb.

OO6’ekToM nocHipKeHHST 00paHo 3anady crBopeHHs BMITXO, Ha npemnver
PO3pOOKH 1H(POpMAILIIfHOT TEXHOJOTI €()EKTUBHOIO BHJIUICHHS Ta NEPEPO3MOALTY
CTPYKTYp pecypciB. [Ipeamer qoCiiKeHHS CIiIy€e 3 ABOX KIFOYOBUX BIIACTUBOCTEH
y BU3HAUEHHI TOHATTS «XMapHUX OOYHUCICHB» — CaMOOOCIyrOBYBaHHS Ta
€JIACTUYHICTh pecypciB. A camMe, CIIOXKHUBAa4Y 3MIHIOE OOCAT CIOXKHBAHHA, a
MOCTavaJIbHUK, BIJIIOBIAHO, Oepe Ha ce0e eheKTUBHY peatizalliio TaKoi MOMKIIMBOCTI
(emacTHYHICTh PecypciB — CaMOCTIHA 3MiHA CIIOKUBAYeM KIJTBKOCTI OpEHIOBAHUX
OOYMCITIOBAJIbHUX ~S7IEp, ONEPATUBHOI MaM’siTi, MPOCTOpY 30€piraHHs JaHuX,
MEpPEeKEBUX 3’ €/THAHD ).

IMocTanoBka 3agaui. CyyacHa TEXHIYHA peastizallisi e1acTUYHOCTI 33 IsTHIX
pPECYpCIB BUKOHYETHCS IIISIXOM TIOETHAHHSIM TPhOX TEXHOJIOTIH: 00UYMCIFOBAIEHIX
KJIacTepiB, BipTyanbHux MamuH (BM) ta mporpamuux kouteriHepis. [lepepo3nomin
pPECYPCIB peali3ye CEeTrMEHTalllsl amapaTHUX PeCypciB KOMITO3UINEID Ha3BAaHUX
TEXHOJIOTIA JUIi CTBOPEHHS HaIOylOBH TPOrpaMHHUX eleMeHTiB — BM Ta
NporpaMHUX KOHTeHHepiB. [l po3yMmiHHS BHYTPIIHBOI OyJOBM Ta MPOLECIB

BMIIXO po3pobisieHo aBTOPCbKY OaraTopiBHEBY apXITEKTypy [2]. OnTuManbHICTh
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PO3MIILIEHHS IPOrPaMHKX €JIEMEHTIB B alapaTHOMY IIapi apXiTeKTypu 00yMOBIIIOE
e(eKTUBHICTb BUPIILICHHS 3a/1a41 BUUICHHS PECYPCIB.

VY paMkax monryky po3B’s3Ky JaHOI 3a/1a4i 3a OCTaHHI JAECATh POKIB PI3HUMHU
aBTOpaMHU BK€ MPOTMOHYBAIHCS aIrOpUTMHU TepeminieHb BM B kiactepi 3 METOO
3MEHIIICHHS KUILKOCTI 3aIIIHUX alapaTHUX BY3JIiB: T€HETHUYHUH, JIETEPMIHOBAHUM,
MPOMEHEBOTO TIOMIYKY, >KamiOHwWiA. OjHaK, EKOHOMIIO EJICKTPOSHEprii MOXKHA
JOCATTH TaKOXX BUIKIIOUEHHSIM HE3QJITHOTO OONagHAHHA TMepenadi  JaHuX,
OXOJIOJKCHHS Ta KUBJICHHS. AHaJII3 IMyOJIiKaIliii oka3ye, 1110 pillieHHs ONTUMI3alii
oKkpemHXx (pakTopiB icHyrTh. [IpoTe, miaxia onTuMiIzalii pecypciB Pi3HUX THIIIB
obnagnanns O/l i ekoHOMIT €IeKTpOEeHEprii, 1110 BUMarae MoBHOTO PO3YMIHHS
Ooynosu BMIIXO, mie He 3arponoHOBaHO. 30UTbIIEHHS €PEKTUBHOCTI alrOPUTMY
OITUMI3allll €HEPrOCIIOKUBAHHSI JIOCSTAETHCSI KOHCOMIIAINEI0 3aITHUX CTPYKTYP
pecypciB Ha BIpTyalbHOMY Ta aiapaTHOMY PIBHSX apXITeKTypu. PilieHHs nUIsIXoM
CTaH/JapTHOI 3ajadyl 0araTOMIPHOTO TAKyBaHHSA JAa€ MOXIIMBICTh 3aCTOCYBaHHS
3araJbHOBIIOMUX MAaTEMaTHYHUX METO/IIB.

BucHoBku. [IporoHyeThcs MOCTAHOBKA 3a/1a4l BUAUICHHS Ta NIEPEPO3MOALTY
pecypciB BMITXO. LinboBa QyHKIIIS ONTHUMI3ALINAHOI 3a1a41 — MiHIMI3alis BUTpAT
enexktpoeHeprii. HoBusHa po3poOku mojsirac B 3aCTOCYBaHHI 70 3ajadi
3araJbHOBIIOMOTO ~ MAaT€MAaTUYHOTO  METOJy  KOMOIHATOPHOI  ONTHMI3alii

(LILITOYMCIIOBOTO MPOrpaMyBaHHs) HA OCHOBI aBTOPCHKOI ITOCTAHOBKH 33/1a4i.

Biosiorpagivyni nmocuianus

1. Gartner Forecasts Worldwide Public Cloud End-User Spending to Reach Nearly $600
Billion in 2023. — URL: https://www.gartner.com/en/ newsroom/press-releases/2022-10-
31-gartner-forecasts-worldwide-public-cloud-end-user-spending-to-reach-nearly-600-
billion-in-2023

2. Jlozincbkuit A.Il. Cunte3 TexHomnorii miardgopm xmapHux oduuciens / A.lJIo3iHchkuid //

YCuM. —2019. — Ne6. — P.35-45. DOI:10.15407/csc.2019.06.035
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PO3POBKA CUCTEMHU OBPOBKU JAHUX JJ MEJUYHUX
3AKJIAIIB 3 BUKOPUCTAHHSAM HITYYHOI'O IHTEJIEKTY
Maraum B.€., v.magdysh@ gmail.com
Cupnoposa M.I'., Sidorova.m.g @ gmail.com

ninpoecwvkuti nayionanvnuu ynigepcumem imeni Onecs I onuapa

Hapasi ogauM 13 HalaKTyalIbHIIIUX HAIPSAMIB KOMIT FOTEPHUX TEXHOJIOT1H
€ IITYYHUW IHTEJNEKT - PpO3MIJ MAIIMHHOTO HAaBYaHHS 3 BEJIWYE3HUM
MaTeMaTUYHUM HIAIPYHTAM. BiH MIMPOKO 3aCTOCOBYETHCS B OaraTthox chepax
JISIBHOCTI JIFOJIMHU, 30KpeMa, y cdepi 0XOpoHHU 370poB’sa. BukopuctoByrouun
CKJIaJIHI aJIrOPUTMHU JJii OOpOOKM BEIMKOI KIUIBKOCTI JaHWX, HAaBUAaHHS Ta
CTBOPEHHSI KOPUCHOTO pe3ylbTary, WITYYHUH I1HTENEKT 31IMCHUB 3HAYHUI
IPOPUB Y Tajly3l MEIULIMHU.

OaHuM 13 KIIIOYOBUX HANpsIMiB 3aCTOCYBAHHS IUTYYHOTO I1HTENEKTY Y
chepi OXOPOHH 3JI0POB’S € 00poOKa Ta aHaIi3 BETWYE3HUX OOCSITIB MEIUMYHHX
JaHuX. 30KpeMa, BIAOMOCTI PO JIIKAPChKi 3aCO0H, iXHIO B3a€MO/110, MOOIYHI JTii
W aHamoru KPUTHUYHO BaXJIMBI JUisl €(EKTUBHOTO JIIKYBaHHS TMAIIEHTIB.
Tpanumiitni  metonu 30epiraHHsS Ta TOMIYKY Takoi 1H(opmalii yacTo
BUSIBJISIIOTHCA HEE(EKTUBHUMHU Yepe3 CKIIAHICTD 1 00CST JaHUX.

Came TOMy po3poOKa I1HHOBAIIIMHOI CHCTEMH, SKa 3JaTHa IIBHJIKO
0oOpOoOSATH BENIMKY KIIBKICTh JIaHUX, 30epiratv iX y KOMIIAKTHOMY BHIJISIII,
NIATPUMYBATH AKTYaJIbHICTh Ta OTPUMYBATH TOYHY BIJAIMOBIAb € METOK M€l
pobotu. Hamanus pesynsraTy Oyzae 371HCHIOBATUCS 13 3aTyYEHHSIM TEXHOJIOT1H
HITYYHOTO IHTENEKTYy, a camMe TeHepalii TEeKCTY Yy 3pO3yMUIH A JIIOAUHU
dbopmi.

Benuka moBHa monens, Large Language model (LLM) - e HelipoHHa
Mepexa, fKa Ma€ MUIbApAM TMapaMeTpiB Ta 0a3yeTbCs Ha apXITEKTypi
Transformer, koTpa Oyna npeactaieHa y 2017 pomi komanaow Google Brain.
Mogenr HaBYeHa Ha BEIMYE3HMX MacHBaX TEKCTOBUX JaHUX 1 37aTHA

reHepyBaTH MPUPOJHY JIOJICBKY MOBY, BUKOPUCTOBYIOUM 3aBUE€HI CEMaHTHYHI
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3B’A3KHM, JIHTBICTUYHI TAaTepHU N KOHTEKCTyasjbHI 3anexxHocTi. OnxHak 0e3
JOAaTKOBUX 3aco0iB BOHAa MOKe c(opMyBaTH HENpaBWIbHY BiAMOBIIL a0o0
3aCTOCYBATH 3acTapiiay iHpopMaIIio.

Jlnst BupimieHHS TOCTaBieHoi 3amadi Oyno obOpano miaxin Retrieval
Augmented Generation (RAG), skuii 103BOJISIE PO3MIMPUTH MOXKIMBOCTI Large
Language Model (LLM) 3aBasku 3anydeHHIO 30BHINIHIX 0a3 3HaHb. Po3pobieHa
cucrtema 3a0e3MeunTh MOJCHb Julle Bepu(IKOBAaHUMHU JTaHUMHU 3 O(DiIliiHOIO
JIepKaBHOT'O PEECTPY JIIKAPChKUX 3aC001B.

ApPXITEKTypa MPOEKTY CKIAIAETHCS 3 TPHOX OCHOBHUX KOMIIOHEHTIB:
® CHCTEMH MONIYKY Ta aHaTI3y BIANOBIAHUX JOKYMEHTIB;
e (0a3u 3HaHb JJIS NIBUKOTO MONIYKY peJieBaHTHOI 1HpopMallii;
® TEHEpPATUBHOI MOJIEII JIJIsl aHAJI3y ¥ HaaHHS BIATOBIAI.

J1st 3an10BHEHHS Ta NIATPUMKHU 0a3u 3HaHb OyB pO3pOOJICHUI MOYJIb,
SAKUW 3HAXOAUTHh 1HGOPMAIII0 B JEPKABHOMY PEECTPl JIKAPCHKUX 3ac00iB,
nepeBipsie 11 BIANOBIIHICTD 1 ONMPALbOBYE JIJIsl OTPUMAHHS KOPUCHUX JaHHX.

OCHOBOIO 3HaHb BHUCTyIIA€ BEKTOpHAa 0Oa3a JaHUX, KOTpa 3a0e3MeUuTh
ehexkTrBHE 30epiraHHsS Ta TMONIYK CEMAaHTUYHO CXOXHX JIOKYMEHTIB Y
0araToBUMIPHOMY MPOCTOPI HEHMOBIPHO LIBUJIKO.

Ha miarpyHTI KOHTEKCTY, OTPUMAHOTO 3a JIOMOMOTOI0 BHUINE3TaJaHUX
YACTUH MPOEKTY, BIAOYBAETHCA aHATI3 1 MOIIYK HEOOXIAHUX JaHUX Ta FeHepallis
BIJIMOBI/II TPUPOIHOIO JIFOJICHKOK MOBOIO.

[Tin gac pobGotu Oyno po3poOJEHO cUCTEMYy IJisi MEAUYHOI Taily3i 3
00pOOKOI0 BEIMKHUX OOCATIB JaHMX 1 HaJaHHS TOYHUX BIAMOBiAEH Ha iXHIN
ocHoBi. Ha 3aBepmanbHOMy eTari Oysio 3a0e3meueHo 3aco0u AJisi pO3ropTaHHs

CHUCTEMU Ha PI3HUX CepBepax i3 3aydeHHsM TexHosorii Docker.
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BIBHEC-AHAJII3 MOBIJIBHOT'O 3ACTOCYHKY JIJIs1 BUBUEHHS
KJACUYHOI MY3UKH
Mamnwok C.B., sviat. maniuk @ gmail.com, Maunwok M.O.,
Manyra O.M., Auronenko C.B.

JlHinpoecvkuti hayionanvHul ynieepcumem imeni Onecs [ onuapa

IIpoBenenns Oi3Hec-aHaATI3y Iepel IMOYaTKOM PO3pOOKH MOOUIBHOTO
3aCTOCYHKY € KPUTHUYHO BaXKJIMBUM, OCKUIBKH JomoMarae c(opMyBaTH 4YITKe
PO3yMIHHSI TOrO, IKUM caM€ Mae OyTH MPOAYKT, 1100 3aJ0BOJBHUTH MOTPEOU
PHUHKY Ta IIJIbOBOI aynuTopii. PerenbHuil aHai3 Ha eTamni MJaHyBaHHS BIUTUBAE
HE JIMIIIE Ha YCIIX CaMOro 3aCTOCYHKY, a i Ha €(EeKTUBHICTh YChOT'O IMPOIECY
po3poOku. Y pobOOTi mpoBeaeHO Oi3Hec-aHadi3 MOOITBHOTO 3aCTOCYHKY ISt
BUBYCHHSI KJIACUYHOT MY3UKH.

Opni€ero 31 CKIAOOBUX Ol3HEC-aHANI3y € OrJisfJ KOHKYPEHTIB, SKUU
JIOTIOMara€ BU3HAYUTU CXOX1 NMPOAYKTH HAa PUHKY, iXHI CHJIBHI CTOPOHHM Ta
aCIeKTH, 10 MOTPeOyIoTh TOKpamieHHs. lle T03BoJis€ CTBOPUTH YHIKAIBHY
MPOTO3HUIIII0, SIKA BUIUISITUME 3aCTOCYHOK CEpeJ KOHKYPEHTIB, 1 YHHKHYTH
TUTIOBUX TTOMHJIOK Y (DYHKITIOHATBHOCTI.

VY pe3yabTaTi TaKOTO aHali3y AOJATKIB, IPUCBAYECHUX KIACHYHIA MY3HIIL,
OyJ0 BUSBIICHO, 110 Ha PUHKY MPUCYTHS OOMEXeHa KUIbKICTh MOMIOHUX 1rop,
OUIBIIICTD 3 SIKUX CTPAXKJAE BiJl HEAOCTATHBOI KUIBKOCTI KOHTEHTY Ta HAJJIUIIKY
peKIIamH.

Kpim Toro, Gi3Hec-anai3 103BoJisg€ cPOPMYIIIOBATH YITKI Ta JTOCSAKHI LI
JUISL 3aCTOCYHKY. Y IIbOMY MpOIleCci BU3HAYAIOTHCS OCHOBHI (DYHKIIT, SIKI Mae
BUKOHYBATH MPOJYKT, @ TAKOX KOHKPETHI 3a/ad4i, SKi BIH Ma€ BUPINIYBATH JJIS
KIHIIEBUX KOpHUCTyBauiB. Lle 7103BoJiss€ 3HU3UTH HEBU3HAYEHICTH Ta JOMOMArae
30CEPEIUTHCS Ha KIIFOUYOBUX aCMEKTaX PO3POOKH.

[Tin ywac mporiecy BUSIBICHHS BUMOT JO TMPOAYKTY OyJIO 3aCTOCOBAaHO

METOJT MO3KOBOTO INTYpMy, SIKMH 3a0XOuy€ BIJIBHO BHCJIOBJIIOBATH Ta
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3anucyBaTH OyAb-gKi AYMKH, aJKe KUIbKICTh AYMOK BaXKJIHBIIIE 3a siKicTh. Lle
JTIO3BOJISIE BUSIBUTH HECTAHIAPTHI Ta LIHHI PIIICHHS.

Y poboTi i MOKYMEHTYBaHHS 1€l Mg Yac MO3KOBOTO IITYpMY
BUKOPHCTAHO Mamy JAYMOK, sIKa JOMOMOIJIa BHOPSAKYBaTH AYMKHA Ha PaHHIX
eTanax po3poOKH.

BapTto BiI3HAYMTH BaXXJIUBICTh SKICHOTO JOKYMEHTYBAHHSI BHMOT, SKE
CIIyI'Y€ OCHOBOIO IJisi MOJANBIIO peaiizallii MPOEKTy Ta 3abe3nedye 4YiTKe
PO3YMIHHSI ITMX BUMOI' ycCiMa y4JacHUKaMu KomaHau. Tomy y pobOoTi Oyio
3aJIOKyMEHTOBAaHO (YHKIIIOHAJIBHI Ta HEPYHKIIOHAJIbHI BUMOTH 10 MOOLIBHOTO
3actocyHKy Cantata, SKuil 3HaX0JIUThCS B Ipolueci po3podku. Bumoru 3anucai
y BUIJISAIl KOPUCTYBALbKUX 1CTOPI, SIKI BKJIIOYAIOTh B c€0€ MPIOPUTET, BIACHE
1CTOPII0 KOPUCTYBaya Ta KPUTEPii MPUAOMKH.

VY sikocTi QyHKIIIOHATILHUX BUMOT, HAMIPUKJIIA, 3a(1IKCOBAHO BUMOTH JI0:

— Tpo(disIr0 KOpUCTYyBaya;

— TIpH, a caM€ JI0 PEKUMIB I'pH, MPABUJI PIBHIB, MNEPETISIAY PE3YJbTATIB
TOILIO;

— JIOBIJIHMKA 3 PI3HOMaHITHOIO 1H(QOPMAILII€I0 PO KIACUYHY MY3HUKY.

Cepen He(yHKIIOHATBHUX BHUMOI 3a()iKCOBAaHO HACTYMHI aTpUOyTH
SIKOCTI CUCTEMH:

— cepenoBulle GyHKIIOHYBaHHS MPOAYKTY;

— paMmku, OOMEeKEHHs, TpaBuia i CTaH1apTH;

— 1HTepQeiicu KOpUCTyBaua;

— 1HTepdeiicu 3B’ A3Ky 1 KOMyHIKaIlii;

— 3pY4YHICTh BUKOPHUCTAHHSI,

— BHUMOTH IHTEpHAIIOHATI3aIli1 1 JJOKaTi3aIlii.

Takum 4UHOM, TTPOEKT MOOUTBHOTO 3acTOCYHKY Cantata MmiJIrOTOBJICHO 10

HACTYITHUX €TaIrliB PO3pOOKH.
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OIIHIOBAHHSA NAPAMETPIB PYXY HEKOOIIEPOBAHOI'O
KOCMIYHOI'O OB'EKTY 3A BUMIPAMM OPIEHTAIIIL TA
BIACTAHI
Meabanuyk C.B., sergvik@ukr.net

CanbnikoB M.M., salnikov.nikolai @ gmail.com

Incmumym kocemiunux oocnioscenvs HAH Ykpainu ma J[KA Yrpainu

Y HaBKOJO3€MHOMY TMPOCTOPi BiIOYBA€ThCA HAKOMWYEHHS BEIUKOT
KUIBKOCT1 OO0'€KTIB JIFOJCHKOI AISUIBHOCTI, 0 HE (PYHKIIOHYIOTh, — OO'€KTIB
KOCMIYHOTO CMITTA. BOHM CTBOPIOIOTH peaibHy 3arpo3y Uil 3allyCKiB Ta
(yHKLIOHYBaHHA Ha OpOITI HOBUX CYNyTHHKIB. YacTMHa Takux O00'€KTIB €
HEMpaIlOlOUUMH  KOCMIYHUMU amapaTaMu, fAKi IIClsg PEMOHTY, 3alpaBKH
HAJIUBOM MOXXYTh HPOJOBKUTH CBOIO poOOTY. JIJiss BUKOHAHHS LIUX omepariii i
omeparliii 31 3MiHH OpOIT 00'€EKTIB KOCMIYHOTO CMITTSI CTBOPIOIOTHCS TakK 3BaH1
cepBicHl kocwmiuHi amapatu (CKA). Curyaiis yCKJIQJIHIOETBCS THUM, L0 TiJ
BIJIMBOM DPI3HUX YMHHHMKIB KOCMIYHOI'O MPOCTOPY Taki 00'€KTH NepeOyBaroTh Yy
CTaHl HEKOHTPOJbOBAHOTO oOepTaHHs. Tak BHUHMKAE 3agada 30JMDKEHHS 1
ctukyBanHss CKA 3 nHekoonepoBanuMm kocmiuauMm o0'ektom (HKO), 1o
obepTaeThes.

J1yist iaHyBaHHS Ta 3/A1MCHEHHS! CTUKYBaHHSI HEOOX1THO JOCTATHHO TOYHO
3Hatu Bci mapametpu pyxy HKO, no skux HanmexaTh KBaTEpHIOH Opi€HTAIlii,
BEKTOp KYTOBOI1 LIBUJKOCTI, BIIHOIIEHHS MOMEHTIB 1HEPIIi1, TOJOKEHHS LEHTPY
Mac, BEKTOpHM BITHOCHHMX Bijacrani Ta mBHAKOcTi Mik CKA Ta HKO.
[lepenbauaetncs, mo Ha CKA BcTaHOBIEHO NMpUiIaa, SKUH BUMIPIOE Y TUCKPETHI
MOMEHTY 4acCy BEKTOP BIJJHOCHOTO IOJIOKEHHS 1 KBATEPHIOH OPI€HTAIIll CHCTEMHU
KOOpJIMHAT, 1110 >kopcTko 3B's13aHa 3 HKO. o indopmartiro, Hampukiiam, MOXHA
OTpUMATH, SIKILO BIJOM1 BUMIPIOBaHHS BEKTOPIB BIJICTaH1 JI0 TPhOX TOYOK Ha
noepxHi HKO.

VY poGoTi, sika € po3BUTKOM poOIT [1-3], po3risimaeThcss MareMaTUYHA

MozeNb KyToBoro Ta opOitaibHoro pyxy HKO, a Takox piBHSHHS, LIO0
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MOB'SI3YIOTh BUMIPIOBaH1 BEJIMYUHHU 31 3MIHHUMH, AKI HEOOXITHO BHU3HAUUTH.
3aaya OLIHIOBaHHS LIMX 3MIHHHUX (DOPMYIIOEThCA SIK 3a/1a4a OL[IHIOBAHHS CTaHy
HENIHIMHOT JWHAMIYHOI CHCTEMH 3a YMOBH, IO BUMIPH 3IHCHIOIOTHCS 3
oOMexxeHMMH ~ moxuOkamu.  JIns  po3B’s3aHHS  3a7adi  OIIHIOBAHHS
BUKOPHCTOBYBABCS MOJN(DIKOBAaHUIM METOJ €JIINCOiJalbHOIO OLIIHIOBAHHS, 110
Ma€ OUIbII BHUCOKY MIBUJKICTh 301KHOCTI 1 TpyOIiCTh MO BiJHOIICHHIO [0
HNOpPYLIEHHS  alplOpHUX OOMEXEHb, HDK KJIacHyHuM  Meron. byio
3allpOIIOHOBAHO Ta  PEali30BaHO  AJNTOPUTM  PO3B’SA3aHHS  HEJIHIMHUX
HEpIBHOCTEH, 10 3B’S3YIOTh BUMIPH Ta BEKTOpP CTaHy JUHAMIYHOI CHCTEMH.
Po3pob6ieni anroputMu OyiM MPOTECTOBAHI 3a JOMOMOTOK YHCEIBHOTO
MOJICTIIOBAaHHs, 30KpeMa OyJI0 AOCTIIKEHO MEX1 3aCTOCYBaHHS IIMX aJTOPUTMIB
[0 BIJHOIIEHHIO [0 BeJWYuMHM KyToBoi mBHAakocTi HKO Ta mnepiony

KBAHTYBAaHH: 34 4aCOM BI/IMipI-OBaHL.

Bibaiorpagiuyni nocuianus
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AJITOPUTMH TA MATEMATHUYHE 3ABE3IIEYEHHSA
IMPOLIEAYPHOI TEHEPAIII 1151 CIIEH BIPTYAJIBHOI
PEAJIBHOCTI
Mipomnuk A.B., mirik23452 @ gmail.com,
31004 I1.A., dziuba_p @365.dnu.edu.ua,

J[ninposcovkuti Hayionanvrul yHieepcumem imeni Onecs I onuapa

VY cyuacHOMy CBITI 3pOcTa€ MOMYJSIPHICTh BIPTYaJIbHOI PEALHOCTI Y TaKUX
ramy3six, sk ¢GuibMu, Bifeoirpu Ta apxitektypa. lle 3yMoBimoe HEOOXiTHICTH Y
BUCOKOSIKICHOMY Ta pEalliCTHYHOMY BIPTYaJIbHOMY KOHTEHTI, SKAH MOXE
3a7I0BOJILHUTH TIOTPEOM KOPUCTYBauiB Ta 3a0€3MEUMTH 1M TO3UTUBHUM JOCBIJI.
CtBOpeHHsI TOAIOHOTO KOHTEHTY € CKJIaJHMM 3aBJaHHSM, SIKE BUMAarae€ 3HAYHUX
yacoBuX Ta (iHaHCOBUX BUTpar. OmHUM 13 €()EeKTUBHMX METOJIB aBTOMATUYHOIO
CTBOpPEHHSI BIPTyaJIbHOI'O KOHTEHTY € MpolieaypHa renepatiist. [IponemypHa renepartis
HAJIa€ TOTY>KHUM THCTPyMEHTapid Uil CTBOPEHHS CIIEH BIPTYaJIbHOI PEeaIbHOCTI, SIKi
BIJIPI3HSIIOTHCS BUCOKOIO PI3HOMAHITHICTIO Ta JAeTamizaiiero. Ha nanuii MOMEHT 115
TEXHOJIOTIS] aKTUBHO BHKOPUCTOBYETHCS, MEPEAYCiM, B IrpoBid 1HIyCTpii[l], ane ii
TIOTEHITIa]T He OOMEXKY€EThCSl TUTBKU IUM. 31 3pDOCTAaHHSM 1HTEpeCy J0 aBTOMaTh3arlii
CTBOPCHHSI KOHTEHTY, TIPOIIEIypHA TeHepallisl CTa€ MEePCIeKTUBHIM HAIPSIMKOM IS
0araThOX 1HIIIMX TATy3€H, TAKUX K apXITEKTypa, CAMYJISIIIT Ta OCBITHI IPOEKTH.

Meroto 11i€i poO0TH € MOTMOJICHNI aHai3 3aCTOCYBaHHSI PI3HUX AITOPUTMIB
NpOLIEAYPHOI IeHepalii, iX KOMOIHyBaHHS 1 BOpPOBAPKEHHS B CTBOPEHHS
IHTEPAKTUBHUX BIPTYaJIbHUX CIICH.

it gemoHcTpariii Oyjno o0paHO KOMOIHAIIO JBOX PI3HUX aJITOPUTMIB
MPOLICAYPHOI TEHepallii siKi MO)KHa BHUKOPHCTOBYBATH Y TEHEpallli TaKuX CICH
BIPTYaJIbHOI PEabHOCTI SIK JTa0ipuHTH 1 mimzeMernis. [lumu anmropurmamu €:

1. T'eneparis cTpykTypH J1a0ipuHTY Ha OCHOBI TpadiB. B 0CHOBI 1ILOTO MIIXOMY

JIOKUTh TIOAAHHS TPOCTOPY y BUTILSIAL rpada, 1€ BEpIIMHU BiINOBIIAIOTH

OKpeMHM KiMHaTaM abo 30HaM, a pedpa — 3B’si3kaM MK HUMU. Lle no3BosIsie
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3100yBaTH BENMKY BaplaTHBHICT, Yy TeHepauii mpu LpOMY 30epiraiodu
3arajibHy CTPYKTYpY sIKa IOBUHHA 3JIMILIUTUCH CTATUYHOIO [3].
2. Amroputm komaricy xBwiboBoi (yHKIiT (WFC). € cydacaum migxomoM 10
MPOLIETYPHOI TeHepallii IHTep'epiB 1 CTPYKTYP Ha OCHOBI MPABUJI Ta IIAOJIOHIB.
Moro yHiKameHICT TONATa€ B TOMY, IO BiH BMKOPHCTOBYE NPHHIHIIA
aJICKBaTHOTO PO3MIIICHHSI EJIEMEHTIB, J€ KOXXHAa YacTHHA TMPOCTOPY Mae
BINIOBIIaTU TEBHUM OOMEXEHHSAM Ta mpaBwiaMm. lle no3Bonse renepyBatu
IHTEp €pH 3 ypaxyBaHHIM (YHKIIOHAJIbHUX Ta ECTETUYHHUX BUMOT [2].
Kom0inyrouu 111 1Ba alrOpuT™MU: reHepailis Ja0lpuHTy Ha OCHOBI Tpady st
reHepailii 3arajgpHoi cTpykTypu KiMHaT 1 ix WFC st renepartii Bxke caMux KiMHaT,
MOYKJIMBO OTPUMATH BEJIMKY PI3HOMAHITHICTh Pe3yJbTaTiB reHeparii. Lle noennanHs
JIEMOHCTpPY€ ILUPOKUI CHEKTP MOXKJIMBOCTEH, SIKI HAJA€ MpOLEIypHa TIeHeparlis,
JIO3BOJISIFOYY CTBOPIOBATU HE JIMIIE BEJMKI CTPYKTYpPH, aJie i JIeTall, 11O MiJICHITIOI0Th
3arajibHy pPealiCTHYHICTh BIPTyaJlbHUX CBITIB. KpiM TOro Taka reHeparisi 103BOJISIE
3HAYHO 3MEHIIMTH BUTPATH Yacy Ta PeCypciB Ha MPOEKTyBaHHs, 3a0€3MeuytoUn Mpu
IILOMY BHCOKY SIKICTh Ta aJJalTUBHICTH CEPEIOBHUIIL
[IpoBeneHuit aHami3 Ta €KCIEPUMEHTH 3 AJITOPUTMAMH TIPOLIETYPHOI TeHeparlii
MOKa3yloTh, 110 BOHM MAlOTh BEIMKUM MOTEHLIAT I MOJAJBLIOTO0 PO3BUTKY Ta
BIJIKPMBAE HOBI MOXKJIMBOCTI JUIsl PI3HHUX TaTy3€il, 30KpeMa apXiTeKTypH, MEIULIMHH,
OCBITU Ta KynbTypu. [lpomemypHa reHeparlis cOpusie HE JIMIIE ITiIBUIIECHHIO
e(EKTUBHOCTI TIPOCKTYBaHHS, ajlieé W PO3BUTKY HOBUX IIXOMIB JIO CTBOPEHHS
IHHOBALIMHUX, THTEPAKTUBHUX CEPEAOBHIL, 1110 MIBUILLYE iX NPAKTUYHY I[IHHICTh Ta
aJIalTOBaHICTh JI0 TIOTpeO KOPUCTYBAUiB.

Bibsiorpagiuyni nocuinanus
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PO3POBKA CXEM INPOEKTYBAHHA EJJEKTPOANHAMIYHUX
KOCMIYHUX CUCTEM 3 TEPMOEJEKTPOHHUM NOKPUTTAM
TPOCY JJIS1 JOCATEHHS BLJIbIIOI EGFEKTUBHOCTI
OYHKINIOHYBAHHA
Mimenko O. B., misch_alex@ukr.net

Incmumym mexuiunoi mexanixu Hayionanvnoi akademii Hayk Ykpainu i

Ilepotrcasrozo kocmiunozo azencmea Ykpainu

Po3pobka enextpoanHamiyHux kKocMmiuHux TpocoBux cuctem (EJAKTC) nns
BIJIBEJICHHS KOCMIYHHUX amnapariB 3 poOOYuX OpOIT TpHUBAE ACKIUIbKA JECITKIB
pPOKIB. 3a TEOPETHUYHHMH PO3PAXYHKAMH KpIM CIIYCKY 3 OpOIT KOCMIYHOIO
cmittss EJIKTC Moxe 3acTocOBYBaTUCh Ui TNIEPEpPO3rOHY Ta MAaHEBPIB
KOCMIYHUX amnapariB, 0OCIyroByBaHHs Ha OpOITI Ta BUKOHAHHA MICIH Ha JyKe
HU3BKUX OpOiTax.

Onnum 13 BuaiB takux cuctem € EJIKTC 3 TepMOoenekTpOHHUM HOKPUTTSAM
3 HU3BKOIO POOOTOIO0 BUXOY €JIEKTPOHIB, 110 € MOBHICTIO MACUBHUMHU, TOOTO HE
noTpeOyroTh sl CBOTO (DYHKIIIOHYBaHHSI JOJATKOBOIrO MainuBa. BHacmimok
HU3BKOT POOOTH BUXOJY €JIEKTPOHIB 3 TTOBEPXHEBOIO APy TPOCA TEPMOEMICIS
esIeKTpoHIB 3 KatoaHoi yactTuiu EJIKTC mMoske nepeBUILIMTH 10HHUIA CTPyM, IO
3HAYHO MiJABUINYE €(PEKTUBHICTh CUCTEMH. SIKIIIO B TaKiii CHCTEM1 BCTAaHOBHUTH
OOpTOBE JKEPEIIO KUBJICHHS JJIs1 3MIHU ITPUPOJTHOTO HAMPSMKY CTPyMYy, TO Taka
EJKTC Moxe CTBOPIOBATH KOPUCHY TATY JJI KOMIIEHcalli aTMOc(hepHOro
oropy abo JiJ1st IEPepO3roHy KOCMIUYHUX anaparis.

B noxnaai posrnsnyro EJJKTC, Tpoc skux CKiIaiaeThcsi 3 TPhOX YaCTHH:
aHOJIHO1 OTOJICHOI YaCTWHU JUIsi TACUBHOTO 300py €JEKTPOHIB, ApPYyroi
130J1bOBaHOT YaCTHHHU, 1€ MOKE€ OyTH BCTAHOBJICHO JIKEPENO >KUBJIEHHS, Ta
KaTOAHOI YAaCTHHM, SIKa [aCHUBHO BHUIYCKA€ €JEKTPOHH 3a JOIMOMOIOIO
TEPMOEICKTPOHHUX €(EKTIB.

JI1st po3paxyHKy €JIeKTPUYHHMX CTPYMIB 1 MOTEHLIAJIB BUKOPUCTOBYIOTHCS

mozeni [1], moOynoBaHi paHilie, SIKI I'PYHTYETbCS Ha MOJENSIX OpOITaIbHO
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OOMEKEHOro CTpyMy JUIS aHOAHOI YacTUHU Tpocy, Ha Teopii Piuapacona-
JemmMana 11 moBHOT emicii [2] s KaTogHOTo cerMeHry Tpoca. s
Bu3HaueHHs 3MiHu Temmeparypu Tpocy EJIKTC npu opOGitanbHOMy pyci
BUKOPHUCTOBYETHCSA JOOMpAIbOBaHA MOJIENb TEeMIEPaTypHUX PEKUMIB poOOTH
cucteMd. B noknanl mpoBEnEHO JOCHIKEHHS BIUIMBY TEIUIOBUX DPEKUMIB
¢dbyHKIiOHYBaHHS Ha 3MiHYy 3HaueHb napameTpiB EJJIKTC.

Mopneni crpymy Ta Hampyru B3aoBk EJIKTC 3 TepMoeneKTpOHHUM
HOKPUTTSM TPOCY BUKOPUCTOBYIOTHCS JIJIsl OOUMCIIEHHS €(EKTUBHOCTI CUCTEMH,
TOOTO KoedilieHTa NEPETBOPEHHS EJIIEKTPUYHOI TOTYXHOCTI B MEXaHIYHY
HNOTY)XHICTh, @ TaKOX JUJISl PO3PAXyHKY MIHIMAJIBHOI €JIEKTPUYHOI MOTYKHOCTI
JDKepena SKUBICHHS [UIsi YHUKHEHHS €QeKTiB MPOCTOPOBOTO 3apsAay Ha
KaTOJHOMY cerMeHTi. HaBeileHO yMOBH NPOEKTYBAHHS JUIsl TIOCSITHEHHS PEKUMY
BUCOKO1 edekTuBHOCTI. g 3amaHux opOIT Ta HEOOXITHOI TATH 3HANACHO
ONTUMAJIbHI 3HAYEHHSI F€OMETPIi TPOCY, BKIIOYAIOYM YACTKOBI JOBKHWHU BCIX
TPbOX CErMeHTIB Tpoca. IlokazaHo, 110 oNTUMabHI 3HAYEHHS T€OMETPUUYHUX
napaMeTpiB CyTTEBO 3ajleXKaTh BiJ TeMIepaTypd TPOCy dYepe3 BEIHMUMHY

TEPMOEJIEKTPOHOT €MICii 3 MOBEPXHI MaTepiay.

Biosiorpagivyni mocuianus
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KOCMHMYECKasl TpocoBas cHcTeMa. OlekTpuueckas wmozens’, KocmiuHa Hayka i
TexHoJoris, T. 24, Ne3, ¢. 3—-10, 2018.

2. WilliamsJ. D. Low Work-Function Coating for an Entirely Propellantless Bare
Electrodynamic Tether / J. D. Williams, J. R. Sanmartin, L. P. Rand // IEEE Transactions
on Plasma Science. —2012. — V. 40, No5. — P. 1441 — 1445.
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PO HABJIMKEHHSI IIOTEHUIAJIBHUX I1OJIIB 3 PO3PUBHUMHU
YMOBAMMU HA T'PAHUIII
MoauanoB A.QO., e-mail: evandr73 @ gmail.com

J[ninposcovkuii HayionanvHul yHieepcumem imeni Onecs I onuapa

PosrnsgaeTbest crmoci® BiTHOBIEHHS MOTEHLIATBHUX (DI3UYHUX TIOJIB,
KWW y CBITOBIN aHTJIOMOBHIM JiTepatypl HasuBaeThcs method of fundamental
solutions (MFS). lleit Meron y 3araipbHOMYy BHUIUISAI OyB ONHMCaHUUN
mateMatukamu M.A.Anekcigze ta B.J[.Kynpanze B cepenuni 60-X poxiB
MUHYJIOTO CTOMITTS [1].

OcHOBHA 1J1ed METOJly MOJISIra€ B TOMY, 110 FapMOHIYHA (PYHKIIS, sKa
ONMKCY€E TOTEHI[ATbHE TIOJIe, AMPOKCUMYEThCS  KOMOIHAIIE€I  JIHIHHO

HEe3aJIeKHUX PO3B’A3KIB piBHsHHA Jlariaca:

i) =a, +> ad (x), (1)

i=1

ne O.(x)=D(x—Yy,), 3 ToukamMu CHHIYJIAPHOCTI Y;, OOpaHUMH HABKOJO TOi
: i : : 1

o0nacTi, B AKii moTpiOHO BimHOBUTHU Tosie. s 2D Bumagky @(x) :—2—ln‘x‘.
T

Jlns BU3HAYeHHs HeBimoMux KoedimieHTiB O =(0,...,0, ) y pissuEs (1)
NIJACTaBIAsSEMO /1 BIJOMHMX 3HA4€Hb IOJIA, [0 BHU3HA4YeHI (BUMIpsHI) B

IPAHUYHUX BY3J1aX {xl,xz,...,xn} .

Otpumany cuctemy NX(m+1) minifinux piBHAHE pO3B’s3yeMO B ceHCi

MIHIMIi3alli CyMH KBaJpaTiB BIIXWIEHb. Taka CUCTEMa € HEKOPEKTHOIO 3a
AnaMapoMm U 1 OTpUMaHHS aIeKBaTHOTO PO3B 3Ky BUMAra€ neBHOIO METOY
peryJspu3ariii.

VY BUNAJIKy, KOJIM MAEMO 3a/1ady 3 pO3PUBHUMHU YMOBAMH HA TPAHUIIL:

Au=0,xeQ
u=g,(x)xerl,, 2)
u=gx),xel
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ne ['=1 OUF - TpaHung oOmacti €2, W Ha KIHIAX LHUX CETMEHTIB MAaeEMO
PO3pHYBH, BHUIIE3TAIaHUN METOJ HE € MIAXOSIINM, OCKUIbKK B (1) BCl dyHKIIT
®,(x) € ananiTnuruMy (B 3a1aHii 061aCTi) ¥ MOTaHO TIPUCTOCOBAHI JUIS 33124 3

HEaHATITHYHUMH TPAaHUYHUMH yMOBaMU. J[J1s MO0IaHHS BKa3aHUX TPYIHOIIIIB
NpPOTNOHY€EThbCsl  [2]  miHIAHY KomOiHamito (1) JomoBHUTH — GYHKIISIMH

CHEIiaTbHOTO BUY:
ix)=a,+>.a®(x)+> Y, (x), (3)
i=1 r=0

JIe OCTaHHS cyMa — JIiHIiHa KOMO1HaIlis (yHKI[IH, KOXKHA 3 IKUX € TOTEHI1aJIOM

nojBiitHOTO 11apy (double layer potential):

Y (x)= I@Vyd)(x —y)y'ds,, 4)

I
V, - OJMHHYHHI BEKTOp HOpMaJl B TOYKax Y € I", mo Bkasye Ha30BHi 06macri
Q). Taki QyHKIIi € TApMOHIYHUMHU ¥ aHATITUYHUMH BcepeauHi (2 ¥ ix cimiau
(trace) Ha ainsuii rpanuni [ € momiHOMianbHUMK QyHKIISME X', r=01,2...
BukoHaHO JOCIIKEHHS 1IOIO METONY JJISI BUIAJIKy P = 2. IIpoBenenmii

aHaJ13 YUCEIBHOI O MOJCIIIOBAHHS ITOKA3ye, IO CCPCAHBOKBAAPATUIHA ITOXHOKa

HUKYa Ha KUTbKa MOPAJIKIB y MOPIBHAHHI 3 KjacuyHuM MES.

Bibaiorpagivni nocujianus
1. V. D. Kupradze and M. A. Aleksidze, Comput. Math. Math. Phys. 4, 82—-126 (1964).

2. Carlos J.S. Alves, Svilen S. Valtchev, Applied Mathematics and Computation 320(3):61-74
(2018).
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HEJIHIMHAMN AHAJII3 B 3AJTJAYAX KOHTAKTHOI MEXAHIKA
3 BUKOPUCTAHHSM METOAY CKIHHEHHUX EJIEMEHTIB
Mopo3sos 10.C., yury.morozov@ gmail.com
3aiineBa T.A., ztan2004 @ukr.net

J[Hinposcokuu nayionanvHuil ynieepcumem imeri Onecs 'onuapa

B o06nacTi mpuKIagHOTO HENIHIMHOTO aHajizy METOJl CKIHYEHHUX
eneMeHTiB (MCE) € omHuM 13 MOTYXHHUX I1HCTPYMEHTIB JUIsl PO3B’SI3aHHS
CKJIAHUX 1H)XKEHEepHUX 3anad. KOHTakTHI 3a7a4i HE € BUKIIOYEHHSM. BoHu
BUHUKAIOTh, KOJIM JIBa a00 OUIbILE TUT B3aEMOJIIOTh Yepe3 KOHTAKTHI MOBEPXHI,
110, SIK MPaBUJIO, MPU3BOIUTH 10 CKJIAJHUX HaNpyKEHO-1e(OPMOBAHUX CTaHIB.
Po3B’s13aHHA KOHTaKTHUX 3aJad MEXaHIKHU 3a JIOIIOMOTOI0 METOAY CKIHYEHHUX
€JIEMEHTIB € CKJIagHuM, ajie ayxe e(exkTUBHUM miaxoaoM. CTBOpPEHHS
MaKCHMaJbHO TOYHOI TIE€OMETPUYHOI MOJEIl TUI, IO KOHTAaKTYIOTh, il
JUCKpPETU3allisl Ha CKIHYEHH] €JIEMEHTH, 3 YpaxyBaHHSAM 0COOIHMBOCTEN (HOpMH 1
oOnacTeil KOHTAKTIB, BHU3HAYEHHS KOHTAaKTHUX Map, BUOIp KOHTAKTHUX
QITOPUTMIB, BHU3HAYCHHS KOHTAKTHUX YMOB TaKUX SIK TEpTs, 3YCIUICHHS,
BIJICYTHICTh NIPOHUKHEHHSI TOIIO — € OOOB’SI3KOBUMH €TaraMd MOJIETIOBaHHS.
HeniuiliHICT KOHTaKTHUX 3a/lad, SK MPaBUIIO, YacTO OOYMOBIIOIOTH 3MiHHI
KOHTaKTHI YMOBHM Ta BJIACTHUBOCTI MarepiaiiB. Tomy BUOIp 1 BHUKOPUCTAHHS
ITepallifiHUX METOAIB Jii PO3B’SI3aHHS HENIHIMHHUX PIBHSHb, € BAXKIJIMBUM
eTaroM, sIK 1 MepeBipKa pe3yibTaTiB Ha KOPEKTHICTh 1 BIAMOBIAHICTh (PI3MYHUM
YMOBaM.

IcHye G6arato mporpaMHHX TAKETIB JJisi OOYMCICHh METOJOM CKIHYCHHUX
CJIEMEHTIB, K y ckiafl Benmukux komepiiiaux CAIIP cuctem, Takux sk Ansys,
Cosmos/M, Autodesk Simulation, Tak 1 BUIbHI a00 YacTKOBO BUIBHI I
BUKOPUCTAHHS TMAKETH, SKi 3/1e01IBIIOr0 pO3pOOIISIOTHCS HAa HEKOMEPINHIN
OCHOBI 3 3aiyueHHsM akajaeMmiuHux yctaHoB (Elmer FEM, FreeFEM, MFEM Tta

1HII1).
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PEAJIIBAIIA JJIOJUHO-MAIIIMHHOI'O IHTEP®EWCY YEPE3
CYYACHI MECEH/I’)KEPU
MycaroB I.C., dmytro.musatov@ gmail.com,
Pomanos B.O., viomanov1944 @ gmail.com

Incmumym ribepnemuxu imeni B.M. I nywrxosa HAH Ykpainu

CucremMn aBTOMaTUYHOTO MOHITOPUHTY Ta KEPYyBaHHS YK€ JIaBHO HITUPOKO
3aCTOCOBYIOTh y PI3HOMAHITHHMX Taly3sSX MPOMUCIOBOCTI Ta cepax MisIIBHOCTI
moauHu. OCHOBHMM iX MpPU3HAYEHHSIM € BUMIPIOBaHHS, 30epiraHHsi Ta
B1JIOOpa)KEHHS MOTOYHUX MMapaMeTpiB 00'ekTiB abo mporeciB. Kpim Toro, Taki
CUCTEMH 31MCHIOIOTh KepyBaHHS BHUKOHABUYMMHU MEXaHI3MaMU JUIsl YTPUMAaHHS
NEBHUX MAapaMeTpiB y 3a/laHuX MeKax a00 JOCATHEHHS MEBHUX IUIeH CUCTEMHU
BIIMOBIAHO 110 3amaHoi mporpamMu. (OCTaHHIM YacoM Ha TakKli CHCTEMH
NOKJIaJAat0Th (PYHKI[lT apXiByBaHHs NapaMeTpiB CUCTEMH, aHATI3yBaHHs POOOTH
CUCTEMH, BHUPOOJICHHS TE€BHUX YMPABIIHCHKUX PIIIEHh Ta 1H(QOpPMyBaHHSA
KOPHUCTYBaya Npo BIIXUICHHS MapaMeTpiBPOOOTH SIK BChOTO 00'€KTY, TaK 1 HOTO
OKPEMHUX CKJIaJOBHX.

CyyacHl yMOBHM YacTO CTaBJIsITh BUMOTY IIBHUJKOTO Ta HaAliHOIrO
pearyBaHHs Ha 3MiHY 3aJaHMX MapaMmeTpiB 00'€KTa CHOCTEPEKEHHS SK B
aBTOMAaTUYHOMY PEXHMI, TaK 1 uyepe3 3aTydeHHSKOPUCTYBa4Ya, B TOMY YHCII Y
BIJIJTAJICHOMY PEKUMI.

ABTOMaTHYHE KepyBaHHS MOXKHA pealli3yBaTH dYepe3 BIPOBAHKCHHS
Cy4aCHUX METOJIB MITYYHOTO IHTEJEKTY Ta TE€XHOJOTii "oO04YHuClieHb Ha Mexi".
Takuil miaxig Ja€ MOKIIUBICTh MepeHecTH (PYHKIIT 0OUMCIeHb Ta KepyBaHHS
onmxue 10 00'eKTa.

3amyuyeHHsl KOpUCTyBaua AJisl KepyBaHHs 31HCHIOIOTh, SIK MPaBUJIO, KOJIU
npu poOOTI 00'eKTa BUHUKAE HECTaHAAPTHA CHUTYyalis. Y LbOMY BHUIAAKY
3aCTOCOBYIOTh  JIFOJUHO-MAmuHI  iHTepdeiicu Ha  0a3i  6e3ApOTOBUX

TEXHOJIOT1HIaJIbHHOTO 1 OJIMIKHBOTO pajaiycy Aii Ta 3acoou [HTepHETY peuei.
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OpHak  CKJQAHICTh TPaAMLIMHUX 1HTep(deiciB Ta HEOOXIiIHICTh
CHEI1aTI30BaHOTO MPOTPAMHOTO 3a0€3MeYeHHS] MOKYTh YCKJIaIHIOBATH IPOIIEC
KEepYBaHHS y BiAJaJeHOMY pekuMi. BUKOpUCTaHHS MOMYJISPHUX MECEHIKEPIB
SK JIIOJIMHO-MAIIUHHUX 1HTEPQEICiB B3aeMOAIl MOXE CHPOCTHTH OOCTYH M0
CUCTEM, IMIIBUITYIOYH 3pYYHICTh Ta ONEPATUBHICTb.

Y poOOTI MPOMOHYETHCS KOHIIETIIS anapaTHO-MPOTrpamMHoi Iuiatdopmu
JUISL 1HTEerparlii TEXHOJIOTiM Ha 0a3l IHTepHeTy pedel, MTY4YHOro 1HTEIEKTY Ta
"oOuMcieHh Ha Mexi' 3 TIONIMPEHUMU MECEHJDKepaMu JUIsl KepyBaHHS
CUCTEMaMHU Yy PI3HUX MNPUKIAJHUX o0nacTsaX. OOrpyHTOBAaHO aKTyaJbHICTh
BUKOPHUCTaHHA '"oOuuclieHb Ha Mex1" I MiABUIICHHS €(QEeKTUBHOCTI Ta
oesneku. [IpeacTtaBieHO KOHIENTyadbHY MOJETh CHCTEMH Ta OKPECICHO
HAIPSIMKH MOJANBIINX TOCTIIKEHb.

[IpononoBaHa muaTdopma CKpaaaeThes 3 TPhOX piBHIB. [lepmiuii piBeHb —
pIBEHb JATYMKIB Ta BUKOHABYMX MEXAHI3MIB IS B3a€EMOJII 3 OTOYECHHSM.
Jpyruii piBeHb — pIBEHb 1HTEICKTyIbHUX MPUCTPOIB (0OOUUCIICHb HA MEXK1) JUIs
0oOpoOJIeHHSI JaHUX 1 NPUUHATTA pilieHb. TpeTid piBeHb — PiBEHb B3a€EMOII,
KU HaJae KOpPHCTyBayaM JOCTYIl O CHCTEMH B peajJbHOMYy daci uepe3
BUKOPUCTAHHS MOIIUPEHUX MECEHKEPIB.

3acTocyBaHHS MECEHKEPIB Ja€ MOXKJIHUBICTh KepyBaTh 00'ekTamu abo
mpollecaM SIK  HampsiMy 4Yepe3 BIAMOBIIHI KOHTPOJIEPH KEpyBaHHS, SK
3HAXOMAThCS Oe3mocepeTHh0 Ha 00'€KTl, TaK 1 BUKOPUCTOBYIOUH SIK TIPOMIXKHI
JIAHKU CepBepH, XMapHi abo TyMaHHi cepenoBuiia. [Ipu nmpomy yci oOurciieHHs,
HEOOX1H1 JJI1 ONTUMAIBHOTO 1 HaIIHHOTO (DYHKIIIOHYBAHHS CHCTEMH, a TAKOX
JUISl MIATPUMAHHSA TPUUHATTS YNPaBIIHCHKUX PIIIEHb, 31MCHIOIOTh Ha PIBHI
IHTEJIEKTyJIbHUX TPUCTPOIB, SKHUM, SIK MPABUIIO, PO3TANIOBYIOTH MOOIMKYE 0

00'eKTa KepyBaHHS.
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PO3POBJIEHHS TA TOCJI)KEHHS MOJAEJIEH JIJIsI
KJIACU®DIKAIIIL OTOUEHHS 3A AYJAI03AIIMCOM
Hazapeus /L.IL., walowoe2000@ gmail.com, Cunoposa M.I'.

Jninposcwvkuti Hayionanvruuu yHieepcumem imeni Onecs I onuapa

Knacudikaris 3a ayaio — 11e Ipoliec aHali3y Ta KaTeropusailii 3ByKOBUX
JaHUX 3a JONOMOIOI0 aJIrOpPUTMIB MAalIMHHOrO HaB4yaHHA. OCHOBHa MeTa
NoJIirae B TOMY, OO aBTOMAaTUYHO BHU3HAYUTH, /10 SKOTO KJIACY HAJIECXKHTh
KOHKpeTHUH ayaiocurHai. Lle moxke Oytu kiacugikaiis 3ByKiB HABKOJIHUIIHbOTO
cepeloBHILA (HAIPUKIAJ, TPAHCIOPT, MPUPOJIa, PO3MOBH), MY3HUUHUX >KaHPIB,
MOBU a00 OKpEMHUX 3BYKIB, TaKHUX SIK T'OJIOC, MY3H4YHI 1HCTPYMEHTH YH 3BYKHU
IPUPOJIN.

Mertoro poGoTH € po3poOJieHHS Ta JOCHIDKCHHS MOJACIEeH s
Kkjacudikanii OTOYEHHs 3a aynaio 3anmucoM. AyJiokiacudikaiis 3a OTOUYECHHAM
Ma€ BEJIMKY aKTYaJbHICTh Y CY4aCHUX TEXHOJIOTISIX Yepe3 3pOCTaHHs MOMUTY Ha
IHTENEKTyaJIbHI CUCTEMHU, 3/IaTHI pO3II3HABAaTH Ta pearyBaTH Ha HAaBKOJIMILHI
ymoBu. Knacudikailiss OTOYEHHS MOXe JONOMOrTH Yy cdepax Oe3mnekH,
MEJIUIIMHY, 010JI0T11, aBTOMIJIOTY Ta IHIIMUX ramy3sx [1].

[TinroToBKa HaBYAIBHUX ayAi0-AaHUX ISl MOJIEJ € OJHUM 3 HaWTepuInx
Ta BaXJIMBUX €TaIlB, BiJ SKOTO 3aJeXUTh €(PEKTHBHICTH Ta TOYHICTh
nofanbiioro HapuyaHHs. [lig 9ac MIATOTOBKM BaKJIHMBO BPaxOBYBAaTH SKICTh,
TPUBAJICTh 1 BApPIATUBHICTh JaHUX, [MI00 3a0e3neuynTy 30aJaHCOBAHICTD 1
IpaBWIbHUN BUIJIAJ HAO0OpY HaBYaJIbHUX JAaHuX. [[ns BUOOpY NHpaBHIBHOTO
M1X0y NOTPIOHO BIAIITOBXYBATUCH B1Jl KOHKPETHHUX LIIEH 1 3aBJJaHb MOJIENI, a
TaKOX BiJl JJOCTYITHUX PECYPCIB Ta ICHYBaHHS BIAMOBIIHUX JaHUX Y JOCTATHIN
KUTIBKOCTI.

OnHuM 3 HaWKpalllUX BaplaHTIB sl MONEPEAHBOT OOPOOKH 3BYKY € MEJI-
CIEeKTporpama, Sika € BJIOCKOHaJIEHOIO (HOopMOI0 KopoTkodacHoro ®Dyp'e-
neperBopeHHs (STFT). OcHoBHa mnepeBara Men-CIIEKTpOrpaMu ToJiITae B il

3IaTHOCTI BUKOPHUCTOBYBATH MeJ-IIKaIy, IO Kpalle BIANOBIIAE CHPUNHATTIO
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JIOJICBKOTO CIyXy. BHWKOpHCTaHHS MeEN-IIKaad J03BOJSE BpPaxXyBaTH IO
O0COOJIUBICTh, 3a0€3MeUyIOUM Kpally pempe3eHTaIlil0 3BYKOBOi 1H(opMarlii y
cnekTporpami. Bona epekTuBHO BHUILISE Ta PO3Ii3HAE OCOOIUBOCTI 3BYKIB, IO
XapaKTEPHU3yIOTh Pi3HI OTOYEHHS, HA OCHOBI1 X YaCTOTHOTO CKJIAYy.

Jlns mopanbIiuX OOYHCIIEHb YC1 YacoOBl MapaMeTpu OyiM TepeBelICHI y
CTaHJapTHI 4yacoBi mpoMikku. KoxkeH aymiodaiin mae cBOI OAMHMUII BUMIPY
gacy, 110 3aJie’KaTh BiJl YaCTOTH JAMCKpeTu3alli (sample rate) Ta KpoKy oOpoOKH
curnany (hop length) [2]. ®opmyna 06UHCIIEHHSI YaCOBOTO MPOMIKKY BHUTJISIIA€E
TaKUM YHHOM:

frame = [time * sr/hop_length|

Takox, miJg Yac MIATOTOBKH ayJl0, JaHl EHEPreTUYHHX 3HA4Y€Hb B
nenuoenax (dB) nmepeBoasThCS Ha KAy MOTY>KHOCTI y Jenuoenax.

3roptkoBi mapu (CNN) 103BOJIAIOTE MOJENI BHUSABIATH JIOKaJIbHI
0COOJIMBOCTI B 3BYKOBHMX J1aHUX. BOHHM €(EeKTHBHO BIOPAIOTHCSA 3 OOPOOKOIO
MIPOCTOPOBOI 1H(OpPMAITli Ta JOIOMAararoTh BU3HAYNTH Pi3HI IA0JI0HH Yy 3alucax
ayJlo, Takl SIK IIyM TPAHCIIOPTY Ta JIIOAEH Yy MICT1 YM 3BYKH npupou [3].

Takox H0JaTKOBO MOYKHA BHKOPHCTOBYBAaTH PEKYpPEHTHI mapu. BoHu
n00pe MIIXOMSITh JJIsS BUSBJICHHS 3QJICKHOCTI Y YaCOBHX ITOCHIOBHOCTSX, IO

MOXYTh OYTH BaXJIMBI JJIs1 JOBIMX ayi0 31 3MIHOIO CEPEIOBUIIIA.

Biosiorpagivyni nmocuianus

1. ImmynbcHe BUSIBIEHHS 3BYKY Ta po3Mi3HaBaHHsS MOCTpiIiB [EnexktpoHHuil pecypc]
URL: https://ieeexplore.ieee.org/document/7129872

2. PospaxyHok Time Frame [EnexTpoHHuit pecypc] URL:
https://librosa.org/doc/main/generated/librosa.time_to_frames.html

3. Mogeni s po3Mmi3HaBaHHS 32  3BYKOM [Enextponnuit  pecypc] URL:

https://theaisummer.com/speech-recognition/
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HABYAHHS 3 NIJIKPIIIVIEHHSM SIK AKTYAJIBHAN HATIPSIM
THTEJEKTYAJBHUX CUCTEM TA TEXHOJIOI'TH
HeunraiisioB B.O., vinech.97 @ gmail.com, CunopoBa M.I".

Jninposcwvkuti Hayionanvruuu yHieepcumem imeni Onecs I onuapa

Hapuanns 3 migkpimnenusm (RL, reinforcement learning) — 1e Meron
MalIMHHOTO HaBYaHHS, JI€ areHT HaBYA€ThCS B3a€EMOJIi 3 HABKOJIMIIHIM
CEpEeIOBUIIEM, MOCTIIOBHO BUKOHYIOUH JI1i Ta OTPUMYIOUHU 332 HUX BUHATOPOJIH,
[0 MOXYTb OyTH $IK TO3UTHUBHHUMHM, TaK 1 HeratuBHUMU. Ha BigMiHy BiA
METO/IB, OPIEHTOBAHMX Ha MITKM (HAlpPUKIAJ], HABUYAHHA 3 YYUTEJIEM),
HABYaHHS 3 MIAKPIIUICHHSIM CIPSMOBAaHE Ha MOIIYK ONTUMAIbHOI CTpATErli, sika
MaKCUMI3y€ KyMYJISATHUBHY BHUHAropojy, IPyHTYIOUMCh Ha JOCBiAl B3aeMOJIi 3
CEPEIOBULIEM.

AKTyanpHICTh HABYaHHA 3 MIJAKPIIUICHHSIM CbOTOJHI € HaA3BHYANHO
BHUCOKOIO 3aBJSKU IIMPOKOMY CIEKTPY 3aCTOCYBaHb Ta HIBUIKOMY PO3BUTKY
TE€XHOJIOT1M IITYy4YHOro 1HTENEeKTy. OCHOBHI YMHHUKH, 110 BU3HAYAIOTh HOTrO
3HAYYIiCTh, BKIIOYAIOTh HACTYITHE:

1. PeaabHi 3acrocyBannsi: RL 3Haxo1uTh BUKOPUCTaHHS Yy pI3HUX cdepax,
TaKuX sIK pOOOTOTEXHIKa, aBTOHOMHE BOJIIHHSI, IrpOBa 1HAYCTpisi, 00poOKa
OpUpOAHOI MOBH, (PIHAHCOBUN MEHEPKMEHT, peKjiaMa Ta OXOpOHa
3M0pOB’s. 3acCTOCYBaHHS IIMX METOMIB Yy pealbHUX 3a/Jadax Jae
MOJKJIMBICTh MOJIEJISIM HABYATHCS HA BIACHUX MOMMJIKAX Ta MOKpAIlyBaTH
pe3ynpTaTH y TMpoleci MNPAaKTUYHOTO BHUKOPUCTAHHS, IO J03BOJISE
HITYYHOMY IHTENEKTY €()eKTUBHO BUPIIIYBATH MPUKIIAIH] 3aB/IaHHS.

2. Apanranis Ta NpudHATTS pimenb: Ha BiaMiHy Big TpaguiiidHOTO
MaITMHHOTO HAaBYaHHS, HABYAHHS 3 MIJAKPITUICHHSM 3/1aTHE aanTyBaTUCS
0 3MIH y CEpPEeAOBHII, IO POOUTH MOro OCOOJMBO KOPUCHUM IS
3aCTOCYBaHHS y HECTaOUIbHUX 1 AMHAMIYHHX cucTteMax. RL-amropurmu

MOXXYTh 3HAXOJMTH ONTHUMAalbHI CTpaTerii HaBiTh B YMOBaX 4YacTKOBOI
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HEBU3HAYEHOCTI, IO BIAKPUBAE MOXJIMBOCTI [UIsI 3aCTOCYBaHHA B
CepeOBUIIAX 13 BUCOKUM PIBHEM HEBHU3HAUCHOCTI.

3. Ilporpec y 004YMC/II0BAJBLHUX MNOTY:KHOCTAX Ta Mojeasix: Po3BuTOk
O0YHMCITIOBAILHUX TOTYKHOCTEH 1 BAOCKOHAJICHHS apXITEKTYpP TITUOMHHUX
HeliponHux Mepexx (DNN) 3poOuiin MOXKJIMBUM HaBYaHHS CKJIQIHIIIMX
mozeneit RL, Takux sk rmubunne Q-naBuanHs (DQN) ta anroputMu, mo
0asyrotrhcs Ha Policy Optimization. Ili mMeTogum 3HAYHO NIABHINYIOTh
THYYKICTB 1 e(peKTHUBHICTh RL-anropurmis.

4. BaockoHaJIeHHs B3a€MOJil MixK JIOAMHOI Ta MamuHOW0: RL cnpuse
MOJICTIOBAaHHIO TIOBEIIHKM, aJalTOBaHOI 10 TMOTped KOpHUCTyBaya,
MOKPAIyIOUM B3a€EMOJIII0 Ta KOPUCTYBALbKUWA MOCBiA. 30KpeMa, Taki
CUCTeMH MOXYTh aJamnTyBaTUCS 1O BIOJ00aHb KOPHUCTYBadiB Ta
KOHTEKCTY, II0 € 3aTpeOyBaHMM Yy PEKOMEHAAIIMHUX CHCTeMax Ta
NIEPCOHAII30BAHOMY HAaBYaHHI.

5. ABTOHOMHI cCHCTeMHM Ta areHTHMHM miaxia: BaxnuBa nepeBara RL —
3IaTHICTh HABYATHCS Yepe3 JOCBiA, L0 Ja€ MOXIUBICTb PO3POOISATH
ITOBHICTIO aBTOHOMHI cucteMu. Lled miaxidg OIgXOAUTh JJISI CHUCTEM 3
aBTOHOMHHMMH areHTaMH, sIKi B3aEMOJIIIOTH 3 HABKOJIHUIITHIM CEPEIOBUIIIEM
1 HABYAIOTHCS JIOCATATH LICH MIJITXOM OTPUMAaHHS 3BOPOTHOTO 3B S3KY.

6. MoaeqOBaHHSI CKJIAAHUX CHCTEeM 1| MNPUHAHATTA CTpPaTerivHux
pimienb: RL akTMBHO 3aCTOCOBYETHCS i1 MOJICIIOBAHHS CKJIQJHUX
€KOHOMIYHMX, COIIIAJIbHUX Ta €KOJOTIYHUX CHUCTEM, Ji€ NOTpiOHa
po3poOKa crpareriii Ha TpuBaiui nepioj. Lle ocobarMBoO BaXkIMBO B irpax,
JIOTICTHUINl Ta TulaHyBaHHI, e RL mgomomarae 3HaxoAWTH ONTHUMAaJbHI
pIIIICHHS] B yMOBaX 0OMEXEHHUX PECYPCIB.

Takum umHOM, akTyanbHICTH RL 3yMoBiIeHa HOTO MOTEHITIANIOM st
BUPIIICHHS CKJIAJHUX 3aBJlaHb, 1110 BUXOJSATh 32 PaMKHU KJIACUYHUX IMIAXOIIB J0
HABYaHHS, a TAKOXX 3POCTAIOYUM 1HTEPECOM JI0 CTBOPEHHS CHUCTEM, 3JaTHUX JI0

ABTOHOMHOI'O HaBYaHHS Ta aJarralii.

161



ABTOMATHKA 2024

PO3POBJIEHHSA AETAJII3OBAHOI'O IIEPCOHAXA JJIAA
CEPEJJOBHUIIA PYIIISA UNREAL ENGINE

HogikoB O.E., epicurets @ gmail.com, AuTonenxo C.B.

ninposcwvkuti Hayionanvruuu yHieepcumem imeni Onecs I onuapa

Po3po0iieHHs 1€eTanbHOrO TPUBUMIPHOTO MEpPCOHAXA AJIA BIPTYaJbHOTO
cepenoBuma pymrisi Unreal Engine € ckimagauMm mporiecom, IO BKIIIOYAE
KOHIIETITyalli3allil0, MOJICTIOBaHHS T€OMETpIi, TEKCTYpyBaHHsS, PETOMOJIOTIIO,
aHIMalllo, a TAKOXK €Tal NOPTYBaHHS MEPCOHAXKA B PYILIN.

Unreal Engine — ue irpoBuil pywiid, mo po3podiisge xommnanis Epic
Games. Bin OyB Bnepiie BumymeHuit y 1996 pori. OCBO€HHST 1BOTO pYIIis
MOKe OyTH CKJIaJIHUM 4Yepe3 NpUTaMaHHy MOMy HaaMipHy iHxkeHepito. [IpoTe,
3aBJISIKMA CBOiM onTuMizallii Ta ¢pyHkiioHanbHocTi, Unreal Engine 3anummaerbes
HAUTIOMYJISIPHIIIIUM ~ PYILIIEM  JIJIT  BEJIUMKUX  KOMEPIIMHUX  TPOEKTIB.
[IporpamyBanuss B Unreal Engine 6a3yerbcs Ha MoBi CH++. ¥V miii pobGorti
BUKOPUCTOBYETHCSI BEPCist S 1BOTO PYIIIis, IO CTaia JOCTYIHOK B KBITHI 2022
POKY.

Icnye Ge3miu anropuTMiB po3poOiieHHss nepcoHaxka st Unreal Engine.
Jleski 3 HUX BHMaralTh BUKOPUCTaHHS BEIUKOI KUIBKOCTI TMPOTPAMHUX
CEepeloBUI, TOMl SK 1HII € OUIbIl TPOCTUMHU, aje 3 OOMEXKECHUMU
MOKJIUBOCTAMH. Y Tiii pPOOOTI PO3MIISIHYTO CKJIAAHHUI aJTOPUTM PO3POOJICHHS
NEPCOHAXKA, SIKUW OXOIUIIOE BCl €Tanu, ajle TakoXk Oyae MpUAUIEHO yBary W
IPOCTIIINM aJbTepHATHUBAM.

Po3pobnenns  mepcoHaka  3a3BUYail  MOYMHAETBCS 3 €Tamy
KOHIIeNTyalli3alii, MmepcoHax Iii€ei poOoTH — naiBYMHA 3 [HUpKy. KoHment
PO3pOOIISABCS i 9ac CTBOPEHHS BUCOKOMOJIITOHAIBHOI Mojeii. CrioyaTky 0yiio
CTBOPEHO 0a30By MOJITOHAJIbHY CITKY Ta TE€OMETPII0, 3 KO HE CKJIaJHO

MpaItoBaTH, MICIIs 40ro 0yJIo 3MO/IeJIbOBAaHO BUCOKOIOIITOHAIBLHY MO/JIETb.
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Puc. 1 — BucokomnoJironaibHa MOJIEIb IEPCOHAXKA

JIist  CTBOpEHHS  BHUCOKOTOJITOHATBHOI ~ MOJEN  BHKOPUCTAHO
CHeIiai3oBaHy MporpaMmy Ijisi CKyJbNTYpHOTO MojentoBaHHs ZBrush, 1 mms
MOJIITOHAJILBHOTO MOJENIOBaHHsI — nporpamuuii naket Blender. BubGip nporpam
OOyMOBJICHHI OOMEXEHHSIMHU OOYHMCIIOBAIBHUX PECYpPCIB KOMIT tOTEepy. Tak,
nporpamMHuil naker Blender He miaxoauTth s poOOTH 3 BEIMKOK KUIBKICTIO
reoMeTpii Ha 3BUYaiHOMY KOMII FOTEP1, TOMY HE MO>KHa OyJI0 MpaloBaTH 3 HUM
y BUMAJKy BHUCOKOMOJIroHasbHOI Mozemi. [Iporpamuuii maker Blender Takox
OyJle BUKOPUCTAHO JJISI OCHAIIIEHHS MOJEN1 CKEJIETOM 1 MOJAJIbIIOi aHiMallii.
Hanani mimaHyeThbcsi BUKOHATH TEKCTYPYBAaHHS TIEPCOHAXKY B CEPEIOBHIII

Substance Painter.
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BIIJIUB NOMNEPEJHbOI OBPOBKH JIAHUX HA TOYHICTh
PO3III3HABAHHSA ObJINY
Ouaiiinuk A.Q., artem.oliinyk91 @ gmail.com,
3oaotbko K.€., zolotko_kkt@dsu.dp.ua

JIHinpoecwvkuil HayionanvHul ynieepcumem imeni Onecs I onuapa

['mubuHHEe HaBYaHHSA CTaJO0 OCHOBOIO CYyYaCHUX CHCTEM PpO3Ii3HABAHHS
00y, 3a0e3Mevyrodyr BHUCOKY TOYHICTh 1 HaAINMHICTH B 0O0poOIll Bi3yaJbHUX
nanux. OJIHaK KITIOYOBOIO CKJIQJIOBOIO YCIIIXY TaKUX CHCTEM € e(eKTHBHA
nonepeAHss oOpoOka 300paxkeHb o0muu. lleit eranm chopsiMoBaHMl Ha
MOKPAIICHHS SIKOCTI JTaHWX, 3MEHIICHHS iX BaplaTUBHOCTI Ta Y3TOJKEHHS 3i
CTaHIApTHUMU (QopMaTamMH I HaBYaHHS Mojeneil. Po3rmsHemMo nekiibka
aCIIeKTIB.

BupiBawoBanns o06auu (Face Alignment) [1]. Ile mnpomec, skuit
3a0e3neuye, o0 yci o0au4usd Ha 300pakKeHHSIX OYyJU MPEACTaBIEHI Y CXOXKIM
opieHTallli (3a3BU4ail GPOHTAIBHO), HE3AJIEXKHO BiJ TOTO, SIK came OyJio 3HSTO
nodatkoBe (oTo. BupiBHIOBaHHS joroMarae KOMIIGHCYBaTH Bapiallii B HaXuii
rOJIOBH, OCBITJICHHI Ta BUpa3ax OOJMYYS, 110 3HMXKYE CKIAIHICTh 3a1ayl Jis
mMozesni. OCHOBHHUI MPUHITUIT MOJISITA€ Y BUABJICHHI KIFOUOBUX TOYOK OOIUYYS
(Hanpuknan, oveil, Hoca, poTa) 1 TpaHchopmarllli 300paKeHHs] TaKUM YUHOM,
mo6 11 TOYKM OyiIM MpUBEACHI A0 CTaHAApTHOI mo3mmii. JlocmimkeHHs
MOKa3yloTh, 110 CHUCTEMH pO3Mi3HaBaHHA OOJIMY, SKI BUKOPHUCTOBYIOTH
BHUPIBHIOBAHHS, J€MOHCTPYIOTh MOKPAILIEHHS TOYHOCTI Ha 2-5% y MOpPIBHSHHI 3
TAMH, 110 TPALIOIOTh HAa HEBUPIBHSHUX 300paKEHHSAX, TaKOX BOHH
JEMOHCTPYIOTh OUIBIIY CTIKIACTh A0 PI3HUX MOYATKOBUX YMOB.

HanamryBanusa pamoxk (Margins) [2]. Lleii kpok Bkiro4yae BHUOIp
BIIMOBIHOTO TIOJII HABKOJO OONHMYYS, SKE BHUPI3AETHCA I Iepeaadl Jo
Mozeni. SIKIo pamMka HaaTO TiCHA, 1€ MOXKE MPU3BECTH J0 BTPATH BAKIUBUX
JIeTanei, TaKuX SK BOJIOCCS a00 YaCTUHU KOHTYPIB OONHMYYS, IO BaXJIUBI IS

po3mi3HaBaHHS OCOOMCTOCTI. 3 1HIIOTO OOKy, SIKIIIO paMKa 3aHaJTO BEJIHKA,
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MOJIeJIb OTPUMY€E HAJUIMILIKOBY 1H(OpMALIiI0, sIKa HE Ma€ 3HAUYEHHS N7 3a]adi
(bon, 1HmI 00'€KTH), IO MOXE TOTIPIIUTA pe3yabTaTh. JlocaipKeHHs
MOKa3yl0Th, IO MPABWIbHE HAJAIITYBAaHHS PAMOK MOXE MOKPAITUTH TOYHICTH
posmizHaBaHHs Ha 1-3%.

3miHa po3mipHocTi 300paxens (Resizing) [3]. Po3MipHicTh 300paxkeHb
00JIMY TaKOX Tpa€ KIOYOBY POJIb Y MPOAYKTHUBHOCTI MOJEII. 3aHAITO BEIHKI
300paKEHHSI MOXYTh IEPEBAHTAKUTU MOJIEIb HEMOTPIOHMMHU JETANsIMU Ta
30UIBIIUTH BUMOTH JO OOYMCIIOBAIIBHUX PECypcCiB, TOJI SK HAATO Maui
300paKEHHSI MOXKYTh BTPAaTUTH BAXKJIUBY 1H(OpMaNio, MO HEOoOX1aHA IS
TOYHOTO PO3Mi3HaBaHHSA. ToMy OOWpaEThCs CTaHIAPTHUN PO3MIp 300pa)KeHb,
SAKWA BUKOPHUCTOBYETHCS JJIsI BCIX BXIAHMX AaHuX. [ OUIbIIOCTI MOJENeH,
takux sk ResNet abo FaceNet, nomymsipuum BuOopom € posmip 112x112 abo
224x224 mnikceniB. Ilporec 3MiHM pO3MIpPHOCTI Ma€ BPaxOBYBaTH 30€PEKECHHS
CHIBBIIHOLIEHHSI CTOpPIH 00JWYYs, 100 YHUKHYTH CIOTBOpPEHb. BubOip
MPaBUJIBHOTO PO3MIPY TaKOX BHU3HAYAETHCS AapXITEKTYpPOIO MOJENi: JesiKi
apXITEeKTypH Kpallle MpaiioTh 13 OUIBIIMMU 300paKEHHSIMU, TOJ1 SK 1HIII
MO/IeJIl MOXKYTb 3a0€3M€YMTH BUCOKY TOUHICTh HABITh HA MEHILIUX PO3MIpaX.
[Tonepenus oOpoOKka JaHWUX € KPUTHUYHUM €TaroM y PO3IMi3HABaHHI O0JHMY 3a
JIOTIOMOTOI0 TJIMOMHHOTO HaBYaHHS. BpaxyBaHHS ONMMCAaHUX ACHEKTIB JO3BOJISE
CYTT€BO TIABUIMUTH €(EKTUBHICTh CHCTEM PO3IMi3HaBaHHSA O00JWY y pearbHUX

YMOBaAX, 10 Ma€ BaXJINBC 3HAYCHHA IJI1 HIMPOKOI'O BIIPOBAIKCHHA TEXHOJIOTI.

Bibaiorpagiuni nocuinanus

1.  Comparisons of local methods for face alignment / G. Zhang ta in. IET Computer Vision.
2016. T. 10, Ne 7. C. 728-735..

2. Dharavath K. Improving Face Recognition Rate with Image Preprocessing. Indian
Journal of Science and Technology. 2014. T. 7, Ne 8. C. 1170-1175.

3. Improve Face Recognition Rate Using Different Image Pre-Processing Techniques /

H. Nawah. American Journal of Engineering Research. 2016. T. 5, Ne 4, C. 46-53.
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AJITOPUTM MAHIMHHOI'O HABYAHHAA IS BUSABJIEHHSA
SJHAUYIIUX ®AKTOPIB
OpexoBa H.A., naorexova@ gmail.com, Kosaas B.IL., 07_sv@i.ua

Incmumym ribepnemuxu imeni B.M. I nywxosa HAH Yxpainu

Jlns MOIENBHOro JOCHDKEHHS Ta ONTHMI3allli CKJIAgHOI CHUCTEMU
BOXJIMBUM € BHU3HAUCHHS cepell (akTopiB, II0 BIUIMBAIOTh Ha i
GyHKIIOHYBaHHS, 3HaUyIIUX Ta Majlo3HayyluX. [HO/A1 Ha monepeHLOMY eTarll
pPO3pOOKK MOJIE KUIBKICTh Malio3Hauynux ¢aktopiB Moxe gocsrata 80%.
Take 30LUIBIICHHS PO3MIPHOCTI HE TIIBKM 3HAYHO YCKIIATHIOE 31ACHEHHS
KOMIT'FOTEPHUX E€KCIEPUMEHTIB, ajleé W MOX€ MaTh CYTTEBUU BIUIMB HAa
PO3YyMIHHS B3a€MO/IIi BaXXIMBUX (PAKTOpiB, SKI BU3HAYAIOTH OCHOBY 1 CYTh
(GyHKIIOHYBaHHS CKJIAJTHOT CUCTEMHU.

Oco0MuBO CKJIAAHO BUSBUTH 3HAYYIIl (DAKTOpHU, SKIIO KUIBKICTH 3pa3KiB
JAHUX, JIJIS SIKUX B1JOM1 3HAaYeHHS ()aKTOPIB Ta IIJILOBOI (PYHKIIII, € HEBEIHKOIO
B MOPIBHSIHHI 3 KUIBKICTIO (haKTOPIB.

Jlnst  BU3HAUYEHHS 3HAYYMHMX (DAKTOPIB 3alpONOHOBAHO aJITOPUTM 3
BUKOPUCTAHHSAM MPOCTOI HEHMpOMEpeki, CTBOPEHOT 3a MOMOMOTro 0i00TeKH
Keras [1].

bynyetbcsa nelipomepexa, 1o peanisye perpecito [2]. Bona HaBuaeTbes Ha
HassBHOMY Ha0Op1 JaHUX JJIS TOTO, 00 MOXKHA OyJio mepeadadaTrv 3HAYSHHS
LIJTbOBOI (PYHKIIT JJIs1 AOBUIBHUX 3HAYEHb 3MIHHUX 3 Jlalma3oHy JOMYCTHUMHX
3HaueHb. [1oTiM 3a MOMOMOTOI0 HABUEHOI MEPEXKI OIIHIOETHCS BHECOK KOMKHOL
3MIHHOI JI0 3HaY€HHSI 17Ib0BO1 (DYHKIIIT IBOMA CLIOCOOaMH.

Cnoci6 1 (momaBanHs). 3HaXOmSTHCS PIZHUII MK TMepea0adeHUMHU
3HAYCHHAMH IUIHOBOT (YHKIII MPU JOJaBaHHI NMEBHUX 3MIHHHMX J0 ITyCTOTO
Ha0oOpy Ta 3HAYEHHSM TepeAdadeHoi MiIbOBOT (DYHKINT JIJIT BOTO BUXITHOIO
Habopy.

Cnoci®6 2 (BUKJIIOYEHHS). 3HAXOASATHCS PI3HUIN MK TepeadadeHuMu

3HAUYEHHAMM LUIbOBOT (PYHKIII TpH BUKJIIOYEHHI TMEBHUX 3MIHHUX 3
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MaKCHMaJbHOTO HAa0Opy Ta 3HAYEHHAM IMepen0dadyeHol IUIbOBOT (PYHKINT s
IIbOT'0 BUX1JHOTO HAOODY.

[{i pi3HUII BBa)XalOThCS OILIIHKAMH 3HAYYIIOCTI BIAMOBIIHUX 3MIHHUX.
Pobota anroputmy oliHIOBajzacs Ha pi3HUX IITYYHO CTBOPEHUX HAbOpax JaHHX.
BapitoBanucst KUIBKICTh 3pa3KiB B HAOOP1, a TAKOXK CITIBBIIHOIIEHHS 3HAYYIIINX
Ta He3Hauylux ¢akTopiB. Pe3ynbratu eKClepuMEHTIB BimoOpaxaiucs Ha
Jiarpamax.

Ha Puc.1 HaBeneHo mpukiaj giarpam sl Habopa, 1o ckiagaerbes 3 200
3pa3kiB. KoxeHn 3pa3zok mictuth 3HaueHHs 100 daxropiB 3 aianazony [0,1] Ta
BIJIMOBIJIHE 3HA4YeHHS UUIbOBOI (yHkiii. [lepmi 50 ¢akropiB BXOASATH 10

H1Ib0BOI PYHKIII 3 KoediuienTamu 1, octanHi 50 — 3 koedimierramu 0.05.

3HauynricTh GakTopiB (A0aBaHHS) 3HauynIicTh GakToOpiB (BUKIIOUCHHS)

... T

Puc.1 Ilpuxnan giarpam.

Byno BusiBIieHO, 110 HAaBYaHHS HEUPOMEPEKI BIAOYBAETHCS TUM IIBHJIIE,
yuM OuIbIlIe 3pa3KiB JaHUX y HAOOpi. AJTOpUTM 37aT€H BIEBHEHO BUSIBIISITH
3Hauylll (haKTOpH, SKIIO KUIBKICTh 3pa3kiB B HA0OpI MEPEBUIIYE KIIbKICTb
dakTopiB B 1.5 pasm abGo Oigbine. PesynbpraTé pi3HHUX 0OUYHCIIFOBAIILHUX
EKCIIEPUMEHTIB JIENI0 BIAPIZHSAIOTHCS, OCKUIBKU TMOYATKOBI Baru HEUpPOMEpexkKi
o0MparoThbcsl BUMAAKOBO. TOMY TPOMOHYETHCS POOUTH JEKUIbKa IMKJIIB

O0OYHCIIeHB 17151 OUIBIIOT JOCTOBIPHOCTI pe3yJIbTaTiB.

Bibaiorpagivyni nocuianus

1. https://keras.io/about/

2. Chollet F. Deep learning with Python. Simon and Schuster; 2021.
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BUTATI CTPYKTYPOBAHUX JAHUX I3 ITAITIEPOBUX ®OPM 3A
JOIMOMOI'OIO XMAPHUX CEPBICIB
IlanTeneiiMmoHoB A.A., apanteleymonov@ gmail.com
Ilerunin 1., schetinin.d@ gmail.com

Incmumym ribepnemuxu im. B.M. I'nywxoea HAH Ykpainu

EdexkTuBHUN BUTAT CTPYKTYpOBAaHUX JaHUX 13 MarepoBux (opm, M0

ITUPOKO BHUKOPHUCTOBYIOTHCS y cepax OXOpOoHHU 310poB's, (DiHAHCIB, OCBITU

TOIIO, € AKTYAJILHOIO MPOOJIEMOIO.

[lepeBenennss y uudpoBuil QopMar MIATPUMY€E aBTOMATHU3AIIO Ta

MOKpAIlye MPOUEC MPUNUHATTA PIlIeHb, YCYBAIOUH TOMUJIKHA PYYHOTO BBEICHHS,

CKOHOMJISYM 4Yac Ta IIJBUINYIOYM TOYHICTh. 31 3pOCTaHHSAM MOTpeOH B

OpIEHTOBaHUX Ha JaHl MAXoJaX, OUU(PPYBaHHA JaHUX € BAXJIMBUM JIJIs

1HTerpauii B cydacHi {up)poBi CUCTEMHU.

VY IomoBijil poO3TIsAAal0ThCS JIBa OCHOBHI IMIIXOU O aBTOMAaTH3allii BUTSTY

JTaHUX:

1.

2.

OpenAl Vision — BUKOHY€ BCIO 3aJlauy 3a OJIMH BUKIIUK, ajie¢ Ma€ OOMEKEHHS
y po0OOTi 3 MOBOPOTAMH Ta CIIOTBOPEHUMH 300pakeHHAMH. Kpim Toro,
3MEHIIECHHS PO3JAUIbHOT 3JaTHOCTI TMepea  OOpOOKOI MPU3BOAMTH /10
3HIDKEHHS SIKOCTI pO3Mi3HaBaHHs 300paxkeHs popmary A4.

KomOiHoBaHuMi MiJIXi/ 3 TPhOX €TariB:

posmizHaBanHa (OCR), BukopucroByroun AWS Textract abo Azure
Document Intelligence s BUSIBJIEHHS TEKCTOBOTO  HAIOBHEHHSY
CKaHOBaHUX a00 coTorpadoBaHUX TOKYMEHTAX;

momnepenHs o0poOka 3a JOMOMOTOI0  OPUTIHAIBHUX MPEMPOIECOPiB,
IIOTIEPEBOUTEH PO3MIZHAHUM TEKCT y (opMart, MPUAATHUHN TSl TIOJIAJIBIIIOTO

aHaJji3y 3a JOMOMOI0K BEJIUKUX MOBHUX Moeneit (LLM);
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e BuTAr nanux 3a gonomororOpenAl Chat Completion API, nio moseprae
CTPYKTYpPOBaHHH pe3yibTaT 3a MIAaOJIOHOM, ONHCAHUM Y 3alHTi TIiCIA

MOCJIIIOBHUX payH/IB HaJallITyBaHHs (prompt engineering).

byno cTBOpeHO 1 po3mideHO O COTHI 3alOBHEHHMX PI3HUMH IMOYEpPKaMHU
dbopM AecsTH pi3HUX THUIIIB, IO HAJEXKATH OJHOMY 1 TOMY K BUAY AISUIBHOCTI.
[Ticns iX ompaltoBaHHS 13 3aCTOCYBAaHHSM BHILE3a3HAUCHUX MIJIXO/iB, OyiH
o0OpaxoBaHi MOKa3HUKHU SKOCTI PO3Ii3HABAHHS.

BusiBuiioch, 1110 KOMOIHOBaHUM MIJIX1]] HAJla€ Kpally TOYHICTh, OCOOJIMBO 3a
CKJIQJHUX YMOB, Malouy MpU I[bOMY OUIbIIY THYYKICTh. M pO3Mi3HaBaHHSIM
3acobamu AWS ta Microsoft Azure cyTTeBOT pi3HUIIl BUSBJICHO HE OYyII0.

Mo>kHa 3pOOMTH BHCHOBOK, IO Cy4YacHI XMapHI CEpBICHM B IOEIHAHHI 3
BJIACHUMHM  KOMIIOHEHTaAMHM  JI030JIAI0Tb ~ €(QEKTUBHO  pPOOUTH  BUTATH
CTPYKTYpPOBaHMX JaHuUX 3 mnanepoBux Gopm. Xoua OpenAl Vision €
NEpPCHEKTUBHUM, PO3AUICHUNA MiAX1J Hapasl 3ale3nedye Kpauly TOYHICTh Ta
THYYKICTb.

Jo wHenmomikiB cepBiciB  AWS Textract 1 Azure Al Document
IntelligencemoxHa BiHECTH 3HAYHE TMOTIPIICHHS SKOCTI PO3Mi3HABAHHS IS
HEaHTJIOMOBHUX TOKYMEHTIB.

Ouiky€eThCs, MO 11 IHCTPYMEHTH MPOAOBKYBATUMYTh YJIOCKOHAIIOBATHUCS Ta
3’SBIATUMYTbCS HOBI aJbTEpPHATHBH, a MIJATPUMKA IHIIUX MOB, 30KpeMa

YKPAIHCBKOI, IIOKPALUTHCH.
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AHAJII3 TAHUX Y METOJAX HEPYWHIBHOI'O MOHITOPUHI'Y
BAI'ATOIIAPOBUX OCHOB
Herpos A. /., sinanddex2 @ gmail.com,
Tpodimon O.B., atrof2222 @ gmail.com

ninpoecwvkuti nayionanvnuu ynigepcumem imeni Onecs I onuapa

[lutaHHS HEpPYHHIBHOIO MOHITOPUHTY Ta KOHTPOJIIO MEXaHIYHHX Ta
FeOMETPUYHUX TMapaMeTpiB 0araTromapoBUX KOHCTPYKIIH € OJHUMHU 3
HAalBAXJIMBIIIMX Yy TNPakTUOl O€3me4Hoi  eKcIulyaTalii  TpaHCIOPTHUX
KOMYHiKailiil. [cHytounii piBeHb pO3BUTKY BUMIPIOBAJILHUX MPUJIAIIB Ta METO/IIB
OoOpOOKM JaHUX J1a€ MOXJIMBICTH CTBOPIOBATH [IIaTHOCTUYHI 3acoOu, IO
MOEIHYIOTh BHUCOKY IIBHJKICTh 3HIMAaHHS HEOOXITHUX JaHUX 3 JOCTaTHIM
OXOIUICHHSIM  HalOuIbll  «iHOOPMATUBHOI»  YAaCTUHU  TMOJOTHA, IO
nedopmyethes. Taki npunaay, siki Ha3UBaIOTh AC(IECKTOMETPAMH, JT03BOJISIOThH
MIJBUIIUTH SKICTh IIONEPEAHBOI JIarHOCTUKH, OUIBII TOYHO JIOKATI3yBaTH
«MPOOJIEMHD) IIISHKH, 1110 MOKE 1ICTOTHO 3HU3UTH TPYAOMICTKICTh 1 TPUBAIIICTD
OCHOBHOTO €Tamy J1arHOCTUKHU JIOCTIHKYBaHO1 KOHCTYKIi. OO0poOKa JaHux, 110
MOCTAYalOThCSl MOJBIOHUMH 1HCTPYMEHTAMH, IPYHTYEThCSI Ha TIEBHUX MOJEISIX

OararomapoBux OcHOB (puc. 1).

q(x)

THHH

HHHH

Puc. 1. [IpyxHuii OaraTomapoBHil makeT 13 KPUBOJIHIMHUMH MEKaMH MIX

mapaMu 3 o0y I0BaHOIO PETYIISIPHOIO CITKOIO.
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Y  poOoTi 3amponoOHOBaHO  OJIOYHO-MAPAMETPUYHUN  MAXIA 10
pO3B’si3aHHST OOEpHEHUX 3aBllaHb y paMKaxX «1H(OpMaliifHO-IMOBIPHICHOI»
KOHIIEMIIi1, aKuil OyB peaizoBaHull y 3a7jauax BU3HAYCHHS HEB1IOMUX (DI3UUHUX
Ta TEOMETPUYHUX MapaMeTpiB MPYKHOTO IIApyBAaTOrO0 MakeTa 3a 3aJaHuMHU
NEepeMIIICHHSIMU JEIKMX TOYOK MOro BEpXHbOI (HaBaHTaXXEHOI) IOBEPXHI.
OTpuMaHi pe3ylbTaTd CBi4YaTh, IO 3alpPONMOHOBAHMNA MIAXIA € JyXKe
NEPCHEKTUBHUM JUIS JOCTIPKEHHS PINIeHb MIMPOKOro Kiacy OOepHEHUX
3aBJaHb, y TOMY YMCII 1 3a/1a4 3 HEBIJJOMUMHU TapaMeTpaMH reoMeTpii obJacri,
10 PO3TJISIIAETHCS.

Po3pobnena  Meronmonoriss  J03BOJMTH  pO3pOOJIATH  MPOrpaMHe
3a0e3MeYeHHsI JUIsI HOBOTO TOKOJIHHS ISl BUCOKOIIBHAKICHUX MPUCTPOIB, IIIO
BUKOPHCTOBYIOTBCS Il HEPYHHIBHOIO KOHTPOJIO Ta MOHITOPUHTY TE€XHIYHOTO
CTaHy TPAHCHOPTHUX KOHCTPYKLIH, TakuX SK JOPOKHE IOJOTHO, 3JITHO-
MOCAQJKOBl CMYTH, 3ali3HAYHI OalacTHI OPU3MU TOWIO (TaK 3BaHl PyXoMi

BUMIPIOBaJIbHI TUIATPOPMHU).

Biosiorpagivyni nmocuianus

1. Trofimov A.V. Inverse problem analysis for nondestructive evaluation of structural
characteristics of multilayered foundations. Arch Appl Mech 91, 1773-1792 (2021).
https://doi.org/10.1007/s00419-020-01854-5

2. Trofimov A.V. Block-parametric approach to non-destructive control data analysis of
railroad layered foundations. MATEC Web of Conferences 390, 04003 (2024).
https://doi.org/10.1051/matecconf/202439004003

3. Trofimov, A., etc. Non-destructive control data analysis of railroad foundation
constructions. MATEC Web of Conferences 294, 03012 (2019).
https://doi.org/10.1051/matecconf/201929403012
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PO3IIUPEHHS ®YHKIIIOHAJIBHAX MOKJINUBOCTEM
ABTOMATHU30BAHUX CUCTEM YIIPABJIIHHA BOEM 1JIA
MIIBUIEHHS EGEKTUBHOCTI IH®OPMAIIMHOI CHCTEMHU
YIIPABJIIHHA OBOPOHHUMHU PECYPCAMU
Honaimko C.B., Sergpilen777 @ gmail.com

Hayionanvnuii ynisepcumem oboponu Yxpainu imeni leana Yeprnsaxoscvkoeo

CrBopeHHs1 €(deKTUBHOI €auHO1 1H(MOpPMAIIHOT CHUCTEMHU YMpaBIiHHS
oboponnumu pecypcamu (Defense Resources Management Information System
— DRMIS) nmns morped 30poinux Cun VYkpaiHM € MOXIMBUM JIMIIE 3
ypaxyBaHHsIM 0coOiMBOCTEN (HOpM 1 CcrOcoOiB BeACHHS OOMOBUX MAiil mij 4vac
30poHOI arpecii pociiickKoi (pemepartii mpoTy HaIIOT Iep>KaBH.

Ha  cporojHimHid  J€Hb, JOIIJIBHO  PO3TJISHYTH  MOKIIUBOCTI
BUKOPUCTAaHHS €JEMEHTIB 1H()OpMALIHUX CHCTEM YOpaBiiHHA O0€eM, SKi
OpPOUIIIM BUMPOOYBaHHS B OOMOBMX yMOBax 1 3I1HCHIOIOTH Oe3nepepBHE
JOOMPAIIOBaHHS Ta PO3IIMUPEHHS (DYHKIIOHAIBHUX MOXIIUBOCTEH IIIJT 4Yac
eKCIUTyaTallii y BilichbKax.

Opniero 13 Takux cucteM € aBroMmaru3oBaHa cuctema (AC) ympaBiiHHS
BorueM aptuiepii “KpommuBa”, sika mpu3HaueHa JJisl aBTOMAaTH3allli MpoIIeCiB
YIOPABIIHHS BOTHEM apTHJIEPIACHKOTO MiAPO3IiTy HAa TAaKTUYHOMY piBHI: Bij
Opuraau 10 rapMaTu.

['onoBHUM (PYHKIIOHAIBHUMH MOAYJISIMH JAHOI CHCTEMH, SIK 1 POy
TUTIOBUX 110 Hel (“Apmop”, “Artos” Ta IHIIKX), € MOAYJb MIATOTOBKH 1 BEACHHS
BOTHIO.

Po3pobka maHoro Mojyns BpaxoBy€ BCl THUIM BOTHEBHUX CHCTEM Ta
nocTpiniB kamiopy 6ibie 30MM, TOJIOBHUMH 3 SIKUX € CAMOXIJHI Ta OyKCHpyeMi
apTUWIEPIMChKI YCTAaHOBKM, PAKETHI CHUCTEMHU 3aJIMOBOTO BOTHIO, BHCOKOTOYHI
apTWIEPINCHKI CUCTEMH BITYM3HSHOTO Ta 3aKOPJOHHOTO BUPOOHUIITRA.

OcHoBHMMH  (DYHKIIOHAIBHUMH  €TallaMH  3aCTOCYBaHHS  JAHOTO

030poeHHS 1 BilicbkoBoi TexHikM (OBT), mo peanizoBano B AC “Kpomnusa”, e€:
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1. IInanyBanHs mOpsAAKY 3acTocyBaHHs BusHaueHoro OBT BinmoBigHO 10
BOTHEBOT'O 3aBJIaHHS;

2. TlpoBenenHs po3paxyHKiB Mo 3acTocyBaHHiO manoro OBT (B tomy
YHCIII TUMY 1 KUTBKOCTI Ooenpunacis (OCTPLIiB, PEAKTUBHUX CHAPSIIB 1 T.11.);

3. ABTOMaTHYHHMI KOHTpOJIb 3acTocyBaHHs BianosigHoro OBT 1
Ooempunacis.

[Ipomecu, mo 3aknazeHi B JIOTICTHYHE 3a0€3MEeUeHHS OoempuIiacamu
DRMIS 6e3nocepequb0 1 TOBHICTIO TMMOB’si3aHl 3 peanizoBanumu B AC
“KponuBa” (pyHKIIOHAJIbHUMHU €TallaMHy 1 BKIIOYalOTh:

1. IlnanyBanus 3abe3neuenHs OBT 1 Ooempurnacamu, BiJMIOBIIHO 0
3aBJaHb M1IPO3/IUIIB 3a TPU3HAYCHHSIM;

2. Kontpounb Bukopuctansas OBT 1 6oenpunacis.

3. Po3paxyHOk moTpe0 A MOMOBHEHHS 3 MOCIIIYIOYOI OpraHi3alli€ro
nocTtadanHs BianosiaHoro OBT Ta Ooenpunacis.

Jist moBHOTO BuKopucTanHs pyHkiioHany AC “KpornuBa” 1 TUIIOBUX 10
Hei, HampuKiIaa, 3a JOTICTUYHMM 3a0e3nedeHHs M Ooenpunacamu DRMIS
HeoOXxiaHO Juie copmyBaTu (opMali3oBaHi 3BITH BIJMOBIAHO JI0 BHUMOT
KEepPIBHUX JJOKYMEHTIB.

HouunbHicts BukopuctanHs AC “KponuBa” (Ta TUMOBHX A0 HeEi) 3a
HAMpsIMKOM ~ JIOTICTUYHOTO  3a0e3mnedeHHsM  Ooenpunacamu DRMIS e
OueBMJIHOIO, BpaxoByrouu peanizoBani B AC «KpommBa” MepexeBy
1H(PaCTPYKTYypy, YHIBEpcalabHI NpPOrpaMHO-anapaTHI PIIIEHHS, 1HCTAJbOBaHI
aBTOMaTH30BaHI po6oui micis (APM), BenuKy KUTbKICTh KOPUCTYBAYiB, THYUKI
(GyHKUIOHATIBHI JOOMpAIIOBaHHs, MIATPUMKY KOPHUCTYBaudiB Ta HAJEXKHICTh

MPOIYKTY JIepKaBl.
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BIACJIAKOBYBAHHS ITIOPYHIEHb ABTOPCBKOI'O ITPABA B
IHTEPHETI 3A JOIIOMOI'OIO JEIEHTPAJI3OBAHOI CUCTEMHU
IMonomapenko II. A., reactor2345@ gmail.com Cunoposa M. I'.

Jninpoescwvkuti Hayionanvruutl yHieepcumem imeni Onecs ['onuapa

AHoTanisi. Y Xomi AOCTIHKCHHS MAXOMIB 10 JCIECHTPATi30BaHOTO
MOHITOPUHTY KOHTEHTY B IHTEPHETI B JICMOHCTPALIMHUX IIJIAX OYB CTBOpPEHUI
npoekt Copyright Watchman .

Beryn. [NomoHoto inHOBariero cuctemu Copyright Watchman (CW) €
peaizallisi MaTepHy B3a€MOJIii HE3AIEKHUX YYACHUKIB I €(hEKTUBHOTO 300Dy
iH(popMallli Tpo HENpaBOMIPHE BHKOPUCTAHHS 3aXMILEHOTO KOHTEHTY B
IHTEpHET1 Ha OCHOBI Os10KueiiH Mepexi Ethereum Tta ii mpoTokosiB.

Po3pob6riena miargopma Mae HaCTyIHI KOPUCHI BJIACTUBOCTI: BIICYTHICTh
LHEHTPAJIBHOIO KOHTPOJIIO, IPO30PICTh Ta HEBIABOPOTHICTH ONEparlii, peer-to-
peer B3aeMO/Iisl yYaCHUKIB.

OcHoBHa yacTuHa. B OCHOB1 pO3p0O0IIOBAaHOT CUCTEMHU JICKUTH CMAPT-
koHTpakT CopyrightWatchman.sol Hanmucanuii Ha MOBI MpOTrpaMyBaHHS
Solidity. CMapT-KOHTPAaKT JOTOBHIOETHCS BeO-T0AATKOM, peali30BaHUM Ha

Python, nns maganHs 3pydHoro iHTepdeica KopucTyBadyam miaThopmu.

JInst y3rompKeHHsl i MK KOpUCTyBayaMHu Ta 3aroOiraHHs MOPYIICHHS HUMH
npaBui (yHkiionyBanHs cuctemu B Copyright Watchman peanizoBano

anroputm Proof of Stake (PoS).

Y PoS Bamipmaropu BuUOUpAIOTHCS [JIsi CTBOPEHHS OJIOKIB Ha OCHOBI

KUJIBKOCT1 KPUNITOBAJIIOTH, IKY BOHU YTPUMYIOTb SIK 3aCTaBY.

VY Copyright Watchman peanizoBaHa BiacHa Bepcisi alrOpuUTMy, B SIKid
BaJIiJTaATOPU TEPEBIPSAIOTh 3BITH KOPHUCTYBadiB TPO 3HAWICHI MOPYIICHHS
aBTOPCHKOTO TMpaBa B IHTEPHETI, MPUUMAIOYM PIMICHHS OUIBIIICTIO TOJIOCIB.
Koxken Bamimatop 3akiafae ACMO3UT, SKUN 30LIBLIYETHCS UM 3MEHIIYETHCS

BHACIIJIOK TPUNHATUX PIlIEHb.
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Y cucremi CW g KopucTyBauiB BH3HAUE€HHI TpPU pOJIi: KIIEHT,

penopTep, BaiaaTop.

KnieHT — yuyacHUK, SIKHUW CTBOPIOE HOBWI CJIOT, BHOCUTH JICTIO3UT, IIO
OyzAe BUKOPUCTOBYBATHUCS, IK BUHAropoJa i IHIIMX YYaCHUKIB, Ta PO3MIILYE
MOCUJIAaHHST HAa PECYpPC, 3aXUIIEHUN aBTOPCHKUM IpaBoM. KilieHT € iHiiaTopom

B3a€MO/IiT KOPHUCTYBaUiB Ta JpKepesioM (piHAHCYBaHHS 1T CUCTEMHU.

Pemoprep — ydYacHHK, KW IIIyKae B MEPEXi MPOSBU MMOPYIICHHS
aBTOPCHKOTO TIpaBa Ta HAJCWJIAE CMApPT-KOHTPAKTy MOCWIAHHS Ha HUX. Y
BUHArOpoOy 32 KOPEKTHY poOOTYy BiH OTpUMYy€ (PIKCOBAHY YACTKY BiJl JICTIO3UTA
KIi€HTA. 3a HAJCWJIAHHS HEBAIIIHUX IIOCWJIAHb PETIOPTEpP BTpPAYaE YACTKY

BJIACHOT'O ACIIO3UTY.

Bamigatop — yd4acHUK, SKUW TEpeBips€e HAAICIaHI BiJ PpPENopTepiB

ITIOCHUJIaHH:I.

BHCHOBOK Mpo BaliAHICTh MOCUJIAHHS TPU3HAYAETHCS OUIBIIICTIO
BaJIIaTOPiB. Banmigatop HaropoJKyeThCcsl 3a Tojoc, SIKUH BIAMOBIIAE MO3MUII
OUIBIIOCTI yYacCHUKIB TOJIOCYBaHHS. Bamimaropu o0uMparOThCs 31 CIHCKY
KaHAUAATIB Ha TO3HUIIII0 32 JOMOMOTOI TeHepallii MCeBJOBUIAIKOBUX YUCET B
KOXkHIM enoci. KoxeH BamijgaTtop BUIBHMI y BHOOpI crmocoOy MepeBIpKU

IIOCHUJIaHb.

BucnoBok. IIpoekt Copyright Watchman cnpsmoBanuii Ha CTBOPECHHS
IHHOBAIIMHOI JICIICHTPAII30BaHOi TUIaTGOpMHU Il €(PEKTUBHOTO BHSBJICHHS
NOpPYIIEHb aBTOPCHKOI'O MpaBa B MEpEXi 1HTEpHET, moOyaoBaHoi Ha Ethereum

OJIOKYEHHI.

BukopHuCTOBYIOUH CMapT-KOHTPAKTH, CHCTEMa J03BOJISIE KOPUCTyBadyam
OpaTy y4acTh Yy BIJICITIIKOBYBaHHI HE3aKOHHOTO PO3MIIIICHHS MeJlia KOHTEHTY B

YMOBaX MPO30POi KOHKYPEHIIIi Ta MaTepialbHOTO 3a0X0UYECHHS.
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HAYEPK MOJEJII HOBEJIHKH ABTOHOMHOI / KOTHITUBHOI
CUCTEMU
Ipoxomuyk FO0.0., itk3@ukr.net
Institute of Technical Mechanics of the NAS of Ukraine

Key Accents: Resource-Limited Agents, Agency, Perception-Cognition-Action
Events, Coarse-Grained Observations, Possibility Spaces, Navigating / Reducing
Complexity, Computational Constraints, Multi-Model Strategy for Compression /
Generalization, Criticality, Flexibility, Adaptability, Subjective Experience, Causal
World Models, Belief System, Wholeness, Phenomenon of Emergence, Multi
Resolution Trajectory Sketch, Systems of Sketching, Coordination Dynamics,
EigenBehavior, Limiting Generalizations Paradigm (LGP).

OntumanbHa TIOMITHKA TMOBEMIHKY (BIKMBAHHS) CIOHYKa€ aBTOHOMHOTO /
KOTHITMBHOTO areHTa: 30Upaty iH(POpMALIII0 PO CBOE CEPEIOBUILIE, IO BIIOBIAAE
3HIDKEHHIO HEBH3HAYEHOCTI; PO3IIMPIOBATH TMPOCTIP MOMIMBOCTEH Y OyIb-AKid
CHUTYyallli, 0 MIJBUIIYE THYYKICTh; 3700yBaTh KOHTPOJIb HaJ[ CBOIM CEPEIOBUILEM
(bopmyBatu Himry), 10 BIANOBIAA€ MIBUIICHHIO TEpen0auyyBaHOCTI MaHOyTHIX
CTaHIB CBITy;, PpO3IIMPIOBATH Kay3aJbHy BHYTpimHIO Mozens CBiTy 3 METOrO
(dopmyBaHHsI 1IA0JOHIB TOBEAIHKM Ta TOIIYKY PECYPCHO-€KOHOMHHX OMNHCIB
(KpUTUYHUI CTaH,; OOYMCICHHS Ha Kpal Xaocy), IO 3HIKYE EHEepro3arpary,
MIJIBUIITY€E TIBUKICTh MPUUHATTS PIIlIEHh Ta MepeadadyBaHICTh MaWOYTHIX CTaHIB
CBITY; YJOCKOHAIIIOBaTW 3acO0M KOMYHIKauii Juii (opMyBaHHsS e€(PEKTUBHHX
KOMaH1/CMMO1031B, 1110 IMiIBUIIYE CKIIAIHICTh KOJIEKTUBHO PO3B'I3yBAaHMX 3aBIaHb 32
OJTHOYACHOTO  3HIDKEHHS  IHAMBIMYaJIbHOTO  (KOTHITUBHOTO)  HABaHTAXCHHS,
YIOCKOHATIOBATH AareHTHICTh, IO Tiependavac CHUTyaIliiHy MOiH()OPMOBaHICTb,
OIIAJUTMBE CIUIKYBaHHS Ta THy4YKe / e()eKTUBHE BUKOPHCTAHHS PECYpCIB (TIPOCTOpY
MO>KJIMBOCTEH).

ATEHT TIOBMHEH 3HAXOJMTH 3aKOHOMIPHOCTI Ta MPAIfOBAaTH HA TIEBHOMY PiBHI
rpy0o0i 3epHUCTOCTI, MO0 3a0e3neunTr BIKHUBAHHS. ['py0da 3epHUCTICTE MOXKE

BKJIIOUaTu pi3Hi hopmu peopranizaii ganux (LGP-xoHuemis «mepexi HadYepKiB»).
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Meperka Mepex HauepkiB (hopMmye TUTICHY Kay3aimbHy «Mogenb CBITy», BKITIOYAIOUN
pi3HU BUIH J10CBiMy. CHCTEMOKBAHT IIUICCIIPSIMOBAHOI MTOBEIIHKA {f] u}T dbopmyeThes
cucremoniarepHamu / mucnemisimu f/p: {a}—{b}, ne {a},{b} — xapaxrtepuctuku
MOYaTKOBOI Ta KIHIIEBOI CHUTYaIlif; | — MeXaHI3MH BUKOHAHHS TATEpPHIB, SKU
HaJIeKaTh cuTyaTMBHOMY IIpoctopy MokmuBocteit: pePos-Space(f). B koxen
MOMEHT Yacy TOCTa€e TBOpYA 3a]jaua MaKCUMaIIbHOTO po3ipenHs: Pos-Space(f) st
BCIX fe{}T. CutyatuBHi pecypcu matepHiB UpRes(ffi) obmexeni RES(?).
BukoHaHHS CHCTEMOKBAHTY CYMPOBOKYETHCS BIAUYTTSIM areHTHOCTI — 3/110HOCTI
e(peKTUBHOTO BUKOPUCTAHHSI CUTYaTHBHUX MOKJIMBOCTEH 3a JJIsl JIOCSITHEHHS ITUIeH
(cuTyaTBHA afanTUBHICTH). Bubip gominbHOro mexanismy Wy (Vfe{ }T) B KOXKEH
MOMeHT wvacy ontumizye kputepid Efficiency() 3 ypaxyBaHHSIM HasBHUX Ta
bynnamentaibHuX  oOMmexeHb: Computational constraints  (limited resources,
uncomputability of Kolmogorov complexity; Noisy and incomplete data; Using body
experiences). [IpukiaoM CUCTEMOKBAHTIB € MPOLEC PILLIEHHS 33/1a4 PO3PI3HEHHS 3
BUKOPHUCTAHHSIM CTOXaCTUYHOTO TPOIIECY «KOHTHHYYM €BPUCTHK» (pO3IMi3HABaHHS,
yIpaBJiHHS, nporHo3yBaHHs; Dynamic Competition Mechanism; Processes "from
vague to crisp"; Deep Intuition; Predictive processing; "Controlled hallucination":
‘Brain’ Hallucinates Conscious Reality). PimmeHnst 3aa4 KoopiMHAIIIHOT TUHAMIKH B
KO)KEH MOMEHT 4Yacy B paMKaX CHCTEMOKBAaHTY TIOBSI3aHO 3 CHTyaTHBHUM
po3moIioM eHeprii {ef/l)}, sika oomexena E(f). 3aranbphi oomesxeHHst RES(7) u E(f)
(bopMyIOTBECST Ha MAakpOpIBHI, SIKMM OXOIUTIOE PO3YM, TUIO Ta HABKOJMIIHE
cepenoBuiILe. PemykoBaHuii HauepK MOJIEI IIOBEIIHKH:
()" = {(fu: {@)>(b1)", ¥ UyRes(fln) < RES(),
Vi opte {edfl)},  Epedfiw) < E@),
er{}T Vvt Wr=argmax Efficiency(p) , pePos-Space(f), Res(f/L),
Vfe{}" Vr |Pos-Space(f)| — Creative Max.
Konkperuzaitis mozaen Ha ocHoBi LGP Bukmanena B kHwkin IIpokomuyka FO.O.

«lHTYiTis: mocBig hopmanpHoro nocmimpkerns. Juinpo: TIIABA, 2022,
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AHAJII3 KOPUCTYBAIIBKHUX JIH 3A JTOIIOMOTI' OO
JAHIIOT'TB MAPKOBA JIJISI TOBYJIOBU IHTEJIEKTYAJIBHOI
CUCTEMMU MOHITOPHUHI'Y TA ITIPOI'HO3YBAHHSA
Mpycan LK.}, JTIucuus H.M.!, 3aiinesa T.A.!, Illumxkanosa I'.A.
prusanigor @ gmail.com, ztan2004 @ukr.net , shganna @ukr.net
! Tninpoecvruil nayionanvnuii ynisepcumem imeni Onecs I'onuapa

’Hayionanvnuii ynisepcumem «3anopizbka NOaimexHikay

Cy4acHull pO3BUTOK 1HTEIEKTYyaIbHUX CUCTEM 3HAYHO 30UIbIIIYE MMONMUT HA
aBTOMATU30BAaHUI aHai3 MOBEIHKOBUX JaHUX KOPUCTYBayiB y BeO-10JaTKaX.
[IporHo3yBaHHs A1l KOPUCTYBa4lB JO3BOJISIE MMIJIBUILUTH SKICTh IEpCOHAMI3aAI]
iHTepdeiicy Ta 3a0e3neunT oNTUMI3alli BeO-pecypcy. EdekTruBHe po3yMiHHS
KOPHUCTYBAIbKO1 MOBEIHKU € BAaXJIMBOIO CKJIA/I0BOIO BJIOCKOHAJIEHHS CYy4aCHUX
BeO-monaTkiB. KilacuuHi METOAM aHaIITUKM HE 3aBXkAu 3a0e3IMeuyloTh
HEOOX1IHy TOYHICTh IPOTHO3YBAaHHSA, OCKIJIBKM MOXKYThb HE BpaxoBYBaTH
MOCIOBHOCTI Ta HMOBIPHOCTI mepexoay Mix gisimu. Came 3a JOMOMOTOIO
naHuporiB Mapkosa [1,2] 3pydyHo MOAENIOBATH MOCIIIOBHICTE KOPUCTYBALIBKUX
N1, TUM CaMUM [OJIETHIYIOYM IIPOLEC MPOTHO3YBAHHS HACTYNHUX KpPOKIB
KOPHUCTYBauya.

Y poboTi mpeacTaBIeHO METOJOJOTII0 aHai3y IOCIIAOBHOCTEH il
KOPHUCTYBayiB 13 3aCTOCYBaHHSAM JIAHIIOTIB MapkoBa, peasi3oBaHy Ha OCHOBI
REST API, uio 3a0e3nedye MOXIMBICTh aBTOMATU30BAHOTO JIOTYBaHHS M Ta
MPOTHO3YBAaHHS TONAJBIINX KPOKIB KOpHUCTyBauiB. Came Takuil Mmiaxif
JI03BOJIMB aBTOMATU3yBaTH PEECTpallil0 BCIX MOAIN Ta 30epiratu 1e y ¢popmari,
3py4YHOMY JIJIsl TIOJAibInoi podoTr. Meromomorito 300py, oOpoOKH Ta aHami3y
JaHUX KOPUCTYBadiB MOYKHA OMUCATH HACTYIHOIO MOCIIIJOBHICTIO JI1i:

o Cucrema 300py JaHUX: KOKHA Jisl KOPUCTyBaya, sika BiIOYyBa€ThCsA Ha
caiTi (B1ABIIyBaHHS CTOPIHKU, HATUCKAHHS KHOIIOK, 3allOBHEHHS (OpM TOIIIO),

3anucyeThes B 0azy ganux yepe3 REST API.
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o [ToOynoBa mopemni: 310paHi AaHi KOHBEPTYIOThCA y (opMar, NpuUAaTHUN
Uit aHamizy (JaHutorn  Mapkoa). s uporo  Qopmyerbes  maTpuiis
HMOBIPHOCTEH TEepexoaiB MK JISIMH, JIe KOKEH €JIEMEHT OIMUCY€E WMOBIPHICTH
TOTO, IO MICHS OJHIET /1T KOPUCTYBAY 3A1MCHUTD NIEBHY 1HIITY JIIO.

o [IporHo3yBanHd  [1iii:  3a  JOMOMOIOI0  MapKOBCBKOi  MOJeni
PO3paxoBYETHCS MMOBIPHICTh KOXHOI MOJAJBIIOI /i KOPUCTyBauya Ha OCHOBI
MOTOYHOT'O CTaHy.

Jns TectyBaHHS cucteMu Oyio 3106pano gani mono 1000 yHikaabHHX
cecii kopuctyBauiB. Ha ocHOBI nux nanux Oyna moOyJoBaHa MapKOBChKa
MOJIeNIb 13 MMOBIPHOCTSAMH MEPEXOAIB MK HaWOLIbII MOMYJISPHUMHU JISIMH.
JlochikeHHsl POIEMOHCTPYBAJIO, 0 TOYHICTh MPOrHO3YBaHHA aocsirae 87%
JUISL HAOUIbII MOMYJSPHUX [, TakKUX SK Mepexiy MK CTOpIHKaMmH,

HATUCKAHHS Ha Ba)XKJIMB1 eJIeMEHTHU 1HTepdency Ta B3aeMois 3 hopmamu.

KopucryBanbka nis HMmogipHicTs nporuosysanns, % TouHicTh NPOrHo3y,
[Mepexin Ha iHIIY CTOPIHKY 88 Z’g
HaTuckaHnHS KHOIIKK 85 83
3amoBHEHHS (GOpMH 82 80
Buxin i3 cecii 78 76
3MiHa HaNAIITyBaHb aKAYHTY 72 70

3actocyBaHHA JaHILIOriB MapkoBa s aHalmi3y /il KOpPUCTyBauiB
JI03BOJISIE CTBOPUTHU TPAILIOI0YY CUCTEMY MOHITOPUHTY Ta MPOTHO3YBAaHHS, IO
JoTIOMarae IMiJIBUIIUTHA PiBEHb NepcoHamizaiii Beo-noaaTkiB. Cucrema BUsBUIIA
BHUCOKI TOKa3HUKU TOYHOCTI JIJIsl 0a30BUX Omepaliii KOpUCTyBayiB, U0 CBIIYHUTh
PO TMEPCIEeKTUBHICTh 3aCTOCYBaHHS TaKOro MIAXOAy y cdepl aHalITUKH
MOBEAIHKA KOPUCTYBAYiB.

Bioaiorpagivyni nocuianus
1. Rabiner, L. R. (1989). A Tutorial on Hidden Markov Models and Selected Applications in
Speech Recognition, 257-286.
2. Fadda, D., & Cortis, D. (2011). Applying Markov Chains to Analyze User Behavior in

Online Environments. Electronic Commerce Research, 11(2), 123-142.
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INPOBJIEMA CTAJIOI'O PO3BUTKY I''TIOBAJIBHUX CUCTEM
BYOPA TA CBOI'O/IHI
Pama3samnos C. K., sramazanov@i.ua

Cxionoykpaincokull HayionanbHull yHieepcumem imeHi Bonooumupa Jlans

[leHTpanbHUM 1 CHCTEMHHM 3aBIaHHSM YChOTO JIFOJICTBA CHOTOJHI € 1
Oyne npobsiemMa 3a0e3nedeHHs CTIMKOTro, 0€3MeYHOTO 1 KUTTE3IATHOTO PO3BUTKY
1 30epexeHHs CBITOBOI CIiIbHOTH | ToMy s Xouy IPOJIOBKUTH CHOTOIHI CBOI
nonepeaHi MOCHIKEHHS 1 PO3pOOKH MO JESIKUX BaXIUMBUX 1 TJI00aJIbHHUX
HAyKOBO-TEXHIYHUX 1  METOJOJIOTIYHMX  MpoOjemMax  MO/JIEIIOBAHHS,
IPOTHO3YBaHHA, YIPABIIHHA 1 MNPUWHATTS pIlIEeHb B CKIAJHUX c€Jabo
CTPYKTYpPOBaHUX 1 IHTErpoBaHUX cucTeMax (y o00JacTi KOHBEPreHTHUX
TEXHOJIOT1H), 30KpeMa, EKOJIOTO-€KOHOMIYHUX, COI[aJIbHO-TYMaHITApHUX
cucremax 1 mporecax. CborogHi CKJIaAHICTh, HEMHINHICTH 1 XaoC, LUK 1
KpU3HU HE € HEMUHYYMMH YMOBaMH PO3BUTKY. e pe3ynbrar Hamoro He3HaHHS
3aKOHOMIPHOCTEH  €BOJIIOLIi  JIIOJCBKOrO  CHIBTOBAapHUCTBA. J(MHAMIYHICT,
OaratorpaHHICTh 1 HemnepeadayyBaHICTh TMPOLECIB Yy CYYaCHOMY  CBITI
OOyMOBJIIOE aKTYyaJbHICTh PIIICHHS 3aB/JaHb, 0 XapaKTEPU3YHOThCSA C€Iabo
CTPYKTYPOBAHICTIO, HEBU3HAYEHICTIO I[iIeH, CTpyKTyp 1 mapamertpiB. CBiT, y
AKOMY MM JKMBEMO, HENIHIMHMN Ta CUHEpreTudHuil. BiH po3BHBaEThCH,
HECTIWKHUM, HEOOOPOTHUN, HEPIBHOBAXKHUM, HECTaOUTbHUU 1 HemiHidHuU. lle
CBIT €BOJIIOLIITHUX TpaHCPOopMalliid, KaTakii3MiB, kKaTacTpod. CTiHKINA pO3BUTOK
- CKJIQJTHUH TIPOIIeC 13 HAaWBUIIMM pIBHEM HEBU3HAuUEHOCTI. B ymoBax mudpoBoi
TpaHcopMallii €KOHOMIKM IIIe OUIbII aKTyaJIbHUM € CTBOPEHHS 3arajibHOl
KOHIICTII{, TPHUHIMIIB, METOJO0JIOTi, METOAIB, MOjener 1 i1HhopMariitHuX
TEXHOJIOTIM 1 CHCTEeM NPHUUHATTS YOPABIIHCHKUAX PIMIEHb MJIs CTIAKOTO,
O€3MEeYHOr0 1 JKUTTE3JATHOTO PO3BUTKY €KOHOMIKH, €KOJIOTIYHOT €KOHOMIKH 1
coIiaJIbHO-TYMaHiTapHux cuctem [1-4]. I'muboka cuctemMHa Kpusa, B SKii
BUSIBWJIACS CHOTOJIHI CBITOBAa CIJIBHOTAa B IiJIoMy 1 VYKpaiHa 0C00JIMBO,

NPUMYIIYIOTh TEPEOCMUCITUTH OaraTo CTparerid, MiAXOAM, IUIAHM 1 Hajii.
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BaxxnuBa Tomy comianizaiisi, TyMaHi3alisl, €Kouorizaiis Ta midgposusanii yciel
E€KOHOMIKHM 1, OTXKE, aKTyajdbHa MpoOjeMa MOJEIIOBAHHA 1 MPOTHO3yBaHHS
CEEC 3 rymanitapaumu ckinagosumu, T06T0, CEEI'C [3].

Brniepiie 3ampomnoHOBaHO 3arajbHy cXeMy «5-1 €IuHOD» 1HTErpOBaHOI
HoocepHoi mojeni cranoro i1 6esneynoro po3sutky (HMCBP) B mpoctopi
(ESTI,t), o0'eqnyroun MoOJENl TMOJITUYHOTO, €KOJOr0-€KOHOMIYHOIO 1
COLIIaJIbHO-TYMaHITapHOTO MiJCUCTEM PO3BUTKY Yy BUIJISJI 1HTErparopa: S =
E.OE,DE. S, DH, D (ESTI,t), npuuomy Ttyr: E)—ToniTuana
nijgcucrtema, E.- ekoHoMiuHa miacuctema, E,- exocdepa, S,- comianbHa cdepa,
H, - rymanitapHa cdepa, a ESTI — education, science, technology, innovation
a6o, 3okpema, R&D.

Bucnosok. TlpencraBneni 3araibHI MpoOiieMH OE3MEYHOTO 1 CTajJoro
PO3BUTKY B yMOBax CHUCTEMHHUX Kpu3 1 mi¢poizauii ekoHomiku. IlinkpecieHo
aKTyaJIbHICTh 1 BaXKJIUBICTh IHTETPALlil 1 PO3BUTKY KOHBEPI€HTHUX TEXHOJIOTIH B
aHaJi31, MOJICJIIOBaHHI, MPOTHO3YBAHHI Ta YIPABIIHHSI CYYaCHUMH HEITHIHHUMU
CHCTEMaMHU.

Bibaiorpagiuni nocunanus

1. PamazanoB C.K. IHHOBawiliHI TEXHOJIOTii AHTUKPHU30BOIO YIPABIIHHSA E€KOHOMIYHUMHU
cucreMamu. Monorpadis / C.K. PamazanoB, I'.O. Hagwon, H.I. Kpumrans, O.IL
Crenanenko, JI.A. Tumamosa; Ilix pen. npod. C.K. PamazanoBa. — Jlyrancek — Kwuis:
Bua-Bo CHY im. B. [ans, 2009. — 584 c.

2. PamazanoB C.K., Bypbeno O.A., Birnincekuit B.B. u np. Pusuku, Oe3mneka, xpusu 1
CTaJIN{ PO3BUTOK B €KOHOMIIll: METOJI0JIOT1i, MO/IEN, METOAMN YIPABIIHHS Ta NPUUHATTS
pimens. Monorpadis / Ilix 3ar. pea. nmpod. C.K. Pamazanosa. — Jlyrancek: Bua-Bo
«Hoymimx», 2012. — 948 c.

3. IadopmarniitHo-1HHOBAIIHI TEXHOJIOTIi YNpPaBIiHHSA B €KOJOr0-€KOHOMIUYHUX CHCTEMaXx.
Mownorpadisa. 3a 3ar. pea. npo¢. C. K. Pamazanosa. — Kuis: KHEY im. B. I'etbmana,
2020. — 464 c.
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METOAUYHI OCOBJINBOCTI OLUIHKH PIBHSA
KOMIIETEHTHOCTI I'PYIII EKCIIEPTIB ITP BUPILHIEHHI
JAEAKHUX BAZKKKO ®OPMAJII3OBAHUX 3AJTIAY
Casina H. I1., sazinana @ukr.net
Incmumym mexuiunoi mexanixu Hayionanovnoi akademii nayk Yxpainu i

epacasnozo kocmiunoco azencmea Ykpainu

BuxopucTtanHs METO/AIB €KCIEPTHUX OLIHOK ICTOTHO IOJIETIIYE PIIICHHS
BaXKO (dopmanizoBaHux 3anad. KiloHOBMMHU O3HaKamMH TaKMX 3a7ad € 3HauHi
TPYJIHOIIl Yy BUKOHaHHI (POPMasi30BaHOTO (MAaTEMAaTHYHOTO) OMHUCY 3ajadi Ta
BIJICYTHICTh HEOOXITHOTO 00CATYy KOPEKTHUX (IMPUUHATHOI SIKOCT1) BUXITHUX
naHux. Jlo yucna TakMx HaJeXWUTh W 3a/ada OLIHKH OYIKYBAHOTO I[LIbOBOTO
eeKTy BiJ eKCIUTyaTallli CTBOPIOBAaHMX CKIIQJIHUX TEXHIYHUX CHCTEM
CHElaJbHOr0 W MoABIMHOrO npu3HadyeHHs. OJIHAK MpPU 3aCTOCYBaHHI METO/IIB
EKCIIEPTHUX OILIHOK Ha pe3yJbTaT pPIIICHHS HaKIAAa€Tbcs Cy0'€eKTUBHUMA
¢daktop. Ha tenepimHiii yac po3poOjeHO psAl METOAWYHUX MPUKHOMIB, IO
JO3BOJISIIOTh 3HU3UTH BIUIMB CYO'€KTHMBHOrO (DAKTOpy Ha SIKICTh HPUIHATHX
pillieHb. AKTYyallbHOIO € 3a7a4a po3poOKM METOAY KUIBKICHOI OIlIHKH
KOMIIETEHTHOCTI €KCIEPTIB 3a pe3yJbTaTaMU EKCIEPTHOTO OLIIHIOBAHHS MPH
BUPIIIEHH] 3a]1a4 BU3HAYEHHS €()DEKTUBHOCTI YHIKAIbHUX, TEXHIYHO CKJIIAQHUX
CUCTEM CHELiaJIbHOrO ¥ MOJABIMHOrO TpHU3HAYEHHs, 30KpPEMa, paKETHO-
KOCMIYHHUX CUCTEM.

JUis  Takux 3aJad BHU3HAYEHHsS KOMIIETEHTHOCTI €KCIepTa JHILe 3a
dakrorpadiuHoo iH(OpMaIll€l0 PO HHOTO SBHO HEAOCTaTHbO. EKcrmepTHa
iHopmallis  TOBMHHA  BHKOPUCTOBYBATHUCS 3  YpaxyBaHHSIM  PIBHS
KOMIIETEHTHOCTI KOKHOTO 4J€Ha eKCIIEPTHOI TpPymH CTOCOBHO 00'eKTa
€KCIIePTHOI OLIHKY Ta 3aja4i, SKa BUPIIIYETHCA.

3anponoHOBaHO MPOBOJUTHU KiIbKICHY OIIIHKY KOMIIETEHTHOCTI €KCIEPTIB y
nBa eranu. Ha nepmiomy erami, npu ¢(opMyBaHHI CKJIaTy €KCHEPTHOI TPYyMH,

MPOBOAUTH  TOMEPEHIO  OI[IHKY KOMIIETEHTHOCTI  €KCHepTiB 3a  iX
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dakrorpapiuaumu  ganumu. Ha apyromy erami, mnepea  po3paxyHKOM
OUIKyBaHMX 3HAa4€Hb IIOKa3HUKIB IJIbOBOI €(EKTUBHOCTI, IPOBOJIUTH
YTOYHEHH pO3PAXyHOK KOMIIETEHTHOCTI €KCIEepPTIB 3a  pO3pOoO0JIEHOI0
METOIMKOI0. PO3p00ieHo MeTo ] KiIbKICHOT OLIHKM KOMIETEHTHOCTI €KCIIEePTIB,
3aCHOBAHUM Ha OLIHIN KBaTi(ikallii eKCIepTiB.

3 METOI0 YCYHEHHS BHUIAJIKIB IPUHHSITTS CAMUX TOYHHX EKCIIEPTHUX OIIHOK
32 aHOMaJIbH1 MPH BUCOKOMY PiBHI IOT'OJIPKEHOCTI €KCIIEPTHUX OI[IHOK Y MpOIleci
EKCIIEPTHOTO OIIIHIOBaHHS EKOHOMIYHOI M IHUIBOBOI €(EeKTHUBHOCTI PaKETHO-
KOCMIYHUX CUCTEM 3allPOIIOHOBAHO 3aCTOCYBAHHS MAaTPHIIl paHTiB, TOOYA0BaHOI
HAa OCHOBI YaCTKOBUX KPHUTEPIiB TEXHIYHOI €(PEKTUBHOCTI Ta OJATKOBUX
(dbakTopiB HEMPSAMOI0 KOHTPOJII0. MaTeMaTruuHa MOJIelb TOOYJ0BaHa BUXOIYN
3 aKCIOMaTHMYHOTO TBEP/KEHHsI, 10 "ICTUHHI" 3HA4YEeHHS OIIHKK 3HAYMMOCTI
OILIIHIOBAHMX OO'€KTIB EKCIEPTU3U JIeKaTh YyCEpeauHi 00JIacTi 3HAYEHb
ekcnepTHUX OIiHOK. [Ipu BHU3HA4YeHHI 3HaY€Hb KOE(MIIIEHTIB KOMIETEHTHOCTI
EKCIIepPTIB  3aCTOCOBYIOThCS  iTepalliiHi  mpouenypu. Jlo  po3pobieHoi
MaTeMaTUYHOT MOJIEN1 KIJTbKICHOT OIIHKA KOMIIETEHTHOCT] €KCIIEPTIB BKJIFOYEHO
nmapamMeTpW HaJaIlTyBaHHS MOJENl HAa KOHKPETHI YMOBHU IIPOBEICHHSI
EKCIIEPTHOTO OIIHIOBaHHS (IITKAJIM BUMIPIB; KOHKPETHI OOMEKEHHS 1 Tak Jaji).

MaremaTtuyHoi MoOJell  MOXKe OyTH BHUKOPUCTAHa JUisl  PO3POOKHU
KOMITFOTEpPHOI ~ MpOrpaMd  BU3HAYEHHS  KOMIIETEHTHOCTI  €KCIIEpPTIB  3a
pe3ysbTaTaMy €KCIIEPTHOTO OI[IHIOBAHHS TaKUX CKJIAIHUX TEXHIYHUX CHUCTEM SIK

00'€KTH PaKETHO-KOCMIYHOT TEXHIKH.

Bibaiorpagivni nocujianus

1. AmnatoB A.Il., Mapuenko B.T. Cazima H.II. KingbkicHa oOIiHKa pIBHS PHU3UKY
301IbIIEHHS] BUTPA+T HA PO3POOKY 3pa3KiB KOCMIYHOT TeXHIKU. TexHiyHa MexaHika. 2022.
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MOJUPIKOBAHU METO/I EJIIICOIJAJTBHOI'O OLIIHIOBAHHS
TA MOI'O BJIACTUBOCTI
CaabnikoB M.M., salnikov.nikolai @ gmail.com

Incmumym koemiunux oocnioscenvs HAH Ykpainu ma J[KA Yrpainu

3amaul  OIIHIOBAaHHS MOXXHA 3BECTH JIO 3a/ady OI[IHIOBAaHHS CTaHy
TuHaMIYHUX cucteM. [Ipyu HeCcTOXacTUYHIN, HAIPUKIIAA, TEOPETUKO-MHOKUHHIN
IMOCTAHOBIII, KOJH BIJJTHOCHO HEBU3HAYCHUX BEJIMYMH BIIOMI TUIBKH MHOKHUHU IX
MOJKJIMBUX 3HAa4€Hb, PO3B’S3aHHS 3a/1ay OI[IHIOBAHHS 3BOAMTHCS 0 TOOYIOBU
TaK 3BaHMUX 1H(QOPMAIIHHUX MHOXKHH, SIKI TapaHTOBAHO MICTSTh 3MiHHI, IO
OLIIHIOTHCS. MeTon enincoinanbHoro oniHoBaHHsa (MEO) nossirae y mo0y1oBi
iHQopMaIIHHUX MHOXHMH Y BHUIJISAAI 0araTOBUMIpHHMX  €JIINCOIMIB, SIKi
rapaHTOBaHO MICTSITh BEKTOp OI[IHIOBAaHUX BEJIMYHH, 3 BUKOPHUCTAHHIM
MaTeMaTUYHOI MoOJieNll 00’€KTa Ta BUMIPIOBAHHS MOro BXIAHUX 1 BUXIJIHHUX
sMiHHUX. MEO MOXHa po3risnatd K METOJ pO3B’sA3aHHS HEPIBHOCTEH, MpH
SKOMY €JIIICOi/l MICTUTh MHOYKUHY PO3B’A3KIB IIUX HEPIBHOCTEH.

Komu mopyyroThes anpiopHi MPUITYIIECHHS PO 3HAYCHHS HeBU3HAYCHUX
BENIMYMH 3a7a4l MOXXE BUHUKATH CHUTYyallld, NpU SAKIH HEMae TMepeTUHy
1H(OpMaIIiHUX MHOXXHMH Ta aiIrOpUTM OILIHIOBAHHS 3ynuHseTbed. llpu
BUKOPUCTAHHI EJIINCOIAIB NPUPOAHUN Ta EBPUCTUYHUN MIAX1A PO3UIUPEHHS
eNirncoifa 10 Woro mepeTuHy 3 1HGOPMAIITHOI0 MHOXKHHOIO OTPHUMAaB CBIif
dbopmanpHuii po3Butok B [1]. B [2] Ha mnpukiam posB's3aHHA 3ajadl
OIIIHIOBAHHSI MapaMeTPiB JiHIMHOI perpecii OyI0 MOCHIKEHO 301KHICTh TaKOi
momudikamii MEO. BusBuinocs, mo s wmoaudikaiis He TUIBKH Maja
BJIACTHUBICTH IPyOOCTI IO BIIHOIIECHHIO JI0 MOPYIICHHS allplOpHUX TiNOTe3, ane i
CYTTEBO TIepeBepilyBaja Kiacuuuuii ainroput™m MEO — 3a MBHIKICTIO
301KHOCT1, TOYHICTIO Ta OOYMCIIIOBAJILHUMHU BUTpaTaMH. 30KpeMa, OyJjo
nokazano, 1mo takuid MEO € aHajnoriyHuM MeTOoJy NMPOEKTYBAHHS 31 3MIHHOIO
METPHUKOIO Ha 1H(OpMaIiiiHI MHOKHHH, 10 TOB'A3aH1 3 BUMipaMu. Y po6oTi [3]

s MoAuQiKallisl BUKOPUCTaHA JJIs OI[IHIOBaHHS BEKTOpa CTaHy JUHAMIYHUX

184



ABTOMATHKA 2024

CUCTEM, 30KpeMa HETIHINHUX.

Y miii poOOTI NOCHIIKYIOTbCS BIACTUBOCTI QJITOPUTMY, B SKOMY
peari3oBaHO OJWH 13 BapiaHTIB 3rajaHoi iAei pO3MMPEHHS eIcoiaa.
3anpornoHOBaHO TPHM BUHUKHEHHI HECYMICHOCTI PO3LIMPIOBATH EJIMNCOiJ 10
Horo 3aHypeHHs B iHdopMaliiHuUN 1map Ha (IKCOBaHY TIUOWHY, SKa €
JOJJATKOBUM TapaMeTpoM airoputMy. BractuBocti Takoro amroputmy MEO
ICTOTHO 3aJeXaTh BiJl I[bOro napamerpy. OCHOBHY yBary B poOOTI HPHJILJIEHO
anamizy podotu MEO 13 miero Moaudikaiiero npu BUHUKHEHHI HECYMICHOCTI.
BcranoBneHo, 1m0 MpuU  pexUMiI HECYMICHOCTI 301KHICTH  BIJAMOBIHOIO
aJITOPUTMY MOXke OyTH JIOCUTh BUCOKOIO, 30KpEMa, 32 CKIHUYEHHE YHCJIO KPOKIB,
110 JIOPIBHIOE PO3MIPHOCTI 3aaaul. JlJig ofep:KaHHs TaKOro PEeKUMY JTOCTAaTHBO
OpaTy MOYaTKOBHM eincoin y Gopmi Ky 3 MaauM JiaMeTpoM (IO BiAMOBia€
HEOOX1HIA TOYHOCTI OIliHIOBaHHS mapameTpiB). [Ipu npboMmy He 000B’S3KOBO,
00 anpiopHUi eNincoil MICTUB OLIHIOBaHWW BEKTOp mapamerpiB. OTpumani
HOBI BJIACTUBOCTI aJNTOPUTMY UIIOCTPYIOTBCSI 3@ JIONOMOIOI0 YHCEJIBHOTO

MOACITIOBAHHA.

Biosiorpagiuni nmocuianus

1. Bonocos B.B., Trotionnuk JI.M. Pa3zpaGoTka u ucciaenoBaHue poOacTHBIX alrOPUTMOB
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JTMCKpeTHBIX AuHamuueckux cucreM. Yacts . IIpobnemsl ynpaBienuss U MHGOPMATHKH,
1997, Ne 4. — C. 31-43.

2. CanpuukoB H.H. O6 oanolt Monudukanuu anropurMa olieHUBaHUs apaMeTpOB JIMHEWHON
perpeccuu ¢ nomolisko 3uncouaos // IIpodnems! ynpasinenus u uHpopmatuku. — 2012.
—Ne2.—C. 65-81.

3. CanbHukoB H.H. DnnunconnanbHoe olleHHBaHUE COCTOSIHUS U TApaMEeTPOB JTUHAMUYECKOMH
CHCTEMBl IpPHU OTCYTCTBHUHM alpHOPHOM HHpOpManuu 00 OIEHMBAEMBIX BeTUYMHAX //

[TpoGnems! ynpasnenus u uHpopmaTtuku. — 2014, — Ne 2. — C. 144-156.
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OLIHKHA HNIBUAKOCTI 3bI2DKHOCTI HOBUX AJITOPUTMIB IJISA
BAPIAIIIMHUX HEPIBHOCTEM
CemenoB B.B., semenov.volodya@ gmail.com
KoBanenko O.Y0., alexandra.kovalenko @ gmail.com

Kuiscovkuii nayionanvruui ynieepcumem imeni Tapaca lllesuenka

Y NoBiAOMIIEHI PO3TJSHYTO BapialiiiHi HEPIBHOCTI B 2-pIBHOMIPHO
OMYKJIOMY Ta PIBHOMIPHO IJIaJIKOMy 0aHAaHOBOMY ITPOCTOPI Ta JIBa HOB1 METOJIH
iX HAOJIMKEHOTO PO3B’SI3aHHS — BapI1aHTU aJITOPUTMY €KCTPAMOJIALIi 3 MUHYJIOTO
[1] Ta anropuTmy omepaTopHOi ekcTpamoisiii [2], 1m0 BUKOPUCTOBYIOTH
y3arajJbHEeHy Mpoekuio AbOepa 3aMiCTh METPUYHOI.

ITepamii  maHMX  aJIropuTMIB  JEHIEBINI 3a  ITEpallifo  BiJIOMOIO
EKCTparpaiileHTHOTO AJITOPUTMY 3a KUIbKICTIO 0OYHCIIEHb 3HAYE€Hb ONlepaTopa.

JloBeneHo Teopemu 30DKHOCTI, CyONiHIMHI Ta JIIHIMHI HEAaCUMITOTHUYHI
OILIIHKY MIBUJKOCTI 301KHOCTI anroputmiB. OTpuMaHi pe3ysbTaTl € HOBUMH Ta
YTOYHIOIOTH BIJIOMI.

Po6ora Bukonana 3a miarpumMkn MOH VYkpainu (npoekt «Maremaruune
MOJICJIFOBAHHS Ta ONTUMI3allisl AUHAMIYHUX CUCTEM JUisi 000POHU, MEIUIIMHU Ta
exonorii», 0119U100337) ta HAH VYkpainu (npoekt «HoBi cyOrpaaieHTHI Ta

eKCTparpaieHTHI METOIU JUIsl HETJaAKUX 3a7a4u perpecii», 0124U002162).

Bibaiorpagiuni nocunanus

1. Semenov V.V, Denisov S.V. Convergence of the Method of Extrapolation from the Past
for Variational Inequalities in Uniformly Convex Banach Spaces. Cybernetics and
Systems Analysis. 2022.Vol. 58. Issue 4.P. 564-575.

2. Semenov V.V., Denisov S.V., Sandrakov G.V., Kharkov O.S. Convergence of the
Operator Extrapolation Method for Variational Inequalities in Banach Spaces. Cybernetics

and Systems Analysis. 2022. Vol. 58. Issue 5. P. 740-753.
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MOJAEJII ®YHKINIOHYBAHHS BAT'ATOCKJIAJJOBUX
THOOPMALIMHUX TA TIPUPOJOTEXHIYHUX CUCTEM
Cumonos /I.1., denys.symonov @ gmail.com, 3aika b. FO.,
zaikabohdan5 @ gmail.com, CumonoB €./1., e.symonov@ gmail.com,
JIiTBiH A.A., litvin_any@ukr.net, ®@ecenko M.b., cint_49@ukr.net

Incmumym kioepnemuxu im. B.M. I'nywxoea HAH Yxpainu, m. Kuis

PosrnsHemMo mpuUpONOTEXHIYHI CHUCTEMH SK (pakTalbHI iepapxii, ae
KOXXEH pIBEHb VYIPABIIHHA MOXe OyTH MpeACcTaBiIeHUN (ppaKTaIbHUMHU
GyHKUISIMU 1711 BUSBIICHHSI 3aKOHOMIPHOCTEH, 1110 MPOSIBISIOTHCS Ha PI3HUX
Macmtabax. Mogenb 0a3yeTbCcsd Ha KOHUENUIAX (QpakTadbHUX (QYHKIIIMH,
MacITabOBaHOCTI Ta 1€EpapXiuyHUX CTPYKTYp. KokeH piBeHb 1€papxii Moxe OyTu
OMMCAHUM 3a JOTMOMOTOI0 (PpaKkTaIbHUX (PYHKI[IH, 1110 BPaXOBYIOTh 3B’SI30K MIX
PI3HUMH MaciiTabaMu MPOIECiB. 3arajlbHUN CTaH CUCTEMU Ha MOMEHT 4acy t

N
MO>KHA TMPEICTaBUTH K CyMy BIUIMBIB yCiX PiBHIB lepapxii: X (¥) = Zal.E.(t),
i=l1
JI€ «; — BaroBl KOe(IIEHTH, IO B1IOOPaKalOTh BAXKIIUBICTb KOKHOI'O PIBHS
ynpasiiHHS; F,— (pakTanpHa QyHKIIA A i-TO PiBHS 1€papXii.
Koxna ¢paxranbna QyHKuis F, xapakTepusyeTbesl apaMmeTpoMm Xepcera
(H,), wo Bu3Hauae Mipa B3aJEKHOCTI NPOLECIB Ha BIANOBIAHOMY piBHI
ynpasiinsa. Skmo H, >0,5, npouec Mae qoBry nam’sith, Toal sk npu H, <0,5
CIIOCTEPITAEThCS AHTUNEPCUCTEHTHICTh. DdpaktanbHa (QyHKIIE Moxe OyTH
t

3anucaHa sik: F(r) :j(t—r)H"*”dei(r), ne W(r) — BiHEepIBCbKHI IpoLec, 0
0

MOJIEJIIO€ BUMAIKOB1 KOJMBAaHHS Ha I-My PIBHI.

OCHOBHOIO BJIACTHBICTIO IIi€l MOJEl € MacimTaOHa 1HBapiaHTHICTh. Lle
O3Hayae, 10 MOBEAIHKA CUCTEMM Ha BEJIUMKUX MaciiTabax dyacy (Hampukiaji,
CTpaTeriyHe YMPaBIIHHS) € BIIOOPAKEHHAM CYKYIHOCTI JIOKATHHUX TMPOIIECIB

(TaKTUYHOTO Ta OMEepaTUBHOrO ympaBiiHHS). Ll BIAcCTUBICTE MOJETIOETHCS
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piBasHHAM: F (1) = F(ft), ne [ — xoediuieHT MacmTaOyBaHHS 4acy Mix

PIBHSIMH.
3aBiaHHsl ONTUMAIBHOTO YIPABIIHHA y (paKTalbHINA CTPYKTYpl MOJIATAE

y 3HAxXO/DKCHHI TaKuX BaroBux Koe(ilieHTIB ¢,, 1100 MIHIMI3yBaTH

1

plan
i=1

T N
(¢yHKumioHan Butpar: J = H:X(t) X e (t)]zdt + lzal?, e X
0
IJTAHOBAaHWM CTaH cHCTeMH; A — KOedIIieHT peryisipu3aliii, mo 3amodirae
HaJMIPHOMY BIUIUBY OKPEMHX PIBHIB YIIPaBIIIHHS.

MatematnuHa Mojenb (pakTaabHOI CTPYKTypU HPOLECIB YIPaBIiHHS
OMKCYE CKIAAHI TPUPOAOTEXHIYHI Ta KIOep-(PI3HUUHI CUCTEMH K OaratopiBHEBI
lepapxii. Buxopucrtanns @paktanbHUX (YHKIIH J03BOJIIE BpPaXxOBYBATH
MacmTabHy 1HBaplaHTHICTh 1 CaMOY3rOJKEHICTh YIPaBIIHChKUX mpoueciB. [s

MOJIeJIb JOTOMAara€e BUSIBIISITU 3aKOHOMIPHOCTI Ha PI3HHMX PIBHAX iepapXxii Ta

OHTHMiSYBaTH yr[paBJ'IiHHH CKJIIaJHUMH CHUCTCMaMU.

Bibaiorpagiuni nocunanus

1. Cumonos, J. I, & 3aika, b. 1O. (2024). MogentoBaHHs YIpaBIiHHS CKJIATHUMHU
iH(dopMaLiifHUMH 0araTOKOMIOHEHTHUMHU cucteMamMu. HaykoBuil BICHUK Y TropoJChbKOTo
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2. Symonov, D., Symonov, Y. (2024). Methods for selecting models of functioning of
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Modeling», Vol. 1, No 50, P. 57-63. DOI: 10.31319/2519-8106.1(50)2024.304943

3. Shan S., Zhang Z., J1 W., Wang H. Analysis of collaborative urban public crisis
governance in complex system: A Multi-agent Stochastic Evolutionary Game Approach.
Sustainable  Cities and  Society. 2023. Vol. 91. P. 104418. DOL
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IMPO IHTEJEKTYAJIBHY CTPATEI'TIO KEIITYBAHHSA JAHUX Y
ASP.NET BEB-CEPBICAX
Cimakin C.K., simakin_s@365.dnu.edu.ua
Bboxyxa JI.M., bozhukha_l@365.dnu.edu.ua

ninpoecwvkuti Hayionanvnuu yHieepcumemimeni Onecs I'onuapa

EdexTrBHE KellyBaHHS € KIOUYOBHM (DaKTOpoM y 3abe3reueHHi BHUCOKOT
MPOJIYKTUBHOCTI BeO-cepBiciB. Tpaautiiini metonu kenryBanHs B ASP.NET
BUKOPUCTOBYIOTh CTaTUYHUUN Yac kuTTs kemry (TTL) Ta mpocti mpaBuia ajis
BUPIIIEHHS! THUTAaHHA TMPO HEOOXIAHICTh KemlyBaHHS naHux. L{i Merogm He
BPaxOBYIOTb JWHAaMIYHI 3MIHA B T[IOBEMIHIII KOPUCTYBadiB Ta YaCTOTY
OHOBJICHHS JaHUX, II0 MOX€ MPU3BOJUTU JO HAJAHHS 3acTapiioi iHpopmarlii
a060 HeeeKTUBHOTO BUKOPHUCTaHHS pecypciB. HemomikamMu cTaTUYHUX TpaBUII
KEIIYyBaHHA € HEBpaxyBaHHS KOHTEKCTY (()IKCOBaHI MpaBHJia HE BPaXOBYIOTh
crenudiky OKpeMHuxX JaHuUX ab0 3amuTiB) Ta HEAJaNTHBHICTh (CHCTEMa HE
pearye Ha 3MiHU B peaJlbHOMY Yacti).

AKTyaJbHUM HaIpsIMOM AOCIIHKEHHS € (OpMyBaHHS CTpaTerii KeITyBaHHS
3 IHTENEKTyaIbHUM yTipaBiiHHAM TTL, ska BUKOPUCTOBYE METOJIM MAITMHHOTO
HABYaHHS JUISI NOpPOTrHO3yBaHHs ontumaipHoro TTL Ta  BU3HAUYEHHA
HEOOXITHOCTI KENIyBaHHS KOHKpPEeTHHX maHuX. [loOymoBa Takoi crpaterii
KEIIyBaHHS  JIO3BOJUTh 3a0€3MEUYUTH  aKTyaJlIbHICTh JaHUX, 3MEHIIUTH
HABAHTA)KEHHA Ha CEpBEpHM Ta MOKPAIIMUTH IIBHUJKICTh BIATYKY IOJATKIB. Y
KOHTEKCTI JWHAMIYHOiI MOJEJi, J€ JaHl Ta IXHA JWHaMIKa TOCTIHHO
3MIHIOIOTBCS, MPOTIOHYETHCS BUKOPHUCTOBYBATH METOJM OHJIAWH-HABYaHHS a0o0
CTPIMIHTOBOTO MAIlIMHHOTO HaBuyaHHA. Lle m03BoJisie Mojen amanTyBaTUCS O
HOBUX [JI@aHUX Y PEXKHUMI pealbHOro wyacy 0e3 HEOOXIJHOCTI IOBHOTO
nepeHaBYaHHS.

[Tpu moOymoBi mMojeni MOTPiIOHO MPUWHATH JO YBaru OCHOBHI aCIEKTH:
MOTOKOBa 00po0OKa JaHUX (MOJEIh OTPUMYE JIaH1 Ta OHOBJIIOE CBOT ITapaMeTpH B

peallbHOMY 4Yaci); MIHIMQJIbHUN Yac Ha MIATOTOBKY JaHUX (OCKIJIBKH JaHl
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HAJXOSTh y PEKUMI PEaTbHOTO Yacy, MATOTOBKA 0OMEXKYEThCS HEOOX1THUMHU
NEPETBOPEHHAMH, TAKUMHU SIK MAcIITa0yBaHHS YW KOJYBaHHs KaTeropiaabHUX
3MIHHHX, SKI MOXYTh OyTH aBTOMAaTH30BaH1); aJanTHBHICTb MojeTl (MOJAETH
MIBUJIKO pearye Ha 3MiHM B IMIA0JIOHaX JaHHUX, 3a0e3Meuyloud aKTyalbHICTh
MIPOTHO3IB).

Jlng peanizaiii MOCTaBI€HOT 3a7adl MPOMOHYIOTHCS 1O BHUKOPUCTAHHS:
OHJIAWH aJTOPUTMU MAIIMHHOTO HaBYaHHS (30KpeMa, OHJIAH-TpagieHTHUM
cnyck, Hoeffding Trees, aaropuTMu Ha OCHOBI CTOXaCTHYHOTO TPal€EHTHOIO
cnycky); TexHosoris Apache Kafka qis nepenaui Ta 00poOKu MOTOKIB JaHUX Y
pealbHOMY 4aci; BOyJOBaHI MEXaHI3MH JjIi OOpOOKM BXIJHMX JaHUX 3
MIHIMaJbHOIO 3aTPUMKOIO ISl aBTOMATU30BAHOI MIITOTOBKY TaHUX.

Jns iaTerpamii 3 ASP.NET 3anpomnoHOBaHO CTBOPEHHS MPOMIKHOTO
IPOrpPaMHOTO 3a0€3MEUCHHS, K€ IHTErPYEThCS B MaIUIaiiH 0OpOOKH 3aIuUTIB 1
B3aeMoOjie 3 MoAe0 B peanbHoMy daci (Middleware koMmoHeHTH);
PO3pO0JIECHHSI BUCOKONIPOAYKTUBHOTO 1HTEpdency /it B3aeEMO/Ili BeO-CepBicy 3
MOJACIUII0 MamuHHOro HaBuyaHHsA (APl g wmomeneit ML); posmupeHHs
ICHYIOUMX MEXAaHI3MIB KEIIyBaHHA 3 MOXJIMBICTIO JMHAMIYHOTO YIPaBIiHHSA
TTL Ha ocHOBI TPOTHO31B MO (MOYJb KellyBaHHs 3 nuHaMmiuauM TTL).

3anponoHoOBaHa CTpaTerisi KENIyBaHHS 3 IHTEJIEKTyaJlbHUM YIPaBIIHHAM
TTL wmae moTeHIan CYTTEBO TMOKPAIIUTH MPOAYKTUBHICTH BeO-CEPBICIB,
3a0€3MeUNTH aKTyalbHICTh JAHUX Ta ONTUMI3yBaTH BUKOPUCTAHHS PECYPCIB.

BukopucTaHHS MAIIMHHOTO HAaBYaHHS B PEXHUMI PEaTbHOTO dYacy
JIO3BOJIUTHh CUCTEMI aJIallTUBHO pearyBaTy Ha 3MiHM 0€3 HeOOX1TJHOCTI CKIaaHOI

MMITOTOBKH JaHUX.

Bibaiorpagiuni nocunanus

1. Microsoft Docs. Caching in .NET. [Enextponnuii pecypc]. https://learn.microsoft.com/uk-

ua/dotnet/core/extensions/caching

2. EasyCaching. .NET cache provider library. [EnexTponnnii pecypc].

https://easycaching.readthedocs.io/en/latest/#provider
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PO3POBKA TA TPEHYBAHHS HEMPOHHOI MEPEXI 1151
KJACH®IKAIII PEHTTEHIBCBKHNX 3HIMKIB HA OCHOBI
EFFICIENTNET: METO/IM IONEPEJJHbOI OBPOBKH,
AYI'MEHTAIII TA AHAJII3 CTABVIBHOCTI HABUAHHSA

Coaomarin B.A., mcsol2018@ gmail.com, baiioy3 O.I'.

ninposcwvkuti Hayionanvruuu yHieepcumem imeni Onecs I onuapa

VY naniii poOGOTI TpeICTaBICHO MiIX1a A0 Kiacudikailii 300paykeHb 3a JOIOMOT OO
apxitektypu EfficientNet [1], sixuit 103BoMIsIE 3a0€3MEUUTH BUCOKY TOUHICTH Y JIBYX
KJIacoBid 3amaui kiacuikarii. PoOota ckiamgaeTbes 3 e€ramiB MiATOTOBKU JIAHUX,
ayrMeHTallli, BU3HAYCHHsI apXITEeKTypyu HEMPOHHOI Mepexi Ta HaB4aHHA Mozenl. s
3a0e3rneueHHsl e(EKTUBHOI peaiizallli BUKOPUCTAHO HadIp CydacHUX O10JoTeK:
TensorFlow ta Keras i1 cTBOpeHHSsI Ta HaBYaHHSI HEMPOHHOI Mepexki; O10TI0TEKH JIst
NONepeIHOI  OOpPOOKM JaHMX, Bi3yamizailli, OIIHKK pPEe3y/lbTaTiB Ta ayrMeHTarlii
300paKEHb.

3aBaHTakeHHsT 300pakeHb: CTBOpeHO (QYHKINIO JJIi  aBTOMATU30BAHOTO
3aBAHTAXKEHHS 300paKeHb 13 JUPEKTOPIi, 110 BKIIOUAE 3YUTYBAHHS, MACILITA0yBaHHS
JI0 po3Mipy 224%224%224 Ta HOpMai3allito 3HAYCHb ITKCEITIB.

Posmogin Ha wimacu: 300paXkeHHsI CTPYKTYypOBaHI 3a KJIacaMH BIIIOBITHO JI0
JMPEKTOPIH, SIKI BIOOPaKar0Th KJIack 00’ €KTIB MIIIEHTIB 3 IIIEMIEIO Ta 370POBHX.

3acTOCOBaHO ayrMeHTaIliio [2] JaHuX 3 BUKOPHCTAHHAM HACTYIHHUX METOIB ITI0
BKJIIOUa€E B ceOe oOepraHHs Ha BUMaakoBl KyTH (10 20 rpamyciB), 3MIilIEHHS O
mmprHi Ta BucoTi (1o 20% Big MOYAaTKOBUX PO3MIpIB), MacIITaOyBaHHA Ta
TOPU3OHTAJIFHE BI3EPKATICHHS Ta 3allOBHEHHS MOPOXKHIX OOJIACTEH 3a JIOTIOMOTORO
Meromy nearest. Mojens kiacudikaii TOOyIOBaHO Ha OCHOBI  apXITEKTypHu
EfficientNetBO. Bximauii map npuiimMae 300pakeHHsT po3MipoM 224x224x224 Ta
Buximauii map HamamroBaHWM I JBOKIAcOBOi Kiacudikarii. Jias orrrumizarmi
HABUaHHS BHUKOPUCTOBYBaJlach (DYHKIISI BTpar categorical crossentropy Ta

onrrumizatop Adam, 110 3a6e3nedye BUCOKY IIIBUIKICTH 301KHOCTI.
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[lporiec HaBYaHHS BKJIIOYAE BHUKOPUCTAHHS TEHEPATOpPIB  JAHUX  JUIS
TPEHYBAJILHOT'O Ta BaJIIAIIfHOTO HAOOPIB 13 po3mipoM Oaray 20, 20 erox TpeHyBaHHS,
II0 IOCTATHBO /11 30KHOCTI MOJIENI B MEKaxX JOCTIKEHHSL.

Jlo BuCHOBKIB MO)kHa BimHectH EdextuBHicTh Mopeni: Mojenb Ha OCHOBI
EfficientNet mokasye noTeHIan s po3B'si3aHHs 3a/1a4l Kiacu]ikarii peHTreHIBChKUX
3HIMKIB. [IpoTe KOMMBaHHS TpEHYBaJIbHOI BTPAaTH CBiTYaTh MPO HEOOXITHICTH
BJIOCKOHAJICHHSI Mojieni abo IMpoLieCy HaBYaHHS JJIsl TIOKPAIECHHS 1i y3aralbHIOKUOi
3natHocTi. HeoOxiaHicTs onmuMizartii: [lepeoOydeHHsT MOJKHA 3MEHIIUTH 332 PaXyHOK
peryJsipu3aiii, J0JaTKOBOI ayrMeHTallll JaHWX, 3MEHILEHHS po3Mipy Mojeni, ado
30UTBIIEHHS KUTHKOCTI TPEHYBATBHUX JIAHUX.

[lomepennst 00poOka: BaXIMBICTP BHCOKOSIKICHOI MMIATOTOBKM JIaHMX Ta
ayrMeHTallii MATBePIDKYEThCS CTaOUILHOIO BaJliialiiitHoro Brpatoro. Lle cBimuuTh mpo
Te, 1O MiJTOTOBJICHI JIaHI MAalOTh BUINOBUIHY SIKICTb /IS TPEHYBaHHS HEHMPOHHOI
Mepexi. Jlo mepcnekTiBr MOXeMO BigHecTH: OnTuMizaLiio apxiteKTypu: Po3rsHy v
MOKJTMBICTh 3aCTOCYBAHHSI IHIIMX apXITEKTyp HEUPOHHHX Mepex abo Momudikarii
EfficientNet mns gocsrHeHHs OUTbII CTaOLIBHOTO HaBYaHHS. Po3mMpeHHs Habopy
JMaHuX: 3OUTBIICHHS PO3MIPY Ta BapiaTMBHOCTI HAOOPY JaHUX MOXKE JOMOMOTTH
3HU3UTH PHU3HK TIEPEHABYAHHS Ta IMBUIIMTH TOYHICTh Kiacudikarii. [lormmomenmii
anam3 MeTpuk: OkpiM rpadikiB BTpaT, BapTO aHAN3yBaTH JOAATKOBI METPUKH, TaKi sIK
TOYHICTh, CHIEIU(PIYHICTD, YYTIUBICTh, & TAKOXK MATPUITIO TOXHUOOK JUISl OIIHKU SIKOCTI
kiacu(ikamii. PeanbHe BukopucranHs: Mogenb Moke OyTH BIOpOBaKEHA IS
ABTOMAaTUYHOI'O BUSIBJICHHS MATOJIOT HA PEHTTEHIBCHKUX 3HIMKAX, 1[0 CKOPOTUTH Yac
JIarHOCTUKM Ta IBUIIUTH ii TOUYHICTh. BaXIMBO TakoXX IPOBOAWTH KIIHIYHI

BUMPOOYBaHHS, 11100 OLIHUTH €(DEKTUBHICTh MOJIEI B PEATbHUX YMOBAX.

Biosniorpadgiuni nocnianus
1.Tan, M., & Le, Q. (2019). EfficientNet: Rethinking Model Scaling for Convolutional Neural
Networks. In Proceedings of the 36th International Conference on Machine Learning (pp.
6105-6114). PMLR. https://proceedings.mlr.press/v97/tan19a/tan19a.pdf
2.Shorten, C., & Khoshgoftaar, T. M. (2019). A Survey on Image Data Augmentation for Deep

Learning. Journal of Big Data, 6(1), 60.
https://journalofbigdata.springeropen.com/articles/10.1186/s40537-019-0197-0
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MOJEJIOBAHHS TA AHAJII3 TPAEKTOPIH
TBEPJOITAJIMBHOI'O PAKETHOI'O OB’€EKTA
Crworkina-Jloponina C. B., svetasut2012 @ gmail.com
Incmumym mexuiunoi mexaniku Hayionanovnoi akademii nayk Yxpainu i

Ilepotrcasrozo kocmiunozo azencmea Ykpainu

CyvacHu#l eTam po3BUTKY PAKETHOI TEXHIKH XapaKTepU3y€EThCS 3HAYHUM
YCKJIQITHEHHSM BCIX THITIIB HOBUX PAaKETHUX Ta KOCMIYHHMX CHCTEM 1, BIATIOBITHO,
3HaYHUMH BUTpATaMH 4acy 1 pecypciB Ha iX CTBOPEHHS.

VY HaykoBO — TEXHIYHIA JITEpaTypl HABEACHO IPOLIEC MPOEKTYBAHHS
KEpOBaHUX PAKET 3 paKeTHUM JBUTYHOM TBepaoro nanusa (PITII), o6roBopeno
aepoJMHAMIYHI TEXHOJIOT1I KpUJIaTUX Ta OE3KpHIMX KOH(ITypaliid, po3rissHyTO
KOHIICTITYaJIbHE MPOEKTYBAHHSA TMPSIMOTOYHUX 1 TypOOPEaKTUBHUX PAKETHUX
JIBUTYHIB, TIPOAHAJI30BaHO METOAM JJIsi TMPOTHO3YBAaHHA JajJbHOCTI il
KEpOBAaHMUX paKeT, MBHUAKOCTI Ta Yacy IOJBOTY a TaKOX MAaHEBPEHOCTI Ta
BIIXUJICHHSI BIJl OC1 TIPHUITLITFOBAHHS.

HeoOxinHicTh BpaxyBaHHd IuX (aKTOpiB Ha TMOYAaTKOBOMY €Talll
MIPOEKTYBAHHS PAKETHOI TEXHIKU CIPHSUIIO pO3pOOINl KOMIUIEKCY MaTEMaTUYHUX
Moiernen TUTST PO3paxyHKy rabapuTHO-MacOBUX, E€HEPreTUYHUX,
aCpOIMHAMIYHUX XapaKTEPUCTUK KEPOBAHOTO PAKETHOTO 00’€KTa, JJIA
BU3HAYCHHS OalliCTUYHUX XapaKTEPHUCTHUK, MPOTpaM KepyBaHHS 1 MapameTpiB
PYyXy pakeTHOro 00’€KTa Ha PI3HUX AUIIHKAX MOJIbOTY MJig OadiCTUYHUX 1
aepo0aNiCTUYHUX TPAEKTOPIH.

Ha ocHoBl 11i€i KOMIIIEKCHOI MoAem pO3pOo0JICHO METOAUYIHE
3a0€3IeUeHHs, 0 JIO3BOJISIE MMPOBOAUTH ONEPATUBHUN aHaJ3 OaTiCTUYHUX Ta
aepOoOATICTHYHUX TPAEKTOPIHN TSl PI3HUX aePOAMHAMIYHUX KOHCTPYKIIIH 1 cXeM
MOJIbOTY ONEPATUBHO-TAKTUYHUX PAKET PI3HUX KpaiH-BUPOOHHUKIB.

MetoanuHe 3a0€3MeUeHHs] 3aCTOCOBAHO JJISI ONMTHUMI3AIlli MPOEKTHUX Ta
TPAEKTOPHUX TApaMETPiB 1 MPOrpaM KepyBaHHS PYXOM PaKETHOTO 00’€KTa 3i

cTapToBOI0 Macor 1320 kr Ta mMacoro rojioBHOT yacTuHU 160 Kr 3a KpuTepiem
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MakcHUMi3alii JalbHOCTI TpaekTopiid. Po3rismaeTscss KepoBaHa pakeTa
HOPMAaJIbHOT CXeMHU 0e3 KPHJI 13 33/IHIM PO3TalllyBaHHSAM aepOJIMHAMIYHUX PYIIIB.

3a [adbpHICTIO TOJBOTY KEpPOBAHOI pakeTd OyJ0 ONTHUMI30BaHO [IBi
TPAEKTOPIl 3 MOXWJIMM CTapTOM: OaJiCTUYHA TPAEKTOPiS 3 HYJIHOBHUM KyTOM
aTaku nanpHicTIO L =319,437 xM; OanicTUYHA TPAEKTOPIS 3 HEHYJILOBUM KyTOM
aTaku JanbHICTIO L =422,837 kM.

Sk mokazanu pe3ysbTaTh PO3paxyHKiB, MOJIT PAKETHOrO 00’€KTa 3a
OaIICTUYHOIO TPAEKTOPIEIO 3 HEHYJILOBUM KYTOM aTaKd Ha OCTaHHIX MAaCHBHHUX
JTUISTHKAX TPAEKTOPIi JO3BOJIMB 30UIBIIMTH ajdbHICTh Ha ~103 kM.

BukoHaHo onTuMi3aiil0 MPOEKTHUX MapaMeTpiB 1 Mporpam KepyBaHHS
pakeTHOro o0'ekTa 3 OgHOpeXKUMHUM 1 ABopexkuMHuM P/ITII mpu monwsoTi 3a
OaIICTUYHUMU TPAEKTOPISIMH.

3a pe3yabTaTaMi MOJCIIOBAHHS 3acTOCyBaHHS JBopexkumHoro PIITII B
nopiBHsAHHI 3 oaHopexxumMHuUM PJITII mpu ogHakoBiil crapToBidi maci 1 maci
rOJOBHOI YacCTMHHM PAKETHOrO OO0’€KTa JO03BOJUTH 30UIBLINTH JaJIbHICTh
noaboTy 3 422,837 km 10 441,845 xm.

Takum 4MHOM, MOKA3aHO, IO ONTUMAIbHE 3HAUYEHHS JABHOCTI MOJBOTY
paKkeTHOro 00 ’€KTa CYTTEBO 3aJIEKUTh BIJI CEPEAHBOTO THUCKY B Kamepi
3TOPSIHHS, CTYIEHS JIPOCENIOBaHHS TATM MapIIOBOTO JABUTYHA 1 KoedilieHTa
MOYaTKOBOI  TAro030poeHHOCTI. Pa3somM 3 TUM JOJaTKOBa  ONTHUMI3AIlis
napameTpiB TPAEKTOPIl 103BOJISIE 30UIBIIUTUA AAIBHICTh MOJBOTY PAKETHOTO
00’€eKTa.

Bibaiorpagiuni nocunanus

1. V.S.Senkin and S. V. Syutkina-Doronina, On the Issue of Choice of the Parameter
Optimization Method for a Guided Missile, Science and Innovation, Volume 16(3), p. 50 —
64, 2020, DOI: 10.15407/scine16.03.050

2. CrotkiHa-[oponina C. B. BusnaueHHs nmporpamMu  KepyBaHHS KyTOM  TaHraxa

TBepAonanuBHOro paketHoro o6’ekra / C. B. Ciotkina-/loponina // TexHiuHa MexaHika. —

2023. - Ne 3. - C. 18 — 34.

194


https://doi.org/10.15407/scine16.03.050

ABTOMATHKA 2024

CHUHTE3 IU®POBOI'O PEI'YJATOPA J1s1 CUCTEMUA
ABTOMATHUYHOI'O KEPYBAHHS BE3INIJIOTHUM JIITAJIBHUM
AITAPATOM

Taunnina O.M.!, tachinina5 @ gmail.com,
Kyrenos B.0.), viadcorvt@ gmail.com
Jucenko O.1.%, lysenko_home @ukr.net

! Hayionanonuti asiayitinuii ynieepcumem
’Hayionanvnuii mexuiunuil ynieepcumem Ykpainu

«Kuiscoxuti nonimexniunuu incmumym imeni leops Cikopcoko2o»

EdexkTuBHICT BUKOHAaHHS TOCTaBJICHUX 3aBllaHb, Oe€3MeKa IMOJIbOTY,
eKCIUTyaTaliiiHa NPUAATHICTh 1 P 1HIIUMX, HE MEHII BAXJIHMBUX SKOCTEU
oesnuioTHOro JitanbHoro amapaty (BIIJIA), 3HauHOIO MIpOIO BU3HAYAOTHCS
3MaTHICTIO cucteMu aBtoMatuyHoro kepyBaHHs (CAK) BukoHyBaTH CBOi
¢yHKLIi, fiKa B CBOI 4Yepry OyJe 3ajexard BiJ BUOOPY KOpPUTYBAJIbHHX
npucTpoiB. B pe3ynpTaTi pO3BUTKY OOUMCIIOBAIBHOI TEXHIKM ITHPOKOTO
MOIIUPEHHS Ha0yu 1M(POBI KOPUTYBAIIBbHI IPUCTPOI (ITU(POBI PETYISATOPH).

[HudpoBi peryasTopu T03BOJISAIOTH 3aCTOCOBYBATH CKJIAIHI aJTOPUTMHU
KepyBaHHA, Takl sIK aJanTHBHI, ONTHUMAaJbHI Ta IHTENEKTyaldbHI METOIH, IO
M1JBUILYE 3arajibHy €(peKTUBHICTh 1 aBTOHOMHICTh BITJTA [1].

Tomy cuHTE3 IUPPOBUX PETYIATOPIB € KIIFOUOBUM 3aBIaHHSIM B PO3BUTKY
cyuacHux cuctem kepyBaHHs BIIJIA, mo 3a0e3neuye iX HaAIWHICTh, TOYHICTD 1
e()EeKTUBHICTh B YMOBax peajbHUX EKCIUTyaTallliHUX 3ajad, a HaJallTyBaHHS

napameTpiB IUGPOBOTO PETYIATOPA € AKTYaTbHOI HAYKOBOIO 3a1a4€lO.
Bibaiorpagivyni nocuyianus
1. Tachinina O., Lysenko O. and all. Methodology of Energy-Efficient Algorithmic
Modernization of Dynamic Characteristics of Digital Electric Drives of Mechatronic Devices

for Small Civil Aviation. Lecture Notes in Networks and Systems, vol. 736. Springer, Cham.

2023. pp 152-165.
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PO TPUPOJIY YHIBEPCAJILHOCTI METO/IIB PO3B’SI3AHHS
3AJIAY KOMBIHATOPUKHA TA KOMBIHATOPHOI OIITUMI3AIIII
TumoddieBa H.K., TymNad @ gmail.com
MHHI] ITiC HAH ma MOH Yxpainu

Beryn. B komOiHatopuili Ta KOMOIHATOpHIM omnTuMizamii i1CHYIOTh
yHIBEpCalIbHI METOJIM Ta QJITOPUTMU, KOXKEH 3 SKHX JO3BOJISIE PO3B’SA3yBaTH
3a/1a4l pi3HUX KjaciB. MHOXMHM KOMOIHATOPHUX KOH(DIrypariid pi3HUX THIIIB
MO>KYTbh BIOPSJIKOBYBATHCS 3a OJIHIEIO 1 TIEIO %K OOYHCIIOBAIBHOIO CXEMOKO 200
Moau(diKalli€erdo OAHOrO 1 TOro K anroputMy, Hampukiax [l1]. Taka
YHIBEpPCAIBHICTh OTOBOPEHUX METOJIIB Ta aJITOPUTMIB MOB’sA3aHa 3 MOJ10HICTIO
3a/1a4 PI3HUX KJIACIB.

IlocTanoBka 3agaui. /711 BUSBICHHS MOAIOHOCTI PI3HUX KJIACIB 3aj1a4 5K 3
KOMOIHATOPUKHU, TaK 1 KOMOIHATOpPHOI oONTHMi3alii HEOOXIJHO BCTAHOBHUTH
O3HAKM TMOJIOHOCTI, 3a SIKHMU pPO3POOJISIIOTECA YHIBEpCajdbHI METOAM Ta
AJITOPUTMH.

OcHoBHa 4yacTuHa. barato 3amay KOMOIHATOPHOI ONTHUMI3alli 3 PI3HUX
KJIaciB TMOAIOHI 3a CBOEH MPUPONOI0. 3aBASKUA 1[I BIACTUBOCTI BOHU
PO3B’SI3YIOTHCSl OJJHUM 1 TUM K€ METOJIOM YM MOJAM(QIKAIIE€0 OJHOTO 1 TOTO X
anroput™My. IlomiOHICTH BCTAHOBIIOETHCS 3aBASIKU BHUSBJICHUM CITUIBHUM
O3HaKaM IuX 3a7ad. [{lumu o3Hakamu mMoke OyTH apryMeHT IIbOBOI (PYHKITIT,
AKUM € KOMOIHAaTOpH1 KOH(Irypauii oAHOro 1 Toro x tumy. Hanpuknan, 3amaqi
KOMOIHATOPHOI ONTHUMI3aIlli, B SKHX apryMEHTOM IIJIbOBOI (PYHKIi €
MepecTaHoBKa, MOIOHI 3a II€I0 O03HAKOIO (3a7a4a KOMIBOSIKEPa, PO3MIIIECHHS
OJTHOTA0apUTHUX MOJMYIIB, 3ajJada Mpo MpU3HAUYeHHS ToIO). Jms iXHBOTO
pO3B’sI3aHHST BUKOPUCTOBYIOThH OJHI 1 T1 caMl METOAM Y1 MOAU(]IKaIlii0 OJHOTO i
TOTO X anroput™My. Jleski 3amaui KOMOIHATOPHOI OoNTHMI3allli, SIKI HaJEXaTh
pI3HMM KJlacaM, 3a apryMEHTOM I[iIbOBOI (YHKII PO3AUISIOTHCSA Ha MOAIOHI
nia3anayi, sKi  poO3B’SI3YIOTbCS 32 OJHIEI0 OOYHUCITIOBAIIBHOIO  CXEMOIO.

BcTranoBneHHs moi0HOCTI pi3HUX 3aJa4 KOMOIHATOPHOI ONMTUMI3AIli TI03BOJISIE
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y3arajJbHUTH Ta BHKOPUCTOBYBATU [JIsl iXHBOTO PO3B’S3aHHS YHIBEpCaJbHI
e(eKTUBHI TMIJIXOAM, SKI Jal0Th MOXJIMBICTh 3HAXOAUTH TJIOOAIbHUM abo
HAOMMKeHW 0 TI00albHOTO pe3ylibTaT. BHUBUEHHS Ta BUKOPHUCTAHHS II1€1
BJIACTMBOCTI B KOMOIHATOPHIM ONTHMI3allli B MOAATIBIIOMY TO3BOJIUTH 3BOJUTH
HEPO3B’sI3H1 3aj1a4l 10 PO3B’SI3HHUX.

Posrnsnemo komOiHaTOpHI KOH(pirypamii. 3a cmocoboM YTBOPEHHS
PO3IUIMMO iX Ha MpocTi Ta KoMOiHOBaHi. [Ipocti KkomMOiHAaTOpHI KOHpIryparii
YTBOPIOIOTHCA OJHUM 1 JIMIIE€ OJHUM THIOM PEKYPEHTHUX KOMOIHATOPHUX
OmepaTopiB,  HANpUKIA[  poO3OUTTS  4ucia, OIHApHI  MOCIITOBHOCTI,
nepectaHoBkd. KoMOiHOBaHI KOMOiHATOpHI KOH(irypaiii B CBOill MHOXHHI
YTBOPIOIOTBCA ~ KUIBKOMa PEKYPEHTHHUMH KOMOIHAaTOPHHUMH  OIEpAaTOpamHu.
Hampukinaza, reHepyBaHHS pPO3OUTTS 71 -€JIEMEHTHOI MHOXKMHU Ha T1IMHOXHHH
IPOBOAUTHCA AITOPUTMOM PO3OUTTS YHUCIIa Ta TE€HEPYBAHHSIM IE€PECTaHOBOK.
YnopsaKkyBaHHS pO3MIIIEHHS 0e3 MOBTOPEHb Ta 3 MOBTOPEHHIMH MPOBOIUTHCS
aJITOPUTMaMH TE€HEPYBaHHS CIIOJIyY€Hb Ta MEPECTAHOBOK. 3 LIbOI'O BUILIUBAE,
110 no10H1 MIX cO00r0 O1HAPHI MOCIIOBHOCTI Ta CIOJyYE€HHs 0€3 OBTOPEHb;
PO30OUTTS 1 -€JIEMEHTHOI MHOXMHH Ha ITIMHOXHUHU Ta PO3OHUTTS HATYypaTbHOTO
yucia 1 TIEPECTAaHOBKHW; pPO3MIIIEHHS O€3 TMOBTOpPEHb (3 TOBTOPEHHSIMH) 1
CIIOJIy4€HHsI 0€3 MOBTOPEHB (3 MTOBTOPEHHSAMM ) Ta IEPECTAHOBKHU.

BucaoBok. OTxe, 3amaui KOMOIHATOPHOI ONTHMI3AIil PI3HUX KIAciB, a
TaKOX MHOXHUHU KOMOIHAaTOPHHX KOH(]Irypamidi — TmofiiOHI, SKIIO BOHHU
PO3B’SI3YIOThCSl 32 OJHIEIO 1 TIEK K OOYHUCIIOBAIBHOK CXEMOIO abo

Mo (IKAIIEIO OJTHOTO 1 TOTO K anroputmy. Li migxonu € yHiBepcalbHUMH.

Bib6aiorpagivni nocujianus

1. Tumodiea H.K. ITpo moxi6HicTs 3a1a4 KOMOIHATOPHOI ONTUMI3allil Ta YHIBEpCAIbHICTD
anroputmiB Cucmemui oocnioxcennss ma inghopmayitini mexnonoeii. — 2013. — Ne 4. — C.

27-37.
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MOJAEJIOBAHHS MPOLECIB POBACTHO-OIITUMAJIBHOT'O
KEPYBAHHS MOPCBKUMHU PYXOMUMHU OB’€EKTAMUA
Tumuenko B.JL., vi.timchenko58 @ gmail.com
T'op6os B. YO., volodymyr.horbov@ gmail.com
Heminos L. A., admildemidov @ gmail.com

Hayionanvnuii ynieepcumem xopabnedyoysanns imeni aomipana Maxaposa

EdekTuBHICTh KepyBaHHS PIZHOIO THUILy ABTOHOMHHUMHU MOPCHKUMHU
pyXoMuUMU 00’€KTamMH (HAJBOJHUMHU MOPCHKUMHU APOHAMH, KBaJPOTOPHUMHU
BITJIA) npu BUKOHaHHI 3a7a4 HaBIral[iiHOIro, €KOJOTIYHOIO Ta IHIIUX BUJIB
MOHITOPUHTY MOPCBHKUX aKBaTOpIiW; pATYBaJbHUX OIllepalii; crabimsamii Ha
TPAEKTOPISAX 3 Hemepen0auyBaHUMU MEPEIIKOJaMU 1 Take 1HIIIe, 3a0e3Meuy€EThCS
3aCTOCYBaHHSAM METOAIB POOACTHO-ONTUMAIBLHOTO KepyBaHHs [1-3].

PoGacTHOo-onTHMaNbHI CUCTEMHU 3MIHHOI CTPYKTypu [2,3] 3acHOBaHI Ha
nonepeaHboMy (GOpMyBaHHI TPAEKTOPIA ISl MPSIMUX YMOB ONTUMAaIbHOCTI,
BU3HAYCHHI MOMEHTIB TMEpPEMUKAHHS Ta CHUHTE3y (YHKIIH KepyBaHHS, IO
3a0e3MeuyIoTh 3aJlaHl TpaeKTopii cradimizaimii 00'€KTiB KepyBaHHS, a TaKOX
poOacTHIA KOpeklii 3 ypaxyBaHHSIM HENoBHOi 1HQopMauii npo (i3uyny
CUCTEMY.

PoGacTHiCTh KepyBaHHS JO HEMOBHOI BHU3HA4YE€HOCTI o00'ekTa, Ail
HEKOHTPOJLOBAHUX 30BHINIHIX Ta MapaMETPUUYHUX 30ypeHb, JTOCITAETHCS 32
paxyHOK BBEJIEHHS KOpPEryBaHHS Ha OCHOBI HEY3TO/PKEHOCTI IMOTOYHOI Ta
ONTUMAJIBHOI TPAEKTOPIi cTadLII3alli, Ta peangizye BUMOTM MIHIMIi3allli TOMHJIOK
KepyBaHHA Ta iX moxigHuX. J[Ji1 BUKOHAHHS TOCTABJICHHUX 3aBJaHb aBTOHOMHI
MOpPCBbKI OO'€KTM TIOBMHHI 3a0€3MEeYUTH MaHEBPYBaHHS 3 HEOOXIIHUMH
MOKa3HUKaMH (EKOHOMIYHOCT1, TOYHOCTI Ta IIBUJIKO/I1i), 3 YpaXyBaHHSAM BIUIUBY
HEPETYJSIPHOIO MOPCHKUM XBWJIFOBAHHSIM Ta MOBITPSHUX MOTOKIB 3 MOXKIJIUBOIO
IIKBAJILHOIO 3MIHOIO HMIBUAKOCTI Ta HAMPSMKY BITpY.

[Ipu mMonemoBaHHI PEXUMIB PyXy HEOOXIIHO BpPaxOBYBAaTHU MEPEIIKOIN

MOPCBHKOiI aKBaTOpii, B TOMY YHCIIi 3a JOMOMOIOI0 JIOKAaJIbHOI CUCTEMH BIJIIKY
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Ha OCHOBI ENEKTPOHHUX TreorpapiyHuX KapT. AKTyaJlbHICTh BHUKOPUCTAHHS
JOKaJbHUX KOOPAWHATHUX CHCTEM IS HaBITalliHUX 3a/1a4 MOPCHKUX PYXOMHUX
00'exTiB 00yMOBIIEHAa HEOOXITHICTIO: TOYHOTO MO3UIIOHYBAHHA 3 YPaxyBaHHSIM
0COOJMBOCTEH akBaTOpii; ONTUMI3alii 00YUCIEHbh HA OOMEXEHUX TEPUTOPISLX B
pealbHOMY dYaci; iHTerparii 3 riobansHuMu cucremamu (GPS). Ha puc. 1
MPEACTAaBICHO MapHipyT 00’ekty 3a pgomomororo GPS (a) Ta TpaekTopii

KBaJIpoKonTepy (6) Ta HAABOIHOTO APOHY (8) B JTOKAIBHUX KOOPJIUHATAX.

46°45'N
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46°44'30°N

2
G 5 "
N 31000
0 3
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Puc. 1. Mapmpyr GPS (a); tpaektopii kBaapokontepy (6) Ta HaJBOIHOTO
JpOHY (8).

MopnentoBaHHsl TpolLeciB  cTaduri3anii Ta MaHEBPYBaHHS MOPCHKUX
pyXxoMux O0'€KTIB B yMOBaX BHUNAJKOBUX 30ypeHb JEMOHCTPYE HEOOXITHY
TOYHICTh ~KEpPyBaHHS CPOPMOBAHOI ONTUMAJIBHOI TPAEKTOPii  0O0'€KTy.
3anponoHOBaHUI MiAX1A J03BOJISIE MOJEIIOBATH poOOUYMIl PyX 3 ypaxXyBaHHAM
dbakTH4YHOI OOCTAaHOBKM akBaToOpii, IO Jla€ TOBHOTY JaHUX pe3yJbTaTiB

MOJICJIFOBAHHS JUIsl PI3HUX IPOCTOPOBUX Ta T€OIHPOPMALIIMHUX 3aB/IAHb.

Bibaiorpagiuni nocuinanus
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JOIIJIBHICTD JOCJAIXKEHHSI T03BOJIY IEPEPUBAHB B OTHIA
3AJIAYI TEOPII PO3KJIAJIIB
Typuuna B.A., vaturchinal 949 @ gmail.com
KoBanenko €.0., kovalenko.jenya97 @ gmail.com

ninpoecwvkuti nayionanvnuu ynigepcumem imeni Onecs I onuapa

Jeaxi mpukiaagHi  3amadl  opraHizamii  1HQOpMAIIHHUX  CHCTEM,
IUIaHYBaHHS Ha BUPOOHUIITBI, MPOEKTYBAaHHA TMapajeIbHUX OOYHUCIICHbD,
yIpaBJIiHHS MPOEKTaMU TOIO MOXYTb OyTH 3BEJICHI JI0 3a7a4 TeOpli PO3KJIaIiB
[1]. B Hux mnepembadaeThcs, MO 3a JOMOMOTOK JESKOI 3aaHOi CKIHYCHHOT
KUIBKOCT1 pecypciB (IpuiaziB, IPOLECOpPIB) BUKOHYEThCSA 3aJaHa CKIHYEHHA
MHOXXMHa pOOIT, Ha TOPANOK BHUKOHAHHS SAKUX MOXYTh OYTH HaKJIaJIeHi
TEXHOJIOT1YHI ~ oOMexeHHA. OpHuM 3  HaWNONIMPEHINIUX  KPUTEPIiB
ONTUMAJIBHOCTI B TaKUX 3aJadax € MIHIMI3alllsl CyMapHOro 4acy 3aBepIIEHHS
ycix poOit. [Ipu po3B'si3aHH1 TaKUX 3aj]1a4 YaCTO MOCTAE MUTAHHS JOILIBHOCTI Ta
e(pEeKTHUBHOCTI 3aCTOCYBaHHS IE€pEepBaHb NpPU BUKOHAHHI poOIiT. [lns neskux
MIJIKJIACiB 3a7a4 Teopii po3KJaaiB OysI0 10BEACHO, 110 JO3BLJI MEpEepUBaHb MOXKE
CKOpOYYBaTH CyMapHU 4ac BUKOHAHHS POOIT B PO3KJIA/II.

BmivB nepepuBaHb Ha ONTUMAIBHICTh TICHO MOB'I3aHUM 3 THM, SIKI came
OOMEXEHHS Ha TOpSAJOK BHUKOHAHHS poOIT 3a7aHi B KOHKPETHIM 3aaadl.
TexHonoriyHi OOMEXKEHHS 3py4YHO 3a/laBaTH Yy BUIJISIAI  OPIEHTOBAHOTO
arukitiaHoro rpada G(V,U), |V| =n. Jnsa rpadiB HOBiUTBHOI CTPYKTYpH OesKi
3a/1a4l BIJHOCITHCS 10 NP-TIOBHUX, TOMY JOUUIBHO BUAUIATH TiAKIacH rpadis,
0 JIO3BOJISIOTh OTPUMATH TPUHHATHI IS MPAKTHYHUX 3a7ad pe3ybTaTH 3a
MOJIIHOMIANIbHUN Yac. B momepeaHix MOCHiKEHHSX MPOBOAMBCS TOIIYK CaMe
Takux migkiaaciB [2]. 3okpeMa Oyiu mpoaHami30BaHI MapaiedbHO-TIOCTIOBHI
rpadu, MoBHI IBOAOJIbHI, A€peBa-31pKU Ta BUMIAKU, KO U = .

[TpuknagHi 3a1a4i, sIKi MOPOKYIOTH Tpadu TaKUX CTPYKTYP, MAIOTh PI3HY
MPUPOY, BIAMOBITHO MOJENl BIJOOPaKAIOTh Pi3HI BUIU TEXHOJOTTYHHUX

npoteciB. [loBHUMU ABOIOIBHUME TpadaMu MOKYTh MOJIETIOBATUCS MTPUKIIAAHI
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3a1a4i, B SKUX TEXHOJOTIYHI MpOILECH MepeadayaroTh, 110 KOMIUIEKC pPOOIT
pO3IUIEHU Ha eTamu. TidbKHM TICIsS TOro, SIK BCl pOoOOTH Ha IEBHOMY eTalli
BUKOHAHO, MOXYTh IOYMHATH BUKOHYBAaTHUCS POOOTHM 3 HACTYIMHOTO e€Tama.
[Tpuknagom Takoi oprasizaiii poOiT € XapyoBe BUPOOHHUIITBO, 1€ HA TIEPIIOMY
eTar BiI0OyBa€eThbCs MIATOTOBKAa CUPOBUHM Ta HamiBpaOpHKaTiB, a HA JAPYrOMY
BUTOTOBJICHHA MPOAYKIii. CTPyKTypy MapajieiabHO-MOCIIJOBHOTO Tpada MaroTh
MOJIE/I1 TEXHOJIOTIYHUX IPOIIECIB, B SKMX BUKOHAHHS YaCTHH POOIT MEPiOAUIHO
NEePEMEKOBYETHCA KOHTPOJIEM SKOCTI ab0 TecTyBaHHsIM. Hampukmnaz, e Moxe
OyTu mpolec po3poOKU, B SIKOMY JEAKUMWA (PYHKIIOHAT Ha MEBHUX eTarax
PO3pOOISETHCS, MICS YOro BiH Mae OyTH mpoTecToBaHui. [1oTiM 3amexHo Bij
pe3yNbTaTiB TECTYBAaHHS BIH MOXE IOBEPTAaTUCA Ha JOOIpaloBaHHS, abo
YXBAJIIOBATUCA. SIKIIIO TEXHOJOTIYHUN MPOIEC SABJISIE COO0I OCOOJMBY JIHIIO
301pKH, B SIKIi BUTOTOBJISIETHCS MHOXKHHA JI€TaJIeH, SIKI HAIIPUKIHIN 30UPaOThCs
B TOTOBUU BHUpPIO, TO KWOro MOKHAa NPEACTABUTH Yy BUIJIAIlI BXIAHOI 3ipKH.
HaBmaku, sikimo BimOyBaeThCsl MpoIeC YTWUII3allii, TO MEPIIO BUKOHYETHCS
poboTa nmo po36opy BUpOOY Ha CKIIAJIOBI1, MICIS YOTO KOXKHA 3 HUX YTUII3YETHCS
OKpEMO, HAaIIPUKJIaJ B 3aJIEKHOCTI BIJl MaTepiaiy, 3 SIKOr0 BUTOTOBJICHA.

Takum YMHOM MOCHIJKEHHS 3a7ad Teopii pO3KIajliB, B SKUX oprpadu
MalTh CTPYKTYpPY CHEIIaTbHOTO BHUAY MPEICTABISAE€ HE TUIBKH TCOPETUIHHMA
1HTEpEC, aJ’Ke MOKYTh OyTH 3aCTOCOBaH1 0 MOJICJIIOBAHHS peajbHUX CHCTEM Ta
BUPOOHMUUX TporeciB. BpaxoByroum, mo A 1ux kiaciB rpadiB goBeneHa
e(DEeKTUBHICTh J03BOJY IE€pPEpPUBAHb, JOILIIBHO PO3TJSHYTH MOMKJIMBICTH iX

3aCTOCYBaHHS 1 JI0 BIATIOBITHUX BUPOOHUYUX MPOIIECIB.

Bibaiorpagiuni nocunanus

1. Trietsch D., Baker K. R. Principles of Sequencing and Scheduling. Wiley & Sons,
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2. Koanenko €.0., Typunna B.A. AHamni3 BIUIMBY CTPYKTypHU rpadiB Ha ONTHUMAaJbHICTh
pPO3B’SI3Ky 3a7ad MapaleNbHOIO YNOPSAKYBAaHHA 3 IE€PEpUBAHHAMU. [lumanns
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IMPO AHOMAUJIBHI BUITAIKHU B 3AJAYAX PO3ITIOALITY
EJIEKTPOEHEPTTI
Typuuna B.A., Maaienko O.0., chelpanovaolha @ gmail.com

Jninposcovkuii HayionanvHul yHieepcumem imeni Onecs I onuapa

Y CcydacHHX EHEPreTHYHHX CHCTEMax ICHyE HEOOXITHICTh B
ONTUMAJIbHOMY YIPaBJIiHHI CHOKUBAHHSAM €JIEKTPOEHEPTii Ui 3a0e3reueHHs
MaKCUMaJIbHO €()EKTUBHOT'O BUKOPUCTAHHS JOCTYMHUX pecypciB. OaHaK, HABITh
IpU TOKPAIIEHHI MOYAaTKOBUX YMOB, TaKUX SIK 30UIBLIEHHS MOTYXHOCTI
cucteMd ab0 BHUKOPUCTaHHsS BIJTHOBIIOBAaHUX JIKEpEN €HEprii, MOXKYTb
BUHHUKATH aHOMaJii, - BUNAJKH, AKI MPU3BOIATH N0 30LIBIIEHHS BapTOCTI
SHeprii 111 CIIOKUBAYiB.

Y naHiii poOOTI pO3MIAAAEThCA 3a7avya JUHAMIYHOTO IIJIaHYBaHHS
€HEPreTUYHUX CHUCTEM 3 YpPaxyBaHHSIM JEHHUX 1 HIYHUX Tapu(]iB, a TaAKOXK
MO>KJIMBOCTI BUKOPUCTAHHSI 0€30IIaTHOT COHSAYHOI €HEPrii.

IlocranoBka mnpoGaemu. Ilpu po3polOil anropuTMmiB sl JEIKUX
ONTUMI3AIIMHUX 3a/lad BUHUKAIOTH BUIAJKH, KOJHM TOKPAIICHHS MOYaTKOBUX
YMOB 3ajJiayl, SIK€ TOBUHHO TOKPAIIUTA 1 ONTUMAJIbHE 3HAYEHHS IIJTLOBOI
¢byHKuUli, 1ae 3BOpOTHIM pe3ynbrar. Jlns Takux BumaiakiB ['pexemom Oyro
BBEJCHO TOHATTSA aHOMAJIi JJII OJHOTO KJIacy 3aaad Teopii poskiagiB [1]. V
po0OTI [2] mOCHIIKEHO TOSIBY MAaHUX aHOMAJIN JUIsl y3arajdbHEHHS KJIACUYHOL
MTOCTaHOBKH.

JluHamiyHe TJIaHYyBaHHS CTOXKMBAHHS €HEPTii € BaXKJIIMBOKO CKJIAJIOBOIO
yIpaBIiHHSA Cy4YaCHUMH €HEpPreTHYHNMH cucTeMamMu. OCHOBHA MeETa IOJIATAE B
TOMy, 100 ONTUMI3YBaTH PO3MOAUT JOCTYITHOI EJIEKTPOCHEPrii Mk
CIIOKMBAYaMH 3 PI3HUMH MOTpeOaMH Ta MPIOPUTETaMH, 3BaXKAIOUM HA 3MIHHI
yMOBHM Tapu@ikamii Ta mkepena eHeprii. Hampuknazn, jgikapHi abo0 KpuUTHYHA
1H(pacTpyKkTypa NOBMHHA HA/IaBaTUCh MepeBara y MOPIBHSAHHI 3 IHITUMU MEHII
NpIOPUTETHUMHU criokuBayamMu. [lpum AuHaAmMiYHOMY IJIaHYBaHHI HEOOXITHO

BpPaxOBYBATH 3MIHHI YMOBH PO3MOJLITY €HEPrii, 30Kpema:
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1) BapTicTh eHeprii 3MIHIOETbCA 3aJIEKHO BiA yacy O00u: JEHHHUM Ta
HIYHUH Tapudu;

2) iCHy€ MOXJIMBICTh BHUKOPHCTAHHS BIJHOBJIIOBAaHUX JIKEPEN E€HEPrii,
30KpeMa COHAYHOI €Heprii, sika Moke OyTH OE3KOIITOBHOIO y TEBHI Mepioau
noou;

3) OpiOpUTETHICTH 3aBAaHb, SKa MOKE 3MIHIOBATHCS B 3aJKHOCTI Bif
noTped CroKUBaYiB.

[IpoTe, HaBITH MpU MOKPAIIEHHI TOYaTKOBUX YMOB, TAKUX SIK 301IbIIIEHHS
IIPOIYCKHOI 3/IaTHOCTI CHCTEMH a00 BCTAaHOBJICHHS HOBHUX JIKE€pPEN EHeprii,
MOXYTh BHUHHMKAaTH aHOMallii, a camMme: 30UIbIICHHS 3arajlbHUX BUTpaT
CIIO’KMBAYIB.

PosrasitueMo ofHy 13 MpUKIAAHUX 3a7ad, JUIsl sIKOT MOXKJIMBI aHOMallbHI
BUnaaku. Jlns BupilieHHd 3a7adl IUIAHYBAaHHA HEOOXIJHO BpaxoBYBATH
NpIOPUTETHICTh 3aBJIaHb Ta YMOBHM Tapudikaiii eHeprii. Begemo HacTymHi
3MIHHI:

- KUTBKICTh €HEprii, CIOKUTOT Ha [-My eTari miianyBanHs (kBt-rox);

Pen, Puiv - Tapud Ha enexkTpoeHeprito 3a KBT:rox y neHHU# 1 HIYHUI yac
(rpu/xBT°TOM).

DyHKIIIS BApTOCTI MOXKE OYyTH BUpaKEHA SIK:

C(E) = 271'1=1(P,qu * Ei + PHi‘{ * Ei)-

VY BuUMajgKy yCKIaIHCHHX yMOB (YHKIIS BapTOCTI MOXKE BHPaKATHCHh
TaKUM YHUHOM:

(B)=Xiy Xfoy (P *Eyp), ne

E;; - KUIbKiCTb €HEprii, CIIOXKUTOI i-M CIIOKMBaYeM y mepion j (kBr-rox);

P; - tapu Ha enextpoeneprito 3a KBr-ron y nepioa j (rpu/kBr-roxn).

s ¢dopmyna nmo3BoJisie BpaxyBaTH SK PI3HULIO B Tapudax Ha
CJICKTPOCHEPTII0 3aJIe’KHO BiJ 4acy J00M, Tak 1 MOXKJIUBICTH O€3KOIITOBHOIO

BUKOPUCTAHHS COHSYHOI €Heprii y JeHHUH Jac.
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Jlisg peanbHUX MOYATKOBUX YMOB, KOJHM BapTICTh E€JIEKTPOEHEprii 3a
neHHUM Tapudom gopiBHioe 4.32 rpu/kBt-ron, 3a HiunuM 2.16 rpH/kBT-TO Ta
O€3KOIITOBHA 32 YMOBH BHUKOPHCTAHHSA COHSYHOI eHeprii, Oyia 3MojaenboBaHa
CHCTEMa 3 TPhOMa PO3MOLIBYUMU CTAHIIISIMU Ta AECATbMA CIIOKUBAYaAMHU.

OuikyBanocsi, 10 JOJaBaHHS COHSYHOI €HEprii Ta MOKpalleHHs
MOYAaTKOBUX YMOB, TaKWX SK CIPOIIEHHS TEXHOJOTIYHUX OOMEXeHb Ta
3MEHIIICHHS] 4Yacy BHUKOPHUCTAHHS €JEKTPOCHEPrii JESKUMH CIOXKMBa4aMH,
IpU3BEAYTh O 3MEHILEHHS 3arajibHoi BapTocTi. [IpoTe 3MilieHHsT MPiOPUTETIB
CIOKHMBAYIB 3MYCHJIO OJJHOTO 3 HMX BUKOPUCTOBYBATH OLIbIIY YACTHHY €HEprli
3a neHHuM Tapudom. Lle nmpusBeno a0 30UIbIIEHHS 3aranbHOI BapTocTi 3 194,4
rpH 10 259,2 TpH, 0 € aHOMAJII€I0, OCKUIBKK TMpPH MOKpaIIeHHI YMOB, IIIO
CTOCYIOTBCSI BapTOCTI Ta KUIBKOCTI CIOXKUTOI €JIEKTPOCHEPrii, OUiKyBaHHS HE
CHPaBIUIHCS.

BucnoBku. VY 3amagax JAWHAMIYHOTO IUTAHYBAaHHS B EHEPreTUYHUX
CUCTEMax aHOMaiii MOXYTh BMHHUKAaTH HaBITh NPHU IMOKPAIIEHHI MOYAaTKOBUX
YMOB 4epe3 3MiHy npiopuTeTiB abo iHmI ¢aktopu. Ha meit ¢akt cmin 3BepraTi
yBary Ta pEeTEIbHO BPaxOBYBATH BCl AaCMEKTH IUIAHYBaHHS MpPH PO3MOJILII

CJIEKTPOCHEPT1i.

Bibaiorpagiuni nocunanus

1. Graham R. L. Bounds on multiprocessing timing anomalies // SIAM J. Appl. Math., 1969.
V. 17. P. 416-429.

2. YennanoBa O.0O. VY3araJbHeHHs aHOMQJIbHUX BHIAJKIB Yy 3ajJadax YHOpSAKYBaHHS. /
0.0. Yennanona, B.A. Typuuna. // [IutaHHs NpuKIagHOI MATEMaTUKH Ta MAaTEMaTUYHOTO

MoOIeNItOBaHHs: 30. HayK. mip. Juinpo, 2021. — Bum. 21. — C. 220-226.

204



ABTOMATHKA 2024

IMPOBJIEMA ABTOPOTALII HOBITPSIHUX T'BUHTIB
®ecenxko ML.B., clnt 49@ukr.net

Incmumym xibepnemuxu im. B.M. I'nywxoea HAH Ykpainu

AeponvHaMHKa Tapu TOBITPSHUN TBUHT Ta KpUJIO CHpPSAMOBaHA Ha
BUPaOOTKy TATH Ta Mia'eMHOI cuinu. Ha 11e BUTpavaeThCcsi €Heprisl IBUTYHA, SIKY
MOTPIOHO TOCTIMHO BO30OHOBIIATH. AJIbTEPHATHBHI BO30OHOBIISIEMH JKepelia
eHeprii, 30KpemMa COHSYHI Oarapei, BXK€ BHKOPUCTOBYIOTbCA Yy Kymi 3i
MaJIOITYMHUMH €JEKTPOABUTYHAMH, XO4Ya III€ HE JIOCTaTHbO MHIMPOKO Ta HE
nocuth edekTuBHO. [lo BITporeHepaTopiB JOKHU Ie 4yepra He Aiinuia. Bimomo
TIIBKH OJHE MOJ10HE TEXHIYHE PIIICHHS, KOJU BITPOr€HEPAaTOp BCTAHOBUJIM Ha
aepocrar. SKmo Aesku SBUIA 332 BU3HAYEHUMHU YMOBAMH MOBTOPIOIOTHCA
JIOCUTB PETYJISPHO, TO BOHI IPUHMAIOTh XapaKTep 3aKOHOMIpHOCTU. Bigomo, 1110
Ha BEJIHMKUX MIBUIKICTSX MOBITPSHUA TBUHT IMEpPECTa€ BUKOHYBAaTH OYMKYBaHi
Bil HbOTO (YHKII TMO ydYacTi y CTBOPEHHI TSATM Ta MiJ'€MHOI CHJIM Ta
NEPEeXOUTh Y TaK 3BaHUW PEKUM aBTOpOTallii. ABTOPOTALI0 AK PEXKHUM
HEKEpOBAaHHOTO OOEpTaHHs TMOBITPSHOTO TBUHTAa B aBlalli TPaAMIIITHO
BIIHOCATh JO HETaTUBHUX SBHUII. Tomy Bxe OaraTo poOKiB 3 HEH BEIyTh
oopotre0Oy. g 3amoOiraHHs nepexoAy TMOBITPSIHOIO TBHHTA Yy PEXKUM
aBTOpOTAIlli PO3pO0JIEHO HM3KY MIp Ta 3acO0IB MOINEPEIKEHHS, HANPUKIA:
drorripyBaHHs, KepyBaHHS BIJCTaHHIO TOBITPSHOTO TBUHTA, 3a00poHa
MmiKifoBaHHs Ta 1HIMN. OAHAK MOTJISIHEMO Ha MpoOJieMy aBTOPOTAIlii 3 IHIIOTO
6oky. Uu BapTO GOpOTHCS 3 TUM, III0 MOXe OyTH KopuctHO? CripaBa y TOMYy, 1110
oOepTaHHsl MOBITPSHOIO TBUHTA MiJ BIUIMBOM IMOBITPSHOTO MOTOKY SIK pa3 U
BIJINIOBIJIa€ MEPEXOy HOro y pekum reHeparilii edeprii. Tomy 3 mum Tpeba He
OopoTucsi, a HaBHaku, Lie Tpeba BHUKOPHUCTOBYBAaTH SIK JIOJIATKOBE JIXKEPEIO
EHEeprii ISl IITATIBHOTO anapary.

Mertoro maHoi mpari € po3poOka TPUHIMIA TMOOYIOBH OE3MIJIOTHOTO

JITANbHOTO amapara CaMOJIbOTHOTO THIy 31 3aMKHYTUM pOOOYUM ITHMKJIOM
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BUKOPHUCTAHHSA EHEPTUU. 3aMKHYTUHA pabouMil MK NPUIYCKaE OJHOYACHE
pacxoJlyBaHHsS Ta BO30OHOBJICHHS €HEpruu. Y JaHOi Npaii MPONOHYEThCS
JOJJaTKOBO OcHAacTUTH OecminoTHi mitaneHl amapatu (BIIJIA) GoproBumu
NOBITPSHUMHU TEHEpaTopaMH Ta CTBOPUTH YMOBU s iX TPaMOTHOTO
BUKOpUCTaHHA. [IOBITpsSHI TBUHTH IMOBIHHI MaTH MOXJIMBICTh KEPOBAHOTO
NepeMUKaHHs BiJ JBUTYHA Ha T€HEpaTop, Ta 3BOPOTHHO, 00 BUMHUKATHUCS Ha
nesikuil yac. 1li mepuMuKkaHHs KIHEMAaTUYHOI CXEMH 3 OJTHOTO TBUHTA Ha 1HIIMIMA
Ma€e BUKOHYBaTH CHCTEMa KEpyBaHHS JITAJIBHOIO amapary, ska HaBMHUCHO
BBOJUTH OOpaHl 'BUHTU Yy PI3HI PEKUMU POOOTH 31 BUKOPUCTAHHAM CHCTEMH
naT4yukoB. [HTepdepeHiist mapu NOBITPSHUI TBUHT Ta KPWIO AJsl 30€peKeHHs
TATW Ta NIJ€MHOI CHJIM Ma€ IIBHUJIKO pearyBaTH Ha I 3MIHM HaBaHTaXKCHHS.
JUis 1pOTO MPOMOHYETHCA 3pOOUTH Kpuia, abo TUJIBKM IX HECydy 4YacTHHY,
3JaTHAMU BUKOHATH MOBOPOT HA MOTPIOHUN KyT HABKOJIO CBO€I BICI CUMETpIi
JUIS. TOCATHEHHS HaXWiy, BIJAMOBIAHOTO 3aJaHOMYy KyTy aTaku. To0To, s
30epekeHHs1 00paHOro KyTa aTakd KEepyBaTH MOXJIMBO HE TUIBKH BIJCTaHHIO
TBUHTA, ajJ€ W HaXWIOM HECydoro Kpuja BIANOBIAHO OOpaHOTO HECYYUM, Yy
JAaHUM Yac, TOBITPSIHOrO T'BUHTA. [IOBITpsIHI TBUHTH MalOTh OyTH PO3TAIlIOBaHI
M0 YCbOMY TIOBITPSIHOMY TMOTOKY (TakK 3BaHl BITPOTE€HEPYIOUM EHEPreTHYHI
KpuJja) TAKUM YMHOM, 100 OyTH 3JaTHUMU MpaLoBaTH y NpoTudasi: JOKH OJHI
TeHEepYIOTh €HEprito, 1HIIW i1 BUKOPUCTOBYIOTh. TOMY JITaJbHUI amapar mae
pyxaTucsi TakKUM YHMHOM, 100 KOJIMBaHHS NEpEeMHUKaHb JO3BOJSUIM HOMy Yy
LiIoMy 30epiratv NoTpiOH1 TATY Ta MiJ'€MHY CHILY Ha MPOTS31 YChOTO MOJIbOTY.
[IporoHyeThcsi BUKOPUCTOBYBATH 3MIHHI POTOPHU, KOJH POTOp OOPTOBOTO
BITpOTE€HEpaTOpa BIJKIIOUAETHCA BIJl BiCl 00epTaHHS MOBITPSIHOTO T'BUHTA Ta
BiIOYBA€EThCS TMEPEMUKAHHS BICI Ha PEXUM 0OepTaHHS BIJ poTopa
CJICKTPOJIBUTYHA, IO TPAIOE y PEXUMI mpormenepa; abo HaBmaku. ToOTo

I'BUHTHU OJIHOYACHO MpPAIlOTh Ha OOPTOBY BITPsIHY elekTpocTanilito Ta bITJIA.
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METOA BUSHAYEHHS 3MIHHA ITPOCTOPOBOI'O IMTOJIOKEHHS1
OB'EKTA OPBITAJIBHOI'O CEPBICY 3 HEBIJIOMOIO ®OPMOIO
dokoB O.A., oafokov@ gmail.com

Incmumym mexuiunoi mexanixu HAH Yxpainu i JIKA Ykpainu

TenneHiiero po3BUTKY KOCMIYHOI TEXHIKM € peaiizallii HasBHHX Ta
pO3poOKa HOBUX IPOEKTIB 3 BUKOHAHHS OPOITAJILHOTO CEPBICY, HANPHUKIIAI 3
BUJIAJICHHSI KOCMIYHOTO CMITTS. Y SKOCTI O0'€KTIB CEpBICY YAaCTO BHUCTYMAIOTh
HEKOONEPOBaHI 00'€KTH, fKI MarOTh HeOaxaHwil oOeprambHuil pyx. CepBicHIi
orepailii, K MPaBWJIO, MEpPeay€e IMOTalleHHs BIJHOCHOTO pyxy o0'exta. [{um
00yMOBJICHA aKTyaJIbHICTh JOCTIKECHB, MIOB'SI3aHUX 3 BIOCKOHAJICHHSM METO/IiB
OOpPTOBOTO BU3HAUEHHS MapaMeTPiB BITHOCHOTO MOJIOKEHHS Ta PyXy 00’ €KTa.
KnacuynuM migxomoM mpoOsieMd BU3HAYEHHS MPOCTOPOBOTO  TMOJIOKEHHS
00'ekTa opOITaTIBLHOTO cepBicy (I11J11) BIAHOCHO CEPBICHOTO KOCMIYHOIO arapara
(CKA) 3anumaeTbcs MiaXig Ha OCHOBI MOHO- Ta CTepeoOavyeHHsS 3aBISKH
nepeBaramM Majoi Bard Ta HU3BKOTO CIIOXUBaHHS eHeprii. [lle omHrnM ocHOBHUM
NIJXOJOM € HaBirauis Ha OCHOBI JAaT4MKIB jinap. Jkepenom Xmap TOUYOK
MOBEPXHI IIUTI MOXYTh OyTH $SIK CHCTEMHU Ha OCHOBI JiJap, TaKk 1 CHUCTEMH
crepeoOaueHHs. [lepeBara BigiaeTbcsl MEPIIMM 3aBIASKM iX HAAIMHOCTI TpH
3MIHHHUX YMOBaX OCBITJeHHS. Halrmonmpenim MEeToIu Ha OCHOBI ITUX ITIXO1IB
CIIHUPAIOThCA HA BHUAUICHHS O3HAaK IIJII Ta BCTAHOBJICHHI iX BIAMOBIIHOCTI
o3HakaM mojeni 1T, Ha Bunagok BiICYyTHOCTI MOJIEI 11JII MO>KHA CTBOPIOBATU
il TUIIXoM 3MOMKH cepii 300pakeHb IIiJ, MOTIM 3aCTOCOBYBATH «MOJICIBHI»
Meroau. 3D mpuponma JaHWX XMapHW TOYOK Jifapa € CIPUATIUBOIO JJIS OIliHKH
MOJIOKEHHS 11111 0€3 HasiBHOCTI 11 Mojeni. B 1iboMy KOHTEKCTI JUIsi OTpUMaHHS
XMapy TOYOK JIOIIJIBHO PO3IIISIaTA 3aCTOCYBAHHS JiAapiB, SKI 32 TEXHOJIOTIEO
noOyZ0BM HaJIeaTh A0 TPyNHU JATYMKIB HA OCHOBI BUKOPHUCTAHHS MaTpHULb
JETEKTOPIB, HA 300paKEHHS SIKUX HEMa MOMITHOTO PO3MHUTTS BiJ] pyXy IIii.
Po3po6ieno  Meron  BU3HAYEHHS  MPOCTOPOBOTO  MOJIOKEHHS  00'eKTa

opOITaJILHOTO CEPBICY 3 HEBIIOMOKO (POPMOIO MOBEPXHI, OCHOBAHUN Ha 0OpoOIIi
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XMap TOYOK MmoBepxHi Iim. [lpurmyckaeTbcs, 1m0 XMapa TOYOK OTpUMaHa 3a
nornoMororo BcraHoBieHoro Ha CKA nmartymka y BUTJISI CUCTEMHM Ha OCHOBI
Jigap. AATOpUTM peaiizaiii METOJy OmNepye 31 CIPOIICHWM OIHCOM XMapH,
BUKOPHCTOBYE TUIBKM KOOPAMHATH TOUYOK XMapu Oe3 BHSIBJICHHS O3HAK
NOBepXHi. [ges Meromy BHpIIIEHHS 3a/Jadl BHU3HAYEHHS IPOCTOPOBOIO
MOJIO’KEHHSI TIOSCHIOETHCS HACTYMHUM. 31 BCIX TOYOK XMapH, OTPUMaHUX Ha
MeBHUH MOMEHT dYacy, OOMparOThCS TOYKH, IO IEBHOI MIpPOI OJIU3BKI J0
3aJ1aHO1 CYKYMHOCTI IUIOIIMH, PO3TAllIOBAHUMHU Yy MPOCTOPI MEBHUM YHUHOM. 3
XMapH TOYOK, 11O BIJIMOBIJA€ HACTYIIHOMY MOMEHTY 4acy, OOMpPAIOThCS TOUKH,
110 OJU3bKI JI0 TI€T %K CYKYIMHOCTI IUIOIIMH, ajie BIIOMUM YHHOM IMEPEMIIIEHOT Y
npocrtopi. Po3TanryBanHs npoekuii BiiiOpaHuX TOYOK XMap Ha 3a/1aHl IUTOMHHH
YMOBHO Ha3BEMO KapTUHOIO MEPETHHY XMap TOYOK 3 IUIOMIMHAMU. 3MIHIOIOUHU
MEepPEeMIIICHHS! CYKYIMHOCTI IJIOIIMH HAMaraeMoch JIOCSATTH HAWOUIbIIOTO 301Ty
KApTUH NEPETHUHY MepUIoi Ta IPYyroi xMap To4oK. Mipa 30iry KapTHUH NEPETHHY
XapaKTEePU3y€eThCS 3aIPONOHOBAHOI LIJbOBOI (YHKIIIEIO, apTyMEHTH SIKOI €
napaMeTpaMH 3MIHHU ITPOCTOPOBOIO MOJIO0KEeHHS 1iIl. [lapameTpu nepemiiieHHs
LIl BU3HAYAIOTBCS SIK ApPryMEHTH IUIbOBOI (DYHKII, IO HAAalTh il
MaKCHUMaJbHe 3Ha4eHHs. PO3IIIHYTO TECTOBHI MPUKJIIA] 3aCTOCYBaHHS METOAY.
J{ns momrykKy apryMeHTIB LiTbOBOI (PYHKIIT BUKOPUCTAHUNA METOJ| TJI0O0ATbHOT
ormrtumi3zaiii. Po3paxyHku miATBEpAUIIN MPaIE3IaTHICTh PO3POOJIEHOTO METOIY
Ta BUABWJIA MEXI1 Horo 3acTtocyBaHHs. [IuTaHHS OIliHIOBaHHS OOYHCIIIOBATIBHUX
BUTpAT He posrisganocs. [lepeBaroro Meroay € HOro 3/1aTHICTh BU3HAYATH
3MiHY ITPOCTOPOBOTO MOJIOKEHHS 00'€KTa 3 HEB1IOMOIO (DOPMOIO TOBEPXHI.

3anponoHOBaHW ~ METOJ  BHM3HAYEHHS MapamMeTpiB  3MIHM  BIJHOCHOIO
IPOCTOPOBOTO TOJIOKEHHSI 1[Il MOXKE PO3IJIAAATHCS SIK MOCTaYalbHUK JAHUX
CIIOCTEPEXKEHHSI NIl TpoleAypu (QinbTpaiii TpH OI[IHIOBaHHI IMapaMeTpiB

BIJIHOCHOTO PyXY L1JIi 3 HEBIIOMOIO (DOPMOIO TTOBEPXHI.
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METO/J BEPXHbOI TA HUKHBOI PO3B’SI3YBAJIBHUX ®YHKIIIN
B TEOPII KOH®JIIKTHO-KEPOBAHUX ITPOIIECIB
Yuxpiit A.O., a.o.chikrii@gmail.com
Incmumym ribepnemuxu imeni B.M. [ nywxoea HAH Ykpainu
Panmmomnopt M.C., jeffrppoport@ gmail.com

Incmumym ribepnemuxu imeni B.M. [ nywxoea HAH Ykpainu

JlomoBiib TpPHUCBAYEHA BHUBYEHHIO MPOOJIeMU 3O0IMKEHHS KEpOBaHUX
00'eKTIB Ta CTpaTeriii MepexOoIUIeHHS LUIeH B IFPOBUX 3aJadyax JUHAMIKH.
AKTyanpHICTh 111€1 TpoOJeMU TIOB'SI3aHa 3 HEOOXIAHICTIO TEOPETUYHOTO
OOIPYHTYBaHHS BIIOMUX MPOEKTYBAIbHUKAM PAKETHOI Ta KOCMIYHOI TEXHIKU
Meroay kpuBoi moroni JI. Einepa, meromy mpomopiiiiHOi HaBiraiii, METOIy
nepeciiyBaHHs 32 IPOMEHEM 1, 30KpeMa, apajieIbHOTO 30JIMKEHHS.

3anponoHOBaHO HOBUW MIAX1A 10 (OpMyBaHHs CTpaTeriii KepyBaHHS y
npoOiemi  30MKEeHHST KOHQIIKTHO-KepoBaHUX 00’ekTiB. Po3pobneHo 1Bi
Moaudikamii nepmoro npsamoro merony lloHTpsariHa nns cTpoOOCKOMIYHOL
cTpaTerii B Kjacli KOHTpKEpyBaHb, KOJM HE BHKOHYEThCS KIIaCHYHA yMOBa
[TonTpsrina [1, 2].

Po3riasitHyTo HUXKHIO pO3B’A3yBalIbHY (DYHKIII1O, IO BIAITPAE KIFOUYOBY POJIb
y dhopMyITIOBaHHI PE3yJIbTATIB 1 B 3aralbHOMY BHUIAJIKy MOKe OyTH BU3HAYCHA 3
ypaxyBaHHAM (yHKIioHala MIiHKOBCHKOTO JESIKOTo  0araTo3Ha4YHOTO
B1JI00paKEHHS.

BBeneHo BepXHIO po3B’A3yBalibHY (YHKIIIIO, 110 B 3arajlbHOMY BUIAIKY
MOXxe OyTH BH3HaueHa 4depe3 oOepHeHuM (PyHKIIoHAT MIHKOBCHKOTO JESIKUX
0araTo3HauYHUX Bi0OpakeHb. 3aMPOIIOHOBAHO MOJU(IKOBAHY CXEMY METOIY
pO3B’s3yBaIbHUX ~ (QYHKITINA, 110 3abe3nedye 3aBepuieHHS KOHOIIKTHO-
KEpOBAaHOTO MpOLIECYy B KJacl KBa3icTpaTeriii 1 KOHTPKEpyBaHb, KOJIU yMOBa
[TonTpsirina He BUKOHYEThCS [2].

Posrnsnyro mnpobsiemy 30JMKEHHST KEpOBaHMX OO'€KTIB 13  PI3HOIO

IHEpIIMHICTIO B IrpoBUX 3a1ayax auHamiku [3]. s xepoBaHux 0O0'€KTIB 3
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PI3HOIO THEPLIMHICTIO XapaKTepHUM € Te, 110 Ha JAEIKOMY IHTEpBall 4yacy He
BUKOHY€TbC yMoBa IloHTpsriHa. [ns po3p’d3aHHs  mpoOJeMU BBENEHO
cnemianbHi  OaraTo3HayHe BiOOpaKeHHS 1 MaTpuU4Ha  (QYHKINS IS
BUPIBHIOBAaHHS PECypCIB KEpyBaHHS TpaBIliB, a MOTIM JIOJAaTKOBUU peECypC
KOMIICHCYEThCSI 32 PaXyHOK TUIECHOI CKJIAJ0BOI WJIIHAPUYHOI TEPMIHAIBHOL
MHOXHUHH. CHOopMyTbOBaHO JOCTaTHI YMOBHM 3aKiHUYCHHS TPU 3a KIHIICBHMA
rapaHTOBaHWM Yac JUIsI KEPOBAHUX OO'€KTIB 13 PI3HOK I1HEPIIHHICTIO y pa3i,
KoM ymoBa [loHTpsAriHa HE BUKOHYETbHCH.

Hanano mopiBHAHHS rapaHTOBaHUX YaciB JUJISl PI3HUX CXEM PO3IIAHYTHUX
MeTo/I1B. TeopeTHuH1 pe3yapTaTH NPOUTIOCTPOBAHO HA MOJIEIBHUX MPUKIAIaX 31

CIEL1AIbHOI0 HEOMYKJIOK 00JIaCTIO KEpYBaHHS MepeciiIyBaya.

Bibaiorpagiuni nocuianus

1. Yukpiit A.O., Pamonopr M.C. TIpsamuii MeTO pO3B’A3aHHS irPOBHX 33714 30IMKCHHS
KepoBaHUX 00’€KkTiB. Kibepuemuxa ma cucmemuuil ananiz. 2023. T. 59, Ne 5. C. 144—

153. https://doi.org/10.1007/s10559-023-00617-8.

2. Yukpiit A.O., Pammomopr W.C. Crparerii kepyBaHHs Yy mpoOiemi 301MKEHHS
KOH(IIKTHO-KepOBaHUX 00’ €KTiB. Kibepnemuxa ma cucmemuuu ananiz. 2024. T. 60, Ne

2. C. 96-110. https://doi.org/10.34229/KCA2522-9664.24.2.8.

3. Yuxkpiit A.O., Pammonopr M.C. JloctatHi ymMOBH 30JMXKEHHS KOH(IIKTHO-KEPOBAHUX
00’€KTIB 3 pi3HOIO 1HepUiiHicTIO. Kibepnemuka ma cucmemnuti ananiz. 2024. T. 60, Ne 4.

C. 79-102. https://doi.org/10.34229/KCA2522-9664.24.4.7
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KEPYBAHHS PO3I'OPTAHHSIM CITYACTOI AHTEHU
KOCMIYHOI'O 3ACTOCYBAHHA
Ilamaxanos B.K., Xopomunos C.B., /luckyminefriends @ gmail.com
Incmumym mexuiunoi mexanixu Hayionanvnoi Axkademii Hayx Yrpainu i

Jeporcasnoco Kocmiunoeo Aeenmemea Ykpainu

B kocMiuHIM TexHiIll 3aCTOCOBYIOTHCS BEIMKI KOHCTPYKIIHM, IO
TpaHChHOPMYIOThCS, Halpukiaa aHTeHu [1]. V 3B’s3Ky 3 TUM, IO MicCLE TiJ
OOTIYHUKOM PaKETU-HOCISI € OOMEXEHHM, BOHHM BHBOJATHCSI Ha OpOITY Yy
CKJIQZICHOMY CTaHi, MICJsi 4YOro BOHU PO3rOpPTAIOTHCS TAaKUM YWHOM, 1100
chopmyBatH HEOOXinHY KoH(pirypauito. [Ipote iCHyIOTh, Ha Kajib, BUNIAJKHU HE
PO3KPUTTA TaKUX KOHCTPYKIIIH, [0 HacamImepe.l MOB’SI3aHO 31 CKIAAHICTIO X
KOHCTPYKIIIH, @ TAKOX CKJIQJHICTIO MPOBOJAUTH TOYHI HATYpPHI €KCIIEPUMEHTH. Y
3B’SI3Ky 3 ITUM YJOCKOHAJICHHS CHCTEM pPO3TOPTaHHS TaKWX KOHCTPYKINHA €
BKJIMBOIO 33/1a4€l0.

VY nonoBiAl po3risiaeThes 3a7a4a po3ropTaHHs KOCMIYHOT aHTEHHU [2], y
AKOi JIBI CHUMETPUYHI CITYACTI CHUCTEMHM B1JIOMBaya KPIIUIATHCA A0 OMNOPHOI
dbepmu, sfKka y PO3TOPHYTOMY CTaHi Mae (opMy ENINTHYHOTO IHIIIHJPA.
Cucremu CITOK, HATATHYTI 32 JOTIOMOIOIO CTSKOK, Pa30M 3 METAJIEBOIO CITKOIO
YTBOPIOIOTH BiJIOMBHY MOBEPXHIO HEOOX1HOT (hOpMHU. AHTEHA PO3rOPTAETHCS 32
JIOTIOMOTOI0 CHCTEMM TPOCIB Ta IKiBIB, 1[0 MICTUTh 1JICHTUYHI MEPEIHIO Ta
3aJTHIO ITiICHCTEMH, KOYKHA 3 SKUX MPUBOJIUTHLCS Y PYX BIIACHUM JIBUTYHOM.

Ha nmepimomy erami A0CTiPKEHHS CTBOPEHO MOJIENh aHTCHU SIK CHUCTEMHU
3B’SI3aHUX TUT 3 ypaxyBaHHSAM e(eKTiB THY4YKOCTl (epMu, TepTs 3’€llHaHb 1
CKJIQIHOTO 3B’SI3Ky MK METaJIeBOI0 CITKOIO Ta CHUCTEMOIO CITOK Ta CTSIKOK.
PymriitHi cunm  BUBOASTHCA SK  (YHKIT TMEepeMillieHb TPHUBOIY CHCTEMH
pO3ropTaHHs 3 ypaxyBaHHSM JAerpajalii HaTsary Tpoca [3].

Ha napyromy etami npociimkeHHss Oylia CTBOpPEHa CHPOIIEHA MOJEi
JMHAMIKA OJIHOI CEKIlii aHTEeHM, 110 BUKOPHCTAHA JJIsI BUPIIICHHS OOEPHEHOI

3a/layl AMHAMIKH, & caMe 3HaXOJKEHHS HEOOXI1IHOrO MPOrpaMHOro KEPyBaHHS,
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ske 3a0e3neuye HEOOXiTHY TPAEKTOPIIO0 PO3rOpPTaHHS KOHCTPYKIii. OCKUIbKU
NOBHOMacHITa0HE MOJIEIIIOBAHHS PO3rOPTaHHsI aHTEHHUX CUCTEM Ha 0asi TPOCiB
Ta WIKIBIB € CKJIAIHUM 3aBJIaHHSM, 3alpONOHOBAHO crpomieHui miaxina. Llei
METO/]T BUKOPUCTOBYETHCS NIl PO3PAXyHKY HATATY TPOCa 1 BY3JOBUX PYIIIHHUX
CWI 3 ypaxyBaHHSM TEpTs Ta IHIIMX OCOOJIMBOCTEH PO3IVISIHYTOI CHUCTEMH 3
TPOCIB Ta MIKiBIB.

Ha tperbomy etani poOOTH 3 BUKOPUCTAHHSIM IIOBHOT MOJIENI TOCIIIIKEHO
MOKJIMBICTh peaiiizalii 3HalHJEHOro MPOrpaMHOIO KEpyBaHHS 3 ypaxXyBaHHSIM
O0COOJMBOCTEM cuCTeMH po3ropTaHHs. Jljisi JocsirHeHHS BUOpaHUX LUIEH
JOCIIJIKYIOTBCSL PI3HI CTpaTerii HaMOTYBaHHS MPUBOAHUX TPOCiB. PesynbraTn
MOJICJIFOBAaHHS TMOKa3yl0Th, 110 YUM OUIbIIE TEPTSA y IIApHIpAX, THUM JIETLIE

3a0e3neunTu 0axkaHy TPAEKTOPII0 PO3TOPTAHHS AHTCHH.

Bioaiorpagiuni mocuianus

1. Khoroshylov S., Martyniuk S., Sushko O. et al. Dynamics and attitude control of space-
based synthetic aperture radar. Nonlinear Eng. 2023. V.12(1).
https://doi.org/10.1515/nleng-2022-02771/

2. Sushko O., Medzmariashvili E., Filipenko F. et al. Modified design of the deployable
mesh reflector antenna for mini satellites. CEAS Space J. 2021. Vol.13, No.4. Pp. 533—
542. https://doi.org/10.1007/s12567-020- 00346-0

3. Shamakhanov V., Khoroshylov S. Modeling cable-pulley deployment systems of
transformable rod structures. Technical Mechanics. — 2023. — No4. — P.3-14.17.
https://doi.org/10.15407/itm2023.04.003
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MMPOEKTYBAHHS TA HABUAHHSI HEWPOHHOI MEPEXKI JIJISI
ITEHTU®IKAILIL 3ATOPSIHb TA 3AIMMJIEHD
IMupoxkoB M.C. nekit.com37@gmail.com, CunopoBa M.I'.

ninposcwvkuti Hayionanvnul yHieepcumem imeni Onecs I onuapa

PosmizHaBaHHs 3aropsiHHSA Ta 3aJUMJICHHS € KPUTUYHOIO MPOOJIEMOI0 Y
chepi Oe3mekw, OCOOJIMBO B YMOBaX IPOMHUCIOBUX 00’ €KTIB, IPOMaJChKHUX
Oy/liBenb, JICOBUX 30H 1 OKUTJIOBUX TpuMilIeHb. [loxkexi MOXyTb
MOIIMPIOBATUCS TyK€ IIBHIKO, TOMY CBO€YacHE BHSBJICHHS 3arpo3u €
BUpIIATBHUM (aKTOpOM JJig MiHIMI3alli 30UTKIB Ta MOPSITYHKY >KUTTIB.
Tpaauiiiini CUCTEMH MOMXKEXKHOI CUTHAII3allli 4acTo 0a3ylrThCS Ha TEIIOBUX
ab0 JUMOBHUX JIETEKTOpaxX, SKI MOXYTh CIIPAIllbOBYBATH 13 3ali3HEHHSIM, KOJIU
MOXKEKa BXKe HaOpaJia Cuiy.

OpHak BUKOPUCTAHHSA KOMIT FOTEPHOTO 30py Ha OCHOBI HEHPOHHHUX MEPEX
JT03BOJISIE BUSBIISITH 3arOpsiHHS Ta 3aJMMIICHHS Ha paHHIX CTaAisX IUISIXOM
aHami3y BI3yalbHUX JaHUX. TakWil MiIXiJ 3HAYHO NEpeBEepIIye TPagULiiHI
METOAM JETEKLIi, OCKUIbKM BIH 3JaT€H BpaxOBYBaTH LIUPOKUN CHEKTP
BI3yaJIbHUX (PAKTOPIB 1 MpaIfOBaTU B YMOBax pI3HOMAHITHUX CEPEIOBUII.
CkiazmHicTh HMOTO 3aCTOCYBaHHSI MOJsra€e y BHOOPI apXITEKTypU HEHWPOHHOI
Mepexi, ma0opi rineprnapaMeTpiB Ta METOIIB HABYAHHS.

B saxocti Habopy maHuX Jyuisi HABYaHHS OyJiO B3SITO JaTaceT 300pa’keHb 3
matdopmu Kaggle — Fire and Smoke Dataset [1], saxuii MicTUTh TTOHAJ JB1 3
MOJIOBUHOIO THUCSY1 KOJILOPOBHUX 300pa)K€Hb 3aropsiHb Ta 3aJUMJICHb, KOXKHE 3
SAKUX YHIKaJbHE Ta Ma€ Pi3Hy PO3AUIbHY 3AaTHICTh, OTPUMAHO B PI3HUX YMOBaXx
(ocBiTiieHHs, 4yac J00W, Pi3HI MOTOAHI YMOBHM) Ta B PI3HUX CepeIOBHUIIAX
(BIIKPUTI IPOCTOPHU, 3aKPUTI MPUMIIICHHS, MIChKI Ta TIPUPOJIHI 30HH).

3acTocyBaHHS HEHPOHHUX Mepex 10 3ajaadl OiHapHOi Kiaacudikarii
300pakeHb Ma€ JeKiJbKa OCOOJMBOCTEH: Ha BXIJ IOJAIOTHCS IOTIEPEIHBO
00po0JIeH]1 300pakeHHs, HOPMaJTi30BaH1 Ta 31 CTAHAAPTU30BAHOIO PO3I1ILHOIO

3JIaTHICTIO; B apXITEKTYpl HEMPOHHOI Mepeki BUKOPUCTOBYETHCS UYEPTryBaHHS
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3TOPTKOBMX Ta  MYJIHTOBHX  IMapiB 3  MOJAJIBIIUM  TEPETBOPCHHS
0araToBUMIpHOTO BHUXOJy IIIapiB B OJHOBHMIPHHI BEKTOp Tepe] IMOJaycio B
IIUTPHUM MIap IJ1s IpOBENeHHs Kinacudikamii. BaximmBum eTamoM mpu OIiHII
SKOCTI MOJENIeH € PO3paxyHOK TOYHOCTI (accuracy), sika BimoOpa)kae 4acTKy
MPaBWIBHO KJIaCH(IKOBAHMUX 3pa3KiB y 3arajibHIM KIJILKOCTI 3pa3KiB.

Mosgoto nporpamyBanHs Python y cepemosutii Google Colaboratory 6yiio
CTBOPEHO TMpOTpaMHe 3a0e3MeUeHHs ISl JACTEKINi 3aropsHb Ta 3aJUMIICHb 3a
nonomororo moayis Keras 3 616miotexku Tensorflow s HaBuaHHS Ta migoopy
napameTpiB HEHPOHHUX MEPEK.

[Toka3Huk TouHOCTI Kiacuikaili Ha BamifamiiHii Budipii — 0.7736.

EApmamTr e
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Puc. 1 — nabop naHux AJ1s1 HaBYaHHS

JlaHe JOCHIJDKEHHS JEMOHCTPYE VCINIIHE BHKOPHCTAHHS 3TOPTKOBHX
HEHPOHHHUX MEPEX Ta MIATBEPKYE €(DEKTUBHICTD iX BUKOPUCTAHHS ISl AaHAITIZY
300pakeHb. OKpiM 1BOro, OYyJIO MIAKPECICHO BAXKJIMBICTH IIJATOTOBKH JaHUX
I HaBuaHHSA. Hopwmamizamis Ta ayrMeHTaliss 300pakeHb  J03BOJISLIN
NOKPAIIUTH Pe3yibTaTH MOJIEN], 3HUKYIOUM MWMOBIPHICTh MEpEHABYAaHHS Ta
MIJBUINYIOYM 11 3aTHICTh 0 y3araJlbHEHHS Ha HOBHUX JaHUX. OIIHKH SKOCTI
MOJIEl TOKa3ajid, 10 BaXJIWBO 30aJaHCOBAHO MIAXOJUTH JO aHaJI3y

pe3ynbTaTiB, 0COOIMBO MPU HEPIBHOMIPHUX JIaHUX.

Bioaiorpagiuni nocuinanus

1. Ilnardpopma Kaggle. Fire and Smoke Dataset.

https://www.kaggle.com/datasets/gurneetsineh 1928/fire-smoke-dataset-combined
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MOPIBHSIHU AHAJII3 TAPAHTOBAHOI'O EJIIIICOITAJIBHOI'O
OLUHIHIOBAHHSA CTAHIB IUHAMIYHUX CUCTEM
IoaoxoB O.B., gyroalex@ukr.net

Kuiscovkuii nayionanvuuu ynisepcumem imeni Tapaca Lllesuenka

["apanTOBaHe OIIHIOBAHHS CTaHIB JUHAMIYHMX CHUCTeM Oepe MouyaToK 3
cepenuHd 60-x pokiB MHHYJOro cropiuus. Ilepmoro poOoTO0 Ha TepeHax
konumHboro CPCP, B akifi 119 MHOXHUHH MOJKJIMBHUX CTaHIB JUHAMIYHOL
CUCTEMHM  3aCTOCOBYEThCA  CJIOBO  «EIINCOiA»,  BBaXaeTbcsa  pobOOTa
Kpacoscekoro M.M. JJo meopii keposarnocmi ma cnocmepexicys8anocmi JiHIUHUX
ounamiynux cucmem, 1964-ro poxy. 3a KOpJJOHOM TOr0 4Yacy MEPIIO TAKOIO
pobororo BBaxkaeTbcs pobOoTa Schweppe F.C. Recursive state estimation;
unknown but bounded errors and system inputs, 1968-ro poky. C toro uacy
PO3BUTOK LILOTO HAMPSIMKY 3 P13HOI IHTEHCUBHICTIO TpHUBae 1 foci. B 80-x pokax
MUHYJIOTO CTOPI4Ys B I[bOMY HANPSAMKY CTaJId MPaIIOBaTH YKpaiHChKI BYEHI,
30kpema B.M. Kynuesnu, .M. bakan, B.B. Bonocos.

3ayBaXMMO, 110 OOMEXEHHS SKOICh MHOXHWHH ENINCOIIOM HE €
peporaTuBor0 Teopii KepyBaHHs. Llg 3agada po3B’s3yBasiach pI3HUMH
cnocobamMu 1 3a pi3HUMHM KpuTepisiMu 1€ B 30-1 pOKM MHUHYJOrO CTOpivYs,
nanpuknan, Berend F.: Uber die kleinste umbeschriebene und die grofite
einbeschriebene Ellipse eines konvexen Bereichs. Ane B Teopii KepyBaHHS KpiM
BJIACHE PO3B’sA3aHHs 3a7a4l eJIINCOiIaibHOI allpOKCHUMAaIlli IEBHOI MHOKHUHU — B
3arajJbHOMY BUTIAJKY HE OIYKJIOi, 3aBXK/IU € 3a7a4a OTPUMAHHS I1i€] MHOXKHHH 3
ypaxyBaHHsIM  J0AaTkoBOi  iH(MopmMamii. ToOTo pe3yiabTaT KepyBaHHS
JTUHAMIYHOIO CHCTEMOIO 3aJIC)KHTh BiJl METOAY PO3B’S3aHHA SIK MEpIIoi Tak i
JpyToi 3a7a4 1 OYEBUIHUM 00pa30M 3aJICKITh BiJ] BIACTUBOCTEH CHCTEMH.

TakuM dYMHOM, IIOCTa€ 3agada, SK IS IIEBHOI JUHAMIYHOI CHCTEMH
obpath ONTUMAJbHUM TapaHTOBAaHWHM METOJ OIlIHIOBaHHSA 1ii  CTaHIB.
OnTuManbHICTh NPU IBOMY PO3YMIETHCS K CYKYITHA OLIIHKA TMEBHOTO METOMY

ab0 aJropuTMy OIIHIOBaHHS 3a HOTO CTIMKICTIO /10 MOPYUIEHHS amnplOpHHUX
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OpUIYIIEHb, TIEpPEepB YU «BHUKUAIB» Yy BHUMIPIOBaIbHOI  1HGoOpMaIli,
MIHIMAJbHOCTI TIOMWJIKA B OLIHII MOXJIMBOTO CTaHYy JMHAMIYHOI CHCTEMH, 1
BUMOTJIUBICTG JO OOYMCIIOBaNBbHUX pecypciB. DopMyBaHHS aHATITHUYHOTO
¢dbyHKI[iOHama SKOCTI METOAY OIHIOBaHHS — HaBiTh 3BY)XEHOTO [0
rapaHTOBAHOI'O EJINCOiaJbHOT0, € OUIBII aKaJAeMIYHOI HIDK MPaKTUYHOIO
3a71a4ero.

[IpuitHaiTHUM  cnocoOoM  BHOOPY  «ONTUMAJBHOTO»  AITOPUTMY
OIIIHIOBAHHS € TIOPIBHSJBHUM aHalli3 oO0paHuX aJrOpUTMIB Ha MOJEl
nepeadadyBaHOTO Ui X 3aCTOCYBaHHSA O0’€KTa — CIIOYAaTKy MaTeMaTW4yHOi, a
MOTIM 1 KOMIT I0OTepHO1. MoJienb e KOHKPETHOTO 00’€KTa I1e OLIbII 3MEHIIYE
HEBHU3HAYEHICTh B BUOOPI aJTOPUTMY OL[IHIOBAHHS.

MopnemntoBaHHs poOOTH KOXKHOTO 3 aJITOPUTMIB Ha MEBHUX PEKMMAaX 1 B
MEBHUX yMOBaX (PYHKI[IOHYBaHHS 00’€KTa € 3arajbHONPHUHHATHOIO MPAKTUKOIO
JUTSI TIPUHHATTS HAYKOBO OOIPYHTOBAHOTO PIMICHHS MO0 BHOOPY MEBHOTO 3
HUX JIJIs TOAAJIBIIOT MepeBIpPKU Ha (I3UYHOI MOl 00’ €KTa Ta HOr0 MaKETHOMY
BapiaHTi. B pa3i BUSIBJIEHHA TOMITHUX HEIOJIKIB OOpPaHOTO alrOpUTMy €
MO>KJIMBICTh EPEBIPKU APYTOro «KaHIUIATa» 1 TaK Jajl ax JI0 «ayTcauaepar.

B po6oTi mpoBOIUTHCA MOPIBHAJIBHUN aHaJi3 aJTOPUTMIB EJIINCOIAaIbHOTO

OI[IHIOBAHHS CTaHiB MO/JIEJI IITYYHOr'O CYIyTHHUKA 3eMIi.
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