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Materials of the XII International Scientific Conference
«Information-Management Systems and Technologies»
23th — 25th September, 2024, Odesa

The collection contains materials accepted by the organizing committee
for participation in the International Scientific and Practical Conference
"INFORMATION CONTROL SYSTEMS AND TECHNOLOGIES"
(ICST-ODESSA-2024).

The materials of the conference cover the main directions of
development in the field of artificial intelligence, development and analysis
of big data, blockchain and crypto technologies, control systems in robotic
systems, data security and cryptography, ICT in the network and
administration, information systems and technologies in Data Mining,
intelligent technologies management, mathematical modeling, methodology
and didactics of teaching and using ICT, application development, project
management. system analysis, software development. Conference materials
are presented in the following sections:

- Information control systems

- Intelligent systems and data analysis

- Modeling and software engineering

The conference materials were reproduced from the author's originals.
The organizing committee of the conference expresses gratitude to all the
participants of the conference and hopes for further fruitful cooperation
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Conference sections:

1. Information control systems

1. Blockchain and Crypto Technologies
2. Control Systems in Robotic Systems
3. Data Security and Cryptography
4. ICT in Network and Administration
5. Methodology and Didactics of Teaching and Using ICT

2. Intelligent systems and data analysis

6. Data Mining Technologies and Big Data
7. Intelligent control technologies
8. Artificial neural networks and machine learning
9. Applied intelligent systems
10. Intellectual models and knowledge engineering
technologies
11. Multi-agent systems and distributed computing

3. Modeling and software engineering

12. Mathematical and simulation modeling
13. Project management and risk assessment
14. Design and development of software applications
15. Software testing automation
16. Agile methodologies and business processes formalization
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SECTION 1. INFORMATION CONTROL SYSTEMS
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1.2,

Abstract. The article is devoted to synthesizing a machine learning approach for
clustering of multidimensional threats in heterogeneous networks, which is based on
the expectation-maximization (EM) algorithm.

Keywords: cybersecurity, heterogeneous network, machine learning.

Anomauia. Cmammsa npucesyena cunmesy nioxo0y MAulUHHOZ0 HAGYAHHA 04
Kaacmepu3ayii 6a2amosuUMIpHUX 3a2p03 ) 2emepOo2eHHUX MepPedicax, sikull 6azyemucs
na EM (expectation-maximization) azeopummi.

Kniouogi cnosa: xibepbesnexa, 2emepo2enii Mepeici, MAuunHe HAGUAHHSL.
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Cybersecurity threats in heterogeneous network are characterized by
different natures. This is caused by the behavior of these networks, which
are characterized by a set of transferring methods and sub-structures (nodes,
links, channels, multiple access etc.). These components of heterogeneous
networks can be attributed to different types and are related to various
aspects, including in the context of cybersecurity. The goal of the research is
to propose a machine learning approach for clustering of multidimensional
threats in heterogeneous networks, which is based on the expectation-
maximization (EM) algorithm [1] that deals with a Gaussian mixture model
[2]. The aim of the proposed machine learning approach is an unsupervised
clustering of partial threats within a complex multidimensional
cybersecurity threat into subsets, which makes possible finding
interconnections between these partial threats in each subset and producing
complex cybersecurity solutions for them. The special feature of this study
is that the complex multidimensional cybersecurity threat is analyzed
through a Gaussian mixture model approach. This is implemented by means
of such iterative procedures of the EM algorithm as the expectation (E-) and
maximization (M-) steps. The clustering of partial threats within a complex
multidimensional cybersecurity threat can be obtained in the proposed
approach using hidden variables of Gaussian mixture model, which are the
posterior probabilities that some partial threat belongs to some component
of a Gaussian mixture. Simulations of different examples of analysis of
complex multidimensional cybersecurity threat using the proposed approach
allow stating such its main features:

1) a fast convergence of clustering (few iterations are required);

2) a robust clustering (hidden variables of the Gaussian mixture model
are characterized by a very small deviation from 0 and 1);

3) the same initial parameters can be used for different complex
multidimensional cybersecurity threats;

4) an unsupervised feature of the proposed approach (clusters are being
organized automatically during iterative procedures using only input data).

References
[1] Gupta M.R., Chen Y.: Theory and use of the EM algorithm. Foundations and
trends® in signal processing. Vol. 4, No. 3, pp. 223-296 (2011).
https://doi.org/10.1561/2000000034.
[2] Huang T. et al.: Model selection for Gaussian mixture models. Statistica
sinica. Vol. 27, pp. 147-169 (2017). https://doi.org/10.5705/ss.2014.105.
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Abstract. The paper considers a cryptosystem for directional encryption based
on logarithmic signatures connected using a system of linear equations. A
logarithmic signature is a basic cryptographic primitive in an algorithm with distinct
cryptographic properties of non-linearity, non-commutability, unidirectionality, key
factorization, and an initial cryptographic transformation in the algorithm. The
secrecy of the cryptosystem is determined by the incompleteness of the system of
equations and the high level of uncertainty of the matrix transformations used in the
algorithm.

Keywords: LINE, linear equations, logarithmic signature, cryptosystem,
encryption.

Anomauia. Y pobomi pozenawymo Kpunmocucmemy Oasi CHPAMOBAHOZ0
WUGpPYBanHa HA OCHOGI J102apuMIYHUX RIONUCI8, NO8'S3aHUX 3A O00HOMO20I0
cucmemuy THIUHUX PieHsAHb. Jlocapugmiunuii nionuc € 6a3068um KpURMONPUMIMUBOM
6 aneopummi 3 GIOMIHHUMU KPUNMOSPADIUHUMU BIACMUSOCHAMU HENIHIUHOCMI,
HEeKOMYMAMUBHOCMI, 0OHOCHPAMOBAHOCHI, (PAKMOPU308AHOCMI NO  KIIOYY ma
novamKkosuM Kpunmoezpagiynum nepemeopennam 6 aneopummi. Cekpemuicmo
Kpunmocucmemu GU3HAYAEMbC HeNOGHOMOIO CUCIEMU DIBHAHb | BUCOKUM piGHEM
HeBU3HAYEeHOCMI MAMPULHUX NepemBOPeHb, WO GUKOPUCHIOBYIOMbCS 8 AN20PUMNMA.

Knwuoei cnosa: LINE, ninitini  pigusanna,  nocapu@mivnuil  nionuc,
Kpunmocucmemd, wuppysanns.
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Historically, integer factorization and discrete logarithmization have
dominated public-key cryptography. In 1994, Shor demonstrated that large-
scale quantum computers could easily solve these traditionally difficult
problems. Post-quantum cryptography (PQC) addresses the vulnerability of
classical cryptographic systems to quantum computing. NIST evaluates
quantum security for cryptosystems, refining candidates for post-quantum
cryptography.

A new cryptosystem design paradigm is proposed, relying on problems
with many equivalent solutions, avoiding quantum cryptanalysis. The
Shamir threshold secret sharing scheme exemplifies this approach, using
classical algebraic principles to ensure secrecy. Our proposal is based on a
well-established algebraic problem where a unique solution exists only if the
system of linear equations is fully defined. However, when dealing with an
incomplete system of equations, the number of solutions is determined by
the cardinality of the potential solution set. In our formulation, we use linear
equations with unknowns, represented by logarithmic subscripts. Typically,
the number of equations involving the secret values of logarithmic
signatures is fewer than the total number of unknowns, resulting in an
incomplete system of linear equations that cannot be resolved in polynomial
time. The core of any attack on such a cryptosystem involves sorting and
defining variables. The security of a cryptosystem based on incomplete
equations relies on the robustness of the solution set. The algorithm centers
on the concept of a logarithmic signature, a fundamental cryptographic
primitive with attributes such as non-linearity, non-commutativity,
unidirectionality, and key-based factorizability. We will further elucidate the
key aspects of cryptosystems incorporating logarithmic signatures. An early
use of logarithmic signatures in finite permutation groups was introduced in
constructing a symmetric cryptosystem. Many encryption schemes and
cryptosystems based on logarithmic signature were introduced, including
modern advancements [1,2]. The security of this cryptosystem hinges on the
secrecy of the homomorphic matrix transformation and the incompleteness
of the linear equations related to the values of the logarithmic signatures.
The inability to algebraically solve the system, due to the matrix
transformation's uncertainty, is a result of the incomplete definition of linear
equation systems for matrix equations and a probabilistic assessment of the
feasibility of constructing such a system. The lack of a verification
mechanism for solutions in an attack on a secret matrix transformation,
based on random samples of logarithmic signatures, suggests a probabilistic
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assessment of the attack's success. However, polynomial attacks on the
algorithm are not feasible, as the data (records of arrays) are structured as
random sets without regular patterns. While simple logarithmic signatures
are well-structured, the secret transformations used to construct protected
logarithmic signatures introduce significant randomization in array records.
We consider the general parameters of the cryptosystem as follows: M -
bit length of logarithmic signatures, K as a number of logarithmic
signatures in the cryptosystem, L as a number of factorizable logarithmic

signatures in the cryptosystem, e types of logarithmic signatures. Below
are the sizes of keys for building a cryptosystem with parameters k=4

2 2m 2
K=kxk=16 L=8 Mk =(22..2) [3]. It should also be noted that
the arrays A are generated as random entries and can be generated based on

the initial value. The secret keys are B« , b , T ¥ and public are defined

as }/K , /,’“K .
Table 1 — Secret keys costs

Costs for secret keys

m
|Bc|=2Km | |t |=Km | |7 |=Km | |w|=m® | |B¢|+[tc|+|z|+|w
byte byte byte byte byte

8 256 128 128 8 520

16 1024 512 512 32 1080

32 4096 2048 2048 128 8320

64 16384 8192 8192 512 33280

Table 2 — Public keys costs

Public key costs

|7K|:|'BK|byte || =lox| byte |yK|+|/IK|byte
256 32 288

1024 32 1056

4096 32 4128

16384 32 16416
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The confidentiality of the cryptosystem relies on the presence of an
incomplete system of equations and the substantial ambiguity inherent in the
matrix transformations integral to the algorithm. LINE embodies the
security levels ranging from 1 to 5, as stipulated by NIST, and thus presents
a promising candidate for post-quantum cryptosystems. A cryptosystem
based on an incomplete system of linear equations with respect to
logarithmic signatures is a strong candidate for post-quantum cryptography
[4]. The directional encryption algorithm is well-scalable concerning
computing costs, memory, and hardware platform limitations without
reducing the high level of secrecy. By selecting the general parameters of
the cryptosystem, the declared NIST levels of secrecy of 128, 192, and 256
bits are realized.

The cost of public keys when calculating over words of 16 or 32 bits
ranges from 1 to 4 Kbytes, comparable to the best candidates for post-
quantum cryptography.
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HOBHU CTATUCTHYHUI KPUTEPIN JJIs1 HEPEBIPKU
HE3AJIEZ)KHOCTI BITHUX BUITAIKOBUX 3MIHHHUX TA
HNOCJIILIOBHOCTEM

[posinnuii HaykoBuii cniBpodiTHuK JI. KoBanbuyk
[poBinnuii HaykoBHii ciiBpodiTHUK A. JlaBHIEHKO
O. Becnanos
I'.€. I1yxoscokuil iHcmumym Mo0eno8ants 6 enepeemuyi, Ykpaina
Abstract. The paper proposes a strictly justified statistical criterion for checking
the pairwise independence of bit sequences, which can be considered as realization
of random variables from a certain set. The corresponding algorithm that
implements the independence check according to this criterion is also developed and
clearly formulated. The resulting tool is very relevant for statistical verification of
the cryptographic qualities of various cryptographic primitives, the functioning of
which relates to the generation of random/pseudo-random sequences.
Keywords: statistical criterion, random variables, independence of random
variables, random/pseudorandom sequences generation.

Anomauia. Y pobomi nponomyemuca cmpoz2o 0OIPYHMOSAHUU CIAMUCIMUYHUL
Kpumepiu 015 nepesipku NOonapHoi He3anexdcHocmi 0imogux nocuiooeHocmel, sKi
po32nA0amvcsa AK peanizayii 6unaokoeux eeauyur 3 Oeaxoi MHodcunu. Taxookc
PO3pobeHo ma YimKko copmMyIbO8aHO GIONOGIOHULL AN2OPUMM, AKULL peanizye
NEePeBipKy  HEe3ANeNHCHOCMI  NOCTIO06HOCMEN  BIONOBIOHO 00 UYb020 KpUmMepiio.
Ompumanuii incmpymenm € HeOOXIOHUM Ol NePeGIPKU KpUNmocpapiunux sxocmeti
PI3HUX  KPURMONPUMIMUBIE, QYHKYIOHYBAHHS SKUX NOG SI3aHe 3 2eHePYBAHHAM
BUNAOKOBUX/NCEBOOBUNAOKOBUX NOCTIO0BHOCMEIL.

Knwuosi  cnosa:  cmamucmuunuii  Kpumepil, — 6UNAOKOBI  GEIUUUHU,
HE3ANeHCHICMb  8UNAOKOBUX BEIUYUH, 2eHepayis UNAaoKo8UX/NCe8008UNAOKOBUX
nocnidosHocmel.

When creating new cryptographic algorithms, in particular
pseudorandom/random sequence generators, or stream ciphers, the
following requirements must be met [1, 2]: analytical justification of the
algorithm's resistance to main known attacks; statistical investigations of the
cryptographic properties of the algorithm's output gamma (often the
properties of intermediate gammas of the algorithm are also investigated,
such as the sequence of its internal states, or so). At the same time, we can
often see the lack of attention paid to an equally important issue concerning
statistical investigations of the mutual independence of parts of the
output/intermediate sequences. Indeed, if, for example, the output sequence
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depends on the input sequence, then output sequence may not have the
property of unpredictability. If certain tools, like commonly used sets of
statistical tests, exist for statistical investigations of the properties of the
output gamma [3], there is currently no standardized or at least generally
accepted methodology for checking the statistical independence of
sequences, which may be interpreted as independence of random variables
with corresponding realizations. The method proposed in this paper is based
on calculating the determinant of the correlation matrix. Its main advantages
are significantly lower computational complexity as well as intuitive clarity.
The other advantage is that it needs no tables with probabilistic

distributions, such as X” or normal. The disadvantage of the method
proposed is some requirements to the length of the sequences to be
analyzed, and the larger the number of sequences we check, the larger their
length should be.

X ={x", iein}

Let MNEN 44

be a set of sequences of
X0 = (3.,
independent equally distributed random variables, "

with %" €101 2 gefine & = B =P(x=1) (o) ~var(x"),

(i) ('))
D
In what follows, we consider the sequence ( " as a realization

of a random variable X(i). Let's formulate a hypothesis Ho as "the
sequences in set (Ommoka! McToYHMK CCHIIKH He HaiigeH.) are pairwise

H

independent”. Alternative hypothesis ™ "1 is complex and is formulated as a

"hypothesis H, is not true.” The purpose of this work is to build and

justify a statistical criterion that will recognize the hypothesis H, with a

given  significance  level . Consider random  variables
[ONEPNORN () _ (D)

pon (602 (0 =a®)

K PRONSNEY ’I,jel,n’kel,m_

Proposition 1
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(0)) =
i i I =0
Let the sequences X and X are independent. Then (k ) ,
m_1 — -
T2 iel,"‘,then(k ) =t

Var(rk“'”)zll i,jel,_n’ kelm angif 2
Proposition 2
Let N€N and 9 pe positive integer. Let matrix A=(ay) . be a
square matrix such that: :1, 'E{]‘""n}; vi,je{l..nf, i= J.

o =a. L= N i #j
&; = a; and |au|_q’ Vl,je{l,...,n} '# 1 Then the following
detA—1+ > a;°

1<i<j=n

3 —
Se"zq 717n2q 7%(12

inequality holds:
Proposition 3
Let 9 >0 and 86(0’1). Then, if the sequences X ™ and XY are

_ m>-—=--In= P(‘R(ij)‘>q)ﬁs

independent, and a € then :
Now we formulate an algorithm for checking pairwise independence of

sequences.

Input: level of significance © ; number N of sequences to be tested.
1 1 2

q _ —_—
1. Calculate n® and a®> e
2. Generate N sequences x® ieln
take them from the given set).

, of the lengths at least M (or

A=(rRY)
3. Calculate the elements of a matrix ii=1,

t=
4. Calculate d =det A and
5. If t<e-25~0.218 then output “hypothesis Ho is accepted”,
otherwise output “hypothesis Ho js rejected”.

detA—1+ > a,°

1<i<j<n
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Abstract. The construction of a model for predicting flow parameters of a
distributed transport system of the conveyor type is considered. The rationale for
using a neural network to model a transport system consisting of a large number of
individual sections is given. The analysis of transport conveyor models is carried
out.

Keywords: conveyor, distributed system, control.

Anomauia. Pozenanymo nob6yo0ogy mooeni npoeHo3y8aHHs napamempis nomoKy
po3nodinenoi  mpaHcnopmuHoi  cucmemu  KoHeeepHozo — muny.  Hasedeno
OOIPYHMYBAHHS ~ GUKOPUCMAHHA — HEUpPOHHOI  Mepedici  0fd  MOOenNt08aHHs
MPAHCNOPMHOT cUCmeMU, Wo CKIA0AEMbCS 3 8eIUKOL KITbKOCHI OKpeMux OLNAHOK.
IIposedeno ananiz mooenel mpaHcnopmHux KOHBECpIs.

Knrwouosi cnoea: xonsecp, posnodinena cucmema, ynpagnins

The conveyor type transport system is the main method of transporting
material in mining industry. The average share of the cost of transporting a
unit mass of material is 20% of the total cost of coal mining [1, 2]. Costs are
especially noticeable for long multi-sectional transport systems and
branched transport systems. As the length of the transport system increases,
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transportation costs increase too. Uneven coming of material at the input of
the transport system leads to an uneven distribution of material along the
transportation route. It's the one of the main reason for the inefficient use of
transport conveyor.

The reduction of transport costs is achieved by increasing the level of
material loading of the transport system. To increase the level of loading of
the transport system, the speed of the conveyor belt or the amount of the
output flow from the storage hopper are controlled.

When designing systems for controlling the transportation of a material
for a conveyor consisting of several sections, models are used based on the
equations of system dynamics [3], the aggregated equation of state [4], the
Lagrange equations, the finite element method [5-7]. With an increase in the
number of sections to several dozen, these methods lose their relevance due
to a significant increase in the complexity of the computational algorithm. It
is proposed to use a transport conveyor model based on neural networks to
design a system for controlling the flow parameters of the transport system.

The construction of a model for predicting flow parameters of a
distributed transport system of the conveyor type is considered in the report.
The rationale for using a neural network to model a transport system
consisting of a large number of individual sections is given. The analysis of
transport conveyor models is carried out. It is shown that the model of a
transport system, which is based on a neural network, can be successfully
applied to predict the flow parameters of a transport system consisting of a
very large number of sections. The architecture of the neural network and
the technique of forming a data set for its training are proposed. To train the
neural network, the back propagation method of error was used.

The transport delay time of a particular section was determined and the
duration of the transition period was estimated. The effect of the occurrence
of peak values for the flow parameters of the transport system is studied.
The application of the model for predicting the peak values of the flow
parameters of the transport system is considered. Assessed the results of
predicting the output flow of the transport system.
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PO MOCTKBAHTOBI KOPOTKI HU®POBI IIJAIMMUCU HA
OCHOBI ITPOTOKOJIIB 3 BIJOBPAYKEHHSIMHA BIJI BATATbOX
SMIHHUX HAJT APUOMETHYHUMMU KUIBLISMHAU
Dr.Sci B. Yerumenko, Ph.D. O. Iycrosir
1S/Hisepcumem Koponiscokoeo Xonnoses, Ecam Xinn, TW20 0EX, Jlonoon
2 [uemumym menexomyHikayiil i 2106anH020 iHgopmayitinozo npocmopy HAH
Yrpainu

Abstract. We implement new scheme of the short digital signature which is
different from schemes based on multivariate public keys. The scheme started from
inverse twisted Diffie-Hellman protocol based on two Eulerian endomorphisms G; ,
i=1,2 of Z,° [X¢, Xz,...., X,] moving each x; to monomial term px,*®x, 4@ x4 | e
Z*,* and acting on (Z*,°)" as bijective maps. So correspondents Alice and Bob
elaborate mutually inverse transformations X and Y the space of hash values
(Z*,)™. Another twisted Diffie Hellman protocol is used for safe delivery from Alice
to Bob of bijective affine transformation A of space (Z,)" preserving (Z*,%)". Bob
uses his combination YAY for the verification of digital signature of Alice on hash
value h from (Z*,%)" Alice sends the tuple XA X(h) as her signature. For practical
use (Z*,°)" can be identified with the n-dimensional vector space over the finite field
Fq q=2%' or affine space (Zy) " . The cost of single protocol is O(n®) and the cost of
the computation of the reimage of used nonlinear map is O(n?). So the verification of
n', £>1 signatures takes time O(n"?).

We present several other cryptographic algorithms based on Eulerian
transformations and endomorphisms of Z,® [X1, X,...., Xa].

Keywords: Symmetric stream ciphers, Digital signatures, Protocol based
cryptosystems, Noncommutative Cryptography, Eulerian transformations

Anomauia. Mu peanizyemo Ho8y cxemy KOPOmMKO20 yugpoeozo nionucy, sKa
BIOPI3HAEMbCA 6I0 CXeM, 3ACHOBAHUX HA NYOMYHUX KAOHAX Kpunmoepagii 6io
b6azamvox 3minHux. Cxema 3ACHOBAHA HA 360POMHOMY NIOKDYUEHOMY NPOMOKONL
Jippi-Xenmmana na ocrosi deox etineposux endomopizmie G , 1=1,2 Z,° [Xy, X,,.
ooy Xo], W40 nepemiugyroms Kodicen x; 00 monomianvrozo unena pmx;"Ox, 1@, x40 e
Z*%,° i ditoms na (Z*°)" ax Gickmueni sidoobpasicenns. Tooc xopecnondenmu Anica
ma bob pospobasiioms 63acmno obepreni nepemeopenns X ma Y npocmopy xeui-
snavens  (Z%°)". Ile odun niokpyuenuii npomoxon Jihgpi Xennimana
suxopucmosyemocsi 0na Oesneunoi docmasku 6i0 Anicu do boba 6ickmugnoeo
aginnozo nepemsopenns A npocmopy (Z,°)" sbepexcenns (Z*°) " . Bob
suxopucmosye cgor Komoinayito YAY ona nepesipxu yughposoco nionucy Anicu na
xew-3uavenni h iz (Z*,°)". Anica nadcunae xopmeoic XA X(h) six ceiti nionuc. [na
npakmuunozo  euxopucmanns (Z*°)"  mooicna  omomoscnumy 3 n-6uUMipHUM
GexmopHUM npocmopom nad cxinvennum nosem Fq, (=2 abo aginnum npocmopom
(Zg) " Cxnaduicmo 00H020 NPOMOKONY CIMAHOSUMDb O(ns), a ck1aoHicms 00uUCIeH s
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BIO0BPANCEHHA BUKOPUCIIAHO20 HENHITiHO20 Bid06padcents cmanosums O(n?).
Omoice, nepegipka n', 21 nionucis saiimae wac On'?).

Mu npedcmasnsiemo Kinbka THWUX KPURMOSPADIUHUX ANCOPUMMIS, 3ACHOBAHUX
na nepemeopennsx Etinepa ma enoomopizmax Zy® [X1, Xo,...., Xn.

Knrwuoesi cnosa: cumempuuni nomoxosi wiugpu, yu@posi nionucu, npomokoIbHi
Kpunmocucmemu, Hekomymamuena kpunmoepagis, Eineposi nepemsopenns

The talk reflects some research outcomes of the project on Post —
Quantum Cryptography which was conducted and in 2021-2023 in the
Institute of telecommunications and global information space of NAS
Ukraine and new project in the same topic started in 2024. The research is
dedicated to enhancing the applied methods of Algebraic Combinatorics to
problems of Information Security motivated by cyber terroristic threats,
problems of secure processing of Big Data and threats of Quantum
Computer use for in cryptanalytic algorithms. The last threat motivated Post
— Quantum Cryptography which is created for the development of
cryptographic algorithms resistant against attacks with the use of quantum
computing.

The progress in the design of experimental quantum computers is
speeding up lately. Expecting such development the National Institute of
Standardisation Technologies of USA announced in 2017 the tender on
standardisation best known quantum resistant algorithms od asymmetrical
cryptography. The competition is already had four rounds.

The last algebraic public key «Unbalanced Oil and Vinegar Rainbow
like digital signatures» (ROUV) constructed in terms of Multivariate
Cryptography was rejected in 2021 (see [1]). Certain hopes of algebraists
are connected with so called Noncommutative Cryptography which is based
on problems connected with the studies of algebraic objects such as groups,
semigroups, noncommutative rings and algebras.

There are 5 categories that were considered by NIST in the PQC
standardization (the submission date was 2017; in July 2022, the 4 winners
and the 4 final candidates were proposed for the 4th round -- this is the
current official status). However, the current 8 final winners and candidates
only belong to the following 4 different mathematical problems (not the 5
announced at the beginning):- lattice-based,- hash-based,- code-based, -
supersingular elliptic curve isogeny based.

It is interesting obfuscation of ROUV with the title “>TUOV: Triangular
Unbalanced Oil and Vinegar” was presented to NIST (see
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https://csrc.nist.gov/csrc/media/Projects/pgc-dig-sig/documents/round-
1/spec-files/TUOV-spec-web.pdf) by principal submitter Jintaj Ding. The
research on the construction of new quadratic multivariate public keys and
their cryptanalytic investigation is continued.

Our talk is dedicated to alternative approach to construct new
instruments for digital signatures. We suggest several new protocol based
cryptosystems which security rest on the complexity of hard problems of
Noncommutative Cryptography . The complexity of used protocol is O(n®)
(see [2]). After the execution of O(1) protocols correspondents can use
obtained digital signatures scheme as many times as they want. The cost of
single signature is O(n®) where n is the length of the hash file of the
document. The complexity of the verification of the signatures of O(n')
documents is O(n"*?).
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Abstract. As a result, we get a set of training materials combined in a logical
sequence in an individual approach to learning. in the form of navigation rules. The
tools for representing and classifying unstructured data in multimedia systems
proposed in the work are based on the use of the comparator identification method
for dividing into equivalence classes and linking.

Keywords: Comparator identification method to represent unstructured data

Anomauia. B pesynomami mu ompumyemo Habip HABYUANbHUX Mamepianis,
00’ €OHaHux 8 N102IYHY NOCHIO08HICMb 6 THOUBIOVANbHUL NIOXI0 00 HABYAHHA. Y
6uenAdl npaeun Haegieayii. 3anpononosani 6 pobomi 3acobu npedcmasieHHs ma
KAacu@ikayii HeCmpyKmypoS8aHux OaHux y MyIbmMumMeOiliHux cucmemax 6a3yomucs
Ha SUKOPUCMAHHI Memody i0enmuixayii komnapamopa 0 po30umms Ha Kiacu
eK8iBAIeHMHOCII MA 36 A3VBAHHS.

Knwuoei cnosa: memoo ioemmugpikayii xomnapamopa 011 npeoCmasieHHs
HeCmpyKmypo8anHux OaHux

In general, hypermedia structures change the principle of knowledge
extraction, being a means of controlling the process of cognition itself. At
the same time, the role of the student himself in this process increases to a
large extent.

Hypermedia combines the ability of databases to adequately respond to a
request with a variety of forms of information presentation. Connected by a
network of mutual links, hyperspace can contain video and sound
recordings, statistical diagrams, tables, geographical maps, fragments — the
results of complex procedures. Independence from a rigid data grouping
scheme favorably distinguishes hypermedia from classical information, but
leads to an increased complexity of its development [1].

The architecture of such a system should include a user interface
subsystem, a multimedia database subsystem [2], and an execution
subsystem.

With such a presentation of data, the task arises of dividing and
structuring the educational material, taking into account psychological,
pedagogical, methodological and ergonomic requirements; dividing the
received information into equivalence classes in order to explicitly express
semantic connections between the data of the created hypermedia structure.

The goal of the work is to present and classify unstructured data in
multimedia systems; it is proposed to use the method of comparator
identification to divide into equivalence classes and link into a
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hyperstructure the documents selected as a result of a query to the
multimedia database.
Suppose that as a result of some user request to the training system, n

documents were selected from the hypermedia documents ti, I :1’ n.
All the obtained multimedia data was obtained as a result of some query
processing procedure, according to which the index records of the

=1, m

documents contain one or more concepts of P; , J the knowledge
base of the problem area (or descendants of the required concepts), which
act as an analogue of keywords in the indexing of documents.

Let's denote the set of hypermedia documents with T :{ti},
1<i< N and the set of initial concepts of the problem area and the

relations between them are through P :{pi}, 1=)= m

A system of logical predicate equations is capable of applying domain
knowledge derived from a smaller problem to more complex problems of
the same or related field, but currently the vast majority of logical and
evolutionary computational methods lack this ability.

The lack of ability to apply already acquired knowledge about the
subject area leads to the consumption of more resources and time to solve
more complex problems of the subject area.

Depending on how the problem grows in size, it becomes difficult, and
sometimes even impractical (if not impossible) to solve due to the resources
and time required. Therefore, a system is needed that has the ability to reuse
the knowledge gained about a problem industry to scale in that area.

In contrast to traditional systems, the concepts of P; are heterogeneous
objects that are elements of the model of the problem area: concepts,
properties, meanings of these properties, composite concepts, etc.

At the same time, multiple indexing can be used to represent multimedia
data from different points of view, as well as to implement various strategies
or teaching methods. Consequently, the heterogeneity of the concepts of
hypermedia educational systems is also determined by the difference in the
mechanisms of folding the hypermedia information. In general, the set of
concepts P describes in a condensed form the documents of the set T .

42



Materials of the XII International Scientific Conference
«Information-Management Systems and Technologies»
23th — 25th September, 2024, Odesa

Adaptive hypermedia technologies use different types of user models to
adapt the content and links of hypermedia pages to his individual
characteristics.

Information about the subject of training is received from educational
resources distributed in the network. As a result, we get a set of training
materials combined in a logical sequence in an individual approach to
learning. in the form of navigation rules. The tools for representing and
classifying unstructured data in multimedia systems proposed in the work
are based on the use of the comparator identification method for dividing
into equivalence classes and linking.
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Abstract. This paper examines the role of digital technologies in ensuring quality
education, as one of the goals of the UN Sustainable Development Agenda for 2030.
Particular attention is given to the integration of advanced technological tools into
the educational process to enhance digital literacy among students. The benefits of
using electronic resources to ensure educational accessibility, create individualized
learning paths, and reduce costs are analyzed. Additionally, the role of intelligent
agents in generating recommendations to improve the learning process based on
statistical data collected from students and teachers is explored.

Keywords: e-learning, learning management system, behavior monitoring,
temporal logic, multi-agent logics.

Anomauia. Y yiti pobomi posensioaemvcs poiavb YuGposux mexHoaoii y
3a6e3neuenni AKicHol ocgimu, Kk 00Hiel 3 yinetl cmanoeo possumxy OOH 0o 2030
poxy. Ocobrusea ysaza npudiricmvca inmezpayii HOBIMHIX MEXHOLO2IUHUX
iHCmMpyMeHnmie y HaguanbHull npoyec O NiOBULEHHA PIeHs YUPPOBOT epamomHocmi
ceped cmyoenmis. Ananizyromvcsa nepesazu GUKOPUCIANHSA €eKMPOHHUX pPecypcie
ona 3abe3nedeHHss OOCMYNHOCMI OC8imu, CMBOPeHHs THOUGIOYATbHUX MPAEKMOPIU
HABYAHHA MA 3HUMCEHHA eumpam. Takodc 00CHIONCYEMbCA PO THMENEKMYANbHUX
azenmis y opmMysanHi peKomeHOayill 01 NOKPAWEHHS HABYANLHO20 NPoYyecy Hd
OCHOBI CIAMUCMUYHUX OAHUX, OMPUMAHUX 810 CIMYOEeHmMie ma UKIA0ais.

Knrouosi cnoea: enexmponne Haguamms, cucmema YRPAGNIHHA HAGYAHHAM,
MOHIMOPUHE NOBEOTHKU, MEMNOPATbHA JI02IKA, MYIbMUALEHMHA 102IKA.

One of the fundamental components of the UN's 2030 Agenda for
Sustainable Development is quality education. It aims to ensure inclusive
and equitable quality education for all. Digital technologies have become an
important tool for achieving this goal [1]. Modern technologies evolve
rapidly, so learning resources must align with new labor market demands.
This requires integrating new tools and platforms into education and
enhancing students' digital literacy through modern electronic resources In
the “information age”, when the demand for knowledge is increasing,
students are expected to have more information to support and develop their
learning process. Some universities have gradually opened up to the concept
of e-learning, and they are now integrating e-learning into their teaching to
meet diverse learning needs and provide more interactive materials that
provide easy access to information [2]. E-resources provide access to quality
education for students from different parts of the world, regardless of
geographic location. In addition, electronic resources allow creating
individual learning paths, adapting materials to the needs and level of
knowledge of each student, which increases the efficiency of the learning
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process. At the same time, students can study at their own pace, which is
especially important for those who combine their studies with work or other
commitments. The use of video, audio, interactive simulations, and other
multimedia elements makes learning more effective and engaging. At the
same time, the use of electronic resources can reduce the cost of printing
textbooks, renting premises, and other traditional expenses, and online
courses and programs can reach a large audience without additional costs for
physical infrastructure.

Thus, improving the efficiency and quality of e-learning resources is
relevant and necessary to ensure students' competitiveness and readiness to
meet the challenges of the modern world.

Digital technologies, including virtual learning environments and social
media, are well established in higher education, but little is known about the
role these tools play in supporting students to achieve their higher education
goals [3].

The architecture of a learning system implies a difficult task for
elLearning, which needs to be integrated into a complex system that is
flexible, scalable in time, and able to operate for a long time, even though
there are many different tools available [4].

An approach that combines agent technology and computer vision
allows for the provision of online educational services, enables students to
be aware of the progress of their own learning activities and monitor student
performance by both teachers and parents [5].

We propose a methodology for conducting a survey among students and
teachers, where intelligent agents analyze their answers and generate
recommendations for improving the learning process. The result obtained
(Fig. 1) is a statistical summary of the survey of students and teachers on the
use of electronic resources for learning. This output shows basic statistics
for each question, including the mean, standard deviation, minimum and
maximum values, and quartiles. The histograms show the distribution of
answers to each question.

Correlation matrices help to understand the relationships between
different aspects of e-resource use. The statistical analysis provides key
indicators that can be useful for formulating recommendations for
improving the use of e-learning resources.

Based on the data obtained, intelligent agents create recommendations
for students on additional materials, ways to improve self-study and use of
electronic resources, and for teachers on teaching methods, interactive tools
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that can be used to improve interaction with students, and professional
development opportunities.

Figure 1. Statistics for each question for students and teachers

Agents can also detect low grades in this area and automatically route
requests to the appropriate service for resolution and track user progress and
evaluate the effectiveness of the implemented changes.
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The changes taking place in modern society significantly accelerate the
transformation processes in higher education institutions. The changed
concept of education prioritizes the strategy of innovative development,
which is aimed at introducing the latest technologies and modern
approaches to education. The digitalization of the educational environment
is a key factor in these changes, opening up new opportunities to improve
the learning process, enhance the quality of education, and create innovative
formats of interaction between teachers and students. The transformation of
teachers' professional and pedagogical work in the context of digitalization
requires adaptation to new digital tools and platforms. Teachers need to
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master not only subject knowledge but also develop competencies in the
field of information technology in order to use them effectively in their
work [1]. This includes developing and using e-learning resources,
organizing distance learning, using interactive teaching methods, and
assessing students' knowledge. The role of the teacher as a mentor is also
important, helping students to navigate the information space, and develop
critical thinking and independent work skills, which is an integral part of the
modern educational process. Thus, the digitalization of the educational
environment not only changes the forms and methods of teaching, but also
requires teachers to continuously develop their professional skills to master
new technologies, develop innovative pedagogical approaches, and maintain
a high level of adaptability in a rapidly changing educational environment.

In the context of rapid technological development, the role of the teacher
is changing, transforming from a source of knowledge to an organizer of
educational relations, where the teacher should be able to organize the
educational environment in such a way that it is possible to achieve the
goals of education and obtain the necessary results that would be useful in
future professional activities. The teacher provides practice-oriented
training, which creates conditions for the formation and development of
professional competence of a future specialist capable of being competitive
in the labor market. The teacher's innovative thinking is formed, which is a
creative process of using original ideas or ways to solve new problems that
teachers have not previously solved (for example, applying for grant and
program-targeted funding, managing research projects, filing a patent for an
invention, a new approach to the design of educational materials, etc.

Thus, today's teachers are required not only to develop and "digitize"
educational materials, and provide information support and support for
students, but also to be able to formalize the results of intellectual activity in
the form of scientific publications, projects, grants, and patents. Thus, the
role of the university professor is changing from that of an informant and a
source of knowledge to that of a moderator, mediator, communicator, and
manager. The effectiveness of a university teacher's activity in the context of
innovative changes is largely determined by the emergence of new
functions: entrepreneurial, managerial, administrative, and innovative, for
the implementation of which certain conditions must be created, taking into
account the teacher's readiness to form appropriate competencies that help to
carry out professional activities in the context of changes that are often
associated with the concept of innovation. Thus, innovative activity, being a
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mandatory component of the pedagogical system, is essentially a productive
activity that involves creativity, solving non-standard professional problems,
conducting interdisciplinary research and is perceived as a prerequisite for
professionalism [3]. G.S. Lopushnyak and M.l. Skydan note that
professional competence is presented as an integral characteristic that
determines the ability of a specialist to solve professional problems that
arise in real situations when it can be determined that the teacher's activity
significantly affects the formation and improvement of existing
competencies [4]. Scientists have identified the relevant competencies of a
university teacher: research, innovation, pedagogical, entrepreneurial, social,
and managerial.

The research competencies of teachers are revealed in the totality of
personally meaningful research knowledge, skills, abilities, experience,
value orientations, and behavioral models formed in the process of research
activities. Research competencies allow higher education teachers to
organize the educational process in a scientifically sound manner and
predict its development and results.

The subject of innovative research activities of a teacher of a higher
education institution can be scientific and innovative and educational and
innovative projects. A teacher with entrepreneurial skills acts as a generator
of new ideas and demonstrates the ability to effectively search for and
implement them. To solve the updated groups of professional tasks of a
university teacher, almost all the competencies presented in Table 1 are also
necessary.

A high level of formation of key competencies of a teacher of a higher
education institution is an essential characteristic of his/her professional and
pedagogical activity, which contributes to dynamic professionalization in a
changing environment.

The analysis of the data in Table 1 demonstrates the growing importance
of the teacher's innovative competencies in the context of dynamic changes
in the education sector, which determines the innovative nature of his/her
professional and pedagogical activity. Innovative activity, being a
mandatory component of the pedagogical system [5], is considered a
prerequisite for professionalism: "Great creative potential, manifested in
progressive innovation, creative search, the ability to make effective and
non-standard decisions, are directly related to the level of professionalism of
the individual and activity" [6].
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Based on the information presented in Table 1, it can be argued that the
development of key innovation competencies is one of the important tasks
facing the system of training of research and teaching staff of higher
education institutions.

Table 1. Professional tasks and new competencies of a teacher of a higher education

institution
Number  Professional tasks of the teacher Competencies of the teacher
p/n
1 Engaging in productive teamwork Research competencies:
(with colleagues, business e Innovative competencies
partners, customers, etc.) to ) Pedagogical
competencies
) Entrepreneurial
competencies
° Management
competencies
2 development  of  educational Teamwork competencies,
programs offered by HEIs that administrative and managerial
meet the requirements of society competencies, increasing personal
responsibility for the creation and
implementation of products of their
work
3 Designing the content of one's Pedagogical competencies
discipline in the language of Innovative competencies
competencies, taking into account  Didactic competencies
innovative changes in the field of
education, the ethos of
professional activity, using the
resource capabilities of the HEI
infrastructure
4 Development of the ability to Pedagogical competencies

adequately assess the level of
professional relevance and choose
personal training programs, taking
into account changes in the
architecture of educational
programs and  formats  of
interaction between educational
entities

Management competencies
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A comprehensive analysis of the content and contexts of the professional
activity of a teacher of a higher education institution shows that
interdependent changes in the educational field and educational institution
cause the complexity and innovative nature of the professional and
pedagogical activity, which is expressed in the specifics of the professional
tasks related to the:

e involvement in productive teamwork (with colleagues, business
partners, customers, etc.) to develop educational programs offered by HEIs
that meet the requirements of modern society;

e with designing the content of their discipline in the language of
competencies, taking into account innovative changes in the engineering
industry and the formation of a professionally oriented learning environment
for future specialists;

e with the ability to adequately assess the level of their professional
relevance and choose the necessary advanced training and professional
retraining programs to develop the pedagogical orientation of their activities
or professionally oriented orientation;

e with the development of a new type of competencies (managerial,
administrative, entrepreneurial) necessary for the design of products of
professional and pedagogical activities and the development of innovative
mobility.

The existing deficits and difficulties in solving professional problems,
and the prospect of new technological changes in the field of education
create the need to develop a system of training teachers for professional and
pedagogical activities in the context of innovative changes in higher
education institutions.
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Today, the implementation of powerful cyber attacks on critical
information infrastructure (CIl) has a complex, flexible, repeatable and
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measurable multi-stage pre-planned nature. The modern methodology for
assessing IT risks is quite meaningfully described by the National Institute
of Standards and Technology (NIST) of the USA. At the same time, the
priority areas to which NIST makes amendments and on which it plans to
concentrate its efforts are cryptography, education, the latest technologies,
risk management, identification and access control, measurement,
confidentiality, network reliability and sustainable functioning of platforms
[1]. Given the above, in this paper the author determined that the
implementation of the algorithm for the application of methods for the
analysis of cyber threats (CT) and risk assessment (RA) of breaching the
cyber security (CS) of CIlI of four stages [2]: analysis of CT; scenario
modeling; risk assessment; classification of objects.

Under these conditions, the relationship of stages, methods, blocks of the
intelligent system is presented in Table 1

Table 1.
Stages User groups Methods Instrumental
means
CT analysis Security engineer The methogfocf ICI:T analysis Expert system
Security engineer, exper The method of creating
Scenario - . scenarios of extreme Bayesian Trust
. in the field of LU
modeling . - - situations Networks block
industrial security .
in the energy sector
- E.A - Expert (analyst) The method of RAOf | 1\
anking o Analyst breaching the CS of ClII
the object

In turn, cyber incidents are logically divided according to the degree of
danger, which is determined by the category of cyber incident and the object
on which the cyber incident was recorded (the object on which the cyber
attack was created) [3]. Therefore, taking into account the above, the
analysis of CT and the RA of breaching the CS of CII should consist of the
following hierarchical stages (levels) — Stage “Analysis of CT”. At this
stage, the characteristics of the object, its identification and the description
of the assets of the information and technology system are carried out.

However, the security audit of the enterprise, the organization at the
initial stages consists in the identification of critical components and the
identification of existing vulnerabilities.
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Formally, the initial data of the first stage of cyber threat analysis
technology and risk assessment are represented by formula (1).

P={V, T, ARy} o

Stage “Scenario Modeling” — is based on “scenario planning” using
Bayesian network tools based on existing trust options in the network.

Scenarios are evaluated by the integral indicator of each IP address, DNS
name, IP address range, subnet, and even a text file (by scanning).

In connection with the inclusion of CT in the number of strategic threats,
the structure of a typical scenario of a threshold situation caused by the
realization of CT is proposed, which is represented by formula (2):

s=(x’ XV, Xt x°) 2
where: S is the structure of the scenario of an extreme situation caused by
the implementation of CT; X" — variables, according to the factors affecting
the emergence of an extreme situation; X' — variables to indicate
vulnerabilities of network assets; X' — variables for indicating threats; X° -
variables, consequences associated with the probable occurrence of an
extreme situation. — Stage “RA”. Risk is considered as a combination of the
consequences of some event (incident) and the possibility of its occurrence
in accordance with the international standard ISO/IEC 27005:2022
“Information security, cybersecurity and privacy protection — Guidance on
managing information security risks”.

Risk levels are measured for all critical scenarios where probability and
risk outcome values are assigned. The presence of vulnerabilities in the RA
allows us to determine the list of critical assets for further justification of the
financial costs of ensuring security [4]. — Stage “Classification of objects”.
This stage consists in the classification of objects according to established
criteria and risk levels for each of them. Therefore, the classification of
objects takes place according to the magnitude of the risks of the extreme
situation, which covers some territory and the group of objects in their
relationship with other objects of the CII, information about which is laid
down in the scenario as concepts of consequences, external threats or
factors. The classification significance criterion (3) is proposed:

Ks={C,R,O} @)
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where: KS is the significance criterion; C is a RA criterion, R is an integral
indicator of object risks, O is an object represented by a set of main
characteristics. The result of this stage is a hierarchical list of objects.

Therefore, proposed mathematically grounded approach in comparison
with traditional expert assessments of specialists in the field of information
protection and CS is confirmed. At the same time, relevant test results can
serve as a basis for further research and the creation of decision support
systems for the application of risk reduction measures.
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OTJiA CYYACHUX PIIIEHD 3 KIBEPBE3IIEKA
JJIAA KIBEPOIBUYHUX CUCTEM

C. €B1oxuMOB
Xepconcwkuil depoicasnuil yrieepcumem, Ykpaina

Abstract. This work examines modern information protection systems, in
particular, methods and technologies for detecting and preventing cyberattacks.
Special attention is paid to the integration of security mechanisms into the railway
infrastructure, as well as to the analysis of the latest trends and challenges in this
area.

Keywords: cyber-physical systems, information protection, detection of cyber-
attacks, prevention of cyber-attacks, railway infrastructure.

Anomauia. Y yii pobomi po3ens0aromvCsi  CYYAcHi  cucmemu  3axucmy
iHGhopmayii, 30Kkpema Memoou ma MexHoNoz2l ONsi GUAGNEHHS Mma 3anobieanHs
kibepamax.. Okpemy yeacy npuodineHo inmeepayii 0Oe3neKo8uUX MeXaHIZMIE y
3ANI3HUYHY THGPACMPYKIMYDY, A MAKOHC AHANIZY HOBIMHIX MPeHOI8 | BUKIUKIB Y yill
cghepi.

Knwwuoei cnosa: «xibepghizuuni cucmemu, 3axucm iH@opmayii, euseieHH:
Kibepamaxk, 3ano0ieanHs Kibepamaxkam, 3a1i3HUYHA IHpacmpykmypa.

High interdependence and integration with physical processes create
vulnerabilities that can be exploited by attackers to compromise systems and
data [1]. Railway infrastructure is particularly susceptible to cyber-attacks,
which can lead to serious consequences, such as disruption of train traffic
control systems, compromise of passenger data, economic losses, and
threats to passenger safety. Thus, there is an urgent need to ensure reliable
protection of information in the cyber-physical systems of railway
infrastructure. This includes the implementation of modern cryptographic
methods, technologies for detecting and preventing cyber-attacks, as well as
measures to ensure data integrity and confidentiality.

Recent research and publications in the field of cybersecurity for cyber-
physical systems demonstrate significant progress towards protecting critical
infrastructure. These advancements focus on the development of more
accurate, flexible, and effective cybersecurity solutions for cyber-physical
systems that meet the needs of both infrastructure operators and users of
transport services [2].

The purpose of this work is to review innovative cybersecurity solutions
for the cyber-physical systems of railway infrastructure, ensuring high
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reliability and operational efficiency of protection through the use of
artificial intelligence and machine learning methods.

The object of this research is modern information security tools for
cyber-physical systems. The tasks include:

1. Analysis and review of modern approaches, technologies, and
methods in the field of cybersecurity for cyber-physical systems.

2. Study of potential threats and vulnerabilities that can affect the
security of cyber-physical systems, particularly in the context of industrial
control systems, energy, transport, and other critical infrastructures.

In this study, a large amount of data was used to analyze and model the
cybersecurity of cyber-physical systems. For example, specialized tools and
techniques were employed to process large volumes of structured and
unstructured data to detect anomalies and patterns in cybersecurity [3].
Machine learning algorithms were used to automatically detect potential
threats and attacks, and artificial intelligence was applied to develop
simulation models that can predict system vulnerabilities, assess risks, and
automatically improve defense systems. The measurement and analysis of
cybersecurity were conducted using mathematical and statistical methods to
assess the level of threats and the effectiveness of protection.

Table 1. Cybersecurity Research Findings for Cyber-Physical Systems

Method name The main content of the | Main results
study
Analysis of | Study of the impact of | Patterns of behavior
large volumes | anomalous activities on | indicating possible
of data system security cyberattacks  have  been
identified

Machine Development of cyber threat | Achieved 95% threat
learning classification models detection accuracy

Cybermetrics

Measuring the effectiveness
of system protection

An increase in the level of
protection by 30% per year is
estimated

Simulation Modeling potential | The effectiveness of new

modeling cyberattacks and defenses protection measures  was
checked before their
implementation

Penetration Detection and correction of | 80% of potential

testing system vulnerabilities vulnerabilities have been

identified and fixed
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Table 1 shows various research methods in the field of cybersecurity for
cyber-physical systems, the main aspects of their application, and the key
results achieved in each direction.

The main threats to cyber-physical systems have been identified as
attacks on web applications, abuse of privileges, and anomalous data entry,
necessitating a systemic approach to their protection [4]. The use of machine
learning methods has enabled the detection of abnormal behavior and the
prediction of potential threats in real-time, thereby improving the response
speed to cyber-attacks. Figure 1 illustrates the study of potential threats and
vulnerabilities of cyber-physical systems, using the example of a MITM
(Man-in-the-Middle) attack and corresponding defense measures.

An in-depth analysis of modern approaches and technologies in the field
of cybersecurity was conducted, allowing the identification of the most
effective protection methods. The application of artificial intelligence and
machine learning techniques facilitated not only the detection of abnormal
behavior but also the prediction of future threats in real-time [5]. An
analysis of implemented cybersecurity measures confirmed their
effectiveness in enhancing the overall security and reliability of cyber-
physical systems, underscoring the importance of a systemic approach to
cybersecurity in the contemporary information environment.

AHani3 cheTemn BuAaner+ spaanveoctei MTMaraKa | | Owia Hechins | 2040 samcTy

Docaigrm
AWl CHETENN Ha MpSMeT BpasTEOCTER
S R T

BTBNEH AR MEIMEAX 33 WBOLTEH,

Bupenzssia noTesLlii: MTM epaaniencTi

TIoaiZoNTeH: o BASRTEHy BPaTMETo

ANz MEHPE0! aTakH: MM

BUABNEHI NOKIMBI HACTIH 3TaKH

DU HKE NOT e HIe <acrixie MITM aTai

PasynaTaTH OLJHAH KALIGKE

Pospoba sanogs Ty

Ewip MeTo8 3ancTy B MITM aTax
PexoMesnaUl WORo 3aX0E RKACTY
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Figure 1. Study of potential threats and vulnerabilities
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The prospect of further research in the field of cybersecurity for cyber-
physical systems involves expanding the use of neuro-symbolic methods to
develop complex protection models against cyber threats [6]. These models
are expected to adapt to new types of attacks and detect them in real-time.
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Abstract. In this work, an algorithm for quickly finding interference-resistant
code sequences is implemented, which can find and correct errors to the greatest
extent depending on the length of the received code sequence. A simulation model of
interference-resistant coding using ideal ring beams was developed. The software
implementation of the simulation model of jamming-resistant coding is used to find
and correct errors in the received jamming-resistant code sequences.

Keywords: mirror code sequence, ideal ring bundles, non-equidistant code
sequence, non-equidistant combinatorial configuration.

Anomauia. YV yiii pobomi peanizogaHo ancopumm wEUOKO20 3HAXOONCEHHS
3a6a00CMINIKUX KOOOBUX NOCAIO08HOCTEN, AKI MOJCYMb 3HAXO0OUMU MA BUNPABIAMU
NOMUNKY HAUOLTLUIO MIPOIO 8 3ANeHCHOCMI 8i0 O00BIHCUHU OMPUMAHOT KOO080T
nocnidosHocmi. Pospobneno imimayitiny mooens nepeukoo0oCmiiko2o KOOY8aHHA 3
BUKOPUCMAHHAM [0eaNbHux Kinbyesux nyuxig. lIpoepamma peanizayis imimayitinoi
MoOeni  3a6a00CMIliKo20  KOOYBAMHA — BUKOPUCIOBYEMbCA — Ofid  NOWYKY — md
BUNPABTIEHHS HOMUTLOK 8 OMPUMAHUX 3A68A00CMITIKUX KOOOBUX NOCTIO08HOCHIAX

Knrouosi crosa: ozepranvha K0008a nocuioosHicmy, i0ednbHi Kilbyesi NyuKu,
HeeKBIOUCTNAHMHA  KO0008d  NOCAIO0BHICTNb,  HEeKBIOUCTAHMHA  KOMOIHAMOpHA

KOH@izypayis.

Due to the growing volume of information being transmitted through
communication channels, it is becoming increasingly important to
implement technologies for coding and decoding data in real-time that are
resistant to interference. One method of protection involves encoding
information using tamper-resistant codes. Therefore, there is a need to
develop an algorithm that can quickly identify interference-resistant code
sequences and effectively correct errors, depending on the length of the
received code sequence.

The purpose of the work is to improve the method of synthesis and
development of a simulation model of interference-resistant coding. To
achieve the set goal, it is necessary to solve the following research tasks:
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e improve the method of synthesis of interference-resistant code
sequences using ideal ring bundles;

e develop a simulation model of interference-resistant coding using
ideal ring bundles;

e implement the algorithm for finding and correcting errors of the
received interference-resistant code sequences.

For the synthesis of non-equidistant interference-resistant code
sequences based on IRB [1-4], a diagram of software components has been
developed, which is presented in the form of interference-resistant sequence
coding modules, random interference generation modules, and interference-
resistant sequence decoding modules (Fig. 1).

Qutput stream of encoded data Qutput stream

‘ User Interface Input stream H Coder || Interference generator

Select file

Generate Intedterences

-

Read

r

Close )

Interface Interference generator || Output stream of encoded data || Output stream

Input stream ‘ ‘ Coder

‘ User

Figure 1. Diagram of the data encoding process
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As can be seen from the diagram (Fig. 1) the first action is the selection
of a file. Next comes the command to encode the file. While there is no end
of the file, we read the data block. Next, we randomly generate obstacles
and insert them in the output file stream. Then we close the streams.

The diagram of the sequence of actions for the file decoding process is
shown in Fig. 2. Start the data decoding. Encoded data from the file will be
read in blocks until the end of the file. Next, the coder checks for errors. If
errors are found, the coder corrects them. The next action is to decode the
block data and write it to a file. Then we display statistical information
about the result of decoding actions.

The proposed interference-resistant code sequences have practical value
because the resulting code sequence allows for identifying up to 50% of
distorted symbols and correcting up to 25% of distorted symbols within the
interference-resistant code sequence's length.

| User || Interface || Coder ‘ | Input stream || QOutput stream |

Encode
L

loo [Until end of file]

Read data block g
»

Decode

d * 7777777777
‘ | [

| Interface || Coder

| User | Input stream || Qutput stream |

Figure 2. Diagram of the data decoding process
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Abstract. The study examines how various microcontrollers use hardware and
software encryption methods to protect data. The results of the study showed that
hardware encryption on the STM32F407VG microcontroller provides significantly
higher performance, lower energy consumption, and higher security compared to
software encryption on the ESP32-WROOM-32.

Keywords: hardware encryptor, cryptographic libraries, STM32F407VG,
ESP32-WROOM-32, data security, energy consumption, performance.

Anomauia. YV Oocnidoicenni poszenidaemuvcs, [K Pi3HI  MIKDOKOHMpPOAepU
BUKOPUCIOBYIOMb ANAPAMHI A NPOSPAMHI MEMOOU WUPDPYEAHHS Ol 3AXUCHLY
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Oanux. Pezynbmamu 00CHiOdCeHHA NOKA3AMU, WO anapamue WuU@pysanHs Ha
mikpokowmponepi STM32F407VG  3abesneuye 3nauno Guwyy HPOOYKMUGHICHb,
MeHUle CROJNCUBANHS eHepaii ma euwull pieeHb Oe3neKu NOPIGHSHO 3 NPOSPAMHUM
wugpysannam na ESP32-WROOM-32.

Knwuosi cnosa: anapamuuii  wugpamop, xpunmoepagiuni  6Oidriomexu,
STM32F407VG, ESP32-WROOM-32, Gesneka Oanux, eHEP2OCNONCUBAHHSI,
NnpOOYKMUBHICTND.

Data encryption is one of the most effective methods for protecting
information in 10T. It allows data to be transformed into a format that cannot
be read without a special key, thus ensuring its confidentiality even if
intercepted. Furthermore, encryption helps maintain data integrity and
device authentication, which is particularly important in large and complex
0T systems [1]. Microcontrollers, which are the backbone of many loT
devices, use both hardware and software encryption. Hardware encryptors,
integrated directly into microcontrollers, provide high performance and
energy efficiency [2]. At the same time, software encryption libraries offer
flexibility and ease of integration into various systems.

The purpose of this study is to evaluate the effectiveness of hardware
and software encryption on microcontrollers. The research aims was to
determine, in the context of loT systems, the performance, energy
consumption, and security level of the two encryption approaches: hardware
encryption on the STM32F407VG microcontroller and software encryption
on the ESP32-WROOM-32 microcontroller using the mbed TLS
cryptographic library. Performance was assessed by determining the number
of encryption operations per second, which allows evaluating the real-time
encryption speed. Energy consumption was measured using a precision
multimeter to determine the amount of energy consumed during encryption.
Security level was assessed through an analysis of the physical security of
keys and resistance to various types of attacks, including brute force and
side-channel attacks.

The study revealed that hardware encryption on the STM32F407VG
microcontroller significantly outperforms software encryption on the
ESP32-WROOM-32 in all key parameters: performance, energy
consumption, and security level. Hardware encryption provides higher data
processing speed due to the use of specialized hardware modules. This
enables more encryption operations to be performed per unit of time, which
is crucial for real-world 10T applications. Energy consumption during the
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use of hardware encryption is significantly lower compared to software
encryption. This makes hardware encryption more attractive for use in
energy-constrained devices, such as battery-powered 10T devices, where
conserving energy is essential. The security level of hardware encryption
also proved to be higher due to the physical protection of keys in the
microcontroller's specialized memory, making unauthorized access more
challenging. Hardware encryption demonstrates high resilience to various
types of attacks, including brute-force attacks and side-channel attacks.

Thus, encryption on microcontrollers serves not only as a means of data
protection but also as a critical component for supporting functional security
and stability in loT systems. Based on the research findings, it is
recommended to use microcontrollers with built-in hardware encryption
engines for projects requiring high performance, low power consumption,
and high security levels. Software cryptographic libraries like mbed TLS,
AESLib, TinyAES, and others remain essential tools for projects where
hardware encryption engines are unavailable or where flexibility in choosing
encryption algorithms is needed.
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HNIABUIMEHHSA AKOCTI 30BPA’KEHHSA B CIIEINNAJIBHUX
CHOCTEPEXEHHSAX Y CYTIHKAX: JOCJII>KEHHSA
ITPOBJIEM TA PIIEHb

Dr.Sci. M. Kopo6uuHucbkuii, Ph.D. M. Ciionos M.,
Ph.D. O. 3aiiues, I.LKipicb, P. Hamnincskuii, A.IloniaBcbkuii
Biticvkoea axademis imeni €scena Bepesuska, Yrkpaina
Abstract. The work considers the peculiarities of twilight observation of objects
by modern optical-electronic means. Attention is drawn to methods and technologies
for reducing the impact of photon noise on image quality due to spatial and temporal
binning. For the case of using spatial binning, the limit of the object's illumination is
justified, according to which it is appropriate to enter it. The available discreteness
of spatial binning is implemented by the developed binary algorithm for reading the
state of the pixels of the light-sensitive matrix. It allows you to enter a spatial
binning factor corresponding to the current illumination level without interfering
with the hardware infrastructure of the observation tool.
Keywords: observations, visual aids, dusk lighting, factors of influence, image
quality, signal-noise ratio

Anomauia. Y  pobomi  posensoaromuvcis  0coOIUEOCI  CYMIHKOB020
cnocmepedicenHs 00 €KMie CyuacHuMU 8UO0BUMU ONTNUKO-eTeKMPOHHUMU 3ACODAMU.
36epmacmucs ysaea Ha Memoou ma MexHONO2l 3MeHUIeHHs. BNAUBY (OMOHHO20
WMy Ha AKiCmb 300padicents 3a paxyHoKk npocmoposo2o ma 4acogozo Oininey. /s
BUNAOKY BUKOPUCIANHS IPOCMOPOBO20 OIHIHZY 0OTPYHIMOBAHA MedCca OCBIMNeHOCMI
06’eckma, 3a KO OOYilbHe U020 66edeHHs. JlocmynHa — OUCKpemHICmb
npocmopogozo  Gininea  peanizyemvcs  po3poOReHUM — OIHADHUM — AN2OPUMMOM
3UUMYBAHHS CMAHY NIKCeNis ceimaouymausoi mampuyi. Bin 0oszeonse esooumu
Koegiyienm npocmopoeozo OIHIHZY, WO BI0N0BIOAE NOMOYHOMY PIBHIO OCEIMJIeHHS,
6e3 6mpyuants 6 anapammy iHQpPAcmpyKmypy 3acoby cnoCmepesCcenHs.

Knwuoei cnosa: cnocmepeosicenns, 8i3yaibHe  CHpUliHAMMA,  CYMIHKOGe
oceimnents, hakmopu naugy, IKiCmo 300paXCeHHsl, BIOHOUEHHS CUSHAT-ULYM.

The brightness correspondence of the observation picture and its image
by visual optical-electronic means (OEM) is automatically ensured by the
robotic exposure-metric system. But its functionality does not allow the
successful use of the OEM at certain times of the day. When observing at
dusk, the image retains a similarity to the spatial distribution of the object's
brightness picture, but the detail of its reproduction is not controlled and is
considered constant, limited by the pixel size of the light-sensitive matrix.

A large difference in the level of illumination of the observation picture
at dusk is accompanied by a rapid increase in photon noise.
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As a result, the signal-to-noise ratio is significantly reduced, which leads
to a loss of image detail. Therefore, for the majority of the day in the
morning and evening twilight, the OEM are used inefficiently, with an
unpredictable limitation of their imaging capabilities for the detection and
recognition of surveillance objects. Therefore, the extension of the twilight
part of the day for the successful application of the OEM is relevant and will
contribute to the performance of observation tasks with the given image
quality.

The Poisson description of the photon flow with the Gaussian model for
estimating the probability P of detecting a discrete signal between two
adjacent pixels [1] of the photosensitive matrix made it possible to estimate
the effect on the contrast K of the image of the object under E1 illumination
of the photon noise Ef. The results are given in Table 1 for different
object/background contrasts.

Table 1. Dependence of image contrast on the signal/noise ratio at different levels of
image noise

Dependence of image contrast on the signal/noise ratio at
different levels of image noise

Signal-to-noise lim
ratio 1 5 | 10 | 15 | 20 | 25 | 30 | K

sin

—00

Low contrast
images,
background/noise
=0,9 signal/nois
Medium contrast
images, back-
ground/noise=0.
5 signal/noise
High-contrast
images, back-
ground/noise=0.1
signal/noise

0,026 | 0,041 | 0,048 | 0,049 | 0,050 | 0,050 | 0,051 | 0,053

0,28 0,60 0,69 0,73 0,75 0,76 0,77 0,81

Analysis of the data in the Table 1 proves that the expediency of photon
noise compensation arises already under the condition E1/Ef < 10. It is
implemented by controlling two hardware factors: the signal accumulation
time and the area of the elementary receiver A.
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Their increase increases the statistical sample of the input signal to
average its real value. This approach is called temporal and spatial binning,
respectively [2]. Time binning is implemented in robotic exposure metering
systems. Its use is limited by potential image shift [3].

It has been proven that spatial binning should be used at the minimum
level of illumination of the Emin OEM, which is specified in the operating
documentation for this OEM.

The available discreteness of spatial binning is implemented by the
developed binary algorithm for reading the state of the pixels of the light-
sensitive matrix.

This approach will make it possible to carry out effective types of
surveillance when the level of illumination of the object of observation is 2,
4, 8 times lower than the minimum permissible level for this OEM.
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Abstract. That’s article describe solution for collecting ground station data when
access air quality. Developed system contain three parts: web server, web app and
ground stations. It can be easily deployed in several remote servers without conflicts,
which make experts confident in theirs researches.

Keywords Air quality assessment, information technology, monitoring, data
processing

Anomauia. Cmamms onucye piuientst 0Jist 300py OaHUX 3 HA3EMHUX CIMAHYIL OJis
oyinKu Axocmi nogimpsa. Po3pobrena cucmema cKiadaemuvcs 3 cep8epHoi YaCmuHu,
6e0 3acmocynky ma cmanyiti. Cucmema Mmookce 1e2K0 pO3COPHYMUCA HA OeKiIbKOX
8I00aNEHUX cepeepax, CNPOWYIoUU O0CTIONHCEHH .

Knwuoei cnosa. Oyinka saxocmi nogimps, iH@oOpmayiuHa MexHo02is,
MOHIMOpUHe, 00pOOKA OaHUX

The air quality monitoring and processing system is designed to collect
data from ground stations, process it and display it in an intuitive user
interface.

The following functional requirements were set for the system:

- the system must collect data from various ground-based air quality
monitoring stations;

- the system must also support real-time data collection and storage
in a database;

- the system will perform primary data processing;

- the system will detect anomalies in the data and generate
appropriate alerts;

- the system can visualise data in the form of graphs, maps and
tables.

Among the non-functional requirements are the following:

- the system must gather data from various ground-based air quality
monitoring stations;

- the system will have to provide fast access to and processing of
data
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- the system is expected to have high availability;

- the system will use standardised protocols for data exchange.

The user of the system can view the data from the ground station, get a
quantitative and qualitative assessment of the area, and save the data to his
local machine. All these requirements are shown in Figure 1.

View station data Collect data

=<include=>

View interpolation map Serialize data
<<include>>
<<include>>
View AQI in point <<includes=" Calculate AQI
User
Download report c<includess: Snapshot of map

Figure 1: Use case diagram

Based on this, the system can be divided into the following parts:
ground-based monitoring stations, a server that stores data from the station,
a web application that displays the data to the user.

The system consists of several layers, each of which performs specific
tasks and provides a certain level of data processing. The main layers
include the data collection layer, the parser layer, the server layer, and the
client layer. Each of these layers includes a variety of technologies and tools
that together create a powerful and flexible platform for real-time air quality
monitoring. Data layer collects data from various sources: custom sensors -
sensors specifically designed to collect air quality data, open APIs -
Interfaces for accessing data from third-party providers, government stations
—Monitoring stations operated by government agencies. Parsers layer
processes the collected data using Celery workers — workflows that receive
data from various sources and transfer it to RabbitMQ for further
processing. Server layer is responsible for processing and storing data. As a
parts of that layer are used: RabbitMQ — a queuing system that processes
messages from Celery workers, PostgreSQL — a relational database where
the processed data is stored, Data Transformation Scripts —scripts that
transform collected data into user-friendly information such as an air quality
index (AQI) or visual representations. Parsers are run on a crone and
queued, which is implemented using the RabbitMQ service [1]. By using the
GDAL library, a Tiff file is generated, into which the AQI values from the
monitoring stations are recorded and interpolated. This file represents the

=<include>>
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spatial distribution of the AQI, which allows to get a visual representation of
the air quality over a large area [2]. The result of the development is a
system for monitoring changes in air quality over time, reflecting the
received and processed data from ground sensors [3], meteorological data,
satellite data in the form. Therefore, the developed system provides an
integrated approach to air quality monitoring, storing data in real time,
processing it and presenting it in a clear form for end users.

This helps to improve environmental awareness and make informed
decisions to protect the environment and public health.
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Abstract. The aim of the work is to research how fitting the Yggdrasil routing
scheme is for deploying large decentralized communication networks. The object is
the experimental Yggdrasil routing scheme. The subject is the scalability of
Yggdrasil regarding hop limit, CPU usage and memory footprint of the routing
daemon.

Keywords: routing, devices, service, network, system.

Anomauia. Memoto pobomu € O0CHiONCEHHA MO020, HACKITbKU —cXemda
Mmapwpymuzayii Yggdrasil nioxooums 0nd  pO320pMAaHHA BENUKUX
OoeyeHmpanizosanux KomyHikayiinux mepeoic. OO'ekmom € excnepumeHmanibHa
cxema mapwpymy Yggdrasil. [lpeomemom € macuwmabosanicme Yggdrasil wo0o
AiMImy nepexooie, GUKOPUCMAHHS Hpoyecopa ma o00csey nam’smi  O0eMOHA
mapuipymusayii.

Knwuoei cnosa: mapwpymusayis, npucmpoi, cepsic, mepessca, cucmema.

The increasing popularity of centralized software-defined networking
due to its benefits in automated remote hardware configuration, monitoring,
control, and utilization of “white box” hardware has led to a decrease in
network reliability and disruption resilience. Another concern is the
confidentiality of forwarded user data. A possible solution to these problems
could lie in the use of the novel experimental Yggdrasil routing scheme [1].
Yggdrasil leverages key-based addressing with a self-arranging spanning
tree, where the root node is the one with the lowest key value. Node lookups
are conducted with broadcasts through on-tree links which are culled using
bloom filters. User traffic is directed with greedy routing applied to
destination tree coordinates at each node. Nodes can peer with each other
automatically with TCP over IPv6 or with explicitly specified TCPv4/6
peering. An IPv6 TUN interface provides interaction with other software
[2]. The described approach has several advantages, mainly in independent
node address  generation, asymmetric  end-to-end  encryption,
source/destination verifiability, impossibility of loops, and automatic
congestion management.

The main disadvantages of using Yggdrasil are the possibility of traffic
not taking the shortest possible path and no consideration of link quality
outside of multiple peerings to the same node.

This study is dedicated to evaluating the viability of Yggdrasil as a basis
for large-scale decentralized mesh networks. Both large- and small-scale
testing was conducted in meshnet-lab and coreemu-lab environments
respectively. Large-scale tests were done on pre-generated random tree and
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line topologies (50 to 750 nodes) with 100 Mbit/s links and random pinging
between nodes. Packet arrival, CPU, and memory usage were monitored.
Prolonged experiments were executed on the largest viable topologies. CPU
usage testing involved a 50 node random tree network with iperf3-generated
traffic and no bandwidth limit. The largest viable topology was additionally
tested with slow links (10 Mbit/s, 10+5 ms latency).

Small-scale testing was more exploratory in nature and covered such
topics as the spanning tree arrangement logic, traffic pathfinding, and node
mobility tolerance. The tests were conducted using both manual and script
automated node movement. Large-scale testing showed packet arrival
staying at an all-time 100% for random tree topologies and eventually
reaching 100% on line topologies with convergence time linear to network
length. Yggdrasil significantly outperformed in hop limit other routing
protocols, such as OLSR and Babel, (packet arrival dropped below 80% on
a 150 node line and below 40% on a 450 node one).

Memory usage was shown to scale with the length of the network rather
than the overall size of it, positively affected by the amount of links a node
has. Upon reaching convergence, memory usage stops rising further. Being
a root node does not seem to affect it. With nodes arranged in a line, CPU
usage scales with its length and is greater the closer to the middle of the line
a node is. Receiving and transmitting nodes to have the greatest and second
greatest CPU usage respectively, with intermediate nodes following them.
The rest of the nodes do not take part in the transmission. CPU usage
measurements rise while the transmission is ongoing, and then gradually fall
off due to the specifics of the ps utility implementation [3].

Slow link line network test showed 749 hop communication to be
possible, however, with a considerable latency of 18 to 20 seconds. This
calls for delay tolerant applications to be used with such a network. Small-
scale tests revealed the logic behind parent node selection and routing.
Nodes do not change parents without losing their current one. Upon losing
the current parent, the peer with the longest link uptime is chosen as the new
one. The keys only matter in the choice of the root node, which becomes the
point of reference for the rest of the network.

This logic keeps the network more stable by eventually leaving only the
most stable links in the spanning tree. Upon receiving a packet every node
compares its destination coordinates to its peers’, sending it over whichever
peering brings it closer to the destination. Incoming and outgoing traffic
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flows may take different paths due to this behavior, thus providing more
bandwidth and mitigating congestion.

However, due to only considering single link paths, traffic flow splitting
is not guaranteed.

Node mobility is tolerable, not encouraged, as parent change changes the
node’s tree coordinates. Nodes are required to maintain their coordinates for
bidirectional data exchange. Leaf node mobility only impacts connectivity
with the mobile node, the rest of the network is unaffected. Root node
mobility is an entirely different case.

Mobile root node causes conflicting tree coordinate changes to propagate
throughout the network from nodes it comes into contact with [4]. Traffic
anomalies are caused by nodes having different views on the network. This
is a potential attack vector that can be mitigated with the previously
mentioned low key mining. Setting up several potential roots like this for
redundancy would be beneficial.

The experiments showed Yggdrasil to significantly outperform in hop
limit other widely used mesh routing protocols, such as OLSR and Babel.
Discovered convergence time, memory, and CPU usage trends confirmed
their scaling with the depth of the network.

This makes Yggdrasil a valid and promising basis for the deployment of
large-scale decentralized mesh networks of independent nodes. Several
caveats were discovered, such as increased CPU usage on longer spanning
tree branches and traffic anomalies introduced by a roaming root node;
preemptive low key «miningy is suggested as a means of mitigation. Before
planning a Yggdrasil based network, several other topics have to be
researched, like preferred underlying link and physical layer technologies,
required hardware, deployment on common hardware, security, user
adoption, etc. A possible candidate for link-layer technology is the 802.11s
standard.
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Abstract. The article considers the generalized integro-differentiating controller
(GID-controller) as an alternative to the PID-controller for use in cascaded SISO
LTI systems for automatic control of mechatronic devices of mobility nodes of

humanoid robots.
Keywords: automatic control system, PID-controller, integro-differentiating

circuit, prejudice-delay compensators.
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AHoTauis. v cTarTi po3TIIAaaeThes y3arajibHeHUH IHTErpo-
nudepenuioanbuuii - koHtposiep (GID-perymsatop) sk anerepHarmBa  IIIJI-
KOHTpOJepy M1 BHKOPHCTaHHS B Kackagaux cucremax SISO LTI mix
aBTOMATHYHOTO KEpyBaHHS MEXAaTPOHHHMH IIPHCTPOSIMH BY3JIB MOOLIBHOCTI
TyMaHOITHHUX POOOTIB.

KiouoBi ciaoBa: cucrema aBromaTHyHOro KepyBaHHs, [IIJ[-perymsrop,
iHTerpo-audepeHIifoBaIbHa CXeMa, KOMICHCATOPHU 3aTPHMKH.

The main requirement to humanoid robots, which are designed to work
with human, is the implementation of the principle of safe interaction
between human and robot. This principle is implemented thanks to an
approach that can be called "smoothness + sensuality" (S + S").

Two-cascade control systems have better indicators of control quality
compared to single-cascade systems [1].

Therefore, they should be used where they do not exist yet. If two-
cascade control is abandoned in those mobility nodes, where it exists, in
order to reduce the number of controllers to be adjusted, the following
positive properties of cascade control will be lost: external disturbances
acting on the part of the control object that is covered by local feedback will
directly affect the output coordinate, and won't be reduced in the internal
auxiliary loop; parametric disturbances that occur in the internal circuit will
significantly affect the output signal.

Currently, in mechatronic devices of mobility nodes of humanoid robots
are used (almost 100%) as controllers in both cascades PID-controllers
[1-5]. As known, the PID-controller forms its output signal as the sum of
proportional, integral and differential signals from the error applied to its
input.

As a rule, a two-stage procedure is used to set the parameters of both
PID controllers, in which the smoothness (human-likeness) of movements is
implemented in the automatic control system: at the first stage, the initial
adjustment is performed using the Ziegler-Nichols or Cohen-Kun methods;
at the second stage, the result of the initial adjustment is improved using
computer simulation.

The duration and effectiveness of the second stage significantly depends
on the initial adjustment. The experience of adjusting the PID - controller as
a whole, shows that 90% of the time (and at the same time not always with
the desired result) is spent on the second stage of adjustment [1-5].
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The article is devoted to reducing the time spent on such a setting of the
cascade system of automatic control of mechatronic devices in mobility
nodes, which ensures the smoothness of the movements of the humanoid
robot, that means that almost human-like movements are achieved.

The engineering experience of solving the problems of adjusting the
structure and parameters of the controllers indicates two effective
approaches: first, to ensure a successful first approximation to the acceptable
structure and parameters of the controller (initial adjustment); secondly,
after the first approximation, adjust the minimum number of parameters.

As an alternative to the PID-controller for usage in cascaded SISO LTI
systems for automatic control of the mobility nodes of humanoid robots, it is
proposed to use a controller, which is set by a generalized integro-
differentiating circuit or a connection of an ideal integrator with generalized
prejudice-delay compensators. This controller was called a generalized
integro-differentiating controller (GID - controller).
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Abstract. This work examines modern data authentication methods for
application layer protocols. The model and method for batch data authentication
have been improved to authenticate clients without transmitting vulnerable
information.
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Anomauia. B Oannoii pabome paccmampusaromcs cospemeHHvie Memoobl
aymenmugpuxkayuy  OaumHblX ~ ONA  HNPOMOKONO08  NPUKIAOHO20  VPOGHS.
Yeosepuencmeosanvl moodenv u memoo nopyuoHHOU aymeHmupuKayuyu OaHHbLX,
obecneyusaiowue  aymeHmMuuKayuio  KIueHmoe 6e3  nepedauu  YsA36UMOU
ungopmayuu.
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ma memoo, po30ileHHA OaHux, asmewmuixkayia danux, xeul-@yuxyia, Eninmuyna
kpusa JJuppi-I'enimana (ECDH), 06min knouyamu

OAuth 1. 0[1], HAWK]2], and JSON Web Tokens (JWT)[3], are among
the critical tools that are utilized by both the users and developers in the
endeavor to provide secure communication on the web. This is especially
relevant in the web context where the privacy of the information and the
prevention of the unauthorized access is paramount[4]. To extend this
security and flexibility, chunking model and method were created[5].

The chunking model represents the partitioning of data into N chunks of
a specified size:
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where: D - is the data that needs to be processed, which is divided into N
chunks.

;- is the i-th chunk of data from D.

N - is the number of chunks into which the data D is divided.

The modified chunking of data authentication is defined as follows:
secret = DH(P;,5;) og DH(S . Ps)

H = init(h)

H = (ﬁ updctte) (H,C;)

i=1
H = update(H, secret)
hash = final(H)
where: secret - the shared secret key that is computed
DH - the Diffie-Hellman algorithm allows two parties to establish a shared
secret key, even if they communicate over an insecure channel
£ . Fs - the public key of the client and server

Sc,Ss - the private key of the client and server
H - the internal state of the hash function at various stages of data
processing
init(h) - the initialization function of the hash function, which sets the initial
state H
update - the function used to update the state of the hash function.
final(H) - the function that computes the final hash based on the last state H.
The modification of the chunked method involves the use of the Elliptic
Curve Diffie-Hellman (ECDH) key exchange mechanism. The first step is
for the client to send its public key in a request. In the server's response, it
provides its public key and a shared secret is generated. The process then
continues according to the chunked method.
In practice, this modification enables the client to input its own public
key instead of the secret which thus avoids providing any secret data.
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Abstract. This work examines various scalability solutions for blockchain
networks, including Layer 2 protocols, sharding, and consensus algorithm
enhancements, highlighting their effectiveness and associated challenges. It
concludes that while significant progress has been made, future research should
focus on integrating these solutions to achieve a balanced approach that optimizes
scalability, security, and decentralization.

Keywords: blockchain networks, scalability, Layer 2 solutions, sharding,
consensus algorithms.

Anomayia. Y yii  pobomi  posensioaiomebcs — pizHi  pilleHHs  0as
Macumabosanocmi mepestc O10KueliH, BKII0YAI0YU NPOMOKONU PieHA 2, wapoyeanHs
ma NOKpauwjeHHs. ancopummy KOHCEHCYCY, aHAni3yemvcsi ix eexmuenicmo i
nos’azami 3 Humu npobnemu. Y Oanomy 0ocuioxdcenHi 3poONeHOo BUCHOBOK, WO,
He36adCcaroyy Ha 3HAYHUL npoepec, MauOymHi 00CHiONCeHHs NOBUHHI 30CePeOUmUcs
Ha MNOEOHAHHI YUX piwleHb On OO0CACHEHHS 30ANAHCOBAHO20 NIOX00Y, AKUU
ONMUMIZYE MACUMAO08aHICIb, be3neKy ma OeyeHmpanizayio.
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Knwuoei cnosa: onokueiin mepedxci, macwmaboganicmo, Layer 2 piuienus,
WapOyeanHs, anOPUMMU KOHCEHCYCY.

The decentralized nature of blockchain technology and its potential to
revolutionize a number of industries, such as supply chain management and
finance, have sparked a lot of interest.

Blockchain networks’ scalability is a major barrier that limits their
ability to handle large numbers of transactions and prevents wider adoption,
despite its potential.

Effective scaling solutions are desperately needed, as seen by the rapid
growth of decentralized apps (dApps) and the increasing use of blockchain
in real-world applications.

This is especially important because blockchain technology's full
potential cannot be realized without improved scalability.

The objective of this work is to research the current state of scaling
solutions for blockchain networks today, evaluating their effectiveness,
drawbacks, and prospects for development.

The work seeks to offer a comprehensive review of various techniques,
including sharding, Layer 2 solutions, and consensus algorithm upgrades,
while critically assessing how they affect the security and performance of
blockchain systems.

One of the biggest issues facing blockchain technology is still
scalability, especially for public blockchains that need to process large
volumes of transactions while maintaining decentralization and security.
Three primary strategies for addressing scalability are researched in this
work: Sharding, Layer 2 solutions, and improvements in consensus
algorithms.

Optimistic rollups and the Lightning Network are two popular Layer 2
solutions that are used to lighten the strain on the main blockchain and
increase transaction throughput.

These methods work by building extra layers that manage transactions
apart from the main blockchain, recording only the results of the
transactions on the main ledger.

These techniques are successful in easing network congestion and
lowering transaction costs, according to research by Han Song [1], but they
also come with possible security threats and implementation challenges.
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The process of sharding, which splits the blockchain into smaller, more
manageable chunks called shards, makes it possible to execute transactions
in parallel, greatly increasing the scalability of the network.

Sharding can greatly boost throughput, according to studies by Xinmeng
Liu and Haomeng Xie [2], but there are drawbacks as well, mainly with
regard to cross-shard communication and preserving network security.

Another method for increasing scalability is to improve consensus
algorithms, particularly the transition from Proof of Work (PoW) to Proof of
Stake (PoS) and other alternative processes. For example, PoS has been
applied in a number of networks to reduce energy consumption and expedite
transactions.

These algorithms, as mentioned by Surajit Mandal [3], provide a more
environmentally friendly and scalable substitute for proof-of-work (PoW);
nevertheless, they might also bring up new difficulties, like the possibility of
validator centralization and problems with economic security.

In conclusion, even though scalability solutions for blockchain networks
have advanced significantly, each approach has a unique set of trade-offs.
Future studies should focus on combining these methods in a way that
balances decentralization, security, and scalability — possibly using hybrid
models that include the best features of each strategy.
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Abstract. In this paper, we consider modern multi-criteria optimization
algorithms and genetic algorithms for structural parametric synthesis of
convolutional neural networks. The optimization criteria, the fitness function and
other parameters of the genetic algorithm based on them are considered.

Keywords: evolutionary algorithm, structural parametric  synthesis,
convolutional neural networks.

Anomauia. Y  yiti  pobomi  po3ensioaromecs  CYYAcHi  aneopummu
bacamoxkpumepianvroi onmumizayii ma eeHemMuyHi aneopummu Oist CMPYKMYpPHO
napamempuyHo20 CuHme3y 320PMKOGUX HeUpOHHUX Mepedc. Pozenawymo Ha
chopmosano kpumepii onmumizayii, Ha ix ocHO8i ¢pimuec Gyukyito ma iHwi
napamempu 2eHemuyHo20 aleopUmMy.

Kniouosi cnosa: cememuunuii  aneopumm, CmpyKmypHO-napamempuiHuil
cunmes, 320pMKOBI HeUPOHHI Mepedici.

Nowadays, even with significant progress in computer vision and the
use of advanced convolutional networks, especially visual transformers [1],
many image processing challenges remain unresolved and need tailored
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solutions. This is largely because of the unique characteristics of training
datasets and the high computational demands of complex neural network
topologies, like transformers, which face hardware constraints.

Due to low flexibility of most of CNN architecture with their
configuration for specific applied tasks and performance degradation we
propose to utilize multicriteria evolutionary algorithm that will use structural
blocks of modern CNN architectures on the generation stage.

The primary objective of this research is to develop an evolutionary
algorithm capable of synthesizing optimal hybrid CNN architectures that
meet predefined optimization criteria, including accuracy, computational
efficiency, robustness, and scalability. The research begins by
acknowledging the current limitations in CNN architectures, particularly
their high computational demands and the need for well-balanced training
datasets. Despite significant progress in the field of computer vision,
challenges remain in optimizing CNNs for specific tasks due to the
complexity of their structures and the vast search space of possible
configurations. Hybrid CNNs, which combine CNNs with other neural
network architectures, have shown promise in overcoming these challenges.
However, the design of optimal hybrid CNN architectures is a complex task
that requires careful consideration of various factors, including the choice of
structural blocks and their integration into the overall architecture.

As the base for evolutionary algorithm, we recommend to consider the
application of modified evolutionary algorithms, such as the Strength Pareto
Evolutionary Algorithm (SPEA-3) [2], for the structural synthesis of
HCNNSs. First of all, it is necessary to formulate the optimization criteria.
Establishing a set of relevant performance metrics that reflect the quality
and efficiency of HCNN architectures. We consider the following criteria:

e  Accuracy (A): The primary measure of how well the network
performs on the task, such as classification accuracy on a validation dataset.

e  Computational Efficiency (E): Metrics like inference time and
memory usage indicate the efficiency of the network.

o Robustness (R): The network's resilience to adversarial attacks or
noisy data, often measured by accuracy under adversarial conditions or
performance degradation.

e  Scalability (S): The ability to maintain performance when scaled to
larger datasets or more complex tasks, often evaluated by the change in
accuracy and efficiency when scaling the network.
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Based on these criteria it is now possible to formulate the fitness
function for evolutionary algorithm as well as to define other operations
such as selection, mutation, crossover.

For the definition of individual, we recommend to use following
parameters: number of layers, kernel sizes, number of filters, stride and
padding, activation functions, types of layers/blocks, block-related specific
parameters.

We will use a mixed encoding scheme where each individual (genome)
consists of a series of structural blocks and hyperparameters. Each gene in
the genome represents either a layer or a block, with specific parameters
encoded within it.

Selection involves identifying individuals from the current population to
act as parents for the next generation. The aim is to prioritize those with
higher fitness scores, increasing the likelihood that more successful CNN
architectures will pass on their genetic material. Fitness evaluation entails
assessing each individual's fitness using the predefined fitness function
outlined beforehand.

Crossover merges the genetic material from two parent solutions to
generate one or more offspring. This process results in new architectures by
blending and rearranging the structural blocks and hyperparameters
inherited from the parents. In our implementation, we opted for a modified
multi-point crossover technique, which increases genetic diversity and
facilitates a broader exploration of the solution space compared to the
single-point crossover method.

Mutation introduces random changes to the genetic material of
individuals to maintain diversity in the population and explore new regions
of the search space.

As for experimental phase, the process applies the proposed evolutionary
algorithm to the CIFAR-100 dataset, a widely used benchmark in image
classification.

The initial setup involves randomly generating a population of CNN
architectures, each with a selective mix of structural blocks. The
evolutionary process is then used to optimize these architectures over 50
generations.

The results demonstrate significant improvements in the performance of
the synthesized CNN architectures, with the maximum error percentage
decreasing from 37% to 7% over the course of the experiment.
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The proposed HCNN synthesis approach is validated through extensive
experiments on the CIFAR-100 dataset.

The results demonstrate significant improvements in accuracy and
training efficiency compared to baseline models.

The study provides a detailed analysis of the performance gains achieved
through the integration of various structural blocks and optimization
techniques.

The experimental findings validate the effectiveness of the evolutionary
algorithm-based structural synthesis methodology, highlighting its potential
for broader application in different domains and datasets.

The prospect of further research in the field of structural synthesis
involves expanding the use of evolutionary algorithms with complex
generational to develop flexible and performant CNN models. These models
are expected to have better performance qualities.
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Anomauia. YV yvomy odocnioxcenHi mu 30cepedunucs Ha gopmanizayii onucy
8i0eoKadpy 6 KOHmMeKCcmi GUPIULEeHHs 3a0ayl OemeKmy68anHs pyxy. 3anponoHosanuil
nioxio 3aCHO8AHUL HA NOEOHANHI (hpaemenmuoeo ananizy i SVD nepemsopents, wo
00360715€ npedcmasumu Kaop 300padicenHs y 6uensoi Keaopamuoi mampuyi Ons
¢opmanvroeo onucy. Byno euxopucmaro 3Hauenns wopmu Ky Fan 6 saxocmi
Odeckpunmopy 610Ky 306padicennss. Piwenns npo uasenicmv 3MiH Y KOHMeKCMi
O0emeKmy8ants. pyxy NpUuMAaemvcs HA OCHOGI NOPIGHAHHS OeCKPUNMOPIE MAacugy
nocnioosHux 306pasicensb, moomo 3naverv Hopmu Ky Fan.

Knrwuoegi cnosa: gppazcmenmuuii ananis, 0emexmysanus pyxy, aHaiz OaHux

Abstract.. In this study, we focused on formalizing the description of a video
frame in the context of solving the problem of motion detection. The proposed
approach is based on a combination of fragment analysis and SVD transformation,
which allows to represent the image frame in the form of a square matrix for formal
description. The Ky Fan norm value was used as the image block descriptor. The
decision about the presence of changes in the context of motion detection is made
based on the comparison of the descriptors of the array of consecutive images, that
is, the values of the Ky Fan norm.

Keywords: fragment analysis, motion detection, data analysis

3 KOXXHHAM POKOM KUNTBKICTh BiZICOJaHUX Ta iX SAKiCTh 3poctae. OOpoOka
BEJIMKOTO 00csATy iH(popMalii € BUKINKOM JUII CY9acHUX iH(pOpMamiiHIX
CHCTEeM TIPaKTHYHO Yy BCIX Kiacax 3aBJaHb. HameBHO, I Kamep
BIZICOCIIOCTEPEKEHHSI HANOINBII aKTyaJbHUM 3aJHIIAETHCS JIETEKTYBaHHS
pyxy [1,2]. V xoHTekcTi BHpimeHHS i€l 3a7adi MOXKJIMBICTH IPOITYCTUTH
eTan MpUBe/ICHHS MaTPHUI 10 KBaJIpaTHOT 200 BEKTOPHU3ALIIIO 32 JOIOMOTOI0
JISIKOTO  JIECKPUNTOPY JIO3BOJISIE 3MEHIIMTH OOYMCIIOBAJIbHI BHUTPATH,
HEeoOXiHI Ut poro neperBopeHHs. [IpornoHoBanuii miaxia nodyxoBaHuit
Ha TMONUNI KOXXHOTO KaJgpy Ha MPSIMOKYTHI OJIOKM, IO JI03BOJISIE
NIPEACTaBUTH KaJIp 300pakeHHs y BUIVISII KBaApaTHOi Marpuli. biiok sBisie
00010 MATPHITIO JOBIIFHUX PO3MIpiB. Y JOCHTIKEHHI OyJ0 BUKOPHCTAHO
cUHTYIsIpHE po3knamaHHs [3,4] i 3HaueHHs Hopmu Ky Fan B sxocrti
JECKPHNITOPY OJIOKY 300paXKeHH:.

Jnst  eKClepuMEHTAJIbHOrO  IMIATBEpPKEHHS — pe3yibraTiB  Oyio
BUKOpPHCTaHO Kamepy BimeocnoctepexenHs HIK Vision model DS-
2CDD2047G2H-LIU, ¢opmar kampyl280x720, 25 kanpiB B cek. Kamepa
Oyna BcTaHOBJEHAa Ha CTOSHINI odicHOi OyxmiBmi. OOpoOka BigOyBamacs
MIOKAJIpOBO B TpagieHTax ciporo. KoskeH Kaap OinuBcsd Ha NPSIMOKYTHI
6mokm kimpkicTio  5x5, 10x10 1 20x20. Mg KokHOro  OJOKY
3actocoByBaniocs SVD mepeTBopeHHs 3 Bu3HaueHHsM HopmH Ky Fan.

87



Materials of the XII International Scientific Conference
«Information-Management Systems and Technologies»
23th — 25th September, 2024, Odesa

Pesynprar 00poOkM mpencraBieHo Ha pHCYHKY 1. B koxnomy Ouomi
3a3HAUYEHO MOTOYHE 3HAUEHHS HOPMHM, CEepelHE 3HA4YeHHS HOPMH 1
BIJIXMJICHHS BiJI CEPEIHBOTO 3HAYCHHS. bine KoJio B EHTpi OJOKY O3HaYae
HasIBHICTh PyXY B IIbOMY 0JIOLI.

ket %
Pucynox 1 Emanu noxkadpogoi 06pooxu 3 3acmocysannam SVD nepemeopenns ons
KOJICHO20 ONOKY
3anponoHoBaHUN MiAXiJ 3aCHOBaHUHM HAa TOPIBHAHHI 3HAYCHHS HOPMHU
Ky Fan i3 cepemHiM 3HaueHHAM IS OCTaHHIX X KazpiB. SIKIMO pi3HUIL
MIEPEBHUIIIYE MOPOTOBE 3HAYCHHS, BBAXKAEMO, IO BiOyacs 3MiHa CIieHH a0

y ¢parmenTi BinOyBcs pyx [5]

Oo=f(x)-y ())
e F). cepeIHe 3HAYCHHS IS OCTaHHIX X KaJpiB, y_ HopMma Ky-Fan, -
Ho YYTIIUBICTH IO PYXY.

Bymno obpano Omox 83 mns meTanbHOI IEMOHCTpAIli i BiAMIYEHO HOTO
KOBTOIO pamior (puc. 2). Jami Oyno THOpiBHAHO 3HAYECHHS HOPMH 3
cepenHiM 3HaueHHsM Juis  ocraHHix 20 kanpiB. EkcnepumeHTOM
BCTAaHOBJICHO, 1110 JIJIsI BUSIBJICHHSI pyXY 00 €KTY BiJIXUJICHHS BiJl TIOPOTOBOTO
3HaueHHs Mae OyTu B Mexax 1-3%. Ha kaapi Homep 90 HOopMa mepeBuIIye
IIOPOTOBE 3HAUEHHS, IO CBITYUTH PO HASABHICTH PYXy. 3HAUEHHS HOPMH
Ky Fan myis ocrannix 20 xaapiB, moka3aHi Ha pUCYHKY 3.

TakuM YMHOM iCHYE MOKJIMBICTh BUSIBICHHS KosmBaHHA HopMu Ky Fan
y OyIb-sKOMY OJIOI, i SKIIO 3HAYCHHS IMEPEBUINUTH IMOPOTOBE 3HAYCHHS,
MH MOKEMO MIATBEPIUTH PyX y IboMy Oiomi. O6’eHaBIIN OJOKH, B TKUX
3MIHWJIOCS 3HAYEHHS HOPMH, OTPUMYEMO TPAEKTOPI0 PyXy 00’€kTy. Y
pe3yIbTaTi, HAPUKIIAM, ICHYE MOKIIMBICTh BIJICTE)KESHHS IIJISIXY JIFOAMHA Ha
crosHIi (puc. 4). Y 3poOieHOMY EKCHEpUMEHTI JIOJWHA CITYCKAEThCS
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CXO/JaMH, TICPETHHAE CTOSHKY 1 Jocsrae aBToMoOuts. Bimumu mmsmamu

Mo3HaueHi ()parMeHTH 31 3HAYEHHSIMHU, SIKi TIEPEBUILYIOTh 3a/IaHUH MOPIT.
[Mopanbui mociipkeHHs: Oyae CHpsSMOBaHO Ha KiacU(iKalilo pyXOMHUX

00’eKTIB 3 METOI0O HE JHWIIE ACTCKTYBaHHS pYyXy, a 1 BiJOKpEMJICHHS

PYXOMHX 00’€KTIB BaXKJIMBUX IS CHIOCTEpiraya Kiacis.
i3 T R S i i e Dim [10x10] Segment size [128,72]

— Segment=83

4580
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4500
4480

Canera 01
g 4460

6 2(')0 460 660 B(‘)ﬂ 1obe lZY()D
Pucynok 2 Pesynomam susgnenns pyxy ona  Pucynok 3 3mina nopmu Ky Fan ons

6noky 83 6noky 83. Y snauenns nopmu Ky Fan,
X — Homep kadpy

7 P 7 T pmi;l px
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Abstract. The article proposes a methodology for calculating a new Geological
Structure Complexity Index (GSCI) based on a joint analysis of contrast brightness
boundaries of satellite images, raster maps of geophysical fields, and DEMs. Maps
of this index are highly informative compared to the original remote sensing data
and can be effectively used in machine learning procedures..

Keywords: Remote sensing, feature subsets, geological structure complexity,
machine learning, brightness boundaries, histograms

Anomauia. Y pobomi 3anpononosano memoouxy po3paxyHKy HO8020 [HOeKCy
cknaonocmi - 2eonociunoi 6yoosu (GSCI) Hna ocHo6i cninbHoz20 ananizy merc
KOHmpacmy SICKpagocmi CYRYMHUKOBUX 3HIMKIG, PACMPOBUX Kapm 2eopi3uyHux
noxnie i LIMP. Kapmu yb020 iHOeKcy Maioms UCOKY iHOpMaAmueHicme NOPIGHHO 3
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OPUSTHANBHUMY  OQHUMU OUCIAHYITIHO20 30HOVEAHHA A MOXCYMb  eeKmueHo
BUKOPUCIOBYBAMUCS 8 NPOYEOYPAX MAUWUHHOLO HABUAHHA..

Knrwwuosi cnosa: oucmanyiiine 30HOY8AHHS, NIOMHOJICUHU O3HAK, CKIAOHICTb
2€0J102IYHOI CIMPYKMYypU, MauiUHHe HA8UAHHA, MeiCi ACKpABoCmi, 2ICIozpamiu.

Remote sensing data have significant potential for Earth sciences,
serving as a source of spatial information, including for machine learning
operations. At the same time, it is necessary to form a set of remote sensing
data that would be sufficiently complete and informative to solve a specific
problem. Usually, the existing set of satellite images and other remote
sensing data does not meet these conditions. In this regard, various methods
for processing the original remote sensing images are used. This paper
proposes a computer technology for image processing based on the study of
the complexity of the landscape structure, which directly depends on the
complexity of the geological structure of the territory. The technology
allows calculating the GSCI index based on the identification and
processing of contrast-brightness boundaries identified in the original data -
satellite images, DEMs and geophysical fields. This index should help to
improve the accuracy of supervised classification procedures based on
multidimensional data. The construction of GSCI maps is based on the use
of regular two-dimensional data, it is easy to calculate and accurately
reflects the complexity of geological objects and linear disjunctive structures
[1]. GSCI is taken to be equal to the total length of the contrast-brightness
boundaries of the image inside a sliding window of size pxp, where p=3, 5,
7, ... is some odd number of image pixels. Thus, GSCI calculation includes
two stages: 1) identifying boundaries in the image and 2) calculating the
total length of the boundaries (concentration) inside the sliding window.

Currently, the most popular methods for extracting contrast-brightness
boundaries are various mask algorithms and, for example, the optimal
Canny detector [2]. The result of the Canny detector is a binary map, where
ones correspond to the presence of boundaries, and zeros correspond to their
absence. Calculating the length of the boundaries inside the box comes
down to simply finding the number of pixels with unit values inside sliding
window. The GSCI calculated in this way reflects not only the total number
of boundaries within the window, but also the complexity of their shape.

The described computer technology was experimentally tested by us on
three areas with mineral deposits: on old-bearing Area 1 (about 800 km2),
located within the Turan plate (Uzbekistan), Area 2 (about 17,000 km2)
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located in the central part of the oil and gas-bearing Dnieper-Donets Basin
(Ukraine), and gold-bearing Area 3 (about 600 km2) located within the
Azov block of the Ukrainian crystalline shield. The initial data are
represented by Landsat images, SRTM data, geophysical fields and DEMs.
For each experimental area, GSCI maps were constructed, after which
their informativeness in predicting new deposits was assessed. For this
purpose, we analyzed the degree of coincidence of the histograms of the
distribution of the GSCI values, constructed a) for the entire area and b) for
the points of interest (known deposits). To assess the degree of overlap of
the histograms, the root mean square error (RMSE) was used. The less
overlap there is between histograms, the easier it is to separate promising
points that look like objects of interest from the rest of the area. In addition,
to increase reliability, another indicator of histogram similarity was
calculated — the shift of their absolute values, measured in the number of
histogram bars. The RMSE values of GSCI histograms plotted for the entire
map and for points of interest are given in Table 1.
Table 1. Histogram overlap indices of the histograms of the GSCI maps for
areas 1-3

Slide window size, cells RMSE Shift in mod, intervals
Area 1 0.0442 2
Area 2 0.0258 5
Area 3 0.0534 4

But, are GSCI maps more informative than the original input data from
which they were constructed? To answer this question, histograms of values
of original data sets were additionally constructed. A lower RMSE value
indicates that they are less informative (Table 2) compared to GSCI maps.
Table 2. Histogram coincidence indices of the values of the original data sets for
area 1

Data set RMSE Shift in mod, intervals
Field of electric resistance  0.0212 0
Magnetic field ATa 0.0226 0
Landsat image 0.0357 0

The obtained GSCI maps themselves should not be considered
definitive, predictive maps. They are much more effective when applied in
combination with other remotely sensed data in supervised classification
procedures.
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Overall, the results obtained testify to the promising approach to GSCI
map calculation based on the analysis of contrast brightness boundaries of
raster maps of geophysical fields, DEMs, and satellite images.
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KOMIIVIEKCHE HABYAHHSA MO/JIEJII: HAJTAIITYBAHHSA
ITAPAMETPIB TA OIIIHKA 1OBIPH B IEPAPXIYHUX
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Abstract. This work presents a new approach to the hierarchical classification of
technical Ukrainian texts, in particular in the field of car repair and maintenance,
with an emphasis on the classification of repair works and spare parts. The study
proposes a comprehensive method for learning a hierarchical classification model,
which includes setting parameters for each node in the tree structure and calculating
a single confidence index to assess the reliability of the classification. The model is
optimized through iterative parameter tuning, resulting in improved classification
accuracy and reliability for both labeled and unlabeled data. The results of the study
demonstrate significant improvements in the accuracy and reliability of hierarchical
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classifiers that have practical applications in the field of automotive repair and
maintenance.

Keywords: natural language processing, hierarchical classification, machine
learning, parameter setting, trust assessment

Anomauia. YV yiti pobomi npedocmasneHo Hosuil nioxio 0o iepapxiunoi
Kaacugixayii mexHiyHux YKpaiHCbKUX meKCcmis, 30KpeMa 6 2any3i peMoumy i
06cy208y6aHHs A8MOMOOINI6, 3 AKYESHMOM HA KIACUDIKAYII0 peMOHMHUX pobim ma
3anuacmu. Jlocniodcenus nponoHye KOMAIEKCHUU Memoo HABYAHHA I€papXiuHOi
MoOdeni Knacupikayii, wo 6KI0OHAE HANAUMYBAHHS NAPAMEMPIE OISl KOJCHO20 8Y31d
6 0epesonodiGHIl cmpyKkmypi ma 0OYUCIeHHsl EOUHO20 NOKA3HUKA 008IPU 011 OYIHKU
Haoitinocmi  Kknacugixayii.  Moodenv  onmumizyemvcs  uepes  imepamugHe
HANAWMYBAHHA napamempis, w0 npuzeo0umsv 00 HNOKPAWEHHS MOYHOCMI ma
Haoitinocmi  Knacugixayii AK 014 PpPO3IMIYEHUX, MAK | HePOIMIYEHUX OQHUX.
Pesynomamu Oocniodcenns 0emoHcmpyioms 3HAYHI NOKPAWEHHA 8 MOYHOCMI mda
HaOTliHOCMI IEPAPXIUHUX KIACUDIKAMOPIB, WO MAIOMb NPAKMUYHE 3ACTNOCYBAHHS 8
2any3i agmomooinbHo20 peMoHmy ma 06Cny208Y8aAHHS.

Knrwuosi cnosa: 06pobra npupoonoi mosu, iepapxiuna kiacupikayis, mawunne
HABYAHHSA, HANAWIMYEAHHA NAPAMEMPIB, OYIHKA 008IpU

lepapxiuni kmacu(pikaTopu CTadM BaXKIMBAMHU Yy BHPIIICHHI CKJIATHHUX
0araToKJIacOBHX 3aBJaHb KIAacHU(piKaIlil yepe3 iX po30UTTS Ha MEHIII, OUTBII
kepoBaHi migzanaui [1]. Lle mochimkeHHs po3IMUpIOe iCHYr04Yi poOOTH B Hild
raimy3i, 30CEepeKyloud yBary Ha JBOX KIIOYOBHUX  €JIE€MEHTax:
HAJAIITYBaHHI MapaMeTpiB Ta OWiHII MoBipu. HamamryBaHHS mapaMeTpiB
nependavyae ONTHMI3alli0 mapamerpiB kiacudikaTopa A MiABHIICHHS
MIPOAYKTUBHOCTI, TOMI SIK OI[IHKA JOBIPM KIIbKICHO BH3HAYA€ HAIIHHICTH
nependavyeHp Kiacudikaropa, 10 € KPUTHYHO BXKIMBHM Yy i€papXidHUX
KinacudikaniiHuX cucTeMax, A€ MOMWIIKA MOXYTh HAKOIIMYYBAaTHCS uepe3
iepapxito. OCHOBHMM 3aBJIaHHSIM, 110 PO3MIISIAETHCS B IIbOMY JIOCIIPKEHHI,
e xacudikamiss pobiT Ta 3aMYACTHH IS PEMOHTY aBTOMOOLTIB, A€ TOYHA
Kacudikanis JaHUX € JOCUTh CKJIQJHOIO Yepe3 (parMeHTOBAHUN XapaKTep
3aIiCiB 1IPO PEMOHT, OCOOJMBO 3a MEXaMH aBTOPH30BAaHHMX CEPBICHUX
LUeHTpiB. JIOCHiPKEHHST € YacTHHOI cepil, NpUCBSYEHOI IepapXiyHii
Kiacudikanii TeXHIYHUX YKPaiHCHKMX TEKCTIB, 3 aKIIEHTOM Ha IOKpPAIICHHS
HaJiHHOCTI Ta JOCTYNHOCTI A@HMX MJJsI PI3HUX 3alliKaBJICHHX CTOpIH Y
aBTOMOOUTBHOMY CEKTOpi. Y JOCHiJPKEHHI NPOMOHYEThCA i€papXidHH
anropuTM Kiacudikarii, IKMi BKITIOYA€E KiTbKA KITFOUOBUX €TalliB:

1. Tlomepemns o6pobka manux. IlomepemHs oOpoOka TeXHIYHUX
TEKCTIB  BKJIIOYA€ ifeHTH(]iKaIilo MOBH, HOpMaJi3allilo, MepeKIa
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YKpaiHCHKOIO, TOKEHI3allil0, BUNPABJICHHS IMOMWJIOK Ta Jiemarusauito. Lle
eTan JeTaIbHO ONMCAaHUH Yy Hallil monepeaHiit pobori [2].

2. HamamryBanns Ta HaB4yaHHS mapamerpiB.  Kiacudikatop
HaBYAEThCS IUISIXOM ITEPaTUBHOTO HAJIAIITYBaHHS NapaMeTpiB Ha KOXKHOMY
By3di iepapxii. [lapamerpw, Taki sK T[OYAaTKOBI Baru Ui TOKCHIB,
KOPUT'YIOTBCS JUIS ONTUMi3allii TOYHOCTI Kiacudikauii, 3a OKpeMUMH
MIPaBHUJIAMH, IO 3aCTOCOBYIOTHCS IS BY3JIB 1 BXITHHUX pSAAKIB. ITepaTuBHAN
IpoIiec TPHUBAE IO THX TIip, MOKKA He Oyne BU3HAYCHO ONTHMANBHUI Hadip
mapameTpiB. [lapanensHo OymyeThcss MaTpUIld KIACH(IKaIi Ui KOKHOTO
By3JIa JIepeBa.

3. Kracudikanis. Kimacugikaris BigOyBa€eThCs IUITXOM HOCITiJOBHOTO
MIPOXO/KCHHS BCiX BY3JIiB [IepeBa 3BepXy BHU3 Ta OOUMCICHHS BiICTaHI MK
3aJ]aHUM BEKTOPOM Ta PsAKAMHU MaTpHLli By3sa Ha ocHOBI merony TF-IDF
[3]. Psmox 3 MiHIMAIbHOI BIJCTAHHIO BIAMOBIAA€ TOYIPHROMY BY3IY
JiepeBa, B HANPSIMKY SKOTO PyXaeThCs anropuTM kiacudikamii. Llei etam
JIeTalIbHO OMKMCAHUH Y HAIIiK onepeaHii podoTi [4].

4. Ouinka noBipu. JloCHipKeHHS MNPONOHYE MiAXiJ MAaIIWHHOTO
HaBuaHHs 3 Bukopucranusm GradientBoostingClassifier sig Scikit-learn [5]
Uit OOYMCIICHHS €IMHOTO TIOKa3HWMKa JoBipu. Llei mokasHuk o00'eqHye
JIeKiTbKa TOKAa3HHUKIB MTOBIpM 3 PI3HUX BY3JIIB i€papXii, HaJaroud €IUHY
METpUKy IUIs  OIIHKK  HafmiiiHOCcTi  kimacudikamii.  Kmacudikarop
HAJIAIITOBYEThCSA 33 JOMOMOTOI ONTHMi3amii TrimepmapaMmerpiB, Mo
3abe3neuye HOro CTIHKIiCTh Ha Pi3HUX Ha0Opax JaHUX.

B  skocti  pesymbraTy  CHiN  3a3HAYMTH, 10  3aCTOCYBaHHS
3aMpONOHOBAHUX METOIIB MPHU3BEJIO 10 3HAYHOIO IIJBUIICHHS TOYHOCTI
knacudikamii. Sk 3a3HadeHo y Tabnuili 1, MOAEnb MPOJEMOHCTPYBaia
3arajgbHe 30imbIIeHHS TOYHOCTI monan 40% micis HaB4YaHHA, 3
MIPOAYKTUBHICTIO, 1[0 BApIIOEThCS HA PI3HUX HAOOpax JaHUX, JOCATaryud
96% Ttounocti A pobiT i 92% 1A HalitMeHyBaHb 3amdacTUH. €IUHHN
MOKa3HUK JIOBIpM HaJaB HaAIdHy METPHKY U OIIHKM pPEe3yJIbTaTiB
Knacudikanii, 010 JO3BOJMIO €()EeKTHBHO NEPEBIPATH Ta ONTHUMI3YBaTH IIi
pe3ysbTaTH.

TakuM dWHOM, IIe JOCIHIUKEHHS NpPOCYBa€E raily3b lepapXiqHoi
Kinacudikanii NIIIXOM iHTerpanii HajJalTyBaHHS IapaMeTpiB Ta OLIHKH
JOBIpH y TIpOIleC HaBYAaHHS MOAENi. 3alpoNOHOBAaHI METOAW IOKa3ajH
MIPAaKTUYHI TIepeBard B aBTOMOOUTBHIN Tramy3i, MiIBHIIYIOYH TOYHICTH i
HaAIHHICTH KiIacudikamii peMOHTHUX POOIT Ta 3aIT9aCTHH.
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Tadauns 1. Pe3yabpTaTl KiIacHpikanii HaiMeHyBaHb 3aI9ACTHH

Tuan mozemni Tuan ToumnicTs, ToumnicTs,

BeKTOpH3amii TPeHiHr. JaHi TecToBI AaHI
Mogens Oes Bar i bes count vectors — 0.5174
TpeHYBaHHA tf-idf vectors — 0.6684
Mogeas 3 Baramui 2 count vectors 0.9365 09184
TPEHYBaHHAM tf-idf vectors 0.9552 0.9238

Po3pobiiena 6ibmiotexka Python mintpumye 3amaui knacudikaiii B
pealsHOMY dYaci, BIAKPUBAIOYM MOXKIMBOCTI I OUNBIN IIHPOKOTO
3aCTOCYBaHHS B aBTOMOOLUTHHHX CEPBICHUX IEHTpax Ta iHIUX cdepax. Y
MalOyTHROMY IIAHYETHCS PO3MHUPHUTH KIACH]iKamiro Ha OLTBII CKIaaHI
TEKCTOBI KOPITYCH, TaKi SIK TPAHCKPHITLIS TeIePOHHIX I3BIHKIB.
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PO MMOBYJOBY 'EHEPATOPA BUITAJIKOBUX BEJIMYUH
BXITHOI'O MATEPIAJILHOI'O IOTOKY /151 MOJIEJIEA
TPAHCIIOPTHOI'O KOHBEEPY HA OCHOBI HEMPOMEPEXI

Dr.Sci. O. irnacruii, Ph.D. M. Co6oan
Hayionanvnuii mexuiunuil ynisepcumem « XapxiecoKuil NOLIMexXHIYHULl IHCMUmymy,
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Abstract. This study examines a method for constructing a generator of random
values of the input material flow to form a training data set for highly efficient
transport conveyor models based on a neural network. A comparative analysis of the
experimental, approximated and generated realizations for the input material flow of
the conveyor type transport system is presented.

Keywords: dataset generator, belt conveyor, input material flow, stochastic
material flow, normal distribution, stochastic process realization, statistical
characteristic, correlation function.

Anomauyia. YV Oanomy 00CHiONCeHHI po32NA0aemvbCs Memood hobyoosu
2eHepamopa BUNAOKOBUX 3HAUEHb 6XIOH020 NOMOKY Mamepiany 01 (POpMySaHHs
HABYATLHO20 HAOOPY OaHux Osi GUCOKOeDEKMUBHUX MOoOenell MPAHCHOPIMHOZ0
KOHBeepa Ha OCHOB8I HelipouHoi mepexci. Hagedeno nopiensanvHull  auaniz
eKCnepuMeHmanbHux, anpoKCUMOBAHUX I 32eHepOoBaHUX peanizayiil 01 BXiOHO020
NOMOKy Mamepiany mpaHCROPMHOL CUCIEMU KOHBEEPHO20 MUNY.

Knwwuoei cnoea: cenepamop nabopy Oanux, Cmpiukosuil KOHGEEp, 6XIOHULL
MamepianoHull NOMIK, CIMOXACMUYHUT MAMePIAnbHUll NOMIK, HOPMATLHULL PO3NOJLT,
peanizayiss ~ CMOXAcmMu4HOo20 — Npoyecy, — CMAMUCMU4YHA  XAPAKMepucmuka,
KOpenayiiuna QyHKyis.

In the mining industry, one of the main types of transport is belt
conveyors [1]. Current trends in the mining industry require an increase in
the transport system rated power and its length.

One of the approaches to increase the economic efficiency of the
conveyor type transport system is to develop models and systems for
controlling the flow parameters of conveyor type transport system [2].

A further development of traditional deterministic models for describing
the flow parameters of a conveyor system [3] is the development of models
that assume that the input material flow is a stochastic material flow. The
use of realizations of the input material flow, formed based on experimental
data, makes it possible to determine the statistical characteristics of the
stochastic input material flow and the law of distribution of the values of the
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input material flow. The paper [4] presents the methods for calculating the
mathematical expectation, standard deviation and correlation function of the
values of the input material flow, as well as an analysis of the distribution
law of the random variable.

The efficiency of any analytical model decreases with an increase in the
number of sections in the transport system. The appearance of a sufficient
number of works devoted to the use of a neural network for modeling a
transport pipeline is explained by this circumstance. However, the lack of
appropriate data sets for training a neural network is the main problem that
hinders the widespread use of neural networks in this context [5].

Thus, it is necessary to form a countable number of data sets, which are
characterized by a certain correlation function and the distribution law, and
which correspond with experimental data. This goal can be achieved by
constructing a respective generator. So, the main goal of this work is to find
a way to construct a generator of input material flow values based on
experimental implementations to generate a training data set for transport
conveyor models based on a neural network.

To solve the goal a class of transport systems was defined for which
experimental realization of the input material flow allow approximations in
the form of fixed intervals with random values of the input material flow.
The choice of coordinate functions for the canonical expansion allowed the
approximation of the experimental realization by fixed intervals of a given
length. In practice, minute intervals for the input material flow were
considered to describe the input material flow. The approximation of the
material flow was presented in the form of averaging of the material flow
values at each fixed interval.

The statistical characteristics of the approximated realization of the input
material flow were used to construct a generator of random values of the
input material flow. To ensure a given law of distribution of a random
variable that determines the value of the input material flow, the inverse
function method was used.

As the next step of the study, the comparative analysis of the correlation
functions for the experimental, approximated and generated
implementations of the input material flow was performed.

A comparative analysis of the statistical characteristics of the input
material flow represented by the experimental, approximated and generated
realizations is given in Table 1.
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Table 2. Characteristics of the realization of the input material flow

Parameter Experimental Approximated | Generated

realization realization realization

mathematical 3.1729453 3.1729453 2.9460778
expectation

Standard deviation 1.0 0.9254287 0.8862863

Maximum value 4.4515155 4.4010264 4.3697888

Minimum value 0.0 0.0076316 0.5580695

The analysis of the correlation functions, mathematical expectation and
standard deviation of experimental, approximated and generated input
material flow indicates satisfactory accuracy of the process of generating
values of the input material flow.

The length of the time interval of the experimental realization has a
significant impact on the statistical characteristics of the generated
realization of the input material flow. With a small amount of partitioning
into fixed intervals, the statistical characteristics of the experimental
realization may have a significant deviation from their actual values, which
leads to a low quality of the generated data set.

This allows to formulate the prospects for further research, which is the
development of methods for estimating the minimum acceptable length of
the time interval for experimental measurements, as well as the analysis of
the dependences of the quality of the random value generator on the number
of experimental realizations.
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INTELLIGENT INFORMATION TECHNOLOGY FOR MULTI-
CRITERIA VULNERABILITY ASSESSMENT OF GAS STATIONS
TO THE MAIN TYPES OF ACCIDENTS
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Anomauia. Iumenexmyanony  ingpopmayitiny  mexnonociro  (IT)  oyinku
epazmusocmi A3C peanizoeano y euensioi cucmemu niOMPUMKU RPULHAMMSL PilueHb
(CIIIIP). 3anpononosana IT cknadaemvcs i3 10 nocnioosnux emanis. Ocoba, wo
NpUIMAE piuleHHsl Ha OCHOBI 86€0CHUX OAHUX 3A KDUMEPIAMU YPA3IUEOCMI NeGHOT
A3C ompumae nonepeone snauenns ypasnusocmi A3C ma nosichenns w000 it
ompumanns. Cknadoeoro uacmumnoro CIIIIP € cpopmosana 6asza 3HaHbL w000
nonepednvo oyinenux A3C 3 mosxcrueocmro ii pedazyeanHs ma po3uiupeHHs..

Knwuoei cnosa: 6azamoxpumepianvhuil aHaniz NPputiHaAmmsa piuleHb, Memoo
aHanizy iepapxii, asmosanpaseHa cmauyis, aeapii, iHmeiekmyanvHa iHghopmayitina
MexHON02Is, cucmema niOMpUMKYU RPULLHAMMS pIULeHb, HeYimKa 102IKA.

Abstract. Intelligent information technology (IT) for gas station (GS)
vulnerability assessment is implemented in the form of a decision support system
(DSS). The proposed IT consists of 10 consecutive stages. The decision-maker, based
on the entered data according to the vulnerability criteria of a certain GS, will
receive a preliminary value of the vulnerability of the GS and an explanation of how
it was obtained. A component of the DSS is a formed knowledge base on pre-
evaluated GSs with the possibility of editing and expanding it.

Keywords: Multi-criteria decision-making analysis, analytic hierarchy process,
gas station, accidents, intelligent information technology, decision support system,
fuzzy logic.
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Ha npyromy erami cHigpHOTO YyKpaiHCBKO-OPHTaHCHKOTO HAayKOBOTO
npoekTy cmiBnparni Mbk HamionamsHuMm — yHiBepcuteroM — «Opnecbka
noJjitexHika» Ta yHiBepcureToM Micta [Topremyr (Bemuka Bpurawnis) [1]
Ticist OOTPYHTOBAHOT'O 3MEHIIEHHS NEPBUHHOTO MPOCTOPY KPHUTEpIiB Oyio
3aMpONOHOBAHO po3poduTH iHpopmaniiiHy TexHouorito (IT), mo mo3BoauTh
Ha OCHOBI 3i0panux nanux mo mepexi A3C y meBHOMY HaceJIeHOMY MyHKTI
3a BCiMa KpHUTEPiIMH IPOBOMWTH TMEPBHHHY OLIHKY Bpa3immBocTi A3C,
Hajao4yn pekoMeHmamii moxao omireHoi A3C i3 3acTOCYBaHHSAM METOIIB
HEYiTKOI JIOTIKH.

IurenexryamsHa IT, sxka m03BONMUTH BH3HAYAaTH Bpa3nuBicTh A3C momo
OCHOBHHX THUIIB aBapiii, ckiagaeTbes i3 10 mociimoBHuX eramiB. B myxkax
JI0 KOXKHOTO eTary BKa3aHi 0COOW, sSKi BUKOHYIOTH BINMOBIMHUI eram: 1)
BU3HAYCHHS OCHOBHUX THMIB aBapii [2] (ekcmepT); 2) po3poOka
MEPBUHHOTO TPOCTOPY CEKOHOMIYHHUX, CKOJOTIYHMX Ta COI[aIbHUX
KpuTepiiB Juisi ouiHkd BpaziuBocTi A3C 10 OCHOBHUX THIIB aBapiil [2]
(excmeprt, data scientist); 3) oTpuMaHHS BEKTOPY Bar KpUTEpiiB Ha OCHOBI
MeTony anamizy iepapxiii (MAI) [2] (data scientist); 4) po3poOka
BTOPUHHOTO TPOCTOPY KpHTepiiB s omiHku BpasmuBocti A3C (data
scientist); 5) oTprMaHHS OIIHOK 3HAYCHb KPUTEPIiiB BTOPHHHOTO IIPOCTOPY
st koxkHOi A3C Ha 0asi myOmiuaux ngaHumx (ekcrept, data scientist); 6)
morepeqHs 0o0OpoOKka Ta KOAYBaHHS OTPHMaHUX ITyONIYHHUX MJaHUX Y
BTOPHUHHOMY TIpocTopi (data scientist); 7) oTpuMaHHs BEKTOpPY Bar KpUTEpPiiB
Ha ocHOBI MAI y BTOpHHHOMY TIpocTopi (data scientist); 8) ymockoHaNeHHS
3arajgpHOi Mojelni ouiHku BpaznuBocTi A3C i3 BpaxyBaHHSIM KpOKiB 1-7
(data scientist); 9) Bu3HaueHHs Ta iHTepnperalis ouiHku BpazauBocti A3C
i3 BUKOpUCTaHHSAM HeuiTkoi joriku (data scientist); 10) moOymoBa 0asu
3HaHb OIiHKY Bpa3uBocTi A3C (data scientist).

Ha ocHOBI BuIIe 3a3HaYCHKUX €TAIliB Ha PUC. 1 300pakeHO PO3pPOOIICHY
inTenextyansHy IT oninroBanHa BpasnuBocTi A3C MmIOZ0 OCHOBHHUX THIIB
aBapiii y Burmsini CIIITP. Ha ocHoBi pe3ynbratiB omiHOK BpasziauBocTi A3C,
moOyayeMo Tpadik pO3MOALTYy MapaMeTpiB OIHOK B 3aJISKHOCTI BiJ IX
po3TalryBaHHs Ha puc. 2.

B sikocti mapamerpa X BHCTyIIa€ HOpMaJli30BaHE 3HAYEHHS IIMPOTH, Ha
sKii po3ramosana A3C, a B IKOCTI TapameTpa Yy — HOpMaJi30BaHe 3HAYCHHS
noeroti. A3C po3tamoBaHi Ha rpadiky B 3aJIe)KHOCTI BiJl KOOpPIMHAT Ta
MarOTh KOJIp B 3aJIEKHOCTI BiJl 3HaYeHHS OIIHKH Bpa3nuBocCTi, e 0,2, abo
TEMHO-CHHIN KOJIip — HaltOipI.
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Po3pobinieHa iHTenekTyansHa IT MOXe CIyryBaTH OCHOBOO [ MOIEPEIHBOTO
posrminy icayrounx A3C Ta momepenHbOI OWIHKM X ypasiaMBOCTI O OCHOBHHX
TUMIB aBapidd, OO0 MOXXE CIYI'yBaTW IIJACTABOIO JUIS TNPHUHATTSA pIlIeHb PO
pO3MIMpeHy OIiHKY Ta OOMEXEHHS X MisIbHOCTI 4 3akpuTTs A3C.

Jlitepatypa
[1] Multiple Criteria Fuzzy Logic Based Methodology for risk mapping of gas
filling stations and consequent decision optimization. Odesa Polytechnic, 2023.
URL:  https://op.edu.ua/en/international/projects/uk-ukraine-twinning-initiative-14
(mara 3BepHenHs 28.07.2024).
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[2] A. Labib, D. Jones, O. Arsirii, S. Smyk, O. Ivanov. Analysis of Petrol Station
Vulnerability Factors Regarding Accidents Using Analytic Hierarchy Process and
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September 21-23, 2023, CEUR Workshop Proceedings (CEUR-WS.org), online.
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3ACTOCYBAHHS METOJY YMOBHOI OIITUMIBAIIIL B
3AJJAYI ITOPMYBAHHA CYJHA

Dr.Sci. C. 3inuenio!l00 00150125029 ph i B Mareijuycl0000-0001-9328-0651]
XepcoHchKa AepKaBHa MOPChKa akaneMis, Vipaina
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APPLICATION OF THE METHOD OF CONDITIONAL
OPTIMIZATION IN THE PROBLEM OF STORMING THE SHIP

Dr.Sci. S. Zinchenko, Ph.D. V. Mateychuk
Kherson State Maritime Academy, Ukraine

Anomauisn. Po3pobneno memoo agmomamuyHo2o ORMuMAaIbH020 WMOPMYEAHHS
CYyOHa, sKUUl 0036075€ YHUKAMU GUHUKHEHHS [ DPO3GUMK)Y 2APMOHINHO20 ma
Nnapamempuino2o pe3oHAHCy, mpamu OCMIUHOCMI HA NONYMHOMY XGUNIOBANHI,
6pouunzy, yoapie epynosux Xeuib Yy KOPMY, WO MOJICYMb NpUEecmu 00
nepegepmannsa cyoua. Illpayesoammuicmes ma eghexmugnicms memoody nepesipeHa
MamemamuyHum mooeniosanusam y cepeoosuyi MATLAB.

Knrouogi cnosa: wimopmoge niasanns, nasieayitina besnexa, M0OCbKUL YUHHUK,
IHmMeneKmyanvHi ~ MpPAaHCNOPMHI  cucmemu, agmomamuyHuti. MO0y 8
aABMoOMAMU308aHil CUCMeEMI.

Abstract. A method of automatic optimal storming of the ship has been
developed, which allows to avoid the occurrence and development of harmonic and
parametric resonance, loss of stability in accompanying waves, broaching, impacts
of group waves in the stern, which can lead to capsizing of the ship. The workability
and efficiency of the method was verified by mathematical modeling in the MATLAB
environment.

Keywords: storm sailing, navigation safety, human factor, intelligent transport
systems, automatic module in an automated system.
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[lITtopMoBe TIaBaHHS — OJUH 13 HAWCKJIATHININX €TamiB MPOBOJIKU
cynHa. Psjgom BueHMx Ta MIDKHApOAHOIO MOPCHKOIO —Oprasizai€ero
po3pobieHo pexoMeHaalii mono Oe3neuHoro ruiaBanHs [1]. Ha ceoromni
BIIPOBA/DKCHI ~ aBTOMATHU30BaHI ~ CHUCTEMH  IITOPMOBOTO  ILIaBaHHS
HULLMOS, OCTOPUS-DSS, IMDSS, VOSS, SENSFIB Ta iHmii.
HemonikoM 1MX Ta iHIIMX aBTOMAaTU30BAaHHUX CHUCTEM € JIFOJICHKUI YMHHHK.
Ha nymky aBTOpiB MJaHOTO MJOCHIKEHHS, HAHOUTBIN paJgnKaIbHUM
MiIXOJ0M  3MEHIICHHS BIUIMBY JIOJCHKOTO YHHHHKA € BHKOPUCTAHHS
ABTOMATHYHHUX MOJIYJIIB KEPyBaHHs y aBTOMATH30BAHHX CUCTEMAX. Y [[bOMY
BUIIAJKy OIEpaTop JHIE MPUAMAE PIIICHHS MPO BUKOPHCTAHHS TaKOTO
MOIyJNsl Ta cIocTepirae 3a Horo po6oToro. Y pobOoTax aBTOpIB OmMHCaHi
MO/JIyJIi aBTOMATUYHOTO PO3XOKEHHsI [2], ONTUMAIBHOTO MIBAPTYBAHHSI [3,
4], ontumanbHOTO MaHeBpyBaHHs [5] Ta in. IlpukiagoM BIPOBaIKEHOTO
ABTOMaTHYHOTO MOJIyJsl B aBTOMAaTH30BaHId CHCTEMi € aBTOPYJIbOBHH.
Tomy, po3poOka MeTOHIB aBTOMATHYHOIO INTOPMYBaHHS € aKTyaJbHOIO
HAYKOBO-TEXHIYHOIO 3aJaueto. MeTOr IOCHIDKECHHS € po3po0ka MeTomy
ABTOMAaTHYHOTO ONTHMAJIBHOTO IITOPMYBaHHS, SIKUH JO3BOJHMTH 3MEHIIUTH
BIUIMB JIFOJICBKOrO YHMHHMKA HA IPOIECH IITOPMYBAaHHS, 3MEHIIUTH
BUCHA)XEHHSI eKiMaxy, 3MEHIIUTH PH3UKMA BTPaTH CyIHA 1 BaHTAXYy,
MIABUIUTH O€31eKy CYIHOIUIABCTBA B ILIIOMY.

OO0’eKTOM  JIOCHI/DKEHHSI € MeTOAM Ta MOJETi aBTOMATHYHOTO
ONTHUMAJILHOTO IITOPMYBAHHSI.

Besrieuni Ta onTUMabHi apaMeTpu PyXy CY/HA Y IITOPM MOXYTh OyTH
3HaijieHi y OOPTOBOMY OOYHMCIIIOBAaYi aBTOMATHU30BaHOI CHUCTEMH IILISIXOM
BUpILICHHS 3a/1a4i YMOBHOI ONTHMi3allii, sKa TIOJisArae y 3HAXOKCHHI
€KCTPEMaIILHOTO 3HAUESHHS 1IJIbOBOI (QYHKIIIT,

FV 0 0, Te)=min FV,q,0,Te),
V.a )
3a HasIBHOCTI 0OMEKEHb
f1(V,q,A,Tc) =<0

f2(V, 4, Tc) <0

fn(\/,q,K,Tc)SOl 2)
VY sxocTi 1iboBoi PYHKIIT MoXxe OyTH QyHKIIsA
F =(0*—@ggT)” — min . @)

abo dyHKIisN
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F=(V*Vggr)? —>min @

a0 3BakeHa (PyHKIIiS BiX HABeIEHNX BHIIE, a00 iHIIAa KOPHCHA QYHKIIIS.
OOMesxeHHS (2) BU3HAYAIOTH Jlialla30H JOMYCTUMHUX IIBUIKOCTEH Cy/IHa,
obnacTi mapaMeTpHYHOrO Ta TapPMOHIHHOTO pPE30HAHCY, 00JacTh BTpATH
OCTIHHOCTI Ha TONYTHOMY XBWIIOBaHHI, OONACTh OpPOYHMHTY Ta YyaapiB
IPYIOBHX XBHIb y KOPMY, III0 MOXYTh NPUBECTH IO IIEPEBEPTAHHS CyIHA.
Posmmpennsim  cucremn (2) MOJKHAa TaKOXX BpaxoByBaTH 00acTi
HEMPUITYCTUMUX HAaBaHTAXXCHb Ha KOPIYC CyAHA, 0o0JacTi HaBiraniiHuX
Hebe3Imek, Touo. I 3HaX0HKEHHS ONTUMAIbHUX 3HAYEHD IBUIKOCTI V=
i Kypcy ¢ *, SKi ONTHMI3YIOTh HiIbOBY (yHKI0 (1), i3 BpaxyBaHHSIM

oOMexeHb (2), MoKe OyTH 3aCTOCOBaHa MPOLIEypa THITY

f min con(@ fun, x0, A, b, Aeg, beq, Ib, ub, @ nonlcon) 5)

Ha puc.1 HaBeneHi pe3yabpTaTd MaTEeMaTHYHOI'O MOJCIIOBaHHS IPOLIECiB
VHUKHEHHS TapMoHiifHoro (puc.la) Ta mapamerpuyHoro (pwuc.l0)
PE30HAHCIB.

Vylm/s) Xgl[m) Vxlm/s} Xglm]

= s00 2.4 300
400 2.2 200
4.5 200 2 100
‘o 100 200 °° 100 zn‘o[‘] o 50 100 180 °° 50 100 15()1‘]
. Oxldg/s)  _ " eldg) o, ©:ldg/sl .. Oldel
51 o a0 o]
200 200 o 100 150 o s0 100 180
w-[ds/s] ¢[d8] osy = [dg/ s) #ldg]
2
A=) T Py
200" 200 '°'°o S0 100 150 ~“o S0 100 150
a) b)
Pucynok 1. Asmomamuune YyHUKHEHHS 2apMOHILIHO20 &) ma napamempuinozo 0)
Ppe3oHawncy

Po3pobiieHO MeToJ] aBTOMAaTHYHOIO ONTHMAIBHOTO IITOPMYBaHHS.
OTpumaHi  pe3ynbTaTH  MOSICHIOIOTBCS ~ BHKOPHCTaHHSIM  OOPTOBOTO
obumcaroBaYa Ta 3HAXO/KCHHAM Ha KOXXHOMY KpoOIli 0O04YHCITIOBada
Oe3NeyHnx i ONTUMalIbHUX IapaMeTpiB pyxy cyaHa. IlpakTudHa miHHICTH
OTPUMaHUX pE3yJbTAaTiB NOJATa€ B TEPeBipIi Ipane3faTHOCTI Ta
e(eKTUBHOCTI METOJy MaTeMaTHYHUM MOJIEIIOBAaHHIM B CEpEJOBHIIL
MATLAB, a Tako>X MOIIMBICTIO 3aCTOCYBaHHS METOAY B aBTOMAaTHYHHUX
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MOJyJIAX IUTOPMYBAaHHS, WIO0 JO3BOJIUTh AaBTOMATU3YBAaTH IPOLIECH
IITOPMYBaHHS, 3MCHIIHWTH BIUIUB JIFOJACHKOTO  (DakTopy, 3MCHIIUTH
BHUCHQXXCHICTh €KIMaxy, 3HU3UTH PU3UKHA BTPATH CyJHA Ta BaHTaXy Ta
3arajioM MiJIBUIIUTH O0€3MeKy CYAHOIIABCTBA.
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ATTENTION MODEL BORROWED FROM LIVING BEINGS AS
ONE OF ENGINE OF FEELING Al BLUEPRINT

Dr.Sci. A. Kargin 1[0000-0003-2885-9071] Ph.D.T. Petrenk02[0000-0001-6305-7918]
Ukrainian State University of Railway Transport
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MOJEJIb YBAI'U, 3AIIO3UYEHA Y )KUBUX ICTOT SIK OJIUH 3
JABUT'YHA ITIOYYTTA Al BLUEPRINT
Dr.Sci. A.Kaprin, Ph.D. T.ITerpenko
Vipaincoruil OepoicagHuil yHigepcument 3a1i3HUMHO20 MPAHCHOPIY

Abstract. Feeling Al (FAI) as a kind of Hybrid Al aimed to fill niche of service
provided by robots is discussed. Using Hybrid Al based on symbolic inference and
machine learning techniques combined with "Emotional Shell" and pre-trained set of
different skills is problematic due to limited computer facilities supporting robotic
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operating autonomously in real physical world. This article proposes, in contrast to
symbolic approach, set up FAI on the cognitive response-making model borrowed
from living being. Based on findings of neurobiology and cognitive science about
behavior of hydra, bee, and creature with higher nervous organization, the attention
mechanism model supporting response-making is shown.

Keywords: feeling artificial intelligence, model borrowed from living being,
cognitive model, perception, emotion, attention, robotic.

Anomauia. Obeosoproemovcs Llmyunuti Inmenexm wo Biduyseae (LUIB) sax
pisnosud 2ibpudnozo LI, nokiukano2o 3an06HUMU HiWLy ROCTYe, WO HAOAIOMbCA
pobomamu. Buxopucmanna 2iopuonozo LI, 3acho6ano2o na memooax cumonIbHO20
BUCHOBKY MA MAWUHHOR0 HABYAHMA 6 NOECOHAHMI 3 «EMOYILiHOIO 000IOHKOI» ma
NONEPEeOHbO HABUEHUM HAOOPOM DIZHUX HABUYOK, € NPOOIeMAMUYHUM HUepe3
0OMedceni KOMN TOMePHi MOAHCIUBOCTE, AKI NIOMPUMYIOMb A6MOHOMHO20 pobOma 8
peanvHomy Qizuunomy cgimi. ¥ 00no6ioi npononyemuvcsa, Ha GiOMiHY 8i0 32A0AHO20
nioxody, nobyoysamu FAI na moodeni supobnenHa peaxyii, 3ano3uyenii y Hueoi
icmomu. Ha ocHosi pe3yibmamie Helpobionozii ma KOZHIMUHOi HAyKu npo
Nno6ediHKy 2iopu, 00dxconu ma icmomu 3 GUWON HEPBOBOIO OP2aAHI3AYIEID
3anpPONOHOBAHO MOOeNb MEXAHi3My yeacu, Wo Nopao i3 emoyielo ma Opausom
niompumye QopmyeanHs peaxyii.

Knrouosi cnosa wmyunuti inmenexkm wo iouysae, MoOelb Wo 3ano3uyeHa y
JUCUBOT iICTOMU, KOSHIMUBHA MOO€b, CHPULHAMMA, eMoYis, yeaza, pobom.

In [1] proposed classification of Al: Mechanical, Thinking and Feeling.
Intelligent Machine (IM) that autonomously execute simple tasks in an
orderly environment has Mechanical Al. Thinking Al, in contrast to last,
possesses the ability to learn and adapt from data, making it suitable for
complex and well-defined tasks. There are two subtypes of Thinking Al:
Analytical Al and Intuitive Al. To Analytical Al belongs the personal
assistants such as OpenAl’s ChatGPT-4, Microsoft’s Copilot, Google
DeepMind’s Gemini, Apple’s Siri, Amazon’s Alexa, and Samsung’s Bixby.
They focus on exploring customer diversity and delivering personalized
services to customers. Intuitive Al can generate adaptive personalized
systems [3]. This kind of Al represents now by Generative Al (GenAl), for
example, OpenAl’ ChatGTP [2]. In papers, discussed "Feeling Al", for
example [1, 3], actually is regarded Empathetic Intelligence, the Al able to
recognize and understand others' emotions, respond appropriately
emotionally. In fact, it is an "Emotional Shell* of IM well-suited for
automating services performed by IM in both virtual Internet world and real
physical world when machine is robot.
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Nova day robots as universal machines including all kinds of
autonomous unmanned machines [4] are designed to provide various types
of services under Al assistance. To do such services robots have to be
trained and ultimately should be created general robotic brain capable to
assembling data, resources, and code pertaining to the skills that robots have
already been taught [5]. GenAl claims major role in supporting service
given by robots, too. Besides the emotional collaboration with human, the
GenAl is going to do reasoning. For this, the robot inference system uses
symbolic knowledge about semantic relationships between objects in an
image, basic common sense, and other. Such Al with symbolic decision-
making engine, pre-trained set of different skills in physical world supported
by foundation model and "Emaotional Shell” is one type of Hybrid Al. Usage
this approach to design FAI for autonomous IM is limited due to its
symbolic decision-making model and LLM [6]. Along with this,
neuroscientific studying the animals relies on another approach to provide
insight into basic psychological mechanisms about shaping behavior and
reveal the role of cognitive functions in these processes [7]. To set up FAI
on model of cognitive decision-making mechanism is in demand for two
reasons. Firstly, functions under certain conditions in autonomous mode
without supporting Internet is required from nova day robots [8]. Secondly,
there are lot small applications of robot implemented on not powerful
computer facilities which can't carry out the soft used LLM or symbolic
engine with common sense knowledge bases. Both issues may be overcome
by approach aimed to design Hybrid Al for robots based on the models
borrowed from lowest hierarchical levels of cognitive architecture of living
being. In [7], hypothetical neuronal architecture of the mammalian brain
where cognitive processes divided over different layers is proposed.
Architecture is used by neuroscientists to explain the goal-directed behavior
of animals as a product created by cognitive processes. It has distinguishable
dividing into three layers: reactive, adaptive, and contextual.

The reactive layer as independent of upper ones plays both roles:
supports the basic functionality and generates signals that drive, modulate
and engage the higher control layers. Reactive layer blueprint of FAI was
proposed in [6, 9]. Main principles of blueprint organization have been
borrowed from living being with simplest nervous net (hydra) which
behavior sufficiently well studied and published by scientists in
neurobiology [10, 11]. Basic function of reactive layer blueprint, or rather,
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response making is provided by cognitive processes such as drive, emotions,
attention and perceptions.

This paper presents glance on neuroscience findings about hydra’s
behavior and what can be borrowed.

Three models of attention borrowed from living beings belonging to
three levels of development: hydra with simplest nervous net, bee with more
complex nervous system, and mammalian with develop mechanism
processing data from sensors different modality are discussed. The
experiments with robot equipped with FAI’ reactive layer when robot makes
decision using sophisticated attention mechanism are describes.
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Abstract. This work is focused on key aspects of the diagnosis, prognosis and
treatment of neovascular glaucoma of diabetic origin based on machine learning
approaches and, in particular, various architectures artificial neural models. An
analysis of the relevance, priority provisions and advantages of using machine
learning methods is carried out, the existing approaches used in modern literature in
the context of the topic under study are considered, the specifics of their integration
into the process of diagnostic analysis of the feature space of an aggregated and
labeled by the authors data set on patients with visual problems are described, in
particular, those suffering from neovascular glaucoma of diabetic origin. A
correlation analysis of input features was carried out, 3 different models of artificial
neural networks were built, trained and tested, metrics for assessing the accuracy of
their work were experimentally calculated and studied, and statistical indicators
were determined, including errors and losses, characterizing their generalizing
ability. Analysis of the results obtained from the studies made it possible to identify
the prevailing input features and evaluate their impact on the target output variable
and the overall significance in the feature space of the data set, as well as to
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establish the most suitable models for data analysis in terms of their accuracy and
speed. The conducted research made it possible to establish the fact of a greater
degree deep learning artificial neural networks models fully connected adaptability
for the analyzed data set.

Keywords: artificial intelligence, neovascular glaucoma, diagnosis eye
treatment, neural networks, data analysis, data mining, machine learning

Anomauia. L[n poboma 30cepedicena Ha KMOHO8UX acCheKmax OiacHOCTUKU,
npoeHO3y Ma NiKy8aHHs He0BACKYIAPHOI 2nayKomu 0iabemuiHo2o noxo0diceHts Ha
OCHOBI Ni0X00I8 MAUWUHHO20 HABYAHHS Md, 30KPEMA, PIZHUX APXIMEKMYp WNYYHUX
Heliponnux mooenei. [Iposedeno ananiz akmyanrbHocmi, NPIOPUMEMHUX NOIONHCEHD |
nepegaz BUKOPUCMAHHA MEMOOI8 MAWUHHO20 HABYAHHA, PO3LNAHYMO ICHYIOUI
nioxoou, sKi  GUKOPUCMOBYIOMbCS 6  CYYACHIU  Jimepamypi 68 KOHmMeKcmi
docnidocysarnoi memu, ocobaugocmi ix iHmeepayii 8 npoyec OiACHOCMUYHOZ0
ananizy Onucano npocmip 03HaK azpe208an020 ma NO3HA4eHO20 agmopami Habopy
Oanux npo nayicumis i3 npobiemamu 30py, 30Kpema Mux, Xmo cmpasxcoac Ha
He0B8aACKYIAPHY 2nayKomy Oiabemuuno2o noxoodcenus. Ilposedeno Kopenayiunuil
aHaniz @XIOHUX O03HAK, NOOYO0BAHO, HABYEHO MA NPOMecmosano 3 pizHi moodeni
WMYYHUX HEUPOHHUX MEPedC, eKCHepUMEHMAIbHO PO3PAX08AHO MA OO0CTIOHCEHO
MempuKy 015 OYIHKYU MOYHOCII iX pOOOMU, GUSHAYEHO CIMAMUCIUYHI NOKASHUKU, )
moMy Yucii NoXubKu ma 6mpamu, Wo Xapakmepusyiomb X Y3a2anbHION0Hy
30amuicme. AHaniz pe3yromamis, OMPUMAHUX YV X001 00CTiOKCeHb, 0a8 3MO2y
BUSHAYUUMU NEPEBANCAIOY] 6XIOHI XAPAKMEPUCMUKY MA OYiHUmMu iXHill 6niue Ha
YinbO8Y BUXIOHY 3MIHHY MA 302ATbHY 3HAUUMICMb Y NPOCMOPI 03HAK HAOOPY OaHUX,
a MaxoxHc 6CMAHOBUMYU HAUOIIbW NPUTIHAMHI MOOeni 01 OAHUX AHANi3y 3 MOYKU
30py ix mounocmi ma weuokocmi. IIposedene 00CniONCeHHS  O0380UNO
6CMaHOBUMU PaKm NOBHOT A0anmosanocmi mooeieli 2iuboK020 HAGUAHHA WIMYYHUX
HeUpOHHUX Mepedic 00 AHANI308AH020 HADOPY OAHUX.

Knwouogi cnosa: wmyunuii inmenexm, Heo8acKyIapHa 2naykoma, 0iaeHOCMuKd,
AIKY8AHHA 0Yell, HeUPOHHI MepediCl, aHaniz Oanux, iHmMeneKmyanbHuil aHaniz OaHux,
Mawiunne Hag4anHs

In the medical field, there is an active use of various approaches, most
often based on statistical methods and machine learning (ML) models for
the analysis and evaluation of experimentally obtained results of diagnosis
and various diseases treatment, including vision organs. Thus, the authors
[1] adapt ML learning algorithms to solve the classification problem,
achieving significant results of both high accuracy and completeness on the
collected dataset of ophthalmological indicators. However, the data
analyzed by the authors is often not complete and contains signs of
synthesized subsamples, which complicates the procedure for assessing
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metric indicators. In [2], the authors use fully connected artificial neural
networks (ANN) models, comparing their work with each other and
existing methods for classifying ML data, which is appropriate to
demonstrate the capabilities and performance of these models in the context
of their deployment in real diagnostic software and hardware tools for data
analysis and evaluation. The effectiveness of using ML was also established
by the authors [3] in studies in the field of treating respiratory system
evaluating methods when analyzing the significance of individual signs and
diseases course intensity indicators. According to a number of authors [4, 5],
the use of methods for preventive intelligence medical data analysis in the
context of assessing statistical indicators and correlations between
individual data sets features allows the formation of an effective consistent
data basis, thus organizing the process of automatic dimensionality
reduction. As follows from the works [6, 7] on the use of ML in practice, the
most effective are algorithms united in committees, this allows for models
balancing and error values averaging for various metrics.

Thus, analyzing the research results in the reviewed authors works [1-7],
it should be noted that more often they consider the possibility of using
statistical approaches, as well as ML and ANN models, primarily to solve
classification and regression problems in a heterogeneous feature space.
However, outside the scope of research, questions remain related to
assessing the individual medical indicators diagnostic significance,
identifying correlations between input signs and assessing their specific
weight values in the context of considering ophthalmological disease
problems in patients with diabetic neovascular glaucoma. The relevance of
such studies is undoubted, due to the increasing disability of patients with
this pathology throughout the world. In this regard, this work goal is to
create and study different ANN models with generalization abilities and
architecture for assessing the significance of features based on the collected
data set on diagnostic indicators of inflammation and intraocular circulation
in patients with diabetic neovascular glaucoma.

We construct a computational process for constructing and studying
ANN models to assess the accuracy of their training and classification. To
do this, we use the Rapidminer system and blocks for importing a data set
from a *.csv file, setting a target variable, and a subsystem for dividing the
sample into test and validation. In order to conduct a systemic study and
determine the ANN model type influence nature used on the final
classification accuracy, assessed by different metrics, it is necessary to
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create several ANN models with different architectures. In this regard, we
use 3 types of ANN models: single perceptron (SP), multilayer perceptron
(MP) and deep multilayer neural network (DNN). The structure of the
developed process for creating and modeling ANN operation is shown in the
figure 1. All blocks are unitary commands aimed at processing data and
performing processes for modeling the operation of ANN.

Apply Model ™ Apply Model (2)

Training Performance Testing Performance

v

Figurel: The structure of the developed process for creating and modeling the
operation of an ANN

In general, the research pipeline is based on the following stages:
importing the input data set using the Retrive block, formatting and
converting them to a unified form for subsequent training of ANN models;
setting input and output features for training the model by using the Set Role
block; creation of a Validation container for combining blocks for
constructing ANN models for the purpose of carrying out training processes,
testing and evaluating the accuracy metrics (Apply model and Performance
blocks); ANN models research results export and visualization in tabular
and graphical form.  Training and test data are divided among themselves
in the proportion of 75% to 25%, respectively. 10 computational
experiments were carried out with different sets of parameters (hidden
layers number, activation functions, learning rate coefficients, error rates).
The average obtained metrics values for assessing model’s accuracy are
shown in the table below. In particular, for a single perceptron, the value of
the learning rate coefficient varied from 0.05 to 0.3. For a multilayer
perceptron, 2 hidden layers of 5 and 3 neurons were created, respectively.
As we can see (Fig. 2), the least accurate classification results on both the
training (about 84%) and training set were shown by the SP model (about
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87%), which is due to its simplified architecture, the absence of hidden
layers and a number of hyperparameters. affecting model’s ﬁnal accuracy.
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Figure 2: Visualization of the results of comparing estimates of accuracy and error
metrics for the created ANN models of the first experiment

The MP and DNN models showed approximately the same results for
metric evaluations on the training subset of data, however, the accuracy of
DNN was 2.3% higher on the test subset, which may be due to a more
complex model structure and a larger number of computational iterations.

An additional experiment was aimed at reducing the dimension of input
features. A unique identifier, calculated values of SIRI quartiles, SllI,
HbAlc, RQ quintiles, IOP VO were used as input features; the output feature
is “success of treatment”. Research modelling was performed on the created
three ANN models with the same parameters.

The results of evaluating the metrics of the obtained NN models for the
second experiment are given in Fig. 3. In the third experiment, gender was
excluded from the original sample. This reduces noise effects because this
feature does not carry a significant semantic load in the context of data
analysis.

The results of evaluation of the metrics of the obtained NN models for
the third experiment are given in Fig. 4. As a result of ANN constructing
significant input parameters were established that most influence the
effectiveness of treatment: SIRI quartiles, SIl, HbAlc and RQ quintiles.
During inflammation, leukocytes accumulate in the lesion and the speed of
local blood flow decreases. Impaired retinal microcirculation is observed in
patients with type 2 diabetes mellitus (T2DM) without clinically significant
diabetic retinopathy [8].

114



Materials of the XII International Scientific Conference
«Information-Management Systems and Technologies»
23th — 25th September 2024, Odesa

100°%
90,70%%

90°s  86.90%

so%a 73.81°%

30 "o 1925

2.30%%
104
0.00%% 0.00°% 0.00°%
0°a

1g set  Testing set SP T sining s

- set air ng set
Y3 T NI

- Accuracy = Error

Figure 3: Visualization of the results of comparing estimates of accuracy and error
metrics for the created ANN models of the first experiment
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Figure 4: Visualization of the results of comparing estimates of accuracy and error
metrics for the created ANN models for the second experiment

The conducted research made it possible to establish a higher
adaptability of deep learning models, in particular deep fully connected
ANN models, for the analyzed data set. The SP model demonstrates
unstable accuracy on the training and test samples in different experiments,
which may be due to shortcomings in determining the weight values of
features at different iterations, as well as limitations in generalization ability.
The MP model is more stable in all experiments, demonstrating high
accuracy and completeness; its construction speed is 25% higher than the SP
model. Presumably, the accuracy of this model can be increased through a
more efficient organization model hyperparameter values automating
selection process. The DNN model is the most accurate, but its training
process is the most resource-intensive and takes almost 4 times longer than
the SP model. A promising direction for further research is the search for
optimizing the ANN training process in order to minimize training and
testing errors, as well as increase the generalization ability of models in
general. It has been established that the most significant diagnostic features
of the collected dataset in the context of the problems under consideration
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are the indicator of glycosylated hemoglobin HbAlc of the volumetric
intraocular circulation (RQ), the systemic inflammatory response index
(SIRI) and the systemic inflammation index (SII). The data obtained allow
us to conclude that the use of neural networks to predict the effectiveness of
treatment is justified and timely. By taking into account and stabilizing
blood sugar, as well as adjusting indicators of inflammation and
microcirculation in patients with diabetic neovascular glaucoma, it is
possible to ensure a timely significant reduction in intraocular pressure,
maintain visual acuity, and therefore the quality of life of patients.

The data obtained allow us to conclude that the use of different ANN to
predict the effectiveness of transcleral cyclophotocoagulation is justified.
Timely prescribed treatment of identified changes in glycolyzed hemoglobin
(HbAZc), volumetric intraocular circulation (RQ), systemic inflammatory
response index (SIRI) and systemic inflammation index (SII) against the
background of transcleral cyclophotocoagulation can provide a significant
reduction in intraocular pressure of at least 20%, maintaining visual acuity
and patients life quality with painful diabetic neovascular glaucoma.
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Abstract. This paper performs a comparative analysis of bioinspired swarm
methods for parameter optimization in fuzzy control systems. It compares various
hybrid modifications of particle swarm optimization and grey wolf optimization
techniques, specifically adapted for drone’s fuzzy control system optimization.

Keywords: Swarm optimization, particle swarm method, grey wolf method, fuzzy
control system, unmanned aerial vehicle.
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Anomauia. YV yiti pobomi 6UKOHAHO NOPIGHANbHUI aAHANI3 OIOIHCNIPOBAHUX
Potlosux Memooie O ONMUMI3ayii napamempie y CUCMeMAax HeYimKo20 Kepy8aHHsl.
Tlopienioromucs pizui 2iOpuoHi Moougixayii Memoodie por YacmuHOK i Cipux 806Kie,
NOnepPeoHbo adanmo8aHux Oisi ONMUMI3AYLL HeYimKol cucmemu KepyeanHs OPOHOM.

Knwuosi cnosa: Poiiosa onmumizayis, memoo pow HACMUHOK, Memoo CIpux
606Ki6, HeuimKa cucmema KepysanHs, Oe3niiomuull IimanbHull anapam.

Over recent years, bioinspired swarm techniques have gained significant
popularity for addressing real-world engineering optimization challenges.
One promising application of these methods is developing and optimizing of
intelligent systems, specifically fuzzy control systems (FCS) [1]. This
research focuses on evaluating and comparing swarm bio-inspired
techniques for parameter optimization in FCSs. In particular, it examines
various hybrid adaptations of particle swarm optimization (PSO) and grey
wolf optimization (GWO) methods, tailored for FCS parameter
optimization, comparing them both with each other and with traditional
search methods [2].

The study involves research and comparative analysis using a specific
case: the parametric optimization of a Takagi-Sugeno hybrid FCS for an
unmanned aerial vehicle (UAV) of a quadcopter type. The simulation results
indicate that hybrid improved GWO methods generally outperform hybrid
PSO methods in optimizing parameters of a particular FCS that aggregates a
classical PID controller with a sliding mode controller within the UAV's
FCS. Among the evaluated methods, the hybrid improved GWO method
proves to be the most effective for this challenge. Its application achieves
the optimal objective function value for the hybrid FCS (J < 3100) with the
fewest evaluations of the objective function (v = 1797).

Additionally, the hybrid FCS, by integrating the benefits of both a
classical PID controller and a sliding mode controller, along with employing
a highly efficient parameter optimization method, shows improved
responsiveness and reduced overshoot compared to the FCS that utilizes a
fuzzy PID controller. As a result, identifying the optimal vector for the
hybrid system for the UAV using the hybrid improved GWO technique did
not demand substantial computational or time resources (vJmi, = 2082). This
overall confirms the high effectiveness of the proposed FCS model and
developed in [2] hybrid swarm parameter optimization approach.

Further research should be carried out towards the testing the considered
approaches (hybrid adaptations of PSO and GWO methods) at optimizing
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different types FCSs (combined, hybrid, sliding mode, etc.) for other
complicated moving objects, such as land, surface and underwater
unmanned vehicles.
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Anomauia. I[Ipoeooumsbcs nopigHATbHUL aHANI3 MoOerell KOPOMKOCHPOKOBO20
NPOCHO3YBAHHIA CNOJMCUBAHHSA elleKmpOeHepeii, 30Kkpema, CmamucmuyHux mooenetl
ma moodeneil enuboOKo2o0 HaguaHHA. AHaniz nokazas, wo mooerb mpamcgopmepa y
NOPIGHANHI 3 THUUMU MOOETSAMU SBNAEMbCS HAUOINbUW NEPCREKMUBHUM BUOOPOM O
Nno0anbUIUX 3ACMOCYBAHb NPU NPOSHO3YE8AHHI CHONCUBAHHS €/leKMPOeHepaii.

Kniwouoei cnosa: moodenb, npocHo3y8anHA, YACOBULl PO, CHOMCUBAHMHS
enekmpoenepeaii, HeuponHa mepeoica, 2nuboKe HAGUAHHS, MOYHICb.

Abstract. A comparative analysis of models for short-term forecasting of

electricity consumption is carried out, in particular, statistical models and deep
learning models. The analysis showed that the transformer model compared to other
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models is the most promising choice for further applications in forecasting
electricity consumption.

Keywords: model, forecasting, time series, power consumption, neural network,
deep learning, accuracy.

Po3pi3HAIOTE KOPOTKOCTPOKOBE, CEPEIHHOCTPOKOBE Ta JOBIOCTPOKOBE
MIPOTHO3YBaHHS CIIOKMBaHHA eNIeKTpoeHeprii. B poboti posrmsamaerbes
KOPOTKOCTPOKOBE HPOTHO3YBaHHS, SKe Iependadae KUTbKICTh €Heprii, mo
Oyzne BHKOpHCTaHa 3a KOPOTKHH MPOMDKOK dacy, Bill KiIbKOX TOTUH IO
KiTbKOX  AHIB  Hamepen. OCHOBHa mepeBara  KOPOTKOCTPOKOBOTO
MIPOTHO3YBaHHS TIOJISITA€ B TOMY, III0 BOHO MOXE JIOTIOMOTI'TH ONTHMi3yBaTh
BUPOOHMIITBO, Nepeqady Ta CIOXHBAaHHA CJICKTPOCHEPrii B PeXHMI
peanbHOTO Yacy.

[lpu BupimieHHI 3a1adi MPOTHO3YBAHHS CIIOKUBAHHS EJIEKTPOEHEPTii
[OCTa€ MNHUTaHHA BHUOOPY MaTeMaTH4YHOI MOJENi IPOTHO3YBaHHS,
QJIeKBATHICTh SIKOI BIUIMBAE Ha TOYHICTh BU3HAYCHHS IUIAHOBOTO
€JIEKTPOCIIOKUBAHHSI. Jast KOPOTKOCTPOKOBOTO MPOTHO3yBaHHS
CIIOXKMBAHHS EJICKTPOCHeprii Moxe OyTH 3acTOCOBaHA BEJHMKAa KUIBKICTh
METOJIB 1 Mojenel 3 BHUKOPHUCTAHHSAM pI3HUX TEXHOJOTIH, TakuX SK
CTaTUCTUYHHH MiJXiA, MAIIMHHE Ta TIIMOOKE HABUYAHHS, €KCIIEPTHI CHCTEMHU.

byB mnpoBeneHuil aHami3 OCHOBHMX MOJENEH IIPOTHO3YBaHHS, SKi
MOXYTb  OyTM  BHUKOPHCTaHI i  IIPOTHO3YBAaHHS  CHOXXMBaHHS
enektpoereprii. Cepen ctaTucTHYHUX Mojenel [1, 2] Oymu mpoaHani3oBaHi
HACTYIHI: aBTOperpeciiina Momens (AR), MoIels KOB3HOTO CEpEIHBOTO
(MA), Momenb eKCIOHEHIIHHOTO 3rNIA[KyBaHHS Ta MOJENh KOB3HOTO
cepenHboro 3 aproperpeciero Ta interpyBanusMm (ARIMA). Cepen
CTaTUCTUYHHMX MOJeJIel HalOIIbIIOro PO3NOBCIOKEHHS OTpUMala MOJIEb
ARIMA.

Bona  mpomeMoHcTpyBasia  e(pEeKTHBHY  3[JaTHICTh  T€HEpYBaTH
KOPOTKOCTPOKOBI TPOTHO3M 1 3a pe3yjibTaTaMH B KOPOTKOCTPOKOBOMY
IIPOTHO3YBaHHI YaCTO BHIIEPE/KAE CKIIAIHI CTPYKTYPHI MOJEII.

Hdnst peamizamii  KOpPOTKOCTPOKOBOTO  IPOTHO3Y  CIIOKMBAHHS
eJIEKTPOeHEpril MOXYTh OYTH BHKOPHUCTaHI MOJAENI IITyYHHX HEHPOHHHUX
Mepex, A0 SKUX HaJleXaTh: OaraTomapoBHH MEpCENTPOH, pPEKypeHTHa
neiiponna mepexa (RNN), nosrorpuBana koporkodacHa nam stk (LSTM),
3ropTkoBi HelipoHHi Mepexi (CNN), aBroeHkoaepH (TpaHchopMepH), TOMIO.

ITepeBaroro GararonrapoBoro mepcenTpoHa € HOoro 34aTHICTh 0OPOOIIATH
HEeNiHIHI 3B'SI3KM Ta CKJIQJHI 3aKOHOMIPHOCTI B JaHUX. BiH 3maTHUWi
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BJIOBJIIOBATH TOHKI Ta CKJIa/IHI B3a€EMO3B’SI3KH, SIKi MOXKYTh OYTH IIPOITyLIEHi
TPaIMLITHUMH METOJaMHU MPOTHO3YBAaHHS, TAKMUMH SIK KOB3HE CEPEIHE Ta
excrioHeHuilHe 3rnamkyBanas. RNN mpencrasiisie coboto apxiTekTypy, ska
3[]aTHA MPAIFOBATH 3 MOCIiIOBHUMH AaHUMHE [3].

Bona BHKOpHCTOBYE MeEXaHi3M IIOBTOPHOTO BXOAY, IO JO3BOJISIE
BpPaxoBYBaTH IOMNEPEJHI CTaHM Ta BHKOPUCTOBYBAaTH IX IpH 00pobui
BximHMX maHux. OcHOBHOIO ocoOmuBicTI0o RNN € mpuxoBaHHWH CTaH, SKHA
MICTHTh JesKy iH(popMariro mpo mochigoBHicTe. Xoya RNN moBuHHA
MPAIOBaTH 3 YCi€l0 TOCTITOBHICTIO, Y HEi € mpodjeMa «3aracarodoro
rpamieHTa». Lle o3Hadae, mo crapimi BXOOW HE BIDIMBAIOTH HA BUXIA.
Mogems LSTM Bupimrye mpoOieMy «3aracarodoro Tpagi€HTa, MOJAr0ud
J0JaTKoBI mapamerpu [4]. BoHa BHKOPHCTOBYE cIeIiaibHi OJIOKH maM’sTi,
SKi JJO3BOJISIIOTH 30epiraTh Ta OHOBIIOBaTH iHQoOpMalil0 Ha TPUBAIUA
TEepMiH

ApxiTekTypa, B sKiii 00poOKa MOCIiIOBHOCTI BUKOHYETHCS OJHOYACHO
0e3 BTpatu iH(opMmalli, peamizoBaHa B Momenm Tpanchopmepa [S], ska
JI03BOJISIE BUBYATH KOHTEKCT 3MIHHOI 3 ypaxyBaHHSAM HOTO OTOYEHHS.
Haii0inpm BayIMBUMH HOTO OOYHCIIOBATEHUMH OJIOKAMH € MEXaHI3MHU
yBard, SIKi JO3BOJISIIOTH MOJIENi 30CEpeIUTH CBOIO YBary Ha IEBHHX
YacTHHAX BXiOJHUX MJaHUX, MO OOpOOIIOTECA. Ale TpaHcopmepam
BJIACTHBI TaKOX HEHOIIKH.

B Hmx wMacmTaboBaHMH CKamsApHUA JOOYTOK MeXaHi3My yBaru
HEUYTJIMBUA JI0 JIOKAJIBHOTO KOHTEKCTy, IO MOXXE 3pOOHTH MOJENb
CXHUJIBHOIO 10 aHOMAaJTii y MPOTHO3YBaHHI 4acoBHX psfdiB. Tpancdopmepam
BJIACTHBA HASBHICTh «BY3bKHX MICI[b» Y aM’sITi, IO IPUBOAUTH IO BEJIUKOT
CKJIaTHOCTI TIiJ1 4ac 0OpOOKH JOBIHX MOCIIJOBHOCTEH, 8 TAKOXK BOHU MAIOTh
BEIMKYy 4YacoBy CKJIAJHICTh, 110 OOMeXye iXx 3acrocyBaHHS JUIsi
JIOBIOCTPOKOBOTO TIPOTHO3YBaHHSI.

Jusg  KiTbKICHOI  OIIHKM ~ MOMWJIOK  MOJEJeH  NMPOrHO3yBaHHS
oOuncimoBaics pi3HI METPUKH TOYHOCTI, a caMe: CepelHbOKBaJpaTHYHA
moxubka (MSE), cepenns abconrorna moxudka (MAE), cepenas abconroTHa
BincotkoBa moxuOka (MAPE) Ta koedimieHT netepminamii R=, Jnst
NIPOBEJICHHS.  TOPIBHSJIBHOTO  aHaNi3y  MOJIeNIiel  NpOTHO3yBaHHS
SJICKTPOCIIOKMBaHHS Oynu oOpaHi Kpamli MoOJei 3 BiINOBIAHUX TPyH: i3
craructuuHux mozeneid — ARIMA, i3 pekypeHtHux mojeneir — LSTM, i3
Mozeneil TIMOOKOro HaBuaHHS — TpaHcdopmep. Pesympratm ix
MTOPIBHSUIBHOTO aHAJII3y 3TiTHO OOpaHMX NMOKAa3HMKIB HaBeAEHI B Ta0. 1.
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Ta6auus 1. IlopiBHAHHS MOJeel TPOTHO3yBaHH 33 PI3SHUMH METPHKAMHU

Mozens MSE MAE MAPE R?
ARIMA 0,153 0,324 3,1% 0,954
LSTM 0,151 0,289 2,5% 0,965
Tpancdopmep 0,119 0,209 1,5% 0,985

I3 Tabn. | BuMAHO, IO BUKOPHCTaHHS BCIX BHIIEBKA3aHUX MOJEICH
JIO3BOJISIE OTPUMATH MIPOTHO3 3 HEOOX1THOI TOYHICTIO.

Pazom 3 TuMm, mpu aHaii3i Ta MOPIBHSHHI PE3YJIbTATIB BUSBICHO, IO
MoOJenb  TpaHcopMepa  BUSIBWIACS ~ HaWOUIbIl  €(EKTUBHOIO Y
NpOTHO3YBAHHI EHEPrOCIOKMBAHHA. 1i BHCOKMH PpiBEHb TOYHOCTI,
BiZIOOpaXXCHUII Y HU3bKUX 3HAUEHHSAX CEPelHbOI KBAJPATUYHO! MOMMIIKH,
cepenHboi abCONMIOTHOT MTOXMOKKM Ta BUCOKOMY KOediLi€eHTI AeTepMiHaii,
CBimuMTh Tpo ii BHCOKY aJanTOBaHICTh OO AWHAMIKHM EHEPTeTHYHOTO
CIHOXKMBaHHS.

Mopgens TpaHcopMepa BHAAETHCA HE JHIIE HAWTOYHINIOW, ale |
HAHGLTBII  yHIBEpPCANBHOIO MOJEITIO Yy pi3HMX yMoBaX. Ii 37aTHiCTH
aJanTyBaTHCS IO 3MiH Yy YacOBHX psaX i BHCOKa TOYHICTH poOIATH Il
HaWOIIbIl  eEeKTUBHOIO JUIS TOYHOTO MPOTHO3YyBaHHS CIOKMBaHHS
€JIEKTPOCHEPTII.
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FOR APPROXIMATE DEPTH ESTIMATION METHODS
Dr. Sci. S. Antoshchuk, Dr.Sci. H. Shcherbakova,
S. Kondratiev, D. Koshutina, O. Usov
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Anomauia. Memoto pobomu € po3podKa HAOIUNCEHUX AN2OPUMMIE OYIHKU
2AUOUHY Ol MPUBUMIPHO20 KOMN'TOmepHo20 30py 0Oe3ninomHux mpaHcnopmHux
3acobie (BTC) na 6a3i pospobrenoco memody onmumizayii Ha OCHOGI Gelignent-
nepemeopenta. Memoo moowce OGymu GUKOpUCHAHUL ONA OYIHKU THHOPMAMUEHUX
03HaK 014 3icmasnenuss ma/abo onmumizayii eumpam npu ananizi 300pasxcens, 014
YMOUHeHHs Hesionosionocmi ma iH. TIoka3ano MoXCcIusi piuleHHs 01 OMPUMAHHS
Habaudicenoi  kapmu  2nubUHU 3a  PAXYHOK CHPOWeHHS PO3PAXYHKY 3HAYEHb
oucnapumemy, AKUU MPAOUYIIHO BUKOPUCTNOBYEMBCA 0N (POPMYBAHHA Kapmu
2nubuHu y npocmopi iHmeHcueHocmell Mma 3 GUKOPUCMAHHAM ONUCY KOHMYpPY
300pasicens 3 pecynbo8anoio 0emanizayicio, 3acHO6aHi Ha 6elieNiem-nepemeopenHi.

Knrouosi cnoea:. mpusumipnuili xomn'tomepnuil 3ip;, GUOLNEHHS KOHMYPIG;
6elleiem-nepemeopents,; ONMUMI3ayis; ananis 300pajceHs.

Abstract. This work aims to develop approximate depth estimation methods for
three-dimensional computer vision in unmanned vehicles (UVs) based on a
developed wavelet transformation-based optimization method. This method can
assess informative features for matching and/or optimizing costs in image analysis,
refining discrepancies, and more. Possible solutions are demonstrated for obtaining
an approximate depth map by simplifying the calculation of disparity values,
traditionally used for forming a depth map in intensity space and using edge
description with adjustable detail based on wavelet transformation.

Keywords: Three-dimensional computer vision, contour detection, wavelet
transform, optimization, image analysis
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OCHOBHUM JpKepenoM iH(pOpMarii Mpo HABKOJIMIIHE CEPEIOBHINE IS
PO3B'si3aHHA 3a]ay y PI3HUX Taly3sX, TaKUX SK OE3MUJIOTHI TPaHCIIOPTHI
3acobu (kBaapokonTepH, Oe3ninotHi aBTomo0ini) (BT3) € Bineokamepu [1].
OcoONUBICTIO CHCTEM MAalIMHHOTO 30pYy € He TUIbKM ifeHTH(dIKalis Ta
po3mizHaBaHHs 00'€KTa 1 HOro MOJIOKEHHSI, a i BpaxyBaHHS TJIMOMHU CLIEHH
Ta 00'€kTa, TOOTO TIEPETBOPEHHS IBOBHUMIPHOTO 300pa)KEHHS Ha
TPUBHUMIpHE, 1¢ iH(popMmaliito mpo 00'€KT MOAAIOTh HE MPOCTO B OJUHHUIIIX
SICKpABOCTI, a MapaMeTpaMH IIKcelb/majekicts. ToMy mmomyk pimieHb
orpumanHs 3D-iHdopMmarii mpo TIMOWHY po3TamryBaHHS O0O0'€KTiB Ha
300pakeHHI, [UIA SKHUX XapakTepHi HEBHCOKA BapTICTh, HU3BKE
CHEProCIIOKMBAHHSA 1 NPUHHATHA HIBHAKOMIA, € AaKTyaJbHUM HAayKOBO-
MPaKTUIHUM 3aBHaHHAM i Takux BT3. Ilin yac moOymoBu KapTu TIHOUH
OTPUMYIOTh KapTy BUCOT, Ha SIKili CBITJIILIMMH BiATIHKaMH BiIoOpaxaroTh Ti
00'€KTH, 110 PO3TAIIOBYIOTHCS OJIMXKYE JO crocTepirava, a Ti, MO Aaji, —
TEMHIIIMMH. [CHye HHM3Ka pillleHb, SIKi JAlOTh 3MOTY CTBOPIOBATH KapTH
IMOMH 332 JIONOMOTOK  JIOKAJIBHOTO —3iCTaBJiCHHS OJOKIB  ((YyHKIS
StereoBM) [2-3]. V o6azoBomy wMmertoni Ha 6asi QyHkmii StereoBM
OOYHCIICHHST KapTH AWCHApAaTHOCTI (BETMYMHH BiAMIHHOCTI B JIOKai3arii
BiJINIOBiTHUX €JIEMEHTIB 300paKeHb, OTPUMAHHUX 13 MPaBOI Ta JIBOi KaMepH)
BUKOHYEThCA IUISIXOM 3ICTaBICHHSA IIKCENiB Ha JIBOMY Ta IIPaBOMY
300pakeHHAX U1 OOYHCICHHS KapTH JUcmapaTtHOCTi. Y poOoTi s
IBUIICHHS MIBUIKOJIl Ta 3HMXEHHS €HEPrOCIIOKMBAHHS IPOIOHYETHCS
00YHCITIOBAaTH IWCIAPATHICT I (parMeHTa psaka (OJOKYy) Ha JIIBOMY
300pakeHHI, BU3HAYAIOYH, HA CKUIBKH ITIKCEJIIB 3MIIIICHE BiAMOBIIHE MMpaBe
300pakeHHs1. [1est MPOMOHOBAHOIO TMiIX0Y MMOJIArae B HACTYITHOMY:

- uisi pparMeHTy psjiKa SICKPAaBOCTI BU3HAYAEThCS 00JIACTh MAKCUMYMY
SICKpaBOCTi (BUIIIEHHS KOHTYpPY 00'€KTy) Ha 300pakeHHI onHiei 3 Kamep,
Hanpukia, niBoi (1) (pucynok 1);

- copMyeTbcsl MIA0JIOH OTMHAIOYOT SCKPABOCTI: 3HAYEHHS SICKPABOCTI,
BIZINOBi/THE KOOPMHATI EKCTPEMYMY PSAIKa, 1 3HAUEHHS SICKPAaBOCTI CYCIIHIX
TIIKCEJIB Ta 3HAXOMUTHCS CXOXKHMI (hparMeHT Ha 300pakeHHI NpaBoi KaMmepu
)

- 3HaXOJHTHCS BIJCTAaHb M CXOXXHMH CJICMCHTAMH 1 BiJIIOBiTHE HOMY
3HAUEHHS JAUCITIAPUTETY;

- 00pOOKy POBOATH 32 BCiMa PSAKAMHU.

Takwuit migxig mpocrime Toro, SIKuii BHKOPHCTOBYETHCS B BiJOMOMY
meroni StereoBM [2, 3], B sgKkoMy mii TOIOHOTO  TOIIYKY
BHKOPHCTOBYETHCS JIBI OOYHCIIOBAIBHO-BUTPATHI MPOLEAYpH, Taki, SK
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MiHIManbHa cyMa KBaapariB pi3HUIB sckpaBoctedl (Sum of Squared
Differences, SSD) 1 MiHIMaJbHUI HOpMaNi30BaHUI KpOC-KOpPEISLIiHNI
koedirient (Normalized Cross- Correlation).

Pl brightness comparson
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Pucynok 1. @pacmenmu psaoka ackpagocmelil npagozo ma iieo2o Kaopy

OO0uHCITIOBaTIbHY CKJIQHICTh 3HAXO/KEHHS 11a0JIOHIB y
3alpOIOHOBAHOMY METOJI 3HW)KEHO 3aBISKH TOMY, LIO 3alpOIIOHOBAHO
BUKOPHCTOBYBAaTH METOJAMKY OILIHIOBAHHS TJIMOWHM UIISIXOM BHIICHHS
KOHTYpiB 00'€KTIB 13 peryjbOBaHOIO JETalli3allield 3a JJIO0IMOMOIO0
rinep6oniynoro BeiiBier-neperBopenns (BIT) [4]. BaxmuBuM eramnom
3alPOMOHOBAHOTO TMiIXOAY € TaKOX JIOKami3amis o0jacTi eKcTpeMyMmy 3a
JIOTIOMOTOF0 BewBIeT (yHKmii Xaapa [5].

Jns BUAINCHHS KOHTYpIiB 00'€KTiB (BM3HAYEHHS O0JIACTI MAaKCHMyMY
SICKPaBOCTi) 32  JIOIOMOTOI0  BEHBIICT-TIEPETBOPEHHSI  BUJAANSETHCS
MiCYMOBYIOYa CKJIaI0Ba ampokcuMamii (1o BepTHKaNi) HaWMEHIIOro
Macmraby  (a;)  JUCKPETHOTO  BEHBIICT-TIEPETBOPEHHS  IIUIIXOM
NpupiBHIOBaHHS ii 3Ha4eHb 10 Hyns. OO4YuclieHHS 00epHEHOro
MIEPETBOPEHHS 3 BUKOPHCTAHHIM A€Talli3yto4oi ckianoBoi (d;) npu3BOANUTH
J0 BUAUJICHHA KOHTYpiB (IO TOPU30HTAJl) HA PEKOHCTPYHOBAHOMY TaKHM
gyiHOM 300pakeHHi. [Ipomeaypy BUAIIEHHS KOHTYPiB 3a JIOTIOMOTOIO
BeHBIIET-TIEPETBOPEHHS MOXKHA TIPEJICTABUTH HACTYITHUM YHHOM:

fg —dy —0

dlﬁfiKO"),
ne fo - psamok (croBmers) BUXimMHOTO 300pakKeHHs; 8; - MiACYMOBYIOYa
CKIIaZI0Ba BEHBIET-IIEPETBOPeHHs; O; - Aeramizyroua CKIagoBa BEeHBIET-
neperBopennst; ' - psmok (CTOBIEIh) 300paKeHHs MICHS OOEPHEHOTOo
nepeTBopeHHs; K - omeparop A OTprMaHHS KOHTYDY.
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VY po0oTi HPOMOHYETHCS TOJINIIUTH MIBUAKOMAIIO 332 PaxyHOK BUOOpY
JnoBxuHU Hocist BD Xaapa. [lns 1boro ImpoNOHYETHCS Micis JOKalizarii
obmacti eKCTpeMyMy B PSIKY 3BY3UTH 00JacTh IOIIYKY LUISIXOM
BU3HAa4YeHHs oOMexeHb ((C)<0 i Ha OCHOBiI 1ILOro BHOMPATH JOBKHHY

Hocis B® Xaapa mix gac oniHIOBaHHS JUCIIAPHUTETY.

Po3pobnennit meron omnrtumizaiii ampoOoBaHO TpH MOOYIOBI KapTh
TJIMOWH TeCTOBOTO 300paxkeHHs (Tabm. 1).

JoBxuHY HOCiS BeHBIeT-QYHKIII M 9ac MOMIYKYy MIiHIMyMy 3a Oyio
obpano 17, xpok mmckpermsamii B® - 1, kpok mig dac peamizamii
itepatuBHOTO TOMmyKy 3 B® Xaapa. MiHIMyM NOMIIKHA CyMiIOICHHS
300paxkeHb OyIo 3HaiineHo 3a 3 itepauii (3a crapty nomyky B [1; 1]).

KpiM TOro, pesyabTaTh MOJCIIOBAHHS 3aCBIMYMIN, 110 MOTU(IKAIlisL
BimoMoro wmeromy SterecoBM  nuiiXoM — BUKOPHUCTAaHHS — BEHBIICT-
MEePEeTBOPEHHST [l 3HAXOJ/DKEHHI EKCTPEeMyMy Ja€ 3MOrY IMiIBUIIUTH
3aBaIOCTIMKICTh 1 3HU3UTH MOXUOKY MOIIYKY PO3TalllyBaHHS XapaKTepPHOTO
(¢parMeHTa Ta 3HM3UTH e€HeproBuTpaTH Oinpm HiK Ha 30 BigCOTKIB
(Tabm. 1).

Ta6auuna 1. Pe3ynpTat MOJIENIOBaHHS

Asropur™ StereoBM Po3pobaeHHH MeToa
Crpym
CIIOKHEBAaHH 950 600
a1, MA
Ogepsxana
KapTa
TIHOHH

[lepeBaroro po3poOJIEHOTO METOAY Tepel HAasBHUMHU aJTOPHUTMaMH 3
BUKOpUCTaHHSIM BII € 30imbIneHHs] MBUAKOMII 3aBISKH parlioHATBHOMY
BHOOpY AoBkuHU Hocisi BO Xaapa B 001acTi MONIYyKy €KCTpEeMyMy, IO
JlaJlo 3MOTY PEKOMEHAYBaTH MPOIOHOBAHUM METOA JUlsl Oe3MiJIOTHUX
TPAaHCIIOPTHUX 3aco0iB B yMOBaX OOMEXEHOCTI OOYMCIIIOBAIBHHX Ta
€HEepreTUYHUX PECYPCIB.
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Abstract.The research deals with the issue of developing effective models,
methods, and algorithms for scaling web services in modern information systems
based on machine learning to ensure stable operation of servers when the load
changes. A detailed analysis of the relevance of the problem, the task statement, and
the main research directions were defined by the authors in their previous work. In
particular, this article presents the necessary architectural and algorithmic
solutions.

Keywords: Internet of Things ,Microservices Architecture, machine learning

Anomauia. Jlocniodcenns Npuceéayeno NUMAHHIO PO3POOKU  eDeKmueHUxX
MoOdenell, Memooie mMa aneopummie Macuimaby8anHs 6eO-cepeicie y CyYacHUx
iHpopMayitinux cucmemax Ha OCHOGI MAWUHHO20 HABYAHMA O 3aOe3nevenHs
cmabinbHol pobomu cepeepie npu 3MIHI HAGAHMAadCeHHs. [lemanvHuil awaniz
akmyanvHocmi  npobremu, NOCMAHOBKA — 3A60AHHA MA  OCHOBHI — HANPAMKU
00CNiONCEHHA BU3HAYEH] a8mopamu 8 nonepeouix pobomax. 3okpema, 8 OaHiil
cmammi npedcmasiieni HeoOXiOHT apXimeKmypHi ma anreopummiyHi pitueHHs.

Knwuoei cnoea: Inmepnem peueil, apximexmypa MIiKpocepgicie, MauiuHHe
HAGUAHHA

The development trends of web services at the present stage have been
significantly influenced by the following events:

- emergence of cloud platforms (2010s): In the 2010s, cloud-based
platforms for developing web services, such as Amazon Web Services
(AWS), Microsoft Azure, and Google Cloud Platform, were launched.
These platforms provide infrastructure and tools for deploying, managing,
and scaling web applications. Web analytics and performance optimization
services, cloud storage, mobile applications, etc. have also appeared into
these works;

- spread of microservice architecture (since the 2010s): One of the
current trends in web development is the use of microservice architecture for
web services. Instead of creating monolithic applications, developers break
down functionality into small, independent components that can be
deployed, scaled, and managed separately. This allows for greater
flexibility, faster development and deployment, and easier integration with
other services;

- expansion of the capabilities of artificial intelligence and the Internet of
Things (since the 2010s): Recently, web services have started to use
artificial intelligence to automate routine tasks, analyze data, and improve
user experience. Web services are also being developed to connect to the
Internet of Things (1oT), allowing physical devices to be controlled over the
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network. Preliminary analysis shows that there is a lack of research in this
area. This is especially true when it comes to identifying effective models,
methods, techniques, and algorithmic hardware and software for reliable
management of servers on the global Internet. With this in mind, the
purpose of this article is to justify the choice of a rational architecture and
develop algorithms for an intelligent web service scaling system based on
Microservices Architecture (MSA). The paper researches the main aspects
of web services development, their structure, and the impact of machine
learning (ML) on this field. In particular, the paper considers web services
development trends, scaling options, importance, and basic concepts of
MSA architecture. The general principles of artificial intelligence, machine
learning, and deep learning and their impact on the functionality of web
services are also covered. This helps to understand what technological
innovations are used to improve the performance of web services and how
machine learning changes their capabilities. The described approach
provides a general idea of the basic principles and trends of web services
development and the impact of machine learning on this industry. This is an
important basis for further research and implementation of innovations in
the field of web services and their connection with machine learning.

Implementation of ML methods in web service autoscaling can provide
significant benefits and improve the efficiency of the MSA system.

ML is especially useful for large and complex systems, as it enables the
detection of patterns in data and the interaction of system components.

The proposed Performance Baseline Watchdog (PBW) and Performance
Anomaly Detector (PAD) algorithms provide the following advantages:

1. Improved system reliability: These algorithms allow the system to
respond to deviations in microservice performance and detect anomalies,
even before they occur. This allows system operators to take action to fix
problems faster and more efficiently, increasing overall system reliability.

2. Performance optimization: Rapid problem detection and automatic
correction avoids loss of productivity. Timely response to abnormalities
helps maintain system stability and optimal performance, which in turn
improves productivity.

3. Preliminary detection of problems: PAD helps detect anomalous
patterns or unusual behavior before they can cause serious problems. This
allows the system to prevent failures or performance degradation, enabling
operators to prepare for potential problems and prevent them from
spreading.
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Abstract. The work analyzes the capabilities of the neurocontrol method with a
predictive function. The analysis was conducted using an adaptive air control system
in the liquid fuel combustion system of a ship's steam boiler as a case study. The
analysis of transient processes showed alignment with expected values and the
potential for successful adaptation to changes in the operating modes of steam
boilers.

Keywords: Neural network, automatic control system, adaptation, ship boiler,
air excess coefficient.

Anomauia. Y pobomi npoananizogano MoxHCIU80cmi memooy Helipoynpasiinis 3
Gyukyiero npocnosyeanns. AHAN3 SUKOHAHO HA NPUKIAOi A0ANMueHoi cucmemu
KepyBauHs NOGIMpAM Y cCucmemi CNai8anHs pioko2o Naauea CyoH08020 NApo802o
Komaa. Ananiz nepexionux npoyecie noxkazas 6i0N0GIOHICMb OYIKY8AHUM 3HAYEHHAM
ma nomeHyiuHy MOJICIUGICMb YCHiuHOi adanmayii 00 3MiHU pedicumie pobomu
napoeux Komiuie.

Kniwouosi cnosa: Heiiponna wmepesica, agmomamuyna cucmema Kepy8amHs,
aoanmayis, cyOHO8Ull Komei, KoeqiyieHm HAOIUWKY nogimpsi.

The methods of teaching a neural network that minimize the deviation of
the current output of the object from the input influence do not always cope
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well with the task of regulation. Firstly, if the transition process of the
control system lasts longer than one cycle, the neural network (NN) can
exert significant control, leading to over-regulation. Secondly, there is
always a delay in neural network control systems (NNCS) due to feedback,
which worsens the quality of regulation [1]. Therefore, an analysis of the
forecasting neuro-modeling method is proposed, which minimizes the value
of the integrated error predicted over several upcoming cycles [2].

The synthesis of the neural network control system was performed using
the Neural Network Toolbox in Matlab [3]. To solve the task, an effective
solution is a neural network regulator - NN Predictive Controller [3, 4]. This
regulator uses a model of a non-linear controlled object, exemplified by the
air flow control channel - oxygen content in the flue gases in the fuel
combustion system in the firebox of a ship's steam boiler (SSB). The model
is represented as a neural network to predict the future oxygen content based
on the air consumption in the combustion system. Simultaneously, the air
flow entering from the fan to the combustion system depends on the steam
load of the SSB.

The design of the neurocontroller consists of two stages: the
identification stage of the controlled object and the synthesis stage of the
control law. At the identification stage, a neural network model was
developed, which is used at the synthesis stage for teaching the neural
network regulator. To predict the future behavior of the SSB's regulatory
parameter and calculate regulation errors, a direct neuroemulator is used,
trained using an error backpropagation algorithm on an example adapted for
a specific SSB, a PI regulator.

The proposed method differs from the typical NN teaching method by
the absence of a study neurocontroller. Instead, it uses a real-time
optimization module. The process of synthesizing the neurocontroller was
carried out using the NN Prediction Controller software module. The Plant
Identification software utility was used to identify the control object.

Depending on the operation mode of the SSB, the proposed neural
network automatic control system automatically selects the optimal value of
the air excess coefficient, enhancing the SSB's efficiency by adjusting the
amount of air supplied by the gas fan to achieve the required percentage of
oxygen in the output gases. The intelligent automatic control system (ACS),
unlike traditional ones, can communicate with operators in a language they
understand (fuzzy systems), self-learn, forecast, and work with dynamic
objects (neural network and hybrid ACS).
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To obtain a mathematical model of the control object (the combustion
process through the channel "“fuel consumption - O, content"), data from the
ship's system for monitoring the SSB parameters located in the central
control room of a modern tanker were used. The SSB operates at fuel loads
ranging from 15% to 110% of nominal, depending on the steam consumers'
modes, particularly ship steam turbines (SST).

For the proposed universal neural network ACS for the combustion of
various types of fuel in the furnace of a ship's steam generator, the
technology of using two neural networks was employed: one as a
neurocontroller and the other as a neuroemulator that learns to model the
control object's dynamics.

For training the NNC, a simulation was conducted with a typical PID
regulator. In the simulation experiment in Matlab, the PID controller was
adapted to changes in the controlled object's properties. The object of
control is the fuel combustion control system of the auxiliary SSB operating
in nominal mode. The model of the object in the form of the transfer
function of the inertial link was obtained. The model parameter, T, changed
depending on the steam load of the SSB and the influence of the internal
disturbance channel - "change in fuel composition.” Accordingly, the PID
settings were optimized to obtain the necessary transient process. The
inconsistency signals - inputs to the NNC, and the optimal control
influences measured at the PID regulator output in the ACS, are used as a
training sample for the NNC.

A structure with a neuroemulator was used to check the efficiency of the
NNC in the SSB fuel combustion control system. The proposed
neuroemulator structure was obtained using the Neural Network program.
Matlab (Simulink and Neural Toolbox) was used to simulate the NN ACS
optimization a depending on the steam load of steam units.

Approbation of the proposed adaptation NNCS, implementing the
forecasting method during the combustion of SSB to the thermal load, was
carried out.

Analysis of transient processes showed their compliance with expected
values (setup time 300 sec, deviation equal to zero) when changing the
operation modes of the ship's steam generators, conducted using the
disturbance channel. It was also established that changing the ratio of excess
air during the SSB's operation allows more efficient fuel burning in the
boiler furnace, thereby increasing the efficiency of the ship's power plants.
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Abstract. Based on statistical data on reactive power consumption by the
substation of the mining and processing enterprise, the key aspects of constructing
cyber-physical systems for rational regulation of reactive power flows in powerful
substations with synchronous motors were examined. The proposed algorithm for
automatic control of compensation devices and regulation of synchronous motor
excitation for reactive power compensation considers the peculiarities of monitoring
and control links of reactive power flows in the developed substation graph.

Keywords: cyber-physical systems for optimal regulation

Anomauia. Ha ocnosi cmamucmuynux OQHUX NPO CHOJICUBAHHS PEAKMUBHOT
NOMYNHCHOCMI  RIOCMAHYIEI  2IPHUYO0-30a2a4Y8AIbHO20 KOMOIHAMY PO32NAHYMO
KAI0406i acnexmu nodyoosu Kibep@izuunux cucmem payioHaibHO20 pe2ynio8aHHs
NEPemoKie PeakmueHoi NOMYNCHOCMI NOMYNCHUX RIOCMAHYIL 3 CUHXPOHHUMU
08USYHAMU. 3anpononosanuil aneopumm aA8MOMAMUYHO20 KepyBaHHs
KOMNEHCAYiliHUMU ~ NPUCMPOAMU  MA  Pe2YI08AHHAM 30YONCEHHA CUHXPOHHO20
08UZYHA 07151 KOMREHCAYii peakmueHoi NOMY*ICHOCMI 8paAX08Ye 0COOAUBOCMI TAHOK
KOHMPOTIIO Ma Kepy8auHsA NepemoKaMy PeaKmusHoi NOMmy#CHOCMI 8 pO3POOAEHOMY
epagi niocmanyii.

Knruoei cnosa: kibepgizuuni cucmemu onmumaibHO20 pe2yio8anHts

Electric networks of industrial enterprises, such as in our case,
substations of mining and beneficiation complexes, are complex systems
with a large number of consumers characterized by rapidly changing load
patterns. This feature of the operating process makes it almost impossible to
predict disturbances in electricity consumption. However, the high level of
development of automatic control systems for technological processes
allows for the relatively inexpensive implementation of these systems in
each technological cycle of the enterprises. Control of compensating devices
(synchronous motors (SM) and capacitor batteries (CB)) in such cases
should take into account all possible factors to minimize cases of
overcompensation [1]. In this regard, it is expedient to consider substations
as a unified CPS for controlling SM and CB according to a specific
algorithm.

For CB, the main tasks include complete compensation of reactive
power, and equally important issues are the problem of overvoltage and the
reliability of operation that may arise during their switching, which is
addressed through a series of measures. To create an effective control
system, an important practical issue remains the need to determine the
significance of certain parameters (number of SMs, their load, temperature,
etc.) [2].
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As a typical example, we can refer to the graph shown in Fig. 1. This
graph is based on the analysis of real single-line power supply diagrams.
The structure of the graph incorporates the principles of CPS, where sensors,
equipment, and information systems are integrated into a single structure
using internet protocols [3]. This allows us to accurately forecast, configure,
and adapt the reactive power compensation system to changes.

As a result of the graph analysis, adjacency and incidence matrices were
obtained, which are part of the topological analysis of the substation
structure.

Figure 1: Reactive energy flows at substations

To evaluate the hierarchical control structure and analyze the
dependencies of potential information and control flows and connections in
the conditions of the industrial enterprise substation, a simplicial analysis
was conducted. The results showed a high degree of potential system
reliability. Taking into account the required level of reliability and the
designated levels of control for compensation devices, a control algorithm
can be developed. This algorithm considers the specific features of using CB
and SM [4, 5]. Fig. 2 (a, b) depict the results of the reactive power
compensation algorithm process using 0.4 kV and 6 kV CB and SM for the
day in January and June, respectively. The Qs Values in Fig. 2 — epresent
the actual statistical consumption of reactive power by the enterprise
substation. Thus, the obtained results demonstrate the utilization of cyber-
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physical system principles for the substations of mining and processing
enterprises to control reactive power flows. Based on statistical data on
reactive power consumption by the substation of the mining and processing
enterprise, the key aspects of constructing cyber-physical systems for
rational regulation of reactive power flows in powerful substations with
synchronous motors were examined. The proposed algorithm for automatic
control of compensation devices (switching of capacitor banks at 0.4kV and
6kV) and regulation of synchronous motor excitation for reactive power
compensation considers the peculiarities of monitoring and control links of
reactive power flows in the developed substation graph.
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Figure 2: The result of the algorithm for a) — January; b) — June.
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OIIHIOBAHHA E®OEKTUBHOCTI BUKOHAHHAA ITOJBOTY Y
TOPU3OHTAJIBHIN IJIOIIHAHI JIJIA CUCTEM
ABTOMATUYHOI'O KEPYBAHHS TIOBITPAHUM PYXOM
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ESTIMATION OF HORIZONTAL FLIGHT EFFICIENCY FOR AIR
TRAFFIC MANAGEMENT SYSTEM

Dr.Sci. 1.Ostroumov, Ph.D. N.Kuzmenko
National Aviation University, Ukraine

Abstract. A well-planned trajectory based on the management of meteorological
information makes it possible to minimize the hour of watering with standard
watering less than 12 minutes. Analysis of post-flight trajectory data based on the
ADS-B data set can be useful to air navigation service providers to improve the
efficiency of air traffic coverage.

Keywords: trajectory from the management of meteorological information

Anomauia. /[obpe cnaanosana mpackmopis 3 ypaxy8anHs Memeoponoiunoi

iHGhopmayii 0038015€ MIHIMIZY8AMU 3A2ANbHULL YAC NONLOMY 31 CIMAHOAPIMHUM
gioxunennam auwe 12 xg. Ananiz mpackmopHux OaHux 8 nicianoIbOMHOMY PeHCUMi
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Ha ocHogi Habopy oanux ADS-B mooice 6ymu KopucHum nposatioepam
aeponasieayitinux nociye 0isk NiOGUUEHHsL eeKMUSHOCT GUKOPUCTAHHSL
nOGIMPsIHO20 NPOCMOPY.

Knrwuoei cnosa: mpaekmopis 3 ypaxysanusi Memeoponociunoi inghopmayii

@OyHKUIiIOHYBaHHS aBialllifHOT TPAHCIIOPTHOI CUCTEMH 3a0e3MeuyeThes Ha
yMOBax e(peKTUBHOTO BHKOPHCTaHHS MOBITPSHOTO MPOCTY Ta OOJaIHAHHSI
Ta cCcHCTeM 3a M 3a0e3ledeHHs HeoOXimHoro piBHA — Oe3meKH
aBiamepeBe3eHb. BuOip onTUManmbHOI TpaekTopii pyXy JiTaka € OJHUM 3
HalmommpeHImux 3apnanp Hagiramii [1,2]. Ilpu ominroBaHHI epeKTHBHOCTI
TPaekTOpii  MOJBOTY  JTaka  3a3BHYail  PO3MIANAIOTBCS  OKPEMO
TOPH30HTAJIbHA MPOCKIIis PYXY JiTaKa Ta BEPTHKAILHHUI MPOdiNk MOJIbOTY.

[lpn mnnaHyBaHHI TOJNBOTIB KOPHUCTYBadl MOBITPSHOIO MPOCTOPY
KOPHUCTYIOTBCSI CIIEIiaIbHUM TIPOrPaMHUM 3a0e3MeYeHHSIM JUIsl IUIaHyBaHHS
Mai0yTHBOro nonkoTy. [IporpaMue 3abe3nedeHHs: MOXKe BUKOPUCTOBYBATH
pi3Hi KpuTepii eQeKTHBHOCTI TPAEKTOPIi: HAWKOPOTIIMH IUIAX, MiHIMI3allis
TPUBAJIOCTI IOJbOTY, MIHIMaJIbHI BUTpaTH Ha 3a0e3MEYCHHS MOJBOTY.
[poBaiizepn aepoHaBiraliiiHUX MOCIYT 3a3BUYall BUKOPHCTOBYIOTh
KOe(]iIieHT, MmO BigoOpa)kae 4acWHY MOJATKOBOI TOBXKHHHU TPAEKTOPIii 10
HAMKOPOTIIOTO NUIAXYy V SKOCTiI 1HASKCY e(peKTHBHOCTI TOPU3OHTAIBHOL
Tpaektopii pyxy umitraka (HFE). V momoBimi mpenctaBieHi pe3yibTaTH
JOCITIJDKEHST TOKa3HWKIB JUIS OIIHIOBAHHSA C(QEKTHBHOCTI BHKOHAHHS
NOJNBOTY Y TOPU30HTANIBHIN IUTOMIMHI. 30KpeMa BIEpLIe 3arnpOnOHOBAHO
BUKOPUCTOBYBAaTH  KOMIUICKCHO Ui OLIHIOBaHHA  e(EeKTUBHOCTI
NPOKJIAJIAaHHsT MAapLIPYyTiB JIBa TOKa3HWKU: YACHHH J0IaTKOBOI JOBXHUHH
TpaekTopii Ta IUIOILY, OOMEXKEHOI TPAEKTOPI€ JiTaka Ta JIiHI€0
Haiikoporimioro 1uiixy. HFE Ha oCHOBI Iuiomii € KOPHUCHHM ISt
ABTOMATHYHOTO JIETEKTYyBaHHs piBHS Oi4yHOro BiaxuieHHs. Pe3ynbratn
aHami3y TMOKa3yloTh, MO OiNbIIa TUIONIA BiAMOBiAaE OUIBIIUM OIYHUM
BigxmwieHHsM. [1nomma Mosxe OyTH 00YHCICHA OJTHUM 13 YHCEIbHUX METOIIB!
NIPSIMOKYTHHUKOM, Tpaneuiero abo ¢popmynoro Cimrcona. Sk BXiaHi fnaHi s
pO3paxyHKy, JIiHiI1  HAalHKOPOTIIOrO  HUIIXY  NPEACTANSETBCS Y
JMCKPETH30BaHOMY BHIJISIII SIK HAaOIp TOYOK, sIKi € OIOPHUMH TOYKAMHM JUIS
MIepIEeHANKYIISApA Big JIiHI HAYKOPOTLIOTO NUIAXY A0 AaHUX KOXKHOI TOYKH
TpaekTopii. KoopanHatn TOYKM OCHOBM II€HIEHAMKYJISIPA0OUHCITIOIOTHCS
HACTYITHUM YHHOM:

x4 yB—ya)*+Xi(xp—xa) 4+ (xp—24) OB—ya) (Yi-ya)

X;= 1)

(yB—yalt+(xp—xa)?
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(xp—xa) (H—xa)

YB—¥A ,
1€ IHAEKCOM A MO3HAYeHHI KOOPIMHATH TOYKH TOYaTKy, a B — iHmekc
KIHIIS.

MacuB BiacraHeil Mk OMOPHUMH TOYKAMH Ta BUCOTA MEPIEHIUKYIApa
PO3PaxOBYETHCS HACTYITHUM YHHOM:

i =Y+

h; = v'f":xz'+1 — 105+ (Vi1 —93)° )
| ~ - -
pi= |- )2+ (Vi—y)* =k ®3)
[Tnomia oLiHIOETHCS HACTYITHUM YHHOM
1y
S= ;E?:ilhefpe + Pisq) 4

Bepudixarrist 3anpormoHoBaHOTO MiAXOQy BUKOHAHA 3 JaHUMH peasbHOI
TPAEKTOPii KOHKPETHOTO TOJIBOTY, OTPUMAHUMH 32 JOIOMOTOK TEXHOJIOTIT
ABTOMATHYHOIO 3aJISKHOTO CIIOCTEPEKEHHS y LIMPOKOMOBHOMY DPEXHMI
(ADS-B) [3]. SIk mpukiam po3risAacThesl MONBOTHE criomyueHHss AAL 292
Mix aeponopramu JIx. ®. Kenneni (Heio-Hopx, CIIA, KJFK) Ta Ingipa
Taugi (Hero-Meni, Iazais, VIDP) 3 nyxe Hee(EKTUBHOIO TPAEKTOPIEIO Yepes
3aKpUTHUI NOBITPSHUIN MPOCTIp Yepe3 BiliHy B Y KpaiHi.

Tpaexropist monboTy AAL 292 cuilbHO BapitoeThCsl y JIOCHIIPKYBaHOMY
nepioai 3 16 kBitHs no 31 TpaBus 2024 poky, 10 NPU3BENIO A0 3HAYHOI
3MiHH 3arajpHOi JOBXWHHU. J[oOpe CIUTaHOBaHA TPAEKTOPIis 3 ypaxyBaHHSI
METEOpOJIOTIYHOT iH(popMaIii HO3BOJIIE MIHIMI3yBaTH 3arajlbHUN dYac
moykOTy B ToUMi 12:10 31 CTAHOAPTHAM BiAXWICHHSIM Jumie 12 xB. AHami3
TPAEKTOPHHUX JaHUX B MiCIAIOIBLOTHOMY PEKHMi HAa OCHOBI HaboOpy JNaHUX
ADS-B Moxe OyTH KOPUCHHM IpOBaiiepaM aepoHaBITAIlITHAX TOCIYT IS
Ti/IBUIECHHS €DEKTUBHOCTI BUKOPUCTAHHS TOBITPSIHOTO IIPOCTOPY.
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METO/I CETMEHTAIIIl CEPIIA 3 BAKOPUCTAHHAM
JIOKAJII3OBAHUX MACOK
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Abstract. MRI analysis of cardiac images is complex and time-consuming,
requiring high accuracy due to the intricate anatomy and variability of images.
Automating this process can enhance diagnostic efficiency. This study introduces a
novel three-stage approach to myocardial segmentation in MRI images: localization,
segmentation, and post-processing. The approach involves decomposing masks,
detailed segmentation for accurate heart structure contours, and post-processing for
smooth pixel transitions. Experiments using the ACDC dataset demonstrated high
segmentation accuracy, with potential for broader application in MRI-based cardiac
research.

Keywords: Cardiac MRI, heart segmentation, medical image analysis, mask
decomposition, mask enhancement, deep learning

Anomauia. Awuaniz MPT-300padsicenv cepys € CKIAOHUM [ MPYOOMICIKUM
npoyecom, w0 SUMA2A€ GUCOKOI MOYHOCMI Yepe3 CKIAOHY aHamomilo ma
sapiabenvhicmeb 300padicens. AGmomamusayis ybo2o NPoYecy Modice NIOGULUMU
egpexmuenicmo Odiacnocmuxu. Lle Oocnidsicenns npedcmagise HOGuil NiOXio, WO
CKIA0AEMbCsl 3 MPboxX emanis 0nist ceemenmayii miokapoa na MPT-300padicennsx:
JoKanizayis, ceemenmayist ma nocmoobpooka. 11ioxio exnouae 0ekoMno3uyito Macox,
0emanvHy cecmeHmayiro O OMPUMAHHSA MOYHUX KOHMYPIE cepyegoi crmpyKmypu
ma nocmoOpoOKy Ons NIA6HUX nepexodie Mixc nikcenamu. Excnepumenmu 3
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suxopucmanusam Habopy Ooanux ACDC npodemoncmpysanru 6ucoxy mounicme
ceemenmayii 3 NOMEHYIAnoOM OAs WUPWO20 3ACMOCY8AHH 6 KapOIoN02IUHUX
docrioxcennsx na ocnogi MPT.

Knrwuoesi cnosa: MPT cepys, ceemenmayis cepys, ananiz MeOUyHUX 300paicen,
0eKOMNO3UYist MACKU, NOKPAUJEHHS MACKU, 2TUOOKE HAGYAHHS

Cardiac MRI is a pivotal tool in assessing various heart conditions,
particularly those involving structural and functional abnormalities.
However, effective segmentation of cardiac structures, such as the left and
right ventricles and the myocardium, remains challenging due to the
complex anatomy and variability among patients [1]. The proposed method
addresses these challenges by introducing a multi-stage process that
combines state-of-the-art techniques in image processing and machine
learning [2]. The segmentation pipeline begins with an advanced
localization step that accurately identifies the regions of interest within the
cardiac MRI scans. This is followed by a decomposition stage, where the
localized regions are further refined to isolate the specific structures of
interest. Finally, a post-processing stage enhances the contours of the
segmented structures, improving their delineation and making the results
more robust to variations in image quality and anatomical differences. In
this regard, this study presents a novel approach to the segmentation and
analysis of cardiac magnetic resonance images, focusing on the accurate
localization, decomposition, and enhancement of cardiac structures. The
scheme of the proposed approach is presented in Fig. 1.

The effectiveness of the proposed method is evaluated through extensive
experiments using ACDC dataset [3], with results demonstrating significant
improvements in segmentation accuracy compared to existing methods.
Specifically, our approach achieves superior performance in segmenting the
left and right ventricles and the myocardium across both the end-diastolic
and end-systolic phases of the cardiac cycle. These improvements are
quantified using standard metrics such as the Dice coefficient, which shows

marked enhancements when our method is applied.
. 2x|AnB|
Dice = \
lal+IBI &)
where A — a set of pixels that belong to the predicted segmentation, B — a set
of pixels that belongs to the true segmentation, |A| — the number of elements
in the set A, |B| — the number of elements in the set B, JANB| — number of

elements that belong to the set A, and set B (this is the area of overlap
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between the predicted and true masks). In comparison to other state-of-the-
art methods, our approach consistently outperforms in terms of both
accuracy and robustness. The results of these comparisons underscore the
potential of our method to be integrated into clinical workflows, offering a
more reliable and precise tool for the diagnosis and treatment of cardiac
conditions.
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Figure 1. General scheme of the proposed approach.

In sum, this study contributes to the field of cardiac MRI segmentation
and also sets a new benchmark for future research. The multi-stage approach
detailed herein offers a comprehensive solution to the long-standing
challenges in cardiac image analysis, paving the way for more effective and
individualized patient care.
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Anomauia. I[Ipedcmaeneno auaniz OCHOSHUX MEHOEHYIll PO3GUMKY ma OYIHKU
epexmugrHocmi  OnmuyHUX HewimKux obuucnenv. Busnauenmo nepcnexmueHuil
HAanpamoK 00CHiOdiceHb HA OCHOBI GUKOPUCHAHHSA CEIMN08020 KEAHMY BUSHAYUEHO20
KONbOpY AK HeuimKoi iHghopmayitinoi MHOMCUHUL.

Knrwwuoei cnosa: onmuuni 064uciio8anis, K8anm Hevimxoi ingpopmayii

Abstract. An analysis of the main trends in the development and evaluation of
the effectiveness of optical fuzzy computing is presented. A promising direction of
research based on the use of a light quantum of a certain color as a fuzzy
information set has been determined.

Keywords: optical computing, quantum of fuzzy information

3HauHe 3pOCTaHHS IHTEpeCy M0 ONTHYHWUX OOYUCIIeHb, B TOMY YHCHi
3aCHOBaHE Ha TEPCIEKTUBHUX JOCATHEHHSIX B O0JACTi ONTHYHOI mepemadi
BEIMKHX OO0cCsriB iH(popMarii, 0OyMOBIEHO TaKOX Oe3MpereeHTHOIO
IHTEHCUBHICTIO TIONIyKYy pilleHb B O0JACTI IITYYHOTO IHTENEKTYy i
BIIKpUTTSAM IIUPOKUX MOKJIMBOCTEH JUIsl TiABUIICHHS MPOAYKTUBHOCTI
nporecopiB. [IoCTIHO PO3BUBAIOTHCSA JOCTIIKEHHS 10 CTBOPECHHIO
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MOBHICTIO ONTHUYHUX JIOTIYHUX MPHUCTPOIB JuIsl OIHAPHUX 1 HEYITKUX
obOuncnenp [1], mo 0a3yroThcsi Ha BHKOpUCTaHHI edexTiB ronorpadii i
noJsipu3alii CBiTJIa, BUKOPUCTAaHHI IudpakuiiHux 1 iHTepdepeHuiitHnX
SIBUII B CXEMaX 3 MAaTPUIIMU NIPU3M, a TAaKO)K Ha OCHOBI 1HIIMX HMPUHIUITIB
ontu4HOi (hisuku. CIiji 3a3HAYNTHU, MIO TEXHOJOTIYHO CKJIATHA peai3allis
NIPOIIOHOBAHUX IIPUCTPOIB B JAaHUK 4Yac CEPHO3HO IEPEIIKOKAE iX
IIMPOKOMY BIIPOBADKCHHIO. 3 TOYKH 30PY BHKOPHCTAaHHS BHIIPOMIHIOBAUiB
CBITJIa B €JIEMEHTAaX ONTWUYHOI JIOTIKM BEIHMKHH IHTEpec IpPEeACTaBISIOTH
TakoXK poOOTH B KBAHTOBiHl ONTHIII IO CTBOPCHHIO CHEPrOCPEKTHBHUX
KOHCTPYKIIA  BOJOKOHHUX JIa3epiB 1 JIa3epHUX  CBITIOHIOAIB 3
MiHIMaNTbHUMH IMIOYJIbCHAUMH XapaKTepUCTHKaMHU. JleTampHWN aHami3
JEMOHCTpY€E IHHOBALiiHI NepeBard ONTHYHUX OOYHCIICHB: * Tepeaava 3
HU3BKMMHU BTpaTaMH CHEprii; ¢ NpPOCTOPOBHH MapaienisM Ta BHCOKa
NPOIYyCKHA 3/aTHICTh 332 PaxyHOK OOpoOkH iH(opMarii 31 LIBHAKICTIO
CBITJIa; * MOXIIMBICTH IEPETHHY CBITJIIOBUX NPOMEHIB 1 IporpaMmHe
YIPaBJIiHHS HUMH Ha BUCOKIH MIBUAKOCTI; * pOOACTHICTD Ta iHIII.

Be3cymMHIBHO, TpH CTBOPEHHI ONTHUYHUX JIOTIYHHUX  CJICMECHTIB
HEOOXiTHO, BIATOBIZHO OO IIHPOKO BHU3HAHUM 1 EKCIIEPHUMEHTAIBHO
MiATBEepKCHUM TpuHImIOM Jlarmayepa [2], OIiHIOBaTH BHTpPaTH CHEPTii
IIpU BUKOHAHHI O0YHCIIOBaTbHUX orepamiit. Lli podoTn excriepruMeHTaIbHO
MATBEpAWIN  BHMOTY JIO apXITEKTYpH €JIEKTPOHIKM  HaJHU3BKOTO
€HEProCIIOKMBaHHS 3a/I0BOJILHATH MexXi npuHOuIy Jlannayepa, sk 1oka3 ix
epexTuBHOCTI. EHeproeeKTHBHICTD € OJHUM 3 HAWBAXIUBIIINX MPUHIIUIIIB
NOPIBHSHHA ~ NPOJYKTUBHOCTI ~ ONTHYHUX 1  HAMiBIPOBIJIHHUKOBUX
o0YHCIIOBAILHUX ~ eleMeHTiB. Y poboti [3] HaBeneHo jgeTanbHUi
MOPIBHSUIBHUI aHaNi3 eNeKTPUYHHUX 1 ONTHYHUX OOYMCIIEHb 3 TOYKH 30pY
BUTpaT Ha e€Heprito. BHUCHOBKM 1MX JMOCHI[DKEHb /IS ONTUYHOL
00YHCITIOBANILHOT ~ CHUCTEMHM, 3aCHOBAHOI, HAaNpUKIaZ, Ha MOMYJSLii
CBITJIOBUX XBWJIb 1 JIBIKOBOMY KOJyBaHHI BXIJHWX CHUTHAINIB, IOJSTAIOTh Y
TOMy, IIO €HEPreTHYHI BUTPATH EJNEKTPHYHMX 1 ONTHYHUX CHCTEM
NpuOJIM3HO OJHAKOBI. ABTOp BHXOAWTH 3 TOTO, IO PO3PAXYHKH
MIPOBOASATBHCS 3 OJHAKOBO BHCOKOIO TOYHICTIO 1 HE OXOIUIIOIOTH ONTHYHI
pO3paxyHKH 3 HEYITKMM BBeJICHHAM iHQopmanii i BHKOPHCTaHHIM
HEHpPOHHUX Mepex. Y Toil ke dac pobora [4], mpUCBsIYCHA aHAIOTIYHUM
TeMaM JUIss OOYMCIIOBAILHUX HEWPOHHUX MEpek, MOKazalnd 3HAYHO BHIII
00YHCTIOBAJIBHI MIBHUAKOCTI Ta €HEProe(eKTHBHICTh MOBHICTIO ONTHYHHUX
00YHCTIOBAIEHUX CHCTEM.
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B iHTeNeKTYyalbHUX CHCTEMaXx JIOTIYHUX OOYMCIIEHb BXiJlHa iH(pOpMAaIis
(dopMmyeTbesl y BUMIIAI LIN(PPOBUX CEHCOPHUX JAaHHUX TA €KCIIEPTHUX OLIHOK.
Ilpn BHU3HaYeHI EKCHEPTHUX OLIHOK, HANPHUKIAA, HeOe3NMeKu cuTyamii
MIPUPOJHBO MPEACTABUTH IX TaKUM YMHOM: «HAA3BHUYaliHO HEOE3NeuHH»,
«ayXxe HeOe3NeuHui», «HeOe3NeyHNity, «CKopille HeOe3eUHNI», «CKopille
OesneuHuit», «Oe3neunuii»y. OTxKe, y Hac 6 CTylNeHIB HeOe3NeK:u Ha OCHOBI
JHTBICTUYHUX 3MIHHHX (HEUITKMX MHOXHH). OIHaK B JaHOMY BHIIAIKy
BUHMKAE TPHUHIMIIOBA MPOOJIEeMa: HEMOKIIMBO O€3M0CepeHbO MPOBOIUTH
JOTiYHI omepamii 3 JTHTBICTHYHAMHU 3MIHHHMH, TOOTO mans 0OpoOKH
JMIHTBICTUYHUX 3MIHHHX TOTPIOHO CHOYAaTKy THepedtH oo nudpoBUX
posmominiB. OmMH 3  NEPCHEKTHBHUX  HANpsIMKIB ~ BHUKOPUCTAHHS
AIIbTEPHATHBHOTO IIPEJCTABICHHS HEYITKOI MHOXHHHM y BHIVIAI KBaHTY
CBITJIOBOIO BHUIIPOMIiHIOBaYa MEBHOTO KOJILOPY MPEICTABICHO B poOoTi [5].
Ille mo3BoOjsie, MAOCTAaTHBO IPOCTOK 32  peali3alli€cl0o  ONTHYHOIO
apxiTeKTypOr, BUKOHYBaTH OCHOBHI JIOTIYHI oOmepaiii 3 HEYITKUMHU
MHOKHHAMH: M3 FOHKIIIO0, KOH FOHKI[IO Ta 3amepeucHHs. TakuM YHHOM,
JOCSITAa€ThCS BHUCOKA IIBUJAKICTH 1 TOYHICTH OLIHOK NpU 00poOIi BXimgHOT
iHpopMamii IS omepamiifi 3 HEYITKUMH MHOXHHAMH (SIKi BKIIOYAIOTh
BCHOTO IIICTh CTYIICHIB PO3IOALUTY i BIAMIOBINAIOTH, BiAMMOBIIHO, KOJIbOPAM
«UEPBOHHIY, KOBTHI», (IIYPIIYPHUID», «3EICHUN», «TOMYOHI», CHHIN»).
B mepcnexkTuBi Iie MO3BOJMTH BUBUIBHUTH OOYHMCIIOBAJIBLHUN dac, IO
moTpeOyroTh TpaaumiiHi OiHapHI omepamii Ta 30UTPIIMTH IIBUAKICTH
00UHCIICHb 3 HEUITKUMH JaHuMH opierToBHO B 10° pasn.

OnrtuuHa 00YMCIIOBaJbHA APXITEKTYpa OCHOBHHUX JIOTIYHMX OIepaiii
OynyeTbcsi Ha aIUTHUBHIN (IU3’IOHKIIS) Ta CYOTpakTHBHINH (KOH IOHKIIis)
TpanchopMariii CBITJIOBOrO BHIPOMIHIOBAHHS HA OCHOBI BHKOPHCTAHHS
ONTUYHUX CTPYKTYP CBITJIOBHX (iNbTPIB, IO HA3HUBAKOTHCS JIOTTYHHUMHU
KOJIOpOiaMH. 3HAYHOK [epeBarold MpH LBOMY €  BIJICYTHICTh
MepeMHUKAIbHAX KOMIIOHEHTiB. J[isi BUKOHAaHHS JIOTiUHOI  omeparii
3allepeyeHHs, Ta IHIIMX JIOTIYHMX onepauiii Ha i OCHOBi, PO3poOIEHO
JIOTIYHI ONTHYHI CTPYKTYpH 3 BHKOPUCTAHHSAM OJIOKIB HEpEeMUKAILHUX
KOMITOHEHTIB Ta JIETEKTOpiB CBiTIa, 0e3 NOTped BUMIpPIOBaHHS JUIA
BU3HAYECHHS KOJILOPY BiAMOBIHOTO CBITIOBOTO BUIIPOMIiHIOBaHHSI.
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Abstract. This paper considers a special information control system for the
automation of control processes in the foundry, where due to the presence of many
uncertain production factors one of the main problem is the management of cast
products quality.

Keywords: information control system, management of cast products quality
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Anomauia. Y daniii pobomi pozenadaemuvca cneyianvha ingopmayitina Kepyroya
cucmema 018 agmomamusayii npoyecie YNPAaeniHHA 6 JIUGAPHOMY yexy, Oe uepes
HasGHICMb  0A2aMbOX HEGUIHAYEHUX BUPOOHUYUX (aAKmMOpié OOHIEW 3 20106HUX
npobnem € ynpasninHa AKIiCm aumoi npooyKyii.

Knwuosi cnosea: ingopmayiina cucmema YNpasuinHA, YAPAGIIHHA SKICHIO
JUMUX upoobis

This paper considers a special information control system for the
automation of control processes in the foundry, where due to the presence of
many uncertain production factors one of the main problem is the
management of cast products quality [1]. Inter alia electric current treatment
(ECT) of the melt is used to improve the quality of castings. ECT generates
complex electromagnetic and other physical phenomena in the melt that
make impossible the direct control of the technological process parameters,
since at the present stage there is virtually no perfect and unambiguous
understanding of the mechanism of the of the electromagnetic field
influence on the structure formation of the cooled metal and the quality of
castings.

That is why multidisciplinary exploratory research is being conducted to
determine approaches to identifying the preconditions and factors of such an
impact.

According to the current understanding of the essence of the ECT
process, a significant role in these phenomena is played by the interaction of
objects at the level of microscopic and mesoscopic structures, which are an
open thermodynamically unstable system where fluctuations in the energy
states of ensembles of microparticles occur, resulting in dissipative
structures that are prone to self-organization. And the prerequisite for this
chain of events is the spatial heterogeneity of the energy states of structural
elements of the liquid, caused, in particular, by the action of a non-uniform
electromagnetic field.

Therefor the authors being involved in this area of research, devoted the
attention notably the cognitive analysis of the physical content of these
phenomena and the main factors influencing the results of melt treatment.

The analysis of the phenomenological ground of the notion about the
ECT content established the premicis for developing a cognitive model and
a map of the cause-and-effect structuring of information about the processes,
that occur in the melt, shown in Fig. 1.
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AST ..
AG,1 Crystallization |:> Proper

ATl ability casting

Figure 1. ECT cognitive map: E_ electric field; H_ magnetic field;

F _force field; U —flow field; T —temperature field; Di — diffusion; P —
pressure field; C — heat exchange; AST — entropy export; AG,T — growth of
Gibbs energy in the melt; T,q| — artificial undercooling

Based on the logic of cognitive model the innovative information and
control system of computer modeling "ITIS" and its algorithmic paradigm
are developed, which implements the principles of integration of computing
with physical processes of ECT. ITIS virtually constitutes a prototype of the
cyber-physical system (CPS) of "smart casting" and de facto embodies its
structure and functional scheme.

The algorithmic paradigm of ITIS involves the formation of simulation
models of ECT modes, first of all electromagnetic, that adequately reflect
the real physical processes.

Hence for the further development of this CPS, it turned out to be
necessary to fill it with computer models of the melt ECT process, which
can be used as digital twins (DT) — simulators of melt processing modes, to
identify the controllable factors that affect the process of casting structure
formation [2].

So the mathematical models and algorithms for calculating the
parameters of melt treatment and filling the CPS databases with DT of ECT
modes to predict its results have been drafted. In particular, the grate
importance  has  the  non-uniform  spacial  distribution  of
the electromagnetic force over the melt volume.

For example, Fig. 2 shows the diagram of electromagnetic force density
level lines in the space of ECT reactor cross section with different electrode
systems that effect on the structure formation of castings.
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Such a diagram serves as a “map” of the probable distribution of
pressure fluctuations locations and thermoacoustic waves excited by electric
currents that occur at the melt structure’s of the meso- and submicroscopic
levels.

Sy T

0.5

-0.5

-1 -0.5 0 0.5 1 X ru. .‘1 .0‘_5 0 0_‘5 1 X, Fu.
Figure 2. Level lines of the density of the volume electromagnetic force
in 2-electrode (left) and 4-electrode (right) systems

Thus, these diagrams form the set of DT of ECT modes, by varying
which it is possible to build scenarios to research the influence of ECT
modes on the distribution of casting crystallization nuclei and select the
most appropriate processing parameters.
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Abstract. This study explores the application of Artificial Neural Networks
(ANNSs) in optimizing cutting parameters in the context of advanced manufacturing
processes. The primary objective is to enhance cutting efficiency and tool life while
minimizing surface roughness and power consumption. By leveraging ANNSs, the
model predicts optimal cutting conditions based on a variety of inputs, such as
cutting speed, feed rate, and depth of cut. The results demonstrate the effectiveness
of ANNs in predicting outcomes and optimizing parameters for improved
performance in manufacturing systems.

Keywords: artificial neural net, machine learning, abrasive water jet technology,
optimization

Anomauia. IIpononyemscs 3acmocy8ants WmyuyHux HetipouHux mepesic (LLIHM)
ona  onmumizayii napamempie pi3aHHA 6 KOHMEKCMI Nepedosux BUpOOHUYUX
npoyecie. OcHOBHOIO Memol0 € NiOBUWeHHsI  e(eKmUGHOCmI  pi3anHs ma
006206IUHOCMI  [HCMPYMEHMY npu  MIHIMI3ayii WOpCcmKOCmi  NOBepXHi  ma
enepeocnoxcusanus. Bukopucmosyouu ANN, mooens nepedbauac onmumanvHi
YMO8U DI3aHHA HA OCHOBI PISHOMAHIMHUX 8XIOHUX OAHUX, MAKUX AK WEUOKICMb
pi3anns, weuoKicme nooayi ma enubuna pizauus. Pesynemamu Ooemoncmpyioms
epexmuenicmo LLIHM y npocrnosyeanni pezyrsmamie ma onmumizayii napamempie
01 niOBULYEHHS NPOOYKIMUBHOCTIT UPOOHUYUX CUCTHEM.

Kniouogi cnosa: wmyyna metiponna mepesica, MawuHHe HAGYAHHA, aOpa3usHa
68000CMPYMUHHA MEXHONIO2IS, ONMUMI3AYisL
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In the manufacturing industry, optimizing cutting parameters is crucial
for improving product quality and operational efficiency. Traditional
methods rely on empirical approaches, which can be time-consuming and
less accurate. With the advent of machine learning, specifically ANNs, it is
now possible to model complex relationships between cutting conditions
and machining performance with higher precision [1].

The aim of this research is to develop a neural network model that
predicts optimal cutting parameters to achieve desired outcomes in terms of
surface finish, tool wear, and energy consumption.

The study focuses on applying ANNs to analyze and optimize turning
operations, which are critical in producing high-quality parts.

The research employs a feed-forward neural network model trained
using backpropagation.

The input layer consists of parameters such as cutting speed, feed rate,
and depth of cut, while the output layer predicts results like surface
roughness and tool wear.

The dataset used for training and validation was obtained from
controlled experiments on a CNC lathe machine.

The ANN architecture was selected based on its ability to generalize
from the training data, with multiple hidden layers to capture the nonlinear
relationships inherent in the cutting process. The model was trained
iteratively until the prediction error was minimized, ensuring that the
network could accurately predict optimal cutting conditions [2].

The ANN model successfully predicted cutting parameters that resulted
in improved surface finish, reduced tool wear, and lower energy
consumption. The predictions were validated against experimental results,
showing a high degree of accuracy.

Key findings include:

- surface Roughness. The model identified the optimal combination
of low feed rate and moderate cutting speed as crucial for minimizing
surface roughness;

- tool Wear. Lower cutting speeds were found to significantly reduce
tool wear, extending tool life;

- energy Consumption. The model suggested that reducing the depth
of cut can lead to significant energy savings without compromising the
quality of the workpiece.

These results highlight the potential of ANNSs in optimizing machining
processes, leading to more efficient and cost-effective manufacturing
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operations. This study demonstrates the feasibility and effectiveness of
using ANNSs for optimizing cutting parameters in machining operations.

The ANN model developed provides accurate predictions that can help
manufacturers achieve better surface quality, longer tool life, and reduced
energy consumption. Future work could extend this approach to other
machining processes and explore the integration of real-time data for
adaptive control of cutting parameters.

References

[1]. Oleg llyunin; Oleg Rudenko; Oleksandr Bezsonov; Stanislav
Boldyryev; Viktor Zorenko; Nataliia Serdiuk. Neural Network Controller of Flow
through a Butterfly Valve // Proc. 3rd KhPl Week on Advanced Technology
(KhPIWeek). — Kharkiv, Ukraine, 2022.

[2]. Bezsonov O., llyunin O., Kaldybaeva B., Selyakov O., Perevertaylenko O.,
Khusanov A., Rudenko O., Udovenko S., Shamraev A., Zorenko V. Resource and
Energy Saving Neural Network-Based Control Approach for Continuous Carbon
Steel Pickling Process // Journal of Sustainable Development of Energy, Water and
Environment Systems, 2019. — Vol.7. — Issue 2. — P. 275-292.

UDC 004.032.26:004.8:004.9

SEMI-SUPERVISED LEARNING FOR MEDICAL IMAGES
SEGMENTATION USING 4D ATLAS PRIORS

Dr.Sci. V. Sineglazoy!o000-0002-3297-9060] k¢ - Riazanoyskiy2l0000-0002-8771-8060]
'National Aviation University, Ukraine
2National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute”, Ukraine
EMAIL: 'svm@nau.edu.ua, k.riazanovskyi@kpi.ua

HAINIBHE KOHTPOJIIOBAHE HABUAHHS JIJIsI CETMEHTAIII
MEJUYHHNX 30BPAKEHDb 3A BUKOPUCTAHHSM 4D ATLAS
PRIORS

Dr.Sci. B. Cunernasos?, K. Psa3anoBcbkuii?
1 Hayionanenuii asiayitinuii ynieepcumem, Ykpaina
2Hayionanvnuti mexuiunuii ynigepcumem Yxpainu « Kuigcokuti nonimexuiunui
incmumym imeni leopsi Cikopcokozoy, Yrpaina

152


https://ieeexplore.ieee.org/xpl/conhome/9916279/proceeding
https://ieeexplore.ieee.org/xpl/conhome/9916279/proceeding
mailto:svm@nau.edu.ua
mailto:k.riazanovskyi@kpi.ua

Materials of the XII International Scientific Conference
«Information-Management Systems and Technologies»
23th — 25th September, 2024, Odesa

Abstract. The paper discusses the development of a semi-supervised learning
method for brain image segmentation on MRI using 4D atlas priors. The proposed
method allows for efficient use of unlabeled data to improve segmentation accuracy.
The work describes the creation of a probabilistic 4D atlas, including coordinates
and voxel intensities, and its generalization using Gaussian Mixture Models (GMM).
Experiments demonstrated high accuracy of the proposed method on real MRI data.

Keywords: semi-supervised learning, medical image segmentation, 4D atlas
priors, MRI, Gaussian Mixture Models.

Anomauia. YV pobomi posensdaemvcs po3podka memoody HANiBKeposaHo20
HasuauHs 01 ceemeHmayii 306pasceny mosky Ha MPT 3 euxopucmanusm 4D
amiachux — npiopis. 3anpononosanuii - memoo 003607151 eqheKmusHoO
BUKOPUCTOBY8AMU HEMAPKOBAHI 0aHi O NOKPAWEHHsT MOYHOCME ceemenmayii. Y
pobomi onucano cmeopeHHs UMOGIpHicHo20 4D amaacy, wo 6Km0YaAe KOOPOUHAMU
ma iHMeHCUBHOCMi GOKcelig, Ma U020 Y3A2albHeHHs 3d O00NOMO20i0 Mooenel
Tayccosux cymiweni (GMM). IIposedeHni excnepumenmu nokasauu 8UCOKY mouHicCmb
3anponoHo8an02o memoody Ha peanvhux oanux MPT.

Knrouogi cnosa: naniskeposane Ha8Uanus, ce2MeHMayis MeOUYHUX 300padiceHy,
4D amnachi npiopu, MPT, I'ayccoei cymiwii.

Brain tumors remain a significant medical challenge that requires precise
diagnosis and timely treatment [1, 2]. Magnetic resonance imaging (MRI)
plays a crucial role in diagnosis, but segmenting MRI images to identify
tumors is complex due to the unique characteristics of brain tumors. This
work is focused on developing a semi-supervised learning method for brain
image segmentation using 4D atlas priors, allowing efficient use of
unlabeled data to improve segmentation accuracy.

Develop a semi-supervised learning method that utilizes 4D atlas priors
for brain tumor segmentation on MRI images, enhancing model accuracy
and generalization with a limited amount of labeled data. For the labeled
sample and the unlabeled sample create a classifier that correctly predicts

the binary mask of the new scan tensor utilizing both samples.

The method is based on constructing a probabilistic 4D atlas that
includes the coordinates and voxel intensities of labeled segments and
generalizing this atlas using Gaussian Mixture Models (GMM). The atlas is
utilized in three forms: as a loss function, for generating pseudomasks, and
for pseudomask validation. The performance of the proposed method was
tested on real MRI data with axial brain tumor images.
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A private MRI dataset of brain tumors was used for experiments and
validation. The T1 modality and axial view were employed. The dataset
comprised 34 patients and 1144 images. Labeling was performed manually
by medical professionals with over 10 years of experience.

To account for anatomical structures and the natural location of
anomalies, as well as their color, we propose creating 4D atlas priors based
on labeled data segments. The first three dimensions of the atlas are the
coordinates of the anomaly location in a 3D scan. The fourth dimension is
the observed color or contrast of anomaly pixels. To generalize the atlas and
remove input data limitations, we propose modeling the pixel distributions
of the given atlas using GMM. Modeling through GMM helps the models
better generalize to new data without being restricted to the existing tumor
atlas, as GMM assigns the probability of tumor presence to a wider range of
pixels. We propose using the negative log-likelihood (NLL) of the data
under the GMM model as a loss function based on the 4D GMM atlas.

Three training options based on the proposed 4D atlas are suggested:

1. A new loss function that maximizes the likelihood of the location
and voxel intensities of unlabeled image pseudomasks and atlas values in
the region of the resulting pseudomask.

2. Aloss function based on location likelihood only, but using MSE
for the atlas intensities.

3. Pseudomask validation for atlas-based sample expansion.

The results demonstrated (Table 1) that the proposed semi-supervised
learning methods based on the atlas achieved loU nearly similar to training
on the full dataset. The best-performing method was the 3D GMM loss +
voxel intensity loss, achieving an accuracy of 0.9 with only 30% of the data
used.

Table 1. Resulting loU accuracy of the proposed approach on the test sample

Method/Percentage of 5% 10% 30% 50%
data used
4D GMM atlas loss 0.66 0.76 0.88 0.9

3D GMM loss + voxel 0.68 0.79 0.9 0.92
intensity loss

Pseudomasks validation 0.62 0.75 0.87 0.89
Method [3] 0.55 0.68 0.8 0.82
Method [4] 0.54 0.66 0.79 0.81

In this paper, we introduced an advanced semi-supervised learning
framework for brain tumor segmentation that leverages 4D atlas priors to

154



Materials of the XII International Scientific Conference
«Information-Management Systems and Technologies»
23th — 25th September, 2024, Odesa

utilize both labeled and unlabeled data effectively. Our approach constructs
a probabilistic 4D atlas based on labeled segments, generalizes this atlas
using GMM, and incorporates additional dimensions to account for contrast
variations within the anomalies.
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Abstract. Recent advances in biomedical language models, such as BioELMo,

have improved medical natural language inference (NLI). In this study, we enhance
NLI by integrating domain knowledge embeddings from UMLS using MultE and
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adding domain-specific sentiment via MetaMap. Applied to the MedNLI dataset, our
approach, processed through a bidirectional LSTM with attention, achieved an
accuracy of 81.14%, significantly surpassing baseline models. The obtained results
demonstrate that combining advanced embeddings with domain knowledge can
enhance clinical decision support and medical record analysis.

Keywords: medical natural language inference, domain knowledge embeddings,
smart healthcare systems, artificial intelligence

Anomauia. Hewooaeni oocacnenHsa 6 2anysi oOpobieHHss MeOuuHoi npupooHoi
Mo8u, sk om mooenv BioELMo, nokpawunu meouunutl 6UCHOB0K NPUPOOHOIO MOBOH)
(NLI). 'V yiu pobomi mu edockonanoemo NLI uepe3 inmezpyéanHs 3HaAHb
npedmemnoi obnacmi 3 UMLS 3a oonomozor 6i0omoi mooeni enuboko2o Hag4aHHs
MultE ma dodasanns cneyu@iunux 0isi OOMeHy ceHmumenmie Ha ocHosi MetaMap.
3anpononosanuil y yiii pobomi nioxio sacmocosano 0o Habopy oanux MedNLI ma
0bpobneno 3a Odonomoeoro O0eoHanpaeienozo LSTM 3 mexauizmom ysaeu.
Tlo6yoosana moodenv Oocsenyna mounicms knacugpixayii 81,14% 3a nabopom
MedNLI. Ompumani pe3ynomamu 0eMOHCMPYIOMb, WO NOEOHAHHA CHOPMOBAHO20
6EKMOpPY O3HAK 3 [HMESPOGAHUMU 3HAHHAMU npeoMemuoi obaacmi Modice
NOKpawumu  niOMpUMKY HPUUHAMMS  KIHIYHUX DIWEHb mMa aHaui3 MeOudHUx
3anucie.

Knrouogi cnosa: meouunuii ucHOBOK, 6eKMOp O3HAK 3HAHHA NPEOMemHOl
obnacmi, IHMeENeKMYanbHi CUCHeMU OXOPOHU 300p08's, WMYUHUL IHMeNeKm,
2n1uboKe HaBUAHHs.

Over the past decade, MLI has gained significant relevance in the fields
of artificial intelligence (Al) and natural language understanding (NLU). In
particular, NLI includes such a subtask as identifying the links between
conclusions, such as a consequence or contradiction between a given
premise and a hypothesis [1]. NLI is critical for numerous applications,
including machine reading comprehension, dialogue systems, and
information retrieval. Although substantial progress has been made in
domains like fiction and travel, the medical field remains relatively
underexplored [2]. The introduction of MedNLI [3], an expert-annotated
dataset for clinical NLI, marks a significant advancement in bridging the
gap between general NLI and its application in the medical field. MedNLI
allows for the evaluation and refinement of sentence and word embedding
methods specifically designed for medical texts. However, the complex
nature of medical texts, which frequently contain jargon, abbreviations, and
context-dependent meanings, presents substantial challenges for inference
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modeling. Despite recent advancements in this filed, the full potential of
clinical domain knowledge features remains untapped [4].

In this study, we aim to enhance medical NLI based on the domain
knowledge embeddings and sentiment analysis extracted from the Unified
Medical Language System (UMLS). We also suggest integrating sentiment
information for medical concepts using MetaMap [5], a tool that links
biomedical text to UMLS concepts, to enhance the model's performance.
Our work introduces the following scientific contributions:

* An enhanced approach to combine contextual word embeddings
with domain-specific embeddings, integrating domain knowledge through
domain knowledge embeddings applied to UMLS to enhance the
performance of base NLI architectures (Fig. 1).

* An enhanced technique for obtaining sentimental information
associated with medical concepts from UMLS, demonstrating that careful
utilization of domain knowledge can yield promising results in medical NLI
tasks.

For embedding the Domain knowledge, we employed an enhanced
version of the MultE model. We hypothesize that a context-aware and
regularized Multe model can surpass other domain knowledge embedding
models.

Input Data: Step 1. Data Preparation
Premise-hypothesis pairs 1.1. Tokenization.
derived from clinical notes. 1.2. MetaMap Processing.
I
Step 2. Embedding Generation Step 3. Embedding
2.1 BioELMo Embeddings” |- -- .- Concatenation
2.2. Domain Knowledge. Combine the BioELMo
Embeddings. embeddings, MultE embeddings,
2.3. Sentiment Integration. and sentiment vectors.
I
Step 4. Deep Learning Output Data:
“4.17Sentence Encoding. |, Classification of each |
4.2. Attention Mechanism. premise-hypothesis pair as
4.3. Second BILSTM Layer. entailment, contradiction,
4.4. SoftMax Classification. or neutral.

Figure 1. The diagram illustrates the proposed approach for classifying premise-
hypothesis pairs derived from clinical notes, detailing the steps from data
preparation and embedding generation to deep learning output and final

classification.
MultE represents entities (nodes) and relationships (edges) as vectors,
using non-linear transformations and matrix dot products to evaluate the
compatibility between head 4 (hypothesis) and tail t (entities) connected by
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a relationship r. The improved formalization of MultE embeddings is
presented as follows:

ol - =ReLUMW,r +b ) ReLUW,h+h, ) -ReLUWt+b), (1)

b

Wr, W, t are bias

W, are weight matrices and br, b, , and

where , and
terms.

Formula (1) introduces non-linear transformations to capture more
complex interactions. Overall, the contributions of our study are twofold.
First, we introduce an enhanced approach to combine contextual word
embeddings with domain-specific domain knowledge embeddings,
significantly improving the performance of state-of-the-art NLI models.
Second, we integrate sentiment analysis into the model, enhancing its ability
to understand and process nuanced medical texts. These advancements are
aimed to enhance the accuracy of medical NLI and contribute to the broader
field of NLI by demonstrating the effectiveness of integrating structured

domain knowledge and sentiment analysis.
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Abstract.. The article is devoted to the realization of a sophisticated data mining
pipeline, which was designed for restoring the high-quality images from the blurred
frames. The developed data mining pipeline leverages the modern informational
technologies for the horizontal and vertical scalability. The core methodology
integrates the following mathematical methods and algorithms: an inverse median
filtration method for the noise reduction and the Lucy-Richardson algorithm for
deblurring. The inverse median filtration effectively reduces impulsive noise while
preserving edges, and the Lucy-Richardson algorithm iteratively refines the image
by correcting for blurring effects encoded in the point spread function. The proposed
system's architecture of the processing pipeline for automated data mining of the
single astronomical objects from blurred CCD frames utilizes the following modern
technologies: Python programming language, Redis, FastAPI, React, Docker, and
Caddy to ensure high performance, scalability, and ease of deployment. The
proposed pipeline addresses the unique challenges of astronomical image processing,
offering a robust solution for automated data mining of single astronomical objects.
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The combination of effective noise reduction and deblurring techniques, along with a
scalable and high-performance system architecture, provides a comprehensive
solution to the challenges faced in processing astronomical images.

Keywords: data mining, automated pipeline, blurred image, inverse median
filter, noise reduction, Lucy-Richardson deconvolution, image processing.

Anomauia.  Cmammsa  npuceauena  peanizayii  CKIAOHO20 — KOHEeEpPA
iHMeNeKmyanpHo20 aHaNi3y Oauux, AKul 0y8 po3poOieHull O0as GiOHOBNIEHHS
BUCOKOAKICHUX ~ 300padxceHb i3  posmumux Kaopie. Po3pobnenutl  KOHeep
IHMENEeKMYAIbHO20 AHANIZY OAHUX SUKOPUCTIOBYE CYUACHI IHOPMAYIHI MEXHON02IT
01 20pU30HMANLHOT ma eepmukanvbroi macumabosanocmi. OCHOBHA MeMOO0A02is
00°€0nye HACMYNHI MAmMeMamuyHi Memoou ma aieopummu: Memoo 360pOMHOL
MedianHoi pinempayii ons smenwenHs wymy ma aneopumm Jhoci-Pivapocona ons
3MeHUueHHa po3mumms. 38opomua MmedianHa Qintempayis epeKmueHo 3MeHuLye
iMnynvcugHull wym, 36epiearouu Kpai, a areopumm Jloci-Piuapocona imepamugHo
NOKpAWye 300paxceHHs, KOpueyrouu egpexkmu posmumms, 3aK0008aHi y QyHKYii
PO3Nn00IiNYy MO4OK. 3anponoHo8aHa CUCMEMHA apXimeKkmypa KoHeeepa oopobKu 0is
aA8MOMaMu308aHO20 AHANIZY OAHUX OKPEMUX ACMPOHOMIYHUX 00 €EKMI6 i3 POZMUINUX
rkaopie CCD sukopucmogye maki cyuachi mexnonozii: mosa npozpamyeants Python,
Redis, FastAPI, React, Docker i Caddy onsa 3abe3neuennss 6ucoxoi npooykmusHoCmi,
Mmacwmabosanocmi  ma npoOCMOmMu. PO3COPMAHHA. 3anpoONnoHO8AHUNl KOHBEEP
BUPIWLYE VHIKATbHI NpoOiemu 0OpOOKU ACMPOHOMIYHUX 300pAdCeHb, NPONOHYIOYU
Haoitine pilweHHs 018 a8MOMAMU308aHO20 AHANIZY OAHUX OKPEMUX ACHPOHOMIYHUX
00 ’exkmis. [lo€OHaHHA e@eKmMUHUX Memoois UYMO3ASAYUEHHs mad UOANeHHs
posmumms, a MaxKoxdc Macuimabosana ma 6UCOKONPOOYKMUBHA apXimeKmypa
cucmemu 3abe3neyyionv KOMNJIeKCHe GUPIEeHHs. NPoOIeM, WO BUHUKAIOMb IO Yac
00pOOKU ACPOHOMIYHUX 300PAICEHD.

Knrouosi cnosa: inmenexmyanvHuil ananiz 0anux, agmomamus08anuil KOHEeep,
posmume  300padicenHs, 360POMHUL  MeOIaHHUL  Qinbmp,  WYMO3a2HyUeHHs,
dexonsonoyis Jloci-Pivapocona, 0bpobra 306padicens.

Astronomical imaging has significantly advanced our understanding of
the universe. However, capturing high-resolution images of celestial objects
presents various challenges, one of the most prominent being image blur.
This blur can obscure critical details necessary for astronomical research [1],
thus necessitating sophisticated deblurring techniques.

Astronomical image blur primarily results from atmospheric turbulence,
where heterogeneities in atmospheric density and temperature cause
differential refraction of celestial light, leading to distortions and the
twinkling effect observed in stars. This phenomenon, known as "seeing,"
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significantly impacts the clarity of astronomical observations [2]. Optical
aberrations in telescopes, arising from imperfections in the design or
misalignment of optical components, introduce further degradation.
Aberrations such as spherical, chromatic, and astigmatic distortions
compromise image fidelity, even in high-quality telescopes.

This paper presents a sophisticated data mining pipeline designed for the
automated restoration and analysis of the single astronomical objects from
the blurred CCD frames. The research was conducted in scope of the
CoLiTec (Collection Light Technology) project [3].

The pipeline incorporates advanced methodologies, specifically the
median filter and the Lucy-Richardson algorithm, to effectively mitigate
noise and deblur images, thereby enhancing the quality of astronomical
observations, which is very important for the photometry tasks.

The median filter is crucial for noise reduction, particularly in mitigating
impulsive noise while preserving essential image details and edges. This
pre-processing step is fundamental in preparing images for subsequent
deblurring. The Lucy-Richardson algorithm then iteratively refines the
deblurred images by compensating for the blurring effects characterized by
the PSF. This combination ensures that the images are not only clearer but
also retain critical astronomical details necessary for accurate data analysis

Our pipeline is embedded within a robust information system designed
for high performance and scalability, leveraging contemporary technologies
such as Python, Redis, FastAPI, React, Docker, and Caddy.

This architectural design ensures the system's ability to handle large
volumes of data efficiently, addressing the common requirements in
astronomical research. The effectiveness of the implemented pipeline is
demonstrated through significant improvements in image clarity, as
illustrated in our results section. The developed pipeline can be also used
for the different automated monitoring and visualization systems to track the
astronomical objects [4] in real-time.

By integrating efficient noise reduction and deblurring techniques within
a scalable system architecture and data stream clustering, this work
significantly advances the capabilities of automated data mining [5] in
astronomy. Also, the results of our implementation with a higher quality will
be useful in application of the machine learning methods.
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Abstract. The publication presents an intelligent analysis of data indicating the
causes of the Challenger space shuttle disaster. Data analysis was performed using
a specialized Orange software package. Statistical indicators of failure of the fuel
tank sealing rings, as well as the corresponding air temperature on the day of the
spacecraft launch, were used as initial data. Data analysis using logistic regression
indicates that at a temperature of 36 degrees Celsius there is an 89% chance of O-
ring failure, which indicates a significant risk of defects. Overall, the average
probability of failure for all five rings of the spacecraft was 56%, which confirmed
the conclusions of the investigative commission about the causes of the disaster.

Keywords: Intelligent Analysis, Space Shuttle Challenger, O-Ring, Logistic
Regression, k-means method

Anomauia. Y nyonixayii nooano inmenekmyanbHull aHaiz OaHux, Wo 6Ka3yons
Ha npuyunu Kamacmpogu Kocmiunozo uoenuxa Challenger. Amnaniz Oanux
npoeoouscst 3a 00Nomoz2ol0 cneyianizoéanozo npozpamuozo naxkemy Orange. Ak
BUXIOHI OQHi BUKOPUCMOBYBANUCA CMAMUCIUYHI NOKA3HUKU 6UX00y 3 1ady
VWITbHIOBAILHUX Kileyb NAIUBHO20 OaKa, a makoxc 8i0N08ioHa im memnepamypa
nogimps 6 O0enb 3anycKy KOCMIuHO020 Kopabns. AHAni3 OaHux 3 6UKOPUCMAHHAM
nocicmuunol peepecii nokasye, wo npu memnepamypi 36 epaoycieé Llenvcis icuye
89% timosipricme 6uxo0y 3 1ady Kilbys YWIIbHIO8AUd, WO 2080PUMb NPO 3HAYHUL
DUSUK BUHUKHEHHA Oeghekmis. 3azanom cepeOus UMOGIpHICMb 6uUxX0dy 3 1ady 6Cix
n'amu Kineyv KOCMiuHo20 Kopabna cmawnosuna 56%, wjo niomeepouno 6ucHosKu
Ci040i KoMicii npo npuyuHY Kamacmpogu.

Knwuoei cnosa: Inmenexmyanvhuil aunaniz, xocmiunui woeunux Challenger,
Kilblye yWinbHi08aua, 102icmuyHa pespecis, memoo k-cepeoHix

The method of modeling is the creation of an expert system for
predicting the probability of ring failure at given outside temperatures,
presented before analysis, based on criteria known from additional statistical
data of failures during previous flights. At the initial stage, the system that is
fragmented uses logistic regression algorithms [1, 2]. We begin by adding a
statistics file to the program. The main goal is to predict the probability of
malfunctions, i.e. ring breakage. To achieve this, we will use the variable Y,
which we will define as the target (breakdown prediction). It should be
noted that a value of 0 indicates that the ring has no breaks, while a value of
1 indicates that it is broken. Based on the results of the data analysis, it can
be seen that the first five rows (five rings) show the results of the first
experiment (flight), identifying the ring that was damaged at a temperature
of 53 degrees (three rings). The next five rows presented the results of other
experiments conducted at 57 degrees (1 ring), and so on [3].
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The k-means method is used for data clustering based on an algorithm
for partitioning a vector space into a predetermined number of clusters k.

The algorithm stops when the cluster boundaries and centroid locations
do not stop changing from iteration to iteration, i.e., at each iteration, each
cluster will contain the same set of observations. In practice, the algorithm
usually finds a set of stable clusters in several dozen iterations.

The window for demonstrating result of method is shown in Fig. 1.

Visual analysis of the data shows the highest number of ring failures
(marked 1 in Fig. 1) at low temperatures, i.e. below 54 degrees Fahrenheit
(12 degrees Celsius). Thus, it can be concluded that low air temperatures
significantly affected the elasticity of the fuel tank rings.

The performed analysis of the use of regression modeling to predict the
probability of failure of the space shuttle Challenger sealing rings
emphasizes the high efficiency of this method for predicting potential
emergency situations. During the research, tools such as Data Table,
Distributions, Logistic Regression, and Test and Score were used, which
allowed to systematically analyze the provided data.
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Figure 1. The result of the data classifier analysis method

The application of regression analysis in aerospace programs can serve
as an important tool for reducing risks, increasing the level of safety of
space missions, and contributing to the development of national and
international space initiatives [4, 5].
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Abstract. The article is devoted to the realization of the data mining approach
related to the primary orbits and discovery of the new Solar System objects. The
developed algorithm is implemented as a processing pipeline that includes a
combination of the CoLiTec software and created tool with encapsulation of the
Viisdld method. The created processing pipeline for data mining of the primary
orbits and discovery of the new Solar System objects using the CoLiTec software and
classical Viisdld method is practically verified. Using it a few new asteroids are first
reported and a few lost small bodies of the Solar System are found in the Kyiv comet
station and the Odesa - Mayaky observatory.

Keywords: data mining, processing pipeline, Viisdld method, CoLiTec software,
image processing.

Anomauin. Cmamms npucesuena peanizayii nioxody I[HMENeKMYaibHO20
aHanizy OaHux, NOG'sA3aH020 3 NEPEUHHUMU OpOimamu ma GIOKPUMMAM HOBUX
00'exkmig Conaunoi cucmemu. Pospobnenutl ancopumm peanizo8aHo AK KOHBEED
00pobKuU, AKULL 6KIIOYAE 6 cebe KOMOIHayilo npozpamtozo 3abesneuenns CoLiTec i
CMBOpeHo20  IHcmpymenmy 3 IHKancyriayieto memoody Vdisdld. Ilpaxmuuno
nepegipeno cmeopeHull KOHeeep 0OpOOKU OaHux NepeuHHux opbim i iOKpumms
Ho6ux 06’ckmie COHAUHOI cucmemu 3a OONOMO20I0 NPOSPAMHO20 3aOe3nedeHHs.
ColLiTec i knacuunoco memody Bsicans. 3  iloco donomozow  énepuie
NOBIOOMASEMbCS NPO KLIbKA HOBUX ACmepoidie | 3HAUOEHO KIIbKA 8MPa4eHUx Maaux
min Consunoi cucmemu Ha Kuigcokitl komemuiu cmanyii ma ¢ obcepeamopii Odeca
— Masxu.

Knwuoei cnosa: ananiz danux, kougeep 0opooku, memoo Bsiicsana, npoepamue
sabesneyennsn CoLiTec, 06pobka 306padicen.

The asteroid-comet hazard is a big potential problem in the XXI century.
It leads to the developing astronomical scientific direction like a machine
vision [1]. A common goal of all scientific and technological algorithms is
to automate as much as available processes without any human actions. In
general cases it can be done by the different astronomical scientific
processing pipelines. In these pipelines the various data mining [2] and
knowledge discovery in databases (KDD) tasks are used for speeding up and
optimizing the astronomical data processing.

The literature review showed the benefits and disadvantages of the
existing methods and algorithms. So, we made a decision to improve such
algorithms for the better accuracy and quality of detection of the new or lost
Solar System objects (SSOs).

The first step of the developed computational algorithm is to perform the
observations and the standard data reduction. It was performed in scope of
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the common mathematical methods for the astronomical image processing
and numeric analysis implemented in the CoLiTec software [3]. It contains
the inverse median filter, astronomical calibration with usage of the master-
frames, typical shape formation, detection of the astronomical objects and
its trajectories in series of frames and others features.

After that the especial parameters of the object’s orbit (right ascension
and declination) are calculated at the certain time. When we receive at least
two observations of the same object under study at different moments, the
classic Viisild algorithm can be applied. For this, the primary orbit from the
two nearest observations is calculated.

Then the geocentric rectangular coordinates and the appropriate
geocentric velocity components are computed. This give us an opportunity
for determining the Keplerian elements of orbit of the investigated object at
any time we are interested in.

At the same time the developed algorithm can improve the conditional
expectation of the correct discovery of the real SSOs. The Viisild algorithm
is a very useful algorithm when used in the different situations. Its
importance becomes noticeable with the particularly short observation arcs,
which are insufficient to confirm an exact orbit and predict a position of the
investigated small astronomical SSOs during the next week.

The created algorithm is implemented as a processing pipeline that
contains a cooperation between the CoLiTec software pipeline and a special
implemented plugin based on the general Viiséld algorithm [4]. Such a
plugin is realized as a console application based on the programming
language Delphi.

With help of the developed processing pipeline, the several new SSOs
(Main-belt asteroid 2017 AB8 (2014 OD380), Mars-crossing asteroid 2017
QX33, Main-belt asteroid 2017 RV12) were firstly discovered and some of
the lost SSOs (2012 FN61 = 2010 VVP219, 2017 AB8 = 2014 OD380, 2007
HU101 = 2015 CX48 = 2017 ST39, 2000 WN134 = 2007 XY37 = 2010
RD162 = 2015 DH168 = 2017 TS7) were found again during the
astronomical observations at the Kyiv comet station and the Odesa-Mayaky
observatory [5].
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INDOOR SPATIAL COGNITION OF THE HEARING/VISUALLY
IMPAIRED: PENTEST-INSPIRED WIFI HEATMAP ON ANDROID
PLATFORM
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MNPOCTOPOBE INI3BHAHHA B TIPUMIIIEHHAX JIFOJ5IMUA 3
MNOBAKIEHHAMMU CJIYXY/30PY: TEIIVIOBA KAPTA WIFI HA
IVIAT®OPMI ANDROID 3A HEHTECTOM

Ph.D. JI.3y6os", Dr.Sci. A.Kynin’, H.Illaiixy11ae8°
13 VYuieepcumem LJenmpanvnoi Azii, Kupeuszeka Pecnybnika,
2Kpueopi3b;<u12 HayionanvHull ynieepcumem, Ykpaina
Abstract. The main advantage of the developed assistive system is that no
additional equipment is required to be installed since up-to-date Android
smartphones can scan WiFi networks and identify BSSIDs employing passive
reconnaissance techniques (a Java Android class WifiManager in this project).
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Keywords: developed assistive, WiFi networks

Anomauia. Ocnogna nepegaea po3podieHOi 0ONOMINCHOI cucmemu Nosieae 8
MoMmy, Wo He NOMpIOHO 8CMAHOBIIV8AMU 000AMK08e 00IAOHAHHS, OCKIIbKU CYYACHT
Android-cuapmeponu  mosxcymo  crxanyeamu mepexci WiFi ma idenmughiysamu
BSSID 3a odonomoezoro nacusnux memodie possioku (WifiManager knacy Java
Android y ypomy npoexmi).

Knrwuoei cnosa: pospobneni donomisxchi mepedici, mepeci WikFi

The World Health Organization reported that over 2.2 billion and 430
million people worldwide have vision impairment and disabling hearing
loss, respectively [1,2]. Nowadays, indoor spatial cognition remains
challenging for the hearing and visually impaired (HVI) because traditional
solutions like guide dogs, white canes, and outdoor global navigation
systems, such as BDS WeChat and Google Maps, are not functional inside
unfamiliar spaces. This study addresses an important social problem of the
indoor spatial cognition of HVIs. Passive reconnaissance with a WiFi
heatmap as the main outcome is the distinctive feature and advantage of the
proposed approach inspired by the pentest ethical hacking methods. Two
Java Android applications have been developed: one for the reconnaissance
of the local area network and another for the HVI localization indoors. The
academic building of the University of Central Asia (Naryn campus, Kyrgyz
Republic) has been used as an experimental testbed. The final product is an
Android .apk file, which can be shared via Google Play Store, university
website, and/or direct copying. It is designed to run on approximately 81 %
of Android devices as of June 2024. The project’s contribution jointly
includes the following:

1. Affordability: the software was developed in the Android Studio
4.0 [3] free of charge, and it is planned to be shared without any cost.

2. User-friendly interface: textual and photo information is shown to
the hearing impaired, and the audio is played to the visually impaired.

3. No additional equipment is required in this project since up-to-date
Android smartphones can scan (using active or passive reconnaissance
techniques) and identify parameters of WiFi networks. The Android
platform is widely used: market share is approximately 71 % worldwide as
of June 2024.

4. Experimental results showed an accuracy of 100 % for indoor
localization at the academic building of the University of Central Asia.
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5. The company’s (University of Central Asia in this study)
assistance: improve positioning as an advanced and innovative organization.

The general architecture of an assistive system for the HV1 indoor spatial
cognition based on the mobile application, the passive reconnaissance, and
the analysis of previous studies is shown in Figure 1. The backend of the
project, i.e., the database with Basic Service Set Identifiers (BSSIDs) and
indoor locations, can be implemented as a part of the mobile application or
using a Backend-as-a-Service app development platform like Google
Firebase with a cloud-hosted NoSQL Realtime Database. In the current
version, the first approach is employed since the network administrator can
change the Media Access Control address of the WiFi interface to the
required one. The mobile application uses the database and the BSSIDs
inside a building to identify the location and provide the textual/visual/audio
information to HVI.

The main advantage of the developed assistive system is that no
additional equipment is required to be installed since up-to-date Android
smartphones can scan WiFi networks and identify BSSIDs employing
passive reconnaissance techniques (a Java Android class WifiManager in
this project).

Mobile '
applications | End user
H

Backend of E Textual Hearing
the project = ¢ information impaired
BSSIDs + and photos person
Database: Locations ——
- BSSIDs
- LLocations
E ' Visually
ra— 1 Audio impaired
i information person
.
T Bssips
Figure 1. General architecture of the assistive system for the HVI indoor spatial
cognition
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MOPIBHSIJIBHA OIITHKA METOIIB KJIACU®IKAILII
CYINYTHHUKOBUX 30bPAKEHDb
Ph.D. B. Kamran, I. Yymu4os, Dr.Sci. B. OaeBcbKkuii,
Dr.Sci. C. Hikynain
Hayionanvnuii mexuiunuil ynisepcumem «/JHinposecvka nonimexwuikay, Ykpaina

Abstract. The efficiency of algorithms for classifying high-resolution optical
satellite images, support vector machines, and neural networks is investigated.
WorldView-3 satellite images were used for the analysis, and the classification
accuracy was assessed using the error matrix. The results showed that support
vector machine and neural network methods provide the highest accuracy for a
given set of satellite images.

Keywords: High resolution optical satellite images, geoinformation systems,
classification.

Anomauia. [ocniodceno egpexmusnicms aneopummis Kiacugikayii onmuynux
CYNYMHUKOBUX 3HIMKI@ 8UCOKOI pO30inbHOi 30amHocmi, 30Kpema mMemooié OnopHUx
6eKmMOpi6 I HeUpOHHUX Mepedc. [N ananizy 6UKOPUCMAHO 3HIMKU CYNYMHUKA
WorldView-3, a mounicme raacugixayii oyiniosaracs 3a 00noMo2010 Mampuyi
NOMUTNOK. Pe3y/1bmamu nokasanu, wo Memoou MawuH ONOPHUX eeKmopie ma
HEUpPOHHUX Mepedic 3abe3neuyiomsb HAusuwly mouHicms Oasi O0AHO20 HAbOpYy
CYRYMHUKOBUX 300PANHCEHD.

Knwuoei cnosa: onmuyni cynymHuxosi 300pajceHHs GUCOKOI pOo30intbHOT
30amuocmi, 2eoinghopmayitini cucmemu, Kiacugixayis.
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In today's world, high-resolution optical satellite images offer detailed
insights into the Earth's surface [1], essential for precise analysis and
informed decision-making [2-4]. The importance of studying classification
methods for these images [5] arises from the growing need for accuracy and
speed in data processing.

Currently, numerous algorithms are available for classifying high-
resolution optical satellite images, making it a significant challenge for
researchers to select the most suitable one for specific tasks. Among the
many criteria for selection, classification accuracy stands out as one of the
most crucial. The following algorithms were analyzed: parallelepiped,
minimum distance, mahalanobis distance, maximum likelihood, spectral
angle mapper, spectral information divergence, binary coding, neural
network, decision tree, random forest, support vector machine, K-nearest
neighbor, and spectral correlation mapper. The experiments utilize high-
resolution satellite images from the WorldView-3 satellite.

Supervised classification uses predefined input or training data to
classify satellite images. This process involves defining the class types for
classification and selecting representative areas, which are color-coded to
indicate the respective classes on the image. The identified classes for the
image are Buildings, Roads, Land plots, Trees, and Pools.

To evaluate classification quality, establish clear metrics and compare
the classified images with reference images. Compare using a confusion
matrix where rows and columns show pixel colors from the classified and
reference images. To determine the best classification method, we compare
the average values along the main diagonal of the confusion matrix across
different methods implemented in various software products, using the
average value of all the major diagonal values calculated as:

N
= _ i=1Ci Q)
TN

where N is the number of classes; i is the variable, i=1...N; ¢; is the accuracy
of the i-th class.

Calculations indicate that the Support Vector Machine (78.53-81.42%)
and Neural Network Classification (81.28%) are the most accurate
algorithms in ENVI. The Support Vector Machine (81.32%) is also the top-
performing classification algorithm in ArcGIS. In contrast, the Maximum
Likelihood algorithm (76.28%) ranks highest among the ERDAS IMAGINE
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algorithms. Neural Network and Support Vector Machine algorithms
performed better than other methods. They accurately classified diverse
features in high-resolution satellite images. These algorithms excelled in
capturing detailed spectral and spatial information, significantly improving
classification accuracy across various classes such as buildings, roads, land
plots, trees, and pools. Average values give a general idea of performance
across all classes. However, the best algorithm may vary for different
classes. It highlights the need to choose algorithms tailored to specific
classification tasks.
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OIITUMIBAIISA BUSHAYEHHA OB’€KTIB IIIJIAXOM
MNOKPAIIEHHS 306PAKEHD JJI51 306PAKEHDb BEE

0. Kyxos, B.I'opoenxo,Dr.Sci. I'. luio
3anopizekuti HayioHanbHull yHisepcumem, Yrkpaina
Abstract. This work investigates the impact of using image enhancement
techniques on the performance of object detection models for bee images. Special
attention is paid to the influence of image enhancement techniques to the object
detection model’s performance on bee images.
Keywords: neural networks, clahe, tensorflow, bee hive, histogram equalization

Anomauia. Y yiti pobomi posensioaemvcs 6nau8 3acodié Ons NOKPAWEHHs
300padicenb Ha pobomy moodeni idenmugixayii 06 ’ekmis y 3a0aui ioenmugikayii
60oicin. Oxkpemy yeazy npudinteHo 6naugy pooomu anecopummie NOKpaweHHs
300padicenb  HA  3INCOBAHUX 300PAJICEHHAX HA pobomy HagueHux Mmooenel
i0enmuixayii 60x#Cin Ha 300PANCEHHI.

Knrouosi cnosa: neiiponni mepexci, clahe, tensorflow, 6ooconunuii eynux,
BUPIBHIOBAHHA 2ICTNOZPAMU.

In recent years, the study of bee populations has become especially
relevant in connection with their role in pollination of crops and ensuring
biodiversity [1]. Neural networks and deep learning, being one of the
technologies in which interest is growing every day, have found practical
applications such as bee monitoring.

One of the problems that arises from the task of monitoring bees using
photo and video feed is the variability of technical means and different
visual data depending on the weather and time of day. Therefore, image
enhancement can be an important pre-processing step for optimizing object
detection algorithms.

This study uses a variety of image enhancement and color normalization
techniques to improve the performance of the SSD MobileNet model from
the Tensorflow 2 Detection Model Zoo open repository [2] in detecting bee
full bodies in images.

To solve the problem, two image normalization methods were
considered in the study: the histogram equalization algorithm [3] and the
adaptive histogram equalization algorithm (CLAHE) [4].

The SSD MobileNet model was trained on a manually annotated dataset
of bee photographs, and a set with varied brightness and contrast was
created on its basis.
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The results of trained model testing on the data set with modified images
of bees are shown in Table 1. To compare the results of the model, the F1
metric was used, which includes both information about the model's
precision and recall.

Table 1. “Corrupt” dataset performance results

Identified, % Fl
Original 83.1% 0.799
Histogram Equalization 79.1% 0.721
CLAHE 78.8% 0.845

The results of this study show that the use of HE and CLAHE algorithms
did not improve the accuracy of the object detection on the baseline image
set. Another important finding is that the use of the CLAHE algorithm can
lead to more stable results under different lighting conditions and variations
in image coloring.
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TIIEPIIAPAMETPHA HACTPOMKA B HABUAHHI
BATATOIIOPOIOBUX HEMPOHIB

Ph.D. B. Kouoscnknii, T.JlicoBchbKka
Vorceopoocvkuil nayionanehuil ynigeepcumem, Yxpaina

Abstract. The modification of the online learning algorithm for multi-valued
multithreshold neurons is proposed in the paper. Conditions are stated and proved
that ensure the finite successful learning. The influence of the algorithm
hyperparameters on the learning process is analyzed on the base of simulation
results. The recommendations are formulated concerning the choice of values of
these hyperparameters, which may significantly reduce the learning time.

Keywords: Multithreshold neural unit, classification, machine learning.

Anomauia. Y cmammi 3anponoHoano Moougikayilo ancopummy OHAAUH-
HasuauHs Oazamo3nHauHux 6aeamonopoeogux Helponie. Cgopmynvosano ma
006€0eHO YyMOSU, Wo 3abe3neuyiomv KiHyege ycniwiHe HaguwanHs. Ha ocHosi
Pe3YIbMamis MOOeN08aHH s NPOAHANI308AHO GNIUE 2INEPNAPAMEMPIE AIOPUMMY HA
npoyec Haguanua. Copmynvoeano pexomenHOayii wo0o ubopy 3HAUEHbL YUX
einepnapamempis, AKi MOIHCYMb 3HAYHO CKOPOMUMU YAC HAGYAHHA.

Knwuoei cnosa: 6acamonopozoéa HelpoHna O00unuys, Kiacugixayis,
MAMUHHE HABYAHHAL.

Multithreshold approach was proposed in the early studies in threshold
logic [1]. This approach was used in [2, 3] in the design of binary and
multiclass classifiers based on of bithreshold neural network (NN).

The current research is devoted to the study of the one kind of
multithreshold neural models—the multi-valued multithreshold neural unit
[4]. These units are suitable for multiclass classification, by slicing real
vector space using tuple of parallel hyperplanes.

The goal of the research is the design of the learning algorithm for such
multithreshold units and the investigation what values of algorithm
hyperparameters would be used in order to speed-up the training process and
improve the capacity of resulting neuron.

Consider a model of multithreshold neuron [4, 5]. It is a computation

w=(W,...,.w,)eR"

unit provided with weight vector and ordered

— k
threshold vector t=(t---t) €R
defined in the following way:

. The unit output is denoted by y and is
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0, if w-x<t,
y=1i if tswex<t,, (j=12..k-1),
k, ift <w-x

where W+ X denotes the inner products of w and the input vector Xx.

The pair (w, t) completely defines the multi-valued multithreshold
neuron and will be used as the short name for “multi-valued multithreshold
neuron with weight vector w and threshold vector t”.

We can use the neural unit describing by above equation as a single
output node of NN classifier in the case when the number of classes is
greater by 1 than the number of thresholds.

Let A be an arbitrary set of patterns in n-dimensional real space. Every
multi-valued k-threshold neuron (w,t) induces the ordered partition

(A" Ay A<) of the set 4, where the set A; contains all elements of the set

A such that G =W-X<t,, (' =0"“’k). Note that two additional pseudo-

thresholds ' =" and Yes =7 were used in the previous equation for
convenience. This partition is called an ordered k-threshold partition of the

set A by strongly k-separable sets Ay A A Notice that the order matters

for such partitions.
Consider the search for a multi-valued k-threshold neuron (w, t) that

performs the desired ordered partition (Ab’Ai""’ AY) of the finite set A.
We can consider the elements of the set A as members of our training set.
Consider the online-version of the learning algorithm for a multi-valued k-
threshold neural unit. The pseudocode of this algorithm is shown below:

ShiftedMultithreshold (Po: A A 1.0, V0, 77,d)
B <—NormalizedSet('°b’ A,...A)

1

9 vV

3 (i, j.err)<«(0,0,1)

4 while 1 <T ang err>0.
5 err <0

6 shuffle B

7 for D inB:
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8 S<Db-v

9 if $>0:

10 continue

11 je—j+1

12 err<—err+1

13 vev+7(j)(d—-os)b
14 l<—i+1

15 W (V.0 V)
t (_(_Vn+1""'_vn+k)
w, t

16
17 return
This algorithm uses preprocessing routine NormalizedSet from [5].

Let us consider theoretical foundation of the above algorithm ensuring
its convergence and even finiteness of the learning process.

Proposition. If finite sets Por Ay A are strongly k-separable,

772(j)

77(1):771(1)+m

i . - . 1.
where P’is a train vector used in jth correction, V™ is the value of sought
vector v after previous correction and

0<7(i)<2, 0=<12,(§) < Nwac» (i) +12(§) =700

where "Imin and mex are arbitrary positive constants, then there exists I
such that after at most r corrections ShiftedMultithreshold yields a multi-va-

lued k-threshold, which produces the partition ('Ab’ A A‘).
The influence of the algorithm hyperparameters on the behavior of the
learning algorithm has been studied during simulation.
The suggestions were stated concerning the preferred values of hyper-
parameters, which provided better performance during experiments on
o=1 v°=(b1+...+bm)/m] where m:‘B‘, constant
learning rate 5, where 1-93<7<2.05,

Despite the fact that quantitative characteristics of the improvement from
are not absolute and may vary, the content and the size of a dataset as well

synthetic datasets:

178



Materials of the XII International Scientific Conference
«Information-Management Systems and Technologies»
23th — 25th September, 2024, Odesa

as other factors, proposed recommendation could be useful for ML projects,
which use NNs employing multi-valued multithreshold neurons.
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MOJIEJIb TEHEPAIIIl TEKCTY B 30BPAKEHHA 3
BUKOPUCTAHHSAM METOAIB MAIIMHHOI'O HABUYAHHA

€.1llepouna, Ph.D. LIIninapesa
Ooeca 1.1. Hayionanvnuii ynieepcumem imeni Meunuxosa

Anomauia. Y pobomi posenadaiomvcs cyuacHi mooeni eenepayii mexcmy 6
300padicenns ma eapianmu mooughixayii modeni DALL-E-2. Oxpemy ysacy
npuodineno mooensm CLIP ma BERT ons 06pobru mexcmosux oanux, a maxoic 0jist
nokpawenns 300pascenns euxopucmani mooeni GFP-GAN, SwinIR, Latent
Diffusion ma EDSR.
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Kniouosi cnosa: mooeni eenepayii mexcmy 6 306pascenns, DALL-E-2, CLIP,
BERT, GFP-GAN, SwinIR, Latent Diffusion , EDSR.

Abstract. This work examines modern models of text-to-image generation and
modifications of the DALL-E-2 model. Special attention is paid to CLIP and BERT
models for text data processing, as well as GFP-GAN, SwinIR, Latent Diffusion and
EDSR models are used to improve the image.

Keywords: text-to-image generation model, DALL-E-2, CLIP, BERT, GFP-GAN,
SwinIR, Latent Diffusion , EDSR.

FeHepaHiﬂ 306pa)KeHB 3a OIMMCOM AKTUBHO BHUKOPHCTOBYETHCA XYyIOKHHUKaMH,
IU3aiiHepaMy, MapKeTOJIOTaMHU Ta 1HIIMMH MUTILSAMH IJIs1 €KCICPUMEHTIB Yy
CBOiX po00Tax 3aBISKH JOCSITHEHHSIM y T'aly3i 00pOOKH MPUPOAHOI MOBH Ta
KOMIT'FOTEPHOTO 30py. 3a JOMOMOTIOI0 TeHepawili TEeKCTy B 300pa)KeHHS
CTBODIOIOTh CHHTETHYHI [aTaceTd JUIl MAIIMHHOTO HaB4yaHHSI B cdepi
KOMIT'FOTEPHOTO  30py, 10 3HAa4HO TOKpamye poOoTry Oinbuiocti
ITOPUTMIB, TIOB’3aHUX 3 00poOKOr0 300pakens [1]. Hapasi icHytoTb pi3Hi
METOJHU, MOJeNli Ta apXiTeKTYpH, SIKi HEMOraHO BHKOHYIOTH IIOCTaBJICHI
3amaui. Cepen Takux mojeneit Bapro Bim3naumtu DALL-E-2, DALL-E-3,
Midjourney, Stable Diffusion ta Imagen. Icuyrouu pimieHHs MaroOTh Taxi
npoOieMH:  HEJOCTaTHS SKICTh 3TeHEPOBAHMX 300pakeHb; IOBUIbHA
IIBUIKICTh TeHepamii 300paxeHb [2]. Meror poOOTH € MiIBUIICHHS
e(pEeKTHBHOCTI TeHepalii 300pakeHb 3a ONHCOM INIIAXOM MOAU(IKaIil
Mozeni reHeparii 300pakedp DALL-E-2. Tlin epexTUBHICTIO po3yMieThCs
MTOKpAIIeHH SKOCTI Ta IIBUAKOCTI BUKOHAHHS AalTOPUTMIB TeHeparii
300paxenuss DALL-E-2 ckmamaerscs 3 tpwox uactun: CLIP, Diffusion
Prior, Decoder [3]. ¥V poGoTi 3ampomoHOBaHi HACTYMHI MPOMO3HIIi
Moaudikalii Moaesi reHepaitii 300pakeHb 3a OTHCOM.

1) Moaudikariist 06poOKH BXiIHUX JaHUX Mojeni Prior.

Prior otpumye Ha BXill TEKCTOBI TOKEHH, 3reHEPOBAHUMH 3a JIOTIOMOTOI0
CLIP Tokenizatopa, siki mOTiM TpaHc(opMye BiIIOBIAHO O HaJalITyBaHb
Mozem. Jma momumdikamii oOpoOKM TEKCTOBMX MJaHUX 3aIpPOIIOHOBAHO
BUKOpHCTOBYBaTH Mojenb BERT, ska Tex ciuyrye s ¢opMyBaHHS
TEeKCTOBUX TOKeHiB. OmHak, Prior moxxe He 3p0O3yMiTH KOHTEKCT AESKHX
TOKeHiB, ockinbku cioBHUkKH y BERT Tta CLIP BinmpisusioTees, ane ue
MOXJIMBICTB 3MillyBaTH oTpuMaHi koxyBaHHusa 3 BERT Ta CLIP.

2) Mopaudikarist 06pobku BxigHUX ganux Mozaeri Decoder.

Jexonep oTpUMye Ha BXil KOAyBaHHS 300paxkeHHs 3 Prior ta tekctosi
komyBauus CLIP i3 wmackorwo s redepamii. Takox  MOXHA
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BukopuctoByBatd BERT s 3aminm TekcroBux komyBanb CLIP a6o mis
3MillIyBaHHsI TEKCTOBHX KOAyBaHb a00 KOAyBaHb 300paxkensb st Decoder.

3)  TexHoOrist HOKpAIICHHS 3reHEPOBAHOTO 300paKEeHHSI.

3reHepoBaHi 300pa)KeHHS MAalOTh PO3MIpHICTh 64x64 mikcemiB Ta
3a3BUYail MICTATH [JOBOJI OaraTo IIyMiB, PO3MHTTS Ta CIIOTBOPEHUX
neraneir. ToMy 300pakKeHHs CIiJ| JOJATKOBO OOpPOOWMTH JJisi BUAAJICHHS
nedekxrtiB Ta 30UMBIMICHAS AMCKpere3amii. g 1boro BHKOPHCTaHI MOJENI:
GFP-GAN, SwinIR, Latent Diffusion, EDSR. Po3po6nena apxitekrypa
cucreMu Mae ctpykrypy DALL-E-2 o sixoi mogaroTbest OIOKHM 3MINTyBaHHS
KOJYBaHb, a TAKOX JIAHLIOT MOKpAIICHHS 300pa)KeHHs, sSKi MOXYTb OyTH
3aCTOCOBaHI OIHA 3a OXHOI, abo BHUOIPKOBO B paMKaX BH3HAYCHOI
mocyigoBHOCTI (puc.1).

Texcroai
Ve | CLpBERT Seim
e I_Jc;ym KORyEaHHA
| [ i L
v — -
H Foipaxems
Z8 BERTICLP e
us
@s & | Sotpmumen| Z
;% Toxesat 3 - é % E§ ¢
2% cupseRT g {8 1 i3 .a
. g : i d
Mogyns
MUyEER Nogauess
e 1 KOfyBaHs Nlpanesn Noxpaugsse
wofpawsn
Kogyeass  J06paxesn Sz "“-:ﬁ"""

300pgwenHn
CLIPBERT

Pucynox 1. Apximexmypa cucmemu
B po6ori npoBesieHi TecTyBaHHS 3reHEPOBaHUX 300paXkeHb 3a OIUCOM 32
METPHUKAMH, SKi IPeCTaBJCHI B Tabuiii 1.
Ta6auns 1. Pe3ynbratu TecTyBaHHs 300paKeHb 38 METPHKAMHU

Kondiryparis CLIP Score Inception Yac reneparii
Score (cex.)

Komysanns 306paxens 3 CLIP + 22.78 1.003 229

TekcToBi kKoxyBaHHs 3 CLIP

Komysanus 300paxens 3 BERT + 22.95 1.001 227

TekcToBi KoayBaHHs 3 BERT

Konysanus 306paxkens 3 BERT + 22.92 1.003 227

TeKcToBi KosyBaHHs 3 CLIP

Konysanus 306paxens 3 CLIP + 22.84 1.000 230
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TeKkcToBi KoxyBaHHS 3 BERT

Konysannst 306paxens 3 CLIP + 22.83 1.000 237
3Mimani TeKCTOBI KOyBaHHS

3a pesynapraTamMH TecTyBaHb BusBIeHO, mo BERT wmoxe Oyru
BUKOPHCTAHUI [l BHECEHHS PI3HOMAHITTS 10 300paxkeHHs, ane 6e3 CLIP B
HBOTO HEMAa€ IIAHCIB 3reHEPYBATH NpaBHJIBHE 300pa)KEHHsS 3a OIMMCOM.
Onnak, BERT € nmoreHuiiiHo nprBaOIMBOI0 MOAECIIIIO I TeHEepallii TEKCTY
B 300pakeHHs, aje Mg IhOTO NOTPiOHO TMEepeHaBUYUTH abo TOHKO
HanamryBata DALL-E-2 mix po6oty i3 BERT.

Takox BHSBHIOCH, IO KOMOIHOBaHHWI JaHIFOXKOK 300pakeHr GFP-
GAN, SwinIR, Latent Diffusion, EDSR moxe kapAHHAIbHO MOKPAIUTH
300pakeHHS 1 € BKpail HEOOXiTHUM B TAKUX MOJIEIIAIX.
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MNOYK APXITEKTYPH MEPEXKI LAMA IUISI BIATBOPEHHS
30BPA’KEHb
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Abstract. LaMa network-based neural architecture search is applied to improve
image inpainting performance using wavelet transform. The selection of the spectral
transform network unit, the performance evaluation strategy of the neural network
architecture, and the software implementing the neural architecture search for
image inpainting, developed on the basis of the LaMa network, are considered. The
dependence of the quality of the generation of details and edges of image objects on
the properties of the image texture, which can be described by texture descriptors,
has been revealed and reseached.

Keywords: image inpainting, neural architecture search, wavelet transform,
LaMa network

Anomauia. 3acmocosano nowtyk HeupoHHOI apxXimekmypu HA OCHOSI MepediCi
LaMa ons noxpawenns npooykmugHocmi 6i0meopenHs 300pajicetb 3a 00NOMO2010
6etignem-nepemeopenHsi. Posenanymo  obpammsi ~ OIOKY — CHeKMpPANbHO2O
nepemeopents  Mepedici, cmpameeii  OYiHKU — HPOOYKMUSHOCMI  apXimeKmypu
HeUPOHHOI Mepedci ma npocpamue 3a0e3NeYeHHs, Wo peanizye NOuwyK HEUpOHHOT
apximekmypu 015 6i0MBOPeHHs 300padcenb, po3pOONEHO20 HA OCHOBI Mepeci
LaMa. Buseneno ma 00CniodceHo 3anedicHicmey akocmi eenepayii demaneii i Kpaig
00°exkmis 300padicenns Gi0 81ACMUBOCEl MEKCMYPU 300PAdXCeHHs, AKI MOXCHA
onucamu mexCmypHumMu 0ecKpunmopamu.

Knrwuoei cnosa: giomeopenns 300pasicenb, NOUYK HEUpOHHOI apXimexkmypu,
getignem-nepemsopenns, mepedica LaMa

Recently, a lot of attention has been paid to various methods of image
processing [1]. This is due to the development of robotics, artificial
intelligence and image processing software packages.

The report examines examples of these methods, their advantages and
disadvantages, and their classification.

The report shows that the search for neural architecture allows designing
an effective LaMa network architecture with the lowest losses on the
training set of images [2]. The formulation of the task of finding such an
architecture is given in the report.
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The paper analyzes the architecture of deep learning convolutional
neural network (CNN). At the same time, the following approaches are
considered. The first approach is the embedding of wavelets into CNN
layers [3], the advantage of which is to increase the performance of object
recognition.

The second approach consists in alternating wavelet transform levels
with CNN layers [3], which allows to achieve greater accuracy than existing
CNNs in the tasks of classifying textures and image annotations, while
having significantly fewer parameters [3].

The third approach is a CNN with wavelet domain inputs [4], which also
increases the accuracy of image classification.

As a result of the analysis, it is shown that the use of CNN with wavelet
domain inputs and the alternation of wavelet transform levels with CNN
layers is the most rational for forming the search space of neural
architecture. In order to increase the performance of the LaMa network, a
method of searching for a neural architecture for inpainting images is
proposed, consisting of eight stages, which is discussed in detail in the
report.

The report also considers conducting a computer experiment, the LaMa
network architecture search software for which was developed by the
authors. Several key libraries were used to implement LaMa-Wavelet v1-4
on Python, in particular, PyTorch, NumPy, saicinpainting, and others. The
interface of this development is also described in the report.

The report presents the results of the experimental application of the
method of searching for neural architecture. The conducted experiment
presents the results of training the LaMa-Fourier and LaMa-Wavelet v1-4
networks using training and testing sets. In addition, the time of inpainting
the image and the time of the training epoch were estimated. A comparison
is also made with the results obtained earlier [5].

As a result of the analysis of experimental data, it is shown that in the
case of large masks, the LaMa-Fourier network better draws images with
more random intensity, while the LaMa-Wavelet v4 network better at
inpainting images with a large number of halftones and areas with low
intensity variation. If the size of the masks is reduced, the ability of both
networks to reconstruct images with high detail increases.

However, in the case of a narrow mask, both networks better at
inpainting images with areas with low intensity variation.
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Thus, new network architectures based on LaMa were designed, which
differ in the ratio of image inpainting time and the quality of the
reconstructed image. The image inpainting with large masks based on the
LaMa network is improved by using wavelet transform.

Prospects for further research consist in reducing the time calculated due
to the use of fast transform and predicting the efficiency of the LaMa
network depending on the estimated values of image texture descriptors and
formulating recommendations on the LaMa networks applications.
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BUKOPUCTAHHSA PO3IIOAIVIEHUX KOMITI'IOTEPHUX
CUCTEM JJIS BIPTYAJI3ALIL IPOTPAMHO-AITIAPATHUX
3ACOBIB

C. Heponos, Ph.D. T'. ILiiexosa, Ph.D. M. KocrikoBa
Xapriecokutl HayioHanbHULI a8MOMOOINbHO-00POHCHI YHIgepcumem, YKpaina

Abstract.The main requirement for the introduction of the latest technologies is
to ensure the integrity of the software complex, which ensures the performance of
scientific calculations, modeling and processing of experimental data. In this
complex, the computer network of the transport organization is a unified software
and hardware environment in which software modules are executed in parallel:
office applications, Internet software, systems for automating design, modeling and
special software complexes. However, after a more thorough analysis of many
problems that are solved both in the transport organization and in any industry, it is
necessary to make a statement about the large volumes of computer load of the
channels, first of all, connections with the Internet.

Keywords: software complex, computer network

Anomauin. OcHOGHOIO 6UMO20I0 6NPOBAOIICEHHS HOBIMHIX MEXHON02IU €
3abe3neyents YiliCHOCI NPOSPAMHO20 KOMNJEKCY, AKul 3a0e3neuye BUKOHAHHS
HAYKOBUX PO3PAXYHKIB, MOOEN08AHHA MA 0OPOOKY eKCHepUMEeHmMANbHUX Oauux. Y
YbOMY KOMNJIEKCI KOMN TomepHa mepesca mpancnopmHoi opeanizayii aenie codoiw
€0UHe NPOSPAMHO-MeEXHIYHe cepedosuuje, 8 SAKOMY NAPANEIbHO BUKOHYIOMbCA
npoSPAMHL  MOOYIL. O@icHi 000amku, npozcpamue 3abesneyenns Inmepnemy,
cucmemu a8mMoMamu3ayii nPOeKmy8anHsi, MOOEIIO8AHH MA CREYIANbHI NPOSPAMHI
xomnaexcu. OOmak, nicis Oilbwl pemenvbHo20 ananizy 6azamvox npobnem, SKi
BUPIUYIOMbCAL K 6 OpP2aHi3ayii mpancnopmy, mak i 8 0yov-sKil 2any3i, HeoOXiOHO
KOHCmamysamu 8enuxi o0cseu KoMn'tomepHo2o 3a6aHMANCeHHsA KAHANI8, 8 neputy
uepey, 368'a3ky 3 [nmepremon.

Knrouoei cnosa: npocpamnuii komniexc, Komn'romepua mepeica

Historically, in large cities, the computer networks of any stably existing
enterprises, organizations of various profiles were built according to the
financing and improvement of the possibilities of purchasing computer
equipment. The practice of introducing new technologies preceded scientific
and technical substantiation, evaluation of the effectiveness of project
solutions and generalization of the results that were achieved.

Gradually, such networks were transformed from simple computing
complexes to interconnected systems of the corporate level, which have

186



Materials of the XII International Scientific Conference
«Information-Management Systems and Technologies»
23th — 25th September, 2024, Odesa

such computer reserves that provide solutions for current tasks of
conversion and presentation of necessary information to users. Consider the
conceptual rationale for obtaining additional computer resources for the
development of the transport infrastructure of a large city or region due to
access to such computer systems. Any computer resources of organizations
and enterprises that are developing stably have trends in the development of
computer resources. In their computing environment, the ability to
coordinate the use of heterogeneous distributed resources relies on GRID
technologies, as the simplest implementations of Cloud Computing. They
provide opportunities to use various resources: computing, data storage, and
communication. It should be noted that the reliability and performance of
individual systems may be relatively small, but the user of such a distributed
system receives a single reliable and productive platform for computing,
gaining access to databases and knowledge, and can also store his data and
use various communication technologies. The development of the topology
of computer networks practically goes through three levels: Intragrid
(internal GRID) — Extragrid (external GRID that unites several
organizations) — Intergrid (global systems that unite many organizations,
partners, cluster solutions). It is this GRID level that should be responsible
for the development of the transport infrastructure of a large city or region.
Usually, such unification is coordinated by the GRID system, and the
corresponding virtual network allows to technically combine disparate
internal networks and clusters into a single information space, which is
coordinated by a single GRID technology, which is provided to the user in
the form of a single virtual platform. The corresponding topology at the
lower level is a separate computing laboratory in which the user applies the
virtual computer mechanism and has access to Intergrid resources.

A kind of immersion of the automated workplaces of a separate transport
WEB laboratory, the information department of the enterprise into the
computerized space of separate systems existing in the big city, which have
Intergrid resources, allows you to get a significant profit from the use of
additional computer resources involved in this way [1].

In the environment of GRID technologies, from a practical point of
view, the Instant-GRID distribution (http://www.lInstant-grid.org) will be the
most convenient and multifunctional. It is based on the Knoppix system
(Live-CD) and the Globus Toolkit system (middleware that provides the
ability to use GRID technologies). The Instant-grid system has a convenient
user interface, which is based on the use of web browser data presentation
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technologies. This system combines both console-mode applications and
graphical applications. Many Globus Toolkit solutions are implemented in
the distribution, for example: a WS-GRAM component for managing tasks
solved in the system, a GRIDFTP system for file sharing, and a system for
remote access to client machines over a secure channel. The development of
heterogeneous computer resources involves the principle of competition,
which ensures the "survival" of the most effective connections according to
the property of self-organization.

The main requirement for the introduction of the latest technologies is to
ensure the integrity of the software complex, which ensures the performance
of scientific calculations, modeling and processing of experimental data. In
this complex, the computer network of the transport organization is a unified
software and hardware environment in which software modules are executed
in parallel: office applications, Internet software, systems for automating
design, modeling and special software complexes. However, after a more
thorough analysis of many problems that are solved both in the transport
organization and in any industry, it is necessary to make a statement about
the large volumes of computer load of the channels, first of all, connections
with the Internet.
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THOOPMAIIMHO-IHTEJIEKTYAJIBHA CHCTEMA
JIATHOCTHUKMH, OIIIHKU TA TPOI'HO3YBAHHSA TEXHIYHOI'O
CTAHY CKJIAJHUX CUCTEM

A. Buuy:kaHin
Hayionanvnuii ynisepcumem «Odecvka nonimexwikay, Yxpaina

Abstract. The sequence of decision-making, using the proposed I1S system with a
CBR cycle, which takes into account the operations of data processing and
structuring according to precedents within the framework of the functioning of the
developed application software system, has high speed, provides work with
incomplete information, versatility and learning with decision-making support.

Keywords: decision-making, CBR cycle

Anomauia.  Ilocniooénicme — nputinamms — piwenb i3 3ACMOCYEAHHIAM
sanpononosaroi cucmemu IIS 3 yuxnom CBR, wo eépaxosye onepayii 06pobku ma
CMPYKMYPYBAHHA OAHUX 30 NPeYeOeHMAMU 8 PAMKAX QYHKYIOHYBaAHHA pO3DOOIEHOT
cucmemu NPUKIAOHO20 NPOSPAMHOZ0 3A0e3NeUeHHs, MAE GUCOKY WIBUOKICMb,
3abe3neyye pobomy 3 HENOBHOW IHGopMmayiclo, YHI6epCATbHICMb | HABYAHHA 3
NIOMPUMKOIO NPULIHAMMS PilleHb.

Knrwwuoei cnosa: npuiinamms piwens, yuxki CBR

Methods of finding solutions in information intelligent systems (I1S)
based on precedents are an approach based on the use of analogies with
previously solved problems to find and adapt solutions to new situations.
Similar methods include the stages that make up the CBR cycle:

1. Capturing precedents from the library of precedents.

2. Indexing (organization of precedents to find similar cases).

3. Finding the most suitable precedents for a new task.

4. Adaptation (modification of the found precedent to match the current
task).

5. Evaluation and implementation (checking the adapted solution for its
suitability and, if necessary, implementation).

Advantages of the method of reasoning based on precedents:
adaptability; work with incomplete information; versatility; learning The
disadvantage of the method of precedents with a CBR cycle is an increase in
the time of searching for the nearest precedents.

Therefore, a comparative analysis of the time of searching for the nearest
precedent was carried out depending on the size of the precedent database,
taking into account data caching when initializing the data structure as an
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associative array collection. The graph showing the time of determining the
technical condition (TC) of a complex system from the number of
precedents is shown in Fig. 1.

The time spent on the closest precedent for 10,000 precedents in the
henna database (DB) was about 370 ms. The first closest precedent out of
5000 precedents was obtained in about 50ms.

With the increase in the number of precedents in the library of
precedents, the time for determining the TC of a complex system increases,
but it does not significantly affect the total time spent on evaluating the TC
of the subsystems of the ship's power plant under study.

Despite such a shortcoming, research has shown the possibilities of
applying the method of reasoning based on CBR precedents and its
appropriate use for decision-making in real operating conditions. The
developed IIS has high speed.
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Figure 1. Time to determine the TC of a complex system depending on the size of the
precedent base

In order to estimate the time spent on the formation of the DB within the
framework of the implementation of the proposed method, a comparison of
the execution time of computing processes was carried out when the system
was started in the following modes: single-threaded; two-flow; four-flow
(Fig. 2). It should be noted the general exponential nature of the dependence
of the time of computational processes of estimations and forecasting of
complex technical systems (CTS) on the number of precedents in the DB.
Thanks to the distributed computing mode, it becomes possible to reduce
time costs by up to 28% when using two data streams isolated from each
other, and up to 42% in the case of dividing the computing load into four
separate data streams. The presented interface of the main form of the
software system with the tab for managing the process of creating
precedents implements the functionality of determining the serviceability of
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the 11S with the CBR cycle and the implementation of the functions
embedded in it.
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Figure 2. Computational processing time from the number of formed precedents

Taking into account partial and complete failures of CTS equipment in
the 11S will allow the decision-maker to make decisions aimed at pre-failure
maintenance of complex systems, and thereby extend the service life of the
systems, which means increasing the efficiency of their operation.

Thus, the development and research of 1S with CBR was carried out,
intended for effective assessment and prediction of TC of complex short-
circuit systems by ensuring the speed of 11S.

The effective functioning of 11S with CBR is based on the use of the
method of reasoning based on precedents.

IIS with CBR consists of: interface module; DB with library of
precedents and database; request formalization module; a module of
recommendations for ensuring the effectiveness of the CTS; CTS structural
scheme libraries; modules of formalization of expert assessments and
formalization of knowledge. Experimental studies of 11S for evaluation and
prediction of TC of complex systems showed that the time spent on the stay
of the nearest precedent with 10,000 precedents in the DB was about 370
ms.

The sequence of decision-making, using the proposed IIS system with a
CBR cycle, which takes into account the operations of data processing and
structuring according to precedents within the framework of the functioning
of the developed application software system, has high speed, provides work
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with incomplete information, versatility and learning with decision-making
support.

Thanks to the distributed computing mode, it becomes possible to reduce
time costs by up to 28% when using two data streams isolated from each
other, and up to 42% in the case of dividing the computing load into four
separate data streams.

UDC 004.71

NEURAL MODEL AND TRAINING METHOD FOR ROBUST AND
RESOURCE-EFFICIENT DATA BLOCK IDENTIFICATION

M BOikO [0000-0003-0950-8399] 1,2 Ph D V MOSka|enkO [0000-0001-6275-9803] 1
! sumy State University, Ukraine
2 The National Anti-corruption Bureau of Ukraine, Ukraine
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HEVMPOHHA MOJIEJIb TA METOJ HABUAHHSI HAJIIMHOI TA
PECYPCHO-E®EKTUBHOI ITIEHTU®IKALIL BJIOKY JAHUX

M. Boiiko™? , Ph.D. B. Mockanenxko®
L Cymewiuii Oepoicasnui ynisepcumem, Yipaina
Hayionanvre anmurxopynyitine 6iopo Yrpainu, Ykpaina

Abstract. One of the digital forensics stages is recovering deleted data from
unallocated space with no file system metadata. This task requires the correct
identification of fragments of a particular file. This paper proposes a method that
improves the accuracy of binary data block identification and saves computational
resources.

Keywords: digital forensics, artificial intelligence, neural network, data block
identification, parameter efficient transfer learning, parallel adapters.

Anomauia. Oonum i3 emanie yugpogoi excnepmusu € 8iOHOGNEHHs BUOATEHUX
Oanux i3 Hepo3noodileHo2o npocmopy be3 memaodanux gaunosoi cucmemu. Lle
3a80aHHA GuMazac npasuIbHoi idenmugpixayii ppacmenmie neenozco ghaiiny. Y ypomy
OOKYMeHmMI NPONOHYEMbCA MeMOo0, KU NOKPAWYE moyHicms ioeHmughikayii 610Kie
O0BIUKOBUX OAHUX | EKOHOMUMb 0OYUCTIOBATbHI PECYPCU.

Knrouogi cnoea: yugposa kpuminanicmuxa, wimyunuil iHmenexkm, HelpoHHA
Mepedica, idenmuikayis ON0KI6 OaHUX, epeKkmusHe HAGUAHHI NAPAMempis,
napanenvHi aoanmepu.
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Convolutional neural networks are often successfully used for
identifying binary data blocks [1]. At the same time, the amount of
information being analyzed grows rapidly. Therefore, in addition to
improving the accuracy of identifying file fragments, saving resources is
essential. To achieve this goal, we propose a parameter-efficient tuning
method for artificial intelligence systems, which consists of the following:

1) Selecting a basic model for identifying data blocks, which is a
function f that classifies n-bytes data blocks B by file type labels T [1]:

fiB-T, (1)
where B € Z355, T € {PDF,DOCX, ...,PNG} Z,s5 = [0,...,255] andn is
typically 512 or 4096 bytes.

2) Adding blocks of parallel adapters [2] and their further training on the
initial training dataset. The proposed parameter-efficient tuning approach
and adapter architecture are shown in Fig. 1.

Frozen Parallel
block adapter

z Az
lz+Az
a b

Figure 1. Proposed parameter-efficient tuning approach (a) and adapter
architecture (b).

In the mentioned earlier figure, x is the input, z and Az are outputs to the
frozen and the adapter block respectively, Ci, is the input channel dimension
of the input, and y is a hyperparameter to adjust the channel compression.
The output x" of the obtained model block is calculated as:

x'"=z+ Az 2

3) Tuning of the adapter parameters using the method of marginal
entropy minimization with one test point [3] to increase the robustness of
the model. We apply the augmentation function on a single test input, obtain
the model’s prediction, calculate the marginal entropy for each output,
calculate the marginal output distribution averaged over augmentations, and
train the model with marginal entropy minimization.
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The loss function can be computed as follows [3]:
10,0 ~ H(Bs( 1)) = D Foy10) loghs(1), ®)

ye¥
where Pa (V1) is the marginal output distribution that can be calculated by
the following formula:

1 B
Porx) = = D Po (IR,

i=1

(4)

where B is the number of augmentations, Xiis an i-th sample from the
augmented data batch.

To summarize, we can say the following. Using parallel adapters allows
to work with a small number of parameters and consequently save on
computational resources. Although the subsequent application of the method
of marginal entropy minimization with one test point tunes a small number
of parameters, it increases the robustness of the final model and improves

the overall accuracy of identifying binary data blocks by about 6-9%.
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AJITOPUTM NOMNEPEJHBOI OBPOGKU 3065PAXKEHD JIJI5
BUSABJIEHHSA TA BIZCTEXKEHHS OB'E€KTIB

Ph.D. H. Boakosa, M. IlIsauar
Ooecvruti HayiOHANLHUL NOTIMeXHIYHUL YHisepcumem, Yxpaina

Abstract. In this paper, an algorithm for image preprocessing is proposed,
including successive filtering and correction operations for the process of tracking
and detection of objects in a video. This algorithm allows to effectively separate
objects (fish) from the background with similar color characteristics. The proposed
algorithm will be used in a system for fish (gobies) behavior observation in an
aquarium based on video data processing.

Keywords: algorithm, image processing, video processing, methods, object
tracking, object detection, image segmentation.

Anomauia. Y yiti pobomi 3anpononogano ancopumm nonepeonvboi 06poOKu
300paicerb, W0 GKIOYAE NOCTIO06HT onepayii inbmpayii ma Kopexyii 01 npoyecy
mpekiney ma oemexyii 06'ekmieé na 6ioeo. Lleil aneopumm 0036019€ epeKmusHo
giookpemniosamu  00'ekmu  (pub) 6i0 QOHY HpPU  CXONHCUX  KONbOPOBUX
Xapaxmepucmukax. 3anponoHoéanutl aneopumm 0Oyoe SUKOPUCHAHO YV CcUCHeM]
mpexiney nogedinku pub (buuxie) 6 akeapiymi Ha 0CHO8I 0OPOOKU 8i0e00AHUX.

Knrouosi cnosa: ancopumm, 06podra 306pasicenis, obpobra eideo, memoou,
mpekine 00 ’cxmis, 0emexmysants 00’ 'exmie, ceeMeHmMayis 300PANCEHH L.

The rapid development of technologies has led to their widespread
introduction into all spheres of human activity, including scientific ones. A
part of it, among other things, is the study of animal behavior. Similar
studies often require long-term observations, which are difficult to carry out
manually, so the demand for automated systems for similar tasks is growing.
As an example, one of such tracking tasks is studying the behavior of mice
and fish [1].

There are a large number of different methods and algorithms for
tracking and detection, however, it is often difficult to apply them
individually for specific tasks. Our research is aimed at solving the task of
tracking the behavior of gobies.

The gobies are placed in an aquarium, a video camera is filming them
from above, and their movements and interactions inside the aquarium are
of interest. Video frames and background images contain noise, lighting
differences, and other defects, which makes image preprocessing an
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important task. To address this issue, an image preprocessing algorithm was
developed in this study.

One of the foundations of the algorithm for gobies behavior observation
and tracking became the background subtraction method [2]. For the pre-
processing of video frames and background images, an algorithm was
proposed, the main stages of which are:

1) Bilateral Filter for noise removal [3];

2) Brightness leveling (by limiting pixel values);

3) Additional use of a median filter for noise removal;

4) Image upscaling to obtain a clearer representation of objects in the
frame [4].

Figure 1 shows the results of the application of the proposed
preprocessing algorithm to an empty image and a video frame.

|
|

\ y /"‘J

N\

c d
Figure 1. Color preprocessing: a — original background image; b — original frame;
¢,d — preprocessed background image and frame
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The next step of the gobies behavior tracking algorithm is object
localization based on image segmentation. As during the tracking process
the gobies can appear too clode to each other, thus the segmentation process
may be required to distinguish them from each other. For this task a
segmentation process called SLIC [5] was applied to the result of
background subtraction (Figure 2). SLIC is an algorithm based on the
superpixel approach. As it can be seen, the gobies were marked separately
fromn the other blobs even with the similar color characteristics. This will
be useful for keeping fish identities from frame to frame.

Figure 2. The SLIC algorithm application

Thus, the algorithm proposed in the work can be recommended for the
tracking of gobies, where high immunity to noise is required. Further
research will be aimed at the increase of the accuracy of segmentation and
acceleration of the speed of image processing.
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Abstract. The task of this study is to evaluate the climatic factors impact on the
detrended values of wheat yield using machine learning techniques. The work uses
an innovative approach, according to which the detrended yield values are divided
into two groups, labeled as “low yield” and “high yield”. In the role of classifiers,
six machine learning models were used, which were fitted to the available data and
demonstrated classification accuracy above 80% on test samples. The support vector
method and the random forest method are the most effective classifiers and provide
85% classification accuracy (on test data).

Keywords: wheat yield, climatic factors, machine learning, classification.

Anomauia. 3asoanuam 0ano2o O00CNIONCEHHA € OYIHKA GNAUBY KIIMAMUYHUX
gaxmopis na xonueanns epooicaiinocmi nuienuyi. Y pobomi 6uKopucmosyemuvcs
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iHHOBAYIIHULL  NiOXIO, 32I0HO 3 AKUM OempeHO08aHi 3HAYEHHS BPOHCAUHOCTI
noOiNAMbC HA 081 2pYNuU, KL NO3HAYEHI K «HU3LKA BPONICAUHICMbY MA «BUCOKA
epooicatinicmoy. Y poni xknacugikamopie 6yno eukopucmano wicmv Mooenei
MAUWIUHHO20 HABUAHHS, SKI NPOOEMOHCMPY8anu moyHicmy Kiacugixayii nonao 80%
Ha mecmosux 3paskax. Moodenb onoprux éexmopie ma mooeib UNAOK08020 Jicy €
Haubinbw  eghexmuenuMU  Kracugikamopamu, AKi 3a0e3neuyiomv  MOYHICMb
Kkaacugixayii na pieni 85%.

Knwuoei cnosa : spooicaiinicmv nwenuyi, KIMamuuui Qaxmopu, MawiuHHe
HaByYauusa, Kiacugixayis.

Grain production is one of the most important branches of the economy
of Ukraine, ensuring the food needs of the population and a stable inflow of
currency. The average annual production of cereals in Ukraine for 2019-
2021 reached the level of 75 million tons (in 2021, a record crop of 84
million tons was harvested in Ukraine), and the average annual export
during this time was 50 million tons [1]. At the same time, it is necessary to
note the significant instability of grain production in Ukraine, associated
with the impact of changing climatic factors. The steppe region of Ukraine
is particularly sensitive to the influence of climatic factors, where frequent
droughts lead to a significant drop in grain yields. From the view point of
the grain crops cultivation, the territory of Ukraine can be divided into
several agro-climatic zones: the steppe region, the black soil zone of the
forest-steppe region, the western region. The main purpose of this study is
the analysis of wheat yield dynamics in the steppe region of Ukraine. Based
on the analysis results, wheat yields was divided into trend and detrended
residuals. The reasons for emergence of the trend are financial (investment)
and technological (innovation) factors. Climatic factors are the main cause
of the detrended yields fluctuations. Statistical climate data and wheat yield
data for the period 2000-2021 for the Kherson, Mykolaiv, Odesa,
Zaporizhzhya, Dnipro and Kirovohrad regions, which are located in the
steppe region of Ukraine, were used for this research. Climatic
characteristics were taken from [2], yield data were gotten from [1].
Average decadal (ten-day) temperature values of April, May, and June and
monthly amounts of precipitation for this period were used to assess the
impact of climate on wheat yield. An analysis of wheat yield dynamics in
the regions of Ukraine over the past 22 years shows that the yield is
increasing [3]. However, the tendency to increase grain yield is
accompanied by significant yield fluctuations, the cause of which is mostly
the weather and climate factors impact. The wheat yield dynamic in the
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Kherson region can serve as an illustration (Figure 1). The magnitude of
deviations from the trend (detrended yield) directly depends on the impact
of climatic factors, the main of which are droughts (2003 and 2012).

To modeling of yield dynamics a linear trend model we used

tr, =a, +ta, 1)

yield, c/ha

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022
Figure 1. Wheat yield dynamics in the Kherson region. The dashed line is a linear
trend. Dotted lines are high and low yield boundaries.

To make an interval forecast of yield, it is necessary to check the

hypothesis about a normal distribution of detrended yield eps
eps, =y, —tn )

To make a decision about investing in a specific project, it is enough to
have an estimate of the future yield in terms of “high yield” — “low yield”.
This approach enables the use of classification methods in yield forecasting.
To the “low yield” group, includes those yield values that with a probability
of p < 0.33 are located on the integral curve of the normal distribution of
detrended yields. The study used six methods to build binary classification
models: linear discriminant analysis (LDA), support vector method with
linear kernel function (SVML), support vector method with radial kernel
function (SVMR), decision tree method (CART), random forest method
(RF), logistic regression method (GLM). Our methodology was as follows:
1. The initial dataset is split into two parts: 75% is designated for
constructing the training sample, and 25% is reserved for the control (test)
sample. 2. The models are trained on the training sample and subsequently
used to classify the control sample. Among the tested machine learning
methods, the random forest method and the support vector method showed
the best accuracy (Table 1).
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Table 1. Quality Criteria of machine learning techniques

Accuracv Sensitivity Sensitivity AUC

LDA 0.789 0.560 0.865 0.70

SVL 0.859 0.680 0.919 0.76

CART 0.778 0.520 0.865 0.69

RF 0.838 0.560 0.932 0.94

GLM 0.839 0.680 0.892 0.74
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Abstract: This paper examines the challenges involved in assessing, ensuring,
and improving the structural survivability of communication networks (CN),
particularly as these networks transition to new and future generations. The authors
introduce new metrics to evaluate the structural survivability of CN, focusing on
both lower and upper bounds. These metrics facilitate the assessment of a CN's
capability to maintain the required quality of service for specific traffic classes and
guide the development of recommendations regarding existing requirements and
constraints on CN's structural survivability. This work enhances the efficiency and
reliability of communication networks.
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Anomauia. Y yiti pobomi po3ensoaromvcs NUmMaHHs OYiHKU, 3a0e3neueHHs ma
niOBUWeHHsL  CIMPYKMYpHOT  arcugyuocmi  komyHikayiunux mepedc (KC), wo
Habysaoms 0co6aUBoil 8adxcaugocmi nio uac nepexody 00 Mepexc HO8020 ma
ManuOymHb020 NOKONiHb. ABMOpU NPONOHYIOMb HOBI NOKASHUKU OAA  OYIHKU
cmpykmypHoi acugyuocmi KC, 30kpema, HUICHIO A 6EPXHIO MediCi CIMPYKMYPHOT
orcugyyocmi. 3anponoHoani nOKasHuKY 00380asoms oyinumu mooxkcaueocmi KC y
3a6e3neueHni HeoOXIOHOT AKOCcmi 0OCIY208Y68AHHS NOMOKIE BION0BIOHO20 KAACY mMda
PO3POOUmMU  peKOMeHOayii w000 ICHYIOUUX 6uMo2 I 00MediceHb, NO06's3aHux 3i
cmpyxkmypnoto dcusyuicmio KC. Lle cnpuse nidsuwennio egpexkmusnocmi pobomu
KOMYHIKQYIIHUX Mepeic | 3a6e3neueHHIo ix HadiliHocmi.

Knwuoei cnosa: xomyHikayiuni mepedxci, cCmpyKmypHa HiCugyuicmv, Mepexci
HOB020 MaA MAlOYMHBLO20 NOKOIIHb.

The evaluation, assurance, and improvement of structural resilience in
communication networks (CN) become particularly critical during the
transition to new and next-generation networks. According to the principles
outlined for ensuring system resilience across various domains [1], the flow-
based approach is identified as the most effective method for ensuring
resilience, offering a means to assess CN's structural resilience [2].
Consequently, in [3], the lower bound of structural resilience (LBSR) is
proposed as a key indicator for evaluating the structural resilience of CN.
The LBSR is defined as the weighted average probability of non-disruption
within a set of admissible network sections, which serve to separate the
admissible paths organized to handle the traffic demands entering the
network.

7Z'I

The probability of non-disruption ““st of the I-th cross section

dd (IZl,L,L7

st e gy The total number of cross sections that
constitute the set of admissible cross sections o) is calculated as the
probability of a parallel connection of branches b,, that constitute the
I
Tt -

section

b, eoly
§ - )
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The probability of non-disruption 7z of all admissible cross sections
add - s - -
oy 1s calculated as the probability of a sequential connection of cross

|
sections st using expression ) [3]:

Ty = H (1- H(l Py))

O—Sl Egsl bxy Ea—sl (2)

It should be noted that in the evaluation of structural resilience, the
interest lies not only in determining the LBSR, which ensures guaranteed
stable functioning of the CN, but also in identifying the maximum possible
value of the structural resilience indicator.

In this work, a new indicator is proposed—the upper bound of structural
resilience (UBSR) of the CN, which characterizes the network's ultimate
capacity to ensure structural resilience. The proposed UBSR is defined as
the weighted average probability of the non-disruption of a set of admissible
network paths organized to service the traffic demands entering the network.

k k
The probability of non-disruption  Pst k-th path #“st emy®® we will
define the probability of non-disruption of all edges f,,, that constitute the

K _

path Hst (k =LK , K — the number of admissible paths between points s

and t, s,t=1n 4 # t, n — the number of nodes in the network). Since the
k

edges f,, of the path Hst are connected sequentially, the probability of

k
non-disruption of the path P can be expressed as follows:

ps = [Py

Byt
R, 3)
where p,, —is the probability of non-disruption of edge .

The probability of non-disruption P of the connection from s to t (the
set of admissible paths my®™) we will define as the probability of non-
disruption of at least one path from the set my% Thus, the indicator Py can
be expressed as the probability of non-disruption in the case of a parallel

k
connection of objects (paths Hst g mgaddy:

- [1 e TT e

llst Emsz Py Eﬂsl ( 4)
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The upper bound of the structural resilience of a communication network
is defined as the weighted average value of all calculated Pg values for the
sets of paths me®®, the weights wg, with which the Py, values are considered
in expression (5), depend on the class of traffic demands ¢ :

n n

UBSR = ; ; PSt.WSt. (5)
Expression (5) for calculating the UBSR (Upper Bound of Structural
Resilience) is used under condition (6):

n n

>

s=1 =1 Wg=1. (6)
If the wg values are not bound by the normalization condition (6), then
the UBSR is calculated according to expression (7):

n
n

UBSR = ( s= tZ:l: Pywg)l (SZ:l: 'Zl: Ws) (7)
The use of structural resilience indicators - LBSR and UBSR- makes it
possible to determine the capabilities of the communication network in
ensuring the necessary quality of service for traffic flows of the
corresponding class. It also aids in developing essential recommendations
regarding the existing requirements and constraints related to the structural
resilience of the communication network and the acceptable quality of
service indicators for individual flows (flow classes).
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INTELLIGENT METHOD OF IDENTIFYING TARGET OBJECTS
OF SUBJECT AREA FOR CLASSIFICATION OF TEXT
INFORMATION

Ph.D. O. Mazurets, R. Vit
Khmelnytskyi National University, Ukraine

Anomauia. Po3pobneno memoo 6usagieHHA Yinbosux 00 ’€kmie npeoMemuoi
obnacmi, AKull BIOPI3HAECMbCA 6I0 ICHYIOUUX YPAXYBAHHAM KIIOYOBUX Cli8 ma
IMEHHUKOBUX CYMHOCmel npeOMemHoi obaacmi, wo O0aio 3mo2y nioguwumu
MOYHICMYb  BUABNTEHHS YIMbosUX 00 ’€kmigé npeomemHoi obracmi  8HACHIOOK
8PAXYBANHS IMEHHUKOBUX CcymHocmeli. Bcmanoeneno, wo 3natideni pospobaenum
Memooom  Yinbosi 06 ’ekmu  npeomMemuux obracmeil  CHPOMOICHI  eheKmueHo
BUKOHY8AMU NOOANLULY 3A0ayy Kiacupikayii.

Knrouosi cnosa: mawunne nasuanns, NLP, yinboei 06’ cxmu.

Abstract. The method for identifying target objects of subject area has been
developed, which differs from the existing ones by taking into account keywords and
noun entities of the subject area, which made it possible to increase the accuracy of
identifying target objects of the subject area due to taking into account noun entities.
It was established that the target objects of the subject areas found by the developed
method are able to effectively perform the further task of classification.

Keywords: machine learning, NLP, target objects.

Metonu BUSBICHHS IUTLOBUX OO’€KTIB y TpeAMeTHIH objacti €
KPUTHYHO BaXUTMBUMH JJIsI €(EKTHBHOTO aHaji3y Ta OOpOOKM BEIHKHX
o6csriB iHpopmanii [1]. ¥V poboti uinboBi 06’€kTH OyoyTh LIYKATHCh Y
TEKCTOBHX JIaHUX, a il TEPMIHOM «IiJIbOBI 00’€KTH» Oy/ie MaTHCh Ha yBa3i
CYKYITHICTh MHOXHHHU KJITIOUOBHX ciiB Ta MHOXHHH NER 3 rpymyBanHSIM
IUITXoM Jemaru3anii [2]. BusiBneHHs nutboBuX 00’ekTiB y cucremMax NLP,
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30KpeMa po3Mi3HaBaHHS IMEHOBaHUX CYTHOCTEHW, Biirpae BaXKIUBY POJIb Y
0araTboX 3aBJaHHSX aHaJi3y TeKCTy Ta 00poOku iHpopmanii. OcHOBHa MeTa
NER nonsrae B inentudikarii i kacudikaii 3HAYyIIIX IEMEHTIB TEKCTY,
TaKuX SK IMEHa JIIOAeH, Ha3BU Oprasizauiii, reorpadiuyHi Ha3BH, JaTH Ta
IHIII CYTHOCTi, sIKI MaloTh cHeuu(iuyHe 3HAYEHHS Ui KOHKPETHOTO
KOHTeKcTy. Lle 3aBnaHHs € KIFOUOBUM IS PAAY NMPAKTUYHUX 3ajad, TAKUX
K iH(GOpMaIiiiHU MONIyK, MAIIMHHWHA Iepekian, o0poOKa MOPUINIHUX
JOKYMCHTIB Ta aHali3 [aHWX Yy CONIaJbHHUX Memia. ABTOMAaTH3allis
BHSIBJICHHS IUTHOBHX OO0’ €KTIB MpPEAMETHOI OOJIACTI CIPHATHME 3HAYHOMY
MiABUICHHIO €(eKTUBHOCTI Ta TOYHOCTI igeHTH(IKAMmii pereBaHTHUX
00’€KTiB y BEMUKUX 00csATax MaHWX. MeTor poOOTH € CTBOPEHHS METOIY
BUSBJIICHHS IIITBOBUX OO0’€KTIB MpeaMeTHOi ob6macti i Kiacugikamii
TEKCTOBOI iH(opManii, SKUH BiAPI3HAETBCA BiJ ICHYIOUMX YpaxyBaHHIM
KJIFOYOBHUX CJIiB Ta IMEHHHKOBHX CYTHOCTEW NMpeAMETHOI 00JacTi, 0 Jajio
3MOI'Y MiJBHIIUTH TOYHICTh BHSIBICHHS I[IIbOBUX OO0’€KTIB IPEAMETHOI
00JacTi BHACIIJOK BpaXyBaHHs IMCHHUKOBUX CYTHOCTEH.

MeTon BHSBICHHA MiTbOBUX O0O0’€KTIB TPEAMETHOI 00macTi s
knacudikamii TekcToBoi iH(popMalii TpPU3HAYEHWH M aBTOMAaTH3aIlil
mporecy ineHTH(}iKamii KIFOYOBUX BHKOPUCTOBYE AITOPUTMH MAIIMHHOTO
HaBYAaHHSA MU AQIaNTHBHOTO PO3IMI3HABAaHHS OO0 €KTiB, BPaxOBYIOUU
crnenudiky mpeaMeTHOi 007acTi, IO TO3BOJSIE 3HAYHO CKOPOTHUTH dac
00pOOKH aHWX 1 3HU3UTH PU3UK YITYIICHHS BaXXKIUBOI iHpOpMAIIii.

BXigHUMU JaHUMH METOXNy € IOCTIKYBaHHI TEKCT Ta MOIEPEIHBO
00poOIieHHIA 30aTaHCOBAHUN KOPIYC TEKCTIB JOCIIIKYyBaHOT MPEeIMETHOT
o0nacri.

IepmM eTanoM € MiArOTOBKA IOCHIHKYBAHOTO TEKCTY Ui aHai3y,
SIKMI BKITIOYA€ B ce0e TOKEHI3alli0, JIEMATH3AIIii0 Ta BUIAJICHHS CTOI-CITIB.

HacTynHuM eTamoM € TONIYK KIYOBHX CJiB PI3HUMH METOIAMH,
takumiu sik TF-IDF, TF, YAKE! ta DE. KoxxHuMm nepepaxoBaHUM METOJI0M
BiZOyBaeThCs (POPMyBaHHS MHOXKMHHU KJIIOYOBHX ciiB. Ha Tperbomy erari
3IIIACHIOETHCS BHUABIICHHS IUTHOBHX 00’€KTiB. CXEMaTHYHO IIE¢ 300pakeHO
Ha puc. l. LlinboBi 00’€KTH € 00’€IHAHOK MHOXXWHOI KJIFOUOBHX CIIB
3HAUJCHUMH DPI3HHMH MeTojamu 0e3 moBTopiB Ta MHOXHHOIO NER, mo
3rPyHOBaHI [UIAXOM JieMaTw3amii. [l JocHiKeHHs eQEeKTHBHOCTI
3aMPOINOHOBAHOTO MiAX0Ay OYyJ0 CTBOPEHO OKpEeMe KOHCOJIbHE IPOrpamMHe
3abesneueHHss MOBOrO Python, sike mepenbayae BUKOPHCTAHHS OTPUMAHOTO
CITUCKY IIJTOBHX OO’€KTIB ISl JOCTiIKYBaHUX TEKCTiB. BiamosimHo,
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3Hal/IeHl 1IboBI 00’€KTH Oyl TNepeBeleHI Y BEKTOPHE IPECTaBIICHHS
po3mipom 1500 (six po3mip crnosHuka) metogoM One-Hot Encoding.

PopMyBaHHA MHOKHHH HiTHOBHX 00’€KTIB =
copmoBana srpynopana MHo:kEHA NER + cmijibHoi
MHOKMHH KJIIOYOBHX CJIiB (0€3 NOBTOPIB)

\
[ ]

QopMYBAHHA CTITHHOT MHOAKHHH
KITFOYOBHX CIiB = MHOAIHA KIOUOBHX
cTiB 3 BHKOpHCTAHHIM TF-IDF + MHOMHHH
KIFOUOBHX CITB 3 BHKOPHCTAHHIM TF +
MHOZKHHH KIIIOUOBHX CIIB METOOM
YAKE! + MHOXIHa KIIOYOBHX CIIB

Kpok 2 METOAOM JHCIIEPCHOI OIHHKH

Kpok 1
Bu3HaYeHHA yCiX IMeHoBaHKUX
cyTHocTew gonucy (napameTp

PERSON)

IpynyBaHHA iAeHTUdIKOBAHUX

iMEHOBaHUX CYTHOCTEN AoNKCY
(napametp PERSON)

Pucynok 1. Eman memoody 015 popmysanus yinbosux 06 'ekmis

Hamani Oyno meperipeHo EBKiiOBI BiICTaHBR MK TEKCTaMH OJHOTO
CIpsSMYBaHHSA, a TaKoOX Oymu oOpaxoBaHi EBKIiIOBI BincTaHi Mik
BEKTOPaMH NPOTHIIC)KHUX KATETOPIM.

Homanemmi gocmikeHHsT OyIyTh CIPSAMOBaHI Ha PO3IMINPEHHS KUTBKOCTI
KaTeropil Ta EKCHEePUMEHTH i3 IHIIMMH METPUKAMH OIiHKK 3HAHIEeHUX
OUTBOBUX O0’€KTIB, y TOPIBHAHHI iX i3 BiJOMHMH BEIHKHMH MOBHHMH
mozensmu, Hakmraar GPT, Gemini tomro.

Omxke, Oy0 po3pOOIEHO METOA BHSIBICHHS IUIHOBHX 00 €KTIB
npeAMeTHOl 00JacTi, SIKMKA BIAPI3HAETBCS B ICHYIOUHMX YpaxyBaHHIM
KITFOUYOBHUX CIiB Ta IMEHHHKOBHX CYTHOCTEHW MpeaMeTHOI1 00JacTi, o Aalio
3MOTY MiJBUIIMTA TOYHICTh BUSBICHHS IUILOBUX 00 €KTIB MpeIMETHOT
00JacTi BHACTIIOK BpaXyBaHHS IMEHHUKOBUX CYTHOCTEI.

BcranoBneHo, 1o 3HaiijeHi po3poOIeHMM METOIOM LIBOBI 00 €KTH
NIPeAMETHUX o00yacTedl CIpOMOXHI €()EeKTHBHO BHKOHYBATH IOJAJIbIIY
3a7a4y Kiacugikarii.

3anponoHOBaHWH METOJA II0Ka3aB, IIO 3HAi/eHI IJIBOBI 00’ €KTH
NpeAMETHUX 00JacTeld CHPOMOXKHI BHKOHYBaTH IOJAibIIy 3agady
knacudikanii, JIeMOHCTpyloud Ha MeTpuli EBKimigoBux  BixcTaHen
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Abstract. The study sought to lower the production costs of basic oxygen furnace
steel by increasing the amount of scrap metal used. This was accomplished by
improving the conversion of CO to CO, during afterburning in the furnace chamber
through optimal model predictive control of the blowing regime parameters. This
system enabled simultaneous control of the blowing intensity and the lance position
while dynamically adjusting the oxygen consumption and CO, content setpoint. The
result was improved control quality and energy savings during the melting process,
driven by the increased afterburn degree during the CO to CO, conversion.

Keywords: prediction model, control, steelmaking.
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Anomauia. Y yiti pobomi Oyn0 00CHIOHCEHO MONCIUBICINb  3HUINCEHHS
cobigapmocmi UPOOHUYMEA KUCHEBO-KOHEEPMEPHOT CMAi 3a PAXYHOK 30LIbUUEHHS
yacmku memanobpyxmy. Lle 6yno docsieHymo 3a paxyHox niO8uueHHs! OKUCHEHHS
CO 00 CO, 6 nopooicHuni KoHeepmepa 3a 00NOMO20I0 ONMUMALLHO20 MOOEIbHO20
NPOZHO3YIOU020 KepyBarHs napamempamu pedxcumy oymms. Lla cucmema dossonuna
00HOYACHO Kepysamu iHMEHCUBHICIIO OYMMA | NOJONCEHHAM Qypmu, OUHAMIUHO
pezynioruu  cnoxcuéanna Kuchio i 3adanuti emicm CQO,. Pesynomamom cmano
NOKpAWjeHHsi AKOCMI KepYyBaHHs Mda €eKOHOMis eHepeopecypcié nid uac niasKu
3a60aKu niosuwenomy cmynerio oonanroeants CO 0o CO,.

Knrouosi cnosa: npoenosyioua mooens, KepysanHs, 6UPOOHUYMBO CIAL.

Steel production is a complex process that requires the use of a
combination of technological, energy, and transport equipment, each
necessitating appropriate automation. Today, the basic oxygen furnace
(BOF) is the most popular steelmaking process in the world and is becoming
increasingly widespread. According to the World Steel Association
Sustainability Indicators 2023 report [1], the global share of BOF was 72%.
Ukrainian metallurgical production is extremely energy-intensive due to the
wear and tear of fixed assets and outdated technological processes. When
steel is produced in BOF, up to 30% of the metal content is scrap. The rest is
liquid pig iron, which is more expensive than scrap and requires blast
furnace production. Therefore, the current problem of the BOF process is to
increase the amount of scrap in the converter steel melt. In today's
metallurgical landscape, the modern basic oxygen furnace process stands as
a pinnacle of technological advancement, boasting automation and an array
of measurement and control devices. Optimal dynamic control of the
blowing mode using predictive models [2] enabled the authors to improve
the metal output with specific substance and temperature, contributing to
enhanced steel quality. However, increasing the metal temperature leads to
overheating of water-cooling structures and reduces the productivity of the
unit. The use of a portion of the generated converter gas as fuel in the
converter cavity for melting scrap metal will increase the scrap content,
resulting in a reduction in the cost of BOF steel. Considering that the gases
exiting the converter consist of approximately 90% CO and <10% CO,,
there is significant potential for increasing the scrap ratio by enhancing the
degree of CO combustion in the converter cavity.

The synthesis of a model predictive controller [3] using a quadratic
functional was conducted, taking into account the constraints of the BOF
blowing regime. The development of the model predictive controller
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includes the following primary components: constructing the predictive
model, defining the functional that describes the control quality, and solving
the optimization problem to determine the optimal control strategy that
minimizes the functional. Block diagram of the developed model predictive
control system are shown in Figure 7. Also, simulation of the transient
processes of a 20-minute blowing mode for BOF with model predictive
control and a combined control system with a PID controller of CO, content.

The transient processes obtained from the automatic control system of
the basic oxygen furnace blowing mode using model predictive control
yielded an Integrated Squared Error (ISE) of 5577 for the oxygen flow rate
loop and 43 for the CO2 content in the converter gases. Additionally, the
maximum dynamic deviation of the CO2 content in the converter gases was
0.95%. The transient processes of the automatic control system for the basic
oxygen furnace blowing regime, using a combination of a PID controller
and model predictive control, resulted in an Integrated Squared Error (ISE)
of 9075 for the oxygen flow rate loop and 1397 for the CO2 content in the
converter gases. Additionally, the maximum dynamic deviation of the CO2
content in the converter gases was 17.5%.
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Figure 1. Block diagrams of the model predictive control system
The implementation of the model predictive controller resulted in
enhancing the control quality for the oxygen flow rate loop by a factor of 1.6
and for the CO2 content regulation loop in the converter gases by a factor of
32.5. Additionally, the maximum dynamic deviation of the CO2 content in
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the converter gases was reduced by 17% compared to the combined control
system. The application of the model predictive control system, focused on
enhancing energy-efficient heat utilization, improves the accuracy and
quality of control.
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Abstract. The developed information tools were used to monitor changes in the
surface area of water bodies in the Lower Dnipro sub-basin affected by the collapse
of the Kakhovka Hydropower Plant dam with an accuracy of up to 96%.

Keywords: surface area of water bodies

Anomauia. Pospobneni ingopmayiiini  3acodbu Oyau  euxopucmawi - 0
MOMIMOpUHZY 3MiH NAOWI NOBepxHi B00HUX 00 'ckmis cybbaceiiny Huocnbozo
Huinpa, axi nocmpascoanu énacnioox ooeany damou Kaxoscvkoi I'EC 3 mounicmio
00 96%.

Knruoesi cnosa: niowa nosepxmi 600Hux 00'ekmie

Surface water is a key resource for domestic, industrial, and agricultural
use and an important component of ecosystem services. According to the
Water Strategy of Ukraine for the period up to 2050, all surface water
bodies are under protection from unfavorable anthropogenic impacts [1].
One of these factors is the Russian-Ukrainian war. The decision-making
process to overcome the catastrophic consequences of military operations
requires a regular time series of data on the water surface changes dynamics.

Open access SAR and optical data from the European Space Agency's
Sentinel-1A and Sentinel-2A satellites were used to map water bodies based
on machine learning methods. The backscattering coefficient ¢° was
calculated from the Sentinel-1A Ground Range Detected (GRD) Synthetic
Aperture Radar (SAR) data in VH and VV polarization at a spatial
resolution of 10 meters. Reflectance was collected from Sentinel-2 spectral
bands most sensitive to the presence of water on the surface: "B02" (blue,
490 nm), "B03" (green, 560 nm), "B04" (red, 665 nm), "B05" (red edge, 705
nm), "B08" (near-infrared, 842 nm) and "B11" (short-wave infrared, 1610
nm) at a spatial resolution of 10 and 20 meters.

Convolutional neural network (CNN) with a logistic activation function,
the Adaptive Moment Estimation (Adam) Optimizer and categorical cross-
entropy loss function was used for data classification [2].

To improve the accuracy of the result, a physical data model was
proposed that divides the input image into blocks, evaluates the
homogeneity of each block, its belonging to the "water" or "ground™ class,
and models feature distribution of corresponding classes (Fig. 1). The model
combines the following operations [3]:

— analysis of standard deviations and mean values of features for
mixed blocks to determine the dominant class;
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— analysis of how the distribution of class features changes for
neighboring blocks around a central block in a sliding window, where the
window size matches the size of the central block. This allows to identify
the most Ilkely class for the central block based on the adjacent context.

Sentinel-1

Image block [T |
Sentinel-2 1 1

Machine o
learning o
model =

Improved water Block Adjacent T
Result - | detection based on -u%_, statistical 4= blocks Lo
adjacent blocks r characteristics v - i

Figure 1. Physical data model in a surface water body mapping system.

Information tools for mapping surface water bodies have been developed
using Python, C# programming languages, and.NET platform. Machine
learning models were implemented using Keras and ML.Net libraries for
binary classification of satellite images based on the proposed physical data
model.

The developed information tools were used to monitor changes in the
surface area of water bodies in the Lower Dnipro sub-basin affected by the
collapse of the Kakhovka Hydropower Plant dam with an accuracy of up to
96%.
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PO3YMHI ITPOMO3ULII 1100 OBPOEKHU POCJIUH TOMATY 3
BUKOPUCTAHHSIM AHAJIITUKA BEJIUKUX JAHUX

Ph.D. K. Xa6apaak
Jninposcokutl mexvonoeiunuil yHisepcumem, Yxpaiuna

Abstract. This paper proposes a system that provides recommendations for
tomato care and uses the big data analytics tools of the Apache Spark library. The
system receives information about weather conditions, soil moisture, as well as
photos of plants collected by a person using a smartphone or a drone and proposes
an action to improve plant yields.

Keywords: plant disease, recommendation system, machine learning, big data
analytics, Apache Spark.

Anomauia. Y yiii pobomi 3anponoHo8aHo cucmemy, wo HAOAE peKOMeHOayii
w000 0021510y 34 MOMAMAMU MA BUKOPUCIOBYE THCIMPYMEHMU AHALIMUKY BETUKUX
Oanux 6Gibniomexu Apache Spark. Cucmema npuiivae na 6xio ingpopmayiio npo
NO20OHI YMOBU, BONO2ICMb 2PYHMY, a makodc Gomoepapii pociun, 3i6pani
JOOUHOIO  3a  00NOMO20i0 cmapm@opha abo Opowa ma nponoHye Oii 0s
NOKPAUWeHHs1 8DPONCATHOCI.

Kniouosi cnoea: 3axeopiogammsi pociun, cucmemd peKOMeHOayii, MAawuHHe
Haeuanus, ananimuka eenuxux oanux, Apache Spark.

Tomato plant is grown in Ukraine for both internal use and exporting.
The plant is vulnerable to a large number of diseases. Early detection of
unsuitable weather conditions and plant disease spread is crucial to ensure
high plant yields. Importantly environmental conditions and plant diseases
should be considered at once to build an efficient decision-making system.
In this work we propose to utilize Apache Spark, and its machine learning
models for continuous monitoring of plant health and smart suggestions for
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plant treatment. Spark is a widely used Big Data analytics tool that provides
fast and scalable APIs for processing data from various sources.

The proposed system accepts several inputs: weather conditions, soil
moisture, plant health. Numerical data preprocessing and normalization is
performed using PySpark DataFrame API. DataFrames provide a high-level
abstraction with simple and expressive operations such as filtering,
grouping, aggregating, and joining datasets, while also providing advanced
features like caching, persistence, and optimization. Plant health can only be
estimated using visual information. Moreover, many of diseases with
different root causes (bacterial, fungal, virus or related to soil conditions)
might look similar. Therefore, a machine learning image classifier is built,
that is based on Post-Train Adaptive neural network [1] that can distinguish
between 9 classes of diseases. Post-Train Adaptive neural network has been
shown as an efficient way to perform image classification and segmentation
tasks in resource constrained environments [2]. Depending on available
equipment photographs can be collected either using a smartphone or by
aerial drone capture of the field. Features extracted from multiple in-the-
field images are then used as an input to further stages of Apache Spark
processing. Finally, Apache Spark MLIib Gradient boosting classifier is
used on weather, soil conditions information joined with image features to
generate smart suggestions on tomato plant treatment (or that plant is
healthy, and no action is currently required). By iteratively combining weak
decision trees, the Gradient Boosting algorithm can capture non-linear
relationships and improve model accuracy through incremental learning.
Gradient boosting classifier can efficiently combine environmental and
image features. To train the classifier we have collected data from May to
August 2024 in a farm in Dnipropetrovsk region of Ukraine. Collected cases
have been labeled into classes: no action, plant pruning, fungicide,
insecticide treatment, direct sunlight protection, reduction or increase in
plant watering. These classes are used in the system’s smart suggestions.

Conclusions. In this work tomato treatment smart suggestion system has
been developed, that processes information about weather conditions, soil
state, plant health and then suggests type of treatment. Experimentally, it has
been shown that applying the suggestions can prevent tomato disease
spread. We hope that the system will improve plant yield once widely
deployed. The prospect of further research is to add smart suggestions for
other plants growing in Ukraine.
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INTEGRATION OF MODERN SYSTEMS OF SOFTWARE
DIAGNOSTICS AND DATA ANALYSIS OF INDICATORS OF
PERSONAL SOLAR STATIONS

Ph.D. N. Shybaieva, D. Shybaiev
Odesa Polytechnic National University, Ukraine

Anomauia. Y pobomi posersoacmuvcs npobrema 3poCMAHHA  8aPMOCHi
MpaouyitiHux —eHepeoHoCiis, makux AK ea3 1 @yeilns, ma NpPoONoOHYEMbCA
6CMAHOGNEHHsT domawHix coHsunux enekmpocmanyiti (CEC) sax  epexmusnozo
pitientss 0Nl 3MEHUIeHHSl 3QIedCHOCME 810 308HIUHIX NOCMAYALHUKIG eHepeil.
Onucyiomocst K1o4os8i (pakmopu, wo 6nIuealomv HA eQeKmueHicmb COHSYHUX
eneKmpocmanyitl, 30Kpema iHConAYis, XmMapuicms, memnepamypa, onaou ma gimep.
Tlpononyemuvcsa cmeopenHs cyuacHozo npocpamuozo 3acody oasa inmeepayii CEC 3
IHUWUMU CUCIEMAMU PO3YMHO20 OYOUHKY, WO 00380€E epeKmusHiule Ynpaeisamu
EHeP2OCNONCUBAHHAM Ma 3a0e3neyygamu asmoHOMHICIb. [emanrbHo Onucyiomscs
emanu 300py, 00poOKU ma 8i3yanizayii OaHUX, a MAKOAHC GUKOPUCTNAHHS MAUUHHOZ0
HABYAHHSA 0151 NPOSHO3YBAHHS eheKMUBHOCIT CUCTEM

Kniouosi cnosa: anbmepnamusna enepeemuxa, MOHIMopuHe, Anaiiz OAHux.
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Abstract. The work examines the problem of the rising cost of traditional energy
carriers, such as gas and coal, and proposes the installation of domestic solar power
plants (SPPs) as an effective solution to reduce dependence on external energy
suppliers. Key factors affecting the efficiency of solar power plants are described,
including insolation, cloud cover, temperature, precipitation and wind. It is
proposed to create a modern software tool for the integration of SES with other
systems of a smart house, which allows more efficient management of energy
consumption and ensuring autonomy. The stages of data collection, processing and
visualization are described in detail, as well as the use of machine learning to
predict system performance.

Keywords alternative energy, monitoring, data analysis.

VY ©GaraThoxX KpaiHax CIIOCTEPIracThCsl 3HAYHE 3POCTAHHS BapTOCTI
TPamUIIfHAX EHEeProHOCIiB, TaKWX fK ra3 i Byruuma. HecrabimpHiCTH Ha
CBITOBOMY pHHKY €HEPreTHKH, BHUKJIHKAaHA SIK CEKOHOMIYHHUMHM, TaK 1
reOMOMTHIHUMH  (paKTOpamu, MPU3BOIUTH JIO 3POCTaHHS IiH Ha
eNeKTpoeHeprito. BcraHoBneHHs nomamHix coHsyHux craHuoid (CEC)
JI03BOJISIE 3MEHIIUTH 3aJIC)KHICTh Bijl 30BHIIIHIX IMOCTavyaJIbHUKIB €HEprii Ta
cTabimi3yBaTH BUTPAaTH Ha €Heprosades3meycHHs. B ymoBax 3pocTarouoi
yBaru 10 CHEPreTHMYHOi OE3MEeKH Ta HE3aJEHKHOCTI, MOMAIIHI COHSYHI
craHuil HAJAaOTh MOXIUBICTE YAacTKOBOI a00 II0BHOI AaBTOHOMII Bif
LEHTPAILHUX elIeKTpoMepek. Lle 0COOMMBO aKTyalbHO Ui PErioHIB 3
HECTaOUTFHUM CNEKTPOIIOCTaYaHHAM a00 BpasNHUBICTIO 10 mepeboiB.
CoHsYHI MaHeNi, B IOETHAHHI 3 CHCTEMaMH 30epiraHHs eHeprii (HampuKiai,
aKyMyJIITOpaMH), JO3BOJIIIOTH 3a0e3meunT OesmepediiiHe mocTadaHHS
elleKTpoeHeprii B pasi BiakmodeHb. CydacHi TEXHOJOTII IO3BOJIIOTH
IHTErpyBaTl COHSAYHI EJIEKTPOCTAHII 3 IHIIUMH CHUCTEMaMH PO3YMHOTO
OyauHKY, 110 3a0e3rneuye eEKTHBHIIIEC YIPABIIHHSI CHEPrOCIOKUBAHHSIM.
Hanpuknan, BUKOpUCTAHHSI CUCTEMU MOHITOPUHI'Y Ta YIPaBIiHHS J03BOJISIE
ABTOMAaTHYHO ONTHMI3yBaTH BHUKOPHCTAHHS €HEprii Ha OCHOBI MOTOYHHX
motped abo morogHWX yMoB. Tako)X aKTHBHO PO3BHBAIOTHCS PILICHHS IUIS
30epiraHHs eHeprii, Mo 03BOJsIE 30epiraTd HAJIMIIKOBY €HEPTilo,
BUPOOJIEHY BICHb, JUTSI BAKOPUCTAHHS BHOI [1].

KirouoBi QakTopw, siKi BH3HAYAIOTh IEH BIUIMB: 1HCONAMLIS (COHSYHE
BUIIPOMIHIOBAaHHS), XMapHICTb, TeMIlepaTypa, Olaj iy Ta CHir, BiTep. OHaK,
BPAaxOBYIOUH PO3BUTOK TEXHIYHHMX pilIEHb Ta INPOTPaMHHUX 3aco0iB — €
notpeda 3 po3poOKH Cy4acHOTO INPOrpaMHOro 3acoly, SIKUH JO3BOJHUTH
noesHaTt pi3Hi Jsoriuni 3acobm Buxopucranus CEC Ta onrumisyBaru
crieHapii BUKOPUCTAHHS IIPH PI3HOMAHITHUX IEPCOHAIBHUX MOTPeOax.
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BaxnuBoro ckiazoBolo BeO-IOAAaTKy € IHTerpamis 3 amapaTHUM
3a0e3rneueHHsIM, 30KpeMa 3 COHSYHMMH [aHeIsIMH, I1HBEPTOPaMH Ta
akymynaropamu. Jis  oporo  mOTPIOHO — peadi3yBaTH  MOXIIMBICTh
migkiaroYeHHss goaatky a0 loT-npuctpoiB uepe3 pi3HI KOMYHiKaiiitHi
npotokosn, Taki sk MQTT, HTTP a6o WebSocket. s 3abe3medycHHs
iHTerpauii 3 amapaTHUM 3a0e3ledyeHHsM Ta 30BHIMIHIMH cepBicaMu
(HampuKIIaa, TOTOJHUMH CepBicamMu) AOIUIEHO BuKOopucToByBaTH RESTful
abo GraphQL API [2,3].

1. 306ip manux 3 ceHcopiB Ta mpucTpoiB. COHSYHI HaHEN i, iIHBEpTOPH
Ta IHII KOMIOHEHTH CHCTeMH OCHANIyIOThCS CceHcopamu Ta loT-
MIPUCTPOSIMH, SIKI 30MparoTh NaHi MPO Pi3HI MapaMeTpH, Taki SK Hampyra,
CTPYyM, TeMIlepaTypa, piBeHb 3apsay aKyMyJATOpPIB, MOTOYHA MOTYXHICTH
reHepallii, CTaH OKPeMHX MOJIYJiB TomIo. 3i0paHi daHi MEepPemarThCs B
pearbHOMY Yaci Ha cepBep BeO-07aTKy uepe3 mpoTokonu, Taki sk MQTT,
HTTP a6o WebSocket.

2. OOpoOka pnaHux Ha cepsepi. /[lani, mo Hagxonare Bix loT-
MPUCTPOIB, 30epiraroThcs B 0a3i maHux Ha cepepi. CepBepHHI 10JaTOK
00po0isie mi maHi TSI OTPUMAHHS KITIOYOBHX IMOKA3HWKIB e(pEeKTHBHOCTI
CHCTEMH, BUSBJICHHS BiJIXUJICHb BiJi HOPMaJIbHOI POOOTH Ta MPOTHO3YBaHHS
MOXKJIMBHX HECIIPaBHOCTEH.

3. Bisyamizamis gaHWX B peanpHOMYy 4daci. Be0-momatok Hamae
KOpHCTyBady iHTepdeiic, ne Ha IHTepaKTHBHUX [amIOOpaax B pPEXKHMIi
peaNpHOro 4acy BiZOOpa)karoThCsl KJIIOYOBI ITOKa3HHKH POOOTH COHSYHOL
CTaHLIT: MOTYXXHICTh TeHepallii, ClIO)KMBaHHs €Heprii, CTaH aKyMyJsITOpiB,
e(eKTUBHICTh POOOTH COHAYHMX MaHeneil Tomo. SIKIo cucTeMa BHSBIISIE
Oynp-sKi BIAXWJIGHHS BiJi HOpMalibHOI POOOTH, KOPHUCTYBad OTPHUMYE
CHOBIILIEHHs Ha 1abop/i a0o yepes iHIl KaHaIu KOMYHIiKallii.

4. VYiopasmiHHI B peanpHoMy 4yaci: Be0-7momaTok  J103BouIsiE
KOPUCTYBady 3MIHIOBATH HAJAlITyBaHHS CHCTEMH B PEKHMI peaJbHOTO
yacy. Jlesiki mpomecu MOXyTh OyTH aBTOMAaTH30BaHI HAa OCHOBI MOTIEPEHBO
3a7aHuX cueHapiis [4].

st po3poOKy IporpaMHoro 3aco0y, ONTUMAIBHUMHU € TaKi TEXHOJIOT],
sk HTML, CSS, JavaScript, a takoxx momyisipHi (peiiMBOpKH, Taki sK
React, Angular abo Vue.js. Cepepna uvactuHa (OekeHI) 3afiMaeThCs
00poOKOI0 JaHWX, 110 HAAXOIATH BiJl KIIEHTA, yIpaBIiHHAM 0a3010 JaHUX, a
TaKOXX B3a€EMOJIEI0 3 amapaTHUM 3abesnedeHHsM Ta |0T-mpuctposimu. Tyt
MOXKHA BHKOPHCTOBYBaTH TexHojsorii, taki sk Node.js, Python (3
¢peiimBopkamu Django a6o Flask), a6o immn cepeepni pinrenss. Jlis
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30epiraHHs JaHUX MOXYTh BHKOpucToByBatucs SQL-6asm  nmaHmMx
(manpuxnan, MySQL, PostgreSQL) ato NoSQL-pimenns (Hanpukian,
MongoDB). BukopucranHs MpOrHO3iB MOTOJHUX YMOB Ta 1X iHTerpais B
YIPaBIiHHS COHSYHUMM CTaHLISMH JO3BOJISIE HE JIMIIE ONTHUMI3yBaTH
BUPOOHMLTBO 1 CIIOXXMBaHHS €HEprii, ajge W MmiABUIIMTH e(EeKTHBHICTH
30epiranns eneprii. lle 3abe3mnedye HaniiHICTE Ta CTaOUIBHICTH POOOTH
BCi€l CHCTeMH, IO B pe3yNbTaTi NPU3BOAWTH 10 3MEHIICHHS BHUTPAT Ta
i ABHUIICHAS CHEPTETUYHOI HE3AICKHOCTI KOPUCTYBAiB.
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Anomauia. Y Oaniti pobomi po32nAHYMO 0COOIUBOCIT ™A  MONCIUBOC
BUKOPUCAKHS CYUACHUX MOOeell 2TUOUHHO20 HABYAHHS Osl ITHMEeNeKmYyaibHO20
AHANI3Y PIZHOPIOHUX OAHUX GEeNUKUX 00CA2I8 3 PU3UKIE YNPAGNIHHA (DIHAHCAMU Ha
NPUKIAOL WMYYHUX HeUpOHHUX Mepedic. Pozensanymo nonynapni ma eghexmueni uou
Modenell, wo Maiombs ROMeHyian 00 2iopuousayii 3 Memorw ix 6UKOPUCMAHHA OJis
NPAKMUYHUX yinet.

Knwwuoei cnoea: cnuboke HaguanHa, iHmMereKmyaioHull aHaniz OAHUX GETUKUX
00cazie, oyiHKa pusUKis.

Abstract. This paper examines the features and possibilities of using modern
deep learning models for the intellectual analysis of large amounts of disparate data
on financial management risks using artificial neural networks as an example.
Popular and effective types of models that have the potential for hybridization in
order to use them for practical purposes are considered.

Keywords: deep learning, analysis large data volumes, risk assessment.

B nanmii yac Bce OLIBIIOT aKTyanbHOCTI HAaOyBarOTh CKJIAJHI MOAENi
rMOOKOr0 HaBYaHHS, IO IMIUIEMEHTYIOTh IMiJIXOIM IHTEJIEKTYaJbHOTO
aHai3y JaHuX Ha 0a3i BUKOPUCTAHHS IITYYHUX HepoHHUX Mepex (LITHM).
Lle OaraTo B YoMy MOB'SA3aHO 3 THUM, 1110 PI3HOPIJHUN XapakTep JaHUX Ta ix
BeJUKi 00csArH, XapakTepHi AJs cydacHoi (iHaHcoBoi cdep, 30kpema mpu
YIpaBiIiHHI (PiHAHCOBUMHU pPU3MKAMHU 1HBECTHIIH Ta pi3HI Oi3HEC-TPOEKTH,
HE MOXYThb OyTH TpOAHANi30BaHI B PYYHOMY PEXKHMi. Y 3B'SI3Ky 3 LM
aKTyaJIbHAM 3aBJAaHHSAM € IOCIHI/DKEHHS aKTyaJIbHHUX MOJeNeil TIHOOKnX
HEHpoMepek 3 METOI0 BHSBIICHHS MOMJIMBHX NUIIXIB X TiOpmam3amii 3
METOI0 MiJABHIICHHSA S(QEKTHBHOCTI Ta IIBUAKOCTI aHamizy manux [1]. B
paMKax aHali30BaHOI MPOOJIEMATHUKN Ba)KIMBUM aclleKTOM aHalli3y NaHHWX
i1 yac ynpasiiHHs (iHAHCOBMMH PU3UKaMU € Bi3yaJibHa aHAIIITHKA, TOOTO
3actocyBanHsi LIIHM juist BusiBieHHs1 aHOMalliil y TOProBeJIbHIN CTaTHCTHI
[IHHUX TanepiB, akiid 9 iHMuX (PIHAHCOBUX aKTHBIB, J€ OOSAT JaHWX 3
Iy’)ke BEMMKUM (TepaballTH JaHWX YacoBHX psiliB). ToMy 3 TOYKH 30py
po3mi3HaBaHHS 00'eKTiB Ha 300paKeHHAX B paMKax 3aBAaHHI, IO
pO3TIIIAETECSA HAMH, HaiOutbm nepcnekTuBHUME € Mozem LITHM B cumy
iX TOMOJIOTIYHMX BiIMIHHOCTEH BiJi KIACHYHHX METOJIB 1 MOMYJISAPHUX
MoJeNield MallMHHOro HaB4aHHs. Moneni rinubokoro HasyanHs (I'H)
HaiiuacTime € Oararomaposumu I[IIHM abo ix komOiHalii, 3maTHi
e()eKTUBHO NPOBOJMTH aBTOMAaTH30BaHY INPOLEAYPY HaBUAHHS HA BEIMKHX
oOcsirax PpI3HOPIMHUX JaHMWX. 3TiMHO 10 pARY JITEPaTypHUX IDKepel
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HaiiOuIbm akTyampHuMH Tunamu [ITHM, npumaTHuMu Uit 3a3HaueHOI
3amaui € [2]:

—  3roprkoBi (CNN) mogeni. Ili IITHM, cneniansHO po3poOieHi s
00poOKku 300pakeHb, YCIHIIIHO 3aCTOCOBYIOTHCS JUIsI aHaIIi3y 300pakeHb.
3acTocyBaHHS 3TOPTKOBHX IIApiB JI03BOJIsIE €(QEKTUBHO BUTATYBATH
MIPOCTOPOBI 03HAKHU 3 KaApiB BiZICO UM OKPEMHX CKPHMHILIOTIB PI3HOTO PiBHS
SIKOCTI.

—  PexypeHtHi Mozmemi 3 JOBrol0 KOPOTKOCTPOKOBOIO MaM'ATTIO
(LSTM). BoHm 3maTHi BIOBIIOBAaTH 3aJIe)KHOCTI pPyXy OO'€KTiB Ha
300paXEHHSIX, 110 KOPUCHO AJIS aHaJIi3y TPHBAIHX MOTOKIB.

— 3D 3roptkoBi momem (3D CNN). Ha Bimminy Bigm CNN, nani
MOJIeNl 3[aTHI MpalioBaTd 3 TPUBUMIPHUMH JaHHMH, IO MOXYTh OyTH
BUKOPHCTaHI U1 pO3IMi3HABaHHS O0'€KTIB Ha 300paKeHHSX, [I€ KJIFOYOBI
JlaH1 MICTATHCS Y TPhOX BUMIipax (BHCOTa, INUPUHA Ta Yac).

—  JIBomotokoBi Mozaeai CNN. Jlanuii Tun [IIHM Mae nBi yacTHHH —
omHa s mpoctopoBoro aHamizy (RGB-300pakeHHs) Ta iHIIA [Uis
TUMYacoBOro (ontuyHui noTik). O0'enHaHHs iHPopMmauii 3 000X 4acTHH
JO3BOJISIE  TOKPAIINTH  pO3Mi3HABaHHA [IWHAMIYHUX  00pa3iB  Ha
300pakeHHX, 30KpeMa CHaliB y TOPTOBIi BapTOCTi aKTUBIB.

—  Mopemni Ha 6a3i MexaHi3My yBard. MexaHi3MH yBaru MOXyTb OyTH
nomani go wmogmermedt IIHM s akmeHTyBaHHS BaXIIMBUX —IUISTHOK
300pakeHb, 10 KOPUCHO TPH aHaTi3i BEIHKHX OOCATIB 300paKeHb Pi3HOT
piBHS AeTai3arlii.

TakuM YMHOM, 3 TOYKM 30py MOTEHI{aly JUIs CTBOPEHHS TiOpUAHUX
MozeNnell aHamizy 300paKeHb MOpPO TOProBy (GiHAHCOBY iH(OpMAIi0
Haiolnpin migxoasmumu € CNN Bapianii IIHM. Cnig 3a3HaunTH, 110
MPaKTHYHO Cepe]l HUX JOCUTh MOy ISIpHi Taki mogenu [3]:

1. ResNet. Mogens ResNet Mae Taky 0cOOIHMBICTD, IO MOJISITAE B TOMY,
mo B 11 CKJIa/li 3aCTOCOBYIOTHCS OJIOKM 3 3QIMIIKOBUMHM 3'€THAHHIMH, SIKi
JI03BOJISIFOTE  MOJIETi  €()eKTHBHIIIE HaBYaTHUCS TJIMOOKHM YSIBJICHHSM,
3anobiraroun mpoOJieMi rpalieHTiB, 110 3aracaroTh, MPU HaBYaHHI Mojeen
I'H. ResNet mHMpOKO BUKOPHCTOBYETHCS JUIs 3aBOaHb Kiacugikamii
300pakeHb, JeTEKIii 00'€KTIB Ta CEMaHTHYHOI CETMEHTAIII.

2. Inception (GoogLeNet). Moaens Inception, kmo4oBa puca SKOi
MOJIATAE Y BUKOPHWCTAHHI IHIENI[IHHUX OJIOKiB, IO BKJIIOYAIOTH KijTbKa
mapajeIbHUX OIepaliii 3ropTKH 3 PI3HUMH PO3MipaMH sep, OCOOIHBO
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e(eKTUBHA Uil BHpILICHHs 3aBJaHb Kiacu(ikamii BeTUKHX 300paxkeHb i
cerMeHTalii 00'eKTiB Ha HUX.

3. VGGNet, iMIIeMeHTye MeXaHi3M BUKOPUCTAHHS MPOCTUX 3rOPTOK 3
Ha 3 eNeMEeHTH y BeNWKill KijgbkocTi mapiB. Llg apXitekrypa dYacTto
BHUKOPUCTOBYETHCS Tepeadi 03HAK B 1HINI MOJEINI, COILiajbHIA Ta 3aqadax
knacudikarii i geTexiii 06'ekTiB [4].

BucHoBku. Takum uymHOM, Ha 0a3i MPOBEICHOTO aHANI3ZY CIEIU(IKH
moneneit IITHM y pamkax cydacHoro I'H ams 3aBmaHp OIIIHKH PH3UKIB
ynpaBiiHHA (PiIHAHCOBUMHM ITOTOKAMU CIIiJ 3ayBa)KUTH, 110 BOHH MAIOTh PSZ
MTOTEHITIaTFHUX PHC 3 MOKIMBOCTEH TiOpUAM3alii Ta mepeBar y IOpiBHIHHI
3 IHIIUMH TiIXOAaMHU U1 pO3Mi3HAaBaHHSA Ta Kiach¢ikamii o0'ekTiB Ha
300pakeHHAX, 30KpeMa Ie: MOXKIUBOCTI pIi3HOTO KOH(IrypyBaHHS
€JIEMEHTIB apXiTEeKTyp MOJeJiell y TOE€JHaHHI 3 PI3HUMH aJIrOPUTMaMHU
iXHHOTO HaBYAHHS, MPHUHIIUIIAMHA OOPOOKM Ta MiJrOTOBKM BXITHHX JaHUX;
HeMae HEeOoOXIZHOCTI y MpoBeNeHHI mpoleciB mepBicHOT (opmaizamii
HasiBHUX 3aKOHOMIPHOCTEH y BXIJIHMX JaHUX y PyYHOMY BUIJIALI, Y TOMY
Yyucai Ui SIBHOI'O BU3HAYEHHS 3aJI€KHOCTEM MK HHUMM, CTIHKICTL 10
HAsBHOCTI CYNEPEWIMBHX Ta HEOMHOPIAHWX ()parMeHTiB AaHWUX TpH IX
00po0Ii Ta aHANi3i; MOXIHMBOCTI KOH(Irypamii Moaenael Ta aganTarii 1
BHKOPHWCTAHHS IIiJ PI3HOPiMHI TaHi; aBTOMAaTH3aIlis MPOLIECIB TPEKIHTY BCiX
eramniB ()OpMyBaHHs MOJENEH, Bil CTBOPEHHS, HAaBUYaHHS, 0 TECTYBaHHS Ta
pO3TOpPTaHHA y TPOMAKIIHI; MATPUMKA MOXKIHUBOCTEH OpraHizamii
PO3IOIICHOTO O0YMCITIOBAIFHOTO IIPOIECY Ha OCHOBI Mapaiemismy 3
BHUKOPHUCTAaHHIM rpadivyHuX ajantepis (BigeoKapT).
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OBMEXEHHSI CYYACHHUX BEJITMKUX MOBHUX MOJIEJEN
IIPU TEHEPYBAHHI CKJIAJJTHUX CTPYKTYPOBAHHUX
TEKCTIB

Ph.D. O. ITotienko, Ph.D. C. Kocenko,
Hayionanenuii ynieepcumem “Oodecvra nonimexuixa”

Anomauia. L[a poboma OYiHIOE MONCIUBOCMI CYUACHUX MOBHUX MoOenell
CMBOpPeHHi HAYKOGUX cmamell y 8ucokocneyianizosaniti oonacmi nayku. Ananiz 20
cmametl, OMPUMAHUX 3 PISHUMU PIGHAMU 0emanizayii 3anumis, 0eMOHCMPYE, Wo Yi
MoOOeni  3a36uuall CMEOPHIoMb 8CeOIUHI  021A0U  8Jice BIOOMUX 3HAHb, d He
opuziHanbHi i0el uu Hosi einomesu. B moil uac sk oHU epeKmusHO Y3a2aibHIOmb
8i0oMy THpopmayiio, Yyi MOOeNi He 30AMHI 2eHEPY8amu HOGI GUCHOBKU, HABIMb KO
BOHU € HEKOPEKMHUMU. [HWT 0OMENHCEHHA MAKOANC BUABTAIOMBCA 8 KITLKOX KIIOUOBUX
chepax: y32000iceHicmy Y 0062UX HAPAMUBAX, MOYHICMb y Oemani3osawini. ma
HIOQHCOB8aHIll IHGhopmayii ma adanmusHicmv 00 chneyianizoeanux cmpykmyp. B
pobomi po3enadaromsvcs Yyi 0OMedHceHHs ma 0620680PIOIOMbCA NOMEHYIUHI HANPAMKU
OJis1 NOKPAWEHHSI.

Knwwuoei crosa: mawunne naguents, oopoora npupooHoi Mou, MOGHI MOOeli,
2eHepayis mexcmy.

Abstract. This work evaluates the capabilities of cuttring-edge language models
in generating scientific articles in highly specialized field of science. Analyzing 20
articles from prompts of varying detail, we find that these models generally produce
comprehensive reviews of established knowledge rather than original ideas or novel
hypotheses. While effective at summarizing known information, these models fall
short in generating insights, even incorrect ones. Other limitations also manifest in
several key areas: coherence over extended narratives, accuracy in detailed and
nuanced information, and adaptability to specialized structures. This work reviews
these limitations and discusses potential avenues for improvement.

Keywords: machine learning, natural language processing, language models,
text generation.
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Modern large language models (LLMs) exhibit notable limitations when
generating complex structured texts. Their primary challenge lies in
maintaining coherence across intricate, multi-layered narratives. In the
present work we used cutting-edge language models such as ChatGPT,
Copilot, Llama, to generate scientific articles in highly specialized field of
quantum physics. We generated and analyzed 20 articles using promts with
various detalization levels. The study demonstrates that the nowadays
models exhibit limitations when tasked with producing scientific articles on
specific topics. Rather than presenting genuinely original ideas or novel
hypotheses (even incorrect ones), these models typically generate
comprehensive reviews of existing knowledge. They tend to summarize
well-established facts and concepts without contributing new insights or
proposing innovative theories. This tendency arises because LLMs rely on
patterns learned from vast amounts of existing literature, which constrains
their output to reflect the current state of knowledge rather than advancing
it. As a result, while LLMs can effectively synthesize and reframe known
information, they are less capable of generating groundbreaking ideas or
identifying errors in scientific discourse.

While LLMs excel at producing fluent and contextually relevant
sentences, they often struggle with preserving logical consistency over
extended passages, leading to fragmented or disjointed outputs. Large
language models, such as GPT-3 and its successors, have revolutionized
natural language processing by generating coherent and contextually
relevant text across a range of applications. Despite their advances, LLMs
encounter substantial difficulties when producing complex structured texts,
such as scientific papers or intricate narratives. This work examines these
limitations, with a focus on coherence, accuracy, and adaptability.

Maintaining coherence in long-form texts remains a significant challenge
for LLMs. While these models can produce fluent text in short segments,
they often struggle with ensuring logical consistency over extended
narratives. Studies have shown that LLMs may produce text that lacks a
coherent structure or internal consistency when generating lengthy
documents [1]. This issue is partly due to the models' reliance on statistical
patterns rather than deep understanding, leading to potential inconsistencies
in long-form content [2]. Accuracy is another critical limitation. The models
can misinterpret nuanced information or produce plausible but incorrect
details, undermining the reliability of generated content. The accuracy of
information generated by LLMs can be problematic, especially in
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specialized domains requiring precise knowledge. LLMs may produce
factually incorrect or misleading information, a phenomenon often described
as "hallucination” [3]. This limitation arises because LLMs do not possess
real-world knowledge but instead generate text based on patterns learned
during training, which can result in plausible but incorrect statements [4].
Improving the accuracy of large language models (LLMSs) when generating
or processing large texts is an active area of research. Fine-tuning LLMs on
domain-specific datasets can significantly improve their accuracy for large
texts. By training models on specialized corpora that closely match the
target domain (e.g., medical texts, legal documents, or scientific papers),
LLMs can learn domain-specific terminology, styles, and nuances [5].

The adaptability of large language models (LLMs) to specialized
structures, such as technical reports, legal documents, or scientific papers,
presents a significant challenge and often reveals gaps in their training data
or contextual understanding [6]. Specialized texts often have specific
formats, terminologies, and structural conventions that differ markedly from
general prose. Despite their broad training on diverse datasets, LLMs
frequently struggle with the nuanced requirements of such structured
formats. Addressing these challenges requires targeted improvements in
model training and architecture. One approach is to fine-tune LLMs on
domain-specific corpora that include examples of the desired formats and
terminologies. Recent advances in incorporating structured data into the
training process show promise. Other techniques such as "prompt
engineering" and the use of structured datasets can improve the model's
performance in generating specialized content. These methods involve
designing prompts that guide the model to produce text in specific formats
or to adhere to particular structural conventions.

Undoubtedly, the modern LLMs have made substantial progress in
generating text across a variety of domains. However, their adaptability to
specialized structures remains a significant challenge. Enhancing their
ability to produce accurate, coherent, and well-structured content in
specialized formats requires ongoing research and refinement of training
techniques. Future advancements in fine-tuning, prompt engineering, and
integration of structured data are crucial to overcoming these limitations.
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HNONEPEJIHSA OBPOBKA JJAHUX KJACTEPHOI'O AHAJII3Y HA
MPUKJIAJI HABOPY CTYJEHTIB HA CHEIIAJII3AIIIIO
MPUKJIAJJTHOI MATEMATHUKHU B YKPAIHI

A. Maruuenko, Dr.Sci. M. IMoasikoBa, Ph.D. H. Pyauuuenko
Hayionanvnuii ynieepcumem « Odecvka nonimexmikay, Ykpaina

Abstract. In this work using exploratory data analysis we will examine the
students entering the specialty of applied mathematics in Ukraine. The focus is on a
comparative analysis of the selection criteria used by different educational
institutions. Both quantitative indicators and qualitative aspects are discussed. This
stage is important for understanding and subsequent clustering of students.

Keywords: enrollment, analysis, apppied mathematics

Anomauia. Y oaniii pobomi 3a 00nomo2010 00CHiOHUYbKO20 aHanizy 0aHux 6yoe
docniodceHo  cmyoeHmis, AKi  8CMYNAlomb  HA  CHeYianbHiCmb  NPUKIAOHA
Mmamemamuxa ¢ Ykpaini. OcHogna yeaza 30cepeddicena HA NOPIGHANILHOMY AHANI3T
Kpumepiie ~ 6i000py,  sAKI  GUKOPUCMOBYIOMb  DI3Hi  HAGUANbHI  3AKIAOU.
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0b2060protombca AK  KIMbKICHI NOKA3HUKY, max i axicwi acnexmu. Lleti eman
BANCIUGULL OJIsL POZYMIHHI MA NOOATLULO20 KIACMEPUIYEAHHS YUHIG.
Knrwwuosi cnosa: 3apaxysanns, ananis, npukiaoHa Mamemamuxa

Every year there is a process of selection of students to higher education
institutions, where applicants must decide which university they would like
to enter. There are many criteria at the selection stage. In conditions of high
competition and a limited number of places in universities, the development
and application of effective methods for selection becomes an urgent task.
After the introduction of ZNO in Ukraine, universities use the same criteria
and approaches to determine the most promising candidates. In 2024, the
Applied Mathematics specialization at Odessa National Polytechnic
University showed the lowest number of received students. Given this
situation, | find it interesting to compare the data between ONU, ONPU,
LNU, KPI, and other universities. The first step is collecting data from the
website [1]. With some manipulation, we obtained the following table,
which contains main information about criteria at the selection stage. This
table contains data on students entering universities from 2018 to 2024.
Here you can find both student grades and admission priority, which
university and which specialization. In Ukraine, there are several
specializations in Applied mathematics from advanced statistics to
programming and artificial intelligence. Using this table 1, additional graphs
were derived for data visualization and further analysis.

Table 1. Main information at the selection stage.
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Figure 1. Priority admission to various universities 2018-2024

On this graph, you can see how the interest of entrants to different
universities changed depending on the year. The largest number of people
willing to join the budget in KIII. This choice does not change during 2018-
2024. Then there are less popular universities such as KHY and sraYKMA.
Students are the least interested in entering Kapasincekuii yHiBepcurer and
OHITY.

Due to the popularity of some universities, it was interesting to compare
how much the number of admitted students differs from the total number of
applications submitted. For this purpose, tables were calculated in percentage ratio.
It is clear that there are small differences when comparing the data in the tables. For
greater clarity, we will display graphs based on the data in the tables.

Applied Students Received students

- /%'/4 \\

J

Figure 2. Visualization applied and received students depending on year
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The data for these graphs were selected for 2019, 2021, 2022, 2023.
These graphs confirmed previously noted facts such as the popularity of
Kyiv and Lviv universities among students. Most of them try to enroll there.
Since the number of budget places is greater, the majority passes. Against
this background, HaVKMA stands out. There can be two explanations for
this: either high competition or a small budget.

Figure 3. Visualization applied and received students depending on year

On this graph, you can see how the difficulty of admission of entrants to
different universities depends on the year. It can be seen that depending on
the year, the passing score for the budget changes a lot. If in 2018, 2019 and
2021, the highest and lowest were in the universities of NaUKMA, KNU
and KPI. It's already 2023 and 2024, the difference between the scores is
very small. This factor could be influenced by a full-scale war in Ukraine.
Due to the difficulties of learning in this period.

Conclusions. On the basis of this analysis, the main criteria for the
selection and enrollment of students in a specialty at universities were
analyzed. This analysis will be used for subsequent clusterization based on
existing aglorhythms from [2].
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USING MACHINE LEARNING TO ASSESS AND PREDICT
EMPLOYEE PRODUCTIVITY IN IT PROJECTS

O. Berezorutska, Ph.D. M. Rudnichenko, Ph.D. T. Kunup
Odesa Polytechnic National University, Ukraine

Anomauia. YV Oaniti pobomi po3ensHymo nioxio 00 OyinKu npoOyKMueHoCmi
npayienukie y IT-npoexmax, sKuil NOEOHye KINbKICHI, SKICHI MA NCUXOCOYIATbHI
nokasnuxu. Lle peanizyemucs 3a 00noM02010 an2OPUMMIE MAUUHHO20 HABYAHHS, WO
spaxogyioms 36axceni noxasnuxu. Ocobnuea yeaza npuoinacmvbCs 3acmocy8antio
MaKux aneopummie O CMBOPEHHs NPOSHO3I8 MA peKoMeHOayill, 5K pezpecis,
Kaacugixayis ma HetpoHHi Mepexci.

Knrouogi cnosa: oyinxa npooykmuenocmi, IT-npoexmu, mawiunne HA84aAHMA,
36a2iceHi NOKAZHUKU.

Abstract. This paper explores an approach to evaluating employee performance
in IT projects that combines quantitative, qualitative, and psychosocial indicators.
This is achieved through the use of machine learning algorithms that take weighted
indicators into account. Special attention is given to the application of algorithms
such as regression, classification, and neural networks for generating forecasts and
recommendations.

Keywords: performance evaluation, IT projects, machine learning, weighted
indicators.

VY cydacHomy ympaBiiHHi [T-ipoektamMu BaXKIIMBOIO 3a/1a4€l0 € OIliHKA
IIPOyKTUBHOCTI NpariBHUKIB. Lleil mporec nonomarae 3po3yMiTH, K 00csT
poOOTH Ta TEMIM BUKOHAHHSA 3aBJIaHb CIIBBITHOCATHCSA 13 KiHIEBUMHU
pesynbratamu npoekty [3]. 3Buuaiini MeToau, mo 6a3yroThCS BUKIIOYHO Ha
KUTBKICHMX  TIOKa3HWKax, HE  3aBKId  BiIOOpakaloThb  peaisbHy
MIPOAYKTUBHICTh, OCKIJTBKH HE BPAaXOBYIOTh TaKi acleKTH, SK 3alydeHiCTh
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NpaliBHUKA, HOTO 1HIUBIMya bHI MCHXOJIOTIYHI XapaKTEPUCTHUKHU, a TaKOoX
OayaHC MK POOOTOIO Ta OCOOMCTHM JKUTTSM. 3aIy4eHIiCTh NPaliBHUKIB 0
NIPOEKTY, aHali3 iXHBOI aKTMBHOCTI Y KOMaHIHUX 3yCTpidax, B3aeMOJii 3
IHIIUMH YJICHAMH KOMaH/H1, KUTbKICTh BHECEHUX MPOIO3MILIIH Ta aKTHUBHICTh
y BHpilIeHHI mpoOieM pJonomarae OLIHUTH, HACKUIBKUA IPaI[iBHUK
IHTErpOBaHHU B MPOEKT Ta SIK BiH CIIPHUSE PO3BUTKY KOMaHIH. BpaxyBaHH:
0COOHCTHX OCOONMBOCTEH TMpaIliBHUKA, BKIIOYAIOYH HOTO TEMIIEPAMEHT,
TICUXOJIOTIYHUH CTaH, piBeHb CTpecy Ta OalaHC MiX pOOOTOI i 0coOMCTHM
KHUTTAM, JI03BOJSIE TIEPCOHANI3yBaTH HOTO OLIHKY NPOAYKTHBHOCTI,
BpaxOBYIOUH 1HIUBIAyallbHI MOTPeOH, M0 3MCHIIYE PHU3UK BUTOPAaHHS Ta
MiABHUINY€E 3aralbHy MoTHBalifo. JIisi HamgaHHSA I(HAWBIAyalbHUX Ta
KOMaHTHUX PEKOMEHAAIIN y CHCTeMi NPUIHATTS PilieHb U YHpPABIiHHA
MPOEKTAMU  MPOIOHYETHCSI ~ 3aCTOCOBYBATH  MIiAXiJ  JO  OIIHKHA
MPOAYKTUBHOCTI, SIKHM TOENHYE KIUIBKICHI, SKICHI Ta IICHXOCOLIalbHI
MOKa3HUKHM Ta peai3yeThCsl 3aBASKH aIrOPUTMaM MAIMHHOTO HaBUYaHHS
(ML). MonayneHa apxiTeKkTypa CHCTEMH OI[HKM HPOJYKTHBHOCTI
npaniBuukiB 'y IT-mpoexrax mnependadae po3niIeHHS OIHKM Ha KijJbKa
B33a€EMOIIOB’I3aHMX MOAYJIB, KOXXEH 3 SKHUX (OKYCYeEThCS Ha IIEBHOMY
aCIeKTi TPOMYKTHBHOCTI IS NPUAHATTA  OUTBII  OOIPYHTOBAHMX
yOpaBIiHCEKHX pimenb. Lleil miaxig mepemnbadae BHKOPHCTaHHS Pi3HHUX
THUIIB JaHUX, 310paHNX 3 MPOEKTHUX JIOUIOK, CHCTEM BIIICTEKEHHS 3a7ad, a
TaKOX JaHWX PO NPaliBHUKIB, 30KpeMa: KOTHITHBHO-€KOHOMIYHUH MOIYIIb
- KIJBKICTh BUKOHAHUX 3aJ1ad, BiIMOBITHICT CTpPOKaM, CKJIATHICTH 3a/adi,
TPUBANIICTh BUKOHAHHS 33/1adi, SKICTh BUKOHAHHS (OIIHEHa KEPIBHUKOM);
TICUXOCOI[IaJIbHUIT MOJYJIb - PiBEHb 3aly4€HOCTI Y INPOEKT, B3aEMOIIS 3
IHIIMMHA ~ YJeHaMH KOMAaHJ{, aKTHUBHICTh Y KOMaHIHHX 3YCTpiuax,
NCUXOJIOTIUHI  Tpodini  npaliBHUKIB (BM3HA4Y€HI Ha OCHOBI TECTIB),
mokasuuku work-life balance. Kpim Toro, 3BakeHi MOKa3HUKH BBOJSTHCS B
CHCTEMY OIIHKH TPOAYKTHBHOCTI A TOTO, MO0 BimoOpasuTH pi3Hy
Ba)XKJIMBICTh OKPEMHX aCIEKTiB HPOIYKTHBHOCTI y KOHTEKCTI KOHKPETHOTO
npoekty [2]. 3BaxkeHi MOKa3HUKH JO3BOJISIIOTH OATAHCYBATU MIX PI3HUMHU
METpPHKaMH, [0 BAXJIMBI Ul yCHiXy mpoekty. ['Hyuka koHQirypamis mux
MTOKA3HUKIB JIO3BOJISIE CUCTEMi OYTH aJalTUBHOKO JI0 3MiH y MPOEKTI a0bo
npouecax. Lle o3Hauae, mo mpu 3MiHI yMOB poboTH abo WiNei Mmpoexty
MOJKHa OIIEPAaTHBHO CKOpPEryBaTH BaroBi Koe¢ilieHTH, mo0 cuctema
BimoOpaxkama HOBI mpiopureTn. TakuM dYHHOM, 3BaXKEHI IOKa3HUKH
3a0e3meuyroTh OUTBII TOYHY Ta pEJIEeBAaHTHY OIIHKY MPOXYKTHBHOCTI,
aJanTyl4Yuch J0 KOHTEKCTY MPOEKTy. Taknii KOMIUIEKCHMM MiIXid 0
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OLIIHKH MPOJYKTUBHOCTI JJO3BOJISIE BPaXOBYBaTH 0araTorpaHHiCTh pPOOOTH B
IT-npoexTax, OTpUMyBaTH JUHAMIYHI HPOTHO3M Ta  CTBOPIOBATH
IHAMBIMyanbHI Ta KOMAaHJHI PEKOMEHAAIlii. AJTOPUTM MAIIMHHOTO
HaBYaHHS IMOBMHEH BMITH OOpOOJSATH Wi PpI3HOPINHI JaHi, 30KpeMa sK
YHCIIOB] MOKA3HUKH, TaK 1 TEKCTOBY iH(opMarito, OLIHKY Ta iHII METPUKH
JUIsL aHaji3y ¥ NIpOrHo3yBaHHS MaiOyTHBOI mpoaykTuBHOCTI [1]. Bin
BpaxoByBaTHME iCTOPHYHI JaHi, BHABISATHME TEHJACHIII Ta MAaTepHH i Ha
OCHOBi IIOTO (OpPMYBaTHME PEKOMEHIAINI IMOMO0 IOKpaIleHHS poboTh
KOXKHOTO MpAIiBHAKA Ta KOMAaHAM B LUIOMy. JII MOCATHEHHS WX IiICi
3aCTOCOBYEThCS KOMOIHOBaHWHM MIiAXiA, IO BKIOYAE Pi3HI MOJEII
MallMHHOTO HaBYaHHA. Mogeni perpecii BHKOPHUCTOBYIOTBCS — JUIA
MIPOTHO3YBaHHS KUIBKICHUX MOKA3HHKIB NPOJYKTHBHOCTI, TaKHX SK dYac
BUKOHAHHS 3aBJaHb YU KUIBKICTh 3aBepIICHHX 3axad. PerpeciiiHi momeni
MOXYTh Tepef0aynTH, SK 3MIHM B TEBHHUX NOKa3HHKAaxX BIUIMHYTh Ha
3arajbHU pe3yJabTaT MPOMYKTUBHOCTI, IO JIONOMAarac B IUIaHYBaHHI Ta
KOpuryBaHHi poOoumx mponeciB. KnacugikamiiiHi Mopeni J0moMararoTh
aHaNi3yBaTH SKICHI JaHi, HAIPHUKJIAJ], aKTUBHICTh MpalliBHUKA Ha 3yCcTpiyax
abo piBeHP iXHBOI 3aly4eHOCTI OO0 TpoekTy. Lli Momem HO3BOJISIOTH
kiacu(ikyBaTH MPALiBHUKIB 32 TICBHUMHU KPUTEPISMHE 1 BUSBISATH MATCPHH,
0  BIUIMBAIOTH  HAa  NPOAYKTHBHICTb.  Meromu  kiactepu3arii
BHKOPHUCTOBYIOTBCS JUIS TPYIyBaHHS TIPAIliBHUKIB Ha OCHOBI IXHIX
O0COOMCTUX XapaKTePHUCTUK, TaKUX SK TeMIEepaMeHT 4u piBeHb work-life
balance. Ile mo3BOJsIE CTBOPUTH IEPCOHATI30BaHI IMIJXOAU IO OIIHKH
NPOJXYKTUBHOCTI, aJanTylO4d METOIM YIPaBIiHHA Ta MIATPUMKH [0
cneuudiyHux norped KoxHOi rpynu. [ns oOpoOku ckiaaHuX 3axad Ta
aHali3y BeJNMKUX OOCSTiB JaHUX MOXHA BHKOPHCTOBYBATH HEHpPOHHI
Mepexi, SKi 3JaTHI BUSBJIATH CKJIaHI IATEPHH 1 B3a€MO3B'SI3KU B JAHUX, 1[0
MOXE CYTTEBO IMOKpAIIUTH TOYHICTH MPOTrHO3IB i pexomenpauniii [1]. Lle
0Cco0IHMBO KOPHUCHO TUTSt 00poOKH HemependadyBaHUX abo
HECTPYKTYpPOBaHHX JIaHMX, @ TAKOXX /IS TIIMOOKOT0 aHai3y pe3ysbTaTiB.

Peamizamis nmx Mopxeneil y mpoekti Moxke OyTm 3niiicHeHa 3a
JIOIIOMOT 010 cy4JacHHX 0i0iioTek Ta (hpeMBOpPKIB MAIIMHHOTO HAaBYAHHS,
ski iHTerpytotecst 3 mmardopmoro NET. Ile 3a0esneuye edextuBHy
00poOKy JaHMX Ta aBTOMAaTW3alI0 MPOLECY OLIHKKH IPOAYKTHBHOCTI,
CHPUSIIOYM JIOCSITHEHHIO 3arajlbHUX IUJIed MPOEKTY Ta IOKPAIIEHHIO
pe3ynbTaTiB poOOTH KOMaH/IH.
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KEY ASPECTS OF ENVIRONMENTAL DATA ANALYSIS AND
EVALUATION BASED ON THE USE OF MACHINE LEARNING
METHODS

V.Belyanska, O.Vychuzhanin
Odesa Polytechnic National University, Ukraine

Anomauin. Y cmammi eusnaueno ocHogHi pucu ma acnekmu npooreMamuku
AHANI3Y MA OYIHKU eKOJIO2IYHUX OAHUX HA 0a3i 6UKOPUCAHHS MemOo0ié MAUUHHO2O
HABYAHHA. AP2YMEHMOBANHO 3ACMCOYBAHHS ANCOPUMMIE IHMENEKMYalbHO20 AHANI3Y
oanux Onsl asmomamu3zayii npoyecy NOULYKY B3AEMO38 SI3KI6 MIdC BXIOHUMU
O3HAKaMU ma napamempamu OaHUxX

Knrwuoei cnosa: ananiz oanux, MawurHe HA6UAHHS, eKOJIO2IYHI OaHI.

Abstract. The article defines the main features and aspects of the problem of
analysis and assessment of environmental data based on the use of machine learning
methods. The use of intelligent data analysis algorithms to automate the process of
finding relationships between input features and data parameters is argued.

Keywords: data analysis, machine learning, environmental data.
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Cy4acHi aHTPONIOT€HHI YMHHHUKH, 1110 € CKJIQ/HI 1 pi3HOMaHITHI BIUIUBY,
Jenaii Oinbllle HETaTMBHO BIUIMBAIOTH €KOJIOTIUHY PIBHOBAry i 3araJbHHUNA
PIBEHb TEXHOT€HHOI HaBaHTAXXEHHs, 10, CBOEIO YEProlo, MOTIpUIyE CTaH
310poB'st [1]. HekoHTponboBaHe 3a0py/JHEHHS HABKOJIMIIHBOTO CEPEJOBHUIA
XIMIYHUMH Ta OIOJIOTIYHUMHM BiJXOJaMH, CIPHYMHEHE HEIOCTaTHBO
e()eKTUBHOIO Ta HE30aJaHCOBAHOIO OpraHi3alli€l0 BUPOOHMYMX IPOLECIB Y
PI3HHX CEKTOpax eKOHOMIKH, BKIIOUAIOYH IPOMHUCIIOBICTD, 301BIIYE PU3HK
BUHUKHCHHS Y HAaCCCHHS XPOHIUYHUX, allepridHuX, OaKTepiaJpHUX Ta
IHIIUX 3axXBOpIOBaHb. lle 3HIDKYe K 3arajJbHUN IMYHITET, 1 CEpemHIo
TPUBANICTE XHUTTA [2]. Y cBimim miei mpoOieMu 3pocTae 3HAYCHHS
PETYIAPHOTO Ta CTPOTO  PErJaMEHTOBAHOTO MOHITOPUHTY — CTYIICHS
3a0pyIHEHOCTI pi3HMX TepuTopiil. Takuii MOHITOPHHT Ma€ BPaxOBYBaTH
0e3iiy (akTopiB Ta HA/lABATH OLIHKY KPUTHYHOCTI EKOCHCTEM 3 TOUKH 30PY
MOJJIMBOI MIKOMU 370poB'to HaceneHHs [3]. CKIagHICTh IOTO MPOLECY
00yMOBJIeHa HEOOXIJHICTIO POBEICHHS MIMPOKOTO CIEKTpa BUMIPIOBAHb 3
BUKOPHCTaHHSM  PpI3HUX JIaT4YMKiB, CEHCOPIB Ta  CIeliali30BaHUX
JCTEKIIHHUX MPHUCTPOIB AJIs OI[IHKH PiBHA 3a0pynHeHHs [4]. [lopsn 3 mum,
3HAYHY POJIb BiJIITparOTh MPOIECH 300py, OOpOoOKM Ta aHANi3y AaHUX, IJIS
SIKMX XapaKTepHI BENWKiI 00CATH Ta BHCOKAa Pi3HOPIMHICTH iH(OpMAIii, mo
OTPUMYETBCA y pi3HI mepiomu dacy. Lle mnpu3BomHWTh OO CKIATHOCTI
BUKOHAHHS IIUX IPOLECIB BPYUHY, 10 pOOUTH aBTOMATH3aIlil0 HEBI'€MHIM
enemenToM. OIliHKa piBHA BIUIMBY HETATHBHUX EKOJIOTIYHHX (PaKTOpiB Ha
3/I0pPOB'Sl HACEJCHHS € CKIaJHUM 3aBAaHHSIM, OCOOJMBO NpH py4HIH
0o0poO1i JaHWX, 3BaKAIOYM Ha IX HEOJHOPIJHICTb, BEJUKHHA oOcCsr i
NPUCYTHICTh  PI3HUX  TPyIHO(POPMaNi3oBaHUX  O3HAK  (COLIAIBHHUX,
BUPOOHHUYMX, aHTPOTIOT€HHUX, IPUPOTHUX aHOMAIIIH Ta 1HIIHX). Y 3B'A3KY 3
UM pPaliOHAJBHUM IIIX0JA0M 10 aBTOMATH3allil OI[HKH 3HAYYI[OCTI
BIUIMBY 3a0pyIHIOIOUMX pEUYOBMH HAa BHUHHUKHEHHS Ta PO3BHTOK
3aXBOPIOBaHb, & TAKOX JUISl [IPOTHO3YBAaHHS PU3HUKIB iX BIUIMBY € METOIM
MamHHOrO HauanHsi (MH). MH Ha cywyacHoMy erami € IHTEIpOBaHOIO
HAYKOBOIO JHCIMIUTIHOIO, IO TIIOEJHYE €JEeMEHTH MAaTeMaTHKH, Teopii
WMOBIPDHOCTEH, CTATUCTUKH, a TaKOX AacHeKTH Teopil omTumisaiii,
JMCKPETHOTO MOJIEIIFOBAHHS, YHCEILHUX METOJIIB 1 METO/IB 00pPOOKH aHUX.
OcHoBHOIO cdeporo 3acrocyBanHs MH € BHSBIEHHS NPUXOBAHUX
3aKOHOMIPHOCTEH y JaHWX Ta TeHepallis HOBUX 3HaHb Ha ix ocHoBi. Cy4acHi
MOJIeNi MAIIMHHOTO HaBYaHHS IHKAICYIIOIOTh PIi3HOMaHITHI METOAH
HaBYaHHS, CepeJl SIKUX:
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1.Ananituune HaBuaHHs. Lled minxin nmomsrae y moOymosi moaeni MH
Ha OCHOBI ()OpMaJli30BaHUX 3HaHb EKCIEpTiB. BiH € 0COOMMBO aKTyaJbHUM
JUIL CTBOPEHHS! TNPHKJIAIHUX CHCTEM MIATPUMKH TPUHHATTS pillleHb
(CIIIIP) Ta 06'ekTHO-OpieHTOBaHUX ekcniepTHUX cucteM (EC).

2. CraTHCTHYHE HaBYaHHA. Y IbOMY IIAXOAI MOJENi MAIIMHHOTO
HaBYaHHS OYIyIOTbCS Ha OCHOBI 300py, O0OpoOKH, CTHCHEHHS Ta
MIEPETBOPEHHS JAaHWX, OTPHUMAHUX y pE3yNbTaTi CTATHCTUYHOTO OOIIKY
eMmipuuHOi iH(pOpMaIii Bix CHeMiami30BaHUX CHCTEM, JAaTYHKIB YH
omeparopis, ki (IKCYIOTh HaHI BpydHY YW aBTOoMatudHO. lleit meron €
KpaluM I PO3B'sI3yBaHOTO 3aBJAHHS, OCKITBKH BiH Ma€ BHCOKHH CTYIiHb
YHIBEPCAIBHOCTI 1 J03BOJISE€ aBTOMATH3yBaTH IPOIECH OYMINCHHS JAHHX,
10 I0TIOMAarae MiHIMI3yBaTH CIIOTBOPEHHS Yepe3 JTIOICHKUN (aKTop.

3. KombOinoBane HaBuanHs. llei miaxig € TIOpUIAHUM MO€THAHHIM
CTaTUCTUYHOTO Ta AHANITHYHOTO METO/IB MAalIMHHOTO HaBYaHHI. BiH €
HaWOIIBII CKJIaJHUM, OCKUIBKM IMOTpeOye iHTerpauii pi3HUX MiAXOMAIB Ta
MoOJieield, 0 He 3aBXIM MPU3BOJIUTH J0 MO3UTUBHHUX PE3YNIBTATIB uepes
CKJIaJHICTh IXHBOI CHHXPOHI3allii Ta B3a€EMHOTO BILIUBY.

CyyacHi anropuTMH Ta WiOXoAaW MammHHOrOo HaB4yanHi (MH), ski
3aCTOCOBYIOTbCS [UISl TPHUKJIAAHUX 3aBAaHb Ta MiAXOAATH JUIA AHAJI3Y
eKOJIOTIYHMX JaHWX, MOXHa Kiacu(pikyBaTH 3a YOTHPMA OCHOBHHMH
TUIIaMH HaBYaHHS:

1. MH 3 yuurenem. Llei miaxix € HAHOLIBII MOMYISAPHUM 1 JOIUTEHAM
JUTS HaIIoi 3a7adi, OCKUIBKH MOYaTKOBUI HAOIp BXITHHUX NAHUX IPOXOIHUTH
PO3MITKY Bpy4HY a00 B HalliBaBTOMaTHYHOMY pexuMi. Lle 1o3Bosse TouHO
OLIIHUTH PiBEHb B3a€EMHOI KOPEJALIT MK JJaHUMH, 1O MiJABHIILYE TOYHICTD i
HaAifiHicTh MOZENI.

2. MH 06e3 yuurens. ['0J0BHOIO BiZIMIHHICTIO I[bOTO MiJIXOXLy € Te, LIO0
HaBUYaHHS BifOyBaeThcs 0e€3 IoIepesHbOi PO3MITKM NaHuX. Takuil MeTon
JIO3BOJISIE aHANI3yBaTH JaHi Ha OCHOBI BHSBJICHHS 1 OIIIHKKA HaHOTbII
3HAYYIIUX 3BS3KIB 3a CTYNEHEM OJIM3BKOCTI MiX PI3HMMH [liarna3oHaMH
naHux. lle KOpUCHO Uil BHSIBIEHHS NPUXOBAaHHX CTPYKTYp 1 aHOMANiH y
JaHUX.

3. MH i3 uwactkoBuM 3aiydeHHAM yuutens: Lledl miaxin e ribpumom
TIOTIepeTHIX JIBOX, JI€é MOJIENIi HaBUAIOTHCS HA HEBEJIMKOMY 00Cs31 YiTKO
po3mivennx maumx (10-30%), Tomi sAK iHmII [daHi CIOYaTKy HE MAiOTh
po3miTku. Po3MideHi 3ammMcH BHKOPHUCTOBYIOTBCA ISl (parMEHTapHOTO
HaBYaHHS MOJIENEH, MiCIsl YOro CTBOPEHA MOJIENIb aBTOMAaTHYHO BHUKOHYE
PO3MITKY peIlTH 1aHNX, (PaKTHIHO peai3yroun IpoIec IMCeBIOMapKyBaHHS.
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4. HaBuaHHS 3 migKpimicHHIM: Y IIbOMY BHUIAIKy IMOYATKOBA PO3MITKa
JAHWX HE TPOBOJMTHCS, OCKUIbKM HaOOpW MaHWX IS HABYAHHS MOJCICH
TCHEPYIOThCS IMHAMIYHO 13 30BHINIHBOTO CEpeioBUINA. B maHOMy migxoni
IMIUIEMEHTYETHCS. MEXaHi3M aBTOMATUYHOI BUHATOPOM MOJIEICH Ha OCHOBI
CYKYITHOCTI BHMKOHAHMX [id, IO JO3BOJSE MOJCNI aJanTyBaTHCA Ta
BJIOCKOHAJIIOBATHCS B TPOLECi B3a€EMOMIl 31 3MIHHUMH YMOBaMHU
CepeNoBUILA.

BucHoBku. TakuM 9iHOM, pe3ylbTaTH MPOBEACHOTO aHANI3y CBiqJaTh
PO JOIUIBHICTh BUKOPUCTAHHS MAIIWHHOTO HAaBYaHHS 3 BUYHUTEIEM IS
3aBllaHb aHAIi3y €KOJOTIYHUX JaHUX.
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Anomauia. Y yiti pobomi po32nsioaemuvcs 3aCmocy8anHa Memooié MAuUHHO20
HAaBYauHsA 05l 0OpoOKU 6i0eonomoxie 3 Memor [0eHmuikayii nomeHyiHux
Hebesnek ma aHomanii Ha eupobHuuux o06'ekmax. Jocaiodxcyemucs, AK  OaHi
MEXHON02TT MOJXCYMb NIOSUUMU eheKMUGHICIb cucmeMm 6e3nexu, MIHIMIZyeamu
PUBUKU WA 3an00iemu MONCIUBUM NOOIAM, 3a6e3neyyiouu npu YoMy OOMPUMAHHS
HOPM NPUBAMHOCMI ma emuKi.

Kniouogi cnosa: ideoananis, Mawiunne HA84AHHs, AGMOMAMU3ayis 6e3nexu

Abstract. This paper considers the application of machine learning methods for
processing video streams in order to identify potential hazards and anomalies at
production facilities. It investigates how these technologies can improve the
effectiveness of security systems, minimize risks and prevent possible events, while
ensuring compliance with privacy and ethical standards.

Keywords: video analysis, machine learning, security automation.

VY cydacHOMY CBITi, JIe TEXHOJIOTTYHHI IPOrpec CTPIMKO 3MIHIOE BUTIIS
BUPOOHMIITBA, MUTaHHs OE3MEKH Mpalli CTAlOTh BCE OUIBbII aKTyaJbHUMH.
3actocyBanHsi MammHHOro HaBuanHsi (MH) Ha poGounx Micusx BigkpuBae
HOBI TOPU30HTH I 3amo0iraHHsi npodeciiHuM pU3MKaM Ta HEUIACHUM
BumaakaM. CkiamHicTh 3acTocyBaHHs anroputmiB MH y cdepi pobGodoi
Oesmekn  oOymoBlieHa Oesmiuuto  (akropiB. I[lo-meprme, HeoOXigHO
3a0e3MeUnTH BUCOKY TOYHICTH 1 HaIIMHICTh CHCTEM, 34aTHHUX OIIEPaTHBHO
pearyBaTh Ha YMOBH, IO 3MIHIOIOTBCSA, 1 TIOTCHIHI 3arpo3u B
JVWHAMIYHOMY  BHUpoOOHHM4YOMY  cepenosmmii.  Ilo-mpyre,  BaxkimBO
BpPAaxOBYBaTH €THYHI acleKTH BHKOPHCTaHHS IOMIOHMX CHCTEM, TaKi 5K
MIUTaHHS CIIOCTEPEKEHHS 3a CHIBPOOITHUKAMHU Ta iX NpaBa Ha OCOOHCTY
HeJlOTOpPKaHHICTh. HaykoBa cHiIbHOTa Ta NMPaKTUKH IMOCTIHHO LIYKarOTh
ontUManbHl 1Usixu iHterpaunii MH y cucremu 3a0e3nedeHHs Oe3nexH.
HocmijpkeHHst y rany3i cucTeM OOpOOKM BIiZICOIOTOKY Ha OCHOBI
MaIIMHHOTO HaBYaHHS BiJKPHBA€ HOBI MOXJIMBOCTI IIi/IBUIIEHHS PiBHA
Oesnek Ha BHpOOHMYMX 00'ektax. Lli cucremMu BHKOPHCTOBYIOTH
AITOPUTMHU KOMIT'IOTEPHOTO 30py JJIsl aHANi3y BiJICOJaHHX Y pEaTbHOMY
Yaci, 10 /J03BOJIIE ONEPATUBHO ieHTU(IKYBAaTH NOTEHLIHI HeOe3Mekn Ta
3armo0iratd aBapiiHUM CHTyallisM J0 IX BUHHKHEHHsA. OCHOBHI acHeKTH
BIPOBA/DKEHHS ~ cUCTeM  00poOkm  Bimeomortoky:  1.TexHomoriuna
iHdpactpykrypa. ns peanizanii cucreM oOpoOKM BiIEONOTOKY MOTpiOHA
HasBHICTh Cy4acHOTO 00JiaJiHaHH:, BKIIOYAIOYH BUCOKOSKICHI BifjeoKamepn
Ta CepBepU 3 JIOCTATHHOIO OOYMCIIOBATIBHOIO TOTY)KHICTIO TSI 0OpOOKH
BEIHMKHX 00cATiB MaHuX. Takok BaXXJIHMBOIO € iHTerparmis 3 icHyrouoro IT-
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IHQPACTPYKTYpOIO HA MiANPUEMCTBI. 2.ANTOPUTMH KOMIT'IOTEPHOTO 30pY.
3acTOCOBYIOThCS pi3HI TEXHIKM MAIIMHHOTO HaBYaHHS, BKJIIOYAIOYH
HaBYaHHS 3 y4uTeJeM Ta 0e3 BUMTElNs, JJIs pO3Ii3HaBaHHS 00'€KTiB, 0ciO,
XKecTiB 4yM He3BuuaiHux noxaid. Kousomrouiitni (CNN) Ta pexypeHTHi
Hediponni Mepexxi (RNN) 4Yacto BHKOPHCTOBYIOTBCS JUIS — aHAI3y
BIJICOMIOTOKY B 3a/ayax, MOB'i3aHUX 3 Oe3mekoro. 3. 3abe3neueHHS
MPUBATHOCTI Ta 3aXHCTy AaHWX. HEoOXigHO NPHUAIIATH yBary 3axwCTy
MIEPCOHATBHUX JTaHHUX CIIBPOOITHHKIB Ta JOTPUMAHHS 3aKOHOJABCTBA IIPO
npuBaTHiCTh. Po3poOka Ta BIPOBAa/DKEHHS CHUCTEM MalOTh BiIOYBaTHCS 3
ypaxyBaHHIM CTaHAAPTIB Ta 3aKOHHUX BUMOT[1].

CydvacHi anropuTMH MAaIIMHHOTO HAaBYAHHSA, SKi 3aCTOCOBYIOTHCS MJIS
BHpIMICHHA 3aBOaHb y cucTeMax 3a0e3meueHHs Oesmexu: 1.CNN s
aHamizy Bizeo Ta posmizHaBaHHs 00'¢kTiB. CNN € OCHOBHHM IHCTPYMEHTOM
y Traiy3i KOMII'FOTEPHOTO 30py, 3aBISKH CBOId 3MaTHOCTI €()EKTUBHO
00poOmsaiTi 300pakeHHss Ta Bigeo. OcHoBHUWI mnpuHUun podotn CNN
NoJjiarae y BHMKODHCTaHHI 3TOPTKOBUX IIapiB, sKi aBTOMAaTW4HO Ta
ITEPaTUBHO BUTSTYIOTh BaXKIIMBI O3HaKW 3 300pakeHb 0Oe3 HEOoOXiTHOCTI
TIONIEpEeTHBOTO Ta SIBHOTO 3aBJAHHSA IMX O3HAaK JroguHOoM0. Lli Mepexi
BHKOPHUCTOBYIOTP Pi3HI QIIBTPH (SIpa 3TOPTKH), SKi CKAHYIOTh 300paKCHHS
a0 BiZeoKaap Ta CTBOPIOIOTH KapTH O3HAK, BUJIUIIOUM TaKi €JIEMEHTH, SIK
Kkpai, KytH, Tekctypu [2]. Y xoHTekcTi Bimeoanamizy, CNN MOXyTb
HABYATHCS Ha BEIWKAX Ha0Opax NaHUX /s pO3IMi3HaBaHHA O0'€KTiB,
BIJICTeXKCHHS 1X PYyXiB 1 HaBITh A1 BUKOHAHHS CKIIAIHIIIAX 3aBIAaHb, TAKUX
SIK CEeMaHTH4Ha cerMeHTallis ciend. Oco0nrBo BaxiMBO € 31aTHicTh CNN
00poOJIATH TMOCTIOBHI KaJpu BiJIcO, L0 JO3BOJSE BUKOPHCTOBYBATH
TUMYACOBY 1HQOPMAILiO JUIsi TOYHOT'O PO3MI3HABAHHS JUHAMIUYHHX O0'€KTIB.
2.PexypentHi HeiiponHi Mmepexi (RNN), Bkimtouatoun LSTM ta GRU, ans
aHali3y TUMYacOBHMX IIOCIHIJIOBHOCTEH Ta mepenbaueHHs Jiii Ha OCHOBI
monepeaHroro  KOHTeKcTy. RNN  cmemiamizoBani  Ha  00poOiri
TIOCHIZIOBHOCTEH JaHUWX, J€ BHXIJ] MEpeki 3aleXHUTh HE TIIbKH BiX
MIOTOYHOTO BXOJy, ajle 1 BiJ| ImomepenHboro crany mepexi. Lle poburs ix
iIeNIbHUMU ISl 3aBJaHb, IOB'SI3aHMX 13 TUMYAaCOBHMH DPAJaMH, TaKHUX SIK
aHawi3 BiZIcO, JIe KOHTEKCT IMOMEPEIHIX KAAPiB BAXKIMBHHA IS PO3YMiHHS
notounoi nii. LSTM (Long Short-Term Memory) [3] Ta GRU (Gated
Recurrent Units) € mokpamenHusmu ctanaapTHoi RNN, npusHadyeHUMH IS
60poTr0H 3 mpobiiemamu 3racaHHs abo BHOYXy Tpai€HTIiB, IO pOOUTH X
0CO0NMHMBO TpUAATHUMH JUII OOpOOKHM JOBTHX MOCHIJOBHOCTEH JaHUX. Y
KOHTEKCTi  Bifmeoanamizy, LSTM wmoxe OyTH BHUKOpHUCTaHA IS
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nepef0avYeHHsT HACTYNMHUX Jiifi a00 ToJiii Ha OCHOBI MOMEPEeIHbOT
AKTUBHOCTI, HANPUKIAJ], BU3HAYCHHS HMOBIPHOCTI BUHUKHCHHS MCBHHX
MOJIH Ha OCHOBI Jil IepcoHaxiB. 3. ABTOCHKOAEPH JUIS BHSBICHHSI
aHOMAJIid Ta HE3BUYAHHMX MO Ha BiJICO0. ABTOCHKOICPU - 1€ THII
HEHPOHHUX MEPEK, SKHA BHUKOPUCTOBYETHCS IJIsl CTHCHEHHS MJaHUX 3
MOJTAVIBIIIAM iX BITHOBJICHHSIM. ABTOCHKOJCPH CKIIAMAIOTHCS 3 JBOX YACTHH:
Kozepa, SKUH CTHCKae BXiIHI JaHI JO MEHIIOTO YSBICHHS, Ta IEKOJAepa,
KU BIHOBIIOE JaHi Ha3aa n0 BuxigHoro ¢opmary[4]. Tlomwunka
BiTHOBJICHHSI MOXE€ BUKOPHUCTOBYBATHCS BH3HAYCHHS aHOMAIi: IO BUIIE
MTOMIJIKA, TO MMOBIpHIIIe, MO AaHI BiIXWIAIOTHCA Bif " HOpManbHUX ". YV
KOHTEKCTI BiJIEOCIIOCTEPEKCHHSI aBTOCHKOJCPH MOXKYTh HaBUaTHCS Ha
"HopManpHUX" BileonaHMX, MO0 MOTIM BUSABIATH aHOMANBHI MOXIl, SKi HE
BIJINIOBIIAIOTh HAaBYaJbHOMY Habopy. Hampukmax, y cucremax Oe3mexu
ABTOCHKOJIEPM MOXYTh BUSBISTH HE3BUYaiiHy MOBEAiHKY abo iHIIi
BIIXMJICHHS BiJl HOPMH, TaKi SK HECAHKI[IOHOBaHUH JOCTYI Ha TEPUTOPIIO,
10 oxopoHseTbesa. OTxe, MalllnHE HaBYaHHA MEPETBOPIOE 3acobu Oe3nexu
Ha poOOYMX MiCLSX, HaJarOYd TOTY)XHI I1HCTPYMEHTH [UIsi aHaji3y
Bimeomannx. KoHBONOWIMHI HEWPOHHI Mepeki €PEeKTHBHO pO3IMi3HAIOTH
00'€KTH Ta aHaJi3yITh BIJCONOTOKH, DPEKYpPEHTHI HEHPOHHI Mepexi,
Bkmogaroun LSTM ta GRU, 103BONSIFOTE aHaNi3yBaTH THMYacOBi
MIOCTITOBHOCTI Ta Iependavyatd [ii, a aBTOSHKOJCPH YCIIIIHO BUSIBISIOTH
aHOMaJTii Ta He3BHYAHI Mofii. BripoBa/UKeHHS IIMX TEXHOJOTIH CHpHUsE HE
TIJBKY MiABUICHHIO O€3IeKH, a i ONTHMIi3allii MOHITOPUHTOBUX CHCTEM Ha
BUPOOHHIITBI, 1110 POOUTH BUPOOHMYI IPOLIECH OLIBII OE3MeUHIMH.
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SOFTWARE MODULE FOR DATA ANALYSIS OF DETECTION OF
DDOS ATTACKS
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Anomauia. Y Oauiti pobomi 3anponoHo8aHo ma ONUCAHO KOHYENYilo npoexmy
NpoSpaAMHO20 MOOYIA auanizy oOanux eusgienHa DDOS-amax, pozenamymo
0CcoOIUB0CMI BUKOPUCTAHHA MOOeell WMYYHUX HEeUPOHHUX mepedc Ol NOWYKY
NPUXOBAHUX 3AKOHOMIDHOCMEU 6 OAHUX, HABEOeHO XAPAKMepUcmuKy o0pany ois
HABYAHHSA MA MeCMY8aHHs MoOeel Habopy OaHUX.

Kniwouosei cnosa: wmyuni mueiuponni mepedxci, eusignennss DDOS-amax,
Kibepbesnexa.

Abstract. This paper proposes and describes the concept of the software module
project for data analysis of DDOS-attack detection, considers the features of using
artificial neural network models to search for hidden patterns in data, and gives the
characteristics selected for training and testing data set models.

Keywords: artificial neural networks, detection of DDOS attacks, cyber security.

B nanmii yac cnocrepiraeTbes cTilika TeHAEHILIs y 30LIbIIEHHI 00CsTiB
JaHUX B Mepexi [HTepHeT i B JIOKaIbHUX Mepekax CepelHiX 1 BEJMKUX
opraizaniii i mianpueMcTs. Lle 0arato B YoMy MOB'I3aHO 3 MiIBUIICHHIM
3arajpHOi KiJIbKOCTI BUKOPHCTOBYBAHHX CIIIBPOOITHUKAMHU U1l BUPOOHUIHMX
Ta OmNepaliifHuX motped OHIAHH-CEpBiCiB, CHCTEM, BeO-CaliTiB Ta OJATKIB,
3aCHOBAHUX Ha PO3IMOAITICHIN, 30KpeMa, KIIiEHT-CepBepHiit apxiTekTypi [1].

Y 3B'I3Ky 3 OJHOYACHMM BHKOPHCTaHHSAM JECATKIB 1 COTEHBb
MPOTPaMHUX CIIYKO0, JOJATKiB y poOOYOMY OTOYEHHI KOXKHOTO XOCTa B
MepexeBui 1H(pacTpykTypi opramizamii amui poOOTH CHiBpOOITHHKA,
3pocTa€  HEOOXiAHICTh SIKICHOTO Ta IJIbOBOTO aBTOMAaTH30BaHOTO
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MOHITOPUHTY JJaHUX, IO TMEPEaloThCs SIK B paMKax JOKaJIbHOT MepexKi, Tak
i B camy Mepexy IHreprer [2]. B mepury uepry me HEoOXiTHO s
3a0e3neueHHs Oe3NeKH ONepalifHuX, TEeXHIYHUX, (PIHAHCOBHX Ta IHIINX
JAHWUX, [0 30epiraroThCsl B OpraHizallii i € MIHHICTIO IS TOBHOIIHHOTO
BUKOPUCTaHHS MOXJHUBOCTeH Komm'totepHux Mepex [3]. Ilpu mpomy
HaWOITBII KPUTHYHOIO Ta BPA3JIMBOIO JIAHKOK CTAlOTh aBTOMAaTH30BaHi
inpopmaniiiai cucremu (AIC) ta ix xommoneHTH (6a3um maHWX, (Gopmu
00po0Oku iH(dopMaIlii, 3BiTH), TOCTYIl Ta Mepegada AaHUX, y SKAX MalOTh
OyTu 3abe3meueHi B 3aXUIIEHOMY pexuMi [4]. Y KOHTEKCTI aHali30BaHOI
MpoOJIEMAaTHKN AKTyalbHUM TPEHIOM € BHKOPHCTaHHS arnapary ITyYHHX
Heiiporanx Mepex (IIIHM) nmnsg aBromarmzamii mpoliecy TOIIYKY Ta
BUSIBJICHHSI IPUXOBAHNX 3aKOHOMIPHOCTEH y JAHUX, Y TOMY YHCIIi HE SBHUX
o3gak DDOS arak. HaBuanus IITHM € KOMIUIEKCHUM 1 JOCUTh CKIaJHUM
MpOIIECOM, y SIKOMY pi3Hi 3B'si3ku Ta mapamerpu [IIHM HagamToByrOThCS
LULIXOM MOJISJIIOBaHHS CepelloBUINa, 1o (GopMmye Heiipomepexy. Tum
HaBYaHHS MOJENI B IEpIIy Yepry BH3HAYAETHCS IMOPSAKOM Ta CIIOCOOOM
mijicTporoBaHHs 1ux mnapamerpiB. IIITHM MoxyTh HaBuaTHCSi Ha OCHOBI
BHKOPHUCTaHHA iH(popMaIii mpo TecToBi mpukiaan (3 ydurtenem) abo 6e3
TaKoi, 3a3janeriip Bimomoi iHopmaii (6e3 Bumrens) [5]. B manmii wac
cepell iCHYIOUHMX CHCTEM aHamizy Ta BusBieHHs: DDoS-artak BigcyTHi
MOXJIMBOCTI BHOOPY, CTBOPEHHS, TOHKOT'O HAJAIITYBaHHS Ta OILIHKH SKOCTI
MoJiefieldl MalllMHHOTO HaBYaHHS Ta IITYYHUX HEHPOHHUX MEpEXk, 30Kpema.
Y 3B'I3Ky 3 IOHMM € JOIUIBHAM pPO3po0Ka BJIACHOTO HPOrPaMHOTO
3abe3neueHHs Ha 0a3i Bukopuctanus IIIHM, mo peasizye MOMKJIHMBOCTI:
IMIIOPTY BXIIHUX JaHUX; BHOOpPY HEOOXIIHMX MoOJeNieil MAalIMHHOTO
HaBYaHHS Ta WITYYHUX HEHPOHHHUX MEPEX; 3MIHM NapaMeTpiB Ta MOOYA0BH
MoOJieNield;  OLIHKM METPUK SKOCTI HaBYaHHs MoJesel; 30epexeHHs
pe3ysibTaTiB Uil TOAANBIIOr0 BHMKOPHCTaHHsA. Y mporeci poOotu
nporpaMue 3a0e3redeHHs] Ma€e ONepyBaTH Takolo iHdopmariero, sK: BXiaHi
HaOOpH BEKTOPIB BXiJHUX O3HAK Ta IILOBOI (BUXIAHOI) 3MIiHHOT,
3HAUEHHSAMHM TileprapaMeTpiB Mojesiei, amropuTMaMy HaBYaHHS MoJelel
IITyYHAX HEHPOHHHMX MeEpEeX Ta JaHWMH 3a METPUKaMHu IiX OLIHOK. Sk
mxepeno naanux BukopuctaHuid Habip CSE-CIC-IDS2018 [30] 3aranphuii
oOcsr Bubipku cTaHOBUTH O1m3bko 6 1'0. Lleit HaOip naHux OyB cTBOpEeHHH
VuiBepcuterom Hrro-bpancyika mns anamizy manux DDoS B 2018 pori.
Cam HaOip maHmx OyB 3aCHOBAaHHUH Ha XKypHAJax CEpBEPiB YHIBEPCHUTETY, Ha
akux  Oymo  BmaBineHo  pisHi  DoS-atakm  mpoTsrom  yckoro
3arajgbHOJOCTYMHOTO Tepioxy. [lo Hboro BxoauTh 78 BXiJHMX O3HAK i
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BuximHa 3MiHHa Label, mo Mae 2 mOMiHyrOYi KJIacH: HAasBHICTH aTaku
(DDoS attack-Hulk) Ta ii Bigcytaicts (Benign). 3 Merow 3abe3nedeHHs
MOXIJIMBOCTI JIOCJI/DKEHHSI JIaHOTO Habopy NaHuX B yMOBax OOMEKEHHX
00YHCITIOBAILHUX MOJKJIMBOCTEH HPUHHATO pillleHHA 11040 (GopMyBaHHS
penpesentatuBHoi BuOipku Ha 100 000 3ammciB, Ha migcTaBi sKOi OYAyTh
nobynoBani mozeni MO. PospoOmenuii mnporpaMHUi MOAYJIb Mae
HacTynmHHH (yHKIiOHANM: 00poOka BXigHHX HaOOpiB maHUX, (GopMyBaHHS
kapkacy mogmeni IIIHM, ii cepiamizamis Ta mecepiamizamis, mojada HOBUX
BXIIHUX JaHWX Ha BXiX chopMoBaHOI MOIEN A BHUPIMICHHSA 3agadi
knacugikamii. B pe3ynpraTi BUKOHAHHS JaHOI pOOOTH CTBOpPEHA KOHIICTIIIIS
MPOEKTY MPOTPaMHOTO MOIYJA aHali3y OaHuxX BusBieHHA DDOS-atak,
SKAH Mae (QYHKIIOHAJIbHUHM CKJIax Juid TOOYNOBHM Ta BUKOPHUCTAHHS
Mmopeneii [ITHM, depes 1o 3aBiaHHs NOIIYKY MOTEHIIHHUX YPa3IUBOCTEN y
CHUCTEMi CTa€ aBTOMATH30BaHUM. [loJanmbIIMM KpPOKOM JOCTIJDKEHHS €
cTBOpeHHs BiacHOi mojeni IIIHM Tta i TecTyBaHHS Ha HOBHX Habopax
JaHUX.
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Anomauia. Y oanuiii pob6omi HagedeHO pe3yrbmamu aHanizy npooremMamuxy ma
3ac00i8 pO320PMAHHA KOHBEEPI8 Mooenell MAWUHHO20 HABYAHHA O 3080aHbL
asmomamu3zayii MOHIMOPUH2Y pobOmMU NPOSPAMHUX 3ACMOCY8AHb, WO HAYLNEH] HA
amanis OaHux.

Knrouosi cnosa: poscopmanns Koeeepis, MoOeNi MAUWUHHO20 HABYAHHS,
KOHmeliHepu3ayis.

Abstract. This work presents the results of the analysis of the issues and means
of deploying pipelines of machine learning models for the tasks of automating the
monitoring of the work of software applications aimed at data analysis.

Keywords: deployment of coveyers, machine learning models, containerization..

B nanmii yac crocrepira€TbCsi TEHACHIISI PETYJSPHOTO 3pOCTaHHS
00CsriB JaHUX y PI3HUX NPHUKIAIHUX cdepax, 10 CIPHUSE MiIBUILEHHIO
HEeOoOXiTHOCTI aBTOMarm3auii ix aHamizy. Y 1[bOMY KOHTEKCTI JOLIJIBHUM €
3aCTOCYBAaHHS METOJIIB Ta 3aCO0IB IHTEJIEKTYaJbHOTO aHai3y IaHHUX, Y TOMY
YHCII MOJENEH MaIlMHHOTO HaBYaHHS, IIO0 JO3BOJISIIOTH HPUCKOPUTH Ta
CIIPOCTUTH TIpolleCH OOpOOKHW, aHami3y JaHUX Ta BUSABIEHHS B HHUX
NIPUXOBAHUX 3aKOHOMipHOCTeH. JInst e(peKTHBHOrO MEHEDKMEHTY Ta
YIPaBIiHHS ONEpaliiHUMH Ta aHATITHYHUMH IIpOIecaMHM Ipu poOoTi 3
JaHUMH aKTyaJbHUM € BHUKOPHCTAHHS KOMIUIEKCY IJXO[IB, MPaKTHK Ta
TEXHOJIOTIH  aBTOMaru3alii  yHpaBlliHHA  pPO3POOKOI0  MPOTrPaMHOTO
3abe3rneveHHs Ha 0a3i MammHHOro HaBuanHs (ML), mo BupaxaeTbes y
pursiti MLOps  3amaa  [1]. TlepeBarm KOHTeHHepu3aiii — CTaiu
aKcejepaTopoM y TOIIMPEHHI Ii€l TEXHOJIOTii, y 3BSI3Ky 3 4YHUM pi3Hi
VYaCHUKH i€l €eKOCHCTEMHU PO3Movaiu poOOTy Haja craHaapTuzamiero. Ha
CBOTOJHIIIHIN JeHb KOHLEMINS KOHTEHHepiB CKIAmaeTsCs 3 Oe3miui
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TEXHOJIOTIH Ta crenianbHoi TepMiHoJorii. OCHOBHUMH CTaHIapTaMu Ta
cnenudikamismu €: Open Container Initiative, Container Storage Interface,
Container Network Interface Ta App Container Specification [2]. Kouseep
ML nonomarae cCTBOPIOBAaTH, ONTHUMI3yBaTH Ta aJMIHICTpyBaTd poOOYMid
nporec crBopeHHs Mozeneil. KonBeep ML e mporecom 1t IpUCKOpEHHs,
MIOBTOPHOTO BUKOPUCTaHHSI, YIPaBIiHHA Ta po3ropTanus ML mozenei.

KonBeep ML € Takox HacKpi3HOIO KOHCTPYKII€IO, SIKa OpraHi3ye IMOTIiK
naanx Moxaenbs ML (abo HaOip 3 nekinpkoX Mojerneit) i BuBeAeHHs 3 Hei. Bin
BKITIOYa€ BBEACHHS HEOOPOOICHNX NaHWX, (YHKIIIT, BUXiIHI JaHi, MO Ta
iX mapaMeTpH, a TaKOXX BUXIiTHI JaHI MPOTHO3YBaHHA. Y OLIBII OIHPOKOMY
ceHci koHBeep ML € crmocoboM crctemMarn3allii Ta aBToMaTH3alii pododoro
mporiecy, HeoOXigHui 11t cTBOopeHHs moxeni. Konseepn ML ckiamaroThes
3 KUIBKOX IOCHIJOBHUX KPOKIB, sIKi BUKOHYIOTh OcHOBHi erarmu JKLI, Bin
BUJIy4YEHHS Ta IOIEpeIHb0i 0OpOOKH JaHMX IO HABYAHHS Ta PO3TOPTaHHS
Mmojeni. KioyoBa nepeBara nmofiOHUX KOHBEEPIB IMOJSTac B IHTETpalbHIii
aBTomaTm3anii eramiB KL mozeni, 30kpema, IpU OHOBJICHHI HAaBYATbHHUX
JaHUX 3aIyCKaroThCsl po0OYi MPOIECH MEpeBipKH, OOPOOKH, HaBUAHHS
Mojeni, TecTyBaHHA Ta posropTaHHs [3]. KorBeep ML Brirouae mporuecH,
SKi: e(QEeKTHBHO BIACTEXYIOTh 3MiHY Bepcii BHXIIHUX JaHHUX I
TIOCHIZIOBHUX 3aIlyCKiB HOBHMX MPOLECIB HaBUaHHS MOJEINICH; peanizyroTh
morepeHI0  O0poOKy JMaHWX s HAaBYaHHS Ta TEPEBIPKH MOJIEI;
3MIMCHIOIOTh CTEXEHHs 3a BEpCisIMA KOHTPOJBHUX TOUOK MOJIENI IIif 4ac
HaBYaHHS; JIOTYIOTh €KCIIEPUMEHTH II10JI0 HAaBYAHHS MOJEJeH; aHali3yloTh
Ta TepeBipsfoTh HaBueHi Mojneni ML; BUKOHYIOTH pO3ropTaHHs Ta
MaciTabyBaHHS CTBOPEHHX MOJEJel; OHOBIIOIOTh AaHi JUlsl HAaBYaHHS Ta
peai3yloTh KOMIUIEKCHUH MoHiTOpuHr Moneni. KonBeep ML no3Bosse
3a0e3neunTH HACTYIHHUN sl TIepeBar: MiHIMIi3allisi MTOMHJIOK; BiJCTeKCHHS
€KCIIEPUMEHTIB; CTaHAAPTH3ALlis BCIX eTaliB; MaclITaboBaHICTh MOZIEJIEeH Ha
PI3HUX apXiTeKTypax.

TakuM dYMHOM, BHIPOBA/KEHHS KOHBeepiB ML nosBossie  mocsrtu
HACTYITHUX Ppe3yJbTaTiB: CKOPOUYEHHS Yacy pO3pOOKM HOBHX MOJEIEH,
CHPOILIEHHS Ta NepeadauyBaHiCTh MPOLECIB OHOBJICHHS ICHYIOUMX MOJIEIICH,
CKOPOYEHHS YacOBMX BHTpaT Ha BIATBOPEHHS OOYHMCIIOBAJIBHUX
eKCIIepUMEHTIB. Bce 1e crpusie 3HMKEHHIO BUTPAT HA BUKOHAHHS IPOEKTIB
y ramy3i ML Ta TAJl. IcHyrodoro mpoOieMol0 B JaHOMY KOHTEKCTiI €
HasBHICTH Ta BUKOPHCTAHHS «KOPUCTYBAIIBKOTO KOAY» AJIS IHTErparii Mix
pi3HUMH KpoKamMu KoHBeepa ML, y 3BSI3Ky 3 THM, OO BIiH €
Ba)KKOTIEPEHOCUMHM, HE MaclITa0OBaHUM, a TaKO)XK BHMAarae JOAAaTKOBUX
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TUMYAacOBHX BHUTPAT Ha MIATPUMKY Ta OHOBJEHHs. B nmaHumii yac cTBOpeHO
IHCTPYMEHTH JJIsI CTaHJapTH30BAHOI'O OpKECTPYBaHHS Ta abcTpakiii
CHONyYyHOTO KOJy, 30kpema Apache Bean, Apache Airflow, Kubeflow,
MLFlow [4]. [na koopauHAIlii KOHBEEPIB MAIIMHHOTO HABYaHHS
BUKOPHCTOBYIOTHCS IHCTPYMEHTH KOHBEEpaA JTaHUX Ta CXOBHIIA apTe(aKTiB,
takux sk Tensorflow ML MetadataStore. Y mpoueci pobotu moaeneit ML
MOXYTb OyTH 3i0paHi HOBi JaHi, a TAKO)XK BUKOHYBAaTH 3MiHH B IX PO3ITOILITI.
JlonaBaHHS 3BOPOTHOTO 3B'A3KY B KOHBEEP OOYMOBIICHO 3HI)KEHHSAM SKOCTI
NPOTHO3IB Aeskux Mogaened ML depes 3MiHy IOCBiLy KOpHCTyBada,
HamlpuKJIag, B CHCTeMaX pEKOMEHAalii, KOIM TWOIepenHii BHOIp
KOPHCTYBa4a BIUTMBAaE Ha HACTYIHI peKOMeHIamii (IepcoHaNi30BaHi
Mozeni). KoHBeepiB Mojeneil MAaIIMHHOTO HaBYaHHS € AaTKyaJIbHUMH
HanpsiIMKaM# PO3BHUTKY cydacHol npuknannoi chepu MLops. Tlonanbimm
MEPCIEKTUBHAM HIISIXOM JOCIIXKEHb € po3po0Ka MPOEKTy aBTOMaTh3allii
MPOIECY PO3TOPTAHHSA Ta MOHITOPHHIY HMAaWIIAWHIB MOJCICH MaIIMHHOTO
HaByaHHs Ha 0a3i CTBOPEHHS iX KOHBEEPIB.

Jlitepatypa

[1]. Scott H. Software Containers: Frequently than Most Realize [Enexkrponsuii
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DEVELOPMENT OF A SOFTWARE APPLICATION PROJECT
FOR SOLVING COMBINATORIAL OPTIMIZATION TASKS

S. Petrova, Ph.D. M. Rudnichenko
Odesa Polytechnic National University, Ukraine

Anomauia. YV Oaniti pobomi Hagedeno pesyrbmamu po3poOKU HPOeKmy
NPOSPAMHO20 3ACMOCYBAHHS BUDIUEHHS 3A80AHb KOMOIHAMOPHOL Onmumizayii,
002pYHMYBAHO  AKMYANHICMb — GUKOPUCMAHHA — 2EHEMUYHUX — ANeopummie 07
NPUKIAOHUX 3ACMOCYBAHb, HABEOCHO CXeMY GUKIUKIG OCHOGHUX KNACI8 NPOEKmy
cucmemu.

Knrouogi cnosa: kombinamopra onmumizayis, 2eHemudHi aneopummu.

Abstract. In this work, the results of the development of a software application
project for solving combinatorial optimization tasks are presented, the relevance of
the use of genetic algorithms for applied applications is substantiated, and the
scheme of calls of the main classes of the system project is given.

Keywords: combinatorial optimization, genetic algorithms.

Huni chopmyBanocsi Ta yYCIHIIMIHO PO3BUBAETHCS IEPCHEKTUBHHIA
HAMPSAMOK y Teopii mty4yroro intenekty (LI) — eBorOIiiHI 0OYHCICHHS
(EO). Sk mpaBmio, medl TEepMiH 3aCTOCOBYIOTh [UIS 3arajlbHOTO OMICY
PI3HUX aJTOPUTMIB IIOIIYKY, HaBYAaHHS YM ONTHMI3allii, 3aCHOBaHUX Ha
(dopmalizoBaHUX TMPHUHIUIAX Ta MIAXOJaX MPUPOITHOTO EBONIOLIHHOTO
Bimbopy. OcobxmBocTi 3akmanenux ineit EO Ta camooprasisaiii monsramoTts
y IX aKTyaJbHOCTI Ta YHIBEpCAJbHOCTI IUIi 3aCTOCYBaHHS 3 METOIO
BHPIIICHHS TEXHIYHHUX, O10OTIYHNX Ta EKOHOMIYHUX 3aBHaHb. [1oi0Hi imei
YCHIIIHO Peai3yroThCsl 3a JIOMIOMOTOI0 BUCOKOPIBHEBUX 3aC00iB pO3pOOKH
Ta TMPOTrpaMyBaHHsS OPAKTHYHO [1]. AKTyambHICTH TEMATHKH MOJIATAE B
TOMy, 10 TE€HETHYHHH alrOPUTM BiIHOCHTBCS 10 KJIACy EBPHCTHYHUX
AITOPUTMIB 1 € JOCHUTh MOJIOAWM 1 NEPCIEeKTHBHUM HAIPSIMOM B 00JacTi
ONTHMi3allii Ta MOJENIOBaHHA. Y BITUM3HSAHIA JiTepaTypi el MeTon
HE/IOCTaTHBO BHCBITIIIOETHCS, CIIOCTEPIraeThCsl HecTada iHpopmamii Ta
BIZIOMOCTEH Mpo #oro (YHKIIOHYBaHHS B KOHTEKCTI pPi3HOMaHITHHX
3apnanb. OUTHMI3allifiHI 3aBIAaHHS MOXYTh OyTH KiIacu]iKoBaHI Ha IBa
tuny. [lepmuid THI BKIIOYae 3aBIaHHs, SKi MOXYTh OyTH BHpIIIeHI y
TIOJTIHOMIJILHHUIM Yac 1010 po3Mipy BXigHuX nanux. Lli 3aBaaHHs, 30kpema,
Moxe OyTu chopMyJIbOBaHi K 3aBAAaHHS JIHIITHOTO IPOrpaMyBaHHs.

246



Materials of the XII International Scientific Conference
«Information-Management Systems and Technologies»
23th — 25th September, 2024, Odesa

Jpyruii TUI 3aBJaHb BKJIIOYA€E CUTYaIlil, 16 MOXKJIMBI BapiaHTH SBIISIOTH
co00r0 KiHIleBe Oe3miu. Y pasi pillleHHS MOXe OyTH 3HAWICHO NUIIXOM
nepebopy Bcix MoxnuBHX BapianTiB [2]. T'enermuni Asroputmu (T'A)
SIBJISIFOTH COOOI0 aJlalTUBHI MaTeMaTHYHI METOJM MOUIYKY, SKi HalJacTime
3aCTOCOBYIOTBCS JUIsl BUPILICHHS Pi3HUX 3aBJiaHb, NMOB'I3aHUX 3 JIOKAJIHHOIO
abo riobankHOIO onTuMizanieto. ['A 06a3yroTbesi Ha TEHETHYHHX Ipolecax
ICHYIOUMX y TpHpoOXi OiOJOTiYHMX OpraHi3MiB. 30Kpema, OioJoriuHi
HONYJSLii PO3BHBAIOTECS TA EBONIOLIOHYIOTH INPOTATOM IOSBH HOBHX
MOKOJiHb, 3TiMHO 3 ICHYIOUHMH 3aKOHaMH TPUPOJHOTO Bindopy,
peaizyrour TMPWHIOWN BIKWBAHHSA HAUCTIMKIMMX 1 mpuctocoBaHuX. ['A
MOXYTh OYTH amanToBaHi Ta 3aCTOCOBAaHI [UIA BHPIMICHHS pPi3HUX
MPaKTHYHHUX 3aBJaHb, SKIIO Ti NpaBmiIbHO (opmarnizoBani [3]. B pamkax
JaHOi poOOTH MPONIOHYETHCSI CTBOPEHHSI TIPOEKTY CHCTEMHU, 1110 Oyze 3JaTHa
BUPINIyBaTH 3aBJaHHs KOMIBOsSDKEpa, IUIaHyBaHHS poOodoro rpadiky Tta
CKIaMaHHsg pO3KIagy 3aHaATh Ha 0a3i ['A. Cxema BHKIHKIB KJACiB
3alpOIIOHOBAHOT0 MPOEKTY MPOTrPaMHOTO J01aTKa HaBeJCHO Ha puc. 1.

a’ tsp.exe

4P =p

C@ TspForm

Pucynox 1. Cxema 8uKIUKIG KIACI6 NPOPAMHO20 3abe3nedenns

Jana cxema [03BOJNSE BiOOpa3sWTH MOPSIOK B3aEMOBHKOPHUCTAHHS
OCHOBHMMH KJIacaMH HasBHUX Y HUX METOAIB JUIi peaiizalii mporpamHoi
JIOTIKM y TIpOIleCi BUKOHAHHS PO3PaxyHKIB BIIIOBIIHO 10 alrOpUTMY Ta
3arajgbHOi OOpOOKM BXIJHMX Ta oONepaunidiHMX JaHMX. Touka BXOIy B
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mporpamy pos3TamioBaHa B Kkiaci Program, 3BiAKM BHKIMKA€ETHCS Kiac
TspForm, sikuii BUKOPHCTOBYE MIAKIIOUEHHS N0 MPOEKTY IHIIUX KIACiB,
noynHarouu 3 Tsp (MicTHTH JIOTiKy OOpoOKM Ta OTpHMaHHsS NapamerpiB
aIropuTMy) Ta 3akiHuyroun kiacom City (okpeme MICTO-IYHKT 3i
cTBOpeHoro cmucky Ha maseni). Koncrpyktop City iMIUIEeMEHTYe
BHU3HAYCHHS BHKOPHCTAaHMX MoJiiB Ta BiactuBocteil (Location, distances,
location, closeCities). Merton FindClosestCities 3mificHIOE —TONIIYK
HaWOMIDKYIOTO IYHKTY Ha TaHemi Ha 0a3l BBEOEHMX MJaHUX 3a HOro
koopanHaTamMu. Meton Crossover BUKIMKA€ KOHCTPYKTOP 3 IapaMeTpoM
Tour ans ¥ioro mepeBaHTa)keHHS Ta BUKOPUCTOBYe Metonu joinCities Ta
findNextCity mma moOymoBH  KiHIIEBOTO  MapIIpyTy Ha  IaHeNl
BimoOpakeHHs. Psanm i3 3a3HaYCHHX METOMAIB BUKOPUCTOBYE pEKYpCiio
IiIBUILEHHS PiBHS TPOJTYKTUBHOCTI OOUNCIICHHSI.

BucnoBku. Ha 6a3i copMOBaHOT0 MPOEKTY MPOrpaMHOro 3a0e3neueHHs
JIOLIIIBHUAM € ToJjajibllia PO3po0Ka Ta OMUC KIIOYOBUX METOMIB IMPOrPaMHOi
peanizauii anroputrmiB EO, mo Oyne BHKOHAHO B paMKax HAaCTYIHX
JOCITiKeHb. MeToau MOXKYTh OyTH MoJineH] Ha okpemi (yHKI[IOHalbHI
CKJIJIOBI 3aJI)KHO BiJl IXHBOTO JIOTIYHOT'O IIPU3HAYEHHS Ta iepapXii.

JlitepaTtypa
[1]. Yang X. Generalized Preinvexity and Second Order Duality in
Multiobjective Programming / X. Yang. — Springer, 2019. — 171 p.
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[3]. Kosziu I.B. EBosrouiiini Mojeni y auckpersiii onrumizarii / 1.B. Kozin. —
3anopixoks: 3anopi3bKuii HallioHATBHUI yHiBepcuTteT, 2019. — 204 c.
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DEVELOPMENT OF THE CONCEPT OF A SOFTWARE MODULE
FOR CLUSTER ANALYSIS OF LOOSELY STRUCTURED DATA
OF LARGE VOLUMES OF FINANCIAL TRANSACTIONS
M. Poplavskyi, Ph.D. M.Rudnichenko, D.Shvedov
Odesa Polytechnic National University, Ukraine

Anomauia. Y pobomi onucana nOCMAHOSKA 3A60AHHA MA dazpyMeHmayis
amKmyanbHoOCmi po3poOKu KOHYenyii npoepamHo2o MoOYis KIACMePHO20 aHANI3y
cn1abocmpykmypoganux —OanHux 6eiukux obcsaeie 3 QIHAHCOBUX  MPAH3AKYIl,
3aNPONOHOBAHO CXeMy KOMNOHEHMIe Ol npospamuol peanizayii mooyns ma
BUSHAYEHO 11020 3a2AbHULL PYHKYIOHATbHUL CKIAO.

Knrwwuoei cnosa: knacmepuuti ananiz OaHux, eenuxi 0awi, pinancosi mpan3axyii.

Abstract. The paper describes the formulation of the task and the justification of
the relevance of developing the concept of a software module for cluster analysis of
loosely structured data of large volumes of financial transactions, a scheme of
components for the software implementation of the module is proposed and its
general functional composition is determined.

Keywords: cluster data analysis, big data, financial transactions.

OcraHHIM 4YacoM TOCTIHHO 3pOCTalTh OOCSATH JaHUX (HIHAHCOBOTO
xapakrtepy (TpaH3akiii, pe3yJbTaTH TOPTiB, KypCH BaJIOT, iHIIA (hiHaHCOBa
3BITHICTB 32 PI3HUMH OKa3HHKAMM), SIKi HE 3aBXKIU MAIOTh YiTKY CTPYKTYpY
Ta 3B’S3HICTH, 1[0 3yMOBIIIOE HEOOXIJIHICTH aBTOMATH3aIll IMpPOILECCIB iX
00pOo0OKH Ta aHATI3Y.

Knacrepuzaniss — me mpouec po3nojily 3aaHoi BXiIHOI MHOXHHH
00'eXTIiB (IaHMX) Ha OKpeMi I'PYIH, SKi HA3UBAIOTHCS KiIacTepaMu. MeToro
IBOTO TpOoIIeCy € 00'eJHaHHS MOJIOHNX 00'€KTIB y MEKaX OIHOTO KilacTepa,
IIpH IBOMY O0'€KTH PI3HUX KIIACTEPIB MOBHHHI CYTTEBO BiAPIZHATHCS MiX
co00I0 3a MEeBHUMH O3HaKaMu. [TOHSTTS KiacTepa MOXe 3MIHIOBATHCS B
3aJIeKHOCTI BiA MeTH aHamizy. 3arajoM Kiactep — Ie IpyHa JaHWX,
00'€KTHBHO CXOXHMX 3a IEBHUMH XapakTepucTukamu. Haifgacrime mi
XapaKTePUCTUKH € KUIBKICHUMH TOKa3HHUKaMu O0'€KTiB. Y Cy4acHUX
METPUYHUX MPOCTOPAX CXOXKICTh BEKTOPIB BU3HAYAETHCS Yepe3 00UHMCIICHHS
HOpPMH BifcTaHed. B okpeMux BHIIaAKax aHAJI3ye€ThCS B3a€MHA BiJCTaHb
MDK BEKTOpaMH JIaHUX a00 X BiJICTaHb MK OKPEMHUMH BEKTOPaMH. 3 OTJIsLy
Ha aKTyaJbHICTh KIIACTEpPH3Allii s aHaNli3y BEIHKHX OOCATIB IaHUX,
3pOCTa€e HEOOXiJTHICTh y CTBOPEHHI Ta BHUKOPHCTaHHI NPOrpaMHHUX
IHCTPYMEHTIB, sIKi 3a0e3NedyioTh MOJKJIMBOCTI KIIACTEPHOTO aHalli3y Ha

249



Materials of the XII International Scientific Conference
«Information-Management Systems and Technologies»
23th — 25th September, 2024, Odesa

OCHOBI JIOCTYITHHX QJTOPUTMIB. Y 1bOMY KOHTEKCTI JOLUIBHHM €
3aCTOCYBaHHSI HEKOHTPOJILOBAHOTO MAalIMHHOTO HaB4aHHS (0e3 yuurens),
30kpeMa Takux migxomiB [1]: 1. AcouiatuBai amroputmu. Li anropurmu
JI0IIOMAararoTh BUSIBUTH JaHi a00 rmapameTpH, 10 4acTO BUKOPHCTOBYIOTHCS
pasom. Hampukian, acomiaTHBHI ajJrOpUTMH MOXYTh PEKOMEH/IyBaTH
TpEeTiii TOBap Ha OCHOBI JIBOX OOpaHUX. AJTOPUTM APpriori € TMOMyJISIPHUM
pilIeHHSAM U TaKWX 3aBOaHb. 2. 3HIDKEHHA po3MipHocTi. Lleit merton
nepenbavae TpaHchopMaIlii0 JaHUX 3 METOI0 3MEHIICHHS iX KITBKOCTI Ta
BU/IIJICHHS] OCHOBHHX 3MiHHHX. MeTo/l KOPHUCHUM [UIs BUAAIECHHS 3 BHOIpKH
HEiHQOPMATHBHUX Ta HAUTUIIKOBUX JaHUX, IO YCKIATHIOIOTH 00poOKy. 3.
CermenTanis. el minxin mepenbadae moair BUOIpKH HA OKpeMi KIIACTEpPH.
ANTOPUTMH  CerMeEHTamii  aHami3yIOTh BHXIOHI  JaHi, 3HAXOIATh
B33a€MO3B'SI3KU Ta Ha TX OCHOBI CTBOPIOIOTH IpymiH [2].

B mponoHoBaHiii KOHUEMNIIT TPOrpaMHOro MOIYJIs MependadeHo ps Use
cases. 3okpema, KOPHCTYBa4 MOXKE 3/IHCHIOBATH: IMIIOPT BXiIHUX HAOOpIB
JaHuX; (akTOpHHUH aHaii3; momnepenHs oOpoOka Ta OYMIINEHHS JaHUX Bil
BUKHUIIB; BHOIp BXiJHMX O3HaK; N0OyIOBa JiarpaMH 3a O3HaKaMu;
3allOBHEHHS MPOITYCKiB; (OPMYBaHHS 3BEJICHOI CTATHCTHKH; HOpMalli3amis
JaHUX; KIacTepH3allisl JaHUX 33 JJOIOMOT0I0 OJHOTO a00 KiJIbKOX BUOpaHUX
amroputrmiB  (Forel, k-means, Ward, DBScan) sk 30ipku; mno0OymoBa
Bi3yamizamiid (IeHIporpaMu, MAaTPHI MOMWJIOK 1 JiarpaMH PO3CiIOBaHHS);
OIlIHKa METPHK KiacTepu3amii; ¢GopMyBaHHS TaONHII pe3yibTaTiB
cermenTaii. [Ticys iMITopTy MaHWX 3aBaHTAXYIOTHCS BXiIHI HAOOPH JaHUX,
(GOpMYIOTECST KOJISKINT U1 30epiranHs iIMIIOPTOBAHUX 3AMKCIB, IMICHIS YOr0
BUKOHYETHCSl MOLIYKOBHUN aHaji3, BKIIOYAIOYHM aHAI3 03HAK, (OPMYyBaHHS
JIOIATKOBUX CEPENIHIX O3HAK JJIsi MOPIBHSHHS JaHUX 1 HOOYI0Ba Bi3yalbHUX
JiarpaM  po3moily KJIFOUOBMX O3HAaK Habopy maHux. Ha ocHOBI
c¢(hopMOBaHOI CTPYKTYPH JaHUX YCYBAKOTHCS BIJCYTHI 3HA4YCHHS B HAOODi
JIAaHUX, arperyroThCs 3amuch B enuHud HaOip. ITicas mporo mis KOXKHOI 3
aHaII30BaHUX O3HAK BCTAHOBIIOIOTHCS 00’ekTH HopMamizauii. [lapamerpn
KO’KHOTO aJITOPUTMY KJIacTepu3allii HalalTOBYIOTECSI Ha OCHOBI BUKOHAHOT
HOpMali3alii, IicIs 4YOro OIHIIThCA BIJICTAHI MK O3HAKAMH B
3TeHEpPOBaHOMY IpOCTOpi cTaHiB. HacTymHuMM KpokoMm € oO4MCIIeHHS
TOKa3HUKIB KiacTepu3alii, a pe3yiabTaTH BigoOpakaroThCcst y (opMi
rpadiunoi Bizyamzamii. Ha puc.l HaBemeHa ngiarpamMa KOMIIOHEHTIB
MPOTrPaMHOT0 3aCTOCYBaHHSI.
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Pucynok 1. [liacpama komnonenmie npoepamnozo 3acmocy8anus

3a momomororw Opay3epa Google Chrome mig wac aBropusalii uepes
oOnikoBuii 3anuc gmail 3aiHCHIOEThCS BXiJ Yy XxMapHuid BeO-cepsic Google
Colab mis posropraHHs, TECTYBaHHS Ta MOCTIIKCHHS CHCTEMH y BHUIJISI
¢aiiny *.ipynb. [lns 3pydHOCTI AaHI 3aBaHTaXYIOThCs Oe€3NOcepenHbo 3
XMapHOT'0 CXOBHIIA OE3II0CEPEHBO B CUCTEMY 32 3alIUTOM

BucHoBku. Pe3ysbrary cTBopeHOT KOHIENii MOXYTh OyTH BUKOPHCTaHI
IIpU TOJANBININA TPOTpaMHiil iMJIeMeHTamii MoIyas Ha 0a3i 3acTOCyBaHHS
PI3HUX METPHK OI[IHKH SKOCTI KJIacTeph3allii.
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METHOD FOR DETECTION AND CLASSIFYING OF
PROPAGANDA TECHNIQUES IN TEXT CONTENT USING
ARTIFICIAL INTELLIGENCE

M. Molchanova
Khmelnytskyi National University, Ukraine

Anomauia. 3anpononosano memoo GuAGleHHA ma Kiacugikayii nputiomie
nponazanou  3a  MapKepamu Yy — MeKCMOo8OMY — KOHMEHMmi 3  I3ValbHOIO
iHmepnpemayielo NPUIHAMUX piuleHb, Wo TPYHMYEMbCA HA SUKOPUCIMAHHI HAOOPY
Mooeneti MAWUHHO20 HABYAHHA OKPeMUX ONs KOJCHO20 NPULOMY NPONALAHOU, WO
HABYAIOMbCA HA MOOUDIKOBAHUX DPOSMIYEHUX OAHUX 3 OONOGHEHOI0 MHONCUHOIO
Mmapkepis. Haeedeno npukiad ananizy egexmurHocmi, wjo NOKA3YE MOUYHICMb
3anpononoeanozo nioxody 6io 79% oo 96% oOna eusaenenus OKpemux nputiomie
nponazaHou.

Knwuoei cnoea: BERT, nputiomu nponazanou, mapxepu nputiomie nponazanou,
813YaNbHA IHMEpNpemayisi OMpUMAHUX PIULEHD.

Abstract. The method for detecting and classifying of propaganda techniques by
markers in text content with visual interpretation of the decisions is proposed, based
on the use of a set of machine learning models separate for each propaganda
technique, which are trained on modified labeled data with a supplemented set of
markers. An example of efficiency analysis is given, showing the accuracy of the
proposed approach from 79% to 96% for identifying individual propaganda
techniques.

Keywords: BERT, propaganda techniques, markers of propaganda techniques,
visual interpretation of obtained solutions.

IIponaranma, 3amMackoBaHAa I 3BHYAiHI HOBHHH, IOIIAPIOETHCS
IpOTArOM 0araThbOX MAECSATWIITh, a CydacHa IHU(poBa €rnoxa CTBOPIOE
JONAAaTKOBI yMOBM Juid 1 IIBHJIIOIO, MAacoBOrO Ta e(EeKTHBHOIO
po3MnoBcIoKeHHS. Po3po0IIsIoThCsl HOBI Cy4acH! METOAM T'eHepallii TeKCTiB,
sIKI Jenani dYacTille BaXKKO BIJPI3HUTH BiJl CTBOPCHUX JIFOJMHOIO, IO
TIPU3BOJIUTH JI0 CTPIMKOTO 3pOCTAaHHS KiJIbKOCTI KOHTEHTY. B cBOIO uepry me
TIKPECITIOE BaXKJIMBICTh PO3POOKH aBTOMAaTH30BAHMX METOIB BHSIBICHHS
NPONAraHAMCTChKUX ~ NMPUHOMIB,  sIKI  JIOLIOMOXYTh  KOPHCTyBayam
OTpUMYBaTH iH(popMamiro OiIbIT yeBizomieHo [1].

Metoro poboTu € po3pobka MeTOAy BHSBICHHA Ta Kiacugikamii
MPUHOMIB TPOMAraHId y TEKCTOBOMY KOHTEHTI, AKHHA 0Oa3zyeTbcs Ha
BUKOPHCTaHHI Habopy Mojenell MallMHHOTO HaBuaHHs. [IpomoHyeTbes
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BHUKOPUCTOBYBAaTH OKpEMi CTBOPEHI i1 KOXHOI MpOMaraHIuCTChKOi
TeXHIKM MOJEN MAIIMHHOTO HaByaHHsA [2, 3], [0 HaBYeHi Ha
MOU(IKOBAHUX PO3MIUCHHX JTAHKX 13 IOMIOBHCHOK MHOXKHWHOIO MapKepiB.

Meton  BusBIeHHS Ta  kimacudikamii NpUAOMIB  TpomaraHau
MPU3HAYCHUN JJIS OIIHKKM TEKCTOBOI'O KOHTEHTY Ha TPEJAMET HAasBHOCTI
MPUIHOMIB TpOMAraHIy Ta BU3HAYCHHS CHIIM iX mposeiB. Ilix momaTkoBoro
MHOXXHHOIO MAapKepiB MAaeTbcsi Ha yBa3li BUKOPHUCTAHHS DPi3SHOMaHITHUX
TEKCTOBHX O3HAK, SKi NMPUTAMaHHI BHU3HAUYCHUM IPHAOMaM MpOIaraHIu.
CxeMa KpoKiB METOy HaBeJleHa Ha puc. 1.

-
Bxdmed nawi:
- MHGKHHA HABYANLHHE TEKCTIS AN IeHTHbIKAH KoXKHOre MapKepa MpoTIaraHmH,
- MHGCWHHA HABYANLHHE TEKCTIS A KO KHOTO NPHEOMY IpoTarad;
- TecToBHE TEKCT ANABHABIEHHA Mp M HOMID TP oIaram o
Epor 2.1 HaggaHHT Fpowx 3. Kpox 4
Hep oMep exeBHK EED e o Ny s. o
RSP HefipoMepeKeBHx o TEOpEHHA LHPEES S O
: g memi LIME s crm nposEy
Kpok 1. inerTHdixaLT OO MOSCHeHOCT Ta npuiicnis
KOWEOTO MapKspa
Tlonepenzs ek ey iHTepmpeTaLii MpOIATaHTH 5
oBpobra TR OTprmanine TecToBoMy
TeKCTiE MPOrHO3IB M TeKcTi Ta
HABUANEHIX Kpok 2.2 Posmitia KOMKHOI MOmert iHTeprIpeTaril
Ta TECTOBOrO HAEYANBHUX TEKCTIB BHABIIEHHA sHaYeHb
IOIIE KOSKHOTO TIPHHONMIE mMogenno LINE
nprHoy mponaraHmE
Tponaranmu
Kpok 2.3 PosmiTia
TeCTOBOTC TEKCTY Ha
CHITY TIpOfBY
MEApKepis

Brodmsi nasi:
- MHOXHHA HAETCHEX HeHPOMEPEKEENR MOReN ol ANA A HTRIKAnl KoXHoTe 3 NPpHACMIE IpoNaranam;
- MHCKHHA HADYEHHE HeHpoMEPeKEenHE Mogell el QA iNe HTHOIKALH KoXHOTG MAPKepa 2 fo MOBHEHO! ME O KHH H MapKepis,
- oUiHEHHH TERCT OO CHI NP OABIS KOKHOro IpH oMY Ipo IAraHAH, BSyals Ha (HTEp IPETaliA TP HHEATHE HeRpoMepesxkann
pimeHE

Pucynoxk 1. Cxema memooy susigiieHHss ma K1acuikayii nputiomie nponacanou

[lepmmm KpOKOM BHUKOHAaHHS METOAY € TomepeaHst oOpobka ycix
TEKCTOBHX JIaHUX, SK HABYANBHUX TaK 1 TEKCTOBUX. BoHa BKIIOYA€E
BHJAJICHHS 3HAKIB MYHKTYyaIlii Ta BUAAJCHHS cTON-ciiB. Ha nmpyromy kpori
3MIACHIOETHCS HABUAHHS HEUPOMEPEKEBUX MOAeNeH [y imeHTugikamii
KOXKHOTO MapKepa HpoIaraHjy, sKi BHKOPHUCTOBYIOTBCS Uil PO3MITKH
HaBYAJIBHUX TEKCTIB JJIsI KOXKHOTO NPHHOMY MpOIaraHid, a TakoX Jyis
PO3MITKH IIOJI0 HAsBHOCTI MapKepiB TECTOBHX TEKCTiB. TpeTiM KpOKOM €
HaBYaHHS HEHPOMEpEeKEeBUX MOJIEel A1 KOKHOIo NMpUioMy MpornaraHiu.
KinpkicTs HelipoMmepekeBUX MOJeNeH y JaHOMY IOCTiKeHHI ckmamae 17 i
IIOKpUBAE Taki NMPUHOMM IpomaraHmu, sk: «Appeal to fear-prejudice»,
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«Causal Oversimplification», «Doubt», «Exaggeration», «Flag-Wavingy,
«Labeling», «Loaded Language», «Minimisation», «Name Callingy,
«Repetition», «Appeal to Authority», «Black and White Fallacy», «Reductio
ad hitlerum», «Red Herring», «Slogans», «Thought terminating Cliches»,
«Whataboutism» [4]. Ha d4etBepTOMy KpoOILli BiIOYBa€ThCSI CTBOPCHHS
mogeni LIME nuist mosicHeHoCTI Ta iHTepIpeTanii OTpUMaHUX IPOTHO3IB IS
KO>KHOI MOZIeTIi BUSIBJIICHHS PUHOMIB MPOTaraHay, sSKi pa3oM i3 HABUCHUMHU
HEWpPOMEPEKEBUMH  MOAETAMH Ha Kpomi 3  OyAyTb  OIIHIOBaTH
KOpHUCTYyBalbKUi TekcT. Ha m’siToMy Kpori BinOyBaeTbcsi HEHpoMepekeBa
OLIHKA CWJIM TPOSIBY NPUHOMIB TpOMAaraHg y TECTOBOMY TEKCTi Ta
iHTepnpeTanisa 3HaueHs Moaeuto LIME [5].

Otxe, Oyno 3ampoONMOHOBAHO METOHI BHUSABICHHSA Ta Kiacupikamii
NpUIOMIB ITpoNarauay, ssIKuid J03BOJISE IUIIXOM BUKOpPHCTaHHs Habopy 3 17
naBueHux BERT-mopneneii BusiBnsT 17 npuiloMiB mponarasau 3 TOUHICTIO
B 79% mo 96%. [ns vapuanus BERT-moneneii, 1110 BUKOHYIOTh (DYHKIIIT
BUSIBJICHHST TPUHOMIB TIpONaraHgyd, BHKOPUCTAHO Ha0lp IaHMX, IIO
npeAcTaBisie coboro Kopryc 3 788 HOBUHHHX CTareil, aHOTOBaHUX BPYYHY
Ha piBHI (pparMeHTIB 3a JOIOMOTOI0 BICIMHAIISATH IPOIAraHAUCTCHKUX
TIPUHOMIB.
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Abstract. This paper explores the integration of Al technologies and knowledge
engineering to improve automated software systems in dynamic real-time
environments. It focuses on leveraging Azure services, including Azure OpenAl, to
enhance natural language processing (NLP) and generative pre-trained
transformers (GPT) in developing responsive software systems. Real-world examples
and case studies demonstrate how these Al-driven functionalities improve user
experience and operational efficiency in automated systems. This research
contributes to the advancement of real-time software applications by addressing
scalability, adaptability, and reliability challenges.

Keywords: Artificial Intelligence (Al), Real-Time Applications, Dialogue
Systems, Natural Language Processing (NLP), Azure OpenAl, Knowledge
Engineering, Al-powered Chatbots, Automated Customer Service.

Anomauia. Y yiti cmammi 00cnioxicyemvca inmezpayis mexHon02iil wmyyHo2o
inmenexmy ma  iHdiceHepii 3HAHb  ONA  BOOCKOHANEHHS — ABMOMAMU30BAHUX
npoepamMuux — cucmem Yy OUHAMIYHUX —Cepe0oGUWAX peanvHo2o0 dacy. Bin
30cepeddicenuil Ha euxopucmanti ciyocd Azure, exmrouarouu Azure OpenAl, oas
nokpawenns 06pobku npupoonoi moeu (NLP) i cenepamugnux nonepednvo
Hasyenux mpancgopmamopis (GPT) y pospodyi adanmuerux npoepamHuux cucmem.
Peanvni  npuknaou ma memamuuni  QOCHONCEHHS OEMOHCMPYIOMb, K Yi
DYHKYIOHATBHT  MONCIUBOCTT, KEPOBAHI WIMYYHUM [HMENeKMOM, HOKPAUYIOmb
63A€MO0il0 3 Kopucmysauem ma eQekmusHicms pobomu 6 asmomMamu308aHux
cucmemax. Lle 0ocniOcenns cnpuse po3euUmKy npocpamHux O00O0AMKIE peanrbHo20
uacy, eupiuyiouu npooiemu Macumabo8anocmi, a0anmueHOCmI ma HaoiliHOCMI.
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Knwuoei cnoea: wmyunui inmenexm (Al), npoepamu peanvnozo uacy,
cucmemu dianozy, o0bpobka npupoonoi moeu (NLP), Azure OpenAl, inowcenepisn
3HAQHb, YamM-OOMU HA  OCHOGL  WMYYHO20  IHMENeKmy,  A8MOMAMU308AHE
00C1Y208Y6aHHSA KIIEHMIS.

The rapid advancement of Al technologies and their integration into
various industries has revolutionized the way automated systems function.
In particular, the growing need for real-time applications in fields such as
customer service, healthcare, and financial services has made the use of Al-
driven solutions critical. Traditional software systems often struggle to
handle the complexities and dynamics of real-time decision-making and
responsiveness. This research addresses these challenges by implementing
Al technologies, such as natural language processing (NLP) and generative
models, to create systems capable of understanding and interacting with
users in real-time [1]. In the current era, where digital transformation is a
priority for most businesses, the ability to provide automated, intelligent
customer interactions is increasingly important. With the rise of remote
work, virtual customer support, and Al-driven decision-making,
organizations require solutions that go beyond basic automation. This
research provides valuable insights into how Al can be effectively deployed
in such environments, improving scalability and adaptability of real-time
software systems. Moreover, the increasing reliance on cloud-based
platforms such as Azure OpenAl creates the perfect environment for
leveraging Al capabilities. By exploring the use of Al tools within this
ecosystem, this study offers practical solutions for creating more responsive
and reliable software systems, ultimately leading to enhanced user
experiences and operational efficiency. The purpose of this research is to
design and implement an Al-enhanced software system capable of operating
in dynamic real-time environments. The system aims to improve user
interaction and responsiveness by integrating advanced Al technologies,
such as NLP and decision-making algorithms, within a scalable framework.
Additionally, the research investigates the practicality and applicability of
these technologies through case studies and experimental evaluations.

The object of study is Al-enhanced software systems designed for real-
time applications, particularly focusing on automated customer service
systems and chatbots [2]. The study analyzes the implementation of Al
models in dynamic environments to improve responsiveness and interaction
quality. The research tasks are the following: 1. Analyze Al and knowledge
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engineering methods that can be applied to real-time software systems.
2. Develop a comprehensive architectural framework that incorporates Al
models for natural language understanding and decision-making.
3. Implement and evaluate Al-driven dialogue systems in software
applications, ensuring real-time user interaction capabilities. 4. Provide
experimental results that demonstrate the improved performance of Al-
enhanced systems, particularly in customer service and operational tasks.
5. Discuss the future implications and challenges of Al integration in
dynamic environments, focusing on scalability, adaptability, and continuous
learning. As the result of the conducted research an Al-driven system was
implemented by integrating state-of-the-art NLP algorithms, such as those
based on GPT models [3], into the system's software architecture. The
architecture follows a modular approach, ensuring flexibility and scalability
across multiple domains. Real-time processing capabilities allow the system
to handle user inputs effectively, converting them into actionable outputs via
the NLP pipeline, which encompasses language understanding, dialogue
management, and dynamic response generation. Figure 1 illustrates the
artchitectural overview of the system and depicts the main communication
dependencies between the system components.

User SignalRService AzureFunctions AzureOpenAl

Sends Message
_—

Trigger Function
.

Process Request
.

Generate Response

Send Response

User SignalRService AzureFunctions AzureOpenAl
Figure 1. High-level architectural overview of the system

Azure OpenAl services played a crucial role in supporting the
aforementioned features, enabling real-time responses to complex user
queries. Development was carried out using C# and .NET ecosystem and
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widely used machine learning libraries and providers like Azure OpenAl
and ChatGPT 4, which were key in ustilizing Al capabilities. The use of
Azure’s cloud infrastructure provided the necessary framework for real-time
system deployment, ensuring high availability and low latency. The
system’s effectiveness was measured through a variety of performance
metrics. Response time, accuracy in understanding user language [4], and
overall user satisfaction were the primary focus areas in evaluating the
system’s success. Comparisons were made with traditional software
solutions to highlight improvements in efficiency and interaction quality.
Key performance indicators (KPIs), including task completion time and
response accuracy, provided a comprehensive overview of the system’s
capabilities. Scalability and adaptability metrics were also examined to
ensure that the system could handle a growing volume of requests without
compromising  performance. Testing in high-demand simulated
environments demonstrated the system’s capacity to maintain low latency
while ensuring high accuracy in responses. These results underscored the
system’s robustness, making it suitable for industries requiring constant
real-time interaction. The practical significance of this research lies in its
contribution to the development of Al-powered software systems that can
autonomously respond to user needs in real-time [5]. By improving
responsiveness and reducing the need for human intervention in operational
tasks, the study provides valuable insights into optimizing Al-driven
systems for industries such as customer service, healthcare, and finance.

This research presents a comprehensive approach to enhancing
automated software systems through the integration of Al technologies and
knowledge engineering. The findings demonstrate the potential of Al-driven
systems to improve real-time responsiveness, scalability, and user
interaction. Future work will explore the further integration of machine
learning models and continuous learning mechanisms to enable even greater
adaptability in dynamic environments.
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Abstract. This paper explores the methods, models, and means of interacting
with vehicles using OBD-2 diagnostic systems, including the integration of artificial
intelligence (Al) to monitor and optimize vehicle performance. The focus is on
analyzing data from OBD-2, such as knock sensor readings and ignition advance
angles, to identify poor fuel issues and other performance indicators. With the help
of machine learning algorithms, data is processed in real time, which allows you to
identify patterns, predict possible malfunctions and provide recommendations for
optimization.

Keywords: OBD-2, Artificial Intelligence (Al), Car diagnostics, Fuel quality,
Detonation, Ignition advance angles, Machine learning, Prediction of malfunctions,
Monitoring of vehicles, Performance optimization.

Anomauin. Y 1pOMy NOKYMEHTI JOCHIIKYIOTBCS METOAH, MOJETi Ta 3aco0u
B3a€MOIi1 3 TPAHCHIOPTHUMH 3ac00aMH 3a IONOMOTO0 AiarHocTuaHuX cucreM OBD-
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2, BKIIOYAIOYM iHTerpamiro mryyHoro iHtenekty (III) nmns MoniTopuHTY Ta
ontuMizanii pobotu aBTomMoOuUTI. OCHOBHA yBara NMPHUAUIIETHCS aHAN3y HaHUX 3
OBD-2, Takux SK TIOKa3aHHS JaT4YWKa JETOHAIl Ta KYTH BHIICPEIKCHHS
3anaiOBaHHs, MO0 BUSABUTH IPOOJEMH 3 MOTaHWM ITalMBOM Ta IiHIN MOKa3HUKH
e(eKTUBHOCTI. 3a JOIMOMOTrOI0 QJITOPHTMIB MAIIMHHOTO HABYaHHS  JaHi
00pOONAIOTECS B peajbHOMY 4aci, IO JO3BOJAE€ BUSBUTU 3aKOHOMIPHOCTI,
nepeadavynTy MOXKIIMBI 3001 Ta HaJaTH peKOMEHIAMIi 1010 ONTUMI3aLii.

Kniouogi cnosa: OBD-2, mry4nuii inrenexkr (Al), giarHocTHKa aBTOMOOLS,
SIKICTh TTAJIMBA, NETOHALIS, KYTH BUIEPEDKCHHS 3allallOBaHHs, MalllMHHE HABYAHHS,
NIPOTHO3YBAaHHs HECIPAaBHOCTEH, MOHITOPHHI TPaHCHOPTHHX 3aco0iB, ONTHMi3amis
MIPOYKTHBHOCTI.

The integration of OBD-2 systems with Al represents a significant
advancement in vehicle diagnostics and performance monitoring. OBD-2
systems are standard in modern vehicles, providing detailed information
about various subsystems. However, the sheer volume of data generated
requires sophisticated analysis to be effectively utilized. Al, particularly
machine learning, can process this data in real-time, allowing for more
accurate detection of issues, such as fuel quality problems, engine misfires,
and other performance-related anomalies [1]. This research examines the
potential of Al to transform traditional vehicle diagnostics into a proactive,
data-driven approach that enhances both vehicle performance and driver
safety.

© Q
OBD-2
SCANNER

©.0.0 :

Figure 1. System interaction diagram
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The primary objective of this research is to develop and implement an
intelligent system that leverages OBD-2 data in conjunction with Al
algorithms to monitor and optimize vehicle performance. Specifically, the
research aims to detect issues related to fuel quality, which can have
significant impacts on engine performance and longevity. By analyzing key
parameters such as detonation and ignition advance angles, the system is
designed to identify early signs of performance degradation and provide
timely recommendations for corrective actions [2].

The study also seeks to demonstrate the broader applicability of this
approach in various automotive scenarios, including maintenance planning,
emission control, and fuel efficiency optimization. The research
methodology involves the systematic collection and analysis of data from
OBD-2 systems across a range of vehicles. Key parameters monitored
include detonation frequency, ignition advance angles, and engine
temperature, among others.

The collected data is processed using machine learning algorithms,
which are trained to recognize patterns associated with different types of
performance issues. For instance, frequent detonation signals may indicate
poor fuel quality, while deviations in ignition advance angles can suggest
issues with the engine’s timing [3].

The methodology emphasizes real-time processing, enabling the system
to provide immediate feedback and recommendations, thus preventing
potential issues from escalating into significant problems. The study's
findings highlight the effectiveness of Al in enhancing vehicle diagnostics
through the analysis of OBD-2 data. The machine learning models
developed in this research were able to accurately identify and predict a
variety of issues related to fuel quality and engine performance.

The system's ability to detect these issues in real-time allows for
proactive maintenance, reducing the likelihood of costly repairs and
improving overall vehicle reliability [4]. Additionally, the research
demonstrates that the integration of Al with OBD-2 systems can lead to
more efficient fuel consumption and reduced emissions, contributing to both
economic savings and environmental sustainability. The practical
significance of this research lies in its potential to revolutionize vehicle
maintenance and performance monitoring. By providing a more accurate
and proactive approach to diagnostics, the integration of Al with OBD-2
systems can help reduce maintenance costs, extend vehicle lifespan, and
improve driver safety.
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The findings also suggest broader implications for the automotive
industry, including the development of smarter, more responsive vehicle
systems that can adapt to changing conditions and driver behaviors. Future
research could explore the further refinement of Al algorithms to enhance
their predictive capabilities and extend their applicability to other aspects of
vehicle performance, such as battery health monitoring and autonomous
driving systems.
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Anomauia. Y  pobomi  posenaHymo  npodiemy — pOo3n08CIOONCEHHS
Kibep3anakyeanv y mepeosici Inmepnem. 3pobneno oensid icHylouux nioxodie 0o
BUABIEHHS KIOEP3ANAKYEAHb Y MEKCMOGUX NOBIOOMIEHHSX KOPUCTYAUL8, A MAKOIC
3aNPONOHOBAHO  MemoO  I[HMENeKMYanbHo20  GUAGIEHHA ma  Kiacugixayii
KIOep3anaKy8ans y meKCmogoMy KOHMEHMI 3 GUKOPUCAHHAM NiOX00i68 MAUUHHO20
HABYAHHAL.

Knrwuoei cnosa: xidep3ansaxys8anus, mMyIbmuKkiacosa Kiacugikayis, mexkcmose
}’lOBidOMJleHH}l, mun Ki6ep3aflﬂl<y6(1HH}l, MAUWUHHE HABYAHHAL.

Abstract. This paper examines the problem of the spread of cyberbullying on the
Internet. An overview of existing approaches to the detection of cyberbullying in text
messages of users is made, and the method for intelligent detection and classification
of cyberbullying in text content using machine learning approaches is proposed.

Keywords: cyberbullying, multiclass classification, text message, type of
cyberbullying, machine learning.

Kibep3anskyBaHHs € 3HAYHOIO MPOOJIEMOIO Cy4acHOTo iH(pOpPMaIiifHOTO
CYCHIJILCTBA, 1110 Ha0yBae BCe OUIBIIOTrO MOUIMPEHHS y 3B'I3KY 3 aKTUBHUM
BUKOPHCTAHHSIM COLaJIbHAX MEpEkK, MECEH/DKEpIB Ta IHIIMX OHJIaiH-
mwiatpopMm. [HTEpHET-KOpUCTYBaui, OCOOIMBO MOJOAb, ICHATi 4YacTillie
CTAlOTh JKEPTBAMU arpecHMBHUX Mid, II0 BKIIOYAIOTh 00pasy, MOrposu,
3aJIIKyBaHHS Ta TPHHIDKCHHS, fKi 3AIHCHIOIOTBCS 4epe3 Mepexy. Taka
¢dopma arpecii Mae 3HAuHMIl BIUIMB HA TMCHXIYHE 3IOpOB'S JIIOACH,
TPU3BOIAYH JI0 IiJBHIICHOT TPUBOXKHOCTI, JeTpecii, 3SHIKSHHS CAMOOLIIHKH
Ta HaBITh CyiUaaTbHUX AyMOK [1].

BaximBo 3a3Ha4MTH, IO KiOep3aisKyBaHHS MOXE MAaTH JOBrOTPUBAI
HACJIJIKK, SIKI BiJUyBalOThCS HAaBITh IICIsl 3aBEpIICHHS arpecHMBHUX Iii,
OCKIJIbKM HEraTHBHMH KOHTEHT MoOKe 30epiratics B IHTepHETI Ta
IIPOAOBKYBATH BIUIMBATH Ha XKEPTBY [2].

KiGep3anskyBaHHs HPOSBISIETHCSA Y PI3HUX (OpMax, KOXKHA 3 SIKUX Mae
CBO1 0COOIMBOCTI Ta MOXe MO-Pi3HOMY BIUIMBATH Ha XePTBY. 30KpeMa, BiH
Moxe OyTH CIpsSMOBaHMH Ha XEpPTB 4epe3 IXHIO €THIUHy abo peliriiHy
MIPUHAJIEKHICTb.

BikoBe miarpyHTts KiOep3aJisiKyBaHHS YacTO CTOCYETHCS MiUTITKIB abo
JITHIX JIOACH, SKi € MCHII 3aXHWIICHHMH B IU(PPOBOMY CEpPEIOBHII.
I'enyepHe mArpyHTS BKJIIOYAE AUCKPUMIHALIIO 32 CTATTIO abO I'eHAEPHOIO
imeHTHYHICcTIO. BusBIeHHs KiOep3aJisiKyBaHb € aKTyaJbHOIO Ta BaXIIHMBOIO
3aJ1a4et0, OCKIIbKU MO0 TMOIUPEHHS HEraTHBHO BIUIMBAE Ha CYCIIJIbCTBO Ta
OKpeMux iHAuBimiB [3, 4].
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Mertoto poboTH € po3pobKa METOIY IHTENEKTYaJbHOTO BHSBJIICHHS Ta
knacudikanii  Kidep3aJisikyBaHb Yy  TEKCTOBOMY  KOHTeHTi. Kpokwm
PO3p0o06IEHOT0 METOY MoJJaHo Ha puc. 1.

BXimHUMH ~ JaHUMH ~ METOAY  IHTEJICKTYaJbHOTO  BHSBJICHHS Ta
knacudikanii Kidep3ansikyBaHb Y TEKCTOBOMY KOHTEHTI € BEKTOPH3aTOD
TFID, sikuii mepeTBOpIOE TEKCTOBUII 3pa30K Ha YHCIOBHH (opmar, 1o €
OPUOATHEM Uil OJanboiol oOpOOKM MOJEIII0 MAIIMHHOTO HaBYaHHS.
Mogens wmamumHHOTO HapuaHHd BERT mnaBuema ©Ha Habopi maHmx
Cyberbullying Classification [5], mo mae Taki kinacu kibep3ansikyBanb: Age,
Ethnicity, Gender, Religion, Other type of cyberbullying, Not
cyberbullying.

4 N
Bxioni oani
— BeKTOPH3ATOP;
— MOJIe/Tb MAIIHHHOTO HABYAHHL, IT10 HABYUEHHIT Pi3HIM BHIAM Ki0epIalaKyBaHE;
— TEKCTORHT 3pa30K JITA BASBIEHHA Kifep3aTIKyBams.

v

Kpok 1. Ilonepedna odpoira mexcny
— BH/IATEHAT CTOT-CHMBOTIE;
— BHJIATEHHA CTOT-CTIIB;
— BHJIATEHHS CMAITTIE.

Y

Kpok 2. O0paxyHox sHAUeHHA ONIHOK 61ACTEHIX 6110i6 Kidep3ATAKY6AHD
THERCTOGOMY 3PAIKY

v

e ~
Buxioni oani
— opaxoBaHa OIHKA HABROCT] HABYEHTX MOJIEII0 BHIE Ki0ep3aLakyBaHD B
TEKCTOBOMY 3pasKy

Pucynox 1. Kpoku memooy iHmeniekmyaibHo20 UseieHHss ma Kiacugixayii
Kibep3anaKyeans y mekcmogoMy KOHmeHmi

[Micns nonepeaHbO1 0OPOOKU TEKCTOBOTO 3pa3ka, a caMe OYHILICHHS BiJ
CTOTI-CJIIB Ta CHMBOJIB, BUAAJEHHS CMaiJliB BimOyBaeTbcs OOpaxyHOK
3HAYCHHS OIIIHOK BHABJICHHX BUAIB KiOep3asIKyBaHb Y TEKCTOBOMY 3pasKy,
TaKUM YUHOM, BiIOyBa€eThCA MYJIBTHUKJIACOBA KIacugikamis
Kibep3ansgKkyBaHb y TEKCTOBOMY 3pa3Ky. bymo mpoBemeHo aHami3
e(eKTUBHOCTI pPO3pOOJEHOTO METONy IHTENEKTyaJlbHOTO BHUSBICHHS Ta
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knacudikanii kibep3anskyBaHb y TEKCTOBOMY KOHTEHTI, SIKI IOKa3aiu
HACTyNHI pe3ynbratu Makpomerpuk: Accuracy 0.94, Precision 0.93, Recall
0.93, F1 0.93. Pe3ynbTaTi MyJbpTUKIACOBOI Kinacudikamii kibep3ansikyBaHb
MIKpOMETpPHUK HaBeleHOo B Tabmumi 1.

Tadmuuss 1. PesynbraTh  MIKpOMETPHK — MYJbTHKIAcOBOI  Kiacuikarii
Kibep3ansKyBaHb

Precision Recall F1
Religion 0.95 0.97 0.96
Age 0.99 0.98 0.98
Ethnicity 0.99 0.99 0.99
Gender 0.91 0.91 0.91
Not cyberbullying 0.83 0.82 0.83

OTxe, 3TiTHO TPOBENEHOTO TOCIIIKCHHS €(pEeKTHBHOCTI, po3poOIcHU
METOJ| iHTeJIEeKTyalbHOTO BHSBICHHS Ta KIAcUpikallii Kibep3ansiKyBaHb y
TEKCTOBOMY KOHTEHTI 3 BUKOPHUCTaHHS MOJENb MAIIMHHOIO HaBYaHHS Ha
ocaHoBi BERT, moka3zye touHicte monHan 82% s MYyJIBTHKIACOBOTO
BUSIBJICHHS THITIB KiOep3asIKyBaHb.
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IITYYHUN IHTEJEKT B OCBITI: IK TEXHOJIOTI'Ti
SMIHIOIOTH NIAXOAU 10 HABYAHHA
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Abstract. This paper explores the impact of artificial intelligence on education,
including personalized learning, interactive platforms, and adaptive technologies.
Particular attention is paid to the benefits of Al for learning and the challenges
related to privacy and ethics.

Keywords: Artificial intelligence (Al), Personalized learning, Interactive
educational platforms, Adaptive educational technologies, Assessment and feedback,
Virtual reality (VR), Augmented reality (AR), Educational games

Anomauia. Lln poboma 0ocnioxcye 6naus wimyyHo2o iHmenekmy Ha OcC8imy,
30KpemMa NepcoHANi308aHe HABUAHHA, THMEPAKMUSHI NAAmM@opmu ma adanmueHi
mexnonoeii. Ocobruea yeaea npudinsiemovcs nepegazam Il ons naguanns ma
BUKTIUKAM, NOG'SI3AHUM 13 KOHDIOEHYIUIHICIIO Ma emuKoio.

Kniouosi cnosa: [llmyunuii inmenexm (Llll), I[lepconanizosane nasuamms,
Inmepaxmusni oceimui naamgopmu, Aoanmueni oceéimui mexunonoeii, OyineanHs
ma 36opomHuil 36’130k, Bipmyanvha peanvricmo (VR), [Jonosuena pearvhicms (AR),
Ocsimmui izpu

Artificial Intelligence (Al) is increasingly transforming various aspects
of our lives, and education is a prime example. In recent years, Al has
emerged as a powerful tool in reshaping the educational landscape, offering
innovative approaches that enhance both the efficiency and accessibility of
learning.

This article explores how Al is revolutionizing education, the benefits it
brings, and the challenges it presents.One of the most significant

266


file:///E:/КОНФЕРЕНЦИИ/Конференция%202024/Тезисы/2.%20Intelligent%20systems%20and%20data%20analysis/lavrslava@gmail.com

Materials of the XII International Scientific Conference
«Information-Management Systems and Technologies»
23th — 25th September, 2024, Odesa

contributions of Al in education is the ability to create personalized learning
plans. Al systems analyze extensive data on students' progress, strengths,
weaknesses, preferences, and interests. Based on this analysis, they can
tailor instructional materials, assignments, and resources to meet each
student's individual needs. This personalized approach ensures that every
student receives instruction that aligns with their learning style and pace,
leading to a more effective and engaging educational experience.

Adaptive learning platforms like DreamBox and Khan Academy
exemplify this personalized approach. These platforms use machine learning
algorithms to continuously monitor student performance and dynamically
adjust course content. When a student struggles with a particular concept,
the system identifies this and provides additional exercises and explanations
to help them understand the material better. Conversely, if a student excels,
the platform introduces more challenging material to keep them engaged
and progressing. This dynamic adjustment helps maintain optimal learning
conditions and promotes sustained academic growth. Al-powered
educational tools also enhance engagement by offering interactive and
dynamic forms of learning. Chatbots and virtual assistants, such as those
used by Duolingo and Coursera, provide real-time support by answering
questions, offering instant feedback, and guiding learners through course
materials.

Figure 1. Al-Powered Education Benefits
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These tools enable a more conversational and responsive learning
environment, making education more accessible and less monotonous.

The availability of 24/7 support through these Al-driven tools is
particularly beneficial for students with diverse schedules or those studying
across different time zones. Learners can access assistance and resources
whenever needed, promoting flexibility and accommodating various
learning preferences.

Additionally, chatbots can conduct interactive activities like quizzes,
discussions, and assignments, further enriching the educational experience
and encouraging active participation.

Advanced adaptive learning technologies take personalization further by
adjusting the complexity and format of assignments based on real-time
assessments of a student's knowledge and skills.

Platforms like Smart Sparrow and McGraw-Hill Education use Al
algorithms to analyze student interactions and adapt content difficulty levels
to suit individual competencies.

This approach not only enhances learning efficiency but also reduces
student stress by ensuring that assignments are always at an optimal level of
challenge. Al also streamlines administrative tasks such as grading and
providing feedback, allowing educators to focus more on instruction and
student engagement.

Automated systems, including Turnitin and Grammarly, can quickly and
accurately evaluate written work, identify errors, and offer suggestions for
improvement.

These tools help students refine their writing skills by providing
detailed, constructive feedback, and enable teachers to allocate more time to
developing lesson plans and supporting students' critical thinking and
creativity.Moreover, Al supports the development of immersive and
interactive learning environments through virtual reality (VR) and
augmented reality (AR) technologies.

Programs like Google Expeditions and Labster allow students to explore
virtual simulations of historical sites, scientific experiments, and complex
concepts that might be challenging to experience in traditional classroom
settings.

These immersive experiences enhance comprehension and retention by
providing visual and hands-on learning opportunities without the constraints
of physical resources or geographical limitations.However, despite the
numerous advantages, integrating Al into education presents several
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challenges that need to be addressed. One primary concern is the protection
of students' personal data.

Al systems rely on the collection and analysis of vast amounts of
information, raising issues related to privacy and data security. Ensuring
robust safeguards and transparent data usage policies is essential to
maintaining trust and protecting sensitive information.Ethical considerations
are also critical in the deployment of Al in education. There is a risk of
inherent biases within Al algorithms, which can lead to unfair or
discriminatory outcomes.

Developing and implementing fair, transparent, and accountable Al
systems is crucial to prevent unintended consequences and ensure equitable
access to educational opportunities for all students.Looking ahead, the future
of Al in education appears promising, with continuous technological
advancements offering new possibilities for enhancing learning experiences.
To maximize Al's potential, ongoing research and responsible
implementation are necessary.

By addressing challenges related to privacy, ethics, and accessibility, Al
can significantly improve the quality and inclusivity of education.In
conclusion, Al is a transformative force in modern education, offering
personalized, efficient, and engaging learning solutions.

When applied thoughtfully and regulated appropriately, Al has the
capacity to revolutionize education, helping every learner reach their full
potential and preparing them for success in an increasingly complex and
dynamic world.
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Anomauia. Y Oauiti pobomi po3eiAHYmMoO 0COOIUBOCTNI MA  MONCIUBOCHIT
BUKOPUCIAHHSL CYHACHUX MOOeeil 2IUOUHHO20 HABYAHHS ONIsl IHMENeKMYalbHO20
AHANI3Y PI3HOPIOHUX OAHUX BeTUKUX 00Cs2I6 3 eKONOSIMHUX SA6UW) HA NPUKLAOL
WMYYHUX HeupoHHux mepedic. Hadano amaniz eioomux ma epekmusHux 6udis
Modenell, Wo Maiomes ROMeHYian 00 2iopuousayii 3 Memorw ix 6UKOPUCMAHHA OJis
NPaKmuyHux yinei.

Kniouogi cnosa: 2nuboke naguamms, iHMEIEKMYALIbHUL AHANI3 OAHUX GETUKUX
005218, eKO02IUHI 8UUA.

Abstract. This paper examines the features and possibilities of using modern
deep learning models for the intellectual analysis of large amounts of disparate data
on ecological phenomena using artificial neural networks. There was presented
popular and effective types of models that have the potential for hybridization in
order to use them for practical purposes are considered.

Keywords: deep learning, intelligent analysis of large volumes of data,
ecological phenomena.

CporozHi Bce OUTBIT aKTyaJIbHUMH CTalOTh CKJIaJHI MOJEIN TIHOOKOTro

HaBYaHHS, 10 BUKOPHUCTOBYIOTh MiIXOIH iHTENEKTYaIbHOTO aHAJI3y JaHUX
Ha 0a3i BUKOPUCTAaHHS MTYYHUX HelipoHHNX Mepex (ITHM).
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Lle moB'si3aHO 3 THM, IO PI3HOMAHITHUI XapakTep JaHUX Ta IX BEJUKI
oOcsiri  HEe MOXYTh OyTH NpOaHali30BaHI B PYYHOMY PEKHUMI.
XapakTepHUMH IS Cy4acHOI C(epH CIIOCTEPEKEHHS Ta MPOTHO3Y PI3HUX
€KOJIOTIYHUX SIBUIL € TaKi JJaHi SK: HACJIJAKK 3MiHH KJIIMaTy, BUpyOKa JIiCiB,
MacmTabHi IOXeXi, BPOXKAHHICTb CIJIbCHKOTOCIOAAPCHKUX KYJIBTYp Ta
BUKUM TIAPHUKOBUX ra3iB [1]. ¥V 3B'I3Ky 3 MM aKTyaJbHUM 3aBJaHHIM €
JOCII/DKCHHSI CyJacHHX MoOAeneil TIMOOKMX HEHpOMEpeXX 3 METO0
BHSIBJICHHSI MOXKIIMBUX IIIIXiB 1X TiOpuau3arii, miaBHAMIEeHHS e(eKTUBHOCTI
Ta IIBHAKOCTI aHANI3y JaHUX. B paMKkax aHami30BaHOI MPOOIEMaTHKH
Ba)KJIMBUM aCHEKTOM aHAJI3y JaHUX IIiJ 4ac MPOTHO3Y €KOJIOTIYHUX SIBHIL €
Bi3yasbHa aHaJiTHKa, ToOTO 3actocyBaHHs [IIHM i1 BUABNICHHS aHOMATIH
Y EKOJIOTIYHIi CTaTHUCTHUII MO0 BCHOMY CBITY, Ji¢ OOST TaHUX 3 HaI3BUIAWHO
BeNMuKUM. HaiOinpll MOMIMPEeHO apXiTeKTypol IITYYHHX HEWPOHHHUX
Mmepex (IHHM) e 3roprouni neiiponHi mepexi (CNN). CNN npusHayeHi
JUIsi 00pOOKM 300pakeHb i BUBUEHHSI IPOCTOPOBHX OCOOJIMBOCTEH 3 HHX.
BoHu cknagaroThes 3 KiJIbKOX 3rOPTKOBUX IIApiB, 33 SIKUMU WIYTh IIapu
o0’enHaHHs Ta MoOBHICTIO 3B’s3aHi mapu. CNN noBenu e(eKkTHBHICTH Y
knacuikamii TpyHTOBOTO IOKPHBY, KapTorpadyBaHHI POCIMHHOCTI Ta
MOHITOpUHTY BHUpPYOkm miciB. Kpim Toro, momem IIIHM migBumyroTh
TOYHICTh BUSBIICHHS 3MiH Yy 3€MJIGKOPHCTYBAaHHI Ta TPYHTOBOMY ITOKPHBI,
HA/Ial0YM I[iHHY iHQOpMALi0 IS YIPaBIiHHA €KOCHCTEMaMH Ta 3aXOIiB
mozno 30epexkeHHs [2]. IIHM mponemMoHCTpyBanu CBOIO €(QEKTHBHICTH Y
BJIOCKOHAJICHHI KIIIMAaTHIHHUX MOZEIeH, (iKCYI0UN CKIaIHI B3a€MO3B’I3KH B
KIIMaTHYHUX JaHuX. Mepexi pekypeHTHuX HeiipoHHux Mmepex (RNN) i
JOBrocTpokoBoi kopoTkodacHoi mam’sati (LSTM) ocobimBO KopucHI AJist
MOJICTIFOBAHHSI 4YacOBUX 3aJIeKHOCTeH y Habopax KIIMaTHYHUX JAQHHX.
Mogeni ITHM migBUIIyIOTh TOYHICTh KIIMAaTHYHHUX IPOTHO3IB, CHPHUSIOYH
OiIbLI OOIPYHTOBaHOMY NMPUIHATTIO PillieHb y TaKUX cdepax, siK CiIbChKe
rOCIOJIAPCTBO, YIPABIIHHS BOAHUMH PECypCcaMH Ta EKCTpEeMasbHI SIBHIIA
[3]. Kpim Toro, 30epexeHHs 010pi3HOMaHITTS Ma€ BUpIIIAIbHE 3HAYEHHS
JUISL TIATPUMKH eKoJiorigHoi piBHoBaru. [IIHM Bimirpae ximo4oBy poib B
OwiHIl  OIOpi3HOMAHITTS Yepe3 ifeHTU]iKamil0o BUAIB, MOHITOPHHT
TOMYJIALIT Ta KapTorpadyBaHHs cepelOBUIL iCHYBaHHS. Moierni BUSBICHHS
00’exriB, Taki sk Faster R-CNN, You Only Look Once (YOLO) i Single
Shot Multibox Detector (SSD), 3abesmneuyiorTh e(heKTHBHY Ta TOUHY
inerTHdiKaIito JUKOI MPUPOIHN Ha 300paKeHHIX GOTONACTOK [4].

Faster R-CNN — ne Mozenb BusiBIeHHs 00’€KTiB, sika nokpainye Fast R-
CNN, BHKOPHCTOBYIOUM perioHampHy Mepexy mnpomosunid (RPN) i3
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monmemro CNN. Ile TOBHICTIO 3ropToYHa MepeXa, siKa OJHOYACHO
nepes0avyae Mexi 00’€KTIB i OIIHKU 00’€KTHOCTI B KOXHii mosuiii. RPN
HaBYCHMH HACKPI3HO ISl CTBOPEHHS BUCOKOSKICHHUX NPOMNO3HUIIHA PErioHiB,
ski BUKopucToByloThcsl Fast R-CNN ans BusiBnenns. RPN i Fast R-CNN
00’eiHaHI B €UHY MEpEXy 3aBISKH CHIIbHUM (QYHKIISIM 3TOPTKH. You
Only Look Once a6o YOLO € Haiicy4acHIIIOI CHUCTEMOIO BHSBIICHHS
00’exTiB y peaapHOMY Yaci. l{e HacTiNbKH MBUAKO, IO CTAJO0 CTAHAAPTHUM
crocoOOM BUSIBIICHHS OO'€KTIB y TOJNI KOMITIOTEPHOTO 30py. 3 MOMEHTY
MOSIBM BIH TIEPEBEPINMB IHIII AITOPUTMH, TaKi SK BHUABICHHA OO0 €KTIB y
koB3HOMY BikHI, R CNN, Fast R CNN, Faster R CNN rtompo. Single Shot
MultiBox Detector (SSD) — e omHoeTanHa Mepexa BHSBICHHs 00’ €KTIB,
sIKa 1HHOBAIIIHHO BUSBIIE 00’€KTH PI3HUX PO3MIPIB 3a IOTIOMOTOI0 KapT
¢GyHKuii  pizHOi  po3minbHOI  3;matHocTi. SSD neMoOHCTpye  Kpauly
MpOAYKTUBHICTH mopiBHsIHO 3 YOLO. SSD mpusHaueHwii [yis BUSABICHHS
00'€KTIB y peXHMi peajbHOr0 Yacy Ta IMPHCKOPIOE MPOLEC, yCyBalO4n
notpedy B perioHanbHiH Mepexi npomnosuuiil. 1100 BiTHOBUTH BTpaTy
ToyHocTi, SSD 3acTOCOBye KijibKa BJOCKOHAIICHb, L0 JO3BOJSIIOTH SSD
BignoBigatn To4yHOCTI Faster R-CNN, BHKOpHUCTOBYIOUM 300paKCHHS 3
HIDKYOIO PO3ILUTEHOIO 3/IATHICTIO, IO M€ O1TBIIe MiIBUIIYE MIBUIKICTS.

HigBomsum  mincymku, Faster R-CNN € ckigagHuMu Ta  HauaTo
noBinpHMME, Mozaemi YOLO mBuaki Ta MeHm To4YHI, Tomi sK SSD
BCTAHOBIIIOE OajlaHC MK IMIBHAKICTIO Ta TOYHICTIO. SSD MoOHa HaBYNATH
HACKpi3HO It Kpamoi TOYHOCTi. SSD poOuTH Oinmblle MPOTHO3IB i Mae
Kpaile MOKPHUTTS LIO0 PO3TallyBaHHS, MaciuTady Ta CHiBBiIHOIICHHS
cropin. OtpumaHi pe3ynbTaTd OynyTh BUKOPHCTaHI y IOJAQNBIINX
JOCIT/DKEHHSIX B paMKaXx KBali(ikauiiHoi poOoTH.
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Abstract. Packing optimization problems have diverse real-world applications,
particularly in safety systems across various industries. A critical application is the
safe storage of spent nuclear fuel (SNF), where optimizing the placement of
congruent circles within a multiconnected domain, under technological constraints,
is essential. We developed a mathematical model for this problem, using phi-function
techniques to represent relationships between geometric objects. This approach
reduces the problem to a nonlinear programming task, offering an effective solution
framework.

Keywords: Intelligent systems for ensuring safety, optimization packing problem,
mathematical modeling, phi-function, non-linear programing.

Anomauyia. Ilpobremu onmumizayii ynakoeéku Maiome pi3Hi  peanvHi
3acmocyeanns, 30Kpema 6 cucmemax Oesneku 6 pizHux eany3ax. Baowcnueum
3acmocyeanHam € besneune 30epicants 8iONPaybo8ano2o adepHozo namuea (BAII),
Ode onmumizayis po3MIWeHHs KOHSPYeHMHUX Kinl y 6aeamoss’ssHili obnacmi 3a
MEXHONOSTUHUX 0OMedNHCeHb € 8aXCU6010. Mu po3pobunu mamemamuyny mooens 04
yiei npodremu, 8UKOpUCMOBYOUU Memoou Qi-ghyuKkyii 01 npedcmaesients 36 ‘A3Ki6
midic eeomempuunumy 06 ekmamu. Llei nioxio 3600ums npobnemy 00 3a60amus
HeNiHIlHO20 NPOSPAMYBAHHS, NPONOHYIOUU eheKMUBHY CIPYKIMYPY PilleHHs.
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Knwuoei  cnoea: inmenexmyanvui  cucmemu  3abe3neyenHs  Oesnexu,
onmumizayiiina 3a0a4a RnaxKyeamHs, mamemamuune mooemoganns, Phi-gynryis,
HeNiHIuHe NPo2PamMy8aHHsl.

In today’s advanced world, safety systems are essential for ensuring the
secure and reliable operation of various technologies, protecting people and
infrastructure from hazards [1,2]. They are especially critical in industries
with catastrophic failure risks, such as nuclear power, chemical
manufacturing, and aviation, where they are designed to prevent and
mitigate accidents [3]. Safety systems are crucial not only for preventing
threats but also for detecting and responding to incidents. With continuous
monitoring and advanced analytics, these systems quickly identify issues
and initiate responses, managing risks before they escalate. A key
application is in storing hazardous materials like flammable liquids and
gases. Safe storage involves more than containment; it requires minimizing
accident risks and ensuring rapid response. The challenge includes both
physical containment and strategic container placement, considering factors
like substance type, container characteristics, and spatial arrangement to
reduce hazards and improve response. The primary objective of this study is
to develop a comprehensive mathematical model to address the optimal
placement of containers, along with devising effective methods for finding a
solution. This paper emphasizes the creation of an intelligent system
designed to determine the optimal arrangement of containers within a
storage area. By casting the problem as an optimization challenge, where the
problem is to position congruent circles within a multiconnected domain
while strictly adhering to technological and safety constraints, we tackle a
critical issue relevant to nuclear, thermal, and chemical safety. The system
employs advanced mathematical modeling techniques, particularly the phi-
function method, which effectively represents the geometric relationships
between objects. This approach simplifies the problem by converting it into
a nonlinear programming problem, making it more tractable for
computational algorithms. The proposed intelligent system integrates these
mathematical models and algorithms to deliver a robust solution for safe and
efficient storage. By highlighting the key features and benefits of the
system, the paper demonstrates its potential to significantly enhance
operational safety and storage efficiency in various industrial facilities.

The goal of geometric design optimization is to find the optimal spatial
arrangement of geometric entities within a container, adhering to all rules
and constraints, to achieve the best possible outcome. This emphasizes
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precision and efficiency in container design and placement, maximizing
safety and operational effectiveness. To effectively frame the problem of
container placement within the context of geometric design optimization and
safety systems, it is crucial to analytically define several key elements of the
system: the spatial form of the placement area, the spatial form of the
entities to be placed within the placement area, the technological conditions
for positioning a specified set of entities within the placement zone, the
optimization criterion. The technological restrictions governing the
placement of a given set of objects within the designated area can be
classified into two primary types of constraints. Problem statement:
determine the vector that ensures the placement of the maximum number of
circles from a given set within the designated area while adhering to the
specified technological constraints. To address this problem, a multi-stage
methodology is proposed for packing containers, taking into account the
defined technological constraints. At each stage, nonlinear optimization
techniques and advanced NLP (Nonlinear Programming) solvers are
employed [4,5]. The proposed methodology hinges on a multi-stage solution
approach. In order to optimally fill a given area under the imposed
constraints, the first stage involves solving an optimization problem aimed
at placing the maximum number of containers within a complex area that
includes restricted zones. To ensure safety from heightened thermal and
ionizing levels, and to achieve a uniform distribution of ionizing radiation
within the storage area for spent nuclear fuel, constraints are imposed on the
minimum allowable distances between groups of containers. At this stage, a
modification of the feasible direction method, incorporating an active set
strategy, is developed for local optimization. For global optimization, a
sequential statistical optimization method is designed, ensuring that the
overall solution effectively balances safety requirements and maximizes the
utilization of the available space. In the second stage, to ensure proper
servicing conditions for the containers within the area, the focus shifts to
addressing the placement of clusters of various geometric shapes. These
clusters must be arranged to maintain specific distances that allow the
passage of service equipment. To solve this problem, a nonlinear
optimization method based on the interior point method is employed,
enhanced by a special decomposition algorithm. This approach effectively
handles the complex spatial relationships and distance constraints necessary
for safe and efficient servicing. In the third stage, the total ionizing field of
the area is calculated. If the resulting ionizing field does not meet the
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established safety and operational criteria, the problems from the first two
stages are revisited iteratively. This iterative process continues until the
desired field parameters are achieved, ensuring that both the spatial
configuration and the safety requirements are fully optimized. To address
the problem in the first stage, a systematic strategy has been developed
incorporating the following methodological sequence. Constructing starting
points: the approach utilizes the regular placements method and the block
coordinate descent method to generate starting configurations. These
methods facilitate the systematic arrangement of congruent three-
dimensional geometric objects within the feasible domain. Local extrema
search: a refined method of feasible directions, augmented with an active set
strategy applied to subdomains, is employed to locate local extrema. This
approach is designed to efficiently navigate the local landscape of the
objective function and identify potential optimal solutions within specific
regions. Approaching global extrema: a modified narrowing neighborhoods
method is used to refine the search for global extrema. This technique
systematically reduces the search area to focus on finding the global optimal
solution. The primary strategy involves optimizing the objective function
defined over a set of permutations. For an effective global extremum search,
the objective function must exhibit quasi-separability and possess multiple
extrema. The distribution of these local extrema should follow a pattern that
can be statistically characterized, treating each extremum as an outcome of a
random variable. In constructing starting points within the feasible domain,
methods are employed that involve sequentially placing three-dimensional
geometric objects. This process is facilitated by either the block coordinate
descent method or the regular placements method, both of which focus on
arranging congruent three-dimensional geometric objects. The phi-function
method is utilized for formulating the mathematical model, allowing the
application of contemporary nonlinear optimization techniques across all
stages of the problem-solving process. This includes initial point generation,
local extremum search, and the exploration of local extrema, leveraging the
phi-function method’s capability to represent complex geometric
relationships.
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Abstract. The efficiency of applying GARCH models in assessing and forecasting
the VaR of the Ukrainian credit market is evaluated.

Keywords: Value at Risk (VaR), GARCH-model, Christophersen-test Kupiec-
test, RiskMetrics, Volatility.

Anomauia. 30ilicneno oyinky egpexmuenocmi sacmocyeanna mooeneti GARCH
npu oyiHyi ma npozHo3yeanHi VaR ykpaincoko2o kpeoumHnozo purky.

Knrouosi cnosa: Bapmicmv nio pusuxom (VaR), GARCH-moders, mecm
Kpicmoghepcena, mecm Kynys, pusux-mempuxa, 601amuibHicmao.

A sign of the present is the permanent increase in the volatility of
financial markets, which encourages the development of more advanced risk
forecasting tools. A fairly common indicator of its assessment is VaR — the
cost at risk, which characterizes the maximum loss for a given level of
confidence. That is, an estimate of the tails of the empirical distribution of
financial losses. It can be used to assess all kinds of financial risks.

The VaR method, which is the basis of RiskMetrics®, has been used by
J.P. Morgan since 1994 as a risk management method. Its essence is set out
in the works of Jorion, Duffie and Pan and Dowd [1,2,3]. Despite the results
of some studies pointing out the disadvantages of VaR, due to the lack of
subadditivity and convexity [4], today it remains the most common in the
quantitative assessment of financial risks [5]. With this in mind, it is
expedient to test the econometric approach based on VaR for an empirical
study of the Ukrainian credit market. In particular, an attempt was made to
model the clustering of volatility for the generalized autoregressive model of
conditional heteroscedasticity (GARCH). Both asymmetric and symmetric
GARCH models with four types of residual distribution were tested: normal,
normal, and asymmetric t-Student's distribution, as well as the
reparameterized Johnson distribution. This made it possible to conduct
back-testing and evaluate the accuracy of VaR calculated using the analyzed
GARCH models. Coverage tests of the likelihood ratio according to the
Kristoffersen methodology were calculated, both conditional, known as the
Kupiec test, and the unconditional tests, i.e. the Christoffersen test.

Based on the results of modeling, an attempt was made to assess the
feasibility of using GARCH models in assessing and forecasting the VVaR of
the Ukrainian credit market. As the object of the study, the daily values of
the integrated series of interest rates from January 3, 2020 to February 22,
2022 were chosen, which includes both relatively calm and pre-crisis time
periods. Descriptive statistics for the studied integrated series of interest
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rates showed the presence of asymmetry and excess. Taking into account the
AIS criteria, the ARIMA model (4,0,0) was chosen as adequate for
modeling a series of interest rates integrated at the first level. A significant
presence of ARCH and cluster effects was found in the residues. At the
same time, the analysis of the residuals of the analyzed GARCH models
using ARCH-LM test showed the absence of conditioned heteroscedasticity.
The models have sufficient statistical characteristics both in terms of
autocorrelation and in terms of eliminating the ARCH effect.

VaR forecasts for interest rates for all GARCH models indicate
unsatisfactory results and, accordingly, do not pass this test at the 95%
confidence level. At the same time, seven of the eight analyzed models,
except for ARIMA (4,0,0) — GJR-GARCH (1,1), also did not passed the
Kupets test with a confidence probability of 99%. The results of the
Kristoffersen test with a confidence probability of 95% revealed only one
ARIMA model (4,0,0) — EGARCH (1,1), which with a significance level of
0.0812>0.05 confirmed the combined hypothesis. Therefore, it can be used
to describe the clustering of volatility, since only it has "breakouts" close to
the expected ones. For other models, the null hypothesis of correct
exceedances and independence of failures should be rejected and therefore
they were Disqualified. The results of the Kristoffersen test with a
confidence level of 99% were found to be positive at the specified
confidence level, and therefore they can be used for prediction, but given the
results of the Kupiec and Christophersen test at the level of 95%, such
results are too encouraging and need to be verified. It should be noted that
only ARIMA (4,0,0) - GJIR-GARCH (1,1) and ARIMA (4,0,0) — EGARCH
(1,1) with an asymmetric Student's t-distribution passed the Kupetz tests
with a 99% probability and Kristoffersen tests with a 95% probability.
Therefore, we state that only they are suitable for determining volatility
clustering. At the same time, it should be taken into account that any
evidence of an accurate VaR model can only be described using hit
sequences that satisfy both the unconditional coverage properties and the
independence properties. Therefore, an option for constructing an accurate
VaR model for the credit market is to combine these GARCH models and
the Pareto distribution of balances, similar to that used in the theory of
extreme values. This is an idea for further analysis, although it would also
be interesting to investigate the dynamics of individual segments of the
credit market to see if this finding can be generalized to them.
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cxosuwy eazy. Pospobneno cucmemy npocHo3y8amHs YmMEOpeHHA 2iopamié Ha
NIO3eMHUX CXOBUWAX 2A3Y 3 GUKOPUCHIAHHAM MEXHONLO02IU UWMYYHO20 THMENeKNY.

Knrwwuosi cnosa: ceeponosuna, niozemue cxoguwye 2azy, 2iOpamoymeopeHHs,
HeUPOHHI MepedCt, WMYYHULL IHmenexm.

Abstract. It is considered possible complications related to the hydrate formation
that may occur during the operation of underground gas storage facilities. A
prediction system for the formation of hydrates in underground gas storage facilities
has been developed by using artificial intelligence technologies.

Keywords: well, underground gas storage, hydrate formation, neural network,
artificial intelligence.

[ig gac excruryaryBanHsa mimsemuux cxosumy ra3y (IICI') BuHmKae
YuMano MpoOJEMHHX IUTaHb, AKI MOTPeOyIOTh HEraiHOTO pO3B’SA3aHHS.
Tomy mns 3abesmedeHHs crabinmeHOTO ekcruryaryBanHa [ICIT mpoBomsTs
JCTAIbHUM aHalli3 BCIX TEXHOJIOTIYHHUX NPOLECIB, BUSBISIOTH MOXKIMBI
YCKJIAJHEHHS Ta PO3POOJISIOTh 3aX0/IH JUIS 1X 3aM00ITaHH Ta YCYHCHHS.

Iig yac 3MiHM TEPMOAMHAMIYHUX YMOB IO MUIAXY PYXy Ta3y 3 IUiacTta
JI0 Ta30301pHOTO IMYHKTY MOXYTh YTBOPIOBATHCS TiApaTH. 3 NMPaKTHYHOTO
JIOCBiZly BiIOMO, IIO TiZ[paTH MOXYTb BiJKJIaJaTHCS y BHYTPILIHIA KOJIOHI
HACOCHO-KOMIIPECOPHUX TPYyO Bia BHOOIO 10 ycTs, a Aaimi — B OOB’s3mi
(oHTaHHOT apMaTypu CBEpIJIOBMHM (3aCyBKaxX, KOTYIIKaX, TpiHHHKax
TOIO), y IUIeH}i K HA IPAMOIIHIHHAX JIISHKAX, TaK 1 y MiCIIEBUX OIMOpax
(OHKEHUX MINSTHKAaX, BIABOAAX, IEpeXofax TOMIO0), y Ha3eMHUX Ta
MiA3eMHUX TPYOOIPOBOAAX ra3030ipHOTO MYHKTY, MEPEKPUBHIA apMaTypi,
KpaHaX, INTyIepax peryIioBaJbHUX, KOJEKTOpax, TEXHOJIOTIYHOMY
00JaHaHHIO TOIIO. [iAPATOYTBOPEHHS MPU3BOAWTH [0 3MCHIICHHS
NPOXIZIHOTO  JiaMeTpy BHYTPIIIHBOI TMOPOXKHUHM TpyOOompoBomy 1,
BIJINOBIJTHO, JI0 3HM)KEHHS 1€0iTy CBEpJIOBUH a B OKPEMUX BHUIIaJKaX MOXeE
BiZI0yBaTHCSl MPUITUHEHHS 1X eKCIulyaTyBaHHs. Lle HeraTMBHO BIUIMBAaE Ha
MOXIIUBICTh 3a0€3MeUeHHs] TEXHOJIOTIYHOTO PEXUMY CBEpPUIOBUH Ta
JIOCSATHEHHSI TOTPiOHOT MPOTYKTHUBHOCTI Ta30CXOBUINA [JISI TIOJATBIIOTO
TI0/IaBaHHsI 3aIUIAHOBAHOTO 00CSTY Ta3y B MaricTpajibHui razonposig. Tomy
1 npobieMa BUMarae JIeTajlbHOTO aHaNi3yBaHHsS Ta 3aCTOCYBaHHS HOBHX
e(pCKTHUBHHUX MIiIXOMIiB. Y CBITOBIf HpaKTHUIl BIAOMO PsA MiAXOIIB IIOJO
MIPOTHO3YBaHHS T'JIpaTOyTBOPEHHS MiJl Yac eKCIUTyaTyBaHHS CBEPJUIOBHH Ha
IICT". InTeHCHBHE BUKOPHUCTAHHS HU(PPOBHUX TEXHOJIOTIH CIIpsi€ PO3BUTKY Ta
LIIMPOKOMY  3aCTOCYBAaHHIO HOBHMX MiIXOAIB Yy IPOTHO3yBaHHI i3
BUKOPHCTAHHSIM TEXHOJIOTiIH INTY4HOro iHTenekry. Tomy aBTOpamu
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MIPOTIOHY€EThCS. BUKOPHCTAHHS TEXHOJOTIH IITYYHOTO IHTENEKTY JUIs
PO3B’si3aHHS BHIIEBKA3aHOTO 3aBJAaHHS MPOTHO3YBAaHHS TiJpaTOyTBOPEHHS
Ha [ICI. JlociikeHHS anropuTMiB ompalioBaHHs iH(opManii Ha OCHOBI
LITyYHAX HEHPOHHHMX MeEpeX MOB’s3aHi 3 THM, IO cHoci0 0OpoGieHHs
iH(popMaIlii JHOACEKMM MO3KOM CYTTEBO BIJPI3HSAETHCS BiJl METOMIB, SKi
BUKOPHCTOBYIOTh B TMPOILECI ONpAIfOBaHHS JaHUX Ha KOMII FOoTepax.
Jrogcbkuii  MO30K € JOCUTh CKIAJHOK CHUCTEMOKO  ONpAIfOBaHHSA
iH(pOopMaii, I K01 XapaKTepHUM € MapalelbHe OTPAIOBAHHS HEMiHIITHOT
B3a€MOIIOB’A3aHOT iH(OpMAIIiT 3 BEITMKOO OO HeBU3HaUeHOCTI [1].

[TonsaTTs 3acTOCyBaHHS HEHPOHIB IMOB’A3aHO 3 MOHATTAM IIACTHYHOCTI
JIFOJICHKOTO MO3KY, TOOTO 3 BJIaCTHBICTIO HAJAIITYBAaHHS HEPBOBOI CHCTEMHU
BIINOBITHO MO 3MiH HaBKONWIIHIX yMOB. Came IUIACTHYHICTH Bifirpae
HaWBa)XXJIMBILLY POJb B POOOTI BKa3aHUX aJTOPUTMIB LITYYHOTO IHTEJIEKTY.
VYV 3araJbHOMY BHIIaJKy HEHpPOHHAa Mepeka € IpOorpamMHO-allapaTHUM
MPUCTPOEM, SKHA MOJIETIOE (JEII0 CHpOINEHO) CIOCIO OmpalfoBaHHS
iHdopmanii 1 BUpIlIEHHS MO3KOM KOHKPETHOI 3aja4i. 3aCTOCOBYBaHHS Ha
MPaKTHLi aJrOPUTMIB INTYYHHX HEHPOHHHX Mepex 3abesneuye Taki
IIepeBaru CUCTEM, a caMe: HelliHIHICTh 3B’ 3KiB BXi/I-BHXIiJI; aJanTHBHICTE;
BHKOPHCTAHHS acolliamiif; MacmTabyBaHHS BXiTHUX JaHUX TOIIO.

ABTOpH pO3pOOHMITH CHCTEMY IPOTHO3YBaHHS TifpatoyTBoperHs Ha [ICT
3 BUKOPUCTAHHIM TEXHOJIOTIH MITYYHOTO iHTEJIEKTY, TOOTO:

— B iporpamHoMy cepenouii MATLAB 3a nonomororo ¢yskmii nntool
CTBOPEHO NPOTrpaMHHUI MOAYJIb JIBOLIAPOBOI MITYYHOI HEMPOHHOI MEpexi 3
JIOBUILHUM Ha0OpOM BaroBux Koe(ili€eHTiB;

— 3a pomomoror GyHKUIl train BigOyBaeThcsi HaBUaHHA HEHPOHHOI
Mepexi Ha BXIJHMX Ta BUXIIHUX JaHUX (3a pe3yiabraTaMu (aKTUYHUX
JAaHUX);

— po3po0JeHa IMITYyYHAa HEHPOHHA MEpEKa BHUKOPHCTOBYETHCS SIK 3aciO
MPOTHO3YBaHHs TiJPaTOYTBOPEHHS 3 MOXJIMBICTIO YTOYHEHHS BaroBUX
koedimieHTiB y mpomeci il ekcrmyaTyBaHHS 3a YMOBH OTPHMAaHHS
JOJJATKOBUX OHOBJICHUX JaHUX, SK BXiTHOTO Habopy mmst mommdikamii
Koe(ilieHTIB 1, BIINOBIAHO, YJOCKOHAICHHS AITOPUTMY HPOTHO3YBaHHS
IITy4HOI HEHPOHHOI MepexXi. 3a YMOBHM BIJICYTHOCTI HOBHX JaHUX JUIs
«IOHABYAaHHSI» IITY4HOI HEHPOHHOI Mepexi, ii BUKOPHCTOBYIOTH SIK
o0UnCITIOBANBHAN 3aci0, kvl Ha 0a3i BXiJHWX JaHUX MPO MOTOYHI BHUIIE
BKa3aHi BHOpaHi TEXHOJOTIYHI IapaMeTpH pPYXOMOIO CepeloBHINa B
TpyOompoBo/Ii, 3a0e3meuye Ha BUXO1i 3HaUeHHs B jAiana3oHi Bix 0 g0 1 (abo

282



Materials of the XII International Scientific Conference
«Information-Management Systems and Technologies»
23th — 25th September, 2024, Odesa

Bix 0% nmo 100%), mo Bkasye Ha WMOBIPHICTH yTBOPEHHS TiipaTiB Ha
KOHTPOJILOBaHIH AUTSHII TpyOOIpOBOIY.

3acToCyBaHHS TakOro MiAXOAYy Ja€ 3MOTy «JOHaByaTw» TOOTO
YIIOCKOHAJIIOBATH HEHPOHHY Mepexy, TOMy el 3acid NHpOrHO3yBaHHs
TiIpaTOyTBOPEHHS 00 ’€KTUBHO TiJBHMIIYE JIOCTOBIPHICTH OTpPUMaHHX
Pe3yIbTATIB y MPOIIECi MPOTHO3YBAHHS 1 QYHKI[IOHYBaHHS cucTemH [2].

BrpoBamkeHHsT Ha BUPOOHUITBI pO3pOOICHOI CHCTEMH MPOTHO3YBaHHS
rinparoyrBoperHs Ha [ICI' 3 BHKOPHUCTaHHSAM TEXHOJOTIH IITYYHOTO
IHTENEeKTy JacTh 3MOTy 3a0e3mnedyBaTd SK CTaOiIbHE EKCIUTyaTyBaHHS
CBEPAJIOBHH, TAK i Ta30CXOBHII B IIJIOMY.
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FEATURES OF THE DEVELOPMENT OF THE INFORMATION
MODEL FOR MONITORING AND FORECASTING THE
PARAMETERS OF THE DIESEL POWER UNIT CONDITION FOR
A CRITICAL FACILITY OF RAILWAY TRANSPORT

Dr.Sci. 1.Gritsuk®, Dr.Sci. O. Gorobchenko?, Yu. Dudnyk?, V.Matsiuk®
'Kherson State Maritime Academy, Ukraine,
%State University of Infrastructure and Technologies, Ukraine
3National University of Life and Environmental Sciences of Ukraine, Ukraine

Anomauia. B pobomi nokasamni ocobrueocmi pospobku ingopmayitinoi mooeni
MOHIMOPUHEY MA  NPOSHO3Y6AHHA NAPAMEMPIE CMAHY OU3eNb-eHePeMUIHO20
azpezamy, GUKOPUCMAHHSA K020 NAAHYEMbC HA KPUMUYHOMY 06'€Kmi 3ani3HUYHO20
MPAHCNOPMY 6 YMOBAX NOBOEHHO20 PO3BUMKY YKpaiHu.

Knwuoei cnosa: ingopmayitina m o00enb, MOHIMOPUHS, NPOSHO3YBAHH,
napamemp, cman

Abstract. The paper shows the features of the development of an information
model for monitoring and forecasting the state parameters of a diesel-power unit,
which is planned to be used at a critical railway transport facility in the conditions
of Ukraine's post-war development.

Keywords: information model, monitoring, forecasting, parameter, state

[MocTiliHMii PO3BUTOK HAYKM 1 TEXHIKH, BUKOPHCTaHHS Cy4YacHUX
iHpOpMaNifHIX TEXHOJIOTiH, aBTOMAaTH3Aallisi MpPOIECIB EKCIUTyaTallil Ta
YIpaBiHHA 00’€KTaMH 3aJIi3HUYHOTO TPAHCIIOPTY BHUMAararoTh CYTTEBOTO
BJIOCKOHAJICHHS OpTaHi3alliifHAX, TEXHOJOTIYHAX 1 TEXHIYHHUX 3aXOJiB, IO
3a0e3neuyrTh X MiITPUMKY B poOOYOMY cTaHi B xuTTEBOMY mumkmi [1-3].
AXTyallbHICTh JOCIHI/UKEHHS BHU3HAYAETHCS THM, [0 MOHITOPHHT Ta
YIpaBIiHHS CKJIaJHAMH CHUCTEMaMH, IIOB’SI3aHUMH 3 BHKOPHCTAHHIM
pizHOpimHOTO OONagHAHHA, AKEe Oa3yeTbcsd HAa PI3SHOMAHITHUX (i3UIHHX
OCHOBaX, OOpoOI Ta MPOTHO3YBAaHHI MapamMeTpiB TEXHIYHOTO CTaHY
OKpPEMHUX €JIEMEHTIB CHCTeM 1 OONaJHaHHA, YpaxoBYIOUM (i3UUHUHA CTaH
OTIepaTopiB, € CKIATHOIO TEXHIYHOIO 33/1a4€l0 1 JOIIBHO Yy 3aCTOCYBaHHI
ABTOMATH30BaHUX  CHCTEM  YOPABIIHHS,  OCOOJMBO  KPHUTHYHOTO
npusHaueHHs [4, 5].

Po3pobka iHpopmaniiiHOi Moneni MOHITOPHHTY, YIPaBIiHHS —Ta
MIPOTHO3YBaHHs MapaMeTpiB TEXHIYHOTO CTaHy OyJia MOoKa3aHa il AW3eNb
enekTpuyHoro arperaty (JIEA), Sk THUIOBOro ejeMeHTa KPUTHYHOTO
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00’exTy 1HQPACTPYKTYpH 3aJi3HUYHOTO TPAaHCIOPTY. Y mependadyBaHOMY
pIlICHHI PO3MIIAJAa€ThCsl 3aCTOCYBaHHS KOHTPOJIEPIB, SIKUIl BIACTEXYE Ta
MIPOTHO3YIOTh KOHTposiboBaHI mapamerpu [IEA sk y BUrisgi 60pToBOro
BapiaHTy, Tak 1 Yy BHIJIAI INPOrpaMHOro iH(GOPMAIIHHOTO MOIYJs
CTaliOHApHOTO OONagHAHHA. Y 3B'3KY 3 UM MOJEJIb NMpPEeAMETHOI o0JacTi
JEA 0Oyna npencrasiena:

M, , =(F,HPOV.V, . R),

np.o. 6x " eux?

ne: F={fi/i=1,1} - aBromaruzoBani QyHKII, 1110 BUKOHYIOTHCS CHCTEMOIO
MOHITOpDUHTY Ta nporHo3dyBanHs mnapametpis JEA, H={hj/j=1,J} -
3aBIaHHA OOpOOKHM [JaHUX, HEOOXigHE CHCTEeMi Ui MOHITOPHHTY Ta
nporHo3yBanus napamerpis JIEA, P={p \ /k=1,k} - cykynnicts cuctem, 110
XapaKTepU3y€e KUIbKICTh, OCOOJMBOCTI Ta CKIax CIIBPOOITHUKIB, SKi
MPALIOIOTH 13 CUCTEMOIO MOHITOPHHTY Ta NPOrHO3yBaHHs napametpiB JIEA,
O={o , /m=1,M} - o6'ektu aBromatuku JIEA, siki MOXyTh OyTH
MPEJCTABICHI K HE3aJe)KHI YAaCTUHHM B YACTHHI JBUTYHA, TCHEparopa Ta
cknamanbioi yactuau, V={v | /I=1,L} - indopmariiini enementu JEA
(BxinHi Ta BUXinHi mapamerpu camoi cuctemu), a R={r , /y=1,Y} - MHOxUHU
BiIHOCHH (B3a€MO3B'sI3KiB) Mi>k KomroHeHTamMu JIEA.

I[Ipu ¢opmyBaHHI CHCTEMH MOHITOPHHTY 1 3 METOK 3abe3ledeHHs
QHAIIITUYHOTO OIMUCY CEMAHTHKH CHCTEMH KOMIIOHEHTH ONHCYBAIHCh 32
JOIIOMOTrOl0  OYyJIEBHX  MaTpHLb CYMDKHOCTi, 1IN0 XapaKTepU3yKTbh
BiNOBiTHI BITHOCHMHM R Mi)XK KOMIOHEHTaMH i CKJIQZOBUMH MpPEAMETHOL
obmacti. Buam BimHOCHH MiX pO3TISHYTHMH MHOXHHAMH IIOKa3aHi B

CKJIaM0BUX (DYHKIIAX depe3 {F, H, P,O, V", V" R}: EH — Hfhj

FP=|fp, |- FO=|fq,
HV =|hy, [, oV =|ov,
MHOXXHHHY MoJieib npeametHoi oonacti JJEA. L{s Monens BUSBIISE IOBHOTY
1 HECyNepe4yHiCTh KOMIIOHEHTIB II0 BIJHOIICHHIO O BCiX MHOXHH
peaMeTHOT 00J1acTi, a TAKOXK BiTHOCHHHU MiX HAMHU.

I'padum iHbOpMALITHUX CTPYKTYp VIS MOAENI CUCTEMH MOHITOPUHTY Ta
MIPOTHO3yBaHHS KOHTPOJIbOBaHMX IapamerpiB JIEA BuMaranu mnoOynoBu
Habopy CTPYKTYpHHX €JEMEHTIiB Ta KOMIIOHEHTIB Ha OCHOBI Mojemni ii
mpeaMeTHoi 007acTi, CTBOPEHHS MATpPHUIll CEMAaHTHYHOI CYMDKHOCTI Ha
OCHOBi HabOpy CTPYKTYpHHUX €JIEMEHTIB Ta 1mo0y/10Ba OpieHTOBaHOTO rpada
i1 iHpopMamiifHOI CTPYKTYpHM Ta MAaTpHIl CEMAaHTHYHHX JIOCSTHEHb Ta

FV=|fv|. HP=|hp,|. HO=|ho,|:

Lle no3BoIsie IPOBOJUTH aHali3 Ta (HhOpMyBaTh

mIH'
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IPYNOBUX €NEMEHTIB i CTPYKTYpPHOI MHOXKHHH, YIOPSAKYBaHHS TPyl
CTPYKTYPHHX €JIEMEHTIB 3a PIBHAMM BJAcHOI iepapxii, Bubip Ta peaizamis
MHOXXKUHH PENICBAHTHUX KIIOYiB Ta aTpHOYTIB y rpynax JaHuX ii cucTeMu
MOHITOPUHTY, a TaKOXX NOOy/10Ba KaHOHIYHOI Mozesi 0a3u NaHUX CHCTEMHU
MoHiTopuary JEA. OCHOBHMMH CTPYKTYPHUMH €JIEMEHTaMH MOAENi
CHUCTEMH KOHTpOJIIO Ta NporHo3yBaHHsA napamerpiB JJEA nHa 0a3i amzens
CTaIliOHAPHOI /1€3€Jb-EIEKTPOCTAHIIi KPUTHIHOTO 00 €KTy 1H(PACTPYKTYpH
€ CIICMCHTH 3a3HaYCHUX HA0OPiB: D =1d, \1 =166}, P(D) =66.

MHOXXHHH CTapIIMHCTBA Ta JOCSHKHOCTI pO3PaxOBYBAIHCS AJISI KOXKHOTO
CTPYKTYPHOTO eJeMeHTa. 3aradbHuil iHQOpMamiiiHMi elleMeHT BCiX
iHpopmaniiiaux rpyn - me enemeHT UOsg («Yac 30upaHHS CHCTEMHOL
iHpopmaniin). Lleil eneMeHT TakoX € KIIOUOBUM 4Yepe3 CMHCIOBY
3aJIeXKHICTh OTPUMAaHUX JaHUX Mpu 300pi iHpopmanii. OTxe, HaOIp KIIOUYIB
W1 = {d s¢ }, HaGip atpubytie W ,={d;/i=1,...,55}.

Janst peanizanii NpOrHOCTUYHUX AITOPUTMIB OLIHKH MapaMeTpiB TU3eIb-
CJICKTPUYHOI'0 arperaty po3poOJicHO Habip BIAMOBIAHUX AJITOPUTMIB
OJTHOIIAPAMETPHUYHOTO Ta IpyHoBOro OararomnapaMeTpuYHOTO
nporHo3ysanHs. IIponec mpornosyBaHHs OyB BHKOHAaHHWIl SIK OnepaTopHe
meperBopeHHs (P) BuximHoi (oTpuManoi) iH(opmamii mpo 00'eKT
JOCITIJDKeHHST Yy BHTIIAAI 11 BimoOpakeHHsS Ha MailOyTHE, ske OOMeXeHe
riubunoro nporaozy P:{ D i, T } — I, ne P - oneparop nporuo3ysauss; D i
— iHdopMarmis mpo modaTKoBHWH cTaH 00'ekra (y HAIIOMY BHIIAQAKY IIe
TUMYacoBUH psin); 7 — TOPH3OHT TNporHo3y; | — pesymnbrar NIPOTrHO3Y.
CepenHsi abCOIIOTHA MMOMMWJIKA Y BIJICOTKaX BHKOPUCTOBYBasiacs y poOOTi
JUIsL  OLIHKK TOYHOCTI Mojened mporHodyBaHHs. [lpu MozenroBaHHi
rapameTpiB JIN3elb-eJIeKTPUYHOrO arperaty Oyl BUKOPUCTaHI MPUHIIMIIH,
SKi Opi€HTOBaHI Ha KOHKpPETHI 3aBJaHHs] OOpOOKH, aHaji3y IaHUX Ta
¢GyHKIIOHaJIBHI TOTpeOM Ta OCOONMBOCTI POOOTH  OOCIYrOBYHOUYOTrO
TIepCcoHaly.

PobGoTa BukoHaHa 3a miaTpuMku HamioHampHOTO ()OHIY IOCHITKEHB
VYkpainu B pamkax po3poOku mpoekty 2022.01/0224 3a temoro «Po3pobka
HayKOBHX OCHOB KOMIUIEKCHOTO IIiJIBUIIEHHS Oe3neKd, epeKTUBHOCTI
eKCIITyaTalii Ta YIpaBliHHSI KPUTHYHUMH O0O0’€KTaMM 3aJli3HUYHOTO
TPAHCIIOPTY B yMOBAX MMOBOEHHOTO PO3BUTKY YKpaiHM».
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SPATIAL AND MATHEMATICAL MODELING OF SHAFTS IN
ROAD TRANSPORT AND INDUSTRIAL ENGINEERING

Dr.Sci. V. Kalchenko, Ph.D. A. KoJjoroiina, Ph.D. N. Sira, O. Aksonova,
A. Pinchuk
National University Chernihiv Polytechnic, Ukraine

Anomauia. 3anpononosaro 0a306i NPUHYUNU CMEOPEHHS NPOCMOPOBUX 1§
MamemamuyHux mooenell 6anié 6 agmMoMOOIIbHOMY MPAHCHOPMI Ma 2any3e60My
mawunobyoyeanni. Ilpocmoposi moodeni € eHyukumu i ix po3mipu MOJCHA 1e2KO
3miniosamu 6 3anexcHocmi 6i0 Koughicypayii eany. A mamemamuuni mooeni
003807110Mb  OMPUMAMU KOOPOUHAMU PYXY IHCMpYMeHmy OJisi (opMOymeopenHs
Nn0BepPXOHb 8asli6, ma 3ab6e3neuyioms nidGUUeHHsE MOYHOCHT 00POOKU.
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Knwuoei cnosa: npocmopoge  MOOen08amHA,  MAMEMAMUYHA  MOOeIb,
NpoOeKmy6aHHsi.

Abstract. The basic principles of creating spatial and mathematical models of
shafts in road transport and industrial engineering are proposed. Spatial models are
flexible and their dimensions can be easily changed depending on the configuration
of the shaft. And mathematical models make it possible to obtain the coordinates of
the movement of the tool for shaping the surfaces of the shafts, and ensure an
increase in the accuracy of processing.

Keywords: spatial modeling, mathematical model, design

CtTpiMKHH PO3BHTOK IHPOPMALIHHIX Ta KOMIT IOTCPHUX TEXHOJIOTIH
3MiHIOE 3acO0M Ta METOAM TPOSKTYBAaHHSA, MUITXOM ONTUMI3amii W
aBTOMaTH3amii 3HAYHOI KUIBKOCTI €TamiB MiATOTOBKH BHPOOHHWIITBA B
ABTOMOOLTEHOMY TPAHCHOPTI Ta rajy3eBoMy MamnHOOyAyBaHHi. OjHax,
take BrpoBapkeHHs cydacHux CAD/CAM/CAE cucrem Bumarae 3MiHu B
MpoIleCi MPOEKTYBaHHS Ta MOTPeOye JAOTPUMAHHS MEBHUX OCOOIMBOCTEH
CTBOpEHHsT TpocTopoBHX Mogenei [1]. 3 wMeroro omTumizarii Ta
MOKpalIeHHs SKOCTI Kepylouumx nporpam Juisi BepcratiB 3 YUIIK wacro
BUKOPHCTOBYIOTh MaTeMaTHYHI MOAENI MOBEpXOHb aertanei. OcobnmBo e
aKTyaJlbHO JUI1 KPHMBOJIIHIHHUX TIOBEpXOHb, JI€¢ KOOPAWHATH PYXY
IHCTPYMEHTY BIJHOCHO TIOBEPXHI 3arOTOBKH BH3HAYAIOTh KIHIIEBY
TEOMETPII0 AeTali ¥ CTYMiHb BiIMOBITHOCTI peallbHOTO MPOQLII0 MOBEPXHI
HOMiHANEHOMY. TakoX Bce OLTBIIOrO MOMIMPEHHsI HA0YBalOTh PiI3HOMAHITHI
po3paxyHKOBi mporpamu [2] Ta cucTeMH 3 BHKOPHCTaHHSAM LITYYHOTO
inrenekry [3].

B aBTOMOOIIBHOMY TpaHCIOPTI, rajdy3eBOMY MalIMHOOYAyBaHHI, a
TakoXX B 0ararbOX IHIIMX Taly3sIX 3HAYHO MOUIMPEHO BUKOPUCTAHHS
PI3HOMAHITHHX BaJliB, SKi 32 CBOEK TI'COMETPIEI0 € TitamMu OOepTaHHS 3
JIOJIaBaHHSAM JIOJATKOBHX elieMEHTiB. B TakomMy Bumajaky 0a30BO0
Omepalli€l0 BUTOTOBJIGHHS JETali € TOYiHHS, a JO0JaTKOBI eJIeMEHTH
3a3Bn4ail popMyloThCcs Ha (Qpe3epHHX mnepexonax. IloyaTkoBum erarmom
NIPOEKTYBAaHHS € CTBOPEHHS NPOCTOPOBHX Mojelieil BHpoOy, 30Kpema
KO>KHOT JIeTai OKpeMo.

[Tpn npOMy BaXXJIMBUM MOMEHTOM € HE TUIBKHM KOPEKTHE BilOOpa)keHHs
reoMeTpii JAeTaii, a TaKoX 1 JOTPUMaHHS YiTKOI CTPYKTYypH JepeBa
mo0yI0BH 3 MaKCUMAaJIBHO MOXIHUBUM BHKOPHCTAHHSM B3a€MO3B’S3KIB Ta
(hopMyI T BiINOBITHOCTI Mi’K KOHCTPYKTHBHUMH eJleMeHTaMH aetani. Ha puc.
1 HaBeIeHO MPHUKIAL €CKi3iB Ta (OpMyJ BIANOBIAHOCTI MpPH CTBOPEHHI
MOJIeNi PO3MOIIFHOTO Baly aBTOMOOUIA. IIpm CTBOpEHHI MPOCTOPOBHX
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MoJeNield BaliB 3 BHKOPHCTaHHSM IapaMETPUYHUX B3a€MO3B’SI3KIB Ta
PIBHSHB CTa€ MOXIIMBMM BHUKOPHUCTAHHS THUIIOBOI MOAENI JeTaii s
CTBOPEHHSI aHaJOriuyHuX. [Ipm 4oMy HEOOXiJHO BHU3HAYMTH MiHIMaIbHY
KiJIBKICTh PO3MIDIB.

30 38102
| (W
l1 -
R
£
© 600
E|Equations

DI @Sketch3" = "D1@Sketch?’ 75mm
"D2@Sketch3" = "D2@Sketche" 100mm
DI @Sketcnd" = "D1@Sketch?” 7.5mm
D2@Sketcd" = "D2@Sketch?’ 100mm
DI@Sketchs” = "D1@Sketch?’ 75mm
"D2@Sketchs" = D2@Sketch?’ 100mm
Pucynox 1. @opmysanns npocmoposoi mooeni po3nooiibyozo 8any

KpiM Toro m1st MOmMpeHux THIIB BaJliB TOLIIBHO BUKOPUCTOBYBATH TaK
3BaHi KoH(pirypamii Ha 0a3i Tabmumi napamerpiB. B mpomy Bumangky
nporpaMa CTBOPEHHS MoJielield 3B s13aHa 3 TaOJIHLEe CTBOpeHow B EXcel, B
TaOJIMLI MPOIKCaHi BCl pO3MipHu JieTali 1 mpH iX 3MiHI IPOCTOPOBa MOJIEINb
aBTOMAaTHUYHO 3MIHIOETHCSL.

TakoX MOMJIMBO MOEIHAHHSA NEKIIbKOX TUIIOBUX BaJIiB B OJHIN TaOJIHL]
i BIAMOBIAHO B oxHOMy ¢aitni. Ha pucyHky 2 HaBeI€HO NPUKIAAA
MPOCTOPOBUX MoOZeJeld BailiB, 2 a) — pO3MOAUILYOr0 Bally [BUTYHA
aBTOMOO1JIs, 2 6) — KOpoOKa MBUAKOCTEH BEPCTATY.

a)
Pucynox 2. [Ipocmoposa modenv a) po3nodineyozo 8any, 6) KOpooku weuokocmei
sepcmamy
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MaremaTiyHi MOAENI UMITIHAPHUYHOI NOBEPXHI PO3MOIUILHOTO Bally Ta
npodinaro Kynauka HaBeleHi Ha puc. 3. Ha puc. 3 0) HaBeneno npodiib
KyJlauka pO3IMOJUILHOTO Baily, MOOyIOBaHMH B MaTeMaTHYHOMY MaKeTi
Mathcad, npu BUKOpUCTaHHI MaTpPHIb NEPETBOPEHb KOOPAUHAT Oy IYIOTHCS
MIPOCTOPOBI MaTeMaTH4YHI MOJeEJ MATYHHOI itk (puc. 3 a) Ta Kyiayka
(puc. 3 B) pO3MOIUILHOTO Baly.

0) e)

Pucynok 3. Mamemamuuna moodenv a) wamyHHoi wuiiku, 6), 8) Kyiauka

OnucaHi MaTeMaTH4YHI MOJENI JO3BOJISIFOT BH3HAYaTH KOOPIMHATH
MIOJIOKEHHSI LIEHTPY IHCTpYMEHTa IpH 00poOIl JaHWX MOBEPXOHb, L0 Ha
BIIMIHY BiJi aBTOMAaTHMYHOTO CTBOPCHHX IMPOrpaM KepyBaHHsS 3abe3reuye
MOKpalIeHHs: yMOB 00pOOKH Ta MiJBUIIEHHS TOYHOCTI MPOGiIIO.
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COMPUTER MODELLING OF REWINDING MACHINES
PROCESSES
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KOMIT'FOTEPHE MOJEJIFOBAHHS ITPOLECIB
HNEPEMOTAJIbBHUX MAILINH

Ph.D. O. Mauoii;tenko’, Ph.D. I[ Gorobetc?,

Ph.D. M. Py6anxka®, Ph.D. C. Topsimenxo®, Ph.D. B. I[BOpmaK
Y233 Kuigcoruii nayionanbhuii YHigepcumem mMexHo02i ma Ou3ainy,
Vkpaina
4 . . Lo .
XmenvHuyvbkuil HayioHanvhull yHieepcumem, Ykpaina

Abstract. The study presents computer modeling of the rewinding process using
SolidWorks Motion. The research included experimental determination of packaging
stiffness and the creation of a computer model of winding dynamics, considering the
external forces acting on the roller. The results demonstrated high model accuracy
(up to 95% compared to analytical data). The obtained conclusions can be used for
the optimization of winding mechanisms and the design of rewinding machines in
mechanical engineering.

Keywords: Computer simulation modeling, computer experiment, packaging,
bobbin, bobbin holder, rolling roller, geometric slipping, thread rewinding, winding
mechanism.

Anomauia. 'V pobomi npogedeno romn'iomepHe MOOeNOBAHHS HpOYecy
nepemomysanna 3a odonomocolo SolidWorks Motion. [ocnioocenns exniovano
eKcnepumMenmanvie — GUSHAYEHHS  JCOPCMKOCMI — NAKYBAHHA | CMEOPEHHS
KOMN'IOMepHOi MoOeni OUHAMIKU HAMOMYEAHHA 3 YPAXYBAHHAM 308HIUHIX CUT, WO
BNAUBAIOMb HA POTUK. Pe3ynbmamu npooemMoHcmpysanu 6UCOKy mouHicms Mooeni
(00 95% nopisuano 3 ananimuunumu oanumu). Ompumani 6UCHOBKU MONCYMb Oymu
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BUKOpUCIAH] Ol  ONMUMI3aYii Mexawismie HAMOMYSAHHA mMA NPOEKIMYEAHHS
NepemMomy8aIbHUX MAuUH y MauuHo6y0y8aHHI.

Knwwuoei cnosa: xomn’'tomepue imimayiiiHe MOOENO8AHHS, KOMN TOMepHULL
excnepumenm, naxKy8ants, 606iHa, GOOIHOMPUMAY, YKOUVIOUULL POUK, 2EOMEMPUYHE
NPOKOB3YEAHHS, NEPEMOMYEAHHS HUMOK, MEXAHI3M HAMOMYBAHHSL.

In this work, a computer simulation of the rewinding process on
rewinding machines was carried out using the SolidWorks environment [1].
The main objective of the study was to investigate the interaction of
different types of rollers and used packages during the rewinding process
and compare the results with the results of analytical calculations. The study
included determining the stiffness coefficient of the package experimentally
(C=1,1+10* H/m) and creation of a computer model of the winding process
dynamics, which took into account the external forces (F = 3.6 N obtained
experimentally on the machine «Polycony») acting on the rolling roller
during the material rewinding. The parameters of the 3D contact for the
spool and the rolling roller were set based on the properties of the materials
and recommendations [1] (static and dynamic friction vi=1,016:102 m/s,
ve=1,0-10"* my/s, friction coefficients p, = 0,1, ps=0,15, elasticity coefficient
ns=1,1-10" N/m, power factor in the exponential model depending on force
and displacement - e=2, damping coefficient Cpax =5-10° N s/m), rewind
speed (o =172,78 rad™), which makes it possible to bring the computer
model closer to the physical model (Fig. 1). In the course of the study,
computer modeling was performed for four types of rollers and different
thicknesses of the packaging body in accordance with the design [2]. 20
variants of 3D models of winding mechanisms with different types of rollers
(modifications M1, M2, M3, M4) and packaging with a fixed instantaneous
body thickness were created to simulate the winding process (t=0; 10; 20;
30; 40 mm). The relative value of sliding € xi of the cylinder on the cone is
determined by expression [3], taking into account the sign:

. — Vsi _ X—my
4 I

Vpi lpi —mj (1)

where: Vs - sliding speed, m/s; V12'1' — speed in the rolling pole, m/s; 1 —
distance from the i-th rolling pole P; of i-th element of the rolling roller to

the top of the packing cone; ™1 — is the value of displacement of the i-th
rolling pole P;
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The geometric slip of the elemental rolling roller will be equal to the
sum of the geometric slips of each element according to [3] and will be as
follows:

n 0.5bj—mj

S ey @

.. |

Figure 1. Kinematic parameters of the winding mechanism: a - setting the
parameters of the spool speed and direction from the computer model of the
mechanism; b - indicators of the operating speed on the machine «Polycony

The coordinates m_i of the rolling pole P; of the ith element for the
computer model are found as the ratio of the difference in angular velocities

obtained from the analytical @ i calculation and computer modeling ;.
_ (wi-—wi) ra

m: =

! w {a) ®3)

where: @i » @ _ gis the natural frequency of the i-th element of the rolling
roller and the package, s*; Tz — radius of the rolling roller

(f2= 11-107 m): @ = the angle of inclination of the forming cone of the

Expression (3) shows how much the parameters of the 3D contact, the
force of pressing the roller against the package, and other factors affect the
slip rate.

Diagrams of the average values of the sliding speeds of the rollers of
modifications M1-M4 are shown in Fig. 2. The value of the rolling pole
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displacement m; is shown in Fig. 3. The results of solving the computer
modeling problem made it possible to determine the level and nature of the
distribution of the rolling roller rotation frequencies, as well as the value of
the pole displacement - m; of the rolling center of a cylindrical roller on a
conical package. Ultimately, this makes it possible to assess the effect of the
pressing force of the roller on the displacement of the rolling center and
determine the coefficient of adhesion. The obtained values of the roller
speeds obtained by computer modeling and analytical methods show the
reliability of the calculations and the high accuracy of the results (about 95
%).

1,6
1,4 \\ =M1 (Theoretical)
1,2 = M2 (Theoretical)
1 ———M3 (Theoretical)
08 \ —— M4 (Theoretical)
- — 2 ——M1 (Modeling)
08 3 —— M2 (Modeling)
0,4 i‘ﬂ"" - M3 (Modeling)
0,2 T T T M4 (Modeling)
vy m/c o 10 20 30 40  10°m,t

1 - M1 modification rollers; 2 - M2 modification rollers;
3 - M3 modification rollers; 4 - M4 modification rollers
Figure 2. Diagrams of the average value of the sliding speed of the rollers

—&—m1l-— modification M1

—@—m1— modification M2
~&—m2 — modification M2
——m1l-— modification M3
—#—=m2 —~ modification M3
m3 — modification M3
m1— modification M4
m2 — modification M4

m1— modification M2

m4 — modification M4

Figure 3. Diagrams of the pole displacement mi for the i-th rollers (mm)
The results and algorithms of computer simulation modeling can be
used to design or study typical rewinders or friction gears.
References
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2021, SDC Publications, 2021. 600 p.
[2]. Patent of Ukraine for utility model UA 136674 U, B65N 54/00. Device for
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BUKOPUCTAHHSA mICROSOFT EXCEL ITPM KOMIT’'FOTEPHIM
OBPOBILI PE3YJBTATIB IOMUWJ/IKOBUX EKCHHEPUMEHTIB Y
T'AJTY3EBOMY MAIIMHOBYAYBAHHI TA
ABTOMOBUIEBY1YBAHHI
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USE OF MICROSOFT EXCEL IN COMPUTER PROCESSING
OF THE RESULTS OF ERROR EXPERIMENTS IN MACHINERY
AND AUTOMOBILE INDUSTRY

Ph.D. H. Pasov, Ph.D. A. Kolohoida, Ph.D. B. Zavertannyi, V. Murashkovska,
O. Riabets
National University Chernihiv Polytechnic, Ukraine

Anomauin.  Pospobnenuii  npoepamuuti  npoOyKm — Modice  e@eKmuHo
BUKOPUCTOBY8AMUCL Macicmpamu npu  eusyenni oucyuniin ‘“‘“Mamemamuune
MOOeNI0BAHHSL  npoyecie  00pobKU Ha  MemanopizanbHux —eepcmamax” — ma
“Ilnanyeanns ma 00poOKa pe3yrbmamie eKCnepuMeHmie Ha A8MoMOOIIbHOMY
mpancnopmi’”, a Maxodc npu NpPoBeOeHHi eKChepumenmie ni0 4ac HANUCAHHA
Maeicmepcvkoi eunyckHoi keanigixayiiinoi pobomu

Knrwuoei cnosa: mooenv, nomuika excnepumenmis

Abstract. The developed software product can be effectively used by masters

when studying the disciplines "Mathematical modeling of processing processes on
metal cutting machines™ and "Planning and processing of the results of experiments
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on road transport”, as well as when conducting experiments during the writing of a
master's thesis

Keywords: model, experimental error

Komm’torepu3anis, mo OypXJHMBO BTOPTAETHCA y BCi chepH JFOACHKOT
IisuTbHOCTI, 06arato B 4OMY 3MiHMJIA i XapaKTep CHOTOMHIIIHBOI CHCTEMH
ocBitTi. OCTaHHIMH pPOKaM B OCBITi Bce OULIBIIOrO MOUIMPEHHS HAaOYBalOTh
CcydJacHi KOMI 'FOTepHi TexHoorii. OHi€I0 3 HOBHX 00acTell 3aCTOCYBaHHS
KOMIT'IOTEpiB B OCBITHBOMY TMpOLECi CTalo0 iX BUKOPHCTaHHS JUIs
BUKOHAHHS JJA0OPaTOPHUX Ta MPAKTUYHUX POOIT IO PI3HUM TUCLUILIIHAM.,
B TOMY YHCJ 1 U IH)KEHEPHO-TEXHIYHUX CIeLiabHOCTEH, e HeoOXiTHO
NpaIfoBaTH 3 BEJIMKMMHU IMOTOKaMH iHGopMarii. B cyuacHiil imxeHepii
MPOBOANTBCS BENMKA KUIBKICTh PI3HOMAHITHUX €KCIIEpUMEHTIB. Sk
MpaBUo0, Oyab-sAKi BHUMIPIOBaHHA B XOJi JOCIIJHOTO CKCICPHUMECHTY
CYIPOBOIKYIOThCS OMIIIKaMH. Koim oTpumanuii pe3yapTaT BUMipIOBaHHSA
CYTTEBO BiIPI3HAIOTHCS BiJ 1HIINX, BHHUKAE HEBIEBHEHICTb, IO JOMYIICHO
rpyOy IMOMHUIIKY Yepe3 MOPYIICHHS YMOB €KCIEPHMEHTY a00 BHMipIOBAHHS.
Tomy Tpeba onpa3y NPOKOHTPOJIOBATH BiNMOBIMHICTE pealbHIX YMOB
3aJaHUM. SIKIIO BOHM TIOPYUIYIOTHCS, TO OTPUMAHUI pe3ysibTaT He
BPaxOBYIOTh. SIKIIO TaKy NEpeBipKy BHKOHATH HEMOXIIMBO, NMUTAHHS PO
BUKIJIIOYCHHS PE3yJIbTaTy, L0 BiJPI3HSIETHCS, BUPILIYETHCS 33 JOMOMOTOIO
CTaTUCTUYHHX OLIHOK. [IpM 1IbOMY BHKOPHCTOBYIOTBCSI pi3HI KpUTepii, sKi
MaloTh TPOMI3AKHUI XapakTep MaTeMaTH4HOI'O arapaty, SIKMA T[poTe, sK
MPaBUJIO, HE BIAPI3HAETHCS OCOOJIMBOIO CKJIAMHICTIO 1 3BOTUTHCS [0
IabJIOHHOTO BHKOpUCTaHHsA psny (opmyn. Ilpore, Benuka KibKiCTh
CKJIQHUX PYTUHHUX PO3PaxyHKiB, B SKHX JIETKO MOJKHA 3aIlIyTaTHCH,
NPU3BOJUTH 10 TOTO, IO BHKOHAHHS TIIONIOHMX 3aBIaHb BHKIIHUKAE
TPYAHOILI Yy 3100yBa4iB BHIIOI OCBiTH. CKIIaJHOIII MaTeMaTHIHOI 00pOOKH
JaHUX EKCIEePHMEHTY MOXKHA BHPIIIMTH 32 JONOMOTOI0, HAaNpUKIa,
npukinagHoi nporpamu Microsoft Excel, sika mo3Bossie BUpinIyBaTH 4HCTO
MaTeMaTUYHi 3amaui. 3700yBadi MOYMHAKOTH MPOBOJUTH HAYKOBI
JIOCITI/DKeHHSI Ha MEpIIUX Kypcax, aje CrelliajJbHUX 3HaHb Ie HEe MAaroTh,
TOMy OyJ0 po3pobaeHo mporpamMHuil mpoaykT “TloMuika y ITOCHTiTKSHHSX,
Microsoft Excel”, sikuii 1o3Bosisie 3100yBa4aM MPOBOTUTH JTOCHTIKSHHS 03
MIPOBEJICHHSI MOMEPE/HIX 3aHATh AJsl 03HAWOMIICHHS 3 HOTrO MPHHIMIIAMU
pobotu [1,2]. [Ina inreHcudikamii mpormecy po3paxyHKiB i omrmmizarmii
NpoLieCy  BUSIBICHHS  IOMMJIKOBHUX  EKCIIEPUMEHTIB  CKOPHUCTAEMOCS
nporpamoto Microsoft Excel. Buxinaumu nanumu i po3paxyHKiB Oy1yTh
pe3yNbTaT MapajeNbHUX EKCIEpUMEHTIB, SKi IOCTaBJICHO IIiJl CYMHIB;
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KIJIBKICTh TapalielbHUX EKCIIEPUMEHTIB, a TaKOX pPIBeHb 3HAYMMOCTI
eKcriepuMeHTy. HoMmep eKCliepuMeHTy TIeHepyeTbCs aBTOMATHYHO MiCIIs
BBE/JICHHS 3Ha4yeHHS Y, sKe IepeBipseTbesi, 3aBAsku QyHknii ROW.
Tabnuune 3Ha4deHHs KpuTepiro CTBIOAEHTa IporpamMa paxye 3aBAsKd
¢ynkuii TINV. [Hmn 3HaueHHs nporpama paxye 3a JONOMOTIOI0 THHOBHX
MaTeMaTUYHUX Ta JOTIYHUX (YHKLIH Yy BIJIIOBIZHOCTI 3 OIMCAaHOIO BHIIE
METOJIMKOIO, & TAaKOXX Bi3yaJbHO BHIINISE CTATyC CKCIIEPHMEHTY: BipHHUI —

“3eneHUM”, a TOMWIKOBHM — “depBoHMM” KojgbopaMu. Ilpukian
pO3paxyHKy HaBeleHO Ha puc. 1.
A B C D E F G H
1 | [ [ | |
KiIbKicTh Napane/bHIX eKCHepiMeHTIB Oe3 ypaxyBaHH

2 MOMIIKOBOT'O EKCIEPIMEHTY 2 7
3 PiBenb 3HaTIMOCTI = 0.05
4 Tabmrane 3navenns kpurepiro CThioeHTa 1 mada. =J 2,447
5

Ne Ilepesipseme Cmamye

eKCIePHMEHTY | 3HAYECHHSA ) T 52 s tp eKenepuMenmy

6 - 2 - - -
7 1 100 102,571 | 16,286 | 4,036 | 0,637 Bipamii
8 2 101 102,429 | 16952 | 4,117 | 0347 Bipani
9 3 98 102,857 | 13,810 | 3,716 1307 Bipamit
10 4 105 101,857 | 15810 | 3976 | 0,790 Bipumii
1 5 110 10L143 | 5810 | 2410 [ 3,675 ﬁ
12 6 102 102,286 | 17238 | 4,152 | 0,069 Bipamii
13 7 99 102,714 | 15238 | 3.904 | 0952 Bipanii
14 8 103 102,143 | 17143 | 4140 | 0207 Bipaii

Pucyf;ox 1. Ilpuxnao euxopucmanns Microsoft Excel 015 6i0KuOaHHA NOMUIKOBUX
eKcnepumernmie

Po3pobnennit MpOTpaMHUil MIPOAYKT MOXKe e(peKTHBHO
BHUKOPHCTOBYBATHCh MaricTpamu MpH BUBYEHHI TUCLUILIH “MateMaTH4yHe
MOJICIIIOBaHHS MpOLECiB OOpOOKM Ha MeTallopi3ajibHUX BepcraTax’ Ta
“IlmanyBaHHS Ta 00poOKa pe3yabTaTiB eKCIIEPUMEHTIB Ha aBTOMOOITEHOMY
Tpancropti” [3,4], a TakoX NpH MNPOBEIEHHI E€KCIIEPUMEHTIB IIiJ Yac
HaIHCaHH MaricTepchbKoi BUITYCKHOI KBadi(ikamiifHo1 po6oTH.
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Abstract. Structural and flow-based approaches to the vulnerability analysis of
multilayer network systems (MLNS) from targeted attacks and non-target lesions of
various origins are considered. The main structural and flow characteristics of
monoflow multilayer system elements are determined to build scenarios of successive
targeted attacks on its structure and operation process. The advantages of flow-
based approach over structural ones have been demonstrated, both in the sense of
analyzing the vulnerability of real MLNS and evaluation the consequences of
negative influences of different nature.

Keywords: complex network, network system, intersystem interactions,
multilayer network system, flow model, aggregate-network, influence, betweenness,
targeted attack, vulnerability.
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Anomauia. Posznsioaiomsvcs cmpyKmypHuil ma nomoxosul nioxoou 0is aHanisy
epaznusocmi bazamoutaposux mepedceeux cucmem (BLLIMC) 0o yinecnpsmosanux
amaxk ma Heyitbosux ypajicenv pisHux munis. /[ns nobyodosu cyenapiie nocnioosHux
YINeCnpsAMOBAHUX AMAK HA CIMPYKMYPY Ma npoyec (pYHKYIOHY8anHs 6a2amomaposoi
cucmemu GU3HAYEHI OCHOBHI CMPYKMYPHI mMa NOMOKOBL Xapakxmepucmuku ii
enemenmis. [lokasani nepesazu nomoko8o2o nioxo0y HAO CIMPYKMYPHUM AK Y CEHCI
auanizy epaznueocmi peanvrux BLIMC, max i oyinio8anui HACTIOKI8 He2amugHO20
8NIUBY PI3HO20 NOXOONCEHH.

Knwuoei cnosa: cxnadna mepedca, Mmepedcesa cucmemd, MidCCUCTHEMHI
63a€MO0il, NOMOKO8A  MOOenb,  azpezam-mepedicd, 6NIUB,  NOCEPEOHUYMEO,
YinecnpAMo8ana amaxa, 8pasnugicma.

Many internal and external negative influences can act on any real-world
natural or man-made systems. Among such influences that can damage the
system, we primarily highlight targeted attacks and its non-target lesions. A
distinctive feature of targeted attacks is their intentionality and artificial
nature (terrorist and hacker attacks, military aggression and financial and
economic sanctions, etc.). In contrast to targeted attacks, non-target lesions
can include various unintentional negative influences of natural or artificial
origin (natural and man-made disasters, the spread of dangerous infectious
diseases and so on). Such lesions can be local, group or system-wide and
aimed at damaging both the structure and operation process of network
systems (NS) and intersystem interactions. In paper [1], the typical scenarios
of consecutive attacks on the structure and operation process of NS were
considered and their connections with the development of countermeasures
against the system non-target lesions were established. The usefulness of
such scenarios lies in the fact that they, giving a picture of possible
development of a certain type of lesion, allow creating the most effective
means of protection against it [2]. In particular, the structural and flow NS
models make it possible not only to build scenarios of the spread of negative
influences of various origins, but also, compared to other system models,
evaluate the level of local and system-wide losses resulting from the action
of such influences during and after lesion [1]. The development of strategies
for the protection of multilayer network systems (MLNS), which describe
the processes of intersystem interactions, is significantly complicated not
only due to the increase of problem dimension, but also because the lesion
of certain layer-system of such formation may not occur directly, for
example, through a targeted attack on it, but consequentially as a result of
attack on adjacent MLNS's layer. At the same time, lesions of various
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adjacent layers-systems can lead to different consequences (the influence of
blocking the maritime and aviation layers of general transport system of
Ukraine during Russian aggression on the railway and automobile layers is
significantly different). Simultaneously, the quantity of local and global
characteristics of MLNS elements, which describe the structural and
functional features of not only internal, but also intersystem interactions, is
increasing, and therefore, the amount of importance indicators of elements,
which are used when building scenarios of targeted attacks on multilayer
system, is increasing too. The process of evaluation the consequences of
MLNS lesions is also complicated, in particular, the successive negative
influence of the directly damaged layers-systems on the adjacent ones [3, 4].
All these factors must be taken into account by the NS management
systems, which are the part of man-made MLNS, for the effective
organization of their protection and overcoming the consequences of various
types of lesions. No large scale real-world complex system can protect or
simultaneously restore all elements damaged by negative influences.
Therefore, the calculation of objective importance indicators of nodes and
edges of NS and MLNS plays a decisive role during the construction of
effective scenarios of targeted attacks on them [5]. Equally important is the
value of these indicators for development the effective strategies for
countering the spread of non-target lesions. The purpose of our investigation
is to determine on the basis of structural and flow models of intersystem
interactions, the importance indicators of MLNS elements and formation of
effective scenarios of successive targeted attacks on the structure and
operation process of multilayer network systems, as well as evaluation of
consequences of separate system elements lesions on different system layers
and implementation of intersystem interactions in general.

The concepts of structural and flow aggregate-networks of monoflow
multilayer network system are introduced in order to reduce the
dimensionality of MLNS models and simplify the analysis of their
vulnerability to heterogeneous negative influences. The main local and
global structural and flow characteristics of multilayer system and its
aggregate-network elements are determined and the relationship between
them is established. These characteristics are chosen as importance
indicators of MLNS nodes, with the help of which effective structural and
functional scenarios of successive targeted attacks on multilayer network
systems are built. It is shown how, on the basis of various models of
intersystem interactions, the domains of directly damaged and
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consequentially injured by the negative influence the system elements are
determined. The advantages of flow-based approach for studying the
vulnerability of intersystem interactions process and quantifying the level of
losses caused to this process as a result of consistent negative influences are
established. The next steps of our research are the study of MLNS
vulnerability to simultaneous group and system-wide targeted attacks and
development of optimal scenarios for their implementation.
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APPLICATION OF SYSTEMS ENGINEERING AND SYSML IN
THE DEVELOPMENT OF A UNIVERSAL STAMP BLOCK FOR
HYDRAULIC PRESSES
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Anomauia. B Hawomy 00cniodcenHi, HA OCHO8I MemMOOONOH CUCEMHOT
iHotICeHepil 3  BUKOPUCMAHHAM NPEOMEMHO-OPIEHMOBAHOT  MOBU  MOOEN08AHHS
cucmem SysML, pospobreno ancopumm i MemooOonocilo CmMEOPEeHHs MOOei
NOBEOIHKU ma CMPYKMypu MeXHIYHUX cucmem HA NPUKIadi cucmemu «npec-
wmamny.
Knwuoei cnoea: cucmemua indcenepis, Mo8a CUCMEMHO20 MOOeT0B8AHHSA
(SysML), ynisepcanvruii wimamn, cucmema "press-die".

Abstract. In our research, based on the system engineering methodology using
the object-oriented system modeling language SysML, an algorithm and
methodology for creating a model of the behavior and structure of technical systems
using the example of the "press-stamp" system was developed.

Keywords: systems engineering, system modeling language (SysML), universal
die set, "press-die™ system.

TexHouoril cucTeMHOI iHXKeHepil po3polIieH] AJsi CTBOPEHHS HOBUX
TEXHIYHMX 00’€KTIB Ha OCHOBI MoOeJeld 1 MOB NPOEKTYBaHHS TaKHX SK
SysML. BoHH [103BOJSIOTH Y3arajdbHIOBATH MIAXOAM 10 IPOEKTYBAaHHSI
NpOJXYKTIB Ta BCceOIYHO W TOYHO JOKYMeHTyBaTH ixHi wmozeni. Lle
3abe3nedye BHCOKY SIKICTh NPUHHATHX TEXHIYHHMX pinteHb. KpiMm ToOroO,
OUTBII HAiITHO 3a0e3MmeuyeTbes OOTPYHTYBaHHS BHOOPY TEXHIYHUX PIlIeHb
JUIS IPOCKTYBaHHS a00 CTBOPEHHS HOBUX BHPOOIB.

[Mpouecu ¢opmyBaHHS KOHIENTYalbHOI MOJiei 00'€KTa MPOEKTYBaHHS,
NPUHHATTS TEXHIYHUX DIlIeHb JJIsSI €JIEMEHTIB 1 KOHCTPYKLiH B LIOMY Ha
JaHUH MOMEHT HE MalOTh ITOBHICTIO PO3pPOOJIEHIX CHCTEM aBTOMAaTH3awii. ¥
3B’S3Ky 3 IUM OCTaHHIM 4YacoM 3HAa4yHO 3pic IHTEpec JO0 METOJiB
pO3B’S3aHHSA TBOPYMX IHJKEHEPHHX 3ajad, HUTaHb BHOOPY TEXHIYHUX
pimens i3 pamy BapianTiB  [1]. g BimoOpakeHHS CTPYKTYpH
IIPOEKTOBAHOTO O00’€KTa BHKOPHCTOBYIOThCS Tpadu Ta BIiIHNOBIgHI iM
MaTpUIll CYMDKHOCTI a0 IHIMIEHTHOCTI, SIKi BiZOOpa)aroTh CTPYKTYpHI
€IEMEHTH CHCTeMH Ta iX 3B’s3km [2, 3]. [l miABHINEHHS SKOCTI
MIPOEKTYBAaHHS TEXHIYHUX 00’ €KTiB MPONOHYEThCA [4] MoaudiKamito METoxy
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¢dopmamizamii indopMmalii mpo CKIAA 1 CTPYKTypy BUpOOy Ha erarmi
KOHLIENTYaJbHOTO NIPOEKTYBaHHs. BUKOpHUCTaHHS MOIM(IKOBAHOTO METOLY
KOHILIENTYaJbHOTO IPOEKTYBaHHS Ja€ MOXIIMBICTH (popmaiizyBaTH OIHC
JM3aliHy JUIsl SIKICHOT JIEKOMITO3MIIT Ta MOJAJIBIIOr0 3aCTOCYBaHHS METO/IB
onrtuMmiszaiii [5]. B HamoMy nociikeHHi, Ha OCHOBI METOOJOTIi CHCTEMHOT
IHKeHepii 3 BUKOPUCTaHHSM IIPEIMETHO-OPI€EHTOBAHOI MOBH MOJEITIOBaHHS
cucreM SysML, po3po0JeHO anropuT™M i METOMOJIOTiI0 CTBOPEHHS MOJEINi
NOBEIIHKM Ta CTPYKTYPH TEXHIYHHX CHUCTEM Ha NPHKIAI CHCTEMH «IIpec-
mraMi». BU3HaueHO BUMOTH JO peali3amil CHJIOBOTO Ta KiHEMaTHYHHX
PeXUMIB pOOOTH YHIBEpCAIBFHOTO IITAMIIOBOTO OJIOKY AJIS PSAY IMPOIECIB
00pOOKHM 3aroTOBOK THCKOM. B OCHOBY (opMyNIOBaHHS BHMOT JO
VHIBEpCATFHOTO IITAMIOBOTO OCHAIICHHS MOKJIAJACHO Yy3arajJbHCHHS
MOBEIHKM CHCTEMH «IIPEC-LITaMIl» TPH BHKOHAHHI Psy TEXHOJOTIYHUX
npoteciB eOpMyBaHHS 3arOTOBOK Ha T'iIpaBIiYHUX Mpecax.
3anpornoHoBaHa MOCIIAOBHICTh €TaIliB i METOMUKA CTBOPCHHS MOJECII
MPOEKTOBAHOTO  YHIBEPCAIBHOTO IITAMIIOBOTO OCHAIICHHS JI03BOJIHIM
LIECTIPSIMOBAHO ~ IIYKaTH pallioHaJbHI TEXHIYHI pINIEHHS $K HOTro
reHepalbHOT KOMIIOHOBOYHOT CXEMH, TaK 1 OKPEMHUX BY3JIiB i YACTHH.
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MODEL OF THE GEOMETRIC CHARACTERISTICS
DETERMINING OF SPATIAL LANDMARKS FOR SURVEY-
COMPARATIVE NAVIGATION SYSTEM
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Anomauia. Y yili pobomi po3ena0acmvcsi  MONCIUBICTL NOBHOPAKYPCHOO
BUBHAYEHHS. 2eOMEeMmPUYHUX — XAPAKMEPUCMUK md NpOCHOpo8oi  CMpYyKmypu
HA3eMHUX OPIEHMUPIB 01 peanizayii 02110080-NOPIGHATbHUX Memodi8 Hagieayii.

Knrouosi cnosa: o2nsa0oso-nopisnsiohi memoou nasicayii, LIDAR, ceomempuuni
o3naxu, 6a306i enemenmu opmu, posnizHaABAHHSL.

Abstract. This paper examines the possibility of full-view determination of the
geometric characteristics and spatial structure of terrain landmarks for the
implementation of survey-comparative navigation methods.

Keywords: survey-comparative navigation methods, LIDAR, geometric features,
basic form elements, the recognition.

Peanizamiss ornsmoBO-MOPIBHSUIBHIX METOIB HaBiraii 3BOAHUTBCS JO
BUKOHAHHS 3a/1a4i pO3ITi3HABaHHS HA3€MHUX OPIEHTHPIB, MOPIBHSHHIO X 3
€TATOHHUMHY OPIEHTUPAMH, MICIETIONOKEHHS SIKUX BiJIOME, Ta BiIHOCHO ITUX
OpiEHTUPIB BCTAHOBUTH KOOPAWHATH JTiTalbHOTO anmapary [1].

Jlo HemaBHBOTO dYacy, KOPEIAMiHHO-eKCTPEeMaJIbHI aJrOpuTMH Oyin
OCHOBHHMM KJIACOM aJITOPUTMIB BHSBICHHA Ta imeHTH(iKamii 00'eXTiB, 1m0
BHKOPHCTOBYBAJIUCS B OIJIAIOBO-TIOPIBHSNBHINX HAaBIraIiifHUX cHcTeMax
miTampHUX amapariB. OJHAK OCTaHHIM YacoM HAMITHBCA WepeXil Bix
KOPEJISIIHHUX JITOPUTMIB JIO METO/IB 1 aJITOPUTMIB CTPYKTYPHOTO aHAJI3y
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300paxkeHb. B naHuWii yac MOCHIIOBHICTH Mpolenyp oOpoOKH 300pakeHb
NPUIHATO PO3MIIAATH BIIHNOBIAHO /0 TaK 3BaHOI MOAYJIBHOI mapaaurmu /1.
Mappa [2].

OpnHi€lo i3 OCHOBHHMX MPOOJEM ISl METOAIB 1 aJrOPUTMIB BHUSBICHHS
CKJIaTHUX OO0'€KTiB, SKa BIAPI3HAE METOAM OOpOOKM 300pa)keHb Bia J00pe
BUBYEHOI Teopil OOpOOKHM CHUrHajiB, € po3poOKa METOMAIB BHUSBIICHHS
00'exTiB, cmab0 UYYTAMBHX OO PpI3HOMAHITHHX BUAIB MIiHJIHBOCTI,
XapaKTepHUM JIMIIE s 300pakeHb. TakuM YMHOM, aHaNi3 XapaKTEpPHUX
03HaK OO0’€KTIB IUIOCKOTO 300paKCHHA BHMAara€ BEJHKOi KiJIBKOCTI
MIPOTPaAMHUX PECYPCiB, KPiM TOTO PO3Mi3HABAaHHSI TaKUX 00’ €KTIB MOMIIABE
JUIIE Ha OCHOBI TEOMETPUYHHX pO3MIpiB, SKi MOXYTh 3MIHHUTHCA B
3aJIeKHOCTI BIJl PaKypCy CIIOCTEpPEKEHHS, a00 SCKpaBO BHPaKCHUX
KOHTPacCTHUX O3HaK Ha Tii QoHy. ['eomMeTpuuHi O3HaKuM € HaOLIbII
NPUAATHUMH JUIS PO3Mi3HABaHHS HAa3eMHHX NPOCTOPOBHX 00'ekTiB. OqHAK
TeOMETPUYHI 00’ €KTH MOXYTbh BIJPI3HATHCS 32 CBOEIO 1HHOPMATUBHICTIO Ta
crnocoboM BuIiNeHHS. |H)OPMATHBHICTh T'€OMETPUYHUX O3HAK MOJXKHA
OLIIHUTH IUIAXOM MOJEJIOBaHHS Ipouecy (OpMyBaHHS TPUBHUMIPHUX
300pakeHb 00’€KTIB Ta iX 0OpOOKH AJS BHIINCHHS O3HAK PO3Ii3HABAHHS.
Tomy HE0OXiTHO PO3POOHUTH MaTEeMATHIHI MOJIEII IPOCTOPOBOTO 00’ €KTA Ta
mporecy (opMyBaHHS TPUBHMIPHHX 300paskeHb 00’€KTIiB 3a JIOTIOMOTOIO
na3epHoi cuctemu popMyBaHHs TpuBUMIpHUX 300paxkens (LIDAR).

MaremaTtiyHa  MOJENb  IIPOCTOPOBOrO  00’e€KTa AL CHCTEM
pO3Mi3HaBaHHS CKJIANAETHCS 13 T€OMETPUYHOI MOJENi caMoro o0’ekra Ta
0a30BHX ETAJOHHUX €JIEMEHTIB, TakuX sK (OHOBA TIOBEPXHS 3EMIII.
JonaTkoBo HEOOXiJJHO BPaxOBYBaTH MOJIENb BiIOMBAIILHUX XapaKTEPUCTUK
€IEMEHTIB ~ 00’€kTa Ta  MOBepXHI  3emii. Jius  MojeroBaHHS
BUKOPHCTOBYETHCSI MOJICJIIOBAHHS 3 BHKOPHCTaHHSM 0a30BHX €JIEMEHTIB
¢dopmu (BE®D). B sikocti 6a30BuX eneMeHTIB ()OPMHU 4aCTO BUKOPUCTOBYIOTh
mpocTi reomeTpuuHi ¢irypu (tromuna, napaneneminex). OxHak 3Ha4YHA
KIJIBKICTh IITYYHO CTBOPEHHMX OO'€KTIB MOKe OyTH OIMCaHa HMOBEPXHSIMH
Jpyroro nopsiaky (chepa, mutiHap) a00 KOMOIHALIEIO TAKKX TOBEPXOHb.

[ToBepxHs Apyroro MOPSAKY JIETKO OMHCYETbCS PIBHSHHSIM JIPYroro
CTEIEeHsI BIIHOCHO JAEKapTOBOI MPSMOKYTHOI cHCTeMHU KoopauHat [3]:

A1X% + A V2 + ag2% + 2a,xv + 2a3xz +
2a,3VZ + 2a,.x + (1)
+205, Y + 2032+ Ay + bygy +byyy +byga+Dygy
+by3s + b1 =0
3HaveHHs koedilieHTiB aj; y Bupasi (1) BUSHAYAIOTh BUIJISJ] TOBEPXH.
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Koedirientat byj; 1 by, BU3HAYaOTR MakcUMaibHE 1 MiHIMalbHE
3HAUEHHS 3MIHHOI X, aHAJIOT1YHO D113 1 D14 715t 3MiHHOT y Ta Dy35 1 bygg s
3MiHHOT z. SIKmo 00'exT ckiagaeTbest 3 KimbkoX BE®D, To xoxHomy BED
Oy/ie BiNOBIZaTH OKpEME PiBHSIHHS, @ BECh 00'€KT MaTUME BUTJISAII MATPHIL
KoedirieHTiB po3mipom ix16, ne i — kimpkicte BE®. IloBiTpsHi cuctemu
LIDAR BcraHOBmOIOThCS Ha Jitakax abo BIIJIA anst 300py Tonorpadivaux
JaHUX 3 BHCOKOIO PO3IiNBHOIO 3[aTHICTIO Ha meBHHMX Teputopisx [4]. Lli
CHCTEMH BUIPOMIHIOIOTH JIa3epHi IMITYyJIbCH B HANPSIMKY MOBEPXHI 3eMIIi 1
BHMIPIOIOTH 1HTEPBAIM Yacy, 3a AKi CBITJIO IOBEPTAETHCA 0 JATUHKA IIiCIIS
BimOWTTA Bix 1ini. Momens mporecy GopMyBaHHS TPUBHMIpHUAX 300paKeHb
MOJIsITa€ 'y  BH3HAYCHHI YACOBHX IHTEPBANIB fAKI TOTPIOHI KOXKHOMY
SIIEMEHTY MaTpW4HOTo mpuiiMada BunpomiHioBaHHI (MRR LIDAR) mns
peectpamii  CHTHadXy, BiZOWTOrO BiA  ONPOMIHIOBAaHOTO  00'eKTa.
BukopucroByroun Qopmynu, BioMi 3 aHaNITHYHOI reoMeTpii, 3amMIieMo

BUpA3 JJIsl BU3HAYCHHS IHTEPBATY 4acy (Tiij MK TOYATKOM HaJIXOKCHHS
BunpoMiHioBanHs Ha 00'ektuB LIDAR (touka Oi(X1Y1Z;)) Ta MOMEHTOM
peecTpanii  BUIPOMIHIOBAHHS, €JIEMEHTOM  MATPUYHOTO  MpuiiMaya
sunpoMinioBanHsd MRR LIDAR (Touxa Po(XpYpZp)):

I
Aij'\|I{3‘1—xp}2+{}'1—}'p}2+{zl—zp}2
Tl'j = e + ﬂTij . (2)
ne Alj — iHgukaTopHa (QyHKILiS, "ﬂTiJ' — KoeiLieHT ,lI0 XapaKTepusye
TIOMUJIKY BUMIPIOBaHHSI 4aCOBOTO IHTEPBay, C — IIBUJKICTb CBITIIA.

TakuM YMHOM JlaHa MOJENIb BHMIDIOBAHHS YacOBHX IHTEPBAJIIB Ja€
3MOTY BU3HAUaTH 3MiHY ITOBEPXHi 00’€KTa Bl HATIPSIMKY CIIOCTEPEKEHHS 13
BHCOKOIO PO3IUIGHOK 3JaTHICTI0. TakuM YHHOM, MaTeMaTH4HI MOJENi
MIPOCTOPOBOTO 00’€KTa Ta mmporecy GopMyBaHHS TPUBUMIPHUX 300pakeHb
JI03BOJISIFOTE ~ OOYMCIIUTH ~ T€OMETPUYHI  XapaKTePUCTHKH  HA3eMHHUX
OpIEHTHpPIB 13 3aJaHOK0 HMOBIPHICTIO HE3AJIICKHO B  paKypcy
CIIOCTEPE)XEHHS, M0 € BAXJIMBUM eTanoM (OpMyBaHHS KpUTeEpiiB
pO3IMi3HaBaHHA TIPH peallizaiii OrisJ0BO-MOPIBHAILHUX METOJIB HaBirarii

[5].
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INFORMATION TECHNOLOGIES FOR OPERATIONAL COST
MINIMIZATION IN THE AVIATION ENTERPRISES
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Anomauia. Pesynemamu po3paxyHKie ma CMAMUCMudHo20 MOOeN08AHHS
niomeepounu  OOYilbHICMb  3ANPONOHOBAHO20 — NIOX00y — 04 onmumizayii
EeKCNIYamayitiHux 6UMpam Ha BUKOHAHHS NPOYedyp MEXHIUHO20 00CIY208)Y8AHHA MA
pemonmy.

Knwuosi cnosa: onmumizayis excniyamayiiihux umpam

Abstract. The results of calculations and statistical modeling confirmed the
expediency of the proposed approach to optimize operating costs for performing
maintenance and repair procedures.

Keywords: optimization of operational costs

T'omoBHOIO 3aauero B IUBiIBHIH aBianii € 3abe3me4eHHs 3a1aHOTO PiBHS
0e3neKkn Ta PeryIsIpHOCTI MOJbOTIB. BupimieHHs 1€l 3amadi Moxe OyTh
JOCATHYTO IIJIIXOM TOCTIHHOTO MOHITOPHHTY KITIOYOBHX IapaMeTpiB
JISUTBHOCTI CHCTEM IUBUIBHOI aBiarii, oOpoOJeHHsS 3i0paHMX NaHUX Ta
MPUHHATTS TPABIIFHUX Ta CBOE€YACHHUX pIlICHb MIOJO0 NPEBCHTUBHUX Ta
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KOpUT'yBaIbHUX /il I[IOAO BJIOCKOHAJICHHS OpraHi3aliifHOI CTPYKTYypH,
MiBUINCHHS PIBHS HAIIMHOCTI 0OJNaTHAHHS, BJIOCKOHAJICHHS BHPOOHHYUX
IpoLeciB HiANPUEMCTB-EKCIUTyaTaHTiB, 30KpemMa BUKOPHCTAaHHS
oOnajHaHHA 32 NPU3HAYEHHSM, TEXHIYHOTO OOCIYyrOBYBaHHS Ta PEMOHTY,
MiABUINCHHS KBaTi(iKaIlil mepcoHany ToIo.

[ndopmaniiini TexHOJOTii MalTh KIIOYOBE 3HA4YeHHS Yy Hpoleci
MiABUIEHHS e(pEeKTUBHOCTI (PYHKIIOHYBaHHS aBiaifHOTO MiATIPHEMCTBA.
L1i TexHOMOTIi HO3BOIAIOTH ABTOMATU3yBATH PYTHHHI IIPOIECH, IO 3HAYHO
3MEHIIYE WMOBIPHICTh JIFONCBKUX TIOMIJIOK 1 TIABHINYE TOYHICTH
BHKOHAHHS OKpeMHX orepamiid. [HpopmamiiHi TeXHOIOTIT HaTal0Th 3MOTY
OTPUMATH IOCTOBIPHI OIIIHKHU i Yac BHPIMICHHS 3aJad IMPOTHO3YBaHHI,
IUIAaHyBaTH Ta 3IIMCHIOBATH NPOLEXYypH TEXHIYHOTO OOCIyroByBaHHS,
(dhopMmyBaTH pillleHHs, KepoBaHi naHuMu. Ha chorofHi y cdepi ekcrutyarartii
aBialifiHOro OOJaTHaHHS KJIIOUOBUM CTa€ 3a0e3MedeHHs 3aJaHOro PIBHS
HaniHOCTI OONaJAHAHHSA IpPHU MIHIMaIbHO MOJIJIMBUX EKCILTyaTalliitHUX
BUTpaTaxX. 3ajaya MiHiIMI3alii eKCIUTyaTallifiHuX BHUTpAT mepeadavae
BUKOPHCTaHHS B  SKOCTI  IOKa3HWKa  e(EeKTUBHOCTI  CyMapHHUX
eKCIITyaTallifHuX BUTpAaT a00 CepelHiX MMTOMHX eKCIUTyaTalliiHIX BUTpaT
3a iHTepBan cmocrtepexkeHHs [1]. MiHimi3amis cepemHiX MHUTOMHUX
eKCIITyaTallifHUX BUTPAaT MOXJIMBA, BUXOISIYM 13 TaKHX MipKyBaHb.
3aHaATO YacTe BHKOHAHHS TEXHIYHOTO OOCIYroBYBaHHS NPH3BOAWUTH [0
BHUCOKOTO PpIiBHSI HaJiHOCTI, OJHAK XapaKTEpU3YEThCS 3HAYHUMH
eKCIUTyaTaIlifHIMU BUTpaTaMu. Mala KiTbKICTh TEXHIYHHX OOCIyrOBYBaHb
3MEHIIYE HaJifHICTh OOJIaIHAHHS Ta T X XapaKTEPH3YEThCS BEIUKUMHU
CyMapHHMU BUTpaTaMH B CHJIy 3Ha4HO Oinbioro tapugy Ha peMoHT. OTxe,
Moe OyTH BU3HaYCHA ONTHUMAaJIbHA KUIBKICTh Ta IIEPIOJIUYHICTh TEXHIYHOTO
oOcnyroByBaHHs. Takuil miAXiJ BIUCYETBCS B PaMKH  KOHIEMIi
MIPEBEHTUBHOTO TEXHIYHOTO 00CIyroByBaHHsS [2]. Y oMy JOCHIIDKEHHI
OCHOBHa yBara Oyla TpUIiIeHa 3aJadi ONTUMi3alii eKCIuTyaTamiiHuX
BUTpAT JJIsl BUNAJIKy MOHITOPUMHTY BH3HAYaJbHUX MapaMeTpiB aBialliifHOTO
oOmannanHs. J{i1s BUpimeHHs i€l 3amaui OyB MPUHHATHHA psij 0OMEXEeHb, a
came: 1) MOHITOpPMHIY WUIATa€ OAWH BH3HAYAJIBHUK Iapamerp; 2)
BU3HAYaJIbHUI MapaMeTp Mae JBi CKJIaJIOBi: JI€TEPMIHOBaHY Ta BHIIA/JKOBY;
JIeTepMiHOBaHA CKJIa/l0Ba Ma€ BHIVIAA CTAJOr0 CHUTHANy, IO BiJIIOBiiaE
HOPMATHBHOMY 3HAa4€HHIO IapaMeTpy; 3) BHIIAJKOBa  CKJIaJoBa
BU3HAYAIILHOTO TMapaMeTpy MoOKe OyTH OXapaKkTepu30BaHAa HOPMAaIbHHM
3aKOHOM PO3MOJIY 3 HYJIbOBHM MaTeMaTHYHHM CIIOJIBAHHSM Ta 3aJlaHUM
CTaHJApTHUM BiAXWIECHHSM; 4) CTaH Hepea BiAMOBOIO XapaKTEPH3YETHCA
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MOPYIICHHSAM CTalliOHAPHOCTI IUIMHY TPEHIY BU3HAYaJILHOTO MapaMeTpy Ta
CHpUYMHSAE HOro UJiHifiHYy 3MiHy 3 IUIMHOM 4acy; 5) TpHUBAJIICTh
NIPEBEHTUBHOTO  TEXHIYHOIO  OOCIYroBYBaHHS €  JETEPMIHOBAaHOIO
BEJIMYMHOIO; 6) y MPOLIECi MOHITOPUHTY OTPHMaHi 3HAUY€HHsI BU3HAYaJIbHOTO
rapameTpy, IpH SIKMX CIIOCTEPIrajancs BiIMOBHU. Y MPOIECiB MaTeMaTHYHUX
pO3paxyHKiB Oyyno oTpuMaHO (YHKIIOHATBHY 3aJCKHICTh IMOKa3HHKA
e(pEeKTUBHOCTI y BUIJIANI CEpPeNHIX MUTOMHX EKCIUTyaTallifHUX BHUTpPAT BiX
3HAYCHHS IIPEBEHTHUBHOTO IIOPOTY, SKiH BIAIMOBIZAE€ PIOICHHIO MO0
HEOOXITHOCTI BHKOHAHHA TeXHIUHOro oOciyroByBaHHi. [Ipukian
3a3Ha4YeHOT 3aJIe)KHOCTI HaBeJeHO Ha pHC.1.

40

PC3yIIBTaTI/I MOIOCITKOBaAHHA

30|

AHaiTHYHI PO3paxyHKH

Cepei maTOMi BUTpATH

251 252 253 254 255 256 257 258 259 260 261 262
IIpeBeHTUBHUIT HIOPIr

Pucynok 1. 3anexcricms cepeonix NUmMomMux eKCRIyamayitiHux eumpam 6io
3HAYUEHHS NPEBEHMUBHO20 NOPO2Y.

PesynpraT  po3paxyHKiB Ta  CTaTHCTHYHOTO  MOJEIFOBAHHS
MATBEpAWIN JIOUIJBHICTG 3alpPONOHOBAHOTO IAXOAY JUIl ONTHUMIi3amii
eKCIUTyaTallifHUX  BUTPaT Ha BHKOHAHHS  MPOLENYp  TEXHIYHOTrO
00CITyrOByBaHHS Ta PEMOHTY.
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Yxpaina

Abstract. The aim of the research is to build the three-factor nonlinear
regression model for early lines of code size estimation of Java-applications on the
basis of multivariate Johnson SB family normalizing transformations using Cross-
Validation technique. The obtained nonlinear regression model is verified with
quality criteria for regression models.

Keywords: software size estimation, nonlinear regression model, normalizing
transformation, Java.

Anomauia. Memoio OocnidxcenHa € nodyoosa mpvoxghakmopHoi HeniniliHoi
peepeciiinoi mooeni 0lisk OYiHKU po3Mipy psiOKie Kody Java-3acmocyHKi6é HA OCHOSI
b6acamogumipHux HopManizyioyux nepemeopens [oiconcona cimeticmea SB 3
BUKOPUCIAHHAM Memody nepexpechoz20-3ameepodicents. Ompumany HeniHitiny
peepeciiiny Mo0elb NepesipeHo 3a 00NOMO2010 KDPUMEPIE SKOCmi pecpecilHux
Mooernell.

Knwuoei cnosa: oyinka posmipy npoepamuozo 3abes3neueHHs, HeniHilUHa
peepecilina Mooenv, HopManizyloue nepemeopenns, Java.

The software size estimation plays a key planning role at the early stages
of software project planning for the successful implementation of software
projects. Software development effort estimation (SDEE) is one of the
significant indicators of budget, resources and duration planning of any
project for software development business. Software size in the total number
of code lines (KLOC) is widely used in SDEE parametric models such as
COCOMO, COCOMO |11, etc. It leads to the necessity to construct an
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appropriate model for Java KLOC estimation at the early stages of project
planning.

The aim of the research is to build the three-factor nonlinear regression
model for early KLOC estimation of Java-applications on the basis of
multivariate Johnson SB family normalizing transformations to increase the
accuracy of the Java-applications size estimation at the early stage of
software project planning using UML class diagram metrics.

The authors collected code metrics dataset of 571 open-source Java-
applications hosted on the GitHub platform using the CK tool
(https://github.com/mauricioaniche/ck). The obtained dataset was randomly
separated into training and testing samples with sizes of 286 and 285 rows.
The following metrics were selected to build the model: total quantity of
classes (CLASS) X, total number of unique method calls (RFC) X, and
average value of visible methods per class of the application (aVMQ) Xs.
Variance inflation factors (VIFs) technique indicates the absence of
multicollinearity between the factors of the regression model. For factors Xy,
X,, and Xs, the VIFs are equal to 6.09, 6.09 and 1.0 respectively.

The nonlinear regression models building technique [1, 2] is used to
build the three-factor nonlinear regression model. It includes detecting
outliers in nonlinear regression analysis of non-Gaussian data, bijective
normalizing transformations, Mahalanobis distance outliers detection,
residuals distribution verification and prediction interval detection.

Typically, the software code metrics have non-Gaussian distribution. To
normalize the training datasets we used Johnson normalizing translation of
SB family that is given by [3]:

o, s X
WP = Z=7+iin (7=5) o
where ¥(P) js non-Gaussian random vector P = {¥. X1, X5, ..., Xe¥  y,m, orad—
parameters of Johnson SB family normalizing transformation, @ <X<¢ +4,
n =0 4 =0, X -non-Gaussian random variable which X equals to Y, Xy, X,, Xa,
respectively.

Parameters of Johnson SB transformations (1) are estimated by the maximum
likelihood method. The estimators for the parameter Y are: W = —4.0611,
fly = —0.5013 @, = —0.6082 1, — 82315.0766; for X, Vx, = —45.7011
fix, = 48.6731 Gy, = —32.7353 y = 1635047 - 10'2 g0y . 7y, = —41.8031
fix, = 47.0422, Py, = 7110.32111 Ay, = 627.4514 - 10714 for  Xg:
Px, = —36.5209,7x, = 37.5829 ¢y, =—08413 i, = 952.1377 - 10°
the latest iteration.
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The linear regression model is built on the basis of the normalized multi
dimensional sample. _ R B B .
Zy=Z,+& = Dby+byZ,+Db,Z, + byZ; +e, @)

where ¢ is Gaussian random variable, ¢ ~ M(0, 6.2 ); Po» P1. b2, ba - estimators for
parameters of the linear regression model (2). The estimators are calculated by the
least square method: Do = —23.784722 b, = —0.005724 b, = —0.005062,
b, — —0.008718

The nonlinear regression models is built by applying inverse transformation to
(1) to the linear regression models (2): R
Y =yyi(Z, +2) 3)

where ¥+ is inverse Johnson SB transformation 4).
The obtained three-factor nonlinear regression model (3) is build in 19 iterations
and it is tested on training and testing datasets using regression models quality

criteria such as the coefficient of determination Rz, a mean magnitude of relative
error MMRE and percentage of prediction for magnitude of relative error level 0.25
PRED(0.25). The values of the quality criteria indicate good accuracy of the model,
the high values of for the testing sample confirms the model is not overfitted that
confirms robustness and reliability. R*, MMRE and PRED(0.25) yvajyes for the
training dataset are 0.9073, 0.1645, 0.7692 and testing dataset are 0.9016, 0.1617,
0.8175 respectively. The obtained three-factor nonlinear regression model solves an
important problem of Java-applications size estimation at the early stages of software
development project planning.
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Abstract. The article is devoted to the OpenAPI implementation and its usage in
the distributed microservices-oriented information system for data processing
related to the astronomical data. A common goal of all scientific and technological
algorithms and methods is to automate as much as available processes without any
human actions. In general cases it can be done by the different astronomical
distributed microservices-oriented information system. Suggested using of the
OpenAPI specification in a distributed microservices-oriented information system
for astronomical data processing significantly improves the system's
interoperability, scalability, and maintainability. The developed skeleton of the real
example of astronomical data-processing system is implemented using .Net Core
framework and C# programming language. Implementing Swagger in a
microservices architecture presents numerous benefits, significantly enhancing both
the development and maintenance phases of service-oriented applications. The
developed skeleton and the proposed approach will be useful for the different
microservices-oriented information system for astronomical data processing.

Keywords: Microservices-oriented architecture, information system, OpenAPlI,
Swagger, REST API, JSON, C#, HTTP requests, document generation, data models.
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Anomauia. Crarta npucssiueHa peamizauii OpenAPI Ta oro BUKOPHCTaHHIO B
po3momineHi MiKpocepBiCHO-OpieHTOBaHIl iH(opMariliHii cucteMi 00poOKH
JaHHX, OB’ I3aHUX 3 aCTpOHOMi‘IHI/IMI/I JaHUMU. 3aragpHa MeTa BCiX HAaYKOBHUX i
TEXHOJIOTTYHUX aJITOPUTMIB 1 METOAIB — MAaKCHMAaJIbHO aBTOMAaTHU3yBaTHU JOCTYIIH1
mporiecu 0e3 OyIb-sIKMX il JIOAWHU. Y 3arallbHUX BUIAJKaX II¢ MOXKHA 3POOHTH
PI3HUMH aCTPOHOMIYHHMH DPO3HOIIICHUMH MIKpPOCEpBICAMHU, OpPI€EHTOBAHUMH Ha
iHpopMmaniitHi cucremu. 3ampornoHoBaHe BUKopHCTaHHs crenudikanii OpenAPI B
posmoaineHiit indopmariiiiHiii cuctemi, opieHTOBaHiil Ha MiKpocepBicH, st 00poOKU
ACTPOHOMIYHUX JaHUX 3HAYHO MOKPAIIy€e CYMiCHICTh, MACIITa0OBAHICTh 1 3pYYHICTh
00CIIyroByBaHHsI CHUCTeMH. Po3poOneHnil ckeler peaqbHOro MPUKIALy CHUCTEMH
00poOKH acCTpPOHOMIYHUX JJAaHUX peajli3oBaHo 3a gornoMororo ¢peiimBopky .Net Core
Ta MoBH nporpamyBanHs C#. BripoBamkeHnHs Swagger B apXiTeKTypi MiKpocepBiciB
Jla€ YNCIICHHI TIepeBary, 3Ha4HO MTOKPAIIyI0YH eTaly pPOo3pOOKH Ta 00CITyroByBaHHSI
CepBIC-OPi€EHTOBAaHUX TporpaMm. Po3poOneHuii ckeneT i 3ampONOHOBAHUM MiAXin
OyZyTh KOPHUCHI I PiI3HUX MIKPOCEPBICHO-OPI€HTOBAHUX iH(OPMALIIHUX CHCTEM
U1 OOpOOKH aCTPOHOMIYHHX JaHUX.

Knwuoei cnosea: MiKpOCepBICHO-OpIEHTOBaHA apXiTeKTypa, iH(popMaliiiHa
cucrema, OpenAPI, Swagger, REST API, JSON, C#, HTTP-3anutH, reHepaiis
JOKYMEHTIB, MOJICII1 TaHUX.

Astronomical data processing involves analyzing of the large volumes of
data from celestial observations [1]. The complexity and volume of this data
necessitate the automation of processes using distributed microservices-
oriented systems. OpenAPIl specifications, particularly with tools like
Swagger, facilitate the development and maintenance of these systems by
providing clear APl documentation and easing the integration of various
services [2]. For our research in scope of the Collection Light Technology
(CoL.iTec) project [3] we have developed the microservices data-processing
system using .Net Core framework and C# programming language, which is
perfectly designed for the developing of distributed microservices-oriented
information system. Using OpenAPI specifications in such system can
significantly improves system performance and developer productivity.
OpenAPI specifications, particularly with tools like Swagger, facilitate the
development and maintenance of these systems by providing clear API
documentation and easing the integration of various services.

Implemented software consists of multiple components, including client
applications, APl Gateways and various microservices. Microservices are
using multiple data storages, message communication broker, logging,
health monitoring and performance tools. A detailed example of the
architecture is provided, illustrating how microservices interact through
synchronous (HTTP APIs) and asynchronous (message bus) communication
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channels. The integration of Swagger allows for easy access and interaction
with the system's APIs. Integrating OpenAPI specifications significantly
improves interoperability, scalability, and maintainability. The OpenAPI
specification covers various endpoints, which can help with data mining [4]
of the different astronomical data related to the distance, planets, space, stars
information. Using OpenAPI and Swagger tool brings the interoperability,
scalability, maintainability and automation benefits during the development
and maintenance of such systems. Standardized APl documentation ensures
consistent ~ communication  between  microservices,  independent
development, and supporting scaling and maintainability requirements. The
practical implementation using .NET Core and C# demonstrates the efficacy
of this approach, facilitating streamlined development and robust system
performance. In these systems, different data mining and knowledge
discovery tasks are utilized to expedite and optimize astronomical data
processing. Implementing the OpenAPI specification in a distributed
microservices-oriented information system significantly enhances the
system's interoperability, scalability, and maintainability. Additionally, a
microservices-oriented architecture is highly beneficial for complex
astronomical data processing systems, particularly when integrating the
Continuous Integration/Continuous Delivery principles.

References

[1]. Troianskyi V., et al., Optical observations of the potentially hazardous
asteroid (4660) Nereus at opposition 2021. Icarus, vol. 420, 116146. (2024). doi:
10.1016/j.icarus.2024.116146.

[2].Huang R., et al., Generating REST API Specifications through Static
Analysis. IEEE ACM 46th International Conference On Software Engineering, vol.
107, pp. 1-13. (2024). doi: 10.1145/3597503.3639137.

[3. Khlamov S., et al., Machine vision for astronomical images using the modern
image processing algorithms implemented in the CoLiTec software. Measurements
and Instrumentation for Machine Vision, Chapter 12: CRC Press, pp. 269-310.
(2024). doi: 10.1201/9781003343783-12.

[4]. Khlamov S., et al., Data Mining of the Astronomical Images by the CoLiTec
Software. CEUR Workshop Proceedings, vol. 3171, pp. 1043-1055. (2022).

[5]. Khlamov S., and Savanevych V., Big astronomical datasets and discovery of
new celestial bodies in the Solar System in automated mode by the CoLiTec
software. Knowledge Discovery in Big Data from Astronomy and Earth
Observation,  Astrogeoinformatics:  Elsevier, pp. 331-345. (2020). doi:
10.1016/B978-0-12-819154-5.00030-8.

315



Materials of the XII International Scientific Conference
«Information-Management Systems and Technologies»
23th — 25th September, 2024, Odesa

UDC 004.421

PROGRAM IMPLEMENTATION OF LARGE-INTEGER
MODULAR MULTIPLICATION BASED ON
MONTGOMERY SPACE

Dr SCI | Prots,k01[0000-0002-3514-9265] O Gryshchuk2[0000-0001-8744-4242]
YLviv Polytechnic National University, Ukraine
2LtdC “SoftServe”, Ukraine
EMAIL: Yihor.o.protsko@Ipnu.ua, 2ocr@ukr.net

IHPOI'PAMHA PEAJIIBANIA MOAYJIBHOI'O MHOKEHHA
BEJIMKHUX NIJINX YUCEJ HA OCHOBI
IMPOCTOP MOHTI'OMEPI

Dr.Sci. LIIpousko’, O.Ipumyk?
'Hayionanenuii yHigepcumem «JIvgiecoka nonimexuikay, Yxpaina
2TOB «CopmCepe», Yipaina
Abstract. The main parts of implementing Montgomery's modular multiplication
for software development are considered. The methods developed by the
Montgomery Arithmetic class over large integers performing modular Montgomery
multiplication are described. The reduction method for Montgomery area that uses
pre-computation is improved. The developed software implementation of modular
multiplication over large integers with 1K and 2K bits provides faster calculations
compared to the functions of the MPIR, OpenSSL, Crypto++ libraries.
Keywords: Modular multiplication, Montgomery reduction, large numbers,
speedup computation

Anomauisn. Pozensanymo ocHosHi uacmunu peanizayii MOOYIbHO20 MHONCEHHS
Monmeomepi 0151 pospobku  npospamnozo  3abesneuenns. Onucano memoou
po3spobnenoeo kaacy Montgomery Arithmetic HAO GeruKuMU YITUMU YUCTAMU OIS
BUKOHAHHA MOOYIbHO20 MHOdceHHs Montgomery. [lokpaweno memoo pedykyii
onepanoa 015 obnacmi Monmeomepi, saKuil UKOPUCIOBYE NONEPEOHE OOUUCTIEHHSL.
Pospobnena npoepamna peanizayiss MOOYI6HO20 MHOINCEHHS. HAO BETUKUMU YITUMU
yucnamu 3 1K i 2K 6Oim 3abe3neuye Oinvus weUOKi 0OUUCTIEHHSA NOPIGHAHO 3
@ynxyismu 6ibriomex MPIR, OpenSSL, Crypto++.

Knirouosi cnosa: Mooynvrne mnooicenns, ckopouenns Monmeomepi, 6enuxi
uucna, npuckopenis obyuciensb

The most critical from the point of view of computational
implementation is the operation of modular multiplication. The increase in
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the number of digits leads to the complication of performing calculations on
general-purpose computers, the slowing down of data exchange, and the
possibility of unauthorized access to computer systems [1]. Currently, to
achieve a level of security acceptable for most applications, the necessary
length of numerical data of modular multiplication can be 1024 - 4096 bits.
It is these areas that use modular computing to model various processes,
calculate activation functions in neural networks, cryptographic encryption
and decryption, and generate pseudorandom data.

Modular multiplication of the large number T, by the large number T,
modulo M consists of calculating the product of T, and T, with a large
modulus M, in form,

D=T,-T, mod M, (1)
it is believed that 2n '< M <2, T)< M, T,<MandT,,T,,M€Z D€
Zn.
In the case of calculation (1) with large integers T, , T, , M, use the
property
T,-T, mod M = [(T, mod M)- (T, mod M )] mod M, )
which allows you to perform calculations with smaller numbers. Thus,
the basic operation of modular multiplication is the modular reduction of the
numbers T, and T, concerning module M.

The several effective algorithms of modular reduction have been
proposed, the main idea of which is to move from the operation of division
to multiplication and shift. Algorithms are the most common among them
Barrett Reduction, Mod without Division, Montgomery Reduction.
Montgomery reduction [2] is used for modular reduction and is currently the
most common algorithm. A unique property of the Montgomery reduction is
that the algorithm does not compute the modulus directly, but instead, the
modulus is multiplied by a constant. There are various modifications to the
Montgomery modular reduction implementation. The Montgomery
reduction of the T number is defined as

TR mod M , (3)

where 0 < T < M-1; R > M; R, M € Z To calculate the Montgomery
reduction (3), you need to determine the value of R™' that satisfies the
condition R - R™" mod M = 1. For working with large numbers is common to
write the Montgomery radix R = 2.

The Montgomery reduction of the multiplication T,>- T,’, where
T =T;:RmodMandT,”=T, R mod M, is
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T, -T,R™*modM=(T,R modM-T,R modM)/R™modM =T,-T, R mod M. (@)

Montgomery multiplication (4) involves initially converting the
operands into the Montgomery space, performing multiplication over the
converted numbers, followed by re-conversion of the multiplication result
from the Montgomery space. The software implementation of the
calculation of modular multiplication is included in the software libraries
Crypto++, OpenSSL, MPIR, designed for working with large numbers.
Software-implemented and modified algorithms of modular multiplication
using Montgomery reduction require an experimental study of their
advantages and disadvantages. The developed program based on the
implementation of accelerated modular multiplication with a combination of
modular reduction according to the Montgomery algorithm uses
MontgomeryArithmetic class. This class uses functions and data types of the
MPIR (Multiple Precision Integers and Rationals) library [3]. Before
performing the multiplication operation, the conversion algorithm
implemented for multi-bit numbers is used to convert all numbers into the
Montgomery space based on the init mpz_class init(const mpz_class& x)
const method. For the product of two numbers a_inv and b_inv from the
Montgomery space, a decision is made use of the multiplication from the
MPIR library optimized with the help of AVX2 SIMD instructions. The
Montgomery reduction is performed by function
mod_arithmetic_.new_reduce(res_). It is believed that the method reduce()
is one of the most critical in terms of the performance of the reduction
Montgomery computation. This developed method is an improved version
of the mod_arithmetic_.reduce_1(res_) function of the MPIR library, which
performs the basic algorithm based on the Montgomery reduction.

An important stage is testing the execution time of modular
multiplication over large numbers on a computer system. Experimental
testing of 5 library functions marked as crypto++, openssl, mpir redc 1,
mpir_redc_2, mpir_redc_n and developed mpir_redc_new using MPIR
library to implementation, is presented in Figure 1. There are three reduction
functions in the MPIR library: mpn_redc_1(), mpn_redc_2(),mpn_redc_n()
function is used for numbers less than 2048 bits, 4096 bits, and larger
numbers.

Analysis of the execution time of modular multiplication revealed that
the execution time of the developed function mpir_redc_new() is the
smallest than the execution time of the library functions.
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The average time(ns) of computing the modular multiplication
102db  2048b

crypto++ 279 968
mpir_reduce_1 183 646
mpir_reduce_2 190 658
mpir_reduce_n 238 690
mpir_reduce_new 168 551
openssl 208 827

Figure 1. The experimental results of computing the Montgomery modular
multiplication on an Intel Core i9-10980XE processor
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SIMULATION OF CRITICAL SPEEDS OF AUTOMOBILE WHEEL
USING SEMI-RIGID SPINDLE METHOD

Ph.D. B. Zavertannyi?, Dr.Sci. V. Kalchenko!, Ph.D. M. Zavertannyi 2,
Ph.D. H.Pasov?, Ph.D. V. Venzheha®, Ph.D. Y. Kuzhelnyi', D.Mashkovtsev*
!National University Chernihiv Polytechnic, Ukraine
2 E.0. Paton Electric Welding Institute

Anomauin. Moociusicmo eusHauamu i Kepyeamu KpUmuyHUMU UWEUOKOCMAMU
min  00epMAaHHA HAOAE MOJNCIUBOCME CMEOPIOBAMU CYHACHI  BUCOKOUWBUOKICHI
npucmpoi ma MawiuHu 3 SUCOKUMU XAPAKMEPUCMUKAMU Yacmom obepmanHs
pomopis. Y npoyeci npoexmysanus asmomooinia 8axHCIUB0I0 CKIAO0B0I0 PO3PAXYHKY
€ BUBHAYEHHA KPUMUYHUX YACMOM 00epmaHHa 11020 CKAA008UX YACMUH, 8 MOMY
yycni i Konic agmomobins. Pospobneno mamemamuunuii npoOyKm O0isi pO3PAXYHKY
KPUMU4YHUX weuokocmel xoneca y 300pi.

Kntouosi cnosa: roneco, kpumuuna weuUOKiCmb 06epmants, HANIGICOPCMKULL
winuHoenb

Abstract. The ability to determine and control critical speeds of rotating bodies
makes it possible to create modern high-speed devices and machines with high
characteristics of rotor rotation frequencies. In the process of designing a car, an
important component of the calculation is the determination of the critical rotation
frequencies of its component parts, including the wheels of the car. A mathematical
product has been developed for calculating the critical speeds of the wheel assembly.

Keywords: wheel, critical speed of rotation, semi-rigid spindle

[Ipu mpoekTyBaHHI Cy4YacHHMX IIBHIKICHUX aBTOMOOLTIB HeoOXimHa
MOXUIMBICTh BH3HAYCHHS KPUTUYHUX IIBHIKOCTEH, SKi OOMEXKYIOTh
poOoumii miama3oH poOTOpiB y ckiami aBTomMoOims. Jlocute eheKTHBHO
KEpYBaHHS 4aCTOTaMH KOJIMBaHb T4 KPUTUYHUMH IIBUIKOCTSIMH CKJIaJOBUX
ABTOMOOLIS 3MIMCHIOETBCS, 3 METOH 3HAXO/DKEHHs Jiala3oHy poOouux
HIBHAKOCTEH Ha JOCTATHIN BIJNATCHOCTI BiJl KPUTHYHHX IIBHIKOCTEH,
METOJIaMH 3aCTOCYBaHHS MNPYXHUX onop. [Ipu BU3HAYEHI KPUTHYHUX
MIBUAKOCTEH KOJIIC aBTOMOOLIA, SKI CKIAZAIOTHCS 3 €JIEMEHTIB, SIKI I10
¢opmi BiAMIHHI BiJi OMIIHAPUYIHOT (OPMH, MOKINBE BUHUKHEHHS 3HAYHOI
MOXMOKM TIpY BH3HAYEHHI IX IHEpPIIMHMX IapameTpiB T€OMETPUYHUMH
METO/IaMH TI0 IPUYHHI CYTTEBO] iJjeanizalii po3paxyHKOBOI CXEMH.

VY poborax 1o AOCIHIUKEHHIO AWHAMIKA aBTOMOOUIBHOIO TPaHCIIOPTY
[1,2] po3rasiiaroThCst MUTaHHS AMHAMIKK PyXy aBTOMOOLIBHOTO KoJieca, ajie
HE 3adYillaeThCsi OOJIACTh KPUTHYHUX YAcTOT 0OepTaHHs (PEe30HaHCHUX
sBum). [ mpoBeneHHS pPO3paxyHKIB KPUTHYHUX IIBUJIKOCTEH JIOCHTH
YacTO  3aCTOCOBYETBCSI  METOX, SKHH  3aCTOCOBYEThCA y  JIETKiH
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MIPOMHUCIIOBOCTI — METOJ| ‘‘HamiBXOPCTKOTO” IINMUHIENS, BHUKOPUCTAHHS
SIKOTO HAJa€ MOJXJIMBICTh BH3HAYUTU J[BI KPUTHYHI HIBHIKOCTI poTopa 3
noxubkoro B pianasoHi 5% [3]. BukopucroBylounm BHpasHM HOTEHIIHHOL
eHeprii  meopMOBaHOI MEXaHIYHOI CHUCTEMHU, KIHETHYHOI  EHepril
aBTOMOOLIBHOTO Koyieca y 300pi, Ta 3acTOocOBYrOYM piBHsHHS Jlarpamka
JPYroro pojay, OTPUMYEMO CHUCTEMY YOTHPHOX NU(EpeHIiaJbHUX PiBHIHB
OPYroro TOPSIOKY, IO MAaTeMaTHYHO OIUCYIOTh BiIbHI KOJUBaHHS
aBTOMOOULTEHOTO KoJieca. ABTOMOOINBHE KOJIECO TIPEACTABICHO Yy BHII
OJTHOMAcCOBOI HacaJKH, IKy 3aikcoBaHO Ha MPYKHOMY Baly. MaTtemMaTn4yHa
MOJEeNb BUIBHHX KOJIMBAaHb aBTOMOOUIRHOTO KojJeca 3  OIMopaMu
(mOMATHAKAMA ~ KPITDICHHS MPHUBOXHOTO Baly), SKi MAalOTh TPYXKHY
XapaKTepUCTHKY BUIILIAE HacTymHUM arHOM (1) [3].

M7 +m, 7 —m, a=0; 1

Mé&+m,_¢g—m, B=0; ( )

Ad+Cwf—m, n+m, a=0;

AB—Cwa—m, c+m, 3=0.

3actocyBaBmu MeToau obumcienHs Ha EOM Ta Oepyuyu 3Ha4yeHHs
MaCOBHMX XapaKTEpUCTHUK CKIaIoBUX Koiieca aBromoOinst 3 CAD cucrem
(MOXJIMBA aBTOMAaTHYHA CHUHXPOHI3allis Ta OHOBJCHHS NaHUX TPH 3MiHI
CKIIaJIOBUX Kojieca y 300pi) IPOBOIUTHCS MOJCIIOBAHHS KPHUTHYHUX
IIBHIKOCTEH Kojeca. Po3poOieHo mporpaMHHA HPOIYKT, 32 ITOTIOMOTOIO
SIKOTO MOXKHa e(QEKTHBHO pPO3PAaXOBYBAaTH KPUTHYHI IIBHUIKOCTI, IO
JIO3BOJISIE BHOCUTH 3MIiHH JI0 TIPOEKTY KoJjieca Ie Ha eTall MOJICITIOBaHHS
ABTOMOOUTEHOTO TPAHCIIOPTY.
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BE3IIEKA MIKPOCEPBICIB: TIPOBJIEMHU TA KPAIIIA
IMPAKTHUKA
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Abstract. This study reviews existing research on microservices security,
identifying gaps such as the lack of universal threat models and comparative
analyses of security solutions. A new threat model is proposed to address these
issues, designed to identify, classify, and mitigate security threats specific to
microservice environments. This model categorises threats into 15 vectors. The
practical application of this model is demonstrated with a standard microservice-
based application, showing its effectiveness in pinpointing vulnerabilities and
mapping attack vectors. The proposed model aims to unify threat descriptions and
improve security management, enhancing the overall security posture of
microservice-based systems.

Keywords: microservice architecture, cybersecurity, threat modelling, security
mechanisms, secure microservices.

Anomauia. Lla poboma ananizye HaaeHi nyonixayii 3a memor 6e3nexku
MIKPOCEPBICIB, BUABIAIOUU NPOSATUHU, MAK] K I0CYMHICMb YHIBEPCATbHUX MOOeel
3a2po3 ma NOPIGHANLHUX AHANI3I6 piuens 3 Oe3neku. [[na po3e'sasanus yux npoobnem
NPONOHYEMBCSI HOBA MOOEb 3a2p03, po3pobieHa O UsGIeHHs, Kiacugikayii ma
noM'sKuleHHs. 3a2po3, cneyugiuHux Ons cepedosuwy Mikpocepsicie. Ll modens
Kkaacugikye sacposu Ha 15 eexmopis. Ilpaxmuune 3acmocyeanns yici mooeni
NPOOEMOHCMPOBAHO HA 3ACMOCYHKY HA OCHOBI MIKpOCepsicig, wo NoKasye it
epekmueHicmo Y  GUAGIEHHI 8pA3IUGOCel | KAPMYBAMHI BEKMOpie amax.
Ilpononosana modenv mae Ha memi YHIQIKY8amu OnUCU 3a2po3 ma HOKpAWUmMu
YNpasninHa Oe3nekor, NiOGUYIOUU 302aNbHULl PI6EHb 3AXUCTY CUCTEM HA OCHOGL
MIKpOCEpPBICiE.

Kniouoei cnoea: mikpocepsicna apximexmypa, kibepbe3nexka, MOOeNo8aHHs
3aepo3, Mexanismu besnexu, besneuni Mikpocepsicu.
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Microservice architecture is favoured for developing scalable, flexible
software, especially in cloud environments. It enables independent
development, deployment, and scaling of small services [1].

However, its distributed nature increases security challenges, creating
more attack vectors and complicating security management.

These include increased attack surfaces, the need for secure inter-service
communication, trust

management, complex logging and monitoring, and reliance on the
security of deployment environments and cloud services [2, 3].

The literature review examines research on microservices security,
highlighting security breaches, threat categorisation and security
mechanisms. Despite extensive research, common threat models and
practical applications are lacking [4].

Key works reviewed noted increased research but identified gaps, such
as the absence of universal threat models (or categorising threats without
detailed modelling) and comparative analyses of security solutions.

The study aims to explore the full range of security threats inherent in
microservice architecture and compile a list of protection mechanisms. To
achieve this, two key research questions were posed:

- What are the most common threats in microservice architecture?

- What protection mechanisms are most used to ensure security?

The study underscores the need for a specialised threat model that
provides an individual approach depending on the system's context and
improves understanding of potential threats.

The proposed threat model for microservice architectures addresses their
unique security challenges by providing a comprehensive framework to
identify, classify, and mitigate threats. It consists of several key properties.
The source properties identify where the threat originates, such as insecure
protocols or outdated libraries.

The impact point property specifies where the threat affects the system,
like communication channels or container environments.

The expected consequences property describes potential damage,
including data breaches or unauthorised access. The mitigation strategies
property recommends actions to counteract threats, such as using strong
encryption, enforcing access controls, and regular updates.

The threat model consists of 15 categories (attack vectors) such as inter-
service communication, containerisation, docker images, orchestration
(deployment), third-party dependencies, lack of security patterns and design
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principles, monitoring and logging, exposing services and data publicly,
identity and access management, authentication and authorisation, data
management, encryption, configuration management, polyglot approach,
and backup and recovery.

The threat model's practical application is demonstrated using a standard
microservice-based application [5].

The goal is to show how the model simplifies identifying weak points
within the application by mapping out potential impact points and
corresponding attack vectors.

A proposed threat classification can be used to systematically identify,
categorise, and mitigate security threats in microservice architectures.
Applying this threat model makes it possible to unify the description of
security mechanisms, identify vulnerabilities more effectively, and
implement comprehensive mitigation strategies. This will allow for an
improved understanding of potential threats and enhance the overall security
posture of microservice-based applications.
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ANALYSIS OF FEATURES AND PROBLEMS OF AUTOMATION
OF TESTING SCENARIOS IN THE DEVELOPMENT OF
COMPUTER GAMES

G.Krupenev, Ph.D. O. Blazhko, M. Rudnichenko
Odesa Polytechnic National University, Ukraine

Anomauia. V oaniti pobomi npoananizoeano ocodbaueocmi, npooiemu npoyecie
asmomamusayii cyenapiie mecmyeanHus npu po3poodoyi Komn'tomepuux icop ma
waaxu ix eupiwenHsa. Busnauena axkmyanbHiCmb 3a3HAYEHOI MeMamuKu, HageoeHo
NPUKIAOU  ICHYIOUUX MA BUKOPUCMOBAHUX NPU CMEOPEHHI CYYACHUX [2POBUX
NPOSPAMHUX 3ACTOCYBAHL MEMOOUK MA Ni0X00i8s.

Kniouogi cnosa: asmomamusayis mecmysanis, cetimoes, pyuHe mecmysaHHs.

Abstract. This work analyzes the features, problems of automation processes of
test scenarios during the development of computer games and their approaches. The
relevance of the designated topic is determined, and applications of existing and
applied methods and approaches in the creation of gaming software are provided.

Keywords: automation of testing, game development, manual testing.

B nmanmit wac cdepa cywacHOro reiimiueBa IOCTIIfHO pPO3BHUBAETHCA,
CIIOCTEPITaeThCs aKTUBHE 3pPOCTAaHHS BUMOT JI0 3a0e3leueHHs SKOCTI
BHXITHUX ITPOBHX HPOTPaMHUX IOIATKIB Ta CHUCTEM, IO BiIOMBAETHCS B
onTUMi3amii Ta BJIOCKOHAJICHHI BCIX €TaIliB >KUTTEBOTO LUKIY pPO3POOKH
MOJIOHUX MPOEKTIB, Y TOMY 4HCIi B TecTyBaHHi [1]. ¥V 3B'I3Ky 31 3Ha4UHOIO
CKJIQIHICTIO TNPOTrpPaMHOi peanizalii pi3HUX AacleKTIB KIi€HT-CEPBEPHHUX
KOMI'IOTEPHHUX irop, SK Ui JECKTONMHHX CTaHIIH, Tak 1 Ui MOOUTBHUX
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JIONaTKIB BUHHMKAIOTh PU3UKH 3pPOCTAHHS KWMOBIPHOCTI THOSBH HeOaKaHWX
MIOBEIIHKOBHX CLICHApiiB, HEKOPEKTHUX IrPOBUX CUTYyalill Ta iHIIMX Oaris,
BUSIBUTH SIKI Ha cTajil po30paTKH HE 3aBXKIM € MOXIMBHM. ToMy 3pocTae
3HAYYLIICTh T4 KPUTHYHICTH €()EeKTHBHOI OpraHi3auii MpoleciB TeCTYBaHHS
pi3HMX IrpOBHX CLEHapiiB Ta BIpTyaJbHUX JIOKallild, KOPEKTHOCTI
BiJIOOpaXKCHHS aceTiB, JIOKaJi3alliil, MCXaHIK, a TAKOXK IeHMILICIO 3arajioM.

VY 3B'I3Ky 3 BUCOKMMH THMYacOBHMHM BHTpaTaMH Ha OIUIATy Tpari
MaHyaJbHUM TECTyBaJbHHUKAM, HHM3bKHM CTYIICHEM MiATPUMYBAaHOCTI I
BHCOKOIO BapTIiCTIO OHOBJICHHS JTOKYMEHTAIlil, 10 (hOPMY€ETHCS, TOLUUIBHIM
€ BHKODHCTaHHS aBTOMAaTH30BAHOTO TECTYyBaHHs], y ToMy uuchi y cdepi
MOITYKY aHoMadii i OariB y rpadiuHomy iHTepdeiici KopucTyBada Ta B
irpoomy Ul B mizomy [2]. ABTOMarhzoBaHEe TECTYBaHHS CYyJacHHX
KOMIT'IOTEPHUX Irop BKJIIOYA€ KijbKa eTamiB, sKi 3a0e3rneuyroTh
CTPYKTYPOBaHHMH 1 e)EeKTUBHHUI TPOIEC NEPEBIPKH K KPOCIIAT(HOPMOBHX,
TaK 1 yHITApHUX ITPOBHX JOJATKIB MiJi KOHKYPEHTHI ONEpaliifHi cucreMu
[3]. i eramu mMoxHa po3aitutu Ha: 1. [I7aHyBaHHS aBTOTECTIB, BKIIOYAE
BU3HAYCHHS IIeH 1 3aBIaHb, BHOIp acCMEKTIB 1 IrPOBHX CICHAPIIB IS
aBTOMaTH3alii, BHOIp MPOTpaMHUX IHCTPYMEHTIB, PO3MOIIT OOOB'S3KIB Y
KOMaHIpi TecTyBambHUKIB. 2. IligroroBka TecTiB, mnepeabadae eramnu
CTBOPEHHS TECTOBHMX CIIEHApiiB, MiJTOTOBKM BXIJHHX TECTOBHX JaHUX
(irpoBi mpo¢ini, KoHQIrypamii piBHIB, HajmamTyBaHHS Tpadikd Ta iH),
HaJlaITYBaHHS CEpe/lOBHINA TECTyBaHHS (amapaTHe Ta BipTyalbHe
cepenosumie). 3. Peamizamis TecTiB, y TOMY 4YHCII eTam HaUCAHHS
ABTOTECTIB Yy BUIIAAI OKPEMHUX MNPOTPAMHUX CKpHNTIB abo iX Habopis,
IHTErpallifo i3 CUCTeMaMH KOHTPOJIO BepCii, Oe3repepBHOT JOCTABKU Ta
iHTerpaii, MiAKIIOYEHHSM 30BHILIHIX PECYpCiB Ta IHTerpauii CTOPOHHIX
APIl. 4. BuxoHaHHS TeCTiB, BKIIIOYAE€ 3allyCK TECTiB BIAMOBIAHO JI0
CTBOPCHUX KOH(QIrypariiii, MOHITOPHHT iX cTaHy, 30ip JIOTIB Ta IHIIKX
TeXHIYHUX JaHUX. 5. AHami3 pe3ynpTariB, y TOMY YHCII OIiHKAa Ta
npiopuTe3amis BUSBICHHX Mpo0OiIeM Yy KOMI'IOTEpHiH rpi, ©OariB B
iHTepdeiici abo cepBepHiil YacThHI, reHeparlist 3BeIeHUX TECTOBUX 3BITIB, a
TaKOXXK BHJaya PEKOMEHMAIIN IMONO YCYHEHHS 3HAWJACHUX HEIOJIKiB. O.
[MinTpuMmka Ta IMOKpaIIEeHHS aBTOTECTIB, y TOMY YMCII iX aKTyamizamis,
OHOBJICHHS, ONTHMi3allis /s CKOPOYEHHS 4Yacy IX BHUKOHAaHHS Ta
MiABUIEHHS 3arajbHOI HAMIMHOCTI, Y TOMY YHCIi IUISIXOM PO3IIMPEHHS
TECTOBOT'O MOKPHUTTSL.

[IpoGnemu aBTOMaTH3AIlil TECTyBaHHS Cy9acHHMX KOMITIOTEPHUX irop
MOB'I3aHI 3 IXHBOIO CKJAQJHICTIO, PI3HOMAHITHICTIO TIaThopM Ta
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HEOOXITHICTIO BpaxoByBaTH JIOACHKHH (akrop. Crin 3a3HauuMTH, 10 3
peaizauii bOTro TUILY TECTYBaHHs (axiBIli MPAKTUYHO YaCTO CTUKAIOTHCS 3
HU3KOIO0 CKJIJHOLIIB Ta mpoOieM, sKi MOKHA PO3JIUIMTH Ha TEXHIUHI Ta
oprasizaniiiai. /1o BaXKIMBUX TEXHIYHAX CKIIATHOIIIB CIIi/I BiTHECTH:

1. Bucoka HMOBIpHICT, BUHUKHEHHs HerepeadadyyBaHHX Ta JOTIYHO
HE TOB'SI3aHUX CHUTYallilf, IO BUSBISIOTBECS Yepe3 B3aEMOMII0 IrPOBUX
MexaHiK. [rpoBe 0TOYeHHS Ta OBEAIHKA IEPCOHAXKIB MOXE 3MiHIOBATHCS B
peaIbHOMY 4Yaci, 0 yCKIIaJHIOE€ HAMCAHHSA CTIHKUX TECTiB.

2. Iurerpamis B IirpoBHX [OOmaTKaxX pi3HOPIOHUX YHI(pIKOBaHUX
KOMIIOHEHTIB, TakWxX sK rpadigauil inTepdeiic, mpaBmwiIa pPO3paxyHKY
(I3UMIHUX TIPOLIECiB, EMEMEHTH IITYYHOTO iHTEICKTY B POOOTI BipTyaabHOTO
CYNpPOTHUBHHKA, PI3HUX PO3PAaXOBaHMX Ha 0araTo KOPHCTYBadiB PEKUMIB
B3a€MO/IIT TPABIIIB.

3. IlinTpuMKa TeCTiB CTa€ MpobIEeMOI0, OCOOIMBO y YMOBAX LIBHIKHX
peNi3HUX HUKIIB. SIKIIO aBTOMAaTH3allisl He IHTErpoBaHa B MPOLIEC PO3POOKH
TO 16 MOXE TPHU3BECTH JO CTapiHHA TECTIB 1 MiJBHUIIYE KUIBKICTH
XHOHOMO3UTUBHUX a00 XHOHOHETATUBHUX PE3YIIbTaTIB.

Jlo TONOBHHX OpraHi3amiifHuX MPoOIeM HaJICe)KATh:

1. HerpuBiaJbHICTh TECTYBaHHS JIOCBiy KOPHCTYBaua, IO TOB'SI3aHO 3
THM, WO IrPOBHH TpOLEC BKIOYAE CYO'€KTHBHI AacleKTH, Taki sK
3aJI0BOJIEHHS Ta €MOIlii, 0 He MiINaloThcsd ePEeKTUBHOMY TECTYyBaHHIO B
aBTOMAaTH30BaHOMY BHTJIS.

2. BigcyTHICTP y KOMaHIHM TECTYBAaJbHHUKIB YITKOTO PO3YMIHHS Ta
apryMEHTOBAHOTO IUIaHY BCIX acHeKTiB TECTYBaHHS, SKI HEOOXiTHO
ABTOMAaTH3yBaTH, a TaKkoX crerudikaniii 3a o4ikyBaHUMH pPE3yJIbTaTaMHu,
IO MTPU3BOJUT JI0 HEMPABUIIBHOTO PO3IIOALTY PECYPCIB Ta 3yCHIIb.

3. HeoOxigHicTh opranizamii epeKkTUBHOTO 3BOPOTHOIO 3B'S3KY MIX
KOMaH/IaMH pO3pOOKHM Ta aBTOMAaTH3allii TecTyBaHHsS IrPOBHX JOJATKIB €
KIIFOYOBUM (PAKTOPOM YCHIIITHOTO BUKOPHUCTAHHS CTBOPEHUX TECTIB.

Be3 mporo po3poOHHMKH MOXKYTH HEIOOI[IHIOBATH BaKIUBICTH TECTIB
abo He BpaxoBYBaTH IX pe3yJNbTaTH, M0 MOXXE CIPUYMHUTH TOSIBY
HEKOPEKTHHUX CIIPallbOBYBaHb B aBTOMAaTH30BAHUX TECTax, MiJPUBAIOYH
JIOBipYy KOMaHAM /10 pe3yNbTaTiB TECTYBaHHA. Y 3B'3Ky 3 UMM MOXe OyTn
MOTPIOHMI PeryJsipHUi ayAuT Ta MiATPUMKA aBTOTECTIB, IO JOJAE
JIOJIATKOBE HaBAaHTA)KEHHSI HA KOMaHILy.

BucHoBku. B pe3ynprari mpoBeNeHOro aHalizy OCOOIMBOCTEH Ta
mpoOJeMaTHKN aBTOMATH3allii CIIeHapiiB TECTyBaHHS MpH PO3poOIi
KOMI'IOTEPHHUX Irop CIiJ 3a3HAYWTH, TO BHUPIOICHHA (popMani3oBaHMX
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po0JIeM YaCTKOBO MOJKIIMBO LUISIXOM PO3POOKH BIACHOT METOIUKH OIIHKH
e(eKTUBHOCTI OKpEMHX €TamiB TecTyBaHHs, 30kpema 3 Ul Hampsmky.
JlOLiIbHUM TIpU [IbOMY MOK€ OYyTH 3aCTOCYBaHHS MOJENICH INTYYHOTO
IHTTEJUIEKTY, TeOpii MPUUHSATTS PIlIEHb Ta CHCTEMHOI'O aHaii3y, 1o Oyxae
MIPOBEJCHO y NOAAIBHUIINX JIOCTIPKEHHSAX Ta B paMKax KpamidikariiiHol
Maricrepcbkoi poOoTH.
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Anomauia. Y Oaniti pobomi HagedeHo pe3yrbmamu po3poOKU NpPoexmy
NpoOSPAMHO20 3a0e3neyueH sl OYIHKU NOKA3HUKIE MAHE8PYEAHHA MPAHCNOPHIHO2O
3acoby Ha npuknadi Mopcbkoeo cyowa. Onucana MOOYIbHA — CmMpyKmypa
NPOSPAMHO20 3ACMOCYBAHHA MA NPONOHOBAHA APXIMEKmMypa U020 HOOANbUOT
iMnemenmayii 0 NPAKMUYHO20 SUKOPUCAHHSA 3 MEMO0 RIOMPUMKU NPUUHAMMS
Kepylodux piuieHb.

Knwuoei cnosa: manespysanus mpaHcnopmuux 3acobie, oyiHKa NOKAHUKIG
CyOHa.

Abstract. This work presents the results of the development of a software project
for evaluating vehicle maneuvering indicators on the example of a sea vessel. The
modular structure of the software application and the proposed architecture of its
further implementation for practical use to support management decision-making
are described.

Keywords: maneuvering of vehicles, assessment of vessel performance.

[Iupoke BHpoBamKeHHS IH(QOPMANIHHUX TEXHOJIOTIH 3a0e3neyeHHs
Oe3rneKy nepeBe3eHb JUIs Liyieil MaHeBpYBaHHsS TPAHCHOPTHUMHU 3ac00aMu
JIOKOPIHHO 3MIHWJIO YMOBH poOoTH BoxiiB. lle 103BONMIO MEHIIOHO
KUIBKICTIO  BHTpaT Oumbml  epeKTHMBHO Ta  Oe3MeYyHO  KepyBaTH
MaHEBPYBaHHSAM DI3HHX THIIIB TPAHCIOPTY, B TOMY 4YHCIi aBTO Ta
Mopcbkoro [1].

[Ipy ©pOMY BHUKOPHUCTOBYIOTBCS CydYacHi HaBiramiiHi TMPHCTPOI, SIKi
JIO3BOJIAFOTE 3a0e3meuyBard iHQOpMAIIHY HiITPUMKY TPUHHSTTS PIlICHHAS
IpU YIpPaBIiHHI MPOIECOM PYXy TPAHCIOPTHHX 3aco0iB TI0 MapuIIpyTy
nepexony. JoBomi eQekTHBHI HaBiramiiiHi CHCTEMH, SKi MOKYTh 3MIHIOBaTH
XapakTep poOOTH IITYpMaHCHKOTO CKJIaly, € HaBiraiiiHa - ingopmaniiina 3
enektponHoro kaptoro (ECDIS).

Bona 103Bosisie kpim 3BHYaiiHUX (DYHKIIH anepoBoi KapTH 3a0e3NeunTn
3HAYHI MepeBard MO0 BUKOHAHHS OKPEMHUX €JIEMEHTIB IITYPMaHCHKOT
poboTn 3 maHyBaHHS O€3MEYHOTO MapHIPyTy Iiepexoay 1 (QyHKIIH
MiATPUMKHM TPUHAHATTS PpINIEHHS TpH  YOpaBiiHHI HOro pyxoMm i
MaHEBpPYBAHHSM [2].

BukoHaHHS ynpaBisIOYMX Ollepamidi Mo MaHEBPYBaHHIO, HANPHUKIAJ,
CyJIeH B yMOBaX 0OMEXEHOT0 IPOCTOPY CYHNPOBOJUKYETHCS TI€I0 30BHIIIHIX
30ypeHb 1 Uil 30epeKeHHS BHCOKHMX EKCIUTyaTalliHHUX XapaKTEepUCTHK
CHUCTEMH  YNpaBIiHHS B  TakMX CKJIaJHUX  yMOBaX  HEOOXiZHO
BHKOPUCTOBYBAaTH TiJIXiJ, 3aCHOBaHWA Ha BIPOBAPKEHHI HaBiramiiHUX
MIPUCTPOIB MATPUMKHI NPUHHATTS pimeHHs [3].
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Ha BimMmiHy BiZ BHKOPHCTOBYBAHOTO OIVISIIOBO - IIOPIBHSUIBHOTO
cnoco0y yHpaBiiHHS pYyXOM, BUKOPHCTAaHHsS HaBirauiiHUX IPHUCTPOIB
BUMarae aBToMaTH3allii rmpoueciB 00poOku iHdopMarlii Ta IPUHHSTTS 3a iX
pe3yJbTaTaMH pillleHb 3 YIPaBIiHHS TPACIIOPTHUM 3aCO00M.

CTBOpEHHS TaKMX CHUCTEM BHUMarae IOJJIbIIOrO JOCTIDKEHHS HpoLecy
MaHEBPYBaHHS 1 PO3pOOKM Cy4acHHMX INPOrPaMHHX JOJNATKIB MiJTPHUMKH
JaHOTO TPOLIECY.

B pamkaXx TpOIOHOBAaHOTO NPOSKTy MPOrPaMHOro 3abe3reueHHs
IUIAHYETHCSI CTBOPEHHS JIECKTOIHOTO 3acTocyBaHHsA. JliarpamMma BapiaHTIB
BUKOPHUCTaHHs IPOCKTY HaBeJeHa Ha puc. 1.

— Mepemag Aceigkosol
BizyanizaljA nepemilysHHA inghopMayi
111 NpH MEHEBPYBEHHI M
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Pucynok 1. [liazpamma éapianmis 6ukopucmanus cucmemu

KopucTtyBau Moke BUKOHYBAaTH PO3pPaxyHOK pO3TallyBaHHs KOOPJAHHAT
MOJIOCY  TOBOPOTY  TPAaHCHOPTHOTO  3aco0y,  Bi3yali3yBaTH  HOTO
MepeMilieHHsl TpH 3MiHI mapaMeTpiB (MaHEBpYBaHHI), TeperyigaTu
MIOTOYHE TIOJIOKEHHS CyJHA Ta MOMEPEeTHBOTO MOJOXKEHHS, Bi3yallizyBaTu
KOOpAWHATH TIONIOCY IOBOPOTY TpadidHMM UYHHOM, Bi3yalli3yBaTu
pe3ynbTaTH pO3paxyHKiB B BiKHI JIOTY, y TaOJIMINI Ta y BUTIIAI JiarpaMu,
3MIACHIOBATH TIEPEPaxyHOK KOOPAWHAT CYIYTHHKOBOI AHTEHM CyJHA,
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BUKOHYBaTH PO3PaxyHOK PO3TAlllyBaHHS MOJIOCY I[OBOPOTY IpPH BIUIMBI
30BHILIHIX CHJI Ta 30€piraTé pe3ysibTaTH OTPUMaHHUX PO3PaXyHKIB.

Po3pobiiene mporpamHe 3a0e3nedeHHS CKIAJA€Thbcs 3  OKPEMHUX
(YHKIIOHAJIBHUX MIJICHCTEM, IO PeaTi3yloTh pi3Hi (QYHKIII, KOKHA 3 SKHX
(YHKIIOHAJIPHO BUKOHAHA Yy BWIVISAI OAHIE] BKJIAUI Ha TOJOBHIH (opMi.
lonoBHMIA KJIac main.pyw MICTHTh TOJIOBHUI METOJ| 3 TOYKOIO BXOIY B
Iporpamy, a TaKOX IMPOTpaMHHIA KOJ iHimiami3amii IpoeKTy 1 miAKIIOYCHHS
HEOOXiTHHX MporpaMHux 0iomiorek. CKias miIcuCTeM:

1) Monyns peamizamii HaBIiralliifHOTO TPUCTPOIO  PO3PAXYHKY
pO3TanIyBaHHS IIOJIFOCA MOBOPOTY 1 Bi3yamizamis HOTO HEepeMilleHHS MpU
MaHEeBpYBaHHI.

2) Mopayne mepepaxyHKy KOOpIMHAT CYITyTHHKOBOI aHTCHH CyJHA Ha
LIEHTp Bary.

3) Moayns HamiBaBTOMAaTUYHOT'O HaBIralliiHOTO MPUCTPOIO PO3PAXYHKY
po3TalllyBaHHs IMOJIOCA IIOBOPOTY TPH BIUIMBI  30BHIIIHIX CHJI 1
PE3YNBTYIOUOT BCIX KEPYIOUYHX BILIMBIB Ha KOPILYC CY/HA.

BucHoBku. CTBOpeHHII TPOEKT NPOrPaMHOTO 3a0e3MeYeHHs! OL[IHKU
MOKa3HUKIB ~ MaHEBPYBaHHS  TpPAHCIIOPTHOTO  3aco0y Moxe Oytn
BUKOPHCTAHUH Y SIKOCTI OCHOBH JJISI MIATPUMKH TIPOIIECIB IPHUHATTS PIllICHb
II0/I0 YNPaBJIiHHS CYIHOM Ha 0a3i TOYHOTO PO3PaXyHKY IOJIIOCY TIOBOPOTY.
[MoganpoinM KpPOKOM € MNporpamMHa IMIUIEMEHTAIlsl JTaHOTO TIPOCKTY Y
BHATIISAI  MOBHOIIIHHOTO  JECKTOITHOTO  3aCTOCYBaHHA 3  (YHKIISIMHA
pPO3TOpTaHHS Ta iIMiTaIlil MPOIECiB HOro JIOKATBHOI UM KIIIEHT-CEPBEPHOI
poboTu.
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