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THE XIIl INTERNATIONAL SCIENTIFIC
AND PRACTICAL CONFERENCE

INFORMATION CONTROL
SYSTEMS & TECHNOLOGIES
(ICST-ODESA-2025)

1. Information control systems

1.1. Blockchain and Crypto Technologies

1.2. Control Systems in Robotic Systems

1.3. Data Security and Cryptography

1.4.1CT in Network and Administration

1.5. Methodology and Didactics of
Teaching and Using ICT

2. Intelligent systems and data analysis

2.1. Data Mining Technologies and Big Data

2.2.Intelligent control technologies

2.3. Artificial neural networks and machine learning

2.4. Applied intelligent systems

2.5. Intellectual models and knowledge
engineering technologies

3.6. Multi-agent systems and distributed
computing

3. Modeling and software engineering

3.1. Mathematical and simulation modeling

3.3. Project management and risk assessment

3.3. Design and devolopment of software
applications

3.4. Software testing automation

3.5. Agile methodologies and business
processes formalization

The collection contains materials accepted by the organizing committee for
participation in the International Scientific and Practical Conference
"INFORMATION CONTROL SYSTEMS AND TECHNOLOGIES"

(ICST-ODESA-2025).

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.

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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APPLIED METHOD FOR OPTIMIZING ELECTRIC DRIVE
CONTROLLERS OF MANIPULATOR MOBILITY UNITS UNDER
NONLINEAR CONDITIONS
Dr.Sci. O. Tachinina?, Dr.Sci. O. Lysenko?, Ph.D. I. Alekseeval, Ye. Tymofeievt
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Anomauia. 3anpononosano indicenepnuii Memoo HANAWIMYBANHS Pe2YIAmopie
eIeKMpPOnpusooi6 8y  pPYXIuGOCmi  MaWinyiamopie i3 CymmeguMu
Heninitinocmamu. Memoo 0Oasyembca Ha uyucenvbHill onmumizayii napamempis
pe2yiamopie 3a ancOpUMMIUHO BUSHAYEHUM Kpumepiem ma OO0360A€ YCYHYMU
eghekm asmoenacmuuHoCmi (Pe30HAHCHI KOMUSAHHA U NEPEUHHI CAMO30YO0NCEHHS).
Ilepesaza nioxody noasieae 6 1020 NPOCHMOMI: Pe2YNIOBAHHA MOJICe BUKOHYBAMU
iHoiceHep  0e3 NposedeHHsi CKAAOHUX HAYKOBUX  00caiodcenvb. Pesyibmamu
MOOeN08aHHsA NOKA3AU 3MEHWEeHHA mpusaniocmi nepexionoeo npoyecy 0o 1,9 —4 c i
NOKpawieHHs Kpumepiio onmumizayii Ha 08a nopaoKu

Knrwuoei cnoea: xepysannsn, PlID-pecyramop, wueninitinocmi, onmumisayis,
JAiHeapusayis

Abstract. An engineering method for tuning the regulators of electric drives of
manipulator mobility units with significant nonlinearities is proposed. The method is
based on numerical optimization of controller parameters according to an
algorithmically defined criterion and eliminates the autoelasticity effect (resonant
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vibrations and primary self-oscillations). Its main advantage is engineering
simplicity: adjustment can be performed by an engineer without deep theoretical
research. Simulation results demonstrated reduction of transient duration to 1.9-4
seconds and improvement of the optimization criterion by two orders of magnitude.
Keywords: control, PID controller, nonlinearities, optimization, linearization

In multi-link aerospace manipulators, the autoelasticity effect (AEE)
arises due to structural elasticity and significant nonlinearities of electric
drives. The purpose of this work is to develop an engineering method for
tuning regulators that considers these factors and ensures system stability.

The method is based on numerical optimization of PID controller
parameters according to the criterion:

tr

I = f a(t) - (x5 (1) — x(t))dt

to

where Xz () s the output of the reference model, x(t) is the system output.
The reference model is the 5th-order Butterworth transfer function.

Optimization was carried out using the Gauss—Seidel method with initial
values obtained by the Ziegler—Nichols method.

Simulation for different ACS structures showed: reduction of transient
duration to 3—4 s, and with vibration linearization — to 1.9 s; improvement of
the integral quality criterion by about 100 times; reduction of overshoot to
25-75 % of the reference value.

The developed method allows practical application of numerical
algorithms for tuning the regulators of manipulator electric drives without
complex research. The method can be fully automated and integrated into
modern computer mathematics systems. Further research will expand the set
of optimized parameters and explore nonlinear controllers.

References
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design. Prentice Hall.

18



Materials of the X111 International Scientific Conference
«Information-Management Systems and Technologies»
24th — 26th September, 2025, Odesa

3. Tachinina, O., Lysenko, O., Alekseeva, l., & Novikov, V. (2020).
Mathematical modeling of motion of iron bird target node. In CEUR Workshop
Proceedings (Vol. 2711, pp. 482-491). http://ceur-ws.org/\VVol-2711/

4. Technique for tuning digital controllers of robot drives. (2021). Problems of
Informatization and Control, 4(68), 44-51.

5. Zhao, L., Yu, Z., Han, L., Chen, X., Qiu, X., & Huang, Q. (2023). Compliant
motion control of wheel-legged humanoid robot on rough terrains. IEEE/ASME
Transactions on  Mechatronics, 29(3), 1-11.  https://doi.org/10.1109/
TMECH.2023.3320762

UDC 681.51:004.896

HEYITKI CHCTEMHY KEPYBAHHS BILIA: ACIIEKTHA KOMILIEKCHOI
CTPYKTYPHO-ITIAPAMETPHYHOI OIITUMIBAILIIL
Dr.Sci. 0. Konpatenol0000-0001-7736-883x11.2 D Sci, O, Ko3,1080000-0003-2069-5578]1.
Ph.D. A. Astekceenal0000-0003-0345-85381 1 Ph D, M. Makcumon [0000-0002-5626-5265] 3
L Yopromopcwxuii nayionanvuuii ynisepcumem imeni Ilempa Moaunu, Ypaina,
2 [ncmumym npobnem wmyunozo inmenexmy MOH i HAH Ypainu, Yxpaiua,
8 Incmumym siticokoso-mopcoxux cun Hayionanvnozo ynieepcumemy «Qdecvka
Mopcbka akademiny, Yrpaina
EMAIL: y_kondrat2002@yahoo.com, kozlov_ov@ukr.net,
anna.aleksyeyeva@chmnu.edu.ua, maximov.agro@gmail.com

FUZZY CONTROL SYSTEMS OF UAVS: ASPECTS OF COMPLEX
STRUCTURAL-PARAMETRIC OPTIMIZATION
Dr.Sci. Y. Kondratenko 12, Dr.Sci. O. Kozlov 1,
Ph.D. A. Aleksieieval, Ph.D. M. Maksymov 3,
Petro Mohyla Black Sea National University, Ukraine,
2Institute of Artificial Intelligence Problems of MES and NAS of Ukraine, Ukraine,
3Naval Institute of National University "Odesa Maritime Academy", Ukraine

Anomauis. YV yvomy  Oocnioocenni  npedcmasneHo  KOMNJIEKCHUL
bacamoemanuuti nioxio 00 CMPYKMYPHO-NAPAMEMPUYHOI onmumizayii Heuimxux
cucmem xepysauns BIIJIA ma ocnogi bioincnipoganux memoodis. 3anpononosanuii
nioxio NOEOHYE npoyedypu Onmumizayii KilbKOCMI NiHSGICIMUYHUX mepMis, 6a3u
npaeu, munie ma napamempie QyHKYil HANelCHocmi, onepayii He4imKo-102iuHo20
susedents ma deghazsugixayii y Haubinbw payionanvhil nociiooenocmi. Banioayiio
HABEOeH020 NIOX00Y NPOBEOeHO NpU U020 3ACMOCY8AHHI 00 HewimKoi cucmemu
xepysannsi BIIJIA keadpoxonmepnozo muny.

Knrwuosi cnosa: Heuimka cucmema kepyeanns, bIIJIA, cmpykmypho-
napamempuyHa ONMuMizayisi, KOMIJIEKCHUL nioxio, OioiHCNipo8ani Memoou.
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Abstract. This study presents a complex multi-stage approach to the structural-
parametric optimization of fuzzy control systems (FCS) for UAVs based on
bioinspired techniques. The proposed approach combines optimization procedures
of the number of linguistic terms (LT), rule base (RB), membership function (MF)
types and parameters, fuzzy inference engine (FIE) and defuzzification operations in
the most rational sequence. The approach is validated through its application to a
FCS of a quadcopter type UAV.

Keywords: Fuzzy control system, UAV, structural-parametric optimization,
complex approach, bio-inspired techniques.

In recent years, bioinspired techniques have emerged as powerful tools
for solving complex engineering optimization problems [1]. Among their
notable applications is the design and enhancement of fuzzy systems, with
particular emphasis on the UAVs control application [2]. This study
proposes a complex multi-stage approach to the structural-parametric
optimization of FCSs for UAVs, which is based on a rational sequence of
optimization procedures.

These include the optimization of the number of LTs for input and
output variables, RB, MFs optimal types and parameters, as well as the
identification of optimal FIE operations and defuzzification method. The
optimization is performed using a suite of bioinspired algorithms. The
application of this approach enables the development of highly efficient
Mamdani-type FCS for UAVs with simplified software and hardware
implementations while maintaining minimal computational costs.

The effectiveness of the proposed approach has been validated through
its application to the FCS for the quadcopter UAV. Analysis of the
experimental results indicates that the first two optimization procedures
(LTs number and RB optimization) are foundational within the proposed
methodology.

They allow for the identification and implementation of highly flexible
and effective fuzzy control and decision-making strategies by forming
optimized RBs in number and consequents. Subsequently, the optimization
of MFs types significantly improves the accuracy and performance of the
FCS following the foundational procedures.

It also simplifies the next phase (parametric optimization) by reducing
the number of MFs parameters subject to optimization. Parametric
optimization, in turn, provides the most substantial improvement in system
performance at the penultimate stage of design, requiring relatively low
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computational effort, which makes it one of the most important stages of
comprehensive optimization. This procedure reduced the objective function
for the UAV's FCS by 27.5%. The final optimization stage, involving the
tuning of FIE and the defuzzification operations, was found to have the least
impact on overall system performance that can be omitted in a number of
cases. It resulted in only a 5.6% improvement in performance.
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Anomauia. Y cmammi po3enifioaiomvca uKIuKu 3abesnedenus ingopmayitinoi
be3nexu 8 yMO8AX 3pOCMAHHA MpAiKy ma CKIaOHOCMI MONOA02IiU po3NodineHux
cucmem. OOIpyHmMosano adanmayilo  NOAMUKU — Mapuipymuzayii 00  6umoe
Kibepbesneku 3 ypaxyeamHam pusukie amax. 3anpononosano gopmanizosanuii
nioxio 3 MamemMamuyHuM MOOENIO8AHHAM, MEMPUKAMU PUUKIE, CMAHOAPMAamMu
ISO/IEC 27033, 15408, NIST SP 800-207 ma mexnonozismu npoepamuo-
KoH@hizyposanoi mepedici. Pospobneno apximexmypy cucmemu OJisi peaibHO20 4dcy,
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wo niosuwye Kibepcmitikicmes 3a npunyunamu zero trust. Pezynomamu 3acmocosHi
0714 3axXUCMy KpUMUYHUX CUCHEM.

Knrwouosi cnoea: aoanmuena mapwpymusayis, iHgopmayiina 6be3nexa,
Mepedicesutl mpagix, nonimuxa mapupymu3zayii, Zero trust.

Abstract. The paper addresses information security challenges amid increasing
traffic volumes and complex topologies in distributed systems. It justifies adapting
routing policies to cybersecurity requirements, considering attack risks and
anomalies. A formalized approach integrates mathematical modeling, risk metrics,
ISO/IEC 27033, 15408, NIST SP 800-207 standards, software-defined networking
technologies, and telemetry (NetFlow, sFlow). The developed system architecture
adapts to threats in real-time, enhancing cyber resilience via Zero Trust principles.
Results apply to critical corporate and public systems.

Keywords: adaptive routing, information security, network traffic, routing
policy, zero trust.

Adapting routing to security is a task driven by complex architectures
and threats. Modern approaches combine classical routing with dynamic
management, machine learning, and risk assessment. Research by Sert and
Yazici [1] shows that fuzzy logic and genetic algorithms balance load and
increase resilience. Al-Karaki and Kamal [2] review routing methods, while
standards [3] emphasize dynamic access control. Adaptive routing reduces
leakage risks and supports proactive defense.

The research is based on set theory, combinatorial analysis, and
optimization for modeling networks under security constraints. Models
dynamically adapt routes considering topology, context, and risks, forming
resilient policies.

The concept of proactive defense is implemented through threat-based
policy adaptation. Automated route generation minimizes access to
vulnerable zones. The architectural solution integrates modeling, analytics,
telemetry (NetFlow/sFlow), and ISO/IEC, NIST standards.

The mathematical model considers route sets, risk weights, trust, and
criticality. It automates real-time routing decisions depending on security
context. The interaction sequence of components—telemetry, risk evaluator,
policy manager, router—ensures traffic redirection.

The model uses sets: channels S = (Sy, ..., Sp), nodes N = (N, ..., Ni), and
security coefficients X = (Xy, ..., Xp) are normalized values from 1 to 10
based on vulnerability and threat analysis. Sets of threats M, priorities NP,
and constraints K per ISO/IEC 15408.
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Requirements matrix: resources Ry in columns, requirements K; in rows,
weights Wij from 0 to 10. Integral coefficient:

Xi= ZZ Wijk.

And security priority:
Pi=a- NP+ - Xi

with a, f € [0,1], e.g., a = 0.4, = 0.6, X; is the safety factor.

The model adapts routing to security via risk metrics, trust parameters,
behavior, and standards. Mathematics accounts for parameters, threats,
criticality, and dynamics for automatic priority updates. New metrics (risk
deficit, resilience, sensitivity, efficiency) and modified Ford-Fulkerson build
secure flows.

The system combines topology, metrics, parameters, and constraints to
form priorities by channel security level. It integrates telemetry, risk
evaluation, analytics, and dynamic protocols for threat resilience,
vulnerability isolation, and ZTA. Applicable to governmental and corporate
systems, uniting proactive cyber defense, flexible traffic management, and
standardized models.

References

1. Sert, S. A., & Yazici, A. (2019). Optimizing the performance of rule-based
fuzzy routing algorithms in wireless sensor networks. In 2019 IEEE International
Conference on Fuzzy Systems (FUZZ-IEEE). IEEE. https://doi.org/10.1109/fuzz-
ieee.2019.8858920

2. Al-Karaki, J. N., & Kamal, A. E. (2004). Routing techniques in wireless
sensor networks: A survey. IEEE Wireless Communications, 11(6), 6-28.
https://doi.org/10.1109/mwc.2004.1368893

3. Rose, S., Borchert, O., Mitchell, S., & Connelly, S. (2020). Zero trust
architecture (NIST Special Publication 800-207). National Institute of Standards and
Technology. https://doi.org/10.6028/nist.sp.800-207

23


https://doi.org/10.1109/fuzz-ieee.2019.8858920
https://doi.org/10.1109/fuzz-ieee.2019.8858920
https://doi.org/10.1109/mwc.2004.1368893
https://doi.org/10.6028/nist.sp.800-207

Materials of the X111 International Scientific Conference
«Information-Management Systems and Technologies»
24th — 26th September, 2025, Odesa

Y]IK 004.056.55:658.15

IMPUCKOPEHHSI KPUIITOTPA®IYHUX TIEPETBOPEHDb RSA B
YMOBAX IUD®POBOI TPAHCO®OPMAIII
Ph.D. A. SInkol0000-0003-2876-9316] Dy Sci. B. Kpacno6aep0000-0001-5192-9918]
Ph.D. A. Trymol0000-0002-4086-1513] V], M pr3popal0009-0009-8301-2054]
Hayionanvnuil yniseepcumem «llonmascovka nonimexuixa imeni FOpis

Konopamiokay, Yxpaina
EMAIL: al9_yanko@ukr.net

ACCELERATING RSA CRYPTOGRAPHIC TRANSFORMATIONS
IN THE CONTEXT OF DIGITAL TRANSFORMATION
Ph.D.A. Yanko, Dr.Sci. V. Krasnobayev, Ph.D. A. Hlushko, M. Myziura
National University «Yuri Kondratyuk Poltava Polytechnic», Ukraine

Anomauia. Y cmammi 00Cnioxncylomvcs numanHs nocuienHs Oesnexu Oi3Hecy
nio uac yugposoi mpawncghopmayii. OOTPYHMOBAHO, WO epeKmusHU 3axucm
iHGhopmayii ma 600CKOHANEHHS KPUNMOSPADIUHUX CUCmeM € KIOYO08UMU 3AX00aMu
07151 ROCUNIeHHsT Cmilikocmi 6i3Hecy 8 ymosax yugposoi mparcgopmayii. Buznaueno
npiopumemnull HanPAMOK 3axXucmy OaHux — 800CKOHANeHHA Kpunmocucmemu RSA.
[na npuckopenns xpunmocpagiunux nepemeopenv RSA 6 yvomy 0ocniodicenmi
3anpo8adHCEeHO Memoou BUCOKOWBUOKICHOI 00pobKu iHgopmayii. Ocrhogy memody
CMAHOBUMb peanizayis Mexawizmy Kilbyegozo 3Cy8y mMa MexHIKU O08illKo802o
npeoCmasien s 3aIUWKI6 , WO GUKOPUCIOBYE MOOYIbHY ApUMMEmuKy 6 cucmemi
3ANUWKOBUX KNACIS.

Knrouosi cnosa: kpunmozpaiynuii 3axucm, cucmema 3aIUWKOSUX KIACIS,
Heno3uyitina cucmema HYUCNEHHS, KPUNMO2paQiyHi  nepemeopents, MexaHizm
Kiblye8o2o 3¢y8y.

Abstract. This article explores ways to enhance business security during digital
transformation. It argues that effective information protection and the improvement
of cryptographic systems are key measures for strengthening business resilience in a
digital environment. The priority area for data protection is identified as the
improvement of the RSA cryptosystem. To accelerate RSA cryptographic
transformations, this study introduces methods for high-speed information
processing. The core of the proposed method is the implementation of a ring shift
mechanism and a binary remainder representation technique, which utilizes modular
arithmetic within the residue number system.

Keywords: cryptographic protection, residue number system, non-positional
number system, cryptographic transformations.
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Y KOHTEKCTI TOCTIHHOTO 3pOCTaHHS Ki0epaTak B yMOBax BifHH
YKpalHChbKUH Oi3HEC € OCOONHMBO BPAa3IMBUMH JO PHU3HKIB IHPPOBOT
Oe3nexku. B ymoBax BiliHH yKpalHCHKWH Oi3HEC € 0COOJIHMBO BPAa3JIMBUM [0
kibepaTak, sKi HECYyTb  3arpo3y  JOCTYIHOCTi, IIJIICHOCTI  Ta
KoHQIAeHIiHOCTI iHpOpMaIlii, CNPUYMHAIOYM 3HAYHI EKOHOMIYHI Ta
comianpHi Hacmigky [1].

3poCTaHHS BUMOT JI0 JOBXXHHH KIIIOYIB Y CYYacCHHX KPHIITOCHCTEMAX,
30kpeMa RSA, mnpu3BoanTh [0 3HIDKEHHS HIBHAKOCTI oOuucieHs. lle
MIATBEPKYE  AKTYaJbHICTh  PO3POOJICHHS ~ METOJIB i ABULLEHHS
e(eKTUBHOCTI KpunTOrpadiyHUX IEPEeTBOPEHb HAa OCHOBI HEMO3MLIHHOT
CUCTEMH 4YHCJCHHS — cucreMu 3anumkoBux kiaciB (C3K) [2]. ¥V mpomy
KOHTEKCTI po3poOKa Ta aHaji3 METONy IIBHIKOTO BHUKOHAHHS OIeparii
MoxynsHOTO ngomaBaHHS B C3K, sxmif Moxke ciayryBaTH e(eKTHBHOIO
3aMiHOIO OIepaIisiM MOIYJIHHOTO MHOXKEHHS 1 IMiTHECEHHS IO CTeIeHS,
3a0e3neuyroun i ABHUIICHY MPOAYKTHUBHICTH Kpunrorpadigaux
MIEPETBOPEHD € AKTYaJIbHHM.

st mpuckopenHs kpunrorpadivyaux nepersopens RSA 3anpornonosaHo
METOJl Ha OCHOBI MeEXaHi3My KUIBLEBOTO 3CYBY Ta TEXHIKH JBIKOBOTO
MIPEACTABICHHS 3aJIMIIKIB, 10 BHUKOPUCTOBYE MOAYJIbHY apU(pMETHKy B
C3K. IopiBHsuibHMHA aHami3, HaBeneHud y Tabmuumi 1, 3acBimuuB 3HAYHY
e(EeKTUBHICTh IIOTO MiJXOAY HOPIBHSHO 3 TPaAMLIIHHOI IO3MLIHHOIO
cucremoro uyuciaeHHs (IICH), mo no3Bojisie CYTTEBO CKOPOTHUTH dac
BUKOHAaHHA MOJYJIbHUX ONepamid Ta MIABHIINTH 3arajlbHUH piBEHb
3aXHUIIEHOCTI TU(PPOBUX CHCTEM.

Taoauns 1
JlaHi MOPIBHSUILHOTO aHAJII3y Yacy BUKOHAHHSI OTIepaii JoaaBaHHs
T1CY C3K %
I — . .
811’071' /3t 2y ”'fq QOSK_n'.ax /31
4(32) 63 19 5 48 31.25
8 (64) 127 30 5 75 69.33

IpencraBneni JaHi OTpUMaHi ©0e3 BHKOPUCTaHHSA JIOJAaTKOBHX
QITOPUTMIB, SIKi, y pa3i IX BIPOBAKEHHS, MOTJIH O MPHUCKOPUTH BUKOHAHHS
MOJIYITBHUX apu(pMETHIHHX omepariii. Peamizamis mporo migxomy He JHIIC
MPUCKOPIOE BUKOHAHHS KPUTUYHHUX KpUMNTOrpadiuHUX MpoIeciB, ane i

25



Materials of the X111 International Scientific Conference
«Information-Management Systems and Technologies»
24th — 26th September, 2025, Odesa

MiBUIIYE 3arallbHAN PIBEHb 3aXHUINEHOCTI MU(PPOBUX CHCTEM Ta OE3MeKy
OizHecy B yMoBax UG poBoi TpaHchopMaIlii.
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Anomauia. Memoio pobomu € nioguwerHs SKICHUX Ma KIIbKICHUX NOKA3HUKIG
HAOIUHOCMI  CRPULIHAMMSL  CMEe2AHON0GIOOMIECHHS, WO (YOPMYEMbC  O0GLIbHUM
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CMe2aHOAN20PUMMOM, Y MOMY HUCT OJiA 3abe3nedeH s, MOHCIUBOCHI 11020 pobomu 6
YMOBAX BUNAOK0B020 KoHmelHepa, 0Oe3 0yOvb-aKkux Mmoougbikayiti aneopummy,
WASXOM PO3POOKU Memody 8ubOpy 610KI8 yudpoeozo 300patceHHs-KOHmeliHepa Ois
60y0068u 6 Hux 0Oodamkosoi inpopmayii. Llite Oyra OdocsieHyma  wiisnxom
00IPYHMOBAHO20 BUKOPUCMAHHA 08 po30umms ONOKI@ KOMmelHepa HA KIacu 3
O0OHAKOBUMU NOKASHUKAMU 6KIAOY SUCOKOYACMOMHOI CKIA0080T cheyudiynozo
OpIEHMO6AH020 pagda, AKULL CMABUMbCSL Y 8iON0GIOHICMb 306PANCEHHIO.

Knrouogi cnosa: nadiiimicme cnpuiinamms cme2aHONOGIOOMIEHHs, Yuppose
300padicennsl, opicHmosanuil epag, OinapHe GiOHOUWIEHHS.

Abstract. The purpose of this work is to improve the qualitative and quantitative
indicators of the reliability of perception of a steganographic message generated by
an arbitrary steganographic algorithm. Also, ensuring the possibility of operation of
a steganographic message in conditions of a random container, without any
modifications to the algorithm, by developing a method for selecting blocks of a
digital image container for introducing additional information into them. The goal
was achieved through the reasonable use of a specific oriented graph, which is
associated with the image, for dividing container blocks into classes with the same
indicators of the contribution of the high-frequency component.

Keywords: reliability of perception of a steganogram, digital image, directed
graph, binary relation.

OpxHuM i3 HafOIIBII TTEPCIIEKTUBHUX Ta €(PEKTUBHUX HATIPSAMIB 3aXHCTy
iHpopmauii ceorogHi € creraHorpadis [1] — MuCTENTBO NPHUXOBYBaHHS
inpopmauii. lo creranorpadiyHoi cUCTEMHU NpeAa'sBISETHCS HU3KA BUMOT,
cepell SIKMX OJIHIEI0 3 OCHOBHHX € 3a0e3NeyYeHHs HaJiHHOCTI CIPUHHATTS
CTEraHOIOBIZIOMJIEHHSI (Bi3yaJlbHO BOHO HE IOBHHHO BIiAPI3HATHCS BiJ
koHTeiiHepa) [2]. Ilpm 1mpomy Oarato iCHYIOYMX METOJIB HE MOXYTh
rapaHTyBaTH CHUCTEMaTH4He 3a0e3leueHHs HaJiiHOCTI crnpudHsITTS (0e3
cBoei Momudikamii) AmS  BHUIAJKOBOTO  KOHTEHHEpa, 3ajHINar0ud
aKTyaJlbHOIO AaHy 331ady.

Metoro po0OOTH € TiABHIICHHS SIKICHHX 1 KUTBKICHHX XapaKTEePHUCTHK
HAJIHHOCTI CIPUIHATTS CTETaHOTIOBIIOMIICHHS, IO (POPMYETHCS NOBITHHUM
CTEraHOAITOPUTMOM, y TOMY YHCHTI I 3a0e3NeYeHHS MOXKIMBOCTI iforo
poboTH B yMOBax BHUIAJKOBOTO KOHTeiHepa, 0e3 Oymb-sakux Moau(ikamii
anroputMy. Meta Oyna JOCSTHYTa HUISIXOM PO3POOKH METOAy BHOOpY
OJIOKIB MaTpulli KOHTEHHepa, B SIKOCTI SIKOTO PO3ISIAEThCS LU(pOBE
300paxennss (LI3), s creraHomepeTBOpeHHs. Y XOIi IPOBEICHUX
JOCTIKCHb OTPUMAHO TaKi pe3yJbTaTH: OOIPYHTOBAHO JOIIBHICTh
¢dbopmanbHoro mpezcraBicHHs 13 y BHIUIAAI 3BakEHOro Makporpada,
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MaKpOBEPLIMHU SIKOTO € PEe3yJbTaTOM IPOCTOi TOMOMOPGHOI 3ropTKU
CWIBHO 3B's3aHUX TmmiarpadiB opieHTOBaHOrO Tpada, IO BiAMOBIgAE
OiHapHOMY BiJHOIIEHHIO €KBiBaJCHTHOCTI, 3a/IaHOMy Ha MHOXKHHI OJIOKIB
113, 3B'I30K MiX SKUMH ICHYE Y BUMAKY, KON KiJTbKICHI TOKa3HUKHU BKIATY
BHCOKOYACTOTHOI CKJIAJIOBOi y IIi OJIOKH € OJHAKOBHMH; 3aIpPOIIOHOBAHHMA
MeTox BuOOpy OisokiB 1[3-koHTeitHepa no3BosmB it 52% BHKOpPHCTaHUX
I3 3nauno migBuimutu (Ha 2-6 dB) KiNbKiCHHN TMOKAa3HHWK Bi3yalbHOTO
cniorBopeHHs 13 — mikoBe BigHomeHHs «curHan-ryMm» (PSNR) nmopiBasiHO
3 BHIIAJKOBUM BHOOpPOM OJIOKIB Ul CTEraHONEPETBOPEHHS; IPH LLOMY
Bi3yallbHa SIKICTh CTETaHOIOBIJIOMJICHB, IO BCTaHOBIIOBAJACS ILUISTXOM
Cy0'eKTMBHOTO paH)KyBaHHs, JuIsl Bcix L[3 BusiBIIsuIacs Kpamioro.
Po3pobnernit MeTon BHOOpY ONOKIB Mae HE3HAUHY OOUYHCITIOBAIBHY
)

. 2
CKIIaJHICTh, sIKa i1 NXN-1[3 BH3HA4a€ThCs 5K Q(n mo 3abesnedye

MEPCHEKTUBY HOT0 BUKOPUCTAHHS J151 IOTOKOBOTO KOHTEHHEDA.
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Anomauia. Excnepumenmanvro 0ocniodceno enius memooie onmumizayii na
WBUOKICIb 3A8AHMAICEHHS 86€0-CMOPIHOK. 3ACmMOCo8aAHO pi3Hi NIOXOOU, BKIIOUAIOUU
Keuwlyeanus, MiHiiKayito ma acuHXpoHHe 3aeanmadgicenus. Busenenmo, wo
Kewy8ants 3HAYHO NOKPAUYE NPOOYKMUBHICY, SHUICYIOUU HAC 3A8AHMAICEHHS MA
KIIbKICMb 3anumis, ujo niomeepoxtcye oo 8UCOK) epeKmusHicms 015k ONMUMI3AYii.
Locnioocenns niomeepoxicye 8axicaugicms KOMNIEKCHO20 NiOX00y 00 onmumizayii
ma Haoae npakmuuHi pexomeroayii O NiOBUWEHHS. MEXHIUHOI eghexmusHocmi ma
NOKpaujeHHs KOpUCMy8aybKo20 00CBioy.

Knwwuosi cnosa: onmumizayis, weuokicms 3a6aHMAdICEHHs, KEULYBAHH,
npoOyKmugHicmo, iHpopmayiliHi mexHono2ii.

Abstract. The impact of optimization methods on the loading speed of web pages
is examined through experimental research. Multiple strategies were employed, such
as caching, minification, and asynchronous loading. The results indicated that
caching significantly enhances performance by decreasing loading times and the
number of requests, highlighting its effectiveness for optimization. The study
highlights the necessity of a holistic approach to optimization and offers practical
suggestions for enhancing technical efficiency and user experience.

Keywords: optimization, download speed, caching, performance, information
technology.

Web page loading speed is one of the critical factors that determines the
overall efficiency and attractiveness of a web resource. It is a key indicator
of website performance that directly affects user experience, user
satisfaction, and SEO [1]. Pages with multiple components, interactive
elements, or multimedia content may load more slowly, highlighting the
need to balance design, functionality, and speed. Slow loading times can
negatively affect search engine optimization, as search engines consider
page speed a critical ranking factor.

According to research, most users leave a website if the page takes more
than 3 seconds to load, so loading speed affects not only the visibility of a
website in search engines, but also the conversion rate and overall
effectiveness of a web resource in achieving business goals [1].

Understanding load speed and its impact on user experience helps you
make more informed optimization decisions. The optimization of web page
speed is crucial for several reasons:user experience. Delays in page loading
can lead to user dissatisfaction and a loss of interest. Even a delay of a few
seconds can significantly reduce conversions and increase bounce rates;
SEO and search engine rankings. Search engines consider loading speed as
one of the factors in ranking web pages. Websites that load quickly are more
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likely to achieve higher positions in search results, which enhances their
visibility and traffic; conversions and profits. For commercial sites, speed
has a direct impact on conversions. A fast website encourages more
interactions and purchases (Amazon or Walmart note that every second of
delay in loading can cost them millions of dollars); reduces resource usage.
Fast pages are usually lighter and less resource-demanding, which reduces
the load on servers and internet channels, as well as reduces energy
consumption; accessibility to a global audience. In many parts of the world,
access to high-speed internet can be limited or expensive. Web pages that
are optimized for quick loading times enhance content accessibility for a
broader audience, even on slower connections.

Optimising web page load speed is an important aspect of modern web
development that affects business success, user experience, and technical
efficiency. Evaluated how each approach reduces load times, enhances
content processing speed, and improves user experience: comparison of web
page loading times before and after optimization; the impact of individual
methods on various performance metrics; analysis of the effectiveness of the
selected approaches in combination; recommendations for further use of
optimization methods depending on the specifics of the project. To conduct
an experiment evaluating modern methods for optimizing web page loading
speed, a test website was selected with the following initial characteristics:
the number of requests to the server: 16 HTTP requests; size of the received
data: 898 KB; total size of resources: 1.1 MB; full page load time: 1.45
seconds; time to DOMContentLoaded event: 587 ms. The initial metrics
were: overall performance: 73; FCP: 2.0; LCP: 2.7 seconds; CLS: 0.037;
TBT: 90 ms; Speed Index: 2.3 seconds. FCP and LCP values indicate delays
in displaying the main content. The full-page load time (1.45 seconds)
exceeds the optimal values, but remains acceptable. The results of the
experiment will be compared with the initial values to evaluate the
effectiveness of the optimization methods implemented (fig.1).

According to the optimization results (reduced the number of third-party
scripts, optimizing images, using lazy-loading for content, asynchronous
loading of scripts, using CDN, combining and minimizing resources,
caching), it turned out that the greatest positive effect was observed when
using caching, which reduced the amount of transmitted data to 13 KB and
the number of requests to the server to 9, providing the best overall
performance indicator - 98. Resource pooling and minification,
asynchronous script loading, and lazy content loading have demonstrated
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significant improvements in key metrics such as FCP down to 0.7 seconds
and LCP down to 0.9 seconds. The overall performance score for these
methods ranges from 86-94. This highlights their effectiveness in
addressing issues related to optimizing web page loading speed. The final
performance metrics after the implemented optimizations were: number of
requests to the server: 9; data size transferred: 12.7 KB; total resource size:
382 KB; full page load time: 663 ms; time to DOMContentLoaded event:
332 ms.
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Figure 1. The impact of optimization methods on changes in download
speed

As a result of the experimental study of modern methods for optimizing
the speed of loading web pages, it was possible to improve the performance
of the test web resource. When analyzing the effectiveness of different
approaches, it was found that each method makes its own unique
contribution to improving the overall performance. The greatest
performance gain was achieved through the implementation of caching,
which ensured the minimum volume of requests to the server and the
maximum speed of access to content.
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Anomauia. Y docnioxcenni npedcmasieno Ho8uil Memoo 06pooKu 300pajxcets 3
sukopucmannam  kmovogux moyoxk SIFT/BRISK ma gizyaivnux ampubymis
Odeckpunmopis. Ochosui emanu aneopummy: 1.Jloxanizayis Kmo4o8ux mouoK
SIFT/BRISK. 2.Biobip xkaouoeux moyox SIFT/BRISK 3i cmabinenum nonodiceHHsm
Ha pisnux SIFT-oxmaeax. 3.Po3pobka Oeckpunmopa 300pajiceHHs HA OCHOGL
obpanux xmouosux moyok SIFT/BRISK i sizyanvrux oOeckpunmopis. Llitbose
306padicenns (epyna 0opoosicnix 3makie «ITiwmoxionul nepexio» y O0CHONCEHH)
Mmooice Oymu ioenmugikosano 3a 00noMo2010 nopo2o6oz2o 3HauenHus V, sxe mae
Odopieniosamu yu oymu Oineuum 9.

Knrwuogi cnoea: obpooxa sobpasxcensv, SIFT, BRISK, 6i3yanvHuil deckpunmop,
00POJICHIT 3HAK.

Abstract. This study presents a new method of image processing with
SIFT/BRISK-keypoints and descriptive visual attributes. The core steps of the image
processing algorithm are as follows: 1. Localization of SIFT/BRISK-keypoints.
2. Selection of SIFT/BRISK-keypoints with stable positions across different SIFT
octaves. 3. Designing the image descriptor based on the selected SIFT/BRISK-
keypoints and descriptive visual attributes. The target image, the group of traffic
signs “Crosswalk” in this study, can be identified in the photo using a threshold
value V, which should be equal/larger to/than 9.

Keywords: image processing, SIFT, BRISK, descriptive visual attributes, traffic
sign.

HyneoBuii piBeHp XUOHOMO3HTHBHHX CIPAllbOBYBaHb, TOOTO ITOMHIIKA
tury I, 1 MiHIMi3aliss piBHS XHUOHOHEraTUBHMX CHpallbOBYBaHb, TOOTO
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nomuika tumy II, € KOMIJIEKCHUM KpHUTEpieM, HI0 BUKOPHUCTOBYEThCS B
CIIEIiaTi30BaHUX TPOEKTaX 3 OOpOOKH 300pakeHb, TAKUX SK BHUSIBJICHHS
JIOPO’KHIX 3HAKIB JUTSI MIIIOXOIB 3 BaJaMH 30Dy, 3HAKIB MOXKEKHOI O3TeKH
1 3HaKiB OyaiBenbHOI Oe3mekn. IcHyI0Ui pilIeHHS MMOKa3yIoTh, IO BiJICOTOK
HETIPaBWJIFHO PO3II3HAHMUX OPOKHIX 3HAKiB MOXe npocaratu 25 % s
IHTEJIEKTyaNnbHUX TpaHCHOPTHUX 3aco0iB. CydacHi peaibHI peasnizamii
TaK0X BUMAaraloTh aBTOHOMHHX Ta HU3bKOCHEPT€THYHHX PillIeHb, OCKITBKH
InTepHeT-3'eqHaHHA 4acTO HecTaOlbHe, a cepenHiil 3amutr no ChatGPT
crokuBae Onm3pko 0,34 Bar-roguHM 1 Oiuseko 0,32176 Mo Boau.
Exonoriynunii BIUIMB 3aieXUTh BiJ Mozeneil HelipoHHux mepexx (MHM) —
CKJIaJHI BIATIOBiI BUPOOIOTH Oibie BUKUAIB CO2, HiX MPOCTI BIAMOBII,
a MHM, mo HajgaroTe OLTBII TOYHI BIATIOBiAi, MPU3BOIATH IO BHIIHX
BUKHZIB. Mozeni 3 MATPUMKOIO CKJIATHUX MipKyBaHb BHPOOISIIOTH y 50
paziB Oinpmre BukuaiB CO; TOPIBHSIHO 3 MOAEISIMH, IO HATAIOTH JIAKOHIYHI
BimmoBimi. Amist PucOex, imkeHep-IoCIiqHIK IpOoTrpaMHOTro 3a0e3eYeHHs B
Google DeepMind UK, 3a3naumnna #a ¢popymi KIT y bimxkeky (Kuprusska
PecniyOunika) 29 tpaBus 2025 poky, mo ii KOMaHAi HEU[OJaBHO BIAOCS
3aomaauta Omm3pko 1 % eHeprii, cmoxkuBaHoi neskumu MHM, mo e
BEJIMYE3HUM KPOKOM, BPaxOBYIOUM KUIBKICTh 3aluUTIB, sIKi 00POONISIOTHCS
HeHTpamu 00poOku ganux Google Mo BCbOMY CBITY.

Cy4acHi anroputmMu OOpoOKHM 300pa’keHb aKLEHTYIOTh YBary Ha
TOYHOCTI, IHTEpIIPETOBAHOCTI, pO30pOCTi, MIBUAKOCTI Ta
MacmTaboBaHOCTi, OTHOYACHO 3MEHITYIOUH OOUYHCITIOBAIBHI BUTpaTH. Jleski
3 HaHCy4acHINIMX METOMIiB KOMITIOTEPHOTO 30pYy € TaKWMH: 3TOPTKOBI
Heiiporni mepexi (3HM), BisyameHi Tpanchopmepu (BT), meroam
CerMeHTallii Ta iHII MeToau OOpoOKHM 300pa’keHb, TakKi SK T'C€HEPATHBHO-
3MarajipHi Mepexi, aNTOpUTMH CYyTep-pO3MUTBHOI 3MaTHOCTI, agalTHBHE
BUPIBHIOBaHHS TiCTOTPAaMH Ta aJITOPUTMH LIyMO3arTyIICHHS.

Jeoumipni 3HM mnepeBaxaroTh B 00poOIll 300paskeHb HACHOTOJIHI.
BoHM BHMKOpPHCTOBYIOTH 3rOpPTKY Uil BHUSIBIICHHS 3aKOHOMIpHOCTEH Y
300paKeHHIX, a NOTIM KIacu(pikyloTh iX, BHUSBISAIOTE  00'€KTH,
3aCTOCOBYIOTh CEMAaHTHYHY CerMeHTauilo Touo. Ilepen 3acrocyBaHHIM
3HM 300pakeHHS NPOXOJASATH €Talnu IOIepeJHbol 0O0poOKH, Taki sK
TOMOTEHi3aIlisl, HOpMaJi3alis Ta aHaJTi3 OCHOBHHX KOMIIOHEHTIB. HaiOinbim
nommpenumu Mozensmu 3HM e AlexNet, ResNet, VGG, GoogleNet,
Xception, Inception, DenseNet ta EfficientNet.

Ha Bimminy Bix 3HM, ski 3ajexaTh Bifl iepapXiqHOTO BHIICHHS O3HAK,
BT anamizyrore 300pa’keHHS SIK IOCIHIZOBHOCTI MCHIIMX (pparMeHTIB, IO
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JO3BOJISIE iM 3aXOIUTIOBATH KOHTEKCTHY iH(OpPMAII0 Ta JOBIOCTPOKOBI
3aJIeKHOCTI, [0 IPU3BOJUTH O TOKPALIEHUX MOXIIMBOCTEH PO3ITi3HABaHH
300paKeHb.

CerMeHTamist 300pakeHb AUTUTH 300pakeHHS HAa OKPEMi PErioHH Ha
OCHOBI MEBHUX XapakTepucTuk. Taki meromy, sik apxitekrypu U-Net, Canny
BusiBiieHHS KpaiB Ta Mask R-CNNss, HanatoTh e(peKTHBHI Ta TOYHI pillIeHHS.

Bumesaznaueni Metoan o0poOku 300paxeHb CTHKAIOTHCS 31 CHITBHUMH
mpobieMaMy B peaiizalii: BHCOKa OOYMCIIIOBaTbHA  CKIAIHICTH
TIepeHaBYaHHsI 3HIKYE 3/IaTHICTb MOJIENI 10 y3araJlbHeHHsI, 10 MOTEHIIHHO
MPU3BOJIUTH 0 HWXKYOI TOYHOCTI; WIIYM 1 CHOTBOPEHHS MOXYTh
CKOMIIDOMETYBaTH  TOYHICTb  aITOPUTMIB  OOpOOKM  300paKeHb;
IHTEpPIPETOBAHICTh Ta MPO30PICTh AESIKUX METOIIB 00poOKH 300pa’keHbh Ha
ocuoBi II; oOmexeHHsT 00pOOKHM B peaIbHOMY Yaci; eTHYHI MpobieMu Ta
mpobiemMu KOH(iIEeHIIITHOCTI.

VY mpoMy IOCHIUKCHHI aBTOHOMHE Ta HU3BKOCHEPreTHYHE IPOrpaMHE
3abe3nedeHHst OyII0 po3poOICHO 3 BUKOPHCTAHHIM MOOUTFHOTO 3aCTOCYHKY
Java Android Ta kmouoBux touok SIFT/BRISK (Scale-Invariant Feature
Transform Ta Binary Robust Invariant Scalable Keypoints), mo €
peaiizauiero NpUHIMIY Tnepudepiiiainx obunciieHb. EneproedekTnBHiCTh
JIOCSITAaE€ThCA IUIIXOM BHKOHAHHS ONTHMI30BAHOTO 3a INPOJYKTHBHICTIO
KOJy Ha cMapTQoOHi, 10 MOCTIHHO mpairoe, 0e3 0e3APOTOBOI mepenadi
naHux.  OCHOBHI  eTanmM  HAaBEJEHOTO  ITOPUTMY €  TaKUMH:
1. ®otorpadyBannas 300paxeHHs Kamepoio cMmapTdona Tta Android API
CameraX. 2. 3meHIIeHHs 300pa)XeHHS 3a JIOTIOMOTOI0 OiMiHiHOT (inbTpartii
B 3acTocyHKY Java Android. 3. Jlokamizamist xirogoux To9ok SIFT/BRISK.
4. Bin6ip xmrouoBmux Toyok SIFT/BRISK, sixi maroth cTabinbHi mo3umii Ha
pizanx SIFT-oktaBax. 5. Po3poOka meckpumropa 300pakeHHS Ha OCHOBI
o0pannx kmrodoBux To9ok SIFT/BRISK. 6. 3Hax0omKkeHHS 300pakeHb.

Hagsenenuit minxig BAKOPUCTOBYE YHIKAIBHUH JIECKPUITOP 300pakeHHs
JUIL  KOXHOTO IIbOBOTO 00'€KTa, WO BIIPI3HAETBCS BiJ  paHilie
PpO3pO0IEHOTO METOY, A€ 3aCTOCOBYEThCS maboH 3 291 touku. Crovarky
OararonoTokoBuii 3acrocyHok Java Android pobuts Qororpadio 3a
pormomororo  Oibmiotekn  Google  CameraX, a 1@moTiM  MeTox
Bitmap.createScaledBitmap reHepye HOBe pacTpoBe  300pakeHHS,
MacmtaboBaHe 10 MaKCHMaJbHOI po3mimpHOI 3maTHoOcTi 500 mikcemiB 3
BHKOPHCTAHHAM OiniHiMHOI dinbrpamii. 3 700 KIIFOYOBUX TOYOK, BUIBICHUX
merogom SIFT, BigOumparoTbcs paekinmeka (Tpu B Ii€i crarTi) 0a30BUX
KITIOYOBUX TOYOK. Jlami po3poOmnserscs OiHapHmiA neckpuntop BRISK 3
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ypaxyBaHHSIM KIIOYOBHX TOYOK, SKi € YHIKaJbHUMH Ha IUJILOBOMY
300pakeHHi, 1 PO3paxoOBYIOThCSA BincTaHi 0 0a30BHUX KIIOYOBHX TOYOK.
Excniepumentn, npoBeneHi Ha cmaptdonax Doogee S96 Pro i Samsung
M31, npoAeMOHCTPYBaIH, IO Yac BUKOHAHHS CTAHOBWUTH MEHINE OJHI€T
CEeKyH/IH, 3 piBHEM XHOHOIO3UTHBHHX CIpPAallbOBYBaHb HYJb 1 pPiBHEM
XHOHOHETaTUBHUX CIIPanboByBaHb 50 %.

YK 004.49

3ABE3ITEYEHHS KIBEPBE3IIEKW XMAPHUX CUCTEM JJIsA
OINTUMIZALII MOPCHKHUX MAPIIPYTIB
1I. Ka.]'leHI/IK1[0009'0006'3534'1798], Dr. Sci. B. Bnqymanin2[0000'0002'6302'1832]
Hayionanenuii ynieepcumem «Odecvka nonimexuikay, Yxpaina
EMAIL:! pavlo.kalenyk@gmail.com, 2v.v.vychuzhanin@op.edu.ua

ENSURING CYBERSECURITY OF CLOUD SYSTEMS FOR
MARITIME ROUTE OPTIMIZATION
P. Kalenyk , Dr. Sci. V. Vychuzhanin
Odesa National Polytechnic University, Ukraine

Anomauia. VY cmammi Oocniosxcyromucs npobnemu Kibepbe3neku XmapHux
cucmem, wjo 3aCmMoco8yIOmMbCsl 05k ONMUMI3ayii Mopcokux mapupymis. Pozensnymo
cyyacHi xibepszaeposu (DDoS, ransomware, Hecankyionoganuti oocmyn 0o AIS-
O0aHUX), 8pA3IUEOCTNI XMAPHUX cepgicie i memoou ix nodoaanus. 3anpononosaua
apximexmypa 6azamopignesozo saxucmy, wjo exniovac Zero Trust, 6rokuein Ons
nepegipku Ooanux ma OazamogakmopHy asmenmuikayiro. YMoeHO-MOOenbHI
excnepumenmu  NIOMBEPOUNU 3MEHUIeHHS 6NAUBY amMAaxk Ha NPOOYKMUBHICb
cucmemu OnMuUMI3ayii.

Knruosi cnosa: xibepbesnexa, xmapHi mexHono2ii, onmumizayiss Mapuipymis,
Mmopcwii nepegesenns, Zero Trust, 61oKkyetin.

Abstract. The article examines the problems of cybersecurity of cloud systems
applied to maritime route optimization. Current cyber threats (DDoS, ransomware,
unauthorized access to AIS data), vulnerabilities of cloud services and possible
mitigation approaches are analyzed. A multi-level security architecture is proposed,
including Zero Trust, blockchain for data verification, and multi-factor
authentication. Simulation experiments confirmed a reduction in the impact of
cyberattacks on the performance of the optimization system.

Keywords: cybersecurity, cloud technologies, route optimization, maritime
transportation, Zero Trust, blockchain.
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Maritime transport is the backbone of the global economy, accounting
for over 80% of international trade [1]. Its efficiency and stability directly
influence global supply chains, and disruptions can lead to significant
financial losses and delivery delays. Over the past decades, information
technologies have become integral to the shipping industry, supporting tasks
from route planning and fuel optimization to real-time cargo monitoring.
The growing adoption of cloud computing enables the processing of vast
datasets in real time, enhancing navigation accuracy, flexibility, and overall
efficiency. At the same time, digitalization exposes the industry to an
increasing number of cyber threats. Systems that once operated in isolation
are now interconnected through the internet, satellite communications, and
cloud platforms, creating new attack vectors. High-profile incidents, such as
the NotPetya attack on Maersk in 2017 and the CMA CGM ransomware
attack in 2020, caused hundreds of millions of dollars in losses and
temporarily paralyzed logistics operations. These cases clearly demonstrate
that even the largest and most technologically advanced companies remain
highly vulnerable to sophisticated cyberattacks. Maritime route optimization
relies on sensitive and mission-critical data, including AIS signals, weather
forecasts, port schedules, and hydrological information. Any compromise of
these data sources can mislead optimization algorithms, leading to unsafe
routes, collisions, or costly detours. Cloud technologies provide scalability
and high performance but also introduce new vulnerabilities. Data
transmitted between vessels and cloud platforms may be intercepted or
altered. Cloud infrastructures are also frequent targets of Distributed Denial
of Service (DDoS) attacks, malicious API injections, and exploits of
virtualized resources. Furthermore, limited internet access at sea
complicates timely software updates and patching, leaving systems exposed
to delayed-action attacks.

The International Maritime Organization (IMO) has introduced
requirements to integrate cyber risk management into shipping safety
systems, while standards such as ISO/IEC 27001 and the NIST
Cybersecurity Framework provide structured approaches for information
protection [2]. Nevertheless, applying these frameworks to cloud-based
maritime environments remains challenging and requires sector-specific
adaptation. To address these challenges, modern approaches emphasize
multi-layered protection. Zero Trust Architecture enforces continuous
verification of every access request, reducing the likelihood of unauthorized
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access. Blockchain technology enables immutable verification of AIS and
weather data, mitigating risks of spoofing and data manipulation.

Machine learning algorithms are increasingly used to detect anomalies in
network traffic, providing early warnings of DDoS attacks and intrusion
attempts. Combined, these methods form the foundation for resilient cloud
infrastructures capable of supporting safe and efficient maritime operations.
The proposed multi-level defence architecture begins with blockchain
verification of incoming AIS and meteorological data, ensuring data
integrity before further processing. Data transmission between vessels and
the cloud is protected by end-to-end encryption and multi-factor
authentication. Within the cloud environment, Zero Trust mechanisms
enforce strict access control, while intrusion detection and prevention
systems (IDS/IPS) provide real-time monitoring.

Security Information and Event Management (SIEM) platforms
enhanced with machine learning analyze system logs to identify complex
multi-vector attacks[3]. Finally, edge computing deployed on board vessels
ensures that essential route optimization functions can continue locally even
when cloud connectivity is disrupted, thereby maintaining operational
continuity. Simulation experiments were conducted to evaluate system
resilience under three scenarios. In the case of DDoS attacks, unprotected
systems failed within minutes, whereas the secured architecture maintained
functionality with only a 15% increase in response time. In ransomware
simulations, recovery for unprotected systems took several hours, while the
use of blockchain-based backups reduced recovery time to just 20 minutes.
In AIS spoofing scenarios, conventional systems generated false routes,
whereas the proposed architecture successfully blocked 92% of falsified
data. These findings confirm that advanced protection mechanisms
significantly enhance resilience while maintaining acceptable performance
levels.

In conclusion, cybersecurity for cloud-based maritime route optimization
is vital for ensuring both economic stability and navigation safety. The
integration of Zero Trust, blockchain, and intelligent monitoring provides a
practical foundation for robust defense. Although these measures require
additional investment and technical expertise, the benefits of improved
resilience and reduced downtime far outweigh the risks of inaction. The
shipping industry must continue to develop, test, and adopt such
cybersecurity models to guarantee secure and reliable global transportation
in an increasingly digital era.
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PRACTICAL ASPECTS OF DEVELOPING AN OBJECT
TRACKING SOLUTION
Ph.D. O. Laktionov, Ph.D. A. Yanko, Ph.D. A. Hlushko,
Dr.Sci. V. Krasnobayev
National University «Yuri Kondratyuk Poltava Polytechnic», Ukraine

Anomauia. Hagedeni pesyiomamu Hanpayioans wooo peanizayii piwieHHs 0as
8IOCIOKOBYBAHHA 00 €KMI8 I3 MOXNCIUBICIIO 30IUCHIO8AMU NOBOPOM Kamepu Ha
0CHOGI NPO2HO3068aH020 3HAYEHHA cusHay. JJocniodiceno meopemuyti ma npaKmuyni
OCHO8U pO3POOKU MoOeell HeUPOHHUX Mepedxc Osl NPOSHO3VBAHHS CUSHANIE
enekmponpugooa. Po3pobneno minimanvHo npayioioue piuienns, sike I0CTIOKO8ye
00’exmu y 6i0e0nomoyi ma Kopezye Kamepy 3a1edCHO 6i0 PyXie CHOCMEPENCY8aAHUX
006 ’ckmis.

Knwwuosi cnosa: xomn’iomepuuti 3ip, wmyuHuil IiHmeneKm, OOHONIAMHUL
Komn romep.

Abstract. The paper presents the results of work on implementing a solution for
object tracking with the ability to rotate the camera based on the predicted signal
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value. Theoretical and practical foundations of developing neural network models
for predicting electric drive signals have been investigated. A minimally viable
solution has been developed that tracks objects in a video stream and adjusts the
camera according to the movements of the observed objects.

Keywords: computer vision, artificial intelligence, single-board computer.

CyvacHHWld HAyKOBUH JUCKYpC 3HAYHOIO MIpOI0 30CEpeDKEHUN Ha
mpoOJIeMaTHIli 3aCTOCYBaHHS IITYYHOTO iHTENEKTy. HasiBHI mocCIimKeHHS
JIEMOHCTPYIOTh TEHJCHLII0 10 yHiBepcaiizauii po3poOOK Ta pO3MIMPEHHS
cdep ix npakTrnyHOro BuKopuctaHHs [1]. [Toka3oBuM y 1IbOMY KOHTEKCTI €
JOCTIJKCHHST [2], y SKOMY TMpPEACTaBICHO MOJCIb HEWPOHHOI MEpexi,
MpU3HAayYeHy Ui peamizalii 1HTEJIEeKTyaJbHOT'O YIPaBIiHHS JBUTYHOM
renikontepa. Llg mpaus crama miarpyHTSIM s pOpMyBaHHS HAayKOBOTO
iHTepecy aBTOpIB Ta BH3HAYMJA JOUITBHICTH MPOBEAEHHS JIOCIiIKCHb,
CTIPSIMOBAaHMX Ha 3aCTOCYBAaHHS TEXHOJOTIH KOMII IOTEPHOTO 30Dy IS
PO3B’sI3aHHS IPUKIATHAIX 3aB/IaHb ¥ chepi eTeKTPOTEXHIKH.

HocmimkeHHs Tpoxomwro y Kimpka eramiB. Eram | mepenbauas
po3poOKky 6a30Boi TporpaMu TPEKiHTYy O0’€KTiB CKIagHUX (opM, SKY
peamizyBanu Ha HOYTOyIi, a MOTIM Ha OJHOIIATHOMY KOMII FOTEpi.
IIpob6nemoro peanizallii pillieHHs Ha OJHOILIATHOMY KOMIT IOTEpi € TOCTiiHe
oHOBJNeHHs OiOmiorek. Ile moTpedye 0AAaTKOBOrO BHBUYEHHS HOBOTO
¢dyHKIiOHATTY.

Iicns peanmizamii ©0a30BOi Mojeni 3AIMCHIOBANIKMCS HAMpalfOBaHHS
KacToMizarii icHyro4oi. Etan 2 mepembauaB momIyk croco0iB po3poOKu
HOBOi Mozeni TpekiHry. Ha 1pomy erari OpieHTHPOM CTajM pe3ysbTaTh
mocmikeHHs [3], y SAKOMY TIpeACTaBICHO METONWYHUHA MiAXid 10
BJJOCKOHAJICHHSI MOJIENI MpOrHO3yBaHHA. PoOoTa Hax po3poOiaeHHSIM HOBOL
MOJIEIi KOMIT TOTEPHOTO 30pY TPHBAE.

Etan 3 mepembauaB po3poOKy €NEKTPUYHOI CXEMHU TOCITIKCHHS, IO
CKlajanacsi i3 OJHOIUIATHOTO  KOMIT'IOTEpa, KpPOKOBOTO  JIBUT'YHA,
BilecOKaMepH, sKi OyTM MOHTOBaHI y CTBOpeHHWi kopmyc. Takox oOpaHO
Mozieb HeifponHoi Mmepexi Long Short-Term Memory, ska onTUManbHO
onucyBajia BXiJHWI CHIHaJ Ta 3/IHCHIOBaJa MPOTHO3 Ha KiJIbKa CEKyHI
Briepea. Lle M03BOJIMIIO CTBOPUTH MPOrpaMHy peaizailiio pyxiB KamMepH 3a
00’€KTOM TpeKiHTy Ta JabopaTopHuii cteHs (puc. 1).
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Pucynok 1. MaxeT cTBOpEHOT0 1a00OPaTOPHOTO CTEHAY I BUBYCHHS
3a[a4 CyImpoBOy 00’ €KTiB

Sx mokasaHo Ha pHCYHKY 1, mabopaTopHuii CcTeHA 00’€mHye BCi
eJeMEHTH y e€auHoMy Kopmyci. Ha 1miii ocHoBi cdopmoBaHOo 0Oa3oBuid
MPOTOTHUII CUCTEMH CYIPOBOAY OO0’€KTIB, SKHA Ha JaHOMY eTarli
XapaKTePU3Y€ETHCS TICBHUMHU TEXHIYHUMH OOMEKECHHSIMH, 30KpeMa BiTHOCHO
BHUCOKMM pIBHEM NOXHOKM Ta OOMEXEHOI0 IallbHICTIO CIpAlOBaHHS
(mpubmuszHo 110 50 MeTpiB).
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DATA ACQUISITION SYSTEMS IN MAINTENANCE CONTEXT
0. Romanenko!, Dr.Sci. A. Kupin 2, Dr.Sci. D. Zubov?, Ph.D. V. Holiver*
124 Kryvyi Rih National University, Ukraine, 3University of Central Asia, Kyrgyzstan

Anomauia. 30iiCHeHHs ~MeEXHIYHO20 00CNIY208Y8AHHS HA OCHOBI CMAHY
CRUPAEMbCSL HA OQHI NPO CIMAH 00'€Kma, MoMy YCRIWHA peanizayisi mako2o muny
MEXHIYHO020 00CTY208YBAHHA 3HAYHOIO MIPOIO 3ANedCUms H@pacmpykmypu 360py
danux. Ha ocnosi nimepamyproeo ananizy 0yio eusHaueHo yHkyii cucmem 360py
Oanux ma 30iliCHeHO OeKOMNOo3uyilo npoyecy 360py OaHUX HA MpU OCHOBHI
niocucmemu: GUMIPIOBAHHS, KOHOUYIOHYBAHHS mMa nepedasants. 3anponoHoeano
MoOeni KOJHCHOI 3 nidcucmem ma Mooeb cucmemu 360py OAHUX 8 YiioMY.

Knwuoei cnosa: Jlani, 30ip Oanux, cucmema 300py OaHUX, MmexHiyHe
00Cny208y6aHHs, MOOEb

Abstract. Condition-based maintenance (CBM) relies on assets' health
monitoring data to plan and execute maintenance actions. Hence, the success of
CBM implementations depends heavily on the quality and reliability of their
underlying data acquisition infrastructure. Through systematic literature analysis,
we decomposed the data acquisition process into three fundamental subsystems:
measurement, conditioning, and transferring. Each serves a distinct purpose in
transforming physical phenomena into usable digital information. Models for each
subsystem and a model for the overall data collection system are proposed

Keywords: Data, Data acquisition, Maintenance, Condition-based maintenance,
model

31 pPO3BUTKOM BHMIpIOBaJIbHOI TEXHIKH, 3ac00iB Ta METOHIB 00OpoOKH
JIAHUX CTaB MOXKJIMBUM IEpeXiJ| 10 IPUHIIMIIOBO HOBUX METO/IIB OpraHizaiii
TEXHIYHOTO OOCIYroByBaHHs, sIKi 0a3ylOThCS HA BPaxyBaHHS PEaTbHOTO
MOTOYHOTO cTaHy oOnamHanHs. Cucremu 300py manux (Data Acquisition
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Systems) BUCTYMaOTh KPUTUIHO BKIUBOIO JTAHKOIO B Iil TpaHChopMaIii,
sgKa HaJa€ NaHi JUIsl TPUUHATTSA PIllIeHb IMOJO0 IMPOBENEHHS TEXHIYHOTO
00CITyroByBaHHS.

y Cucrema
BumiptosanbHa MNepepasanbHa
> 06p0o6KM >

cuctema cuctema

cuUrHany

A
Lxxepeno Cucrema
BaHUX NpU3Ha4yeHHA

Pucynok 1. Ctpykrypa cuctemu 300py TaHUX

BusnaueHHs cucTeMH 300py JaHMX MOXIIMBE 4Yepe3 BH3HAUCHHS
nporiecy 360py manux. Tak, y pobori [1] cTBepmkyeThes, 110 30ip qaHuX Ie
MpoIiec OTPUMaHHS HEOOpOONEHMX NaHWX Y BHIJIALI ENEKTPHYHHX abo
iHmUX QI3WYHAX SBUII 3 PI3HAX [DKEpeNl Ta MEepeTBOPEHHA IX Y
BHUMIPIOBAJIFHUM CUTHAI, IPUAATHUNA AT 0OpOOKH. 3TiTHO 3 BH3HAYCHHS y
[2] 36ip mammx —Iie mpolec OTPUMAHHS CHTHATIB 3 pEaJbHHX DKepeln
BUMIPIOBaHHS Ta OLM(PYBaHHS LUX CUI'HAJIB JUId 30epiraHHs, aHali3zy Ta
npencrapineHHs. Busnauenns y po6oti [3] 3Byunts Tak: 36ip maHHX — Iie
npolec BUMIpPIOBaHHS (I3WYHUX JaHUX 1 NEPEeTBOPEHHS PE3YNbTATIB Y
mudpoBy ¢dopmy, ska Hajgami 0OpOONSEThCS IEBHOIO CHUCTEMOIO. B
KOHTEKCTI TEXHIYHOrO OOCIyroBYBaHHS MHpOIEC 300pYy JaHHX IOJISArae B
OTPHMaHHI KUIBKICHUX 3HAaYeHb MapaMeTpiB MOCTIIKYBaHOTO O0'€KTa y
¢dopmi, mpumaTHIA anA momanemioi oOpoOkum Ta aHamizy. Ha pucysky 1
HaBE/ICHO CTPYKTYPY CXEMY CUCTEMH 300py AaHHX.

MaremMaTuyHO cHucTeMa 300py JaHHX MOXKe OyTH IpelcTaBieHa SK
KOMTO3HIIis PYHKIIHN 1T MicHCcTeM:

DAS = M oY, o T, @)

ne: M — QyHKIisS BUMipIOBaHHS,

Y. — dynxuis 06pobxy;

T — dynkuis nepegaBaHus

BumiproBanHs Moxke OyTH NpejcTaBieHe K QYHKIS BiJOOpaKeHHS:
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M: d S, )
ne: © — npocrip ¢izugHOrO ABMIIA;
S — mpocTip BUMiprOBaNbHOTO CUTHAITY.

ITporec 06poOKM BUMIPIOBAIBLHOTO CHTHATY MOXKe OyTH TpeCTaBIeHUI

TaK:

XEXIE?XZE}...C_“,}!_ 3)

ne: X - BXIIHWNA CUTHA,

Y - Buxiguuii cursai,

C; - omreparop 06poOKH (KOHANIIOHYBaHHS);

N - 3araypHa KiTBKICTh ONepaTOPiB KOHAHUITIOHYBaHHS.

Mopenb nepenaBaIbHOI CHCTEMH MOXe OyTH (OpMaybHO MPEACTaBICHA
K KOPTEXK:

T = (5,T,,C,R,, D), )
me: S - mxepeno (y UIpOMY BHUMAOKy JDKEPEIOM € CHCTeMa OOpOOKH
CHUTHAIY);

Tx - byHKIis IepenaBaya,

C - pyHKmis kaHamy 3B'3KY;

R - byHkuis npuiimaya;

D - cucreMa Ipu3HaYeHHS

3anporoHOBaHa MOJENb MPEACTABIsE€ cUcTeMy 300py JaHUX K
TTOCTIIIOBHUH TIpOIIeC BUMipIOBaHHS, 0OPOOKH Ta Tepenadi, A€ BUXil KOXKHOT
MICUCTEMH € BXOAOM s HACTYMHOI, (OPMYIOYHM LUTICHHN JaHIIOT
TpaHCcopMarlii Ta mepenadi JaHUX IS TTIOAAJIBIIOTO aHATi3Y.
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DEVELOPMENT OF A WEB RESOURCE TO SUPPORT REAL-
TIME ENVIRONMENTAL STATUS DETERMINATION USING
DRONES
Ph.D. O. Ivanov, P. Khorolskij
Odesa Polytechnic National University, Ukraine

Anomauia. Y pobomi npedcmagneno eebpecypc i3 2eoiHpopmayiliHo0
NiOMpUMKOI0 01 8i000PAdCEHHA Mapuipymie pyxy Oe3nilomuux JimansHux
anapamis (BI1JIA), wo suxopucmosylomscs 014 BUMIPIOBAHHS NAPAMEMPI6 O0BKILIIA
3a 00NOMO2010 PI3HUX OAMYUKIE, a MAKOXC aHanisy 3ibpanux oanux. Po3pobnenuii
sebpecypc 00360J151€ 3a6AHMANCYBAMU MAPWPYMU NOTbOMIB, NePeiA0amU GUMIPAHI
Oawni 3 Ooamuukis, obupamu napamempu 01 6I000PAXiCeHHs MAa THMePAKMUBHO
npayreamu 3 Kapmorw y eedinmepghelici.

Knrwuosi cnosa: FIIJIA, mapwpymusayis, eceoinghopmayitina cucmema,
MOHIMOPUH2 QOBKILIA, MyTbImucnekmpaivia kamepa, OpenStreetMap, Leaflet.

Abstract. A web-resource with geo-information support is presented for
visualizing the flight paths of unmanned aerial vehicles (UAVs) used for
environmental parameter measurement. This resource displays data collected by
various sensors and facilitates analysis of that data. The developed web-resource
allows users to upload flight routes, view measured sensor data, select parameters
for visualization, and interact with a map within the web interface. This system
provides a comprehensive tool for environmental monitoring by integrating UAVs
flight data with a user-friendly, interactive geospatial platform.

Keywords: UAVSs, routing, geographic information system (GIS), environmental
monitoring, multispectral camera, OpenStreetMap, Leaflet.

Beryn. Ha i 3pocraroumnx norped y MOHITOPUHTY CTaHy AOBKULIS B
pexumi  peanbHoro uacy [1,2] BuHukae mnotpeba 'y  po3poOii
IHTENEKTYaTbHUX CHCTEM, IO J03BOJISIOTH Bi3yali30BYyBaTH HaHi, 3i0paHi 3
JATYUKIB 13 BUKOPHCTAaHHSIM Oe3MUIOTHHX IiTanbHuX amapatiB (BITJTA).
Buxopucranas BIIJIA  nmo3Bomsie  omepaTMBHO  30MpaTH  JaHi 3
BaXKOJOCTYITHUX MiCIlb, II0 B TOEIHAHHI 3 BeOpecypcoM 3abe3meuye

44



Materials of the X111 International Scientific Conference
«Information-Management Systems and Technologies»
24th — 26th September, 2025, Odesa

MIBUJIKUN JOCTYH Ta Bi3yali3almiio TeoNnpOCTOPOBUX MaHWX IS NPUHAHSATTS
pimenp. Taka cucTemMa € iHHOBAIIMHUM IHCTPYMEHTOM JUIsI €KOJOTiYHOTO
MOHITOPHHTY, IO MiABUIIYE €(PEKTUBHICTh Ta TOYHICTh aHANi3y CTaHy
noBkiwtst. Hapasi ma 6a3i kadenp ¢isuxu ta indopmarniiianx cucrem HY
«Onecpka TONTEXHIKa» BiAOYBAIOTHCS JOCTIKEHHS 3 JTAHOI TEMaTHKU Y
paMKax TpaHTOBOTO HAyKOBO-TEXHIYHOTO NPOEKTY «lHTeIeKTyaibpHa
cHcTeMa BU3HAUYEHHS CTaHy JIOBKULIA y pealibHOMY 4aci Ha 6a3i BITJIA».

OcHoBHa vacTuHAa. Ha naHuii MOMEHT y MOJBOBHX JOCIHIIKEHHIX
BHUKOPHCTOBYEThCSI caMocTiitHO 310panuii BITJIA, y sikoMy B SIKOCTI JaTymka
BHUKOPHCTOBYEThCSI MyJIbTHCIIEKTpaibHa kamepa LaQuinta NDVI Sensor. ¥
MoJanblIoMy Iepea0dadacTbCsi TaKoXX BUKOPUCTAHHS MarHiToMeTpa, a
TaKOX IHMMX naTdukiB. Ha manomy erami maHi Hamxomsth daitnoBo (i3
30BHIHBOTO HOCiA) y Burmaai CSV-gaitmiB i3 KoopauHaTamMu Ta
BUMIpSIHUIMH 3Ha4YeHHAMH, a Takoxk 4-kaHanmeHuX 1IFF 300paxens 3
KaMepH.

Hus  po3pobkm  BeOpecypcy Oyna BHKOpHCTaHa KIi€HT-CEpBEpHA
apXiTeKTypa:

KJieHT (BeOiHTepdeiic) BimoOpaxkae KapTH, MapIIpyTH Ta BUMIpIOBaHi
JlaHi;

cepsep npuiimae nani Big BITJIA ((daiinu 3 koopauHaTamu, 300paKeHHS
To110), 30epirae ix y BJ] Ta ¢aitnoBomy cxoBuiIli;

6aza nmanux min ynpaeniasM CYBJ] MongoDB MicTuTh MapuipyTy,
rapaMeTpH CepeIOBHIIA Ta iCTOPiI0 BUMiPIOBAHb;

xMmapHe cxopuiie MinlO BUKOPUCTOBYEThCS sl 30epiraHHs 300pakeHb
13 MyJIBTHCIIEKTPAIIbHOI KaMepH;

Moxyns MoHiTopuHTy (Prometheus, Grafana, cAdvisor) 3abesmedye
KOHTPOJIb CTaHy CHCTEMH.

Js BimoOpaskeHHS KapT i MapUIpyTiB BUKOPHUCTOBYETHCS Oi0iioTeka
Leaflet (puc. 1):

MapIIpyTH 3aBaHTAXKYIOThCS Y BUIIIsAl Habopy GPS-koopanHar;

Ha KapTy MO)KHa JJOAaBaTH KiJIbKa MapIIpPyTiB i3 JaTOIO Ta 4aCOM;

NpU HaBeJIEHHI Kypcopa Ha TOYKY MapIIpyTy BiIOOpaKaroThCsi BUMIPSIHI
napameTpu;

KapTH TMIBaHTAXYIOThCs 3 Biakputux mkepen (OpenStreetMap),
repedaveHa MOKIIMBICTh OJABaHHS APy peibedy UM aIMiHICTPATHBHUX
MEX.
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-+ Drone Route Viewer Route: 68add5114bcc663fc3c78cbe
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Pucynoxk 1. Expanna gopma BimoOpakenas mapmpyty BITJIA
BucHoBku. Po3pobnennii BeOpecypc 3a0e3rnedye iHTEpaKTHBHE
BimoOpaxxeHHs1 MapmipyTiB monboTiB BIIJIA, 3aBaHTakeHHS Ta aHawi3
€KOJIOTIYHUX JaHUX Yy peaJbHOMY 4aci. ApXiTeKTypa CHCTEMH € THyYKOIO i
JI03BOJISIE PO3IIUPIOBATH MEPENIK CEHCOPIB, IHTErpyBaTH JI0JaTKOBI MOAYJI
00poOKM maHMX Ta 3a0e3nedyBaTH HAYKOBI W INPAaKTUYHI 3aBAaHHS 3
MOHITOPHUHT'Y JIOBKIJLIS.
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OVERVIEW OF PHOTOGRAMMETRY AND NEURAL NETWORK
TECHNOLOGIES FOR FUTOMATED 3D RECONSTRUCTION
A. Koldunova, V. Oliinyk, S. Smyk
Odesa Polytechnic National University, Ukraine

Anomauia. [lposedeno oenad cyuacHux memooie mpusuMipHoi peKoHcmpyKyii
Ha 0CcHOGI yupposux 300pasicens. Busnaueno kuo4osi emanu KiacuiHo20 KOHEEEPA
domoepammempii  (Structure  from Motion ma Multi-View Stereo) ma
NPOAHANi308aHO iX cunbHi i c1abKi cmoponu. Posensinymo Hetipomepedicegi nioxoou,
sokpema  Neural Radiance Fields, sxi 3abe3neuyiomv  6ucoxkuil  pieeHb
domopeanizmy, ma memoo 3D Gaussian Splatting, wo noeconye weuokooito 3
akicmio  pekoHcmpykyii.  Haeedeno — pesynomamu  nopieHanbHo20 — aHANi3y
2eoMempuyHUX,  IMALIYUMHUX —ma  seHUx — penpesenmayiu  cyen. Ilokazano
nepcnekmusu  iHmezpayii  3a3HAYEHUX MeXHON02il Y Npogeciini  npocpamHi
Komnaexcu ma Mmobinoni oodamku (Polycam, Luma Al), wo 3abe3neuyiomo
docmynnicme 3D-cramnyeanns Ons WUPOKO2O KOIA KOPUCIYBAUI8.

Knrwwuosi cnosa: omoepammempis, Structure from Motion, Neural Radiance
Fields, 3D Gaussian Splatting, netiponnuii penoepune, 3D-pexoncmpyxyis, MoOiibHi
000amxu.

Abstract. A review of modern methods of three-dimensional reconstruction
based on digital images has been conducted. The key stages of the classical
photogrammetry pipeline (Structure from Motion and Multi-View Stereo) have been
identified and their strengths and weaknesses analysed. Neural network approaches
are considered, in particular Neural Radiance Fields, which provide a high level of
photorealism, and the 3D Gaussian Splatting method, which combines speed with
reconstruction quality. The results of a comparative analysis of geometric, implicit,
and explicit scene representations are presented. The prospects for integrating these
technologies into professional software packages and mobile applications (Polycam,
Luma Al) that make 3D scanning accessible to a wide range of users are shown.

Keywords: photogrammetry, Structure from Motion, Neural Radiance Fields, 3D
Gaussian Splatting, neural rendering, 3D reconstruction, mobile applications.
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doTorpammerpis SK rajqy3b BUHHKIA Ha OCHOBI CYBOPUX F€OMETPUYHHX
MIPUHIIAIIIB 1 CTaJIa OJHAM 13 KITIOYOBHX METOJIB BiATBOPEHHS TPUBHMIPHUX
00’€KTiB Ha OCHOBi JBOBHMIpHHUX 300paxkeHb. CywdacHmid miaxin Structure
from Motion (SfM) no3BoJis€e BiTHOBIIOBATH HE JHIIE MPOCTOPOBY
CTPYKTYpPY CLIEHH, aje W mapaMeTpH Kamep, BKJIIOYAIOUHN iX IMOJIOKEHHS Ta
opienrariro [1].

Lei MeTo1 € OCHOBOIIONIOXHUM ISl KITACHYHHUX CUCTEM KOMIT I0TEPHOTO
30py, OCKIUJIbKHM 3a0e3ledye OTPHUMaHHS pPO3PILKEHOI XMapu TOYOK Ta
BHU3HA4YeHHs1 reoMerpii cuenu. PobOoumit mpoumec SfM ckiangaerses 3
JICKITBKOX TMOCIIJIOBHUX €TaliB: EKCTPaKiii O03HaK, iX 3iCTaBIICHHS,
reoMeTpuyHoi Bepudikanii 3a gonomororo airroputMy RANSAC Ta
onTUMi3alli mapameTpiB kamep i TOYOK depes Tak 3BaHe bundle adjustment.
3aBIAKU IIHOMY 320€3MeUy€eTHCS TOUHICTh METPUIHHUX PEKOHCTPYKIIiH, siKa €
KPUTHYHO Ba)KJIMBOIO JJISI HAYKOBHX JIOCIIKEHb, apXeoJIoTii, reonesii Ta
kaptorpadii. I[Ipote MeTomm ¢doTorpamMmeTpii MarOTh CyTTEBI OOMEKEHHS,
30KpeMa y BHUIAIKaxX BiITBOPCHHS TIOBEPXOHb 13 HHU3BKHUM piBHEM
TEKCTYPOBAHOCTI, M3EepPKAILHUX a00 MPO30pUX O00’€KTIB, NI¢ 3iCTABICHHS
O3HaK CTa€ NpoOJIeMaTHYHNM.

[lpopuB y ramy3i TpUBHUMIpHOI pEKOHCTpyKUii 3a0e3mednin
Helipomepexesi minxoau, 30kpema Neural Radiance Fields (NeRF). Ha
BiZIMIHY BiJI FeOMETPUYHO opieHTOBaHMX MeroliB, NeRF onmcye cueny sk
HelepepBHy I’ ITUBUMIpPHY (YHKIIIO, siIka BH3Haua€ 00’€MHY TYCTHHY Ta
Komip y Oymp-sKifl TOWIlI TPOCTOpY IS 3aJaHOTO HANpsSMKY orisimy [2].
He#t miaxim mo3BoJis€ MOAETIOBATH CKIAJHI Bi3yanbHi €(eKTH, Taki SK
I3epKalbHI BINOWTTS YW 3aJIOMJICHHA CBITJIA, IO € HEJOCTYITHHM JUIS
KJIAaCHYHOI (OTOTpaMMeETpii.

Hapuanus NeRF 3xificHIOETBCS B CaMOKOHTPOJIBOBAHOMY DPEXKHMi, i€
Mepexa ONTHMI3ye CBOi IapaMeTpH, MIHIMI3YIOUd pI3HHIIO MiX
BIIDEHIIEPEHUMH Ta pEaJbHUMH 300paKEHHSAMH CLEHH. | OJIOBHOIO
NepeBarol0 € 3JIaTHICTh CTBOPIOBATH HOBI PakypcH 3 BHCOKHM piBHEM
¢dotopeaniamy, 1m0 pPOOMTH METOX AaKTyalbHHM JUIsL  Bi3yasisariii,
kinematorpadii, AR/VR ra irop. Pa3om 3 Tum, ocHoBHuM Henonikom NeRF
3aJIMIIAETHCS. Oro OOYMCIIOBaIbHA CKIIA/HICTB: MPOLIEC HABYAaHHS 3aiiMae
TOJVIHY Y1 HaBITh JHI, 2 pCHISPUHT BiOyBa€ThCS HAI3BUYAHO TIOBIJIHHO.

[onmanpmmii po3BUTOK TeXHONOTIH mpuBiB a0 mosBu 3D Gaussian
Splatting (3DGS) — iHHOBaIiWHOrO MiAXOLY, SIKUH MOEAHYE IepeBaru
TEOMETPUYHUX Ta HelpoMmepekeBux meroniB [3]. Ha Bimminy Bim NeRF, ne
CIICHa OINHMCYEThCS Baramu OararomapoBoro meprentpoHa, y 3DGS Bona
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IpeCcTaBiIeHa HAa0OpOM SBHHX TPHMITHBIB — TPHUBHMIpPHHX TaycCiaHiB.
KoxeH rayciaH xapaKTepU3yeTbCs TOJOXKEHHSIM y TpocTopi, (Hopmoto,
OpIEHTAITIEI0 Ta KOJHOPOM. 3aBISIKM ITbOMY JOCSTAEThCA OallaHC MK
TOYHICTIO Ta MIBUKICTIO.

Bizyamizarmis y 3DGS 6a3yerbes Ha audepeHniioBaHid pacTepu3arii,
sika 3a0e3reuye NMPOAYKTHBHICTH y pealbHOMY 4Yaci HaBiTh AJS BEIMKHX
cueH. Kpim Toro, MexaHi3M aJlanTUBHOT 3MiHHM TYCTHHH TayCiaHiB J03BOJISIE
MUHAMIYHO JIETATi3yBaTH TCOMETPI0 TaM, NI¢ IIe¢ HEeOOXiTHO, 1 BHUOATATH
HENOTPiOHI eJIeMEHTH.

[NopiBHsnbHMI aHami3 Tppox mnapamurM — (ororpammerpii, NeRF Ta
3DGS -~ nokadye eBONIOUIMHMI  XapakTep PpO3BHTKY  rajys3i.
@dororpammerpiss 3abe3medye BHCOKY TOYHICTH Ta CYMICHICTH i3
KIACHYHUMHU IHCTpyMEHTaMH pelIaryBaHHA, ajle € YyTIUBOIO [0
BnactuBocTell  moBepxoHb. NeRF  rapanrye  HaiiBumuii  piBeHb
(dotopeanizmy, pote cTpakaae Big Hu3bKoi mBuakomii. 3DGS nemoHCTpye
KOMIPOMICHUH MiAXil, MOEIHYIOUN SKICTh BIITBOPEHHS 31 MIBHIKICTIO, IO
JIO3BOJISIE BUKOPHCTOBYBAaTH HOro y peambHOMy 4aci [4]. Takum 4yuHOM,
KOXKEH METOJ Ma€ CBOIO HIllly 3aCTOCYBaHb: BiJl I'€0JIE3UYHHX JIOCIIDKEHb
JI0 IHTEpaKTHBHUX pO3Bar Ta HU(poBOi KyIbTypHOT CIIa/IIINHH.

CyvacHi TeHAeHIii TaKoX CBiUaTh PO IHTErpamilo UMUX TEXHOJOTIH y
MacoBi MoOinbHI monmarku. Taki iHcTpymenTH, sik Polycam ta Luma Al,
pobusite 3D-ckaHyBaHHS JIOCTYITHMM JUISL IIMPOKOTO 3araily, JO3BOJISIOUN
CTBOPIOBATH TPHBHMIPHI MOJEJI HaBiTH 3a JOIIOMOTOI0 3BHYAifHOI KaMepu
cmaptdona [5]. Polycam moenHye doTOorpamMmerpiro 3 MOXKIHBOCTSIMHA
LiDAR (ans mpucTpoiB, fKi HOTO MiATPUMYIOTH), Tomi sk Luma Al
(okycyeThCs Ha HEHPOHHOMY PEHIEPHHTY, 3acTocoBytoun MeToan NeRF Ta
Gaussian Splatting.

3aramoM, po3BHTOK (oTorpaMMeTpii Ta HEHPOHHWX  IIiJIXOJIB
JEMOHCTPYE PYX Bii TCOMETPUYHO OPIEHTOBAHUX METOJIB JO TIOPUIHUX
TEXHOJIOTIH, 3AaTHUX 00’€HYBAaTH TOYHICTh, (OTOpEAsTi3M 1 IIBUAKOJIIIO.
[lepcrieKTUBHUM HANpsSIMOM € TMOJAJIbIle MOEJHAHHS METOIB y TiOpHIHUX
cucTeMax, 10 3MOXYTh aJalNTHBHO BUKOPHCTOBYBAaTH CHJIbHI CTOPOHH
KO’KHOT TEXHOJIOTIT 3aJIe)KHO BiJl KOHKPETHOTO 3aBIaHHS.
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Anomauia. 3pocmarouuii nonum Ha Oe3neuyHy nepeoavy OAHUX )y MOOITbHUX
KILIEHM-CEPBEPHUX 3ACMOCYHKAX, OCOONUB0 MUX, WO MO8 A3aHI 3 0COOUCMON ma
yymaueorw iHgopmayielo, 3ymMo6u0E HeOOXIOHICMb BUKOPUCTNAHHA eDeKmUEHUX
Kpunmozpagiunux mexauizmie. Y yiti pobomi npedcmagienHo nioxio 2iopuoHoeo
wugpysanHs 0 3axucmy 300pajcenb idci, wo nepedardmvcsi 3 MOOLIbHO2O
3acmocynky Ha cepsep ons kracugpixayii. Cucmema 6UKOPUCOBYE CUMEmMpPUUHe
wugpysannsn (AES) ons 3abe3neuenus KoHGIOeHYIUHOCMI 0AHUX MA ACUMEmpPUYHe
wugpysanna  (RSA)  ora  Oesneunoco  obminy  xkmouamu.  Ilpogedeno
eKCnepuMeHmanvHe oYiHeantsa 0l nopieHanHs npooykmuernocmi AES, RSA ma ix
2ibpuonoi KombiHayii 3a uacom wugpyeanHa ma ckiadHicmio. Pezyismamu
noxkasyioms, wo 2iopudHull nioxio docsieae 30ANAHCOBAHO20 KOMUPOMICY MidC
besnexkoro ma egexmusnicmio, 3abe3neyyiouu HAOIUHUL 3aXUCT (3 MIHIMATbHUMU
sumpamamit pecypcis.

Knwwuosi cnosa: ciopuone wugpysanns, AES, RSA, kpunmoepaghis, .NET
MAUI, Python.
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Abstract. The increasing demand for secure data transmission in mobile client-
server applications, particularly those involving personal and sensitive information,
necessitates the use of efficient cryptographic mechanisms. This paper presents a
hybrid encryption approach for protecting food images transmitted from a mobile
application to a server for classification. The system employs symmetric encryption
(AES) for data confidentiality and asymmetric encryption (RSA) for secure key
exchange. The implemented solution integrates cryptographic modules using
System.Security.Cryptography on the client side and PyCryptodome on the server
side. Experimental evaluation was conducted to compare the performance of AES,
RSA, and their hybrid combination in terms of encryption time and complexity. The
results demonstrate that the hybrid approach achieves a balanced trade-off between
security and efficiency, providing robust protection with minimal overhead.

Keywords: hybrid encryption, AES, RSA, cryptography, .NET MAUI, Python.

In the era of widespread deployment of client-server applications across
mobile and cloud-based environments, the protection of transmitted and
stored user data has become a critical concern. The increasing integration of
sensitive data such as health metrics, biometric information, and user-
generated content necessitates robust cryptographic mechanisms to ensure
confidentiality, integrity, and authenticity during client-server interactions
[1, 2]. One specific application domain that exemplifies these challenges is
digital health monitoring. Applications that involve food tracking, barcode-
based product identification, and smart scale data processing often require
transmission of personal data and images over networks. Consequently,
employing strong and efficient encryption techniques becomes imperative to
safeguard user privacy. Symmetric encryption algorithms like the Advanced
Encryption Standard (AES) offer high performance and are widely adopted
in practice, but they require a secure method of key exchange [3]. On the
other hand, asymmetric algorithms such as RSA provide secure key
exchange but suffer from computational overhead and limited throughput
when applied to large data payloads [4]. To balance the trade-offs between
security and efficiency, hybrid cryptographic approaches are increasingly
being adopted. These combine the advantages of symmetric encryption for
data confidentiality with asymmetric encryption for secure key exchange.
The research explores the comparative performance of AES, RSA, and a
hybrid AES+RSA scheme in the context of encrypting food images. The
goal is to identify an optimal encryption strategy that maintains a balance
between computational efficiency and security assurance, particularly for
environments with limited computational and network bandwidth resources.
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To safeguard food image data transmitted from the mobile client to the
server, the application integrates a cryptographic module based on a hybrid
encryption approach. This module combines AES for encrypting image
content and RSA for securely transferring the symmetric key. The
cryptographic modules were integrated using standard libraries:
System.Security.Cryptography on the client side and PyCryptodome on the
server side. The modular design ensured separation of responsibilities,
secure communication, and maintainability of the application.

The image encryption and transmission workflow (Fig. 1) consist of the
following steps:

1.  The user captures a food image using the mobile application.

2. A new RSA key pair is generated on the client device. The public
key is sent to the server.

3. Upon receiving the client’s public key, the server generates a
random AES-256 symmetric key.

4.  The server encrypts the AES key using the client’s RSA public key
and transmits the encrypted AES key back to the client.

5. The client decrypts the AES key using its private RSA key.

6. The food image is then encrypted on the client side using the
decrypted AES key (in CFB mode).

7. The encrypted image is sent to the server, where it is decrypted
using the original AES key.

8. The server processes the image using a convolutional neural
network (ResNet50V2) to identify the food class.

9. The classification result is sent back to the mobile client.

To evaluate encryption performance, the time of execution for
encrypting and decrypting image data was measured across three
cryptographic approaches: AES (symmetric), RSA (asymmetric), and the
hybrid combination of AES and RSA. Each test was repeated 3 times and
averaged to ensure consistency. The primary metric was the average
execution time (in seconds) required to securely prepare an image for
transmission and classification.
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Figure 1. Food image encryption and transmission

The following Table 1 presents a comparative analysis of the three
encryption approaches based on multiple criteria. The hybrid encryption
approach, which combines AES for data encryption and RSA for secure key
exchange, proved to be the most effective. It delivered the lowest encryption
time (0.88 seconds) while maintaining high security and ease of key
distribution. This method successfully protected food images during
transmission and allowed seamless integration with the classification model
on the server side.

Table 1.
Comparison of implemented encryption methods
Comparison
criteria AES RSA AES and RSA
One shared Private and public Key
Keys L
key keys combination
Key size 256 bits 2048 bits 256 atl)ni(tj82048
Time of 112's 34.04's 0.88 s
execution
Complexity of High Low Low
key management
Transfer of keys Difficult Easy Easy
Complexity Low High Medium
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Overall, the hybrid encryption model significantly improved the security
and efficiency of the system. It is recommended for similar applications
where sensitive multimedia data is transmitted over potentially insecure
networks and where both security and performance are critical. Future work
may include expanding the cryptographic scheme with digital signatures for
authentication and exploring post-quantum cryptographic algorithms to
future-proof the application.
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Anomauyia. Y oOawuii  pobomi  po3enaHymo  3aCmoOCY8aHHs  Memooig

IHMEeNeKMYanbHO20 aHANi3y OAHUX Ol BUABIEHHA 3AKOHOMIDHOCMEl B80CGIMHIX
Odanux. Ilpoananizoeano noeediHKoGi HOUKAMOPU, 30KPeMd aKMUGHICMb Ha
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HABUANLHUX NAAMPOPMAX, CE0EUACHICMb BUKOHAHHA 3a60aHb 1 3aNIyYeHHA 00
83aemo0ii. Tloxazano nepcnekmugHicms AcoyiamuerHo2o anaizy, Kiacmepusayii ma
¢axmopHozo ananizy 01s (POpMYy8aHHA AOANMUEHUX OCEIMHIX PieHb | PAHHLO2O
BUABNIEHHS PUSUKIG AKAOEMIYHOT HeYCNIUWHOCTI.

Knruosi cnosa: inmenexmyanvui memoou, 6UsAGNIeHHs NAMEPHIB, OCEIMHIOAHI,
inghopmayitini 06 'exmu, Kiacmepuzayis.

Abstract. This paper studies the application of data mining methods to identify
patterns in educational data. Behavioral indicators are analyzed, including activity
on learning platforms, timeliness of task completion, and engagement in interaction.
The potential of associative analysis, clustering, and factor analysis for forming
adaptive educational decisions and early identification of risks of academic failure is
shown.

Keywords: intelligent methods, pattern detection, educational data, information
objects, clustering.

Hudporsizamiss OCBITHROTO CEpENOBHINA IOPOKYE BEIHKI MAacHBU
OCBITHIX maHuX. Taki JaHi MOXXYTH CITy>KUTH JKEPEIoM IiHHOI iH(opMmartii
JUIL  TIpUHAHATTS.  OOTPYHTOBAaHMX  YHPABJIIHCBKMX Ta  IEJaroriyHuX
pimenb.BoHOUac OCBITHI JaHi XapaKTEpU3YIOTHCSI HU3KOK0 BHKIMKIB. I1o-
nepiie, BOHH 4acTo € ()parMeHTapHUMH, TOMY 110 3i0paHi 3 pi3HHUX JKepel
i 30epiraloTbcs B 130IbOBAaHUX CHCTEMax, L0 YCKJIJHIOE iX IHTerpauito Ta
nopiBusiHas.  Ilo-gpyre, 1i pgaHi  MaloTh HECTPYKTypoBaHMH  abo
HaIliBCTPYKTYpPOBaHUM  XapakTep, HampuKiIaa, TEKCTOBI  KOMEHTapi
BHKJIaJIaviB, 3aIMCH BiTbHOTO (hopMmaTy, dacosi joru fiif. [To-tpere, obesr
iHpopMarii, o reHepyeThes MIOAHA B MacIuTabax YHiBEPCUTETY UM IIKOJIH,
yCKIAOHIOE 11 pydyHWHA aHami3, poOIIYN HEOOXIMHWM BIPOBAKCHHS
IHCTPYMEHTIB aBTOMaTH30BaHO1 00OpOOKH Ta BUSBICHHS 3aKOHOMipHOCTEH.

Y 3B’M3ky 3 OUM BHHHKAaE OO’€KTHBHA IOTpeba B CHCTEMHOMY
3aCTOCYBaHHI METOJIB IHTEJIEKTYaJbHOTO aHalli3y JaHuX y cdepi OCBITH.
Taki MeToau J03BOJISIIOTH HE JIMIIE BHSBJISATH NMPUXOBaHI 3aJ€KHOCTI, SIKi
B)XKO NOOAYUTH NPH TPaJULIHHOMY Neperyisiai Tabiauip 4u 3BITIB, ane i
OynyBaTH aJanTHBHI MOJENl NPOTHO3yBaHHS NPOrpecy, BHSIBICHHS
PU3MKOBaHUX CHUTYyalild Ta mepcoHai3anii HaBuaHHA. [HTeNeKTyalbHUI
aHali3 JaHUX B OCBITI PO3MJIINAETHCS CHOTOJAHI SIK TMEPCIEKTUBHUN
IHCTpYMEHT U1 MATPUMKA  OOTPYHTOBAHOTO TIPHUIHATTS  PillICHb
BHKJIaZIadaMy, aJMIHICTpPALi€l0 Ta HaBiTh CAMUMH CTYICHTaMH, CIPHIIOUH
M IBUIICHAIO e()eKTUBHOCTI HABYAIBHOTO IIPOLIECY.
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OcCBiTHI JaHi OXOIUTIOIOTH HIMPOKHH CHEKTp iHPOpMaLifHUX 00’ €KTIB,
SIKi yTBOPIOIOTHCSI BHACHIIOK IIOIEHHOT B3a€MO/IIi CTYIEHTIB 13 HABYATLHUM
CePEIOBUIIIEM. Ha piBHI 0a30BUX aTtpuOyTiB HalJacrime
BUKOPHUCTOBYIOTHCSI OIIHKHM 3a TIOTOYHI Ta MiJICYMKOBI ()OpMU KOHTPOJIIO,
SIKi TO3BOJISIFOTH 3a(iKCyBaTH PiBeHb 3aCBOEHHS MaTepiany. [Ipore cami mo
co0l Il OLIHKHM € JIMIIE YaCTKOBUM IHIMKATOPOM IPOTpecy, L0 HE JaE
MOBHOTO YSBJICHHS IpO MOTHBALilO, 3YCHWUII YH JAWHAMIKy 3MiH Yy
moeeniHmi. Came ToMy Jiefani OLTBIIOTO 3HAYEHHS HAOYBalOTh MOBEIIHKOBI
Ta TNpOIeCyalbHI O3HAaKH, 30KpeMa: KiUIbKICTh BXOMIB y KYpC, TPHUBAJIICTb
nepeOyBaHHs Ha IJIaTGOPMi, CBOEYACHICTh BUKOHAHHS 3aBJaHb, KUIBKICTH
crpo0 TPOXOJDKEHHS TECTiB, BiJBIAYBaHICTh 3aHATh, IHTCHCUBHICTh
Tepernsay AOOaTKOBHUX pecypciB, piBeHb B3aeMomil y Qopymax dH
TPYNOBHX aKTUBHOCTSIX.

Jnsi BUABICHHS NPHUXOBAaHMX 3aKOHOMIPHOCTEH y TAaKOMy THII JaHUX
JOLUUTBHUM € 3aCTOCYBaHHS METOJIB IHTENEKTYaIbHOTO aHami3y, SKi
JIO3BOJLSIIOTH ~ TIpAamioBaTH 3  OaraTOBHMIpHUMH, JWHAMIYHAMH  Ta
Yaco3aJIeKHUMH CTPYKTypaMu. OnuH i3 6a30BHX MiJXOMIB — acOIiaTUBHUI
aHami3, 30kpema anroputmu Apriori abo FP-Growth, siki 103BONSIOTH
3HAlTH 4YacTOTHI MAOJOHM Ha KIUTAIT: <GIKIIO CTYAEHT Ieperisiae
Marepiaiy a0 AeiJiaiHy > 3 pasiB, TO HIMOBIPHICTh OTPUMATH OLIHKY BHUILE
85 OamiB 3pocrac Ha 30%». Takuii anamiz nae 3Mory (QoOpMyJroBaTH
IHTEpIIPETOBaHI NpaBHIa, SIKi MOXKYTh OyTH BUKOPUCTaHI JUIsl peKOMeH 1aiii
YW HTEPBEHUIH.J[pyruM BakKJIMBHM HAINpsIMOM € KIIACTEpHU3allisl — ITOMLT
CTYACHTIB Ha TPYIH 3a MOMIOHICTIO MOBEIiHKOBHX npodiniB. Hanpuknan, 3a
nmoromororo anroputMmiB k-means abo DBSCAN MokHa BUSBUTH TPYIH 3
BHCOKOIO aKTHUBHICTIO 1 CTa0UIPHUMH pe3yiabTaTaMH, HECTaOlIbHUX
CTYACHTIB 31 3HIKCHHSM IIOKa3HHUKIB y CepeAmHi ceMecTpy, abo X
MACHBHHUX YYaCHUKIB 13 MIiHIMaNbHUM 3allydeHHsM. Bisyamizamis mux
KJIacTepiB y IOEJHAHHI 3 YacCOBMMH pPsJIaMM J03BOJISIE BUSIBUTH THIIOBI
TPa€eKTOpii HABYAJILHOTO MPOrpecy Ta 30HH PU3UKY.TperiM aHaTiTHYHHM
IHCTpYMEHTOM € (haKTOPHHI aHai3, SKUH J03BOJISIE 3MEHIINTH PO3MIPHICTh
03HAKOBOTO MPOCTOPY Ta BUSBUTH JATCHTHI 3MiHHI — MPUXOBaHI YNHHHUKH,
SIKi BU3HAYAIOTh Bapiallito B yCIIIIHOCTI 200 HABYAJIbHIN TTOBEIIHIII.

3aramoM IIi METOAM JMO3BOJSIOTH HE JIHIIE IICHTU(IKYBAaTH TPYIH
CTYICHTIB 3a O3HaKaMM iX TIporpecy, a ¢ BHSBIATH CTPYKTYpHIi
3aKOHOMIPHOCTI, 9aCOBi 3CYBH, IPUIMHHO-HACIIAKOBI 3aJ€KHOCTI Ta paHHI
IHAWKATOPH PH3HKY, IO € OCHOBOI IJs iH(POPMOBAHOTO VIPABITiHHS
OCBITHIM IPOIIECOM Ha IHAMBITyaTbHOMY ¥ IHCTHTYIIHHOMY PiBHSX.
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KOLMOGOROV-SMIRNOV BASED DETECTION OF HIDDEN
DATA IN IMAGES
K. Tryfonova
Odesa National Maritime University, Ukraine

Anomauin. Y 00cniodceHHi npedcmasieno Hosull Memoo CmeeaHoepagiyHozo
aHanizy, npusHaveHuil 0N GUAGIEHH NPuxoeanoi iHgopmayii 6 yugposux
300pascenusx Oez nompebu 00cmyny 00 OpUCiHATbHO20 300padicens. I[1ioxio
IPYHMYEMbCSL HA CIMAMUCIUYHOMY AHAI3I CUHSYIAPHUX Yucel OIO0Kie Mampuyi
306pascenns i3 3acmocysanuam kpumepito Konamoeoposa-Cmupnosa. Memoo
0eMOHCMPYE BUCOKY MOYHICMb, OOUUCTIOBANIbHY eheKMUBHICIb | NPUOAmHicy O
BUKOPUCMAHHSL 8 PEJICUMI PedbHO20 Hacy ma npu 006pooyi eluKux 06¢s2ie 0anux y
cehepi kibepbesnexu.

Knrwuosi crosa: ingopmayivina besnexa, cmezanoepais, cmezanozpagiunuii
ananiz, yugposi 300padicen s, CUHSYIAPHUL PO3KIAO

Abstract. This study introduces and evaluates a novel steganalysis method for
detecting hidden information in digital images without requiring access to the
original image. The approach relies on statistical analysis of singular values from
image matrix blocks and applies the Kolmogorov-Smirnov test. It demonstrates high
accuracy, computational efficiency, and suitability for real-time applications and
large-scale data processing in cybersecurity contexts.

Keywords: information security, steganography, steganography analysis, digital
images, singular value decomposition

VY mudpory emoxy, Ae iHGopMallis € CTpaTeridyHAM PEecypcoM, 3pOCcTae
3HaueHHs ii 3axucty. [lopsa i3 kpunrorpadicro, BaIMBY pojb Biairpae
creraHorpadis, 110 AaKTUBHO  BHKOPUCTOBYETbCS Yy  BIiMICBbKOBI,
JUIUIOMAaTHYHIM Ta KOPIOpAaTWBHIM cdepax, ajie TakoXk 3alydacTbCsi i B
KiOCpP3IOYMHHOCTI. METOI JOCHIDKEHHS € TMiIBUIICHHS C(QEKTUBHOCTI
BUSIBJICHHS ITpUXoBaHoi iHdopmanii B iudpoBOMy KOHTEHTI 3a BiCYTHOCTI
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OpUTTHAILHOTO KOHTEWHEpa, NUIIXOM pPO3pOOKH METONY CTeraHOaHaJi3y,
3aCHOBAHOTO Ha CTATUCTHYHOMY aHAJi31 B MPOCTOPi TOJOBHUX KOMITOHEHT.
Po3BUTOK METONIB CTeraHOaHANi3y HEMOXJIMBHA 0e3 TapaielbHOTO
BUBYCHHS cTeraHorpagidHnx miaxoniB. He3Baxaroum Ha MOTEHINiaN
HEHpOMEPEeIKEBUX MoJeJel, IX 3acTocyBaHHSI OOMEXeHe HHU3bKOIO
IHTEPIIPETOBAHICTIO, 3aJEXKHICTIO BiJl HAaBYAJIBHUX JaHUX 1 BHCOKOIO
00YMCITIOBAJIBHOIO CKJIAAHICTIO. [IepCIEKTUBHUM HampsiMOM € CTBOPEHHS
riopuaanx Mopgenei. OcoOnMBY yBary NpHUBEPTAE NPOCTIP TOJOBHUX
KOMIIOHEHT, K eheKTUBHU 17151 BOyMoBYBaHHs iHpopmarii [1].

PosrisiHyTo MeTon creraHorpagdiqHoro BOy10ByBaHHS MOBIJOMIICHHS Ha
OCHOBI cuHTYIsIpHOro poskiany (SVD), 3anponoHoBanoro y [2]. Meron
JEMOHCTPYE BHCOKY MiCTKICTh, CTIHKICTh 110 crioTBopeHb i JPEG-cTicHeHHS
10 40%. IToBimoMIEHHS KOAY€eThCS B OIHApHY MOCHIIZOBHICTH. 711 KOXKHOTO
OmoKy Matpuii 300pakeHHS BUKOHYeThCS SVD, micims woro HaiOinmbIme
CUHTYJISIpHE YHUCIIO KBAaHTYETHCS 31 3MIHOIO MApHOCTI BiAMOBiMHO 10 OiTa,
mo BOymOByeThca. MeTon BHSBJICHHS Iependadae aHajoridHe OJIOKOBE
po30uTTs 300paxeHHs, BUKoHaHHI SVD Ta BU3HauYcHHs OiTa 3a MapHICTIO
KBaHTOBAHOTO 3HAuYeHHs. BcTaHOBIEHO, IO MapaMeTpH KBaHTYBAaHHS Ta
po3Mip OJIOKY BIUTMBAIOTh Ha CTIMKICTh 1 HEMOMITHICTB, a TaKOX MOXYTb
BUKOPHCTOBYBATHCH SIK YaCTHHA CEKPETHOTO KJII0Ya.

Hocnijpkenuit  Meroy 0a3yeTbcsi Ha  KBAaHTYBaHHI  HalOLIbIIMX
CHHTYISIDHUX 4ucesn OnokiB, 1o 3ale3nedyye nependavyyBaHICTb,
KOHTPOJIbOBAHICTh Ta 30€PEeXKEHHs Bi3yalbHOI AKOCTi 306paxeHHs. Voro
MaTeMaTHdHa (opMaltizallis J03BOJISIE PO3POOHUTH CTEeTraHOAHATITHIHHNA
MAXiA JUIS BUSBICHHS TIPHXOBAHMUX MOBINOMJICHb HABITH 0e3 OCTYITy 1O
OPHUTIHAIEHOTO 300payKeHHS YU KITFOYa.

3amponoHOBaHUN  METON  CTETaHOaHali3y NHU(PPOBUX 300pakeHb
TPYHTYETBCS Ha aHaNi31 CHHTYJSIPHHX YHCEN OJIOKIB MAaTpHI KOJIbOPOBOTO
kaHaiy. Meroz nepen6avae BuOip KaHally, KpOKY KBAaHTYBaHHs Ta PO3MIpy
0JI0KY, PO30HUTTS 300pakeHHs Ha OJOKM, OOYHCIICHHS CUHTYJIIPHUX YUCE 1
noOy/I0OBH CTATHCTHKM KBAaHTOBaHHMX 3HAuU€Hb, a TAKOXK IEPEBIPKY rinoTe3u
Konmoroposa-CmupHoBa. SIkiio rinore3y BigxuiieHo, GikcyeTbest iiMOBIpHa
HasBHICTh NPHUXOBaHUX JHaHWX. [lepebip komOiHaliii mapamerpiB (kaHai,
KpOK, OJIOK) TO3BOJIsIE BUSBUTH cTeraHorpadidyHe BOYIOBYBaHHS, a HaOip
TaKuX KOMOIHAIII MOYKE BHCTYIIATH CTETaHOTpadiTHIM KITFOUEM.

EdexTHBHICTE METOy CTEraHOAHANI3Y OIIHIOETHCS 33 3AATHICTIO TOYHO
knmacu]ikyBaTH 300paKeHHS 1100 HAsIBHOCTI MPUXOBaHOI iHpopMarii. s
[[bOT'O BUKOPHUCTOBYIOTHCSI METPHKH, 1110 BPaXOBYIOTh HMOBIPHOCTI HOMMJIOK
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HepIIoro Ta JAPYroro poay. B ekcrnepuMeHTI CTBOpEHO 30allaHCOBaHH
Habip 300pakeHb 3 pisHUM piBHeM BOymoByBauHsa (5-100%).
3ampononoBanuii meron 3abe3neuns 100% TounicTs npu piBHAX 50—-100% i
<1% xuOHO MO3UTHBHUX pe3ysbTariB. UyTIMBICTS 3HIDKYBaJIach pH 25% i
ocobmuBo 5% 3amoBHEHHs, nae¢ He BusgBieHHS csarano 30%. Takox
MPOACMOHCTPOBAHO, IO ONTHUMI30BAHUN PEKHUM JOCTYIY A0 300paKCHHS
Ha piBHI OalTiB, 103BOJISIE IPUCKOPUTH 0OpOOKY y 4—5 pasiB, 110 BaXKIHBO
JUTSL CUCTEM PEalIbHOT0 Yacy Ta 0OpOOKH BEITUKUX OOCSTIB JaHUX.
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A METHODOLOGY FOR CONSTRUCTING ADAPTIVE ROUTES
IN GIS BASED ON DYNAMIC EXTERNAL FACTORS
M. Sibibert, S. Smyk
Odesa Polytechnic National University, Ukraine

Anomauia. Ha ocnosi KomniekcHOi iHmezpayii 2eonpocmoposux OaHux
OpensStreetMap, memeoponociunoi ingpopmayii 3 OpenWeather APl ma 36o0pomnozo
38’A3KYy 6I0 KOpUCMY8auig pO3POOIEHO MemoOuKy nodyoosu adanmueHoO20
mapwpymy 6 [TIC. Kniouosum H08086e0eHHsIM € NOHAMMSA  OUHAMIYHO20
«Koeqpiyicnma 6Oe3nexuy, NOYAMKOBI 3HAYEHHS AKO20 BUHAYAIOMbBCA HA OCHOSI
eKCHepmHUX OYIHOK 30 MemoOOM aHAni3y iepapxii, a nooanvuie OHOBNEHH
6i00y8a€MbC 8 PeaNbHOMY HAaci 3 OONOMO2010 A0ANMUBHO20 €KCHOHEHYIAIbHO2O
321a09cy8anta. 3anponoHosano mooughikayio Kiacuynozo aneopummy [etixcmpu,
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Oe aza pebep 00POAHCHLO20 epada € KOMHIEKCHOIO QYHKYIEIO, WO 6paxo8ye He auuie
giocmany, ane i obuucienutl Koegiyienm Oesneku ma NOMoOYHUU mpagix.
IHoxkazano, wo makuil nioxio 0036018€ CMBOPIOGAMU MAPUPYMU, SKI C8I00MO
npiopumesyioms 6e3neKy pyxy ma Komgopm 800isa HA0 GopMaTbHOI MIHIMI3aAYIE
uyacy uu eiocmani. Ilpoananizosano QyHoamenmanvui 0OMENCEHHST ICHYIOYUX
HasieayiliHux cucmem ma 008e0eH0 nepesazu iHmezpo8ano2o, OUHAMIYHO20 NiOX00y
ons  niosuUWeHHss a0anmueHocmi ma HAOIUHOCMI Mapupymusayii 8 yMoeax
HeBU3HAYEeHOCI.

Knrowuosi cnosa: aoanmuenuii mapuwipym, T'IC, 306HiwHi uunHuKu, Koegiyienm
besnexu, aneopumm [etikcmpu, OpenStreetMap, memoo ananizy iepapxii.

Abstract. Based on the comprehensive integration of geospatial data from
OpenStreetMap, meteorological information from the OpenWeather API, and user
feedback, a methodology for constructing an adaptive route in GIS has been
developed. A key innovation is the concept of a dynamic "safety coefficient," with
initial values determined by expert judgments using the Analytic Hierarchy Process,
and subsequently updated in real-time via adaptive exponential smoothing. A
modification of the classic Dijkstra's algorithm is proposed, where the weight of the
road graph edges is a composite function that considers not only distance but also
the calculated safety coefficient and current traffic. It is shown that this approach
enables the creation of routes that deliberately prioritize traffic safety and driver
comfort over the formal minimization of time or distance. The fundamental
limitations of existing navigation systems are analyzed, and the advantages of an
integrated, dynamic approach for enhancing the adaptability and reliability of
routing under conditions of uncertainty are demonstrated.

Keywords: adaptive route, GIS, external factors, safety factor, Dijkstra's
algorithm, OpenStreetMap, hierarchy analysis method.

Cyuacui reoindopmariiini cucremu (['IC) Ta Hapiramifini cepsicu €
HEBIJI’EMHOI0 YACTHHOIO TPAHCHOPTHOI 1HGPACTPYKTYpH, MpPOTEe iX
(yHKIIOHAJBHICT 3/€01IbIIOr0 00OMeXeHa MOLUTYKOM HaWKOpoTIIOoro abo
HaWMIBUAIIOrO HUISAXY. Takui MiAxijg IirHOpye KOMIUIEKC 30BHIMIHIX
YMHHUKIB, IO Oe3MocepeqHhO BIUIMBAIOTH Ha O€3MeKy Ta e(QEeKTHBHICTH
pyxy. ®akropu, sk TOroaHi ymoBH (IHTEHCHBHICTH JOILY, CHIr,
TeMIiepaTypa), TUI Ta SKIiCTh JOPOKHBOTO MOKpUTTs (actaibt, OpyKiBKa,
IPYHT), @ TAaKOX 4Yac JOOH, 110 BU3HAYAE BUIUMICTh, MOXYTh KapJAHHAIBHO
3MIHIOBaTH JAOPOXHIO 0OCTaHOBKY. HeXTyBaHHS LIMMU JaHHUMU IIPHU3BOIHTH
JO TOro, WO KIACH4YHI aITOPUTMHM MapLIpyTH3alii He BiOOpakaroTh
peanbHUX pU3HKiB [1].
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OCHOBHOIO 3arp03010 TAaKOTO CIPOIIEHOT0 MiAXOIY € Te, [0 KOPHCTYBaY
MOX€ OTPUMATU MApLIPYT, SIKMH € (OPMaIbHO ONTUMAIBHNAM 32 YacoM, aje
MPOXOOUTh Yepe3 HeOe3nmedyHi JUISTHKH, migsuirytoun pusuk  JITIIL
Hanpuknan, mpoi3z I(pyHTOBOIO JOPOTOI0 MICHsl CUIILHOTO JIOLLY MOXe OyTH
HeOe3neyHnM abo0  HaBiTh HEMOXIHWBHM, 10 HE BPaxOBYETHCS
CTaHJAapTHUMHU HaBiratopamu. Xoda OKpeMi MIOCHI/DKEHHS aHalli3yloTh
BIUIUB TOTOAM Ha Tpadik, KOMIUIEKCHOI METOAMKH, IO 00'€lHYE Ppi3Hi
(axTopu, 10ci He OyIO 3aIpPONOHOBaHO. Y MONEPEAHiX podoTax HaMH OyII0
MPECTaBICHO 3arajibHy KOHIICIII0 BpaXyBaHHs MOroAHUX YMOB [2]. V wiit
PpOOOTI MU IIPOMOHYEMO ILIJIICHY METOJIMKY, IO BUPILIYE 110 TpodiemMy.

Jnst BU3HAUEHHS piBHS O€3MEKH OKPEMHX AUISTHOK MU BBOJHMMO IOHSTTS
TUHAMITHOTO «KoedimieHTa 0e3rneKkn» — IHTerpalbHOTO IMTOKAa3HUKA PU3UKY.
Moro pospaxyHOK 0a3yeThCsi HAa HaHHX 3 BiIKPHTHX JDKEpEN: TOPOXKHii
rpa¢p Oymyerbcsi Ha ocHOBI OpenStreetMap (OSM), mo mo3BosI€E
BpaxOBYBaTH Taki BaximBi aTtpuOyTh, sk THO (tracktype) Ta sKicTh
(smoothness) TOKPUTTS; METEOPOJOTIUHI JaHi (TeMmepaTypa, OIIai)
OTPUMYIOTHCS B peanbHOMY daci yepe3 OpenWeather API.

Jns mouaTKoBOi, EKCIIEPTHO OOIPYHTOBAHOI OLIHKK KoOedillieHTiB
BUKOPHCTOBYETbCS MeToZ aHamizy iepapxiii (MAI). Bin no3Bomnse
CTPYKTYPYBaTH CKJIAJHY MPOOJeMy Ta KUIBKICHO OIlIHUTH BaXKJIHMBICTh
KOokHOTO (hakTopa. B monanemiomy, s 3a0€3MEUYCHHS aKTYaIbHOCTI JaHUX,
i Koe(ilieHTH TUHAMIYHO OHOBIIIOIOTHCS Ha OCHOBI 3BOPOTHOTO 3B'SI3KY
Bil KopucTyBauiB. J[I1 IIbOTO 3aCTOCOBYETHCSI METOJ aJalTHBHOTO
eKCIOHEHITIaTbHOTO 3TIIa[PKYBaHHA, OOpaHMiA depe3 HOoro OO0YHCITIOBAIBHY
e(eKTHBHICTh Ta 3AaTHICTH MIBUIKO pearyBaTH Ha HOBi qaHi Oe3 30epiranHs
MTOBHOI icTOPIii.

Jnst oGuncieHHs MapIpyTy BHKOPHCTOBYEThCS aluroput™m JleHkcTpw,
oIHaK #oro poboTa 3a3Hana Mmoaudikarii. Bara pedpa rpada po3rismaerses
SK IHTETpAJIbHUH TOKa3HHK, 10 (OPMYETbCS 3 YpaxyBaHHSIM KiJIbKOX
napaMmeTpiB: BijcTaHi, koedinieHTa Oe3nexu Ta piBHA Tpadiky. Takum
YHUHOM, 3ajJa4ya IEePeXOMUTh BiJl OJHOKPHUTEPiaJbHOI ONTHUMI3AIll 10
OaraTokpuTepiaJibHOI, Jie aJrOpUTM aBTOMATHYHO BiJJia€ IiepeBary
OC3MEeYHIUM 1 MCHII MEPEBAHTAKEHUM [IISTHKAaM, HABITh SIKIIO BOHH HE €
HaWKOpPOTIINMH 32 BiJICTAHHIO.

3amponoHOBaHA METOJUKA ICTOTHO IINBHINYE THYYKICTH 1 Oe3meKy
Mpolecy MapupyTH3amii, II0 Mae oOcoOJMBE 3HA4YCHHS I CIIykO
eKCTPEHOTO  pearyBaHHs, JIOTICTUYHMX KOMIIAHIM 1 ITOBCAKICHHUX
KOPHUCTYBAaYiB y CKJIaJHUX JOPOXHIX yMOBax. BoHa BiIKpHBae MOMIIMBOCTI
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JUTSL CTBOPEHHST HOBOTO TIOKOJIHHS HaBiramiiHUX CHUCTEM, 3JaTHHX
MPOIIOHYBAaTH HE JIMIIE IIBUAKI, ane W HafmiiHi, Oe3medyni Ta KoMQopTHI
MapIlpyTH, aJalToBaHi 10 peanbHol cuTyarii Ha goporax [3].

JlitepaTypa

1. Saaty, R. W. (1987). The analytic hierarchy process—What it is and how it is
used. Mathematical Modelling, 9(3-5), 161-176. https://doi.org/10.1016/0270-
0255(87)90473-8

2. Javaid, M. A. (2013, April 10). Understanding Dijkstra's algorithm. SSRN.
https://doi.org/10.2139/ssrn.2340905

3. Ci6idept, M. 1., & Cmuk, C. FO. (2025). Po3pobka Ta mOCHimKEHHS
MeTOAMKH MoOynoBu amantuBHOro Mapuipyty B ['IC 3 ypaxyBaHHAM 30BHIIIHIX
YHHHHUKIB mif 4ac pyxy. Y Mamepianu I1'asmuaoyamoi Mixcnapoonoi Haykoeoi
KOH@hepenyii cmyoenmis ma monooux guenux «Cyyachi iHgpopmayiini mexnHonoaii —
2025» (c. 307). Oneca: Hayka i Texnika. https://doi.org/10.5281/zenodo.15521809

VJIK 004

ONITUMI3ZANIA BESINEKHU WIFI Y KIBEPCIIOPTI TA
CTPIMIHI'Y I3 BUKOPUCTAHHSM GPU TA HASHCAT
Ph.D. H. [lu6aepal0000-0002-7869-95311 A Bopgapenico [0009-0000-2910-4290]2

Hayionanvnuii ynieepcumem «Odecvka nonimextika», Yxpaina,
EMAIL:n.o.shybaieva@op.edu.ua, 2annatotus@gmail.com

OPTIMIZING WIFI SECURITY IN CYBERSPORT AND
STREAMING USING GPU AND HASHCAT
Ph.D. N. Shybaieva, A. Bondarenko
Odessa Polytechnic National University, Ukraine

Annomayin. Y pobomi npedcmasneHo pe3yibmamu 00CHIONCeHHs KOHyenyii
onmumizayii 6esnexu Wi-Fi y cghepi xibepcnopmy ma cmpimiHey HA OCHOSL
sacmocysanna GPU-npuckopenux obuuciens ma incmpymenma Hashcat.

Kniouogi cnosa: Wi-Fi 6esnexa, GPU obuucnenns, Hashcat, cmpimine

Abstract. The paper presents the results of the research on the concept of Wi-Fi
security optimization in the field of eSports and streaming based on GPU-
accelerated computations and the Hashcat tool.

Keywords: Wi-Fi security, GPU computing, Hashcat, streaming
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Y cywyacHMX yMOBax IM(PpoBoi TpaHchopMmallii mpodiieMa 3axuCTy
0e3pOTOBHX MEPEX CTaE OCOOIUBO aKTyalIbHOIO Y cdepax KibepcropTy Ta
CTPIMIHTOBUX cepBiciB. (DyHKIIIOHYBaHHS IHMX Taly3ed 3aJeXUTh Bijg
cTabiIbHOCTI IHTEPHET-3’€IHAHHS, MiHIMi3aIii 3aTPUMOK Ta 3a0e3MeUeHHs
KOH(QIIEHITIHOCTI JTaHUX KOpUCTyBadiB. HecankuioHoBanwmii noctyn 10 Wi-
Fi Mepexx Moxe NpHU3BECTH 10 3HMKEGHHS NPOJYKTUBHOCTI, TIEpEepUBAHHSA
3’eHaHHSA 200 /10 BHUTOKY iH(OpMAIi, 110 CTBOPIOE CYTTEBI PU3MKH IS
nipodeciitHol AisIbHOCTI KIOEePCIIOPTCMEHIB Ta CTPIMEpIB.

Tpagunifini meromu TecTyBaHHs HamaiHOCTI Wi-Fi  0OMexyroThCs
BUKOpHCTaHHSAM mpouecopHux pecypciB (CPU), mo XxapakTepusyroTbes
HEBHCOKOIO  IPOXYKTUBHICTIO mnpu  oOpoOmi  Benukux  oOcsriB
kpunrorpadiganx omepamid [1]. YV 1mpoMy KOHTEKCTi iHHOBAaIlitHUM
MIXOIOM BBaXKA€ThCS 3acTocyBaHHA Tpadignmx mporecopiB (GPU) y
moeqHaHHI 3 iHcTpymMeHToM Hashcat [2]. 3aBmsaxm  apXiTexTypi,
onTUMi30BaHil min mapanensHi obuucneHas, GPU 3abe3neuyroTs cyTTeBe
MIPUCKOPEHHS Omepariil 3 madopy KI0UiB Ta Xem-QyHKIIH, 0 JT03BOJISE
6araTopazoBo MiJBUIIUTH e(EKTUBHICT ayIUTy OC3MEKH.

Mera koHuenty moisrae y BukopuctaHHi Hashcat He sk 3acoOy
HECaHKI[IOHOBAHOTO JIOCTYIY, & SIK JIarHOCTUYHOTO iHCTPYMEHTY, 3/1aTHOTO
3MIICHIOBaTH eMIIipUYHYy TMepeBipKy crildkocti naponiB. lle no3Bossie
copMyBaTH HOBY Mapaaurmy Oe3NeKH, y MeXaxX sSKOI IHCTPYMEHTH, II0
TPaAMLIHO 3aCTOCOBYIOTBCS Uil aTak, TpaHCHOpMyIOThcs y 3acodu
omnTUMi3aIli 3axucTy. 3ampoNOHOBAaHUM WiAXix Tepexbadae IeKimbka
KIIOYOBUX €TaliB, 00 (QOPMYIOTh €AWHY JIOTIYHY IIOCIiIOBHICTb
ontuMmizanii 6esneku Wi-Fi. Ha mnepmomy erami 37iliCHIOEThCS ayauT
MOTOYHUX IapaMeTpiB Mepexi i3 3actocyBaHHAIM GPU-mpuckopeHnx
obuucnenr y Hashcat, mio 3abesneuye wIBHAKE BHSBJICHHS CIaOKUX
KoHiryparmiit [3].

Hdami  BinOyBaeTbcs MOJECNIOBaHHS pI3HMX THIIB arak, 30Kpema
CJIOBHUKOBHUX, MacKOBHX Ta ribpuanux. Hacrynuum kpokom € hopmyBaHHS
peKOMeHaliil 10J0 ONTHMAIBHOI CTPYKTYPH KJIIOYIB, L0 BPaxOBYIOTbH
PO3BUTOK  amapaTHOro  3a0e3leueHHss Ta  aNropuTMiB  migbopy.
3aBepIIaJbHUM €IEMEHTOM MiJXO0y BHUCTYIIA€ aBTOMATH3AIlisl TEPEeBIpKH Y
BUTJLIII CHCTEMH MOHITOPHHTY, $IKa BHKOHYE pETYIApHHH aHaii3
naaiiaocti Wi-Fi Ta cBo€4acHO MOBiOMIIsiE aJIMiHICTpATOpa PO BHUSIBIICHI
Bpa3NMBOCTI,  3a0e3redyroud  NPOAaKTHBHUI  3aXHUCT  MEpexeBoi

IHPPACTPYKTYPH.
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Y xoHTekcTi kibepcnopty peanizanis GPU-opieHTOBaHOTO ayauTy
Oesnexku Wi-Fi mo3Bojsie 3HWM3UTH HWMOBIPHICTH aTak, IO CIPUYHUHSIOTH
3aTPUMKH 9 PO3PHUBHU 3’ €THAHHSI ITiJT 4aC TYpHIpiB.

BaxniBoro mepeBaror € MOXJIHMBICTh AMHAMIYHOI afanTaiii Oe3meKu:
MapoJi, M0 BBAKAIOTHCS HAMIWHUMHU CHOTOJIHI, MOKYTh CTaTH BPAa3IMBHUMU
BXe 3aBTpa, onxHak peryimsipHe GPU-tectyBaHHS [03BOJISIE CBO€YAacCHO
BUSABIATH pU3MKH [4]. 3amponoHoBaHuil koHuent BukopuctanHs GPU Tta
Hashcat y mpomeci onrumizanii 6e3mexkn Wi-Fi ¢opmye iHHOBamiiHy
MO/JICNb IPOAKTHBHOTO 3aXKCTY.

Takum umboM, jgadHe noeaHanHs GPU ta Hashcat € pouinsHuM
IHHOBAaLlIMHUM pIIICHHSM, SIK€ JO3BOJISIE NEPEUTH BiJ PEaKTHBHOI 10
npoakTHBHOI Moxeni 3axucty Wi-Fi, 3abe3neuyroun BUCOKY e(peKTHBHICTD,
IIBUKICTE 1 HAMIHHICT 0€3APOTOBMX KOMYHIKAIliil Y BUCOKOHABAHTa)KEHUX
IU(pPOBUX CEpEeIOBHUIIAX.
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Anomauia. [Iposedeno o2nao esomoyii menemempii ccasyie 6i0 mpaouyitinux
VHF-yuemox 0o cyuacnux GPS-cucmem ma 6u3HaueHo KIHOHU08I OOMedHCeHHS,
nos’sa3ami 3 8ucokor eapmicmio obnaouanus. Pozenamymo mexnonoziro LoRaWAN
AK  HOo8uti niOXi0 00 MOHIMOpuHey OUKOI Npupoou, wo HNOEOHYE HUSLKI
eKcnayamayiuni sumpamu, eHepeoeexmusHicmy ma Modicnugicms
macuwmabyeannsa oocniodcens. IIpoananizoeano apximexmypy mepeosici, a maxooic
06a nioxoou oo nosuyionyeauun: GPS+LoRaWAN ma eceonokayito na ocHogi
padiocuenanig. 30ilicHeHO NOPIGHAHHA 3 THUWMUMU CUCEMAMU BIOCIENCEHHA Ma
nokasano  exoHomiuni nepesacu LoRaWAN. Okxpecneno Kkuouo6i GUKIUKU
BNPOBADIHCEHHS, 30KPEMA BNIUE POCIUHHOCHT HA OANbHICMb 36 513Ky ma nompeby y
Miniamiopuzayii npucmpois. Bio3naueHo nepcnekmueu iHmezpayii 000AmMKO8UX
cencopig i euxopucmanns memooie Edge Al ona asmomamuzosanoi knacugixayii
nosedinku meaput. 3pobneno 6ucHosok, wo LoRaWAN e wHe 3aminown, a
cmpameiuHuM 0ONOBHEHHAM 00 ICHYIOYUX MEeXHON02T | HAlOIIbUL NePCNEeKMUBHON0
07151 MOHIMOPUHZY CepeoHix ccasyis i3 macoro mina 2 ke — 25 xe..

Knwouoei cnosa: LoRaWAN, menemempis, ccasyi, GPS, monimopune ouxoi
npupooU, eKoI02iUHI O0CIIOHNCEHHSL.

Abstract. A review of the evolution of mammal telemetry from traditional VHF
tags to modern GPS systems has been conducted, with emphasis on the cost-related
limitations of existing technologies. LoRaWAN is considered as a novel approach to
wildlife monitoring that combines low operational costs, energy efficiency, and the
possibility of scaling studies. The network architecture and two positioning
strategies—GPS+LoRaWAN and radio signal-based geolocation—are analysed. A
comparison with other tracking systems highlights the economic advantages of
LoRaWAN. The main implementation challenges are outlined, including the impact
of vegetation on communication range and the need for device miniaturization. The
prospects for integrating additional sensors and applying Edge Al methods for
automated behaviour classification are also discussed. It is concluded that
LoRaWAN is not a replacement but a strategic complement to existing technologies
and is particularly promising for monitoring medium-sized mammals with body mass
ranging from 2 kg to 25 kg.

Keywords: LoRaWAN, telemetry, mammals, GPS, wildlife monitoring,
ecological research.

TememeTpist ccaBIliB NPOMIILIA 3HAYHUI €BOIFOLIAHUI NUIAX BiJl TEPIIAX
VHF-metok 1960-x pokiB 10 cydacHux GPS-cynmytHukoBux cuctem. Lle
TEXHOJIOTIYHE TIPOCYBAaHHS CYIPOBOIKYETHCS MApagoKCOM: PO3IIUPEHHS
MOJKJIMBOCTEH 300py MaHHUX BiOYBAa€ThCS OJHOYACHO 3 €KCIOHCHINIATHHUM
3pOCTaHHAM BapTOCTI OOJIAAHAHHS, IO OOMEXYE MacIITaOH JOCIiIKEHb.
Tpaguuitiai VHF-cucteMu 3amumaroTbess HAHOUIBIT TOCTYITHAM PIilICHHSIM,
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OCKIJTBKH KOITYIOTH Bix 250 1o 600 momapis [1], MatoTs HaA3BUYAHHO Mairy
Bary (MeHie 1 T) Ta TpuBanuii TepMiH pOOOTH.

IIpote BOHM MOTPeOYIOTh 3HAYHUX JIOACBKUX PECYPCIB JUIL PYYHOTO
BIJICTe)KCHHSI 1 3a0e3MedyloTh HU3bKE MPOCTOPOBO-YACOBE PO3PI3ZHEHHS.
GPS-cynyraukoBi cuctemu (Argos, Iridium) BCTAHOBHIIM HOBHU CTaHIAPT
SIKOCTI JITaHMX 3aBASKUA TJIOOAIBLHOMY IIOKPHTTIO Ta BHCOKIM TOYHOCTI
BH3Ha4YeHHs KoopauHat 1o 30 meTpiB. BogHouac BapTiCTh TaKMX NMPHCTPOIB
€ nyxe Bucokoro — Bix 2000 mo 8000 monapiB 3a OJUH OMIMIHUK, @ TAKOXK
noHan 500 ronapiB MIOPIYHMX TUIATEXKIB 3a Mepenady JaHHuX, 10 POOUTH iX
MaJIOJJOCTYITHUMH JJIsl MAaCIITAOHUX TOMYJISLIIHHUX JTOCITIPKEHb.

Ha upomy T1i LORaWAN (Low-Power Wide-Area Network) moctae sik
MIPUHIMIIOBO HOBMH MiJXiJ 10 TeleMeTpii JUKOI NMPUPOIH, 3AaTHUH 3HSATH
OOMEXXeHHSI KIACHYHOI IIJIEMH «BapTiCTh MPOTH SKOCTI». TexHooris
MOEHYE eHeproeeKTHBHAN NANEKOMIIOUNH Pamio3B’ 30K i3 BiAKPUTHMHA
CTAaHapTaMy Ta MiHIMATLHUMM OTEpALifHIME BUTpaTaMHu. 1i TonoBHA MeTa
MOJISITa€ Y CTBOPEHHI IOCTYITHOTO 1HCTPYMEHTY IUII MOHITOPHHTY, SKHA
JIO3BOJISIE OXOITUTH BEJIHKY KiNBbKICTh TBApUH 0€3 HaIMIpHUX BUTPAT.

Texniuna apxitekrypa LoRaWAN ckiamaerecss 3 (ismuHOro piBHS
LoRa, sxuit 6a3zyerbess Ha moxyssinii Chirp Spread Spectrum i 3abe3neuye
BUCOKY CTIHKICTh CHTHAITy JIO NEpEIIKO]] Ta 3HAUHY JAIBHICTB 3B’SI3KY MPHU
HHU3bKOMY €HEpPIrOCIIOXKHBaHHI.

Mepesxesuii piBerb LoORaWAN peaitizye Tonosorito «3ipka i3 3ipok», ae
KiHIIEBI TNpHUCTPOi, TOOTO OWIMHHHMKH, B3a€EMOMIIOTH 4Yepe3 LILIIO3H,
HIiJIKITIOYCHI JI0 MEPEKEBOTr0 cepBepy. BakJIMBOIO OCOOIUBICTIO € Te, L0
JOCTITHUKN TIOBUHHI CaMOCTIHHO pPO3TOPTaTH MepexXy ILI03iB y 30HI
JOCIiKEeHHs. [CHYI0Th 1Ba OCHOBHUX MIJXOJH A0 NMO3HUIIOHYBaHHS.

Mepmmit — riopumaa momens GPS+LoRaWAN, ne koopauHaTH,
Bm3HaueHi moxyinem GPS, mepematorecs uwepes LoRaWAN-kanam. ILle
3a0e3medye BHCOKY TOUHICTh (MeHme 30 MeTpiB) NpH 3HAYHO HIKIUX
eKCIITyaTal[ifHuX BUTPATax y MOPIBHAHHI 3 CYyTHUKOBHMH CUCTEMaMH.

Hpyruit — reomokamis 0e3 GPS, skxa BukopucToBye Metomm Time
Difference of Arrival abo Received Signal Strength Indicator. Takuit miaxin
JIO3BOJISIE  MAKCHMAJIbHO 3HHM3MTH EHEpPrOCIIOKHMBaHHS, OJHaK TOYHICTh
craHoBUTH Bix 50 mo 500 i Oinblie MeTpiB, IO € OOMEXKEHHSIM JUIst
€KOJIOTIYHHUX 3a]1a4, [Iec MOTPIOHI OUIBII TOYHI JAaHI.

[opiBHSIHHA pI3HMX TEXHOJIOTIH BiAcTe)keHHs1 mokazye, o VHF
3aJIMIIAETHCSl HaWJeUIeBIIMM 1 Haitnermum pimeHasM, GPS-cynyTHukoBi
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CHCTEMH TapaHTYIOTh HaWBHIY TOUYHICTb, ajle € HaI3BUYaHHO IOPOTUMH,
GPS 3i CTUTbHUKOBUMH KaHajJaMH TMPAIIO€ JIMIIE Yy 30HaX IOKPUTTS
MoOuTEHOTO 3B 513Ky, a LORaWAN no3Bossie moennatu TouHicth GPS i3
MiHIMaJTbHAMH  ONCpAliIfHUMH  BUTpaTaMM  ICJIA  BCTAHOBJICHHS
iHppacTpykTypu muto3iB [2]. KnrodoBa mepeBara LoRaWAN mossirae 'y
3MiHI €KOHOMIYHOi MOJENi: BHUTpaTH HE POCTYTh JIHIHHO i3 KUIBKICTIO
TBapWH, SK Yy CYINYTHHKOBHX cHcTeMax. HaTomicTh iCHYIOTH BHCOKI
MI0YaTKOBI 1HBECTHLII B iHYPACTPYKTYPY, ajle MOAANIBIII BUTPATH Ha KOXKHY
JIOZIATKOBY TBapuHY € MiHIMaJbHUMH. Y TPAaKTHYHOMY 3acTOCYBaHHI
LoRaWAN cTHKaeTbcsi 3 HU3KOIO OoOMexeHb. HalOinpimii BUKIMK — 1ie
BIUIUB POCIMHHOCTI Ha JajbHICTh 3B sA3KY. J[OCiPKEHHS y JIICOBUX yMOBax
MOKa3ay, 0 y TYCTHX Jlicax CHrHaj cTabiIbHO TepenaeTbes aume Ha 860
MeTpiB, a B po3pimkeHnx — 10 2050 mertpiB, mo norpedye po3ropTaHHs
LIJIBHINIOT  Mepexi  [UI03iB.  [HIIMM — BaKIMBUM  YWHHUKOM €
MiHIaTIOpU3aIlisl MPUCTPOIB: Bara OMIMIHUKA HE TIOBUHHA ITEPEBUITYBATH 3—
5% Mmacu Tina TBapuWHH, TOMY IJISI CEpENHIX CCaBIiB HEOOXiAHI MPUCTPOI
Baroto 20-50 1 [3]. Cyuacui komepuiiiHi LoRa-Tpekepu 3mebimpmroro
po3poOieHi Aist BENMMKOi poraroi XymoOW i € 3aHaigTo BaKKWMH, OJHAK
iHIIiaTHBY 3 BiIKpUTHM KoaoM, Taki sik OpenCollar, mpomoHyroTh nemesi i
KacToMi3oBaHi pimteHHs. [limoTHi jocnmipkeHHss Ha cipux Oindkax i3
BUKOPHUCTAaHHSIM TpekepiB BapTicTio 63—80 jonapiB J10BeNu INPaKTUUHY
peaitizoBaHicTh 1€l TexHomorii [4]. CtpaTeriune BrpoBamkenHss LoRaWAN
BUMarae BpaxyBaHHs HU3KH (akTopiB. BuOip TexHoJOTIi 3anexuTh Bix
MacH Tiia BHUAY, ILUICH TOCTIJKCHHS, HASBHOCTI 1HQPACTPYKTYpH Ta
oromkery. s npioHux ccapuiB migxonsts VHF-merku, ans Oinbmux —
GPS a6o LoRaWAN. Skuio motpibHa BHCOKa TOUHICTB, oOuparTh GPS,
SKIIO X BaXKIIMBE aBTOMATH30BaHE CIIOCTEPEKEHHS HA BEJMKIH BHOIpLI 3
obmexenum Oropxerom — LORaAWAN.

Y MaiOyTHPOMY OUIKy€ThCS IHTErpamis JOHaTKOBHX CEHCOPIB
(akcenmepoMeTpiB, ATYMKIB TEMIEpaTypH) Ta 3aCTOCYBaHHS TEXHOJOTIiH
TinyML Ta Edge AI, mo m03BOMUTH TIEPETBOPUTH OMIMHHUKKA Ha
IHTEeNeKTyanbHI CHUCTeMH Kiacu(ikamii MOBEMIHKKM ¥ AeTekuii momiit y
peassHOMY daci. Y BHCHOBKaxX BapTo 3a3HaunTd, Mo LoRaWAN He €
VHIBEpCAFHOIO 3aMiHOI0 TPAOUIIMHUX CHCTEM TeJeMeTpii, a panmie
CTpATEriuHMM JONOBHEHHSAM [0 iHCTpyMEHTapiro ekoiora. Moro romosHa
[IHHICTh IMOJISITA€ B €KOHOMIYHINM MacIITaOOBAaHOCTI Ta THYYKOCTI. Y CIHilIHE
BIPOBADKEHHSI MOTpeOye pETEeNbHOrO IUIAHYBaHHS MEpEeXi LUTI03IB 13
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BpaxyBaHHAM Tomorpadii Ta ryctotu pociuHHOCTI. [Ipn ipomy LoRaWAN
31aTeH TpaHCPOPMYBATH METOAW EKOJOTIYHUX JOCHTIKEHb, 3pOOHMBIIN
MOXXJIUBUM TOMYJIAIIRHUN MOHITOPUHT JTUKOI TPHUPOAM TPH 3HAYHO
HWOKYWX BHUTpaTax. TeXHOJOTis OCOOIMBO TEPCIEKTHBHA JUIA CEPENHiX 3a
po3mipoM ccaBmiB (20 T — 2.5 kr), ne GPS-cucremu 3aHanTo Bakki a0o
nopori, a VHF He 3a0e3neuye 10CTaTHROI aBTOMATH3AIII].
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Anomauia.  3anpononosano  OeyeHmpanizogany — cucmemy — nepegipKu
VHIBEPCUMEMCbKUX AKPeOUMU8i8 Ha OCHOBI ONIOKUEUHY 3 6UKOPUCIAHHAM OOKA3I8 3
HYIbOBUM — pO3207I0UIeHHAM 0N 3abesneyenns KoHgidenyiunocmi. Cucmema
0036071€ CcmMyOeHmam KOHMPOT8aAmuy Cc80i axKademiyHi Oani 3a OONOMO20H
camoioeHmughikosanux gpetimeopkis ioenmugpikayii.

Knrouosi crosa: oeyenmpanizosana ioenmuunicme, eepuixayis 6rokueiin, self-
sovereign identity, nepesipsemi o6nikosi dani, zero-knowledge proofs.

Abstract. A decentralized university credential verification system based on
blockchain using zero- knowledge proofs to ensure privacy is proposed. The system
enables students to control their academic data through self-sovereign identity
frameworks.

Keywords: decentralized identity, blockchain verification, self-sovereign identity,
verifiable credentials, zero-knowledge proofs.

Academic credential verification systems face multiple challenges
including data breaches and certificate forgery as well as operational
inefficiencies and restricted interoperability. The traditional framework
operates through centralized storage systems which generate security
vulnerabilities because of system failures and cyber attacks and institutional
dependencies leading to extended delays. Fake degrees and diploma mills
diminish authentic academic accomplishments [1, 2, 3].

This research examines blockchain-based decentralized identity systems
for university credential verification. The system protects privacy through
minimal on-chain cryptographic proofs and decentralized identifiers (DIDs)
and zero-knowledge proofs (ZKPs) while maintaining data control. Students
and universities maintain independence from central authorities through
DID representation.

Universities establish Verifiable Credentials (VCs) after verifying
graduation through digital signature authentication. The signature S is
calculated as:

S = Sign_PrivKey_Issuer(H(c)) 1)

where credential content hash H(c) uses SHA-256:

H(c) = SHA-256(c) @)
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The blockchain system stores only the hash value H(c) to prevent
privacy and scalability problems. The actual credentials are stored in off-
chain IPFS repositories which users control through decentralized wallets.

Zero-Knowledge Proofs allow users to reveal specific information while
keeping their personal data protected. zk-SNARKSs generate proof z which
satisfies:

Verify(vk, , x) = 1 3)

where vk is verification key, z is proof, x is publicly revealed statement
maintaining GDPR compliance. The DAO governance system enables
voting to manage issuer accreditation. University acceptance requires:

Svi>T 4

where v;€{0,1} indicates votes, T is approval threshold. Credential
revocation uses blockchain registry R mapping credential hashes:

R(H(c)) = {1, if revoked; 0, if valid} (5)

The deployment of 500 digital diplomas through the prototype resulted
in a mean verification time of 2.87+0.24 seconds which outperformed
traditional verification methods that take hours or days. The system
achieved 100% forgery detection accuracy while maintaining linear
scalability during 200 concurrent verification operations. Hash binding
achieved 100% success in detecting modified credentials. The survey
involving 250 students and 40 employers produced an average SUS score of
86.4 which indicates excellent usability [4, 5].

The decentralized identity system provides better performance through
enhanced efficiency and security and user experience while preserving
privacy through zero-knowledge proofs and enabling worldwide
interoperability.
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MECHANISMS OF ADAPTATION OF THE GAME PROCESS IN
VR APPLICATIONS
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Anomauisn. Y pobomi docniodceno nioxoou 00 adanmayii i2pogozo npoyecy y
VR-000amxax. BusHaueno Kmouo6i npobiemu, wo 6UHUKAIOMb Y KOPUCMYBAyie nio
yac 63aemMo0ii 3 ipMYATbHUMU CEPEOOSUWAMU. PI3HULL PIBeHb 00C8I0Y, UYMIUGICMb
00 pyxy, mexuiyHi oomescentsn npucmpois. I[lpoananizosano cyuacui piwenus 0is
Hanawmyeanus kompopmy ma ckraowocmi y VR-iepax. 3anpononosano konyenyiio
MOOYIbHOI  adanmayii, wo nepedbayac MONCAUBICIb PESYNIOBAHHS  PENCUMIE
nepecysanus, pieHié cKiaoHocmi ma Qopm 83aemodii 3 06 ekmamu. Bnposadcenns
maxux mexanizmie niosuwgye docmynticms VR-000amxie ons wuputoi ayoumopi.

Knwwuosi cnosa: VR, cetivihikayis, aoanmayis, i2posuil npoyec, 8ipmyaivHa
peanvHicme..

Abstract. The paper explores approaches to gameplay adaptation in VR
applications. Key challenges faced by users in virtual environments are identified:
varying levels of experience, motion sensitivity, and hardware limitations. Current
solutions for adjusting comfort and difficulty in VR games are analyzed. A concept of
modular adaptation is proposed, providing options to adjust movement modes,
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difficulty levels, and interaction styles. It is shown that such mechanisms improve
accessibility of VR applications for a wider audience.
Keywords: VR, gamification, adaptation, gameplay, virtual reality.

Cdepa  BipTyampbHOi  peallbHOCTI  CTPIMKO  pPO3BHBAETHCA 1
TIEPETBOPIOETHCSI 3 BY3BKOCIIPSIMOBAHOI TEXHOJIOTII Yy MacOBHH CErMEHT
irpoBoi inmyctpii [1]. 3pocramHs mnomymspHocti VR moB’szaHe 3
YIIOCKOHAJICHHSM TapHITYyp, MOSBOI0 HOBHX IUIATPOPM Ta IHTEpECOM
KOPHUCTYBaYiB JI0 IHTEPaKTUBHHX 1 3aHYPIOBaJbHUX cepenoBuill. BoaHouac
ONHIEI0 3  KIIOYOBHX  NpoONeM  3alHIIaeTbcs  yHIBEpCATbHICTH
KOPHCTYBallbKOTO IOCBimy. ['paBmi MaroTe pi3HUII piBEeHb MiATOTOBKH,
BIIPI3HSIOTBECA UYTIHMBICTIO A0 pPyXy [2], a Takok BHKOPHUCTOBYIOTH
oOyafHaHHS 3 HEOJHAKOBHMH TEXHIYHHMH Xapaktepuctukamu. lle
MIPU3BOINTH A0 OOMEXEHHA HOCTYHHOCTI VR-momatkiB i cTBoproe motpedy
y MexaHi3Max ajanraunii, 1o 3a0e3nedyroTh iHAMBiAyali3alilo irpoBOro
mporecy [5]. MeToro JOCHi/DKEHHS € aHalli3 ICHYIOYUX MEXaHI3MiB
amantamii y VR-momaTtkax Ta OOrpyHTYBaHHsS KOHIEHINI MOIYJIEHOTO
HaJIAIITYBaHHS TeHMIIICI0, OPIEHTOBAHOTO Ha 3a0e3MmedyeHHsT KoM(pOopTy Ta
JOCTYITHOCTI JUISi KOPUCTYBA4iB 3 PI3HUMH TEXHIYHMMH i (i310J0TIHHUMH
ocobmmBoctsiMu  [3]. Ha ceorogni VR-irpm peanisytorh amanTauiiiui
MOJKJIMBOCTI MEPEBAXXHO Yepe3 HAIAIITYBAaHHA IEpPECyBaHHS, CKJIAJHOCTI
irpoBux 3aBmaHp Ta iHTepdeiicy. [lomynsapraa rpa Beat Saber memoHCTpye
MIPUKIIAJ PETYITIOBAHHS CKJIAJHOCTI 3aBIIKHA 3MiHAM TEMITy Ta KiJIBKOCTI
o6’extiB [3], mo 3’sBistoThcs y mom 3opy rpasus. Y Half-Life: Alyx
pealizoBaHi pi3Hi BapiaHTH TepecyBaHHS — TEJEIopTallisl Ta TUIABHUH PyX,
o0 JO3BOJIIE KOPHUCTyBauaM oOWpaTH HAHOULTEI KOMQOPTHHHA pexuMm i
3HIDKYE PU3UK 3aXUTyBaHHsA [2]. Y 0ararokopucTyBallbKUX CEpelOBUIIAX,
takux sk Rec Room a6o VRChat, crioctepiraerbcs cnpoba 3abe3nednTH
KpocIu1aTOpMEeHHICTh 1 pi3HI Mojeni B3aemoaii [4], mpoTe BOHHM YacTo
CYIPOBOJKYIOThCSI 3HIDKCHHSIM SIKOCTI TPEKIHTY YU HeCTaOiIbHICTIO
CHUHXPOHi3arrii.

AmHani3 HaBeleHMX IPUKIAIB CBIUYUTH NpO Te, 10 Oulbiicth VR-
MPOEKTIB  3aCTOCOBYIOTH aJanTamiro y QparmeHTapHiii ¢opmi, 0e3
CTBOPCHHS €IWHOI CHCTEMH THYYKHMX HamamTyBaHe [1]. Kpim mporo,
BXIMBUM aCIEKTOM € OoNTuMi3amis rpadiku. Bucokuil piBeHb Bi3yasbHOL
ngeramizamii y VR Moxe cTBOproBaTHM HaJaMipHE HaBaHTaXXEHHS Ha
oONagHaHHS, IO MPHU3BOIUTH A0 TMAMIHHSA YaCTOTH KaApiB 1 MOSIBH BTOMH
KopucTyBaya [6].
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Jlesiki pO3pOOHUKK BHPINIYIOTH IO TPOOJIEMY IIJISTXOM 3HIDKCHHS
CKJIQIHOCTI JeTami3arii Mojeneii abo BUKOPUCTAHHS CIieliadbHUX (QiIbTPiB
nmoctoOpoOku  300paxkenHs. OpHak TOMIOHI pIilMIEHHS HE  3aBXKIU
BPaxOBYIOTh IHAWBiAyaJdbHI TOTpeOM TpaBOs 1 HE JO3BOJIIOTH
HAJAIITOBYBaTH  TOWOWHY  TEpCcOHAIi3amii  BIAMOBIMHO 70  HOTO
¢i3i0oN0riYHNX 0COOIMBOCTEH a00 XapaKTEpUCTHK NpHUCTporo [5]. ¥V poboTi
TIPOTIOHY€EThCS KOHIEMIIsI MOAYJIBHOI ajamnTaiii irpoBoro mpolecy, sKa
00’elHye KJIIOYOBI MeXaHi3MH y €aMHy cucreMmy mnapamerpiB [3]. Bona
nependayae  MOKJIMBICT HaNalITyBaHHA TepecyBaHHs (BHOIp Mixk
TENEeTopTalliel0 Ta IJIABHUM PYXOM i3 JOJATKOBUMHM  (UIBTpaMn),
BU3HAYEHHS PIBHSA  CKIagHOCTI  (pEeryjioBaHHS  TEMITy, KiJIbKOCTI
MIPOTHBHHKIB, IHTEHCUBHOCTI irpOBUX CHTYyaIlili), a TakoX BHOiIp BapiaHTIB
yrnpaBmiHHS 1 KoH}irypamii iHTepgeiicy. TakuM 9HHOM KOpHCTYBad Mae
3MOTY CaMOCTiHO (hopMyBaTH BIACHUI KOM(OPTHHUI AOCBiA, IO 3HIKYE
O6ap’epu Bxoxy y VR i poOWTH TEXHONOTiIO IOCTYHNHOIO MJS LIMPIIO]
aymuropii [1, 6].

3anponoHOBaHUM  MiIXiJ] OpIEHTYEThCS Ha  KOMIUIGKCHICTH 1
B33a€MOJIONIOBHIOBAHICTh HalalTyBaHb. SKmo B icHytounx VR-momartkax
KOpUCTYBa4yeBi TPONOHYETHCS OOMEKeHHWH BHOIp IapamerpiB, TO Y
MOJyJIbHIM CHCTEMi MOXIIUBE CTBOPCHHS IHIMBIMyadbHOTrO mpodito [5],
sKui 30epiraTuMe KOMOIHAIliF0 OoOpaHMX HamamTyBaHb. Lle 3abe3mneuye
CTaJCTh [JIOCBiAy IIiJi 4Yac MOBTOPHHX CEAaHCIB Ta JIO3BOJIE INBUIKO
aZanTyBaTH TPy JO PIi3HUX YMOB BHKODHCTaHHSA - BiJl MOTYXHHX
TIEPCOHAIIBHUX KOMII FOTEPIB 10 aBTOHOMHUX TapHITYp.

VY pe3ynbpTarti MpoOBEIEHOTO aHaji3y BCTAaHOBJIEHO, MO0 cydacHi VR-irpu
MIPONIOHYIOTH OKPEMi ajamnTalliifHi MexaHi3MH, IPOTe BiACYTHS iHTETpoBaHa
cucTeMa, 3JaTHa 3a0e3MeYUTH T'HydKe 1 KOMIIEKCHE HaJIAIITYBaHHS
irpoBoro mporecy [3].

3anpornoHoBaHa KOHIEMINS MOAYJIBHOI ajamnTaiii J{03BOJISIE BpaxyBaTH
IHIUBIlyasbHI BiIMIHHOCTI KOpUCTYBaviB 1 3a0e3nedye OuIblI KOMGBOPTHY
B33aEMO/III0 3 BipTyandbHUM cepenoBuiiemM [1]. Peamizamis moaioHOT Moeni
CIpUSITHME 3HWKEHHIO Oap’epiB BxoAay y VR, posmmpenHio koisa
KOpHCTYBadiB 1 MiIBUIIEHHIO sKkocTi 3aHypeHHs [2]. Ilomambmi
JOCIIKEHHST  rependavyaroTh  po3poOKy mportotuity VR-momatky 3
MOJYJIBHHUMH TapaMeTpaMH ajanTaimii, Horo TecTyBaHHS Ha pi3HUX
mratopMax Ta OI[IHIOBAHHS BILUIMBY 3allPONOHOBAHOT KOHIICTIIIi Ha SIKICT 1
CTaOUTBHICTH iIrpOBOTO AOCBiAY [6].
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OINITUMI3AIISA MEPEXKEBOI KOMYHIKAIIIL B
PO3MOAVIEHNX CUCTEMAX HA BA3I APXITEKTYPHU
DISPATCHER-DEPLOYER-EXECUTOR
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OPTIMIZATION OF NETWORK COMMUNICATION IN
DISTRIBUTED SYSTEMS BASED ON THE DISPATCHER-
DEPLOYER-EXECUTOR ARCHITECTURE
S. Surkov , Ph.D. O. Martynyuk
Odesa Polytechnic National University, Ukraine

Anomauia. Po3noodineni cucmemu € 0CHO8010 CyuacHoi iH@pacmpykmypu, oOe
weuokicme i 6esneka o0OMiHy Oanumu Kpumuuni. Tpaduyilini npomoxoau, 5K
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HTTP/1, obmedxnceni head-of-line blocking, wo euxiukac sampumxu. HTTP/2
nokpawye ye MyibmuniekCy8aHHsaM, aie nompedye yOOCKOHANeHb O Cep8epHUx
sanumig i 6esnexu Oe3 saueux eumpam. Poboma ¢hoxycyemvca na onmumizayii
Komyuixayii ma 3axucmy ¢ apximexkmypi DDE Ons cucmem 3 XMapHumu
sukonasyamu. Inmeeposano TLS ona 3axuwenux 3'eOnans, 6npoeaodtcerHo 360pomuitl
npoxkci na Deployer ons mynomunaexcysannuss HTTP/2, sacmocosano SSL-ninnine ma
pandomui cepmupikamu na Dispatcher, a maxosc OuHamMiuHy peecmpayiio KiieHmie
3 06oghakmopnoio aymenmugpixayicio. Ilopyitina aymenmugpixayis oonosuioe TLS
01 ehekmusHOCmi 6 NOKATbHUX Mepedxcax. Pesynomamu 3acmocosni 6 xmapHux
mexnonoeisax ma loT, 3 nepcnexmusamu ons HTTP/3.

Knruosi cnosa: posnodineni cucmemu, mynvmuniexcysanns, TLS 1.3, reverse
proxy, mutual TLS, dsoppaxmopra aymenmugpikayis, onmumizayis KOMyHIKayii.

Abstract. Distributed systems form the backbone of modern infrastructure, where
the speed and security of data exchange are critical. Traditional protocols, such as
HTTP/1, are limited by head-of-line blocking, causing delays. HTTP/2 improves this
through multiplexing but requires enhancements for server requests and security
without excessive overhead. This work focuses on optimizing communication and
enhancing security in the Dispatcher-Deployer-Executor (DDE) architecture for
systems with cloud executors. TLS has been integrated for secure connections, a
reverse proxy on the Deployer enables HTTP/2 multiplexing, SSL pinning and
randomized certificates are implemented on the Dispatcher, and dynamic client
registration with two-factor authentication is applied. Chunking authentication
complements TLS for efficiency in local networks. The results are applicable to
cloud technologies and loT, with prospects for HTTP/3 adoption.

Keywords: distributed systems, multiplexing, TLS 1.3, reverse proxy, mutual
TLS, two-factor authentication, communication optimization.

Posnopineni  cucremMu €  OCHOBOK  cyyacHol  iH(popMauiiHOi
iHppacTpyKTypH, A€ IIBWAKICTH OOMIHY JaHMMHM Ta ixXHs Oe3neka
BifirparoTh KputH4YHYy ponb [1]. Tpaguuiiiai nporokomu, taki sk HTTP/1,
HONPH CBOIO NPOCTOTY Ta IIUPOKE MOIMIMPEHHS, MalOTh CYTTEBI OOMEKEHHS,
10 3HIKYIOTh €(DEeKTUBHICTh y CydacHUX yMoBax. KiIFouoBHM HEIOJIKOM €
head-of-line  blocking, xonu 3amutu  OOPOONAIOTHCS — MOCIHIJOBHO,
CIPUYMHAIOYM 3aTPUMKH Ta Hee(EeKTHBHE BHKOPHCTAHHSA pPECypCiB.
Iporokon HTTP/2 dacTkOoBO pO3B’s3ye IO MpoOIeMy  3aBISKA
MYJIBTHIUIEKCYBaHHIO, JTO3BOJISIFOUH NepeaBaTH KiJlbKa MOTOKIB OJJHOYACHO
B OJIHOMY 3’€nHaHHI. BosHoYac, BiH NOTpeOye MOJAIBIINX YJIOCKOHAIECHB,
30KpeMa JUisi CepBEpHO-iHILIHOBaHUX 3aIllUTIB Ta MOCWIEHHs Oe3neku 0e3
3pOCTaHHs OOUUCIIOBAILHUX BUTPAT. Y Cy4aCHHX PO3IMOJUICHUX CHCTEMax

75



Materials of the X111 International Scientific Conference
«Information-Management Systems and Technologies»
24th — 26th September, 2025, Odesa

TpiopUTETaMHU € MiHIMI3allis 3aTPUMOK, 3a0e3MeueHHs] HaliiHOTO 3aXUCTY
Ta FHYYKICTh KOMYHIKalItii [2].

Tpanurifini MpOTOKOJIN He 3a0€3MeYyI0Th JOCTATHBOT ACHHXPOHHOCTI Ta
THYYKOTO 3aXMCTy, IO MNPU3BOJUTH JO 3aTPUMOK 1 Bpa3IMBOCTEH Y
HEHOBIpsAHUX Mepexkax. Ilinp pobotm — onTuMmizamis MepexeBol
KOMYHIKalii Ta MiABHINEHHS piBHSA Oe3mekn B apxitekTypi Dispatcher-
Deployer-Executor (DDE) misi po3noaiieHuX CHCTEM, OCOOIHMBO THX, LIO
IHTErpyIoTh XMapHi BUKOHaBLi. [yl JOCSTHEHHs IIi€l METH peajli30BaHO
Taxi 3aBanHs: inTerpariro TLS [3] anst 3axuiineHux 3’€1HaHb; pEBEPCUBHUIM
MPOKCI Ha PO3rOpTyBayi sl KOMYyHiKalii 3 BHKOHaBIEM; BIIPOBa/KCHHS
SSL-miHHIHTY Ta paHZOMHHUX CcepTU(]IKaTiB Ha AWCIETYEpi; MeXaHi3M
IOTaBaHHS HOBHUX KIIICHTIB.

Y DDE nucmerdep koopauHye 3amutH, posroptyBad (Deployer)
posroptae BukoHaBIiB (Executor) - KOMIIOHEHTIB, SKi BHKOHYIOTH OCHOBHY
poboty. Y miif poboti momano, mo Deployer nmie sk reverse proxy i
BUKOHABISI 3 METOI0 ONTHMi3amii KiTBKOCTI 3’€IHaHb y HE3aXUIICHOMY
KaHaii, myiptuiuiekcyroun HTTP/2-3’ennanns [4] mns edekTHBHIIOro
BUKOpHCTaHHS pecypciB i 3meHmeHHs overhead. PosropryBau rotye
oreparii, CTPYKTypylo4d iX 1 BHM3HAUalOUM IOPSIOK, a BHKOHABEIb
00po0bJIsie 3a1aui.

st 3abe3nieyeHHs Oe3neKy B HEJOBIPSHUX KaHalax 3acTocoByoTh TLS
Ui mudpyBaHHs W ayrentudikamii, a takok SSH nmns BigmaneHoro
nmoctymy. TLS, sx crammapt IETF, BukopucroByetscst B HTTPS, email Ta
VPN, rapaaTytoud KOH(IICHUIWHICTh, HUTICHICTP Ta ayTEHTH]IKAIIifo.
Bepcis TLS 1.3 ckopouye handshake mo 1 RTT (3MeHmIeHHs 3aTpUMKH Ha
50%), 3 miarpumkoro 0-RTT, forward secrecy Tta crilikicTio 10 atak.
Amnapatna migrpumka Ha MCU (sanpukinan, ESP32) 3Hmkye HaBaHTaXCHHS
Ha CPU 1o 90%, mo izeansro mus loT y HaykoBux Mepexax. SSH, cBoero
4eproio, mudpye cecii, 3arodirarouu nMepexorieHHo Janux [5].

Ha nucneruepi BnpoBamkeHo SSL-miHHIHI Ta reHepauilo paHZOMHHUX
KiieHTchbkux ceprudikarie mams mutual TLS, mo ycknamHioe MOTEHINHHI
ataku. SSL-miHHIHT Qikcye Bigomuii cepTudikar cepBepa, YHHKaIO4u
HIiIMIHA — 1€ KPUTUYHO JUTS XMap 3 piIKCOBAaHUMH aJ[pecamu.

VY He3axXHWIIEHOMY CepelOBHIi 3a0e3NeuyeThcs AMHAMIYHA PEeCTparlis
HOBHX BHUKOHaBIIB (Hampukimaa, Ha AWS um  Google Cloud) 3
nBo(akTopHOIO ayTeHTH(IKAIie: AWUCHeTdep TeHepye pairing code;
BUKOHABEUb HAaJa€ MyONIYHMI KII0OY dYepe3 3axHLICHUH KaHal;, Micis
BBEIICHHS KOIy AWCIIEeTYep BepU(]iKye Ta BHUIAE TUMYACOBUH cepTH(IKaT,
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migmucannii CA, mms mutual TLS; me 3amobirae imitarmii BYy3IiB.
Ceptudikar mie obOmexenmii dvac (1 Micamp) 3 aBTOMAaTHYHHM
NPOJOBXKEHHAM: KIIEHT 3alUTye€ HOBHH, BHKOPHUCTOBYIOYH IIONEPEIHIO
ayTreHTudikairo, 3adbe3nedyoyu Oe3nepepBHy Oe3IeKy.

IMopmiitna ayrentudikaris gomoBHioe TLS: BoHa 3a0e3medye MBHIKY
MEPEBipKy B JIOKATBHHUX Mepexax, Toml sk TLS momae xoH(DiICHIIHHICTD;
cepeJl He/IONIKIB - TIOpIiifHa HE 3aXHINAE BiJ MPOCIYXOBYBaHHS (BUPIIICHO
TLS), a TLS wmae overhead (3meHmeno mnopuiiHicTio). IlopmiiiHa
ayTeHTH(]IKaIis nepeBipsie JaHi YacCTUHAMK, eKOHOMJISTYN PECYPCH.

3anpornoHoBaHa Mou(]iKallis OpraHiyHO MOEAHYE MIBUIKICTD 1 Oe3NeKy
JUIL  pO3MOJUICHHX CHCTeM, IO 3a0e3nedye INUPOKI MEepPCIEKTHBH
3aCTOCYBaHHS B XMapHUX TeXHOJOTisX Ta [0T, cripustoun CTBOPEHHIO O1IbIIT
e(pEKTHBHHX 1 3aXHUICHUX MEPEXK.

Buxopucranas TLS y cydacHHX cucTeMax HE A€ BETUKUX HAKIaTHHUX
BHUTpAT 3aBIJKM HWOTO amaparHili peaiizamii Ha OiMBIIOCTI OOJIQTHAHHS.
[omambmmi nocmimKeHHS MOXYTh 30CEPEIUTHCS Ha alanTamii IUX MigXoIiB
it HTTP/3, posmmproroyn TOPU3OHTH 1HHOBAaliii y pO3MOIUICHHX
cucTeMax
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SECTION 2. INTELLIGENT SYSTEMS AND DATA ANALYSIS
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IMAGE SEGMENTATION BASED ON COMPLEX BASIS OF TYPE-
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CEI'MEHTANIA 306PA’KEHDb HA OCHOBI BUKOPUCTAHHS
HIAIPOCTOPY KOMIIJIEKCHOTI'O BABUCY QYHKHIIZ
HAJIEX)KHOCTI THUITY-2
Dr.Sci. JI. Axmermmna, Ph.D. A. €ropos, A. ®omin
Lninposcokuii nayionanvnuil ynigepcumem im. O. I'onuapa, Yxpaina

Abstract. A new method for grayscale image segmentation based on the type-2
fuzzy clustering method (T2FCM) is presented. This method enhances segmentation
sensitivity, reliability, and noise immunity. The proposed algorithm is based on the
orthogonalization of fuzzy membership functions using singular value
decomposition, the formation of a complex space of orthogonal eigenvalues, and the
synthesis of a composite resulting image based on these components. Experimental
results are provided for medical image.

Keywords. Image Segmentation, Type-2 Fuzzy Clustering, complex singular
subspaces.

Anomauia. Ilpedcmaenieno Hosuil MemoO cesMeHmayii  HANiGMOHOBUX
306pacicenb 3 GUKOPUCMAHHAM Heuimkoi kaacmepuzayii muny-2 (T2FCM), saxuii
0o36019€  nidguwumu i YYMauBicmv,  HAOiUHICMb MaA  3A8a00CMIlIKICMb.
3anpononosanuil aneopumm 6azyemvca HA OPMOLOHANI3AYIT HewimKux @OyHKYill
HANeHCHOCMI 3 BUKOPUCMAHHAM PO3KIAOAHHA 34 CUHSYIAPHUMU 3HAYEHHAMU,
hopmyeanti KOMIIEKCHO20 NPOCTNOPY OPMOLOHATLHUX BACHUX 3HAYEHb A CUHMEe3]
KOMNO3UMHO20 — Pe3YIbmyIou020 300pPAdCEeHHs HA OCHOBI YUX KOMNOHEHMIS.
Hasedeno excnepumenmanvui pesyrtomamu 015t MEOUUHO20 300DANCEHHSL.

Knrouogi cnosa. ceemenmayis 300pasicens, Hewimka Kiacmepuzayis muny-2,
KOMMIEKCHI CUHSYTIAPHI NIONPOCMOPU.

Digital images, which are the output of various research methods in
different fields, often suffer from insufficient quality for reliable analysis.
To make these images more suitable for specific applications, improve their
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interpretability by humans and so on, appropriate transformations are
required [1]. Type-1 fuzzy sets (FST1) have been successfully applied in
various image processing applications. But FST1 represents uncertainty in
the input data as a single crisp value, which restricts its ability to describe
other types of uncertainty and ambiguity. To address these limitations, type-
2 fuzzy sets (FST2) have been introduced.

This paper presents a new grayscale image segmentation method based
on type-2 fuzzy clustering (T2FCM). The proposed method enhances
segmentation sensitivity, reliability, and noise immunity by orthogonalizing
fuzzy membership functions wusing singular value decomposition,
constructing a complex space of orthogonal eigenvalues, and synthesizing a
composite resulting image based on these components.

The proposed algorithm includes the following steps:

1. Making window transformation (window size 3x3) brightness values
of the original greyscale image and forming a 9-dimensional ensemble
including the brightness of neighbouring pixels.

2. Performing an orthogonal transformation (SVD) of the expanded
original data with subsequent automatic selection of the most significant

components (1) [2] and scaling to the range [0, 1].

3. Forming matrix |° using each pair of 159 components and
complex values and scaling all its components to the range [0, 1], followed
by SVD and selecting the most significant components.

4. Merging matrices 1% and the most significant components of | ¢

into 1%~ and performing its fuzzy clustering by T2FCM method [3] with
dynamic compression of the fuzzy membership function. Obtaining matrix

|T2 Isvd_

based on ¢ and type-2 fuzzy membership function of last step.

5. Applying SVD to | "2, selecting the most significant components,
as described in step 2 and generating output images: 1°Yt and | °'-¢ based
on grayscale image | ° (formed as a weighted sum of selected significant
components). |°“t is obtained by applying the adaptive histogram
equalization to 15, 1°"~“based on |° and the first component of |
with following adaptive histogram equalization.

This work discusses the application of proposed algorithm for
segmentation of various physical nature images. Figure 1b, 1c shows the
results of segmentation of computed tomography (CT) scan of the human
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brain (Figure 1 a) by the proposed algorithm, where location of the
hematoma and its affected region is clearly identified.

Figure 1. Segmentation of a brain CT scan: (a) original image; (b) | out. (c)
I out_c )
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PROCESSING PIPELINE FOR ASTRONOMICAL DATA MINING
Yu. Netrebin, Dr.Sci. V. Savanevych, Ph.D. S. Khlamov, T. Trunova,
Yu. Teslenko
Kharkiv National University of Radio Electronics, Ukraine

Anomauin. myunuii  inmenexm (L) cymmeso nokpawye 06poOKy
ACMPOHOMIYHUX OAHUX, ABMOMAMU3VIOYU BUAGNIEHHS AHOMANill ma Kepy8aHHs
pobouumu npoyecamu. Y ybomy 00CRiOHCeHHI npedcmagieHo 2iopuoHutl MoOy1b Ha
ocHosi LI ma npasun, inmeeposanuil y npoepamue 3abesneyents Lemur npoexmy
Collection Light Technology (CoLiTec), 3 noxpawenum monimopunzom uepes
cucmemy arcypuantoeants PostgreSQL. YV nopieusanni 3 mpaouyitinumu memooamu,
6iH 3a0e3neuus Ha 65% weudue npuiinsamms piwens i Ha 50% weuodwie 6iOHO6IEHHSA
nicas 36018, 0eMOHCMPYIOYU 3POCMAHHSL eeKMUSHOCME, MOYHOCMI Ma HAOIHOCI
0171 8EUKOMACUIMAOHUX CNOCMEPEHCEHD.

Knrwuoegi cnosa: npuiinamms piwiens, aHaniz OaHUX, WmydHull inmenexkm, 6eiuxi
Odani, 06pobKa OaHux, KOHEeEp 0OPOOKU.

Abstract. Artificial intelligence (Al)-based decision-making significantly
enhances astronomical data processing by automating anomaly detection and
workflow management. This study introduces a hybrid Al and rule-based module
integrated into the Lemur software of the Collection Light Technology (CoLiTec)
project, improving monitoring via a PostgreSQL logging system. Compared to
traditional methods, it achieved a 65% speed increase and 50% faster failure
recovery, demonstrating improved efficiency, accuracy, and reliability for large-
scale observational studies.

Keywords: decision making, data mining, artificial intelligence, big data, data
processing, processing pipeline.

The increasing volume of astronomical big data from space and ground-
based observatories [1] necessitates innovative automated data mining and
decision-making techniques [2]. This led to unprecedented challenges in
data mining, classification, and anomaly detection processes.

Traditional approaches rely on rule-based monitoring, which is often
inefficient, inflexible, and prone to errors in large-scale operations. Such
rule-based monitoring systems struggle with the growing complexity and
volume of observational logs, making real-time decision-making and
automated anomaly detection essential for maintaining data integrity and
efficiency. Artificial intelligence (Al) has emerged as a robust alternative,
offering the ability to detect anomalies, classify events, and optimize
workflows with minimal human intervention.
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This paper introduces an Al-based decision-making system designed to
automate log analysis, processing state detection, and error classification
within astronomical data pipelines. The system integrates with a
PostgreSQL database, providing a flexible and scalable logging mechanism
for the astronomical knowledge discovery in databases. The key objectives
of research are to improve efficiency and accuracy in processing
astronomical data logs, automate anomaly detection with fault tolerance in
data pipelines and ensure real-time decision-making for processing state
transitions.

The proposed framework is an advanced, Al-powered decision-making
system for astronomical data mining [3], designed with a modular and
scalable architecture to efficiently handle vast and continuously growing
datasets of astronomical big data. By integrating intelligent automation, real-
time data processing, and adaptive learning capabilities, it optimizes
workflow efficiency, enhances anomaly detection, and ensures robust
decision-making across diverse astronomical research applications [4].

The architecture of proposed framework consists of three main
components: PostgreSQL database for structured log storage; decision-
making module leveraging Al models to assess message logs and update
process states; automated workflow control for handling failures, timeouts,
and success conditions. The research demonstrated that integrating Al-
driven decision-making with a structured logging system enhances the
efficiency and reliability of different types of astronomical data processing,
like knowledge discovery in databases, data mining, image recognition,
machine vision [5], image filtration, object detection, etc. The hybrid rule-
based + Al approach demonstrated a 65% improvement in decision-making
speed and a 50% reduction in failure recovery time compared to traditional
rule-based monitoring.
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THE ISSUES OF COMPARATIVE ANALYSIS OF MACHINE
LEARNING MODELS FOR PREDICTIONS BUILDING IN
VARIOUS SUBJECT DOMAINS
Dr.Sci. L.Gryzun
Simon Kuznets Kharkiv National University of Economics, Ukraine

Anomauia. Poboma npucesuena axmyanvhill memi NOPIGHATbHOZO AHANIZY
Mooeiell MAWUHHO20 HAGUAHHS Ol NPOSHO3Y6AHHSL NPOYECI8 y PIZHUX NPEOMEMHUX
eanysax. Busnaueno ocobnusocmi nobyoosu npozHosHux mooenetl y 6UOPaAHUX
2any3sax (oxopoua 300pog's, memeopono2is, (inancu ma npooaici). /s nposedenHs.
3A3HAYEH020 NOPIGHAILHO20 AHANIZY 6Y10 PO3pobIeHO 6eb-000amok 0/ noOY008uU
ma ananizy npoeHo3Hux mooeneil. Peszyibmamu npocno3yeanms 3 UKOpUCMAHHAM
MpaouyitiHux —ma Cy4achux Mmooeneu y GUOPAHUX NPEeOMEemHUX 00AACHAX
OYIHIOIOMbCA 3a KpUmMepismMu MoYHOCMI, WEUOKOCII ma CKAAOHOCMI.

Knruogi cnoea: mooeni MawunHo20 HABYAHHSA, NPOSHO3Y8AHHS, 6e0-000AMOK,
NOPIGHATbHULL AHANT3 NPOSHOZHUX MOOeell, NPAKMUYHI peKOMeHOayii.

Abstract. The work is devoted to the urgent topic of comparative analysis of the
machine learning models for forecasting processes in different subject domains. The
features of building predictive models in selected domains (healthcare, meteorology,
finance, and sales) are determined. To perform the said comparative analysis, a web
application was developed to build and analyze predictive models. The results of
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forecasting using traditional and modern models in the selected subject domains are
evaluated according to criteria of accuracy, speed and complexity.

Keywords: machine learning models, prediction, web application, comparative
analysis of predictive models, practical recommendations.

In terms of the urgency of the research, the author’s review of scientific
and practical studies testifies a significant interest of the experts in the
issuess of comparative analysis of machine learning models. However, most
studies provide results of predictive models evaluation in a single specific
field or for solving an exact prediction problem [1, 2]. At the same time,
there is a need for comparative analysis of models from the standpoint of the
specifics of predicting for different subject domains, as each of them has its
own features and requirements for forecasting.

On the other hand, nowadays there are a lot of machine learning models
with their own advantages and disadvantages. Their comparative analysis
can help identify the most efficient models for specific tasks and data types,
which facilitates rasing the forecasts accuracy and the effectiveness of
decision-making in various areas (healthcare, economics, meteorology,
business planning, etc.) [1, 2, 3].

Therefore, the purpose of the work is to build and compare machine
learning models for forecasting in selected subject domains to evaluate them
and choose the most effective solutions for the specific tasks of each
domain. To achieve the aim, there were undertaken the number of steps.

An analysis of theoretical and practical scientific studies [3, 4 and
others] on the implementation of conventional and modern predictive
models for various domains is done to reveal possible consequences of the
use of different models, including potential risks. It was made a sort of
generalization of the features of selected models (Holt-Winters, SARIMA,
LSTM, Random Forest, XGBoost, Prophet, Gaussian process, polynomial
regression). Then, based on the analysis of [1-4 and others], four main
subject domains were identified with an increased demand for the building
of efficient ML models for forecasting: healthcare, meteorology, finance and
sales. The features of building predictive models in selected domains are
determined.

To perform a comparative analysis of ML models for forecasting
processes in selected areas, a web application in Python was developed. The
client side was elaborated using the html/css/javascript technology stack, the
ChartJS library for building graphs, and Ajax for dynamic data display. A
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number of forecasting models are constructed and the results of forecasting
using conventional and modern models in various subject areas are analyzed
and evaluated according to certain criteria.

Summing up the comparative analysis of the built predictive models
according to the criteria of accuracy and speed in different subject domains,
we could conclude the following. Regarding the universality of use, the
Random Forest and XGBoost models demonstrated stable results in all
domains.

Random Forest works efficiently in a wide range of tasks, demonstrating
a good balance between accuracy and speed. The XGBoost model has a high
ability to adapt to different types of data, providing accurate results in all
subject domains. The constructed models and forecast results were also
analyzed by the level of complexity of their construction in terms of
forecasting based on historical data. Based on the comparative analysis of
machine learning predictive models, the practical recommendations have
been formulated for the correct choice of a model for specific domain
forecasting tasks.
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Anomauia. Y pobomi npedcmagneHo memoo adanmueHux d6moeHKoOepis i3
NepCUCMEHMHUM  PeYIAPU3AMOPOM O 3A0a¥ HEKOHMPOTbOBAHO20 GUSBLEHHS
anomaniu. 3anponorogano opmanizayico MononoSiuHOl HegiOn0GIOHOCMI MidC
BXIOHUMU, PEKOHCIMPYUOBAHUMU MA JAMEHMHUMU NPeOCMABIeHHAMU HA OCHOBI
cmiukoi  gekmopusayii  nepcucmeHmuux — oiazpam. AoanmueHuil  Mexauizm
HALAWIMY8anHa 6ae pezyiapusayii 3abe3neuye ONMuMAanrbHUili KOMAPOMIC MidC
TNOUHICTNIO PEKOHCTNPYKYTT ma 30epedceHHAM 2100a1bHOI MONON0SIUHOT CIMPYKMYPU.
Excnepumenmanvui  pesynomamu  niomeeposxcyioms  eghexmugnicms nioxooy Ha
CKAAOHUX OQHUX.

Knrwwuosi cnosa: asmoenxodep, Oemekyis amomaniti, MONONOSIYHUL AHANI3
OaHux, pe2yiapu3ayis Ha OCHOGI nepCUCmeHyii

Abstract. This paper presents a method of adaptive autoencoders with
persistence-based regularization for unsupervised anomaly detection tasks. A
formalization of topological discrepancy is proposed, comparing input,
reconstructed, and latent representations using stable vectorizations of persistence
diagrams. The adaptive regularization weighting mechanism ensures an optimal
trade-off between reconstruction accuracy and preservation of global topological
structure. Experimental results confirm the effectiveness of the approach on complex
data.

Keywords: autoencoder, anomaly detection, topological data analysis,
persistence-based regularization
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Modern unsupervised anomaly detection methods predominantly rely on
autoencoders (AE) and variational autoencoders (VAE), which provide
adequate signal reconstruction yet often disregard complex topological data
connectivity. Preserving the multiscale structure, as captured by persistence
diagrams, is critical for detecting subtle but significant deviations. The
proposed Adaptive Persistence-Regularized Autoencoder (APRA) approach
integrates differentiable persistent homology directly into both the latent
space and input representations. The adaptive topological regularizer
automatically adjusts the weight of the persistence loss, enabling an
optimized trade-off between reconstruction accuracy and global shape
preservation. Experiments on medical imaging and time-series datasets
demonstrate its superiority over classical AE/VAE models lacking a
topological component [1].

Let x € R? denote an input sample and let f,:R? — R™
go:RY — R™ define the encoder and decoder of an autoencoder
parameterized by &. We compute, for each homology dimension
k € {0,1,...}, the persistence diagram D, (x) of a filtration on x (e.g.,
cubical complexes for images or Vietoris—Rips complexes for point clouds).
Likewise, we obtain D, (%) for the reconstruction % = go(fs (), and

D= for the latent codes {z, = f5 (x)} within a mini-batch.
To quantify topological discrepancy, we embed each diagram via a stable
vectorization @ (e.g., persistence landscapes) and define

2D = [|[@(De () — D(D @)L, €

a7 = || (p?) - @ (D) E 2)

where D,?f is a reference diagram computed over nominal data.
The complete loss is

£0,2) = Lo, ) + 5 (AP0 +2247), @

with reconstruction loss L__. = [|x — %[|? and adaptive weights Ai').

rec
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We update & via gradient descent on .L. After each epoch, each Ay, is
A, (1 + p), A, = 6y,

Ag )
=
(1+0) A = 6

adaptation speed and ¢, is a tolerance threshold. This mechanism ensures a
dynamic balance between reconstruction fidelity and preservation of global
topological features.

APRA’s computational overhead is dominated by PH: Vietoris—Rips has
worst-case 0(n?), but Ripser-style sparsification achieves near 0(n?). Batch
approximation and GPU acceleration further reduce runtime. Diagram
embeddings via persistence landscapes cost @ (mT) and sliced-Wasserstein

O(nlogn), so m and T must fit GPU memory. The adaptation rate 2 is
tuned by grid search in [0.005,0.1] for stable updates, and per-dimension
thresholds &, are set at the 90-95th percentile of nominal A, on validation to
control false alarms.

adjusted according to A — where p = 0 controls

Table 1.
Performance metrics comparison
Method | AUROC | o | FPRO IPR | ean s | Mean o
Plain AE 0.85 0.60 0.30 - -
TopoAE 0.88 0.65 0.25 0.12 —
APRA 0.92 0.72 0.18 0.08 0.05

APRA delivers the highest AUROC and PR AUC while reducing the
false-alarm rate at high true-positive thresholds. Moreover, the lower mean

topological discrepancies &(;‘] and &(,f] confirm that adaptive persistence
regularization better preserves multiscale data structure
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OBJECT DETECTION MODELS IN COUNTER-UNMANNED
AIRCRAFT SYSTEMS BASED ON DEVICES WITH LIMITED
COMPUTING CAPABILITIES
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Anomauin.y 0ocniodcenni asmop npeocmasué pe3yibmamu MOOei08aAHHs 3
BUKOPUCMAHHAM O€SIKUX NONYJAPHUX MOOeNell MAUWUHHO20 HAGUAHHS, MAKUX SIK
MobileNetV2 SSD FPN-Lite, FOMO (Faster Objects, More Objects) 0as npucmpoig
3 obmedceHuMu  OGUUCTIOBANLHUMU  MOXCIUGocmamu. Ompumanuil  pe3yibmam
mounocmi  euseienna bBIIJIA muny Ilaxeo 136 3 euxopucmaunuam mooeii,
nepemeoperoi 3a donomoeorw Tensor Flow light 3i 3menuienoro po3spsiouicmio eaz
03HAK, BKA3VE HA MOICTUBICMb SUKOPUCTNAHHA MAKUX MoOenell 8 00YUCTIO8AIbHUX
mooynsx muny Raspberry PI, Arduino mowo na 6opmy BIIJIA-nepexonnosaua.

Knruosi cnosa: C-UAV, UAV, komn’tomepuuti 3ip, euseieHHs 00 ckmis,
KOHmpacmui 06 'ekmu

Abstract. In the study, the author presented the results of simulations using some
popular machine learning models, such as MobileNetvV2 SSD FPN-Lite, FOMO
(Faster Objects, More Objects) for devices with limited computing capabilities. The
obtained result of the accuracy of detection of Shahed 136 UAVs using a model
transformed using Tensor Flow light with reduced bit depth of feature weights
indicates the possibility of using such models in computing modules such as
Raspberry P1, Arduino, etc. on board the UAV interceptor.

Keywords: C-UAV, UAV, computing vision, object detection, salient objects

The widespread use of unmanned aerial vehicles (UAVS) of different
classes and types in recent armed conflicts has resulted in significant
material and human losses for both military units and civilians. The Shahed-
type barrage munitions, also known as tactical UAVs of the second class
according to NATO classification, pose a particular threat to the country's
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critical infrastructure [1] and civilian people. The purpose of this paper is
formalizing the most effective methods of UAV detection by analyzing
existing approaches with regard to the real conditions of particular UAV
type use from the perspective of using these models on low-power
computing devices on board an interceptor UAV.

The analysis of works in the field of C-UAS systems development [2,3]
allows us to draw the following conclusion that none of the papers considers
the implementation of the interception concept as a logical extension of their
research. That is why the author's idea of building a combined C-UAV
system using methods of recognizing the intruder UAV, implemented on
low-power computing boards on board the interceptor UAV, day and night,
is an urgent practical task [3]. The main challenges in presented training
models:

1. Poor detection of distant (small) objects that blend into the
background (ground, buildings, trees). The performance of FOMO is highly
dependent on the resolution of the input image. Very small objects in low-
resolution images may be missed.

2. Poor detection of large objects (foreground) when the UAV is
almost the same size as the house against which it was shot (the geometry of
the house, the triangular roof (similar to the shape of the UAV, etc.) affect
the detection). This problem was typical for MobileNetV2 SSD, and the
FOMO model solved this problem completely (fig.1).

3. Sensitivity to input quality. Compact models are often more
sensitive to noise, poor lighting, or unusual angles of objects.

Shahed (0.93)
Shahed (0.61)

Figure 1. a) Video frame with Shahed-136 above the triangular roof, and b)
the probability of detecting a roof instead of a UAV
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4.  The need for fine-tuning hyperparameters to achieve the optimal
balance between speed and accuracy in a specific problem.

Thus, based on the results of the study, it is possible to recommend the
use of the two presented models, but with certain limitations, namely: model
MobileNetVV2 SSD FPN-Lite requires a more powerful board, for example
Arduino Nano 33 BLE Sense, Raspberry Pi is better and will be more
effective in target tracking tasks; model FOMO is more powerful and faster,
can use board Arduino Nano 33 BLE Sense, but has certain limitations
regarding the implementation of target tracking.
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Abstract. The paper presents the results of the study on image compression
algorithms based on neural networks. A comparative analysis of classical
compression algorithms, such as JPEG, with new approaches based on neural
networks is carried out using the example of an autoencoder.To achieve the best
reconstruction quality, a hybrid loss function comprising three components was
employed: perceptual loss based on VGG16, SSIM loss, and MSE loss. This study
developed an autoencoder model for image compression. The proposed model
successfully preserves key structural features of the images, while achieving
significantly lower compression ratios when compared to JPEG. The experiments
determined the maximum acceptable number of convolutional layers for the model.

Keywords: autoencoder, image compression, neural networks, JPEG,
compression algorithms.

Anomauia. Y cmammi npeocmasneni pe3ynomamu 00CTIONHCEHHA AN20PUMMIE
cmuchents  300padiceHb  HA  OCHOBI  Heliponnux  mepedc. Ha — npuxnadi
A8MOKOOYBANILHUKA NPOBEOEHO NOPIGHANbHULL  aAHANI3  KIACUYHUX — ANROPUMMIE
cmucHennst, maxux sk JPEG, 3 Hogumu nioxooamu, 3aCHOBAHUMU HA HEUPOHHUX
mepeoicax. [[ns 00cseHeHHs HAuKpawjoi aKocmi peKOHCmPYKYIi OY10 6UKOPUCAHO
2IOpUOHy PYHKYIO 6mpam, wjo CKIA0AEMbCs 3 MPbOX KOMNOHEHMIB. NEePYEnMUGHUX
empam na ocnogi VGG16, empam SSIM ma empam MSE. V yvomy oocnioocenni
po3pobneHo  MoOenb  a8MOKOOYBANbHUKA ~ ONA  CIMUCHEHHA  300pajdceHd.
3anpononosana modenv ycniwmo 30epicac KIOY08i CMPYKMYPHI 0coOaUBOCMi
300pasicenb, 00cA2aAI0UU NPU YbOMY HUICUUX KOeiyicHmie cmucHenHs NopieHaHO 3
JPEG. Excnepumenmu U3HA4UIU MAKCUMATLHO OONYCIMUMY KINbKICMb 320PMKOBUX
wapis 0 Mooeii.

Knrouosi cnosa: asmoxooyeanbnux, CmucHeHHs 300pasicenb, HeUPOHHI Mepedici,
JPEG, aneopummu cmuchenms.

The rapid growth of digital content and information technology
necessitates efficient data compression methods. Traditional compression
methods often result in visual artifacts and information loss, degrading
image quality. Neural networks offer a promising alternative for maintaining
higher image quality at similar compression ratios. The goal of this study is
to assess the effectiveness of image compression algorithms based on neural
networks and compare them with traditional compression methods.

Classical image compression methods have their own strengths and
weaknesses. For example, JPEG works well for photographs but can
introduce noticeable artefacts when compressed too much, while PNG
preserves high image quality but results in larger file sizes. Neural networks
can offer a new approach to image compression [1, 2], with their main
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advantage being their ability to learn from large datasets, identify patterns
and extract the most important information from an image.

Autoencoders were chosen for further experimentation due to their
simplicity and operational features. During the encoding and decoding
process, some information is lost, leading to a reduction in the size of the
output image. However, if the model is properly trained, this loss of
information does not significantly affect the visual perception of the image,
which allows the process to be regarded as a form of lossy compression. To
train the model to correctly identify image features and achieve optimal
reconstruction quality, a hybrid loss function is employed. This function
combines three components: perceptual loss based, SSIM loss, and MSE
loss. Perceptual loss leverages (Lperc) intermediate features from the VGG16
neural network, pre-trained on the ImageNet dataset. It measures the
similarity between the true images Y and the predicted images Ypreq at the
feature map level, rather than at the pixel level. SSIM loss assesses the
similarity between two images by considering structural characteristics such
as brightness, contrast, and texture [3]. MSE loss measures the mean-square
deviation between the pixels of the true and predicted images.

Hybrid loss function is a linear combination of the three above losses
(a, b, ¢ are the importance factor coefficients, a + b + ¢ = 1):

L hybrid [:!'Tr:l'ua 4 }rp:"sn! )
=a 'LSSIM (_}rr:l'ua ’ Fprsd) +b 'Lparc (_}rr:l'uaf Pp:‘sd ) @

B )

+c 'LM_'.'E [}rr:"us ’ }rp:ﬂa d )

To conduct the experiment, a modular software was developed in
Python, comprising of the following components: graphical user interface;
compression module, quality assessment module, which computes the key
evaluation metrics, (PSNR and SSIM). To perform the experiments, 4
encoder configurations were developed: incorporating 3, 5, 7 and 10 layers
of convolution. The 3-layer model achieved an average SSIM of 0.9738,
comparable to JPEG at a 95/100 quality setting. An SSIM near 1 indicates
high structural similarity between the compressed and original images.
JPEG's average PSNR was 41.11 dB, significantly higher than the
autoencoder's 27.09 dB, suggesting greater fidelity for JPEG
mathematically, though PSNR doesn't always correlate with visual
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perception. The autoencoder's compression ratio (1.11) was significantly
lower than JPEG's (4.58).

PSNR SSIM
45 1
0.9%
40 0.96 —
0.94
i 0.92
=+=model 0.9 ==maodel
30 : 0.88 —
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Figure 1. Graphs of the dependence of changes in image recognition results
for encoder models with different numbers of layers and the JPEG method
with different quality settings: PSNR (a), SSIM (b), Compression ratio
(c), Time per image (d)

This indicates the autoencoder effectively encodes and decodes images
with minimal information loss, which benefits quality but reduces
compression efficiency. Figure 1 shows graphs that demonstrate the
dynamics of changes in the parameters for 4 encoder configurations. The
study concluded that for 128x128 pixel images, models with more than 5
convolutional layers are not recommended.
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In summary, neural networks can reconstruct images with adequate
quality, they still fall short of the compression efficiency and computational
performance offered by classical methods. The analysis of the experimental
data highlighted two main challenges for the neural network-based
approach: a low compression ratio and high resource requirements.
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Annotation. A method for automatic optimal control of the movement of a vessel
with additional wind turbines along the route has been developed. Optimal controls
are found by applying a "greedy" algorithm and a method of conditional
optimization of the objective function with equalities and inequalities. Equalities-
type constraints provide, when searching for optimal controls, the necessary control
forces and moments, and inequalities-type constraints take into account the
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permissible control ranges. Optimal controls minimize fuel consumption by using
wind energy.

Keywords: automatic systems, wind turbines, wind energy, "greedy" algorithms,
conditional optimization with constraints, minimization of energy consumption,
human factor.

Anomauia. Pospobneno memoo agmomamuyno2o ONMUMANLHOZO KepyE8aHH:
pyxom cyoHa 3 000amKosumMu eimpopywismu no mapuwpymy. OnmumanvHi
KepYSanHsa 3HAXOOAMbCA WIIAXOM 3ACMOCY8AHHA «IHCAOIOHO20» ancopummy ma
Memoody yMo8HOI onmumizayii yinboeoi yHKYil 3 0OMedceHHAMU Mmuny pieHocmell
ma Hepienocmeil. OOmedcennss muny pieHocmell 3a0e3neuyromv, npu HOUWYKY
ONMUMATLHUX KePYBAaHb, HeOOXIOHI Kepyloul CUU Ma MOMEHMU, a 0OMENCEeHHs. MUNy
HepigHOCmell 8PaX08yIomb 0ONYCIMUMI 0ianazoHu Kepysanv. OnmumanbHi Kepy8aHHs
MIHIMI3YIOMb BUMPamu naIued, 3a paxyHox GUKOPUCMAHHS eHepaii 6impy.

Knwouoei cnosa asmomamuuni cucmemu, 8impopywii, eHepeis  8impy,
«HCAOIOHI»  aneopummu, YMOBHA ONMUMI3AYIA 3 O0OMedCeHHAMU, MiHiMizayis
eHepeosumpam, TH00CLKULL YUHHUK.

The maritime industry faces significant challenges due to increasingly
stringent legislative requirements to reduce emissions of harmful substances
into the atmosphere and improve the climate. This is facilitated by the
automation and optimization of control processes when solving various
tasks, in particular, traffic control under external influences [1], optimization
of control processes [2, 3], assessment of vessel maneuvering capabilities
[4], use of mathematical models of the vessel in control systems [5], etc.
Among the wide range of technologies and fuel solutions considered in this
context, wind-assisted propulsion systems (WAPS) are one of the most
promising, which can reduce fuel consumption by vessels and, as a result,
reduce emissions of greenhouse gases and other harmful substances into the
atmosphere.

Modern WAPS have a built-in weather vane function to control the
performance of the sails in different weather conditions. It is known that the
sails create a thrust force that moves the ship along the route, and a drift
force that blows the ship off the route. To compensate for the drift force and
keep the ship on the route, the control system increases energy consumption.
Depending on the direction and strength of the wind, the energy
consumption for compensating for the drift force from the sails may exceed
the savings from the thrust force of the sails, so the problem of controlling
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the sails should be solved together with the problem of controlling the
movement of the ship.

The aim of the work is to minimize fuel consumption by a conventional
single-screw vessel with additional wind turbines when moving along the
route, due to the use of wind energy. The set goal is achieved by using the
on-board computer in the control system; carrying out, at each step of the
on-board computer, operations of measuring the parameters of the vessel's
motion relative to the wind and current, calculating external and control
forces and moments, finding optimal controls U*:(®*,5*,;/?), j=1.n,

where ©" is the optimal telegraph deviation, 5~ is the optimal rudder
deviation, 7;, j=1..n is the optimal sail angle; using optimal controls in the

automation of the power plant, rudder and sails.

Optimal controls are found by solving a conditional optimization
problem with constraints of the equalities and inequalities type; The energy
consumption function of the Power Plant is used as the objective function,
constraints of the type of equalities ensure the creation of forces and
moments necessary to maintain a given position or motion, constraints of
the type of inequalities ensure the controls deviation U*:(@*,(s*,yjf) j=1.n

within permissible intervals.
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Anomauia. Y yiii pobomi 6yn0 po3poOieHO OUHAMIUHY MOOelb PedCumy
NnpooyeKu 8 npoyeci KUCHegoi neui, wo € KIUOBUM NUMAHHAM O NIOBUUEHHS
eHepeo- ma  pecypco-eeKmusHOCmi  cy4acHoeo  eupodomuymea  cmani. Y
00CTIONCEHHT AHANI3YEMbCA BNAUE KIIOYOBUX NAPAMEmpi6 KOHMpONo, a came
sucomu Qypmu HAo pigHeM CROKIUHOI 6AHHU MA [HMEHCUBHOCMI NO0AYl KUCHIO, HA
pesyromamu npoyecy. Moodenv onucye nepexiony OuHamixy, wo nos's3ye yi 6XioHi
Oami 30 weuUOKicmio 3negyeneylogants ma cmynenem okucienns eyeaeyio 00 CO: y
NOPOIICHUHI KOHEepmepa.

Knrwuogi cnosa: npocnosyioua mooens, KepyganHs, MoOelb 8 NPOCMOpPi CMAaHis,
KUCHe8Ull KOH8epmep.

Abstract. This paper focuses on the development of a dynamic model for the
purging mode in a basic oxygen furnace process, a key issue for enhancing energy
and resource efficiency in modern steelmaking. The study analyzes the influence of
key control parameters, namely the lance height above the quiescent bath level and
the oxygen blast intensity, on the process outputs. The model describes the transient
dynamics connecting these inputs to the decarburization rate and the degree of
carbon oxidation to CO: in the converter cavity.

Keywords: prediction model, control, state-space model, basic oxygen furnace.
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The basic oxygen steelmaking process is noted for the complexity of its
physicochemical phenomena, which proceed at high rates and temperatures.
It is characterized by multiple operational modes and the high
dimensionality of the problems to be solved. The quality of the final steel is
determined by its composition and temperature. The converter can be
considered a chemical reactor wherein the oxidation of various elements and
the redistribution of impurities and heat between the metal and the slag
occur. An investigation was conducted using data from converters with a
160-tonne capacity. Under manual control, the blowing process often
deviates from the optimum, and slag formation is disrupted. Consequently,
the slag may become either inactive or excessively foamy, leading to
slopping and ejections. With manual control, only 45-50% of heats, and
sometimes fewer, are successfully tapped on the first attempt [1]. The quest
for greater efficiency, quality, and consistency in basic oxygen furnace
(BOF) steelmaking has driven a continuous evolution in process control
methodologies. From early reliance on operator experience, the industry has
progressed through successive generations of predictive models, each
aiming to better capture the complexities of the high-temperature,
multiphase reactions within the converter.

In the current landscape of metallurgical industry development, pressing
tasks include the development of resource-efficient steelmaking processes,
the advancement of theoretical and practical aspects of novel energy-saving
methods for blowing the steelmaking bath with process gas, and the
enhancement of furnace thermal efficiency. One of the key approaches to
reducing operational expenditures is the recovery of physical and chemical
energy from converter off-gases, specifically through the post-combustion
of carbon monoxide (CO) to carbon dioxide (CO2). Control of the purging
necessitates the measurement of the CO- mass fraction and the blowing rate.
Due to the technological specificities of the process, the CO: content is
calculated using a mass balance equation for the gases in the blast, ambient
air, and the off-gas duct [2].

The mathematical model for the dynamic control of the blowing process,
which is based on the distribution of blast oxygen among the molten metal,
slag, and converter gas phases, is represented by a system of differential
equations. These equations characterize the mass and heat balance within
the converter and its off-gas. In the development of this dynamic model,
gradients of the control parameters are neglected, under the assumption that
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spatial heterogeneity in both chemical composition and temperature is
absent within the bath due to intensive mixing. The primary contributors to
the process's mass transfer and energy balance are the thermochemical
reactions involving the oxidation of carbon and iron from the bath. It is
assumed that the converter gas, as a product of the bath's decarburization,
consists of CO and CO.. In the converter's freeboard, carbon monoxide is
partially combusted to form carbon dioxide. This reaction, along with the
combustion of iron, leads to a decrease in the oxygen assimilation
coefficient by the carbon in the bath and lowers its burnout rate. The
transient process for the change in the degree of carbon oxidation to CO-,
resulting from a change in the oxygen blast intensity is described by the
differential equation (1):

d*yco, (O dyco, (0)

vl €o, i Co, — v

TVcT]v’c:oz d2t (T +T}'co ) dt TV Coz (f) k?co U[:IT),
@

where it =k, kye, = (056%5) (225 1072) - 100% = 0,126
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The process control object for the oxygen blast intensity of an oxygen
converter is comprised of the physical connection between a pneumatic
valve and a flow meter. This arrangement represents an oxygen capacitance,
which creates resistance to fluid flow. This system, with the pneumatic
valve position as its input and the oxygen flow rate as its output, is described
by the following first-order differential equation (2):
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where "voz — is the pneumatic valve position, %; %v ~ — is the process
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The technological features of controlling the parameters of the purging
mode for BOF process were analyzed, and a state-space model of this
process was developed. It was established that one of the main parameters of
the purging mode is the blowing intensity, on which the progress of impurity
oxidation and slag formation processes depends. However, increasing the
blowing intensity reduces iron oxidation and its transfer into the slag, and
also decreases lining wear; this is associated with a reduction in both the
blowing duration and the contact time of the refractories with the aggressive
slag and high-temperature flame. The effect of the lance height above the
quiescent bath level was analyzed.

References

1. Barron, M. A, Medina, D. Y., & Hilerio, I. (2014). Numerical simulation of
decarburization in a top-blown basic oxygen furnace. Modeling and Numerical
Simulation of Material Science, 4(3), 94-103.
https://doi.org/10.4236/mnsms.2014.43011

2. Mariiash, Y. 1., Stepanets, O. V., & Safonyk, A. P. (2024). Model predictive
control for the blowing regime of the steelmaking process. In CEUR Workshop
Proceedings (Vol. 3790, pp. 331-341). CEUR-WS. https://ceur-ws.org/Vol-
3790/paper28.pdf

UDC 004.932:528.854

IHTEJIEKTYAJIbBHA CUCTEMA BUSABJIEHHS IIOKUHYTUX
OPHUX YI'IIb 3A TAHUMMU SENTINEL-2
K. AKiMeHKo[0009-0008-2615-501511 Py D K, Cepreepal0000-0001-7345-220911

Ph.D. YO. Kapary[0000-0002-0180- 5957]2 Dr.Sci. O.Koppos [0000-0003-3364- 119X]1
'Hayionanenuii mexnivnuii ynieepcumem "/Jninposcoka nonimexnixa", Yxpaina

2Vkpaincokuil deporcasnuil ynisepcumem nayku i mexnonozii, Yxpaina
EMAIL: akymenko.k.s@nmu.one, sergieieva.k.I@nmu.one, yukavats@gmail.com,

kovrov.o.s@nmu.one

INTELLIGENT SYSTEM FOR ABANDONED ARABLE LAND
DETECTION FROM SENTINEL-2 IMAGES
K. Akymenko?, Ph.D. K. Sergieieval, Ph.D. Yu. Kavats?, Dr.Sci. O. Kovrov!
Dnipro University of Technology, Ukraine,
2Ukrainian State University of Science and Technology, Ukraine

101


mailto:sergieieva.k.l@nmu.one
mailto:yukavats@gmail.com
mailto:kovrov.o.s@nmu.one

Materials of the X111 International Scientific Conference
«Information-Management Systems and Technologies»
24th — 26th September, 2025, Odesa

Abstract. An intelligent system for the automated detection of abandoned arable
land using Sentinel-2 satellite images has been developed. The system is integrated
with Google Earth Engine APl and allows classification of agricultural areas as
cultivated or abandoned based on Normalized Difference Vegetation Index (NDVI)
time series, operating in near real time. Experimental validation was conducted on
croplands in the Dnipropetrovsk and Donetsk Oblasts. The proposed system
achieves up to 92% accuracy in detecting abandoned arable land, including those
under military conflict conditions, when ground-based observations are unavailable.

Keywords: intelligent system, classification, NDVI, Sentinel-2, monitoring,
arable land.

Anomauia. Po3pobreno — inmenekmyanibHy — cucmemy — asmoMamu308aHO20
BUABNICHHS. NOKUHYMUX OPHUX V2i0b HA OCHOBL CYnymHuUKosux 3Himkie Sentinel-2.
Cucmema inmeeposana 3 Google Earth Engine i oOac 3moey kiacugixysamu
CiTbCbKO20CN00APCHKI OINAHKU AK 00pOOI08aAHT 60 NOKUHYMI 3a 4ACO8UMU PAOAMU
Normalized Difference Vegetation Index (NDVI) 6 pedcumi, 6nuszbkomy 00
peanvroeo uacy. IIposedeno eKcnepuMeHmanvHy 6anioayilo pesyromamis Ois
CibCbKO20CN00apcbKux 0inanok y [Hinponemposcokiti ma [loneyvkiil obracmsx.
3anpononoeana cucmema 0036015€ GUAGIAMU NOKUHYMI OPHI Y2i00s1 3 MOUHICMIO 00
92%, y momy yucni 8 ymogax 0E€HHO20 KOHGIKMY, KOIU HA3CMHI CNOCMEPEdICeHHs €
HEOOCmYNHUMU.

Knrwuosi cnosa: ingopmayiiina cucmema, IHOOpMAyiiHA — MEXHONO2IA,
xnacugixayis, NDVI, Sentinel-2, monimopune, opni y2ioos.

The problem of abandoned arable land in Ukraine has been exacerbated
by full-scale war, logistical disruptions, and economic instability. Many
fields remain uncultivated, gradually losing their agricultural potential and
becoming overgrown with ruderal vegetation. This poses a threat to food
security, the economy, and the environment. Traditional ground-based
survey methods are ineffective in war conditions due to limited field access,
but satellite monitoring using Sentinel-2 data provides a safe and rapid way
to detect abandoned land [1]. Abandoned cropland has characteristic
spectral and phenological features that allow it to be reliably identified using
satellite data. The main indicators are smoothed NDVI time profiles with no
pronounced annual cycle, reduced amplitude of seasonal changes (less than
0.3 compared to about 0.6 for cultivated fields), absence of clear peaks of
vegetation and seasonal decline after harvest, as well as increased NDVI
values in the inter-vegetation period due to the development of ruderal
vegetation [2]. An intelligent system and technology for detecting
abandoned arable land has been developed based on the analysis of
Normalized Difference Vegetation Index (NDVI) time series using Sentinel-
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2 L2A satellite data available via Google Earth Engine platform API
(https://earthengine.google.com).

The technology compares average annual NDVI values in pre- and post-
conflict periods to detect changes in vegetation activity. Pre-processing
satellite data involves cloud filtering based on the Scene Classification
Layer, calculating the NDVI and aggregating indicators for the vegetation
period. Using a threshold approach for classification increases the
algorithm's resistance to anomalies caused by combat operations or extreme
weather conditions, while also simplifying the interpretation of results [3].

The intelligent system is implemented in Python and uses geospatial data
processing libraries (rasterio, NumPy, pandas, folium and Matplotlib,
PySide6). It has dual architecture that includes modes for the local analysis
of GeoTIFF files and online data processing. One of the system's unique
features is the integration of analytical algorithms with interactive
cartographic tools. Experimental results show that the accuracy of
classifying abandoned land exceeds 92% for typical agricultural landscapes
in Ukraine, a finding that has been confirmed by expert validation. The
developed system supports decision-making in land management and the
restoration of Ukraine's agricultural potential.
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Anomauia. Y cmammi po3ensioaemvcs BUKOPUCMAHHA CYHACHUX MEXHON02Il,
sokpema inmepremy peueti (10T) ma wmyunoeo inmenexmy (L), ons pozeumky
azpapHo2o cexkmopy winsxom inmezpayii 6 konyenyiio AlOT (Artificial Intelligence of
Things — wmyunuii inmenexm peueil). Taxuii nioxio cnpuse agmomamuszayii
BUPOBHUYUX NPOYECi8, NIOBUWEHHIO e(heKMUBHOCI aZpOBUPOOHUYMEA, ONMUMI3AYIT
BUKOPUCIMAHHA pecypcié i NokpawenHio axkocmi npooykyii. 3acmocysanus AlOT
00360/1€  YHUKAMU cmacHayii 'y poOCTuHHUYmei ma 3abesneuye azpapiam
MOACTUBICMY YXGAIO8AMU 0OIPYHMOBAHI YNPABNIHCHKI PIULEHHS HA OCHOBL PeabHUX
OaHUX, OMPUMAHUX ) PeXdCUMI peanbHo2o uacy. Y cmammi NnpoananizosaHo
nomeHyitini nepesacu 6NPOBAONCEHHS. YUX MEXHONO02IU, 6KIIOYHO 3 EKOHOMIYHOI
OOYIMbHICMIO, A MAKONC OKPeCIeHO KIY08I BUKIUKU, 30KpeMa HeoOXIOHICmb
SHAYHUX PiHaHCOBUX iH8ecuUYill | 3a0e3neyeHHs BUCOKO20 PigHs KibepOesneKi.

Knrouosi cnoea: Inmepnem peueil, wmyunuti inmenexkm, AlOT (LLmyunuii
iHmenekm pedeil), PO3yMHE CIIbCHKE TOCMOAAPCTBO, MAIIMHHE HaBYAHHS,
loT-maruukm.

Abstract. The article considers the use of modern technologies, in particular the
Internet of Things (loT) and artificial intelligence (Al), for the development of the
agricultural sector through integration into the AloT (Artificial Intelligence of
Things) concept. This approach contributes to the automation of production
processes, increasing the efficiency of agricultural production, optimizing resource
use and improving product quality. The use of AloT allows avoiding stagnation in
crop production and provides farmers with the opportunity to make informed
management decisions based on real data obtained in real time. The article analyzes
the potential benefits of implementing these technologies, including economic
feasibility, and also outlines key challenges, in particular the need for significant
financial investments and ensuring a high level of cybersecurity.

Keywords: Internet of Things, Artificial Intelligence, AloT (Artificial Intelligence
of Things), Smart Agriculture, Machine Learning, loT- sensors.

In the 21st century, agriculture is undergoing rapid digital
transformation, opening new opportunities to increase production efficiency,
use resources more rationally, and ensure food security. A leading trend in
this revolution is the integration of the Internet of Things (IoT) with
artificial intelligence (Al) — a combination often termed Artificial
Intelligence of Things (AloT). AloT enables continuous monitoring of
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crops, soil, and climate conditions, while automating data collection,
processing, and analysis in real time. By leveraging AloT, farmers can
implement precision agriculture techniques that optimize inputs (water,
fertilizers, fuel) and make informed decisions for each plot of land. For
instance, Al- and loT-based solutions can precisely adjust irrigation and
fertilizer application based on sensor data, thereby reducing waste and
environmental impact while improving overall yield and productivity. This
approach not only boosts crop yields but also diminishes the environmental
footprint and the influence of the human factor in farming operations.

Despite these advantages, implementing AloT in agriculture comes with
challenges. Significant upfront investments are required for sensors, drones,
connectivity, and Al platforms, and integrating these new tools with existing
farm infrastructure can be complex. There are also risks related to
cybersecurity — connected farm devices and data networks may be
vulnerable to attacks — and a need for specialized personnel to manage and
interpret the technology. Insufficient legislative and regulatory frameworks
can further slow adoption by failing to provide clear standards or
protections. In this context, supportive state policies play a crucial role in
facilitating the digital transformation of the agricultural sector. Ukraine is a
notable case: as a major agricultural producer, it stands to benefit greatly
from AloT, and government initiatives are beginning to focus on
accelerating agri-tech innovation. The purpose of this analysis is to examine
the potential and effectiveness of implementing AloT in Ukrainian
agriculture, identify the economic, technical, and organizational aspects of
this technology, and assess prospects for its further development.

AloT in agriculture refers to the synergy of loT devices (sensors,
connected equipment, drones, etc.) with Al algorithms and analytics. In
practice, this means farm data — from soil moisture and nutrient levels to
weather conditions and crop health — is collected by 10T sensors and then
processed by Al systems to generate actionable insights. The AloT
framework allows real-time processing of large data volumes and intelligent
automation of farm management tasks. For example, machine learning
models can analyze sensor data to predict pest outbreaks or irrigation needs,
enabling preventive actions. This tight integration of sensing and
intelligence transforms raw data into decisions on the farm, thus enhancing
precision and timeliness in agricultural operations. Formally, we can
represent agricultural productivity as a function of traditional inputs and the
contribution of intelligent technologies. One conceptual model is:
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Y=f*(I, L, T, AloT) (1)
where Y - is the crop yield (production volume),
I - represents investments (capital inputs such as equipment and
infrastructure),
L - human resources and expertise,
T - traditional technologies,
AloT - the impact of intelligent digital technologies.

Figure 1 crop vyields at a research site in Ukraine (2020-2025)
comparing fields using AloT-based precision farming versus traditional
methods. As can be seen from the graph, over 6 years, the implementation
of AloT has increased yields from 3.2 to 4.5 t/h, i.e. 40.6% more compared
to the traditional approach (3.6 t/h). Economic model of implementation.
The return on investment in AloT can be estimated using the formula 2:

(PAloT-Phase )-A—CAloT

ROI=( CAloT ) x100% (2

where PAIloT - is the crop yield (e.g. in t/ha) achieved using AloT
technologies;

Pbase - is the yield under traditional methods (without AloT);

A - is the land area (in ha) over which this yield difference is realized;

CAloT - is the total cost of implementing the AloT technologies
(equipment, software, training, etc.),

Without AloT
With AloT
4.4

4.2
4.0

3.8

Yield (tons/hectare)

3.6

3.4

3.2

2020 2021 2022 2023 2024 2025
Year

Figure 1. Comparison of crop yields at the research site in 2020 -2025

ROI - expresses the net benefit of AloT as a percentage of the costs (%).

Despite the promising results, widespread implementation of AloT in
agriculture faces several challenges that must be addressed to achieve
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sustainable adoption: high cost of equipment, the need for specialized
personnel, cybersecurity issues, insufficient legislative regulation. At the
same time, state programs to support agrotechnology in Ukraine create
favorable conditions for overcoming these barriers. As a result of the study,
it has been established that Artificial Intelligence of things (AloT)
technologies hold significant potential for transforming Ukraine's
agricultural sector. Their implementation contributes to increased crop
yields, more efficient use of resources, reduced costs, and a diminished
impact of the human factor. An analysis of yield dynamics revealed a clear
advantage for farms that have adopted AloT solutions compared to those
that continue using traditional technologies. However, to achieve a
sustainable effect, it is necessary to create favorable conditions at the state
level, particularly through the development of digital infrastructure in rural
areas, the promotion of innovative projects, and the training of specialists in
digital technologies for agriculture.
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DESIGN AND IMPLEMENTATION OF A NEURAL NETWORK
MODEL FOR TRACKING MEDICAL SUPPLIES IN UNIVERSAL
FIRST AID KITS
I. Fedorchenko, Dr.Sci. A. Oliinyk, K. Panychuk, Ph.D. T. Fedoronchak
National University “Zaporizhzhia Polytechnic”, Ukraine

Anomauia. byno po3pobreno moougixogany mooeib 320pmKooi HelpoHHOT
mepexci MediPackNet 3 mounicmio 92%, sika npasunsho posnisnana 6ci 5 mecmosux
300padcens aikapcokux 3acobis. Bona npodemoncmpyeana Xopowii pe3yivmamu Ha
pisHi 6 Mmodeneil, NOOYOOBAHUX HA OCHOGI GIOOMUX apXimekmyp, a came:
InceptionV3, Xception, ResNet50V2, MobileNetV2, NASNetMobile ma DenseNet169.
Kpim moeo, 6ymu peanizoeani memoou wugpysanns oanux AES, RSA ma ix
KoMOiHayis. 3a pe3ynibmamamu auanizy 6CMAHOBNEHO, WO HatlehekmueHiuum Ois
PO3pobReHo20 npoepamHoco 3abesneuenus € cibpuone wugpysanus. Cmeopero
MOOGITbHULL 3ACMOCYHOK 01 0ONIKY JMIKAPCLKUX 3aco0i6 YHIGepCalbHOI anmeuku,
3a6e3neyero 11020 cmabinbHy podomy ma MOXCIUGICIG O NOOANLULO2O PO3GUMK).

Knrouosi cnosa: o6k, nikapcvki 3acobu, anmeyxa, nako8aHHa, po3nisHABAHHS,
.NET MAUI, Python.

Abstract. A modified convolutional neural network model MediPackNet was
developed with an accuracy of 92%, which correctly recognized all 5 test images of
medicines. It showed good results at the level of 6 models based on already known
ones, namely: InceptionV3, Xception, ResNet50V2, MobileNetV2, NASNetMobile
and DenseNetl69. In addition, AES, RSA data encryption methods and a
combination of these algorithms were implemented. Based on the results of the
analysis, it was concluded that hybrid encryption is the best for the developed
software. A mobile application for the accounting of medicines for a universal first
aid kit was created, with stable performance and the possibility for further
development.

Keywords: accounting, medicines, first aid kit, packaging, recognition, .NET
MAUI, Python.

Medicines play an extremely important role in a person’s life, helping to
maintain health and improve quality of life. However, people often skip
taking their medications or overpay for medications they already have at
home, but don't remember about them. The World Health Organization has
classified medication non-adherence as a major global problem [1]. It is
estimated that 20% to 50% of patients do not take their medications properly
[1]. The reasons for this are quite diverse, but the most common reasons are
unintentional, such as confusion or simple forgetfulness. These problems
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can have serious health consequences and increase treatment costs [2]. In
this regard, there is a need for a convenient and efficient medication
management tool.

The universal first aid kit medicine accounting software is a relevant
solution to solve these problems. It allows you to add, delete, and edit first
aid kits’ medicines, monitor their expiration dates, and also makes it
possible to set up reminders to take medicines. This is especially useful for
people who take a lot of medications or have chronic diseases [3].

Using a mobile application for accounting is convenient and affordable,
as a mobile phone is usually always with the owner. It also has a significant
impact on the environment, as it reduces the amount of hazardous waste
associated with improper storage and disposal of expired medicines.

The developed mobile application provides the following functionalities:
adding, editing, and deleting information about a medicine; sorting the list
of medications; tracking the course of treatment; notifying the user when it
is time to take a medicine; allowing the user to take a photo of a medicine,
encrypt it, decrypt it, and subsequently recognize it; displaying whether
there is a sufficient quantity of the medication available for the treatment
course and showing its expiration date, as well as indicating when the
expiration date is approaching. For the development of the cross-platform
mobile application, C# together with the .NET MAUI framework was
chosen, while Python with Flask and TensorFlow was used for the
development of the server side of the application.

To implement the function of recognizing medicines from images of
their packages in the software, a modified convolutional neural network
model MediPackNet and 6 more models based on the already known ones
were created, namely: InceptionVV3, Xception, ResNet50V2, MobileNetV2,
NASNetMobile, and DenseNet169 [4]. The structures of the MediPackNet
model and other models, exemplified by the InceptionV3-based model, are
shown in Figures 1,2. For the training set, 100 images of 5 medicines
packaging (20 images per medicine) were used, and for the test set, 25
images of 5 medicines packaging (5 images per medicine) were used. Table
1 shows the results of model training for 35 epochs. To validate the models,
5 images of packages were used that did not pass through the models during
training. The data shows that the created MediPackNet model was
successfully trained on the medicines dataset and demonstrated the ability to
accurately recognize medicines packages with high reliability. It showed
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good results at the level of models based on already known models, so it
was used in the server part of the program.
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Figure 1. Structure of the MediPackNet model
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Figure 2. Structure of the model with Inception V3
In addition, AES, RSA data encryption methods and a combination of

these algorithms were implemented. Based on the results of the analysis, it
was concluded that hybrid encryption is the best for the developed software.
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Table 1.
Comparison of model training results
Train. | Test Test Size Number of
Model time (s) | loss acc. (MB) correct example
(%) classes

MediPackNet 2304 | 3.63 92 78.3 535
InceptionV3 157.2 | 1.86 100 97.5 535
Xception 243.8 | 0.55 96 90.8 435
ResNet50V2 2139 | 1.02 96 101 535
MobileNetV2 103.0 | 0.91 100 18.0 535
NASNetMobile | 1934 | 0.83 100 39.9 535
DenseNet169 646.5 1.17 100 67.7 535

In the future, it is possible to improve the created software by adding
notifications about the need to purchase a medicine because it is about to
expire, implementing barcode or serial number scanning, improving the
package recognition model, security mechanisms, and expanding the list of
medicines for recognition, providing the ability to view instructions, etc.
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BPG-BASED LOSSY COMPRESSION OF NOISY COLOR IMAGES
B. Kovalenko, V. Lukin
National Aerospace University, Ukraine

Anomauia. Y yiti cmammi Mu ROKA3yEMO, AK  BUPIWUMU  3A80AHHA
ecmanognenns napamempa, wo Kowmponwoe cmuchenns (IIKC), posymuum
(aoanmusHum) cnocobom, wob docsemu ONMUMATLHO20 OATAHCY MINC NOUMUGHUM
ehekmom BUOANEHHS ULYMY MA He2AMUBHUM ePeKmom 3a6pyOHenHs inghopmayii Os
better portable graphics (BPG) koodepa, suxopucmogyiouu mempuxy sxocmi nio
nazeoro HaarPSI. Mu Odemoncmpyemo, wo Ons CMUCHEHUX 300pajxcenb Modce
icnysamu onmumanvra poboya mouxa (OPT) eionosiono oo mempuxu HaarPSI, oe
timogipnicmo icHyeanns OOP 3anescumov 6i0 IHMEHCUGHOCME WLYMY MA CKAAOHOCHI
300paAdNCeHHSL.

Knrouosi cnoea: LLlymni Oani 300padicenns, CMUCHEHHA 3 BMPAMami, 8i3yalbHa
AKicmb, iIHmenekmyanvua oopobka, BPG, HaarPSI

Abstract. In this paper, we show how to solve a task of setting parameter that
controls compression (PCC) in a smart (adaptive) manner to reach optimum
between positive phenomenon of noise removal and negative fact of information
contamination for a better portable graphics (BPG) coder, using a quality metrics
called HaarPSI. We demonstrate that optimal operation point (OOP) might exist for
compressed images according to the metric HaarPSI where probability of OOP
existence depends on noise intensity and image complexity.

Keywords: Noisy image data, lossy compression, visual quality, intelligent
processing, BPG, HaarPSI

The purpose: The number of images rapidly increases nowadays. The
acquired images have to be processed, stored, transferred. To effectively
achieve this, compression has to be applied to decrease the data size. The
lossy compression finds more and more applications nowadays. A general
tendency in compression of many images is that a larger CR leads to worse
quality of compressed images according to metrics. The aforementioned
tendency is valid and the task is to find a proper compromise and to provide
it in practice. However, it happens quite often that acquired images are
noisy.

The methods: Thus, in this paper, we analyze performance of the BPG
[1] coder for compressing color images corrupted by AWGN using the
HaarPSI metric. We assume that the considered test images are corrupted by
AWGN with zero mean and variance equal to 2.
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So, consider the dependencies HaarPSl(Q) where the index tc relates to
true and compressed. The curves for 6?=64, 100, 194 are presented in Fig. 1.

haarPs
e
haarPsi

a b c

Figure 1. Dependencies of HaarPSl on Q for =64 (a), 100 (b), 194 (c)
for the mode 4:4:4

One positive feature of the BPG-based compression of color noisy
images is that, for all images having OOP, this OOP according to the metric
HaarPSI is observed for the same Q. Moreover, the same effect was earlier
observed [2] for the metrics PSNR and PSNR-HVS-M. Furthermore, the
earlier obtained formula for finding Qoorp=12.9+20l0g10(c) is valid for the
metric HaarPSI considered in this study. This means that, knowing AWGN
o in advance or having its accurate estimate, one can easily determine the
potential Qoop. One more important moment in automation of lossy
compression of noisy images is prediction of OOP existence since, if OOP
exists, we recommend compressing this image in OOP whilst, if OOP does
not exist, we propose to compress the image using Q=Qoop-3. Our studies in
[2] have shown that OOP existence can be predicted in advance for PSNR
and visual quality metric PSNR-HVS-M. We compared the results for the
metrics PSNR-HVS-M and HaarPSI and the conclusion is that, if OOP
exists according to PSNR-HVS-M, it also exists for HaarPSI with a very
high probability. Then, it is possible to apply the prediction procedure
designed for PSNR-HVS-M to predict OOP existence for HaarPSl.
Therefore, the automatic smart procedure of lossy compression is the
following: 1) estimate AWGN variance if needed; 2) calculate Qoor; 3)
predict OOP existence for this Qooe; 4) apply compression using Qoo if,
according to prediction, OOP exists or employ Q=Qoop-3, otherwise.

The main results: We have demonstrated that OOP is possible
according to the visual attention metric HaarPSI for noisy color and
grayscale images compressed by the BPG coder.
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EMBEDDING METHOD FOR BATTERY STATE ANALYSIS
Dr.Sci. V. Slyusar, S. Pochernin
Central Scientific Research Institute of Armaments and Military Equipment of the
Armed Forces of Ukraine, Ukraine

Abstract. This paper presents an embedding-based approach for assessing the
state of lithium-ion batteries in a wide range of technical systems, with a particular
focus on unmanned platforms. The proposed method introduces an integral battery
health vector that combines state of charge, state of health, remaining useful life,
and diagnostic features into a multidimensional embedding space. The approach
enables clustering, anomaly detection, and short-term forecasting of battery
degradation. As a novel extension, the application of the Fast Fourier Transform to
temporal analysis of embedding trajectories is proposed, allowing spectral
classification and subsequent noise filtering. Application within a multi-agent energy
management system for UAVs and UGVs illustrates the practical feasibility of this
method.

Keywords: lithium-ion battery, embedding vector, state of charge, state of
health, remaining useful life, fast fourier transform, multi-agent system.

Anomauian. Y pobomi 3anpononoéano nioxio Ha ocHogi emb6edounzy 0/ OYiHKu
CMany Aimid-iOHHUX AKYMYJISIMOPIE y MEXHIYHUX CUCIeMAax, 30KpeMa Oe3niiomHux
niamegopmax. InmezpanvHuil 8ekmop, w0 HOEOHYE NOKASHUKU NPAYe30amHO20
cmany ma OiaeHOCMUYHI 03HAKU, NPOEKMYEMbCS 8 eMOeOOUH208UL NPOCMIp Ols
Kiacmepusayii, 6UAGLEHHA AHOMANIL I NPOSHO3Y8AHHA Oezpadayii. 3acmocyeanHs
weuokoeo nepemgopennss Dyp’e 3abe3neuye CcnekKmpanvHy Kiacugikayio ma
¢inompayito  wymis. I[lpuxiad 3acmocy8amwus y MYIbMUALEHMHIN  cUcmeMmi
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eHepeemuuno20 Meneoxcmenmy o bn/lA ma HPK niomeepdocye npaxmuuny
npudamuicms nioxooy.

Knwwuoei cnosa: nimit-ionHuti  akymyasmop,  emOe0OuHe08ull  GeKmop,
NOKA3HUKU Npaye30amHo2o cmamny, weuoxe nepemeopenus Qyp’e, mynromuaceHmua
cucmema

Energy autonomy of unmanned aerial vehicles (UAVs) and unmanned
ground vehicles (UGVs) critically depends on reliable battery state
assessment. Traditional methods, relying on isolated parameters such as
State of Charge (SoC) or internal resistance, are insufficient for
comprehensive forecasting and real-time decision-making under dynamic
conditions [1]. To overcome these limitations, we propose an integral health
vector that unifies key diagnostic indicators with internal resistance,
temperature, and impedance features. This vector is projected into an
embedding space, where the relative position of each state allows for
clustering, anomaly detection, and trend analysis [2]. The embedding
representation shifts battery diagnostics from isolated thresholds to a
multidimensional geometric interpretation. Each vector point corresponds to
a unique technical condition, while distances quantify the similarity of
operational states. The method also supports the definition of criticality
measures such as the Critical Distance Metric, which enables early
identification of transitions toward failure [3]. This compact yet
information-rich form serves as an integral index of battery health and
facilitates robust decision-making.

To enhance this framework, the application of the Fast Fourier
Transform (FFT) to temporal trajectories of the embedding vector is used.
This technique separates long-term degradation trends from short-term
fluctuations caused by noise or impulsive loads. The resulting spectral
signatures enable more robust clustering and classification, while filtering
high-frequency noise improves the stability of embedding trajectories. Thus,
FFT strengthens both anomaly detection and forecasting. Within a multi-
agent energy management system, the embedding representation serves as
the core diagnostic layer. Sensor agents collect telemetry, embedder agents
project the state vector, classifier agents detect normal or critical states,
predictor agents forecast trajectories, and decision agents adjust mission
strategies such as rerouting or drone replacement [4]. Operating on
embedding vectors rather than raw values makes the system scalable and
adaptive. Compared with threshold-based diagnostics, the embedding
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approach improves interpretability, enables adaptive retraining, and supports
real-time use on lightweight edge devices [5]. The integration of FFT
extends these benefits, adding spectral indicators that enhance resilience to
noise and provide early-warning capabilities. The embedding vector thus
functions as a compact, integral index of battery health. Combined with FFT
analysis, it supports clustering, anomaly detection, and degradation
prediction. This makes the approach suitable for unmanned systems where
reliable energy management and adaptive allocation are essential. Future
work should expand datasets under realistic conditions and integrate
embedding diagnostics with digital twins for dynamic mission-level support.
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USING CONVOLUTIONAL NEURAL NETWORK TO INCREASE
MODELING EFFICIENCY IN CAE SYSTEM
Dr.Sci. O. Tarasov!, Ph.D. L. Vasylieva?,
Ph.D. O. Altukhov!
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Anomauia. Y pobomi 0ocniodicyemovcs GUKOPUCIANHS 320PMKOBUX HEUPOHHUX
Mepedic 0l NPOSHO3VEAHHS NApAMEmpie  3a20MO6KU Ni0  Yac NAACMUYHOT
degopmayii Ha ocnosi oanux CAE-mooentosanna. 3anpononosanuii nioxio 0036o0.ae
CYMmeso CKOpOMUMU HAC PO3PAXYHKIG, 3AMIHIOIOUU O00620MPUGANULl AHANI3
MOOETIOBAHHAM KOPOMKUX Yacosux paodis. EQexmusnicmy piwienns niomeepoxceHo
mounicmio 0o 98% ma npuweuouenHAM onmumizayii npoyecié oOpoOKU MUCKOM.

Knrwuosi cnosa: CAE, memoO CKiHUeHHUX eNleMeHmi8, WMYYHA HelpoHHA
Mepedica, NPOSHO3YEAHHS, HANPYHCEHO-0ePOPMOBAHULL CINAH.

Abstract. The paper investigates the use of convolutional neural networks to
predict workpiece parameters during plastic deformation based on CAE modeling
data. The proposed approach significantly reduces the calculation time, replacing
long-term analysis with short-term time series modeling. The solution's effectiveness
is confirmed by accuracy up to 98% and acceleration of optimization of pressure
processing processes.

Keywords: CAE, finite element method, artificial neural network, forecasting,
stress-strain state.

BukopucraHHsi CHCTEM aBTOMAaTH30BaHOIO I1HXXEHEPHOI'O aHauizy 1
monemoBandsi (CAE) y Oarathox BHMaakax 3aMiHWIO (I3HYHI METOAU
JOCII/DKEHHS. 3aBISIKM 3aCTOCYBAaHHIO METOJy CKIHYEHHHX €JIEMEHTIB
(MCE) [1, 2, 3]. Ane po3paxynku 3 BukopuctanasM MCE morpe0yroTs
3HAYHOTO Yacy Ui OTPUMaHHS HeoOximHoro pimeHHs [2]. docmigHukn
PO3IIISIAIOTE Pi3HI MIAXOAHW O BUKOPHCTAHHS IUTYYHUX HEHPOHHHUX MEpPEex
(IIHM). Taxk, B [4] miAKpPECITIOETBCSA, IO 3TOPTKOBAa HEHpPOHHA Mepeka
(3HM) edexTHBHO CIIpaBIse€ThCSA 3 0araTOBIMIpHAMH 33JaYaMH.

ToMy B maHOMy AOCHi/DKEHHI BHPINIYETHCS 3a/1ada HPOTHO3YBaHHS
3MiHM 3HAa4YeHb MapaMeTpiB 3arOTOBKU MiJ 4ac macTu4Hoi nedopmarii 3a
JIONIOMOT'O10 IITYYHUX HEHPOHHHUX MEpEeXX Ha OCHOBI MOJIEJi, CTBOPEHOT JUIst
Bukopuctanss B CAE - cucremi.

Po3pobnena mrydyHa HEWpOHHA Mepexa MOETHYE 1BA €Tad BUKOHAHHS.
CrnovaTky aHaJi3yeThCsi HaBUAIBHUN 4acoBUil psia (XyYt), OTPUMAHUNA MpH
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mozemoBanHi B CAE-cucremi. Ha ocHOBI aHamizy 0bpOro psay Mu
BukopuctoByemo IIIHM nis OIiHKH TOTO, SIK 3MIiHIOIOTHCSA TapaMeTpH
CUCTeMH 3 4YacoM. Ha napyromy ertami MH 3aCTOCOBYEMO TMOOyIOBaHY
Mepexy A TPSAMOTO MPOTHO3YBAaHHS Ta OIIHKH ii TodHOCTi. BomHowac,
JUISL 3MEHIIECHHS BHUTPAT Ha BUKOHAHHS aHAN3y PO3PaxyHKOBUX IAaHUX Yy
cucremi CAE, neii nporpamauii Moaynb 00'eIHy€ 3a/laHi eTany B €IUHUN
QITOPUTM BUKOHaHHS. BiH HaBuae Mepexy Ha ICHYIOUMX JaHHMX 1
MIePEXOIUTh /10 MPOTHO3YBAaHHS 3a/laHOT KUIBKOCTI KPOKIB MOJEIIOBAHHS y
Yaci, o0umcIoYr aedopmalio B 3alaHuX TOYKax 3arotoBku. Ciig onpasy
3a3HAYMTH, 10 YUM OiJIBIIMH Nepioj Yacy Ui IPOrHO3YBaHHs, TUM Oinblie
BX1JTHMX KPOKIB OTPIOHO Mepexi ISl MATPUMKH TOYHOCTI Pe3yIbTaTy.

Po3pobnernit mporpamMHuii Moaynms [3] BHKOPHCTOBYE apXiTEKTYpy
3TOPTKOBOI HEWPOHHOI Mepexi. BxXimHi maHi — me makeT OaraTOBHMipHHX
gacoBux psaniB X€{T, F}, ne T = 3 — KinpKiCTh 9acOBUX KpOKiB, a F =5 —
KUTBKICTB TTapaMeTpiB Ha KOXKHOMY dacoBoMy Kpoti. Crenngika HaBUaHHS
BKJIIOYa€: rmoyaTkoBe HaByaHHA 3 400 emoxamm, IIO AOCSITAa€ TOYHOCTI 10
98% mpubAM3HO 3a 3 XBUJIMHU; ONTHMIi30BaHe HaBYaHHA 3 60—100 emoxamu,
1[0 CKOPOYYE Yac HABYAHHS MPUOIH3HO 10 | XBUIUHY 3 TOUHICTIO 89—98%;
paHHS 3ynuHKa Oa3yeTbcs Ha MIHIMYMI  CepeJHbOKBaApPaTUYHOTO
BiaxuneHHs (RMSE), 106 yHuKHYyTH nepeHaBYaHHS.

Jns mepeBipkd IIBUJIKOCTI PO3pOOJIEHOr0 MNPOrPAaMHOTO MAaKeTy Ta
MIPOTHO30BAHUX PE3YNbTAaTiB TOYHOCTI PO3POOISIM  MOJENb TPOIECY
00pOOKH 3arOTOBKH, BKA3aBIIM BJIACTHBOCTI MaTepialy Ta CXeMY BIUIMBY.
[icna mporo otpumysamm 3 CAE-cuctemMu maHi 9acTKOBOTO aHAJI3y IS
peammizaiii MPOrHO3yBaHHS 3MIiH CTaHy 3aroTOBKHM Ha ix ocHOBi. s
JOCIIKEHHST TOYHOCTI OTPUMAHO1 MOJIEi BUKOPUCTOBYBAJH MPOTHO3 3MiH
3HAa4YeHb y TOYKAX 3arOTOBKH 3 IIONEPEAHBO PO3PAXOBAaHWMH IAHUMHU Ta
BU3HAYAJIM OXUOKY OTPUMAHOTO pe3yNbTary.

B pesynbraTi MOzenroBaHHS OyJi0 BHSIBJICHO, WO LHKJI YaCTKOBOI'O
aHamizy Ta (QOpMyBaHHS MPOTHO3Y 3HAYHO KOPOTIIi, HIK Yac TMOBHOIO
aHayi3y HamnpykeHo-aedopmosanoro crany y CAE-cuctemi. IIporpamumuii
naker 1a CAE-cucrema cyTT€BO NPHMIIBHALIYIOTH IEPEBIpKY OaraTbox
BapiaHTiB mporecy 00poOKH METaIiB THCKOM MiJ yac HOro ontumizarii.
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METHOD FOR DETECTING COMMUNICATION OBJECTS AS
INDICATORS OF DIGITAL FATIGUE
R. Vit, Ph.D. O. Mazurets
Khmelnytskyi National University, Ukraine

Anomauia: YV pobomi npeocmasnieHo Memoo 6UABNEHHS KOMYHIKAYIUHUX
00’cxmie Ak iHOUKamMopié yugposoi emomu. 3anpononosanuii nioxio noeouye
BUOINIEHHST IMEHOBAHUX CYMHOCHell Ma KIIYO8UX CNi6 i3 YUGposux mekcmis, uo
003607151€ BUIHAYAMU He Jule MeMamuyti akyenmu, ane i cyb €kmis, aKi MOICYmb
chpuuunamu  nepesanmagxcenna. Memoo 3abezneuye KoMnaeKcHe QOpMy6aHHs:
Yinbosux o0 ’ckmig 015l NOOANLULO20 AHANIZY NPOsAGIE YUPPOE02O BULOPANHA Y
KOMYHIKAYIIHOMY cepedosuiyi.

Knrwuogi cnoea: yugposa emoma, yugpose sucopanns, NLP, xomyuixayiini
06 exmu, NER

Abstract: The thesis presents a method for identifying communication objects as

indicators of digital fatigue. The proposed approach combines the extraction of
named entities and keywords from digital texts, which allows identifying not only
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thematic accents, but also subjects that can cause overload. The method provides a
comprehensive formation of target objects for further analysis of manifestations of
digital burnout in the communication environment.

Keywords: digital fatigue, digital burnout, NLP, communication objects, NER

Iludposa  BTOMAa €  3pOCTAOUO0  HPOOIEMOI0  CYYacHOIO
iHpOpMamiHHOTO CYyCIUIBCTBA, II0 BHHHUKAE BHACHIZOK IHTEHCHBHOTO
BUKOPUCTAaHHS IU(PPOBUX TEXHOIOTIH Ta KoMyHikamiitaux miardopm [1]. Ti
MIPOSIBY TIOB’s13aH1 HE JIMIIE 3 KUTBKICTIO iH(popMallii, ane i 31 cnenudikoro
B3a€EMOJIH MDK KOpPHCTyBauaMH. TOMy B@XJIMBHM 3aBIAHHAM CTae€
BUSBIICHHS KOMYHIKAiHHUX  O0’€KTIB, fAKi MOXYTh BHCTYIATH
IHOMKaTOpaMu HepeBaHTaKEHHS Ta nudpoBoro BUTOPaHHS.
3amponoHoBaHuWi Metox (puc. 1) HO3BONSIE KOMIDICKCHO aHAJi3yBaTH
muppoBi TEKCTH, BHOKPEMIIIOBATH KIOYOBI 00’€KTH B3aeMomii Ta
BHUKOPHCTOBYBATH iX SIK MapKepH CTaHy IIM(POBOi BTOMHU.

Kpox 2. Koox3 Buxinginani:
Kpok 1. Busprenna NER POR . Muoxuna

DopyyBaHES MEOKHHI
IlpempomecHr ~  Ta KTHOUOBHX A
B KOMYHIKaIiffHAx 00 eXTIB

Bxinni nani:
THQPOBIIT
TeKCT

KOMYHIKAIiTHIX
00" €XTIB

Pucynoxk 1. Kpoku MeToy BUABICHHS KOMYHIKAI[IITHAX 00’ €KTIB K
iHAUKaTOpPIB II(PPOBOT BTOMHU

3ampornoHoBaHa cXema 1UIocTpye MeroJ (OpPMYBaHHS MHOXHUHH
KOMYHIKallifHuX 00’€kTiB i3 nudpoBoro Tekcry. BxXigHumu nanuMu €
UQPOBUIA TEKCT, SKUH Ha TNEpUIOMY KpOLl IPOXOJUTH IOIEPEIHIO
00pOOKy, 110 BKIFOYAE JTEMATH3AIIIO Ta BUAJICHHS CTOM-CIIIB [2].

Hami Ha xpoui 2 3IIMCHIOETHCS MOIIYK IMEHOBAHUX CYTHOCTEH 3a
nonoMoror 0i0miorekn Stanza Ta BHUABJIECHHSA KIIOYOBHX CJIIB KUIBKOMa
resanexanmu ninxogamu (TF-IDF, TF, YAKE!, nucnepcHa ominka). Take
MTOETHAHHS 3a0e3Ieuye KOMIUICKCHICTh aHali3y Ta 3MEHIIY€E 3aleKHICTh Bil
obmexxeHb okpemoro mimxoxmy. Meromu TF Tta TF-IDF edextuBHi mis
BUSBIICHHS YacTO BXKMBAaHUX 1 BOJHOYac iHGOPMATHBHHUX TEPMIHIB.
Anroputm YAKE! no3Boisic aBTOMaTHYHO 3HAXOAMTH KIFOUOBi (ppa3u Oe3
MOMEPEHIX 3HAHb MPO MPEAMETHY 00JacTh. 3aCTOCYBaHHS ITUCIIEPCHOT
OLIIHKK POOMTH MOXJIMBUM BHOKPEMJICHHS CJIiB 13 BUCOKOIO BapiaTHBHICTIO,
1I0 € 03HAKOK IXHBOI 3HAYYMIOCTI y KOHTEKCTI. Y MOEIHAHHI 3 MOIIYKOM
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NER mi meromm ¢opmyloTh Oimbln 30allaHCOBaHY Ta PENpPE3CHTATHBHY
MHOXHHY KOMYHIKariitHuXx 00’exTiB. Ha xporti 3 BimOyBaeThcs iHTErparis
pe3yJIbTaTiB: KOMYHIKaIliiHi 00’€KTH BHU3HAYAOThCS SK 00 ’€mHaHa
MHO’KHHA KIJIFOUOBUX CITiB, 3HAWIEHUX Pi3HUMH METOJaMu, Oe3 MOBTOPiB, Ta
MHOKMHM IMEHOBaHMX CYTHOCTEH, 3TPyNOBAHMX IUIAXOM JIeMaTH3amii.
Takum unHOM (DOpMy€eThCS BHXiZHA MHOKHHA KOMYHIKalliHHHX 00 €KTiB,
110 MO’Ke OYTH BUKOPHCTaHa K iHAUKATOp HHU(pPOBOT BTOMH.

Otxe, chopMoBaHa MHOXKHMHA KOMYHIKalliHHHX 00’€KTiB MOXe OyTH
BUKOPHCTaHA HeE JIMIIE SIK iHAWKATOp LU(poBOi BTOMH, aje i sIK eleMEHT
JI0IaTKOBOI MOSICHEHOCT] pe3yNbTaTiB aHaji3y. Ii 3aCTOCYBaHHs 103BOISE
MIPOCTEXKUTH, SIKI caMe KOMYHIKaI[ii{Hi €JIEMEHTH BiJIIrpaloTh KIIOYOBY POJIb
Yy BUHHUKHCHHI IEPEBaHTAKEHHS, a TAaKOX IiIBHIIYE iHTEPIPETOBAHICThH
MOJIETIEH, 1[0 BUKOPUCTOBYIOTHCS IS TOCIIKEHHS [IU(POBOTO BUTOPAHHS.
Le crBOproe miarpyHTS st ORI TIHOOKOTO pPO3YyMIHHS MeEXaHI3MiB
muppoBoi B3aEMOZIl Ta MIABHWIIYE IOBIpY OO aBTOMAaTH30BaHUX
AHATITUYIHUX CHCTEM.
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CHUHTE3 3-IIAPOBOI'O HEHPOMEPEXXEBOI'O
KJIACU®PIKATOPA 3 HEPIIUM TIPUXOBAHUM ITAPOM 3
BITOBUM ITOPOT'OM
Ph.D.B. Kouoschkuii, T. JlicoBcbka, B. Cadagoun
Vorceopoocokuii nayionanvnuii ynieepcumem, Yxpaina

Abstract. A novel hybrid 3-layer neural network model is proposed whose first
hidden layer consists of bithreshold neurons, and the second hidden layer employs
the softmax activation function. This model is intended to solve multiclass
classification tasks. A supervised synthesis algorithm is designed for this neural
network architecture. It consists of two stages. The performance of the proposed
model is compared with that of several popular machine learning classifiers on a
real-world dataset. Simulation results on “optical recognition of handwritten digits”’
benchmark demonstrate that the developed neural network model is suitable for
multiclass classification tasks.

Keywords: Bithreshold neural unit, classification, machine learning.

Anomauia. Ilpononyemvcsi Hoea 2iOpuoHa 3-wiaposa HeUPOHHA Mepedicd,
nepuwiutl NPUXO8anUll Wap AKOi CKIA0AeEmvbcs 3 OIiNOPo208uUX HeUpoHis, a opyeuil
NPUXOBAHULL WAP BUKOPUCMOBYE akmusayitiny @yukyiio softmax. s moodens
npusHauena O SUpiWeHHA 3a80aHb Oazamoknacogoi knacugixayii. /na yiei
apximexmypu HetipoHHOT Mepexci po3pobIeHO aneopumm Keposanozo cunmesy. Bin
ckaadaemuvcs 3 060x emanis. E¢exmugnicmo sanpononosanoi mooeni nopiguroemscs
3 eheKmuUGHICMI0 OeKiIbKOX NORYISPHUX KIACUPIKAMOPI6 MAWUHHO2O HAGYAHHS HA
peanvHux Oauux. Pezynbmamu modenosanuss Ha mecmosomy HA6Opi OaHux
«ONMUYHEe PO3NIZHABAHHA PYKONUCHUX YU@DP» OEMOHCMPYIOmb, Wo po3podieHa
HelpOHHA Mepedica nioXooums 05 3a60akb 6a2amoKIaco8ol Kiacugikayii.

Knrwuoei cnosa: 6Ginopoeosuii Heliponnuil 010K, Klacugixayia, mawiunHe
HABYAHHAL.

Multithreshold approach was developed for the binary classification of
multidimensional patterns [1, 2]. Binary valued bithreshold neurons [3] as
well as their multithreshold generalizations [4] are capable to increase the
recognition ability of a neural network [5] by the proper use of additional
thresholds [3, 4, 5]. Moreover, the application of multithreshold neural
networks in pattern classification may significantly reduce the network
complexity [5].

It should be noted that all known approaches to the learning or synthesis
multithreshold multilayer neural models have relied on offline or batch
learning modes. The objective of the present research is the design of the
model of bithreshold neural network (NN) suitable for the online learning.
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The key feature of the proposed classifier model is its hidden layer
consisting of binary-valued bithreshold neurons. Let us consider a model of
such a neuron. It is a binary-valued computational unit [3] with a weight

vector WZ(WI'“"W”)ER and two thresholds Lt (t1<t2), whose
single bipolar output y is obtained by applying the following activation
function

-1, otherwise

+1, ift <s<t,,
ORI

to the weighted sum W "X = WXy . W X,

Consider a neural-like multilayer feed-forward model of 3-layer
classifier. The first hidden layer (i.e., the first network layer after its input
layer, which is not taken into account) must consist of neurons that provide
the desired separation of training patterns. This layer contains bipolar-
valued bithreshold nodes as well as single-threshold ones. Let N be the
number of these nodes. Then, the first layer performs a mapping from R" to
{1, 1}V,

The second hidden layer contains M nodes and serves as a bridge
between the bithreshold and the output layers. It is constructed using the
output table that is associated with the first hidden layer and can be
considered as an M x N bipolar matrix V consisting of unique rows vu, ...,
vm, Where M is a number of rows each of which is an N-dimensional bipolar
vector containing outputs of all first-layer neurons. It is evident that

M <min{m,2"}.

The (third) output layer of classifier traditionally contains as many nodes
as the number of distinct classes. It uses the linear neural units without
biases and activation functions. The last layer weight matrix U = (uw),
(k=1, ..., K, i=1, ..., M) is predefined as follows: Y« =1 I < Ik,
otherwise, Yxi = O The synthesis algorithm consists of two stages. The
first stage is most important and consists in the separation of the
representatives of every class. During this stage, the current input pattern x;
(i=2, ..., m) must be separated from the patterns that belong to other
classes and have already been processed during the synthesis procedure. The
conceptual scheme of this process is illustrated in Figure 1.
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The process begins by computing the output vector zi, which consists of the
outputs of all neurons that have already been included in the first layer. If no conflict
occurres (i.e., zi#zj for all j such that 1 <j<i and yj+#yi), then no changes are
required. Otherwise, an additional action are necessary to resolve conflicts for some
patterns x; and x;j such that zi = zj and y;j # Vi.

Recaloulate [
output tzble |, Ves
5 the ] Teg o W am 1id
Compute the output Are here confick? Try complete | & oy
vectorzfors | T ) " somelNto Spossshl?
No No
- v
Add anew LN
Ead mthe Indlayer [

Figure 1. Flowchart of the main operation of the first stage of the synthesis

First, the synthesis system attempts to resolve conflict between ith and
jth patterns without inserting new nodes in the first layer. It checks whether
there exists a single-threshold neural unit LN(w, t) that can be extend to a

BN (W’tl’t2) with some new threshold t; and t;, in such way that

f.o(w-x)=f _(w-X,
‘1"2( ) tl'tz( J) and the replacement of LN(w,t) with

BN(W’tl’ tZ) does not cause any conflict among already separated

patterns Xppooo Xige If it is impossible, then the algorithm proceeds by

adding a new single-threshold neuron LN(w,t) in the layer, where
2 2
w=2(x —xj)’ t=|x| —||xj|| |

The second stage of the synthesis algorithm aims to simplify the first
layer of the network by eliminating redundant neurons and duplicate rows in
the output matrix V. This stage results in an N x n real matrix W—weight
matrix of the first network layer, as well as in M x N bipolar matrix V—
weight matrix of the second network layer. The binary K x M weight matrix
U of the output layer is defined in the previous page.
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Abstract. The feasibility of using the Data Lakehouse solution for integrating
data on the properties of fine-grained multifunctional concrete compositions is
substantiated.

Keywords: Data Warehouse, Data Lake, unstructured data.
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Anomauin. O6rpynmosano  OoyinbHicme — eukopucmanusi piwennsi Data
Lakehouse ons inmeepayii oanux wodo eiacmusocmeti CK1aoié OpiOHO3EPHUCUX
0emonig noniQyyHKYIOHATbHO20 NPUSHAYEHHSL.

Knrwuoei cnosa: Data Warehouse, Data Lake, necmpyxmypoeani Oani.

Integration of the results of experimental and statistical studies of the
properties of mixtures and concretes with various plasticizers in the classic
Data Warehouse allows us to solve the problem of analyzing the
visualization of 12-dimensional dependencies using a group of one-, two-
and three-dimensional representations of information [1]. Providing
information on existing compositions and multifunctional modifiers expands
the field of choice by assessing the competitiveness of the composition.

However, the ability of a researcher to obtain the full experimental data
that the system is designed for is usually limited by the volume of his own
results. External results are commercial or intellectual property and are
published in aggregate form.

The experience of developing Big Data storage facilities can help solve
the problem of collecting information on experimental studies. As is known,
one of the main 5 V-signs of Big Data is Variety, i.e. the presence of
different types of data, in this case unstructured text and graphic.

A Data Lake storage containing various types of data enables researchers
to use primary data obtained from publications to evaluate their own results
and train models. But the most convenient solution for analytics is a hybrid
solution (Lakehouse), which is a combination of Data Lake (raw data) and
Data Warehouse (structured data) in a single platform for Bl and machine
learning. This solution seems appropriate for expanding the decision support
system for selecting compositions of modified solutions.

In our opinion, the practical tasks of expanding the system’s functions
are:

- data search in information sources;

- loading information into the system using the ELT pattern;

- transformation of textual information into structured information;

- graphic information storage;

- assembly and visualization of patterns of group graphic information for
multifactorial analysis.
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METO/I CIHIBCTABJEHHS 306PAKEHD JIJISI ABTOHOMHOI
HABIFAHIi BE3NIJIOTHUX JITAJIBHUX AITIAPATIB
Dr.Sci. JI. Axmerumna, A. Hectepenko
Juinposcokuii Hayionanvruil ynisepcumem im. O. I'onuapa, Yxpaina

Abstract. A new method for comparing images of the earth's surface is
presented, aiming to enable autonomous determination of geographic coordinates
and navigation of an aerial vehicle. This method is based on a modified
convolutional neural network. These networks are able to detect multi-level complex
features in images, which allows finding and comparing significant similarities
between images, ignoring the viewing angle, distance, color correction, etc. The
proposed method relies on using a reference set of photographic data and
comparing a test image with it. The reference set and the test image are compressed
into representative feature vectors, which allows achieving high speed of
comparison process.

Keywords. digital image, convolutional neural network, aerial image matching

Anomauia. [Ipeocmaeneno HOGUIl MeMOO CHIBCMABIEHHS 300PAJICeHb NOBEPXHI
3eMni 3 Memol0 GUBHAUEHHA 2eoepapiunux Koopoumam ma 3abe3neveHHs
a8moHoOMHOI Hagieayii nimanvhux anapamie. Memoo 6azyemuvcsa Ha MoOupikosanoi
320pmK060i Hetiponnoi mepedxci. L[i mepeowci 30ammui euasnamu 6bazamopieHesi
CKIAOHI O03HAKU HA 300pAXCEHHAX, WO O0036018€ 3HAXOOUMU mMA NOPIGHIO8AMU
cymmesi noodiOHOCMI MidC 300padNCeHHAMY, I2HOPYIOYU Kym 0030py, OUCAHYII0,
KOpeKyilo Konbopie ma iH. 3anpononosanuii mMemoo NOAfAE Yy BUKOPUCAHHI
pepepenmnozo  Habopy pomoepagpiunux OaHux I NOPIGHAHHI  MECMOB020
300padicenns i3 num. Peghpepenmnuil nabop ma mecmose 300pasicents CmucKaiomocs
YV penpeseHmamusHi 6eKMopu O3HAK, WO O00360JA€ OOCASMU BEIUKOI WEUOKOCHI
npoyecy cnigCmagienusi.

Knrwuoei cnosa. yugppose 300padsicenns, 320pmKo6a HeUpoHA Mmepedicd,
cnigcmasnents NOSIMmpsAHUX (hOMO3HIMKIG

127


mailto:1akhmlu1@gmail.com
mailto:2an.nestere@gmail.com

Materials of the X111 International Scientific Conference
«Information-Management Systems and Technologies»
24th — 26th September, 2025, Odesa

An efficient solution to the problem of matching images of the earth's
surface obtained using an aircraft camera and/or satellite photography could
provide the possibility of autonomous geolocation. The problem of
navigation based solely on comparison of optical data is a complex task,
which has not been solved yet. This report discusses a new method for
matching in-flight aircraft images with an existing dataset using a
convolutional neural network based on the ResNet architecture [1], in
conjunction with an additional method for detecting anomalous objects. The
presented approach allows assembling a features array for the reference
images and estimate their proximity to the in-flight image. This enables
finding and comparing essential features between images, while ignoring the
angle of view, distance, color correction, etc. Anomaly detection process is
based on the convolutional autoencoder described in [2].

The method includes following steps:

1. Development of a convolutional neural network based on the
ResNet50 architecture, in which the fully connected classification layers
were replaced with a 1x256 embedding layer, its output being the
compressed feature vector;

2.The fine-tuning of this neural network with training dataset that
contains various aerial images using the Triplet Loss function [3]. Random
rotations and zooming were applied to these images for the purpose of
achieving invariance with respect to such differences;

3.Assembling of a reference dataset containing satellite images of a
certain geographical region, where each image contains its exact
coordinates. These images are then processed by the neural network
described above. A feature vector is formed for each of the images;

4.The test images are analyzed by an autoencoder [2], those containing
anomalous objects of interest are then processed by the proposed neural
network. Each of the resulting vectors is compared to the reference vectors
array using mean square difference. The minimal distance between two
vectors indicates a geographic match.

As an experiment (Figure 1), the neural network was fine-tuned using
2500 training images and tested using 1600 reference and 250 test images.
Of the 250 test images, 28 were correctly recognized as containing potential
objects of interest. Of these, 24 were successfully matched with their
corresponding reference images.
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Figure 1. Examples of the method’s operation: (a) test image, (b) correctly
found matching image (S = 0.886), (c) mismatched image (S = 0.506)
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Anomauin: 'Y pobomi npononyemocs 2ibpuonuil  nioxio 00 GUAGNEHHs
coyianbHo-Hebe3neyHoi NnoeedinKu 6 OHIAUH-KOMYHIKayii Ha ocHogi NLP ma
ncuxoaiHesicmuyno2o auanizy mexcmis. Ilponowyemvca inmeepayis Mmoolenel
eMOYIliHO20 Ma N0BEOIHKOB8020 NPOQINI0 KOPUCMYBAYA 3 NEKCUKO-CUHMAKCUUHUMU
ma cemMammuuHUMU O3HAKAMY, WO O00360AUMb GOPpMY8aAmMuU puUKosuil iHOeKc
nogedinxu. ITioxio 0ozeonums 3abesnewumu paunio OeHmuixayito nomeHyitiHo
HeDe3neuHux namepuis y yupposux KOMyHIKAYIax, wo Modxce 3acmoco8y8amucs y
copepi kibepbesneku, ocgimuix cepedoguwjax ma Osi NIOMPUMKU NCUXONOSIYHO20
MOHIMOPUHRY.

Knrouoegi cnosa: coyianvro-nebesneuna nogedinka, ounan-komyrnixayis, NLP

Abstract: The thesis proposes a hybrid approach to detecting socially dangerous
behavior in online communication based on NLP and psycholinguistic text analysis.
The integration of models of the user's emotional and behavioral profile with lexical-
syntactic and semantic features is proposed, which will allow the formation of a risk
index of behavior. The approach will allow for early identification of potentially
dangerous patterns in digital communications, which can be used in the field of
cybersecurity, educational environments and to support psychological monitoring.

Keywords: antisocial behavior, online communication, NLP

Y cydacHux ymoBax IM(poBi3amii CycHmiJibCTBa 3HayHa YacTUHA
KOMYHIKalil IepeMillyeTbCsi B OHJIAHH-TIPOCTIpP, IO 3yMOBIIOE HOSBY
HOBUX (hOpM colliaJibHOI B3aeMOAii, 30KpeMa TakKuX, sIKi MOXXYTb HECTH
NOTeHLIIHYy HebGe3neKy Juis cycmijberBa. ColianbHo HeOe3nevHa MoBe/iHKa
B OHJIAWH-AUCKYPCI MPOSBIIEThCSA HE JIMIIE 4Yepe3 NCUXOEMOUIHHUH CTaH
iHAMBIA, a i Yepe3 Horo KOMyHIKaTHBHI HaMipH, BepOaibHi Iil Ta cTpaTerii
BIUIMBY. BukopucTaHHsS MeTOIiB 00pOoOKH MPHUPOIHOT MOBH y TIOEIHAHHI 3
TICUXOJIIHTBICTUYHNM aHAaJi30M BiIKPHBAa€ MOMIHMBOCTI ISl KOMIDIEKCHOTO
BUBYCHHS arpeCHUBHUX, 3arpO3JIMBUX UM HACHJIBHHUIBKUX BHCIOBIIOBAHb Y
mudpoBiit komyHikamii [1]. Po3poOka riOpuaHNX MoJenel, mo iHTerpyooTh
CEeMaHTH4HI, NparMaTuyHi Ta JUCKYpPCHBHI MapaMmeTpu, € aKTyaJbHUM
3aBJaHH]IM, CIPSIMOBaHMM Ha paHHE TONEPEPKEHHS MOTEHLIIHO
HeOe3meynnx comianbHux mii [2]. Cxema migxoay HaBegeHa Ha puc. 1.

VY 3amponoHoBaHOMY MiAxoii imeHTH(]IKalist COIiaJbHO HeOe3meyHol
MOBEIHKU 3MIACHIOETHCS [UIIXOM 06araTopiBHEBOTO aHasizy
KOPHCTYBAallbKHX TEKCTiB. Ha mepimomy erami HpOBOJUTBCS JIEKCHKO-
CHUHTAaKCMYHUHA po030ip, CcHpSAMOBAaHMH Ha BHABICHHS 3arpo3JUBHX
BHCJIOBIIOBaHb Ta IMIOECPAaTHBHUX KOHCTpPYKHid. [lami 3mificHIOETBCA
CEeMaHTHYHA ifeHTU(}IKaIisl 00’€KTiB arpecii, MO TO3BOJISIE BU3HAYHTH
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UTBOBI Tpymu a0o0 IHCTUTYINI, MPOTH SKUX CHPSIMOBaHI KOMYHIKaTHBHI
aKTH.

.. .\ Eranl Eran2. Ertan3. s
Bximmi gami: | Etan4. Buxini 1ani:
Jlexciko- Cemarmgra | IIparmamiko- .
Mroxmuna o e .. . | Interparusia |  Kareropia
. CHHTAKCIMEMI | ifeHTH(iKamid | eMomiifrmit .
TeKCTiB : Ca : OIiHKA PH3HKY PH3HKY
aHaNi3 00’eKTIB arpecii aHani3

Pucynox 1. Etanu nigxo/y 10 BUSIBICHHS COLialbHO-HEOE3MEYHOT
TIOBE/IIHKU

Hactynmuuii  eranm  mepexbauae  mparMaTHKO-eMOLIMHMH — aHaii3,
OpI€HTOBaHMH Ha OI[IHKY IHTCHCHBHOCTI BHPa)XKEHHS €MOIIH Ta CTyIeHS
eckamamii BepOampHOi arpecii [3]. 3aBepmalbHUM KOMIIOHEHTOM €
IHTEeTpaTHUBHA OIliHKA PU3HKY, II0 TIOENHYE PE3YIbTATH MOMEPEIHIX PiBHIB ¥
€IMHUH 1HIEKC 1 Ta€ 3MOTy KIacH(iKyBaTH TEKCT 32 KaTETOPisIMH PH3HKY.
Takum 9uHOM, 3a0€3MedyeThCs Mepexia Bix aHamizy (GopMarbHUX MOBHHX
O3HaK [0 KOMIUIEKCHOI iHTepmpeTanii KOMYHIKaTHBHHX HaMipiB, IO
JI03BOJISIE IPOTHO3YBATH TIOTEHIIHHO HEOe3MeuHy OBEIIHKY.

Otmxe, IHTErpaTMBHA OI[IHKA PH3HMKY JO3BOJIIE HE JIMIIE BHSBILSITH
NOTEHIIHO arpecHBHi BHCJOBIIOBAHHS, a i NPOTHO3YBaTH PIBEHb IXHBOI
couianbHOl HeOe3neku. [IpakTHyHe 3aCTOCYBaHHS Takoi MOJIEI MOXIIMBE Y
chepi MOHITOPUHTY COI[AIbHUX MEPEX, AaBTOMATHU30BAHHX CHCTEMax
MoJiepallii KOHTeHTY, y IiSUIbHOCTI NPaBOOXOPOHHMX OpraHiB, OCBITHIX 1
MEIiaiHCTUTYIIIH, a TAKOK y IICUXOJIHTBICTHYHIH [iarHOCTHUII.

JlitepaTypa

1. Krak, I., Ovcharuk, O., Mazurets, O., Molchanova, M., Sobko, O., Tyschenko,
0., & Barmak, O. (2025). Method for post-traumatic stress disorder manifestation
analyzing in text content. In CEUR Workshop Proceedings (Vol. 3976, pp. 206—
218). https://ceur-ws.org/\Vol-3976/paperl5.pdf

2. Krak, 1., Sobko, O., Molchanova, M., Tymofiiev, I., Mazurets, O., & Barmak,
0. (2024). Method for neural network cyberbullying detection in text content with
visual analytic. In CS&SE@SW (pp. 298-309). https://ceur-ws.org/\Vol-
3917/paper57.pdf

3. Inamdar, S., Chapekar, R., Gite, S., & Pradhan, B. (2023). Machine learning
driven mental stress detection on Reddit posts using natural language processing.
Human-Centric Intelligent Systems, 3(1), 80-91. https://doi.org/10.1007/s44230-
023-00020-8

131


https://ceur-ws.org/Vol-3976/paper15.pdf
https://ceur-ws.org/Vol-3917/paper57.pdf
https://ceur-ws.org/Vol-3917/paper57.pdf
https://doi.org/10.1007/s44230-023-00020-8
https://doi.org/10.1007/s44230-023-00020-8

Materials of the X111 International Scientific Conference
«Information-Management Systems and Technologies»
24th — 26th September, 2025, Odesa

UDC 620.1

mIAX1Ia HA OCHOBI HITYYHOI'O IHTEJEKTY JJIsL
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AI-DRIVEN APPROACH WORKFLOW FOR MULTI-PHYSICS
MODAL ANALYSIS OF DYNAMIC MACHINES PARTS
V. Harkusha, Dr.Sci. G. Martynenko
National Technical University ‘Kharkiv Polytechnic Institute, Ukraine

Anomauis. Memoo ckinuennux enemenmie (FEM) 0ozeonsie nposodumu mouni
iHOICeHEepHI CUMYNAYiT, alle 3anuacmobcs 0OUUCTIOBANLHO THIMEHCUGHUM, O0COONUBO
ot mynemupizuunux 3aday. Inmeepayis mexnonozii wmyunozo inmenexmy (Al),
makux sk cypoeamui mooeni ma Qizuuno-ingopmosani netiponni mepedici (PINN),
npuckoproe awnaniz, 3bepiearouu  mounicms. @peiimeopx Al-FEM na 6asi
Python/TensorFlow y cucmemax CAD/CAM, maxux sx ANSYS, mooice epexmueno
NPOCHO3Y8amuU NOBEOIHKY KOHCMPYKYI, CKOPOUYIOUU Yac 0OYUCTeHb | ni0guuyIouy
Macuimabosanicmv O CKIAOHUX THH#CEHEPHUX 3A60AHb.

Knwuogi cnosa: mynemu-@isuynuii  amanis, pobouuii npoyec HA OCHO8I
wmyuynozo inmenexmy, PINN, npuxnaona mexanixa, mooanvnuii ananis, ounamiunuil
auanis.

Abstract. Finite Element Method (FEM) enables accurate engineering
simulations but remains computationally intensive, especially for multi-physics
problems. Integrating Artificial Intelligence (Al) techniques such as surrogate
models and Physics-Informed Neural Networks (PINNs) accelerates analysis while
maintaining accuracy. A Python/TensorFlow-based AI-FEM framework within
CAD/CAM systems like ANSYS can predict structural behavior efficiently, reducing
computation time and enhancing scalability for complex engineering tasks

Keywords: multi-physics analysis, Al-driven workflow, PINN, applied
mechanics, modal analysis, dynamic analysis.

Nowadays each engineering project hard to imagine run without
calculations based on already classic Finite Element method. FEM provides
approach to detect near-real values of physics parameters in structural
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element and its materials based on elements meshed web with acceptable
accuracy in CAD/CAN tools which provides way to create elements mesh
net. However, FEM approach usage requires expensive computer or
complex computation station with huge amount of computation resources
which even today might have limits and blockers to solve specific tasks.
Moreover, it still takes time to calculate shape and material properties of
engineering construction.

Tasks may have increased solving time when had tried to check not only
specific construction or it parts but also its interaction with existed
environment because engineering structures rarely exist isolated. For such
examples related thermo-dynamic analysis like thermal expansion in
electronics or piezo-electric effects in sensors. For such analysis useful
follow multi-physics approach. Multi-physics workflow capable of solving
coupled partial differential equations that provide a more precise
representation of real-world phenomena. Also, for related to multi-physics
tasks are dynamic modal analysis. Although, every multi-physics analysis
will have additional calculation time because of requirement to have near
real-world environment values shown in equations.

As alternative way to accelerate mentioned before tasks is to use
artificial intelligent approach or data-driven workflow which will create not
only solving environment for structure calculation but also will create a
solution which will learn specific domain-related features. Specifically,
integration with Al models like surrogate modes, physics informed neural
networks (PINN) which in pair with FEM might predict model transient
evolution of the melt pool large thermal gradients described in study [1].
Suggested model predicted temperature with 7% error and tracked melt pool
size less 1% deviation and faster calculation process in compare with
common FEM approach. Thus, synergy of Al-enhancement modules with
CAD/CAN systems which provides FEM mesh net for calculations may
increase calculation speed of dynamic analysis which take amount of time
according to its complexity where needed to predict construction natural
frequency, frequency fluctuations, structure impact to other parts or
machines related to it. As perspective solution to create Al module for such
CAD/CAN systems like ANSYS created with programming Python
language. As a core of Al part selected TensorFlow [2] framework with
linear regression and in combine with PINN networks which has good limits
according to laws of physics. As input information Al module anticipates
structure parameters like material properties and structure definitions. As
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output depends on task returns for example total deformation value of
dynamic mechanism. Solution will give a hand for engineers to create better
structures at model developing time without iteration of solving which takes
most of time to analyse each. Other challenge comes is approach
complexities because for creation architecture for AI-FEM integration
necessity to need following components: multi-physics FEM solver, Al-
powered modules, physical systems and emulated data. Suggested
architecture provides full-ended pipeline to rapidly predicted values like
structure total deformation or joints probes of complex structures. Also
proposed modular approach provides good scalability across domains and
gives tuning possibility regarding specific tasks.
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Anomauin. Ilpoananizosano npobnemy GU3HAYEHHS COHAUBOCMI TOOUHU )
cucmemax 0Onomozu 600i€6i Ma CUCMEMAX KOMR'IOMepHo20 30py, wo Noe's3ani 3
nPoOMUCIO80K)  6e3neKoio.  3anponoHo6aHo  apXimekmypy KOMNIEKCHOI Mooeni
CNN&LSTM ons eusnauenus cmamy COHAUBOCHI MOOUMU 3a KaOpamu 0Oauyys 3
BUKOPUCMAHHAM NOKA3HUKIG, pO3paxosanux 3a oonomozoio MediaPipe Face Mesh.
Hocnioncenns CNN&LSTM — noxazanu  niosuwjenHs  mMoYHOCMI — BUHAYEHHS
counusocmi 1100uHU Ha 3%.

Kniouosi cnosa: cucmemu xomn'tomeprnozo 30py, cucmemu oonomozu 600i€si,
CNN, LSTM, cman counusocmi, MediaPipe Face Mesh, 6inapra xnacugixayis.

Abstract. The problem of determining human drowsiness in driver assistance
systems and computer vision systems related to industrial safety is analysed. The
architecture of a complex CNN&LSTM model is proposed to determine the state of
human drowsiness from facial frames using indicators calculated using MediaPipe
Face Mesh. CNN&LSTM studies have shown an increase in the accuracy of
determining human drowsiness on 3%.

Keywords: computer vision systems, advanced driver assistance systems, CNN,
LSTM, drowsiness state, MediaPipe Face Mesh, binary classification.

Po3ni3HaBaHHs CTaHy COHJIMBOCTI JIFOJJHU 32 300pasKeHHAMH 00INYYs €
aKTyaJIbHUM Y CHCTeMaxX KOMI'IOTEPHOT0 30Dy, 110 MOB's3aHi 3 0€31eK0I0 Ha
TPaHCIIOPTI Ta 3 MPOMHUCIIOBOIO OE3IEKOI0 Y TakuX cdepax sIK MeTamyprisi,
XIMiYHa MPOMHCIIOBICTh, €HEPreTHKa, TOIO, KOJM BTOMJICHA JIIOJMHA €
IDKEPEeJIOM IiABUIICHOTO pU3UKYy. OCHOBHUMH HENONIKAMU TaKHX CHCTEM €
JOCHUTH HU3bKA TOYHICTH PO3Mi3HABAHHS CTaHY COHJIMBOCTI 33 KaJpaMH Ta
BiJICOTOCTITOBHOCTSIMHA 3 OOJMHYYSAM JIFOIWHH, CKIATHICTD Ta HE3PYUHICTH
BUKOPHCTAHHS JOJATKOBHX JaTYMKIB Ta TMEpEeBAaHTAXKCHHsS IHTepQeiiciB
cucteM 3aiiBoto iHpopMmartiiero [1]. AHami3 HayKOBUX JDKEpelN MOKa3as, 10
TOYHICTh PO3IMi3HABAHHS CTaHy COHJIMBOCTI JIOJMHH y CY4acHHX CHCTEMax
KOMIT'TOTEPHOTO 30pY 3aJIEXKUTh BiJl SIKOCTI MOJieliel HEHPOHHUX MEpex Ta
QITOPUTMIB MallMHHOTO HAaBYaHHS, SIKI € OCHOBHUMHM CKJIQJIOBHMH TaKHX
cucTeM. BCTaHOBJEHO, 11O IOE€JHAHHS 3TOPTKOBHUX HEWPOHHUX MEpex
(anrn. Convolutional Neural Network, CNN) 3 iHIIMMU THIAMH HEHPOHHHUX
MEPEK J03BOJISAE TOKPAIIUTH Pe3yiabTaTH posmizHaBaHHs [2]. TloeqHaHHs
nepesar CNN st posmi3HaBaHHS 3aKpUTHX O4Yeidl B OXHOMY Kajapi
300pakeHHS OOMUYYS 3 MOJIEIUTI0 JOBIOi KOPOTKOYACHOI mam'siTi (aHTII.
Long Short-Term Memory, LSTM) 103Bosisi€ BUSBUTH MPOLEC MOBLILHOTO
3aKpUTTS OYEH TMPOTATOM KUTBKOX KaJpiB y BIIEOMOCTiIOBHOCTI Ta
MiIBUIMUTH TOYHICTh BHpIIIEHHS 3agadi OiHapHOi Kiacudikamii cTaHy
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coHNMBOCTI. ToMy MeToro poboTH € po3poOKa KOMIUIEKCHOI HEHpOHHOT
mepexeBoi momenmi CNN&LSTM i migBHIECHHS TOYHOCTI BH3HAYCHHS
CTaHy  COHJMBOCTI  JIIOAWHH 332  300paXCHHSAMH  OONWYYS  Ta
BiJICOTIOCTIIOBHOCTSAMHA 3 JIOJJaBaHHSIM  TIOKa3HUKIB, PO3paxOBaHUX
MediaPipe Face Mesh. [lns mocsArHeHHs 3a3HAY€HOT METH 3aIPOIIOHOBAHO
apxiTekTypy KommuiekcHoi mozeni HeiipoHHoi Mepexxi CNN&LSTM, sxa
noeanye 6araromapoBy CNN — aiist aHanizy KOHTEKCTy 300pakeHb 00JIHYb
ta LSTM — nns anani3zy mociigoBHUX MaHUX MPO CTaH COHJIMBOCTI JIFOJMHH
y 4aci. [liIBUIIEHHS TOYHOCTI BH3HAYCHHS CTaHY COHJIMBOCTI JIFOJMHU
BiOyBa€TbCs 3a paxyHOK 3alpoONOHOBAaHOrO  IAXOAy KON 32
BineomnocaigoBHocTsiMu micas o0pooku CNN momatkoBo Ha BXOom LSTM
TepesaroThCsl 3HAYCHHS ITOKA3HUKIB, M0 po3paxoBadi 3a 3D-momemtro
MTOBEpXHI OOJMYYsL, CTBOPEHOI Ha OCHOBI perpeciiHoro anamzy [3] 3
BHKOPHCTAHHAM BiIKpHUTOi 0i0JII0TEKH KOMI'IOTEPHOTO 30py Ta MAIIHHHOTO
naByanHs Bim Google MediaPipe. Takum 4YHHOM, NpPH BHKOPHCTAHHI
3aMpONOHOBAHOI KOMILIEKCHOT MOJIEINI PO3TIISIAIOTHCS J[Ba TIOTOKH BXITHUX
JAHWX, a caMe: MOTIK 300pakeHb KOXHOTO KaJpy BiJCOMOCHIJOBHOCTI
(224x224%3, macmtaboBani RGB-300pakeHHsI) Ta MOTIK MOKa3HHUKIB, IO
oHoBmrorOTECS KOXkHI 10 kaapiB — EAR, MAR, PUC, MOE — po3paxoBannx
3a gomomororo MediaPipe Face Mesh [4]. HeiipomepekeBa Momeinb
CNN&LSTM peanizoBaHa  MOBOIO Python 32 JIOIIOMOTOIO
Keras/TensorFlow y cepenosuiii Google Colab.

IIpoBeneHO KOMIT'IOTEpPHHII EKCIEPHUMEHT 3 BUKOPUCTAHHSIM Habopy
nanux Drowsiness Detection Dataset version 1 [5] mnst mopiBHSHHS
TOYHOCTI  PO3IMI3HABAaHHSI COHJIMBOCTI JIIOMUHH 3  BHKOPHCTAaHHAM
koMmIuiekcHOT Momemi CNN&LSTM Ta iHmmMMHA aHaJIOTIYHUMH MOJEISIMU.
IMokazaHo, 10 pe3yJabTaTH BUKOPHUCTAHHS  KOMILIEKCHOI — MOJeIi
CNN&LSTM  mokpamwiii  TOYHICTh PO3IMI3HABaHHS CTaHY COHJIMBOCTI
moauan Ha 3%.

JlitepaTtypa

1. NHTSA — National Highway Traffic Safety Administration. (2024). Driver
assistance  technologies:  Drowsy  driving.  https://www.nhtsa.gov/risky-
driving/drowsy-driving

2. Mienye, I. D., Swart, T. G., Obaido, G., Jordan, M., & llono, P. (2024). Deep
convolutional  neural  networks: A comprehensive  review.  Preprints.
https://doi.org/10.20944/preprints202408.1288.v1

136


https://www.nhtsa.gov/risky-driving/drowsy-driving
https://www.nhtsa.gov/risky-driving/drowsy-driving
https://doi.org/10.20944/preprints202408.1288.v1

Materials of the X111 International Scientific Conference
«Information-Management Systems and Technologies»
24th — 26th September, 2025, Odesa

3. Sukno, F., Waddington, J., & Whelan, P. (2012). 3D facial landmark
localization using combinatorial search and shape regression. In A. Fusiello, V.
Murino, & R. Cucchiara (Eds.), Computer vision — ECCV 2012. Workshops and
demonstrations (Lecture Notes in Computer Science, vol. 7583, pp. 171-180).
Springer. https://doi.org/10.1007/978-3-642-33863-2_4

4. Google. (2025). MediaPipe solutions guide.
https://ai.google.dev/edge/mediapipe/solutions/guide

5. Patil, P. V. (2020). Drowsiness detection dataset. Kaggle.
https://www.kaggle.com/datasets/prasadvpatil/mrl-dataset

VK 621.382

BU3HAYEHHS IHTEHCUBHOCTI BIIMOB ITPH
BIIBPAKYBAHHI BUPOBIB EJIMEKT.I_’OHHO.I TEXHIKH 3A
JONMOMOI'OIO 3ABAJOCTIUKOI KJACTEPHU3ALII
J1. KomnyTinallo005-0004-1326-8775] 'Dr Sci. T, [1]epGarcona2li000-0003-0475-3854]

YHayionanvnuii ynisepcumem «Odecvra nonimexuixay, Qdeca, Ykpaina
EMAIL: d.v.koshutina@op.edu.ua, “galina.sherbakova@op.edu.ua

DETERMINATION OF FAILURE RATE DURING REJECTION OF
ELECTRONIC PRODUCTS USING FAULT-RESISTANT
CLUSTERIZATION
D. Koshutina, Dr.Sci. G. Shcherbakova
National University Odessa Polytechnic, Odessa, Ukraine

Anomauin. Pospobneno memoo Gu3HAUeHHS [HMEHCUBHOCMI Gi0MO8 A oma
EKCNOHEHYIIH020 PO3N00LTY OYiHKU HAOIUHOCMI Npu UOOPI KOMNOHEHMmi8 0.4
eNeKmMpPOHHOT anapamypu wiisixom 6i00paKo8y8ants md ONUCAHO emanu Ybo2o
Mmemody. Memoo eunpobysanuii Ha npukiadi 8i06paAKy8anHsA pe3UCcmopie 3a pigHem
wymy.  Iliosuwenns  3asadocmitikocmi  ma — 00CMOSIPHOCMI  npoyedypu
8i0bpaxosyeants  00CA2AEMbCsi  3d  PAXYHOK — 3ACMOCY8AHMA — A0ANMUGHOL
Kracmepusayii 3 GUKOpUCMAHHAM 6eligiem nepemeopenns. Lleii pesynbmam
00360715€ peKoMeHAY8amu po3pooNieHutl Memood npu 8i0Oopi eupobie erekmpoHHOT
MeEXHIKU, NPUSHAYEHUX 0I5l ANApamypu 8I0N0GIOANbHO20 NPUSHAYEHHS.

Kniouosi  cnoea: Enekmponni  KOMROHeHMU, napamempu  HAOHOCHI,
aoanmueHa Kaacmepusayis, setigem-nepemeopeniis, 3asadocmitikicmo,
eKCNOHeHYIanbHULl PO3NOOIiN, MAi OaHi, 3auyMLEH] OaHI.

Abstract. 4 method for determining the failure rate A for the exponential
distribution of reliability assessment when selecting components for electronic
equipment by rejection is developed and the stages of this method are described. The
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method is tested on the example of rejection of resistors by noise level. Increasing the
noise immunity and reliability of the rejection procedure is achieved by applying
adaptive clustering using wavelet transform. This result allows us to recommend the
developed method for the selection of electronic products intended for critical
equipment.

Keywords: Electronic Components, Reliability Parameters, Adaptive Clustering,
Wavelet Transform, Noise Immunity, Exponential Distribution, Small Data, Noisy
Data.

I[Ipu BupoOHHMITBI BHpOOIB enekrpoHHOi TexHikn (BET) wacto
HEOOXimHO BimiOpaTw [IA amapaTypd BaKJIMBOTO TPU3HAYCHHS OUIBII
Haxiitai BET, mis goro HeoOXigHO BHOpaTH MOAENb OIIHKHM HAIIIHOCTI Ta
ominuTH ii mapamerpu. Haiiuactime ominforore HagiiHicTs BET Ta
MPUCTPOIB Ha iX OCHOBI 3a JOTOMOTOI0 EKCIIOHCHIIHHOTO PO3MOAUTy 3
OJIHMM TIAPaMETPOM — IHTCHCHBHICTIO BiMOB A. [Ipu 1IbOMY TIPUTIYIIICHHS
PO CTAJICTh A y Yaci MmiABUIy€e TOXHUOKY NPOrHO3iB HaAIHHOCTI MOPIBHSHO
3 JBOMapaMeTpUYHMMHU  po3mofinamu.  ToMy  3a  JIONIOMOTOO
EKCIIOHEHLIIHHOTO PO3MOJTYy PEKOMEHIYETHCS IPOBOJUTH BiJTHOCHY OLIHKY
HAIMHOCTI Ha €Tali eCKI3HOrO MPOCKTYBAHHS, KOJM HEOOXIMHO OLIHUTH
HaJiHHICTh PI3HUX BapiaHTiB, 1 Ha MiACTaBl aHalli3y BHOpaTH €JIEMEHTHY
6azy [1]. st BusiBnenns ta punanenss BET 3 mificHumu Ta moTeHIiiHUMEA
Bi]MOBaAaMH 3 TOTOBOi MapTii JO TIMOCTA4YaHHS CIIOXKHBAYEBI IPOBOISTH
BimOpaKyBajbHI BHIIPOOYBAHHS i 9ac BUXiAHOTO KOHTPOMO. s OLiHKH
BimnmoBigHOcTi BinmiOpammx BET BuMmoram crnoxmBada mapameTpu iX
HAJIHHOCTI  OUIHIOIOTBCS, K TPAaBWIO, y TPOIECi MPUCKOPEHUX
LICH3ypOBaHUX BHUNPOOYBaHb. TPHBATICTH TAKUX BHUNPOOYBaHb 3HAYHO
MeHIIa 3a peaibHy AoBroBiuHicTh BET; y 3B'I3Ky 3 BHCOKOIO HaIilHICTIO
BET BoOHM mpoBOmATHCS Ui Maiiol YacTHHU BHOIPKH 1 TOMY
CYIPOBOJKYIOThCSI 3HaUHOIO MOXHOKOI0 Yepe3 BUCOKY JHCIEPCII0 OLIHKH,
sKa IIe W 30UIBLIYETHCS 32 PaXyHOK HAsBHOCTI LIYMy B AaHHX IIPO
HaJ(iHICTh (00'€KTUBHUX 1 Cy0'€KTUBHUX MTOMHJIOK ITpH iX 300pi Ta 00IiKYy).
3a TakMX JOCIIIKEHb, HAPHUKIIJ, Y MPOLEC] MPUCKOPEHUX BHUIIPOOYBaHb
interpansrux cxem (IC) Ha [OBrOBiYHICTH BUSBJIEHO, 10 A Mae
OiMomanpHUI XapakTtep (TEPIINA MK XapaKTepH3ye€ BiIMOBH aHOMAaIbHUX
IC, a npyruii — BiIMOBH OCHOBHOI YaCTUHU BHOIPKH); NPH LILOMY CEpeHii
yac Oe3BiiMOBHOT poboTH Auisi nux rpyn 1C Moxke Bipi3HSATHUCh HA YOTHPU
nopsiakd. Y TOmIOHIM cuTyalii IS MiJBUINCHHS 3aBaJOCTIMKOCTI 1
3HW)KEHHSI TOXUOKU OLIHKU NMapaMeTpiB HaJiiHOCTI MpU BiIOpakoBYBaHHI
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noreHnifino HeHagiiHux BET HeoOXigHO MIABHUINMTH 3aBaJOCTIMKICTH 1
MiABUIIATH JOCTOBIpHICTh moauny mapTii BET Ha aBi rpynu. Cran BET mpu
KOHTPOJIi Ta BilOpakOBYBaHHI OMHCYETHhCS 3HAUYEHHSIM iX IMapaMmeTpiB, sKi
3MIHIOIOTECS BiZl 00'ekTa 0 00'€kTa, a B Tpolleci BUMpoOyBaHb — 1 B 9aci.
Komu 11i mapaMerpu 3ajiekHi MK c00010, IO MPUTAMaHHO JUII 0araTthox
BET, mpu monmimi BET 3acTocoByrOTh aBTOMATH30BaHWHA WiAXia, KU
peasi3yloTh 3a JIOIOMOTOI0 BIJIOMOTO METOIY pO3IMi3HaBaHHS 00pasiB —
cratucTHOI knacudikamii. Taka kmacugikarlis CKIaIaeTbes 3 TBOX CTAIliB
- KJacTepusaiii Ta knacuikarii. Metoau KJIacTepu3ariii
BUKOPUCTOBYIOThCS JUIs po30urts Ha kmacrepu BET, a wmeromm
CTaTUCTHYHOI Kiacuikamii - JUId TPUAHATTA pPINICHHS TPU  OIIHII
rmapaMeTpiB HaailHOCTI. Y Tporeci Kiactepm3amii mpH BigOpaKoByBaHHI
cepen BumpoOyBanux BET moTpiOHO BUAIMMTH ABI KOMIAKTHI HiATPYIH
(xmacTepu) 13 3aradbHAMH  BJIACTUBOCTSAMH Ta PI3HUM  CTYICHEM
MOHOTOHHOCTI 3aJIe)KHOCTI KOHTPOJIbOBAHUX MTapaMeTpPiB BiJl HATIPAIFOBAHHS
Ha BiaMoBy. Ominutm mBHAKICT 3MiHM napamerpiB BET kmactepa
MOXJIMBO, 3aCTOCOBYIOUH aJaNTHBHUM MiJXiJ, KOJM MOYATKOBI IapamMeTpH
LIEHTPIB KJIAacTepiB BH3HAYAIOTHCS 3 aHalizy nonepegHporo wacy. BET
MOAISIOTE Ha KJIACTEPU 32 O3HAKOK KOMIIAKTHOCTI IapaMeTpiB 3a
JIOTIOMOTOI0 ~ ONTHMi3amii  (YHKI[IOHATY sKOCTi. MeTtox omnTumizamii
BUOMPAIOTh 3 ypaxyBaHHIM BJIaCTHBOCTEH IbOr0 (YHKILIOHANY SKOCTI, SKUA
MOke OyTH SIBHO HE BIJIOMHI, MOXE MaTH IOBEpXHIO 0araroekCTpeMalibHy,
3aIIyMIIeHy, OCKUTBKH BiOpPAaKOBYBaHHS MOXKE IIPOBOIUTHCS 33 MAaJIIMH
BuOipkamMu. Meroau Kiactepu3allii, 3aCHOBaHI Ha TPali€HTHOMY TOIIYKY, Y
IIUX YMOBax He 3a0e3MeuyroTh TOCTaTHBOI 3aBafOCTiHKOCTI. s 3HIKCHHS
BIUIMBY IIMX HEJOMIKIB IPOMOHYETHCS 3aCTOCYBAaTH METOJ KiIacTepH3alil 3
BHUKOpHCTaHHAM BeliBier-nieperBoperHs (BII), mo mo3Bomse mpoBoguTH
KIIACTEPH3AIi0 3 HHU3BKOIO ITOXHOKOIO TMpPH BHUCOKOMY PiBHI TEPEIIKOA y
JAHHUX Ta MaJiuX o0csirax BUOipok [2].

Merolo poGoTH € po3poOKa METOAy BU3HAYEHHS I1apaMeTpiB
HanidHocTi maptii BET ayst migBuiieHHs 3aBa0CTIHKOCTI Ta TOCTOBIPHOCTI
BiZIOpaKOBYBaHHs 3a JIONIOMOTOIO aJanTHBHOI kiactepusanii 3 BIT Ta
NPOLENYyPH peatizalil boro METoIy.

3asnanns mossrae B HactymHomy. Hexait € IV o6'exris (BET), kokeH 3
SKAX ~ Xapakrepusyerbcs  Habopom 3 Kk mapamerpiB.  Bektop
x;(t) = '[:x}-l'[:t}; x}-:'[:t}; ) x;{'[t}} XapakTepusye craH ol'ekta j B

MoMeHT vacy . Ile o3Hadae, 10 B3a€MHE pO3TalllyBaHHSI TOYOK B IIPOCTOPI
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mapameTpiB  BijoOpaxkae peanbHy Kiacu(ikamio (TpymyBaHHS — 3a
napaMeTpamu) JOCHipKyBaHUX 00'ekTiB. JIyisi BUSBICHHS 1€l CTPYKTYpH
BHUKOPHUCTAEThCSI MeToa knactepm3amnii 3 BII [1]. 3 #ioro momomororo mpu
BiOpakoBYBaHHI B MOMEHT d4acy fj NpPOBOAWTHCA IOAUI JAaHUX Ha 2
KiacTepu. Jlajai KOXHOI 3 JBOX IPYI OL[HIOETHCS IHTEHCHBHICTH BigMoB [1].
IIpononoBanuit MeTon BUNIPOOYBaHUH IS TTApTii PE3UCTOPIB, MPU3HAYCHUX
JUISL arlaparypy BiAoBinaapHOTO npu3HadeHns [1, 2].

B sixocTi mapamerpiB, Ha BigMiHy Bif pobotn [2] BUKOpPHCTaHO piBEHb
mymy. Jlani mnepmoro koHTpomo (uepe3 24 romuHHM podOTH Y
HaBaHTAKEHOMY  PEXHMi) pO3AUIEHI 3a  JIONMOMOTIOI  aJanTHBHOL
KJlacTepusanii Ha 2 KJlacTepy, 10 BKIIOYMIM: Mepuuid — rpynu 3 1 mo 8,
apyruii — 9 rTpymy 3a piBHemM mymy [2]. Po3paxoBaHi 3HaueHHS

IHTEHCUBHOCTI BiIMOB CKJIalM BilMOBIAHO A, = 0,37 x 10~% Ioj -1 npu

BIJICYTHOCTI BigOpakoByBaHH:A, A, = 0,21 x 10~5 To0A 1 s pe3ncTopiB

nepuioro kmacrepa i A, =0,2x 107* rox L PE3UCTOPIiB  IPYTOTO
KJacrepa.

Po3po0ieno MeTom BH3HAUCHHS IHTCHCHBHOCTI BIiIMOB A JUId
EKCITIOHEHIIIHHOTO PO3MOALTY OLIHKH HaJiHHOCTI 1pu BinOpakoByBanHi BET
Ta mpoIleypa peaisailii boro MeToay. MeTon BUpoOyBaHUI HA MPHUKIIAII
BiZIOpaKyBaHHsI PE3UCTOPIB 3a piBHEM mIyMmy. [IiIBUIIEHHS 3aBaIOCTIHKOCTI
Ta JIOCTOBIPHOCTI MPOIEIYPH BiJOpPaKOBYBaHHS JOCATAETHCS 32 PaxXyHOK
3aCTOCYBaHHS y I[bOMY METOJl ITEPaTUBHOrO METONY aJalTHBHOL
KJlacTepu3alii 3 BUKOPUCTAHHSM BeWBieT neperBopeHHs. Llel pesynbrar
JO3BOJISIE  PEKOMEHIIyBaTH po3poOiieHHA MeTon npu Bigbopi BUpoOIB
eJIEKTPOHIKH LTSI allapaTypH BilMOBiATEHOTO MPHU3HAYCHHSI.
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EFFECTIVE TEXT ANALYSIS USING TF-IDF AND ML.NET IN
ENTERPRISE ENVIRONMENTS
D. Tsyban, Ph.D. I. Kobylin, Ph.D. O. Kobylin
Kharkiv National University of Radio Electronics, Ukraine

Anomauia V yiti cmammi mu docnioxcyemo peanizayiro aneopummy TF-1DF
(wacmoma mepminie — oOepHera uacmoma OOKyMeHmig) OJisk MeKCMOo8020 aHAI3Y 8
exocucmemi  Microsoft .NET 3 euxopucmannam ML.NET. Excnouenyianvhe
3POCMAHHS MEKCMOBUX OaHUX BUMALAE eeKmUsHUX anarimuynux memoois, a TF-
IDF cnyocumos 6a308um memooom 0si KIMbKICHOT oyinku easciueocmi cuig. Mu
suodinaemo nepesazu ML.NET oOna xopnopamuénux cepeodosuuy, npeocmagiaioyu
11020 AK HAOIUHY ANbMEPHAMUBY PileHHAM Ha 0cHo8i Python.

Knrwuogi cnosa. TF-IDF, ananiz mexcmy, ML.NET, obpobxa npupoonoi mosu,
exocucmema NET, mawunne naguanms, nopieuanHs npoOyKmueHOCMi.

Abstract. In this paper, we explore the implementation of the Term Frequency-
Inverse Document Frequency (TF-IDF) algorithm for text analytics within the
Microsoft .NET ecosystem using ML.NET. The exponential growth of textual data
necessitates effective analytical methods, and TF-IDF serves as a foundational
technique for quantifying word importance. We highlight the advantages of ML.NET
for enterprise environments, presenting it as a robust alternative to Python-based
solutions.

Keywords. TF-IDF, Text Analysis, ML.NET, Natural Language Processing,
.NET Ecosystem, Machine Learning, Performance Comparison.

In this modern age, with text data growing at an exponential rate, we
urgently need effective ways to organize and analyze it. Things like
customer feedback, social media posts, and technical documents contain
valuable insights, and pulling them out is crucial for making smart
decisions. One of the most important techniques for this is Term Frequency-
Inverse Document Frequency (TF-IDF) — it quantifies a word's importance

141


mailto:3oleg.kobylin@nure.ua

Materials of the X111 International Scientific Conference
«Information-Management Systems and Technologies»
24th — 26th September, 2025, Odesa

within a document, serving as a foundation for information retrieval and
classification.

While Python dominates the field of natural language processing, the
Microsoft .NET ecosystem offers significant benefits for businesses,
especially in terms of integration and performance. This paper shows how
ML.NET, a machine learning framework for .NET developers, lets you
implement TF-IDF and other text analysis algorithms. We prove that
ML.NET is a real alternative to Python-based solutions, allowing
organizations to tap into the power of text analytics without having to
change their existing technology stack.

Term Frequency-Inverse Document Frequency (TF-IDF) is a statistical
measure extensively utilized in natural language processing (NLP) and
information retrieval for determining the relative importance of terms within
a document in comparison to a larger document corpus. Unlike basic word
frequency methods, which may disproportionately highlight frequently
occurring terms, TF-IDF incorporates criteria that adjust the weighting of
terms, emphasizing their utility in distinguishing between documents within
the corpus.

The TF-IDF method operates by combining two key components: Term
Frequency (TF) and Inverse Document Frequency (IDF). Term Frequency
quantifies how often a specific word appears in a document, while Inverse
Document Frequency measures the word's significance across the entire
corpus by reducing the weight of terms that appear frequently in multiple
documents. The product of these two metrics results in a score that
effectively identifies terms that are both locally significant within a
document and globally distinctive across the corpus.

TF(t,d) = —=
' wedNw | @)
where Nt is the number of times the term appears in a document; Ny is
the number of all words (terms) in a document.

D
IDF(t,D) = log(ﬁ) ()

where D is a corpus, the number of documents; Nd; s the number of
documents in the corpus contain the term.
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TFIDF(t,d,D) =TF(t,d) X IDF(t,D) 3)

Limitations of IDF Alone:

IDF does not take into account the frequency of a term within an
individual document;

a term may be uncommon in the corpus (resulting in a high IDF) but still
hold little relevance in a particular document due to its low occurrence (low
TF).

Implementing TF-IDF in the .NET and Python ecosystems offers distinct
approaches tailored to each environment. In .NET, developers typically
leverage  ML.NET, which uses a pipeline-based approach for text
processing. The built-in FeaturizeText transformer handles the entire
process, from data preparation to creating TF-IDF vectors, without requiring
manual calculations.

This level of abstraction simplifies the workflow and ensures a type-safe,
integrated solution ideal for large-scale enterprise applications. However,
this convenience comes with a trade-off: it gives you less direct control over
the finer details of the TF-IDF computation.

Python, on the other hand, relies heavily on the scikit-learn library and
its TfidfVectorizer class. This approach is highly flexible, allowing
developers to fine-tune various hyperparameters like n-gram ranges and
smoothing techniques, which is perfect for research and experimentation.

While it offers more hands-on control, deploying Python-based models
in a production environment often requires additional steps, such as
integrating with frameworks like Flask or FastAPI to serve the models as
APIs. In short, ML.NET prioritizes seamless integration and ease of use for
enterprise contexts, while scikit-learn in Python is all about flexibility and
control for data science and research (Table 1).

Individually, TF and IDF have inherent limitations, which are mentioned
in details below. However, when combined in the TF-IDF calculation, these
components balance local and global importance, effectively highlighting
the most meaningful terms. Limitations of TF Alone:

TF does not reflect the overall significance of a term across the entire
corpus;

frequently occurring words, such as "the", "and", "a / an" etc., may
receive high TF scores, yet they do not effectively differentiate documents.
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Table 1.

Key Differences and Considerations: ML.NET vs. Scikit-learn

Aspect

NET (ML.NET)

Python (Scikit-learn)

Abstraction vs.

High-level automation
with minimal manual

Fine-grained control over
tokenization and feature

Control . .
processing extraction
Compiled execution for Interpreted_, making it
Performance ; : more suitable for
better speed in production - .
experimentation
Seamlessly integrates into Requires additional
Deployment y In'eg frameworks for model

enterprise solutions

serving

Customization

Limited control over TF-
IDF computation

Extensive parameter
tuning and NLP
preprocessing options

Supported
Algorithms ~80-100 (classification,
Count ~30-40 regression, clustering,
Installation etc.)
Time
Model Training ~5-15 sec (via NuGet ~0.4 sec on a benchmark
Speed package manager) dataset

Documentation

~0.3 sec on a comparable

~500 pages of
comprehensive online

Volume dataset documentation and
discussions
GPU/Hardware Offers limited in-built Relies on external projects
Acceleration GPU acceleration (~20%) (0%)

UDC 004.891

XMAPHA CUCTEMA MAIIIMHHOI'O HABYAHHSA A5
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CLOUD-BASED MACHINE LEARNING SYSTEM FOR FRAUD
DETECTION
V. Nosov, Ph.D. K. Ostrovska
Ukrainian State University of Science and Technologies, Ukraine

Anomauin. Y pobomi npeocmaeieno apximekmypy 6azamopiénegoi XmapHoi
cucmemu 8 AWS Ons 6usagieHHA WaxpaicoKux MpaH3aKyiil y pexcumi peanbHozo
uacy. Komueeep inmeepye aemoxooysanvuuku ma IP Insights Ona eusenenus
anomaniti, a maxooic LightGBM 0na niocymkoeoi kiacugixayii 3a pigHaAMU PUSUKY.
Tpansakyis po3ensidacmvcs aK Kuo4o6a AHANIMUYHA CYMHICMb. 3anponoHosaHull
nioXi0 CNPAMOBAHULL HA 3MEHUWEeHHsl KiIbKOCMI XUOHONO3UMUGHUX De3yIbmamis,
3a6e3neyenHa macumabo8aHocmi Ma HU3LKOI 3aMpUMKY, WO pooumsv 1020
eexmusHuM piuenHaM 0 e-commerce i PiHaHCOBUX cepaicis.

Knrwouoei cnosa: LightGBM, asmoxoodysanvuuku, IP Insights, AWS SageMaker
Al, e-commerce

Abstract. The work presents the architecture of a multi-layer serverless system in
AWS for real-time transaction fraud detection. The pipeline integrates autoencoders
and IP Insights for anomaly identification, as well as LightGBM for final risk-level
classification. The transaction is considered the key analytical entity. The proposed
approach is aimed at reducing false positives, ensuring scalability and low latency,
making it an effective solution for e-commerce and financial services.

Keywords: LightGBM, autoencoders, IP Insights, AWS SageMaker Al, e-
commerce

CrpiMKe 3pocTaHHS O0OCATiB OE3rOTIBKOBHUX IUIATEXKIB 3YMOBIIOE
migBuIeHHsT pu3ukiB y cdepi  ¢dinancoBoi Oesmexu.  binbmiicts
nraxpaiicbKMxX — BUIAAKIB ~ NpHOAJae Ha  OHJIAMH-TpaH3akWii, 1o
MATBEPIKYETHCS CTATHCTUKOI €BPONEHCHKOTO IEHTpajdbHOTO OaHKy [1]
ta HanionanpHoro Oanky Ykpaiau [2]. Tpagumiiini anTHQpOA-pilIeHHS Ha
OCHOBI TIPaBWJI 1 TOPOTOBUX MEXaHI3MIB Jie/lali CKIAAHINIEe MiATPUMYyBaTH
e(peKTHBHUMH, OCKUJIbBKA BOHH TIOTPEOYIOTh IOCTIHHOTO OHOBJICHHS Ta
Bpa3JIMBi 0 HOBHX aBTOMATH30BaHUX aTak. Lle akTyamizye HeoOXigHICTH
3aCTOCYBaHHS METOJIB MAalIMHHOTO HaBYaHHSI y CYYacHMX CHCTeMax
BUSIBJICHHS LIIaXpaiicTBa.

Y poboTi 3MOAEIHOBAHO APXITEKTYPY XMapHOi O0€3CEepPBEPHOI CHCTEMH,
nobynosanoi Ha AWS. [i ocHOBy CcTaHOBHTH KOHBeep, IO TOETHYE
ABTOKOJIyBJIbHUKHU ISl BUSIBIICHHS! IPUXOBAHUX 3aKOHOMIPHOCTEH Yy JaHUX
Tpan3akui, [P Insights mis aHamizy moBeqiHKOBHX 3B’S3KiB KOPUCTYBadiB
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i3 BINOBIAHMMH MEpeKeBUMH aapecamMu Ta anroput™ LightGBM s
0CTaTOYHOI Kiacudikarii 3a piBHIMHU PU3HKY.

IToxiOHMK MAXig aKTUBHO PO3TIAAAETHCS B CYYaCHHUX JTOCIHIHKCHHSIX
[3], me moemHaHHS METOAIB BHUSBJICHHS aHOMAJIH 1 IpagieHTHOTO OyCTHHTY
JNIEMOHCTPYE BHCOKY €(EKTHBHICTh y 3MEHIICHHI XHOHOIIO3UTHBHHUX
pesynbrariB. TakuM YMHOM, CHCTEMa IHTErpye KOHTPOJILOBaHI Ta
HEKOHTPOJIbOBAaHI METOJM HaBuaHHs, (opMmylounm TIOpUIHMH WiIXin 10
OLIIHIOBAHHSI PU3HKY.

Tpanzakuiss po3rIAAAETBCS SIK KIIOYOBA aHAJITUYHA CYTHICTB, IO
MICTHTB, 30KpEMa, I'e0JIOKAILiI0, TapaMeTpH MPUCTPOIO Ta Opay3epa, a TaKoxX
JaHi TOproBus. Y 3alpoNOHOBaHId apxiTeKTypi JuUis HaBYaHHA W
posropTaHHs Mojneneii BHKOpHCTOBYeThcsi AWS SageMaker; 00poOky
3amuTiB 'y peampHOMy 4aci 3abesmeuye AWS Lambda; ictopmuni nasi
30epiratotbcss B Amazon S3; MOHITOPHHT 3IIHCHIOETBCS depe3 Amazon
CloudWatch.

3ampomoHOBaHA apXITEKTypa Opi€HTOBaHA Ha MacIITa0OBaHICTH i
rHyukictb. Cepen i1 mepeBar 34aTHICTh aJanTyBaTHCS A0 3MiHIOBaHHX
MaTepHIB IIaxpaiicTBa, MWiJBHUINCHA TOYHICTh Kiacudikamii 3aBasKu
MO€IHAHHIO METO/IIB Ta HU3bKa 3aTPUMKa yXBaJICHHS PIlLICHb.

Takum 4YHHOM, y POOOTI OKPECICHO apXITEKTYPHY KOHIICIIIIIO
6araT0piBHeBo'1' CHUCTEMHU MAalIuHHOI'O HaB4YaHHs JJIsA BUSBJIICHHA
nraxpaiictea,  ska  3aBAsku  iHQpacTpykTypi AWS  3a0esneuye
MPOAYKTUBHICTh, MAaCIITA0OBAaHICTh 1 MPAaKTHYHY MPHOATHICTH  UIA
¢inancoBoi coepu. Ilomanpmii mochimkeHHS TepeadavaroTh IMiATOTOBKY
Ha0OpiB TaHUX, HANAIITYBAHHS TilleprnapaMeTpiB i MOJeJeH Ta IPOBEICHHS
MOPIBHSAIBHOTO ~ aHANi3y 3 albTePHATHBHUMH IAXOAAMH, 30KpeMa
OyCTHHIOBUMH MOJEISMH.

JlitepaTypa

1. European Central Bank. (2024). Report on payment fraud. European Banking
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MNOSICHEHHU M NIAXIT HA OCHOBI TPAHC®EPHOI'O
HABYAHHS VISION TRANSFORMERS 10 BUSABJIEHHS
KYPIHHA Y NYBJITYHUX MPOCTOPAX
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EXPLAINABLE APPROACH TO SMOKING DETECTION IN
PUBLIC SPACES USING VISION TRANSFORMERS WITH
TRANSFER LEARNING
I. Kok, Ph.D. O.Mazurets, Ph.D. M. Molchanova
Khmelnytskyi National University, Ukraine

Anomauia: Y cmammi npedcmagnieHo nosicHeHHUl nioxXio 00 GUAGIEHHS KYPIHHS
Y nyOniuHUX NpPOCMOpAx HA OCHOBI MPAHCHEPHO2O HABYAHHA 3 BUKOPUCTNAHHAM
Vision Transformers. Memoo nepedbauac uacmxogy 3amoposKy napamempis,
ayemenmayito danux ma eisyanizayito Grad-CAM Ons niosuwenns mounocmi i
inmepnpemosanocmi. Excnepumenmu Ha 30anancosarnomy oamacemi 3 1120
306pasicenv noxkasanu moynicms 0.98, wo nepesuwye icuyroui mooeni. Pezynomamu
niOMEepOACYIOMy  HAOIUHICMb,  NPO30PICMb [ NPAKMuuHy  NPUOAMHICb
PO3po6eHo2o piuienns.

Knruosi cnosa: kypinus y nyoniunux micysx, Vision Transformers, Grad-CAM

Abstract: This paper presents an explainable approach to smoking detection in
public spaces using transfer learning with Vision Transformers. The method employs
partial parameter freezing, data augmentation, and Grad-CAM visualization to
enhance both accuracy and interpretability. Experiments on a balanced dataset of
1,120 images demonstrate 0.98 accuracy, outperforming existing models. Results
confirm the model’s robustness, transparency, and applicability for real-world
automated monitoring systems.

Keywords: smoking in public places, Vision Transformers, Grad-CAM

TroTioHONANHHA y MyONiYHUX MICISIX € CEepPHO3HOI0 3arpo30lo JUist

3JI0POB’sl HACENICHHS Ta MOTPEOyE SPEKTHBHOIO KOHTPOJIO. 3a0e3MeUCHHS
HaJISKHOTO HArJsily 3a JOTPUMAaHHSIM 3a00pOH Ha KypIiHHS € CKJIaJHUM

147



Materials of the X111 International Scientific Conference
«Information-Management Systems and Technologies»
24th — 26th September, 2025, Odesa

3aBIAHHSIM 4epe3 OOMEXEHICTh JIIOJCBKUX pecypciB. Y IIbOMY KOHTEKCTI
0ocoOMBOi  aKTyaJbHOCTI  HAOyBalOTh  aBTOMAaTHU30BaHi  CHUCTEMH
KOMIT FOTEPHOTO 30Dy, 3[aTHI MiABUINUTH €()EeKTHBHICTH MOHITOPHHTY W
3MEHIIINTH HABAHTAXEHHS Ha Tiepconan [1].

MeTor0 MPOBEACHOTO JOCHTIIKSHHSI € TiABUINEHHS TOYHOCTI BUSBICHHS
aKTIB KypiHHS LUISIXOM BUKOPHCTAaHHS TPaHC(EPHOro HaBYAHHS Ha OCHOBI
apxitektypu Vision Transformers. 3anpormoHoBaHMH MiAXix Mae KiIbKa
KJIIFOYOBHX OCOOJIMBOCTEH: 3aCTOCOBAHO YaCTKOBY 3aMOPO3KY IapaMeTpiB
MOJICNi, KOJNM ONTHMi3amii MOiAsArarTh JiMmie Bard  (HiHATBHOTO
Kjacugikaropa IO [JO3BOJSE YHUKHYTH II€pEHABUaHHS Ta 3HHM3HUTH
obuucIIoBaIbHI BUTpaTy; iHTerpoBano Mexanizm Grad-CAM, sikuii popmye
TEIUIOB] KapTu ¥ 3a0e3mnedye MOSACHEHHICTh PIillleHb MOJEN, IO ITiBHUIIYE
JIOBipY KOPHUCTYBaiB JI0 PE3yIIbTaTiB.

Metopmomnoriss 6a3yeThcsi Ha IoeTamHiii o0poOIi 300paskeHb: BXimHI
3pa3ku po30MBAIOTHCS HA TAaT4i, SKI TEPETBOPIOIOTHCA Yy BEKTOPH Ta
moatoThest A0 ViT-kmacudikatopa. Buxiganmu naanmu e kimac («Smoker»
abo «Non-Smoker»), yncioBa OLIHKAa H TemioBa Kapra, WO BigoOpaxkae
MIPOCTOPOBi 00JIACT] yBark MOJEII.

ExcriepuMmeHTanbHa TepeBipka npoBoawiacs Ha  30alaHCOBaHOMY
naraceri i3 1120 300paxkeHb, mo MictuB 1o 560 3paskiB [yisi KOXKHOTO
KJIacy.

Oco6nuBicTIO HA0OPY € BHCOKA Bi3yalibHa CXOXICTh MiXK KJacaMu, IO
YCKIIAOHIOE 3aBOaHHA kiacu(ikamii. Peamizamis Oyma BukoHaHa Yy
cepenoBuii Python i3 Bukopuctanasm TensorFlow/Keras na mmardopmi
Google Colab. Pesynprat exkcnepuMeHTIB MiATBepAWIH e(EeKTHBHICTH
3aMpOMOHOBAHOTO TAXOTY.

HocsrHyTa TOUHICTh Kiacudikamii craHoBmia Accuracy = 0.98, mo
TIePeBUIIYyE TIOKA3HWKK aHAJIOTIYHUX pimeHs: InceptionResNetV2 (0.969)
[2] Ta YOLOVS-small (precision 0.935, recall 0.891) [3]. AHani3 TemaoBux
KapT JOBIB, IO MOJEJIb 30CEPEIDKYEThCS Ha PEJIEBAHTHHX 30HAX, 30KpeMa
Ha 0o0JIMu4i, pOTi Ta UUrapii, Mo 3acBiguye ii MOSCHEHHICTh I CEMaHTHYHY
Y3TOJDKEHICTh MPUHHSTUX PillICHb.

Takum ymHOM, pO3poOJEHHI MeToJ 3ade3neuye He JIHMIIE BHCOKY
TOYHICTB, aje ¥ IHTepIpeTOBaHICTh pe3yNbTATiB, MO pOOUTH HOTrO
NPUIATHEM JUIS 3aCTOCYBaHHS B pEalbHHX YMOBaX aBTOMAaTH30BaHOTO
KOHTPOJIIO TOTPUMAaHHS 3200pOHH Ha KYPiHHS y MyOJIIYHHUX IIPOCTOPAX.
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INTELLIGENT INFORMATION TECHNOLOGY FOR
INVENTORY AND UTILIZATION OF CONSTRUCTION AND
DEMOLITION WASTE FROM DAMAGED INFRASTRUCTURE
FACILITIES
Dr.Sci. O. Arsirii, Ph.D. O. Ivanov, K. Bieliaiev, M. Sinina
Odesa Polytechnic National University, Ukraine

Anomauia. Y ybomy 00CHiONCeHHI PO32IA0AEMbCA MONCIUBICTNG NIOBULYEHHS
epexmueHocmi iHgeHmapuzayii ma 6UKOPUCMAHHS 0VOIGeTbHUX | OeMOHMANCHUX
8i0x00i8 nio uac 8i06y008uU NOWIKOONHCEHOT THPpacmpykmypu, 30Kkpema 06 €kmis,
spyunosanux eitinoro. Lle Oocseacmvesi winAxom po3poOKu  iHMeNeKmyanibHoOT
inghopmayitinoi mexnonoeii (IIT), sika modce Oymu peanizoeana sik 2eoiHghopmayitina
cucmema, w0  003601A€  IOeHmu@pikyeamu — 00’ckmu  IHppacmpyrkmypu.

149


https://ceur-ws.org/Vol-4004/paper26.pdf
https://doi.org/10.3390/s22030892
https://doi.org/10.1016/j.engappai.2024.109050

Materials of the X111 International Scientific Conference
«Information-Management Systems and Technologies»
24th — 26th September, 2025, Odesa

Inmenexmyanvruii komnonenm IIT 6azyemovca Ha GUKOPUCMAHHI GETUKUX MOGHUX
mooenei (LLMs) ons ananizy 306pasxcenv micyb YmeopeHHs 8i0X00i6.

Knruogi cnosa: dyoisenvui ma oemonmasichi 6ioxoou, LLMs, inmenexmyanvua
iHGhopmayitina mexnonozisa, 2eoiHOpMayiiHa cucmema, WIMYYHUL [HmMeneKm,
PDEKOHCMPYKYIS.

Abstract. This study examines the potential for enhancing the efficiency of
inventory management and utilization of construction and demolition waste during
the reconstruction of damaged infrastructure, including objects destroyed by war.
This is achieved through the development of an intelligent information technology
(IIT), which can be implemented as a geoinformation system, enabling the
identification of infrastructure objects. The intelligent component of the IIT is based
on the use of LLM to analyze images of waste generation sites.

Keywords: Construction and demolition waste, LLMs, intelligent information
technology, geoinformation system, artificial intelligence, reconstruction.

Beryn. YV moTouHi#t  reomoniTHuHIM  cuTryamii B YKpaiHi
BenMKoMaciTabHa BigOyqoBa MOMIKOHKEHUX O00’€KTiB i1H(PacTpyKTypH,
30KpeMa 3pyWHOBAaHWX BIHOIO, Mae >KATTEBO BakiMBe 3HadeHHA. lle,
0e3CyMHIBHO, BMMAara€ BHCOKHX BHUTPAT BITYM3HSHUX Ta IHBECTHI[IHHHUX
NMEepBUHHUX  pecypciB. Ilin  BINIMBOM I1MX  YHHHHUKIB  po3poOKa
iHTenektyansHoi iH(popmauiitnoi Texnonorii (IIT) iHBeHTapu3auii Ta
yruiizanii OyaiBenbHHX Ta AeMoHTaxHUX BiaxofiB (b/IB) e Hang3suuaiiHo
BaXXJIUBOIO JUIs MIiJBUIICHHS €()EKTUBHOCTI BHUKOPHCTAHHS BIIXOMIB SK
BTOPHUHHHUX PECYPCIB IUITXOM 3MEHIIICHHS TPAHCIOPTHUX Ta IHBECTHIIIHHIX
BUTpAT [T 00POOKH MEPBUHHUX PECYPCIB.

OcHoBHa 4acTHHA. ABTOMAaTH30BaHWU Meron iHBeHTapm3amii B/IB,
3aCHOBAaHMH Ha TOPIBHAJIBHOMY aHami3i 300pakeHb 00’€KTa IO 1 Micis
pyitHyBaHHs 3 BukopucTanusm LLM, ckinafaersest 3 HaCTynHuX etamis [1]:

e eram | — oTpuMaHHA 300pakeHb 00’€KTa IHPPACTPYKTYPH IO Ta
TTiCITS IOIIKOKEHHS/PYITHYBaHHS;

e  eram 2 — aHaimi3 300paxens s kiacudikaiii BJIB (6etoH, ckio
TOIIIO);

e  eran 3 — ouinka oocsiry BJIB;

. eran 4 — 3acrocyBaHHs LLM sk MyJIbTHIHCTPYMEHTY JJIsl TeHepalii
3BITIB.

Takum uMHOM, MOKHA BHIUIUTH HACTYIHI 3aBAaHHS, SIKI MOXYTh OyTH
Bupinreni [IT anst inBentapusauii BJIB [1]:
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e  TmepBHMHHA KiacuQikallis LIEHTPIB NPUHOMY BiIXOAIB Ha OCHOBI
aTpuOyTUBHUX JAaHUX, a TAKOXK OTPUMAHHA X I'€ONPOCTOPOBUX NAHHUX Ta
CTBOPEHHS BiAMOBIqHOT 6a3¥ 3HAHB st IEHTPiB TpHiioMy Bigxomis (Sinks);

° aBTOMATH30BaHa iHBEHTapwu3aIlis OyAiBeIbHUX BiIXOAIB Ha OCHOBI
MOPIBHSJIBHOTO aHaji3y 300pakeHb 00'€KTiB 1HOPACTPYKTYpH O Ta Micis
pyHHYBaHHS, BKIIOYA04YH Kiacuikaliro TUIiB OyaiBeIbHUX MaTepialiB Ta
MpUOIM3HY OLIHKY 00CATY;

®  CTBOPCHHS BINMOBIMHOI 0a3W 3HAHP JJIS MONIKOJKCHUX OO0'€KTiB
iHdpacTpykTypu (SOUrces) Ha OCHOBI aTpUOYTHBHHX Ta TeOMPOCTOPOBHX
JIaHUX;

e  po3poOka iHTepakTUBHOI KapTH «Sinks—Sources» Ta BU3HAYECHHS

e(peKTHBHOTO MAaPIIPYTy HepeMilieHHs OyIiBENbHUX BiIXOMIB 3 METOIO
CTBOPEHHS BTOPUHHUX pecypcis 3 B/IB.

3aranpHa KoHmenTyambHa cxema [IT mig anamizy Ta ympaBiiHHS
OyaiBebHUMHE BiJX0MaMH MoKasana Ha puc. 1 [1].

Intelligent T for inventory and utilization of construction waste

Development of an
Automated inventory of
Creation of a inferactive Sinks-Sources
construction waste including
comesponding map and defermination
classtiication of building

knowledge base (Sources) of an efficient route for

material types and approximate
consiruction waste
volume estimation

movement

Pucynox 1. Konuenryanbua cxema [T anst inBeHTapu3anii Ta yruiizanii
BB

Byna cmpoekroBana ta po3pobnena ['IC-Bepcis [uisi KOMIUIEKCHOTO
aHanizy ta inBeHtapusauii b/IB, mo posrisnyTa y [2].

BucHoBkn. Cepen mepeBar I[bOr0 JOCHTIHKCHHS — BHKOPUCTAHHS
NepeoBUX TEXHOJIOTIH, SIKi J03BOJSIIOTH HPOBECTH MOMEPEeIHI0, X04 i
NpUOIM3HY, OLIHKY THIIB Ta OOCSTIB BIIXOJIB BiJl 3pyHHOBAHOTO 00'€KTa
iHppacTpykTypu.  3ampomnoHoBaHWEi =~ MeToA, mO  0a3yeThbcs  HA
MTOPIBHAIBEHOMY aHalli3i 300paXXeHb «I0» 1 «Imicis» 3 BUKOpUcTaHHIM LLM
UL Bi3yalbHOi iHTEpIIpeTallii, OEeMOHCTPYE 3HAYHHH TOTCHIAN JUIs
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mBUAKOI Ta edekTHBHOI Kiacudikarii MmaTepiamiB Ta OILIHKH O0OCSTIB
B1AXOIiB.
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MEASURING TEXTUAL REDUNDANCY, LEXICAL RICHNESS: A
MULTI-METRIC APPROACH TO TEXT EVALUATION
D. Tsyban, Ph.D. I. Kobylin, Ph.D. O. Kobylin
Kharkiv National University of Radio Electronics, Ukraine

Anomauia YV yiii cmammi npedcmagneno bazamomempuynull nioxio 00 oyinKu
AKOCMi  meKkcmy 8  enoxy — eKCHOMeHYIaNbHO20  3pocmanHsa — oauux. Mu
30CEPEOHCYEMOCS HA KINbKICHIU OYIHYI MPbOX KIIOUOBUX ACNeKmig: MeKCmoeoi
HaOIUWKOB0CMI, JIeKCUYHOI HacuueHocmi ma npasousocmi. Bukopucmogyiouu
KoegiyicHm 00SHUCOCMI, CNIBGIOHOWIEHHS MUNIE [ MOKeHI6 mMa NOKA3HUK
axmuunoi mounocmi, Hawa CcMpPyKmMypa HA0Ae KOMWIEKCHUL Memoo OYIHKU
JIHSBICMUYHUX XAPAKMEPUCIUK Ma THHOpMayiinoi HadiiHocmi 6 pizHux Habopax
OaHuUX.

Knwwuosi crosa. Ananiz mexcmy, oyinka mekcmy, HAOIUWKOBICTb, KOe@IiyicHm
800HOCHI, JeKcuyHe 0Oa2amcmeo, JNeKCUYHA PIZHOMAHIMHICMb, CHIBGIOHOUEHHS
munie i 1excem
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Abstract. This paper presents a multi-metric approach to evaluating text quality
in the age of exponential data growth. We focus on quantifying three key aspects:
textual redundancy, lexical richness, and veracity. By using the Wateriness
Coefficient, the Type-Token Ratio, and the Factual Accuracy Score, our framework
provides a comprehensive method for assessing linguistic characteristics and
informational reliability in various datasets.

Keywords. Text Analysis, Text Evaluation, Redundancy, Wateriness Coefficient,
Lexical Richness, Lexical Diversity, Type-Token Ratio.

The modern era of data generation has led to an exponential surge in
textual information, from customer feedback and social media posts to
technical documents, creating a pressing need for effective analytical
methods. Extracting meaningful insights from this overwhelming volume of
unstructured data is essential for informed decision-making. Simple word
counting is no longer sufficient; a more nuanced approach is required to
evaluate text holistically, considering its lexical richness, informational
integrity, and rhetorical qualities. This paper proposes a multi-metric
framework for comprehensive text evaluation, utilizing a variety of
quantitative measures. We examine how the Wateriness Coefficient
quantifies redundancy, the Type-Token Ratio and other lexical diversity
indices measure vocabulary richness, and the Factual Accuracy Score
assesses informational integrity. Additionally, we consider the Manipulation
Score for detecting emotionally charged language and the Coherence Score
for analyzing logical flow. By integrating these diverse metrics, we
demonstrate how this comprehensive methodology can be applied across
various domains, from digital communications to scientific analysis. This
research aims to address key challenges in contemporary text analysis,
highlighting the importance of a multifaceted approach to text quality
assessment within existing analytical pipelines. The quantitative assessment
of text is a key part of computational linguistics. A useful metric for this is
the wateriness coefficient, also known as the stop word ratio. This measure
specifically quantifies the redundancy in a text by calculating the proportion
of common, low-meaning words (like "the™ or "a") relative to the total word
count. A high coefficient can signal diluted content or excessive wordiness,
while a very low one might point to an overly terse style. Understanding this
metric is valuable for everything from search engine optimization to
academic writing analysis.
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The calculation of the wateriness coefficient is based on a
straightforward ratio. It requires defining a specific list of stop words, which
are common words deemed irrelevant for particular analytical purposes
(e.g., "the," "a," "is," "and"). The coefficient is then computed by dividing
the count of such stop words found within a text by the total number of
words in that text. This value is often expressed as a percentage for ease of
interpretation.

The formula for the Wateriness Coefficient (WC) is formally defined as:

wc =2 x 1000 @
Ny
where: N, is the number of stop words, the count of words presents in the
text that are also included in a predefined stop word list;

N, is the total count of all tokens (words) in the text.

It is crucial to recognize that the resulting coefficient is directly
dependent on the specific stop word list employed. Different languages
require distinct lists, and even within a single language, the composition of a
stop word list can vary based on the analytical goal. For instance, a list used
for general text analysis might differ from one tailored for domain-specific
corpora where certain typically “stop” words might carry specialized
meaning.

Table 1.
A general overview of how the wateriness coefficient might be interpreted
across different ranges

Walteriness
Coefficient Potential Interpretation Implications
Range

Might lack grammatical flow; could be
difficult to read: domain-specific (e.g..
technical specifications)

Very low redundancy. potentially

Below 30% ’ ;
i ovetly concise or terse

Moderate redundancy. balanced Often found in well-structured

04 - 0 3 i
30%-50% use of wﬁmc‘m_mal and content informative or academic texts
words - S
High redundancy. significant Potentially verbose: could indicate

50%-70% proportion of functional words diluted content or filler

Strongly suggests diluted
Above 70% Excessively high redundancy informational value; potential for
artificial length
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Lexical diversity is a critical characteristic of text, providing insights
into the richness and variety of vocabulary used within a document. In
computational linguistics and textual analysis, the Type-Token Ratio (TTR)
is one of the most fundamental and widely used metrics for quantifying this
aspect of language. The TTR captures the relationship between the number
of unique words (types) and the total number of words (tokens) in a given
text. A word "token" is an instance of a word in the text, while a word
"type" is a unique vocabulary item, irrespective of its frequency of
occurrence. By quantifying this ratio, the TTR offers a measure of how
repetitively vocabulary is used. A higher TTR generally indicates greater
lexical diversity, suggesting a broader vocabulary and potentially more
varied expression.

The calculation of the Type-Token Ratio is conceptually simple. It
involves counting the total number of word tokens in a text and the number
of unique word types. The ratio is then derived by dividing the number of
types by the number of tokens. This result is typically presented as a
decimal or multiplied by 100 to be expressed as a percentage.

The mathematical formula for the Type-Token Ratio (TTR) is:

TTR = “’? @)

T
i

where: V represents the number of unique word types in the text;
N represents the total number of word tokens in the text.

For illustrative purposes, consider the brief sentence: "The cat sat on the
mat”. In this example, the tokens are "The", "cat", "sat", "on", "the", "mat",
giving N = 6. The unique types are "The", "cat", "sat", "on", "mat", giving V
= 5. Applying the formula, the TTR is 5/6, or 83.3%. This simple
calculation highlights how the ratio captures the proportion of unique words

relative to the text's total length.
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MACHINE LEARNING-ASSISTED PARAMETER ESTIMATION IN
OPTIMIZATION PROBLEMS
Ph.D. O. Potiienko, Ph.D. S. Kosenko
Odesa Polytechnic National University, Ukraine

Anomauia. B pobomi 00Cnioncyemvpcs 3aCMOCY8aAHHA Memoodié MAUUHHOZO0
HABYAHHS, 30KpeMa RniOXo0y CUMBOAbHOI peepecii, 0ns npoyedypu niO2OHKU
meopemuynux mooeneil 00 eKCnepUMeHMAIbHUX 0aHUX y Qizuyi sucoxkux enepeiu. ¥V
yiti eanysi ougpaxyiiini npoyecu onucyiomocs QEeHOMEHON02IYHUMU, HEeNIHIHUMU
Mooenamu 3 Hegidomumu napamempamu y bazamogumipnux npocmopax. Cumgeonvha
pezpecisi 00360715€ OmMpuMamu  (QYHKYIOHAAbHI anpokcumayii npoyecis, wjo oae
3MO02y OmpumMamu KOMNAKMHI mMa IHMePNnpemoeani aHalimuyHi upasu, AKi
ModCymb 6ymu 6UKOPUCMAHT O OYIHKU OYIHKU NOYAMKOBUX 3HAYEHb napamempie
0151 NPUBUOULIEHHS. Ma cMAbINi3ayii KIacuyHux memooie nio2ouku. 3 iHuo2o 60Ky,
30 yMOGU Hecmaui eKCNepUMEeHMANbHUX OAHUX, yetl Memoo MaKodc Modice Oymu
3ACMOCOBAHO 6 AKOCHMI 2eHepamopa Nces000aHux O NOOAIbULO20 YIMOYHEHHS.
MoOoernel.

Knwuogi cnosa: cumeonvha pezpecisa, onmumizayia napamempis, Minimizayis
Qynryiil, oupparyiine po3ciiogannsi.

Abstract. In this thesis, we explore the application of machine learning approach
of symbolic regression to facilitate the fitting procedure of theoretical models to
experimental data in high-energy physics. In this field, the diffractive scattering
processes are modeled phenomenologically using the non-linear models involving
unknown parameters in high-dimensional spaces. Whereas, symbolic regression can
reveal functional approximations of the process, offering compact and interpretable
analytic expressions that can be used to obtain initial parameter estimates, thus
accelerating and stabilizing classical fitting procedures. On the other hand, it can be
used as a pseudo-data generator for further refinement in the absent of sufficient
experimental data.

Keywords: symbolic regression, parameter optimization, function minimization,
diffractive scattering.

Theoretical models in the natural sciences often contain unkown
parameters that must be estimated from fits to experimental data. The non-
linearity of a model, its high-dimensional parameter space, and the limited
availability of data can make the fitting task particularly challenging. The
result of fit may require multiple steps and depend on decisions about which
parameters are fixed, which are varied, and how they are initialized at each
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iteration. An interesting and illustrative example is the study of diffractive
scattering processes in high-energy physics.

These processes are not well theoretically described from first principles
and involve phenomenological models fitted to the experimental data. This
standard tool for this task is the ROOT framework [1], developed at CERN,
which includes the numerical minimization library MINUIT. This is
powerful but rather low-level approach that often requires custom fitting
strategy in non-trivial cases and manual initialization of the model
parameters to be fitted, which itself can be a very challenging task. In this
work, we explore how machine learning methods can be applied to develop
alternative and potentially more efficient approaches to model fitting.

A particularly promising approach to this task is symbolic regression [2,
3], which aims to discover analytical expressions that best describe the
underlying data. Unlike traditional neural networks, symbolic regression
does not assume a fixed model structure, but searches over a space of
mathematical expressions to find compact and interpretable formulas that fit
the data. This approach is especially appealing in the context of
phenomenological modeling, where the true functional form of the
underlying process is not known from first principles as mentioned above. It
can complement hand-crafted model components, potentially leading to new
insights or simpler functional forms that retain physical meaning. Once such
an expression is identified, it can be compared with the known model
structure, so we can identify how the fitted coefficients relate to the
parameters of our original model. This can be done analytically or
numerically. Thus, the SR coefficients can serve as initial guesses for the
corresponding parameters in the original model. This is much better than
random or arbitrary initialization and can significantly improve the
convergence of classical fitting methods by starting the minimization closer
to the global optimum. Indeed, the expression obtained using symbolic
regression may approximate the overall behavior and be structurally
different from the original model, so the direct coefficient mapping is
complicated. However, this intermediate model can still be used as a
pseudo-data generator. Fitting the model to the SR-predicted values (rather
than the raw data) with random parameter initialization can help identify
reasonable parameter regions. After that, the parameters can be refined in
the real fit to the true experimental data.

This can be especially useful for the case of low-mass diffraction at high
energies due to the lack of experimental data in this kinematical region [4].
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The preliminary implementation of the described approach has been applied
by authors for the low-mass diffraction at high energies to calculate single
diffraction differential cross-sections in proton-proton collisions at center of
mass energy 2 — 8 GeV [4, 5].
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OVERVIEW OF FACT VERIFICATION TECHNIQUES USING
MACHINE LEARNING METHODS
Ph.D. O. Turuta, I. Ph.D. Afanasieva, K. Onyshchenko, D. Suvorov
Kharkiv National University of Radio Electronics, Ukraine

Anomauia. Lla poboma wnaoac y3acanvHeHuul 02110 Memoodié eepugpixayii
¢haxmis i3 6uUKOPUCMAHHAM NIOX00i68 MAWUHHO2O HABYAHHS MA 0OPOOKU NPUPOOHOT
mosu. Ipoananizoeano knacuuni aneopummu (SVM, Naive Bayes), cyuachi enuboki
mooeni (LSTM, CNN, GRU), a makooic apximexmypu Ha 6a3i mpancgopmepie ma
21opudni memoou. Bracui excnepumenmu Ha Habopi danux FACTors niomeepounu
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eexmuenicmo  mooeneil Ha 0Oazi  mpauncgopmepis, SKi NPOOEMOHCMPYSALU
naiikpawi  pesyiomamu  (Fl-score 0o 0.83). Ompumani  pezynomamu
0eMOHCMPYIOMb — NePCHeKMUBHICIb — BUKOPUCMAHHA — Molenell  Ha — 6a3i
mpancgopmepie 1 2iOpUOHUX NIOX00i6 0N CMGOPEHHA HAOIUHUX —Ccucmem
sepuchixayii haxmis.

Knrouosi cnosa: sepughixayis paxmis, mawunne naguanis, 06podxa npupooHoi
MO8U, mpancghopmepu, 2nuboKe HABUAHHSL.

Abstract. This study provides an overview of fact verification techniques based
on machine learning and natural language processing. It analyzes classical
algorithms (SVM, Naive Bayes), deep learning methods (LSTM, CNN, GRU), as well
as transformer-based and hybrid architectures. Own experiments on the FACTors
dataset confirmed the superiority of transformer models, which achieved the best
performance (F1-score up to 0.83). The findings show that transformer and hybrid
methods are the most promising approaches for building reliable fact-checking
systems.

Keywords: fact verification, machine learning, natural language processing,
transformers, deep learning.

Introduction. The modern world is highly sensitive to the reliability of
information. In the digital era, misinformation and fake news spread faster
than ever before, primarily through social media and online platforms.
Automated fact verification has thus become a crucial research area,
bridging the fields of natural language processing (NLP) and machine
learning. The primary challenge is to develop robust models capable of
distinguishing true information from manipulated or false claims [1].

Research Object and Subject. The object of this research is the process
of automated fact verification in natural language texts. The subject is the
set of machine learning methods and models used for fact verification, along
with the datasets and experimental frameworks supporting their application.

Research Methods. The research reviewed recent studies in the field of
automated fact verification. Approaches covered included:

classical machine learning algorithms: Support Vector Machines (SVM),
Naive Bayes, Decision Trees, Logistic Regression;

deep learning architectures: CNN, RNN, LSTM, BiGRU;

transformer-based models: BERT, RoBERTa, XLNet, mBERT;

hybrid approaches: combinations of transformers with CNN,
optimization algorithms, or graph-based models.
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To validate these approaches under equal conditions, experiments were
conducted on the FACTors dataset, which contains over 118,000 claims
annotated by international fact-checking organizations.

Methods Review. Classical methods remain relevant for smaller
datasets and resource-limited environments [2].

Deep learning models such as CNN and BiGRU provided moderate
improvements but did not surpass transformers [3]. Transformer
architectures showed superior performance due to their ability to model
contextual dependencies [4]. In our experiments, BERT achieved an F1-
score of 0.83, outperforming all other methods. Hybrid systems integrating
BERT with CNN or feature optimization techniques showed strong results
in domain-specific datasets, highlighting their adaptability [5].

Experiments and Results. The experiments compared Multinomial
Naive Bayes, SVM-RBF, BiGRU, CNN, and BERT using consistent
preprocessing and evaluation metric (F1-score). Results are summarized as:
Naive Bayes — 0.798, SVM -0.799, BiGRU — 0.779, CNN — 0.778, BERT —
0.827.

These results confirm that transformer-based models significantly
outperform classical and convolutional/recurrent architectures under the
same conditions.

Conclusions. This research provides a comprehensive synthesis of fact
verification techniques using machine learning. The main findings are:
classical methods (SVM, Naive Bayes) are strong baselines and remain
suitable for resource-constrained scenarios; deep learning approaches
improve performance but require larger datasets and more computation;
transformer-based architectures (BERT and derivatives) achieve state-of-
the-art results, offering the most accurate and adaptable solutions; the future
of fact verification lies in hybrid, multilingual, multimodal, and explainable
Al systems. Overall, transformer models, especially when combined with
hybrid techniques, provide the most promising foundation for developing
scalable and trustworthy fact-checking systems.
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IHTEJEKTYAJIbBHA CUCTEMA KEPYBAHHSI
MIKPOKJIIMATOM I3 LSTM-ITPOT'HO3YBAHHSIM HA
MIKPOCEPBICHIN APXITEKTYPI
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Anomauia. Y pobomi npedcmaeieno MIKpOCepSICHY cucmemy a0anmueHo20
KepyeauHsi MIKpOKIIMAmom 13 auanimuyHum mooyiem Ha ochosi LSTM-mooeni.
Cucmema 3abe3neuyye 30ip, 00pOOKY MaA NPOSHO3VBAHHA CEHCOPHUX OAHUX
(memnepamypa, 6onocicme, CO:) y peanvHomy uaci, Gopmyrouu npoaxmueni
KepysanvHi Oii. Peanizayis 6azyemocs na Docker, MOTT, RabbitMQ, Prometheus i
Python. Ompumani pesyromamu 0eMOHCMPYIOMb GUCOKY MOYHICIb NPOSHO3IE |
ehekmugHicmb KepyBanHs cepedosue] y «pO3YMHUX» NPUMIUYJEHHSX. .

Knrouosi cnoea: mixpocepsicna apximexmypa, loT, LSTM, xmapni obyucnenns,,
AHATIMUKA, CeHCOPHI OaHl, MAWUHHE HAGYUAHHS,
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Abstract. This paper presents a microservice-based adaptive microclimate
control system with an analytical module powered by an LSTM model. The system
collects, processes, and forecasts sensor data (temperature, humidity, CO:) in real
time to enable proactive control actions. It is implemented using Docker, MQTT,
RabbitMQ, Prometheus, and Python. Experimental results demonstrate high
forecasting accuracy and effective environment management in smart spaces.

Keywords: microservice architecture, 10T, LSTM, cloud computing, analytics,
sensor data, machine learning

AnanTvBHE KEpyBaHHS MIKPOKIIMAaTOM € BaXXJIMBOIO CKIIaJOBOIO
KOM(OpPTY, €HEeproeeKTUBHOCTI Ta CTaOUTbHOI poOOTH OOJIaTHAHHS.
Henomixu LIEHTPaTi30BaHUX CUCTEM (HEeTHYUKiCTB, HU3bKa
MacmTaboBaHICTh) 3YMOBIIOIOTH IEPEXiJ A0 iHTEIeKTyalbHUX PIlIeHb Ha
OCHOBI MikpocepsiciB, [oT Ta MammHHOrO HaBYaHHA. Taki cHUCTEMH
aHAJI3YIOTh N1aHi CEHCOpiB 1 B pEaJIbHOMY dYaci PEryJIioI0Th IapaMeTpu
CepeloBUINA, 3a0e3MeUyloYd HAiiHICTh, MOJYJBHICTh 1 EKOHOMIIO
pecypciB.  YmpaBiiHHS MIKPOKJIIMAaTOM y 3aMKHEHHX MpPOCTOpax €
KPUTHUYHHUM JUIsl arpoCeKTOpY, MEIUIIMHH, CKJIaliB, O(iciB 1 HaBUAIBHHX
3aknaniB. OCHOBHa MeTa — MIATPUMaHHA CTaOUIBHMX IapaMeTpiB
cepenoBuina (temmeparypu, Bosiorocti, CO: Tomo) mns 30epexeHHs
nponykuii, komdopty Ta edeKkTHBHOCTI TEXHOJOTIYHUX IPOLECIB.
TpagumifiHi [eHTpali3oBaHI CHCTEMH He 3a0e3MeYyloTh JOCTAaTHBOI
THy4KocTi ¥ amamrarmii o 3miH. Possurox IoT, edge-oOumcnens, Al i
XMapHHUX TEXHOJOTIH BIIKpHUBAaE MOXKIMBOCTI CTBOPEHHS PO3IOIUICHUX
IHTEeNeKTyalbHUX pimeHb. MiKkpocepBiCHa apXiTeKTypa JO3BOJISE IUTHTH
CHCTEMy Ha aBTOHOMHI KOMITOHEHTH: CEHCOPHUH 30ip, aHai3, yIpaBIiHHS,
NpOrHo3yBaHHsA. Taki CHCTEMH € KIIOYOBUM EJIEMEHTOM IH(pPOBOT
TpaHchopMallii B «pO3YMHOMY» CEPEIOBHIII, CIIPUSIOUN CTAIOMY PO3BUTKY
{ eHeprooINa HOCTI.

3anpornoHOBaHa MIKPOCEPBICHA CHCTEMa QJalNTHBHOTO KEpyBaHHS
MIKPOKJIIMATOM CKJIQJIa€ThCSl 3 aBTOHOMHHX CEpBICIB, KOXEH 3 SIKHX
BUKOHYE OKpeMy GyHKIiro: 30ip JaHMX, aHaJITHKa, YIPaBIIHHS
MIPUCTPOSIMH, 30epeKeHHsI, MOHITOpHHT. KoMyHIKaIlis MiX KOMIIOHCHTaAMH
snificHroeThes depe3 REST, MQTT, RabbitMQ, 3 Oe3medHuM AOCTYIIOM
yepe3 API Gateway (Ocelot, JWT). Sensor Ingestion Service npuiimae nasi
BiJl ceHcOpiB (Temmeparypa, Boiorictb, CO:, OCBITIEHHS), Iepenae ix o
Analytics Service, skwii BUKOHYe OOpoOKy, aHOMaNii Ta MPOTHO3YBaHHS
(mampuxnag, LSTM). Actuator Control Service ¢opmye KoMaHaW Ui
npucTpoiB  (BeHTWIsLA, OcBiTIeHHs Tomio). Jlani 30epiraioTbes y
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PostgreSQL Ta time-series BA. Cucrema OPKECTPYEThCA
Docker/Kubernetes, MoHiTOpHHT pearnizoBaHo uepe3 Prometheus i Grafana.

QyHKIIOHANPHIMU ~ BUMOTAaMH €  aBTOMAaTH30BaHE  KEPYBaHHSA
MIKPOKJIIIMATOM y peaJlbHOMY dYaci 3 MIiHIMaJbHOIO 3aTPHUMKOIO.
HedynkmionanbHUMU € HaIIAHICTh, MacIITabOBAaHICTh, BiAMOBOCTIHKICTB,
Oesrexa, 3pY4HICTD B3aEMOi yepes APl/inTepdetic.
Cucrema miATpUMye cueHapii, e pIilIeHHS NPUIMAIOTHCS ABTOMATHYHO
(Hamp., BEHTWIALIST BMHUKAaeTbCs NpH mnepeBumieHHi mopory CO2), 3
MOJMJIMBICTIO ~ TIEperisily CTaHy 4epe3  KIIEHTCHKMH  3aCTOCYHOK.
AHaMITHYHUA MOIYJb Y CHUCTEMI aJanTHBHOTO KEPYBaHHS MIKPOKIIIMaToM
BiJIirpa€e KIIOYOBY pOJIb, 3a0e3Medyloud TNPHUUHATTS 1HTEJNEKTyaJbHUX
pilleHh Ha OCHOBI SK TIOTOYHHX CCHCOPHUX JaHUX, TaK 1 iCTOPUYHUX
TpeHziB. BiH BiAmoBigae 3a momnepenHio 00poOKy MOKa3HHUKIB TEMITEpaTypH,
Bosiorocti, piBHA CO: Ta OCBITIICHOCTI, SKi HAIXOASTH Y BHUIVIAII ITOTOKIB
MQTT-noBinomnens. Ha 1mpoMy erami BimOyBaeTbes (inbTpamis IIyMiB,
IHTepPHOJSAMmiA Ta 3INAKyBaHHSA 3HAU€Hb, IO TapaHTye IMUTCHICTD 1
JoctoBipHicTs iHpopmauii. [Ticast ouniieHHs JaHi arperyloTbes y BHIVISAL
cepenHiX ab0 TpaHWYHHMX 3HA4YE€Hb HA IIEBHUX YacOBHX IHTEpBalax, IO
JI03BOJISIE BUSIBIISITH BIAXHUJICHHS BiJl HOPMAJILHOTO CTaHy CEpEIOBHUINA.

Ha ocHOBI mux JNaHMX CHCTEMa aBTOMAaTHYHO BHM3HAYa€ aHOMaJIbHI
cUTyalil, HanpuKiIaa NepeBUIIeHHS piBHS Bojorocti yn CO:2, mo Moxe
CBIIYMTH IIPO HECIIPABHICTh BEHTWIIALIT 200 MiJBUIIEHY KUIBKICTh JIOJEH Y
npuMinenHi. J{1s MpoakTHBHOTO pearyBaHHS BHKOPHCTOBYETHCS MOJENb
mporHo3yBaHHs Ha 0a3i LSTM - tumy pexypeHTHOi HeWpomepexi, ska
e(eKTHBHO TPAIIOE 3 YaCOBUMH psiiaMu. BoHa 31aTHA mependadnTy 3MiHy
rmapaMeTpiB 3a37aleTi b, HAPUKIA], OYiKyBaHE IiIBUIICHHS TEMIIEpaTypH
yepe3 30 XBWIMH, IO JO3BOJNAE CHCTEMiI CBOEYAaCHO AaKTHUBYBATH
BEHTIIIALI0 200 CKOPUTYBATH PiBEHb OCBITICHHS.

LSTM-monens oOTpuMye Ha BXiJl HOPMali30BaHi MOCHIIOBHOCTI
CEHCOPHHUX JaHMX 3a ocTaHHi 30 XBHJIMH 1 IIOBEpPTa€ MPOTHO3 HAa HACTYIHI
1-60 xBuaun. HaBuanus 30iMCHIOETBCS 3a gomoMororo 0i0miorex Keras,
NumPy Tta Pandas y cepenoBuiui Python. ApxitekTypa Mmepexi MiCTUTBH
onuH a6o kuibka LSTM-mapis, map Dropout mis 3amoGiranHs
TIepeHaBYaHHIO Ta (piHANBPHUH BHUXITHWH IIap, SKUH T'€Hepye IPOTHO3 JUIs
TeMriepaTypu # Bosorocti. Mopenb MOXXe TpaIiOBaTH SIK Yy PEXHMI
OJHOMOMEHTHOTO IIPOTHO3Y, TaK 1 OaraToeTarHoro rnepeadadeHHs.

3a pesyiapTaTaMH EKCHEPHMEHTIB, TOYHICTH IPOTHO3Y € BHCOKOIO:
cepenns abcomoTHa oxuOka (MAE) mis remnepatypu cranoButh 0.21°C,
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a ans Bosorocti — nwmie 0.56%. 3HauenHs koedimieHTa merepminamii R?
st remriepatypu pocsirae 0.90, a mist Bomorocti - 0.94, 1m0 CBiAUUTH TIPO
SKiCHE B1IOOpaKeHHsI 3MiH cepeIOBHIIIA.

LSTM-Monenb He nuiie pearye Ha MOTOYHI YMOBH, a W JIO3BOJISIE
cuctemi Tmepen0aduuTH W 3amoOIrTH iX TOTIPIIEHHIO. 3aBISKA IHOMY
KEepyBaHHS cTae OUIbII THYYKHM, eHeproe(eKTHBHHM 1 ToyHMM. Cucrema
3aBYaCHO aKTHBYE BIANOBIHI TNpPHCTPOi - 0OirpiBadi, BEHTWISATODH,
3BOJIOJKYBadi abo0 JKajro3i - 3aJIe’KHO Bijl O4IKyBaHUX 3MiH, a TAKOX OLIHIOE
e(eKTUBHICTh CBOIX pILIEHb IJISI TOAAIBIIOTO BJOCKOHAJICHHS MoOAeiel
MIPOTHO3YBaHHS.

BucHoBku. 3ampornoHoBaHa MIKpOCEpBICHa CHUCTEMa aJarnTHBHOTO
KepyBaHHS MiKpokiiMatoMm 3abesmedye edeKTHBHY, MacimTaboBaHy Ta
HafiiiHy poOOoTy B yMOBax JUHAMIYHOTO CEpelOBUINA. 3aBISKH
BUKOPHCTAaHHIO aBTOHOMHHX CepBiciB Ta TexHomorid IoT, cucrema
3IIHCHIOE aBTOMATH30BAaHUI KOHTPOJh Temmeparypu, Boiorocti, CO: Ta
OCBITJICHOCTi. AHaNITHIHUI Monaynp Ha ocHoBi LSTM-mozeni 3abe3nedye
TOYHE ITIPOTHO3YBaHHS 3MIH NapaMeTpiB Ha Topu3oHTI a0 60 XBWIMH.
IIpoBeneHi eKCIEPUMEHTH 3aCBIAUWIIA BUCOKY TO4HicTh Monenmi (MAE <
0.6, R* > 0.9), mo mae 3MOry cHUCTEMi 3aBYaCHO pearyBaTH Ha IOTEHIHHI
BiAXujeHHs Ta (opMyBaTH NPOAKTHBHI KepyBaibHi Jii. OTpumani
pe3yJbTaT MiATBEP/UKYIOTh MEPCIEKTUBHICTD 3alPOMOHOBAHOTO PIlICHHS
JUISL BIIPOB/DKEHHS B arpoIpPOMHCIOBUX, MEJMYHUX Ta KOMEpLIiHMX
00’€eKTax i3 MiABUIIEHIMH BUMOTaMH JI0 IKOCTI MIKPOKITIMATY.

Y]IK 004.738.5

BITPOBA/’KEHHS HITYYHOI'O IHTEJIEKTY B KEPYBAHHS
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Anomauia. Y cmammi posensimymo cydwachi nioxoou 00 3ACMOCY8AHMS
mexwnono2iti wmyynoeo inmenekmy (L) y cepi xomn tomepnux mepexc. Oxpema
yeaza npudinaemovcs cucmemam iHmenekmyaibHo2o kepysanns mepeoiceio (AI0ps)
ma GUKOPUCMAHHIO MAWUHHO20 HABYAHHA ONa nepedbavenusi i 3anobieaunHs
8i0Mo8am y mepedicesill ingppacmpykmypi.

Knrouogi cnosa: onmumizayis mpaiky, mapuwpymuszayis, MawuHHe Ha64aHHs.

Abstract. The article explores modern approaches to the application of artificial
intelligence (Al) technologies in the field of computer networks. Particular attention
is paid to AlOps systems and the use of machine learning to predict and prevent
failures in network infrastructure.

Keywords: traffic optimization, routing, machine learning.

3pocTaHHA CKIAJHOCTI KOMII'IOTEPHHX MEpEeX 3YMOBJICHE KiIbKOMa
(axTOpamMH: PO3IMIMPEHHIM KiJIBKOCTI HiIKIIOYEHUX IPUCTPOIB, 3pOCTAHHAM
o0cary mepelJaBaHUX JaHMX, a TAaKOX IIJBUIIEHUMH BHMOTaMH [0
MIBUJKOII, HamidHOCTI Ta Oe3meku. Lli ¢akTopu CTBOPIOIOTH MpoOIIEMY
MacmTadyBaHHS Ta KEPOBAHOCTI MeEpeX, apKe TpPaAMLiiHI MeToau
a/JIMIHICTPYBaHHSI Ta MOHITOPHHIY IEPECTaloTh e()EKTHUBHO CHPABIISITHCS 13
JUHAMIYHUMHU 3MiHaMu B Mepexi. OcoOJMBO 1€ BiJYYTHO Yy BEJIUKHUX
KOPIIOPAaTHBHUX MEpEeKax, XMapHHUX cepBicax, a TAKOXK y cdepax [HTepHeTY
peueit (IoT) i MoOITPHUX Mepexax. Y 3B’S3Ky 3 UM, TpaIulidHE pydHE
VIOpaBIiHHSA OIepaTopaMH MeEpeXi CTae CKIAJHUM 1 HEe 3aBXKAH
OTIepaTUBHUM, a MPOMiKHA 00poOKa MaHWX i KOHTPOJIb Ha PI3HUX PIiBHIX
Mepexi CTBOPIOIOTh JOJATKOBE HABAaHTAXKCHHA Ha i1HQPACTPYKTypy, LIO
MOXE MNPHU3BOAUTU IO 3aTPUMOK i BTpaT gaHuX. JIs BHUpILICHHS LHUX
npoOJieM aKTUBHO BIIPOBA/IKYIOTHCS TEXHOJIOTT mTyyHoro iHtenekry (LI),
SKi JIO3BOJIAIOTH aBTOMAaTWU3yBaTH NPOLECH YIIPABIIHHSI MEpPEeXe Ta
3HW)KYBAaTH HAaBaHTAXXCHHS HAa ONEpaTopiB, OJHOYACHO MIJBHUIIYIOYH
TOYHICTh 1 IIBUJKICTh MPUAHSTTS pitieHb. OZHUM 13 KIIOYOBUX HAIPSIMIB
3actocyBannsi Il e onrtumizaniss Mmapupyrtuszanii — mpouec BHOOpPY
HalKpalmloro  UUIAXy  Hepenadi  JaHuX.  [paauiiiiHi  OPOTOKOJIH
mapmpytmsanii (OSPF, BGP, RIP) 6a3yrotbcs Ha ¢ikcoBaHHX MpaBUIIaX i
HE 3aBX/H IIBUJIKO PEaryloTh Ha 3MiHHI YMOBH, TaKi SK NepeBaHTAKCHHS
KaHaTiB a00 BIZIMOBH BY3JIiB, IO 3HIKYE €(PEKTHBHICTH MEPEIKI.

Jdns nomonmaHHs OUX OOMEXEHb 3aCTOCOBYIOTHCS — alTOPUTMH
MammHHOTO HapuaHHS (ML), 30KpemMa MiAKpIIUTFOBaIbHOTO HAaBYaHHS
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(reinforcement learning) ta rmuGunHOrO HaBuaunus (deep learning). Bowuu
JTIO3BOJISTIOTH CTBOPIOBATH CaMOHABYAJIBHI MapIIpyTHU3aTOPH, SIKi:

MPOTHO3YIOTh 3MiHM TpadikKy HA OCHOBI ICTOPUYHHMX JaHUX 1
OTIePaTUBHO 3MIHIOIOTh MAPIIPYTH, 100 3aM00ITTH IIepeBaHTAKEHHM;

OIIHIOIOTh SKICTh MAapIIPyTiB 3a OaraThMa MeETpUKaMH (3aTPUMKA,
MIPOITYCKHA 3/1aTHICTh, BTPATa MAKETiB) 1 00MParOTh ONTUMAaJIbHI IUIIXH;

aJanTyloThCSl IO HOBHX YMOB 0€3 ydacTi omeparopa, BpaxOBYIOUH
MIOTOYHI 1 MO>KJIMBI MaiiOyTHI crieHapii;

mpanioTe  y  geueHtpaiizoBaHux Mepexax (IoT, ad-hoc), ne
LIEHTpaTi30BaHe YIpaBJliHHI HEMOKIIMBE a00 HeOakaHe.

Ha mpaktuni Taki pilieHHS BX€ BIPOBA/KYIOTh MPOBIJHI BUPOOHHKH
obmaguanusa: Cisco DNA Center, Juniper Mist Al, Huawei iMaster NCE Ta
iHmi. BoHM IEMOHCTPYIOTH BHCOKY €()eKTHBHICTH 1 MacmrTaboBaHICTh, a
3aBIAKK po3BUTKY edge computing III-mpomecn BUKOHYIOTBCS OIMIDKYE IO
JDKepeTia JaHWX, 10 3HIDKY€E 3aTPUMKH H TiABHINYE MIBUAKICTD PeaKIii.

BucnoBku. Inrterpamis IIII B KOMI'IOTepHI MepeXi € KIFOYOBOIO
CKJIQJIOBOIO  JUIS  IABUINEHHS Oe3meku, OnTuMi3alii pecypciB Ta
3abe3mneucHHs Oe3mepepBHOCTI poboTH. Tloganbiuii PO3BUTOK TEXHOIOTIH
BHMAaraTuMme MiBUIICHHS KBai(ikaiii (paxiBI[iB i OHOBICHHS CTaHIAPTIB
YIPaBIIHHS MEpEekKer, a TaKoXk IOrIMOJIeHOi iHTerpamii MaluHHOTO
HaBYaHHS JUIl PO3UIMPEHOr0 aHalli3y Ta IPOTHO3YBAaHHS MeEpPEKEBUX
NPOLIECIB.

UDC 004.932.72

OBJECT DETECTION NETWORK ARCHITECTURE FOR
MULTICHANNEL IMAGES
PhD N. V0Ikova1[°°°°'°°°3'3175'2179], M. Shvandt 2[ 0000-0002-4580-3961]
Odesa National Polytechnic University, Ukraine
EMAIL: volkova.n.p.@op.edu.ua, 2maxim.shvandt@gmail.com

APXITEKTYPA MEPEXI BUSBJIEHHS OB'€KTIB 1JIs
BATATOKAHAJIBHUX 30BPA’KEHb
Ph.D. H. Boaxosa, M. IlIBauar
Hayionanenuii ynieepcumem «Odecoka nonimextikay, Yxpaina

Anomauia. YV yiii pobomi 3anponoHosano apximexmypy HeupoHHOT Mepedici Oist

Oemeknmyeants 00’€kmig i3 IX 000AMKOBUM Ce2MEHMYBAHHAM. 3anponoHO8aHd
apximexmypa b6asyemocs i ukopucmosye nepesazu apximekmypu Mask R-CNN aze,
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800HOUAC, po3wupena O pobomu i3 300paAHCEHHAMUY, WO MAIOMb OeKilbKd Wapie
osHak. Jlana apximexkmypa Mmodce Oymu BUKOpUCMAHA Y PI3HUX CUCMeMAax
Odemekmy6anHs I mpeKiney, 6i0 cucmemu mpexiney nogediHku pud 00 OemeKmy8aHHs.
IHWUX 00’€Kmig, KOMU MONCIUBO OMPUMYSAMU GI3YANbHY [HHOPMAYII0 3 KITbKOX
munis ddicepen.

Knrwuosi cnosa: apximexmypa, wnetiponna mexpedsica, 06pobra 300padicenHsi,
006pobra  gideo, mpekine 06°ckmis, OemexkmysanHs 006 ’€Kmis, cecMeHmayis
306pasicenns.

Abstract. In this paper, a neural network architecture for object detection with
additional segmentation is proposed. The suggested architecture is based on and
uses the advantages of the Mask R-CNN architecture, but, at the same time, is
extended to work with images containing multiple feature layers. This architecture
can be used in various detection and tracking systems, from fish behavior tracking
systems to other object detection, when it is possible to obtain visual information
from several types of sources.

Keywords: architecture, neural network, image processing, video processing,
object tracking, object detection, image segmentation.

The use of computer vision technology has long been one of the most
widely used automation tools in various processes. An example of such use
is the detection and tracking of objects for their further analysis and study.
Such objects can belong to various areas of life - from the animal world [1]
to the military and transport industries [2]. During the detection process, it is
often necessary to distinguish between objects in the frame that overlap each
other. To solve this problem, a number of methods have been created, in
particular those based on neural networks, which, in addition to detection,
also perform object segmentation [3, 4]. One of the approaches to detection
with segmentation generation is the Mask R-CNN architecture [3, 4]. This
architecture (Fig. l1.a) is intended for simultaneous detection and
segmentation of detected objects. Usually, most of the common methods are
aimed to work with standard image sizes. In our study, there is a necessaty
to track the movements and position of fish (goby) in an aquarium [6]. As an
experiment, the network was applied to the available test data (Fig. 2). In
addition, during image processing [7] there is a need to use additional layers
of features, for example, such as image difference and the result of
histogram correction.
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Figure 1. Mask R-CNN: a — basic architecture; b — modification of the
architecture module (highlighted by a red outline in a)

T

These features are formed at the previous stages of image processing and
detection attempts. Therefore, based on this, a proposal arises to expand and
simplify the basic architecture. Figure 1.b shows the proposed modification
of the architecture module.

a b

Figure 2. Result from Mask R-CNN: a — manual labeling, b — detection

The proposed modification of the module (Fig. 1.b.) consists in dividing
the feature extraction process into several parallel processes, as well as in
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reducing the extraction pipeline since the input image layers already
represent certain features. Thus, it is proposed to reduce computational costs
by avoiding additional formation of features. Further, after construction of
feature pyramids (FPN), it is proposed to merge them to form a unified
pyramid (Unified FPN) in order to make greater use of the provided input
features (layers) of the image.

Thus, owing to the proposed modification of the Mask R-CNN
architecture module, the proposed algorithm can be applied to images that
can be obtained not only from a single source (a conventional camera), but
also from additional sensors, such as a thermal or IR camera. This allows
using the obtained image features with maximum benefit and reducing the
computational costs during their extraction. Further research will be aimed
at adapting the proposed approach, increasing the accuracy of segmentation,
and developing a tracking algorithm using this modified architecture.
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RE-UPLOADING DATA IN TENSOR NETWORKS
Ph.D. V. Sineglazov!, P. Chynnyk?
IKyiv Aviation Institute, Ukraine,
2National Technical University of Ukraine “Igor ?Sikorsky Kyiv Polytechnic
Institute”, Ukraine

Anomauis. Y pobomi 00cniodiceno 3acmocy8ants Memooy nepe3asanmadiCents
odanux (re-uploading) y menszopuux mepesicax ons nodonanusi npobremu barren
plateaus y keanmosomy MaWUHHOMY HAGYAHHI. 3anponoHoeano apximexmypu
KGAHMOBUX MEH30PHUX Mepedc 13 0azamouaposum 306aAHMANCEHHIM  OAHUX.
IIposedeni excnepumenmu na Habopax Oanux iriS ma Wine noxaszamu, uo
BUKOPUCTNAHHA NOBMOPHO20 306AHMANCEHHS CYMMEBO 3HUNCYE (YHKYIIO empam i
niosuwye mounicmo Kiacugixayii. Ompumani pesyromamu  NiOMeepONHCyIomb
eexmusHicmb Memoody 05l NOKPAUeHHsL RPOOYKIMUBHOCHIT KEAHMOBUX MOOEElL.

Knrouosi cnosa: mawiunne HAUaHHs, KGAHMOGI OOUUCIEHHS, MEH30PHI Mepedici,
nepeszasanmagicenns danux, barren plateaus.

Abstract. The study investigates the application of the data re-uploading
technique in tensor networks to address the barren plateau problem in quantum
machine learning. We propose tensor network architectures with multiple layers of
data embedding. Experiments on the iris and wine datasets demonstrated that
repeated re-uploading significantly reduces loss and improves classification
accuracy. The results confirm the effectiveness of this method for enhancing the
performance of quantum models.

Keywords: machine learning, quantum computing, tensor networks, re-
uploading, barren plateaus.

Beryn. OpHielo 3 KIIOYOBHX IIPOOJIEM KBaHTOBOTO MAIIMHHOTO
HaBYaHHA € sBuLIe barren plateaus, 1o NpU3BOIMTH 0 €KCIIOHCHLIHHOTO
3aTyXaHHA TPaJic€HTIB y BapianifHUX kBaHTOBUX cxemax [1]. Lle yckmamHroe
HABYAaHHS MoJeined i 3HWKYye iX edekTuBHiCTh. OIHUM i3 MEePCIIEKTUBHUX
MiAXOMIB I 3MCHILICHHS I1i€] po0JIeMHU € MOBTOPHE 3aBAHTAXCHHS TaHUX
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y kBaHTOBI cxemu [3]. ¥V maniii poOOTi 3aIpOIIOHOBAHO BHKOPHCTATH IIEH
MiXiJ y TOETHAHHI 3 TEH30PHUMH MEpexaMu, sKi 1o0pe 3apeKoMeHTyBaIl
cebe U1 MOJIEITIOBAHHS KBAHTOBUX CHCTEM i 00poOKH nanux [4].

MeTtonoJiorisi. Po6ota nependadae KinbKka eTariB:

1. BOymoByBaHHS HNaHUX - KIJIACHYHI JaHI TIEPETBOPIOBAIUACA Y
KBaHTOBHH IPOCTIp 3a JOMIOMOT0I0 KyToBOoro KoxyBaHHs (RX, RZ-relitn);

2. TlobynoBa Monenmi — oOpaHo TeH30pHI Mepexi Tumy TTN, mo
BKJIIOYAIOTh efeMeHTH o0epTanus (RY) Ta 3amnytysanss (CNOT);

3. HaBuaHHs - 3aCTOCOBaHO alrOpUTM AU(EPEHIIIHHOI eBOIOIT [S], 110
Kpalie NPUCTOCOBAaHUH N0 CKIIaJHMX ONTHMI3alliiHUX 3a7ad y KBaHTOBHX
CXeMax;

4. OuiHroBaHHSI - PE3yNbTaTH IEPEBIpsUIMCSA Ha TECTOBHUX BHOIpKax i3
posmoxinom maHux 70/30. Meron mepe3aBaHTaXXeHHsS mependadaB
Oaratopa3oBe BBEACHHA KIACHYHHMX IAHUX Y PI3HUX MIapax TEH30pPHOI
Mepexi, IO JO3BOIBIIO 301IBIINTH BUPA3HICTh MOJIEINI Ta 3MEHIITUTH PU3UK
noTparusiHEA y barren plateau.

ExcnepumMeHTH Ta pesyiabratu. HaGip manux iris. Mogeni 3 Tppoma
IapaMy  TIOBTOPHOTO 3aBaHT@KEHHS JOCAIIM ileallbHUX pe3yJbTaTiB
(rounicte 100% Ha TpeHyBambHIH 1 TecTOBiii BHUOIpKax), TOAl SK
ogHOIIapoBa Mojenap Mana Brpath ~0.28. Habip mammx wine.
BukopucTaHHS! HOBTOPHOI'O 3aBaHTa)KEHHs MOKPAIIHUIIO TOYHICTH 13 43% no
69% Ha TecToBiil BHOipLi. Xoya criocTepiranocs IepeHaByaHHs, IOKa3HUKN
TOYHOCTI, IIOBHOTM Ta Precision icrotHo 3pocnu. TakuMm 4YHHOM,
OaratomapoBe 3aBaHTAXKCHHA JAHUX JOBENO  eQEeKTHBHICTH  IUIA
TIOKPAIIEHHS SKOCTI KBAHTOBUX MOJENEH Ha OCHOBI TEH30PHHX MEPEX.

BucHoBKH. 3anponoHOBaHUHN MiXiZ JEMOHCTPYE 3HAYHE IIiIBHUIICHHS
MIPOIYKTUBHOCTI KBAHTOBUX MOJeNIe 1 Moxe OyTH BUKOPHCTAaHHH JUIs
nojonanus obmexxenb barren plateaus. Tlopanbini mocmimkeHHs OyIyTh
CIpsIMOBaHI Ha ONTUMI3ALII0 apXiTEKTYpH TEH30PHUX MEPEX 1 BHUBUECHHS
MacmTabOBaHOCTI METOY JUIS CKJIaHIIINX 3a]1ay.
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INTELLECTUAL SYSTEM FOR SEARCHING AND ANALYZING
DATAABOUT PROMINENT UKRAINIANS
D. Shybaiev!?, D. Kovalev?
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Anomauia. Y mesax npedcmagieno KoHyenyiro aneopummiuHoi cucmemu 0
nowtyky, knacugpixayii ma @izyanizayii OaHuUx npo MAaN0O0CHIONCEHUX YKPATHCOKUX
Oisuie. Piwennss nepeobavae GUKOpUCMAHHA MOPPON020-CEMAHMUYHOL0 AHANI3Y,
KOZHIMUBHO20 GUJIYYUEHHS. 3HAHL I pespeciliHoc0 MOOEN08AHHs Ons IHmezpayii
icmopuyHuUX 0Jicepen ma GUSGNIEHHsl 36 SI3KI8 MIdiC NEPCOHANIAMU, NOOismMuU |
JoKayiamu.

Knwuoei cnoea:. AncopummiuHuil nowyx, ceMaHmMuyHuil aHaniz, KOSHIMueHa
00pobKa, 6izyanizayis 0anux, yugposa cyMaHimapucmuxda.

Abstract. The abstracts present the concept of an algorithmic system for
searching, classifying and visualizing data about little-studied Ukrainian figures.
The solution involves the use of morphological-semantic analysis, cognitive
knowledge extraction and regression modeling to integrate historical sources and
identify connections between personalities, events and locations.

Keywords: Algorithmic search, semantic analysis, cognitive processing, data
visualization, digital humanities.
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Y cywyacHOMy iH(pOpMAIIfHOMY TIPOCTOpi 3HAYHOIO IPOOIEMOIO
3aJMIIAETHCS CHCTEMaTH3allis, OCMHCIEHHS Ta JOCTYNl JIO ICTOPHYHO
3Ha4ymnoi, ajge po3mopoieHoi iHGopmamii Mpo BHIATHUX YKpaiHIIIB, SKi
CIPaBMIIN CYTTEBUH BIUTUB Ha PO3BUTOK HAIIOHAJIBHOI IICHTUYHOCTI, HAYKH,
KyIbTypH Ta Aep:kaBHOCTI. [lomnpu HasBHICTh YMCICHHHUX JDKEpell, 3HaYHa
yacTHHA iHQoOpMaIlii Mae HECTPYKTYPOBaHHN XapakTep a0do 30epiraerscs y
(dopmarax, HempuaaTHUX A mpsMoi oOpoOku. CKiagHICTh MONIYKY Ta
aHaJi3y TaKuX JAaHUX MMOCHIIOEThCS IE ¥ THM, 10 3HAYyII ITOCTaTi 4acTo
¢GirypyloTb y mKepenax Jjumie (parMeHTapHO, i3 BapiaTHBHICTIO iMeH,
MOBHHUM 3a0apBJICHHSM, BIJICYTHICTIO METaJaHUX Ta KOHTEKCTHOI IIPUB'SI3KH.
Ile crBOproe moOTpeOy y MOOYIOBI ANTOPUTMIYHOT OCHOBH, ska O
3a0e3rneumsia MOXJIMBICTh ~ KOMIUIEKCHOTO — aHalli3y, IHTEIEKTyaJlbHOTO
monryky, MixkpopmarHoi arperariii Ta perpeciiiHoi iHTepmpeTamii momiOHOT
inpopmarnii. [lepenbauyBanmii miAXix Opi€eHTOBaHWMI Ha  PO3POOKY
KOMOIHOBaHOTO ~QITOPUTMY PI3HOCTPYKTYpOBOTO TIOIIYKY, SIKHA OH
JIO3BOJIMB 3IIMCHIOBATH HAITiBABTOMATH30BaHY OOPOOKY BEIHKOTO 00CSTY
TeTepPOTeHHUX MaHUX, BIIYYCHHS PENCBaHTHOI iH(OpMamii Ipo KyIbTypHY
CHAIIINHY, TEepCOHaNii Ta MOXii 3 ICTOPUYHMM 3HAYEHHSIM, IO MAaroTh
miATBEp/UKEHUI a00 MOTCHUIWHWIA BIUIMB Ha cydacHicTh [1]. OcoOmuBwuii
aKIEHT y peali3allii aJroputMy mependadaeThCsi 3poOUTH Ha (Qirypax,
BHECOK SIKHX II[€ HE OTPHMAaB HaJIeXKHOI yBaru y myoIiyHOMY, OCBITHBOMY Ta
HaykoBOMY cepenoBuili. CucremMa TIOBUHHA He Jumie 30Hpatd Ta
kiacudikyBatu iHdopmalito, ane it 3ailcHIOBaTH ii OCMMCIICHHS Yepe3
BUSIBIICHHSI JIOTIYHMX, TPUYMHHO-HACTIIKOBHX Ta YacoBUX 3B’s3KiB. Ha
MIepIIOMY eTami po3poOKH IUIaHyeThC (POPMYBaHHS CTPYKTYPH CHCTEMH,
apxXiTeKTypa SKOI BKIIOYaTHME MOAYJI IIONIYKY, CEMaHTHYHOTO aHali3y,
knmacudikamii, perpeciiiHoro MomemoBaHHS Ta Bi3yamizamii. bazoBum
MIXOAOM Y TOOYIOBI TIONIYKOBOTO QJITOPUTMY CTaHE KOHIICTIIis
OararopiBHeBOi arperamii, mo mependoadac OOpPOOKYy JDKepenl 3 pPi3HHM
PIBHEM CTPYKTYPOBAHOCTI — BiJI TOBHOTEKCTOBUX ICTOPHYHUX JOKYMEHTIB,
apxiBiB, myOminMcTHkM Ta Oibmiorpadid g0 cydacHux  1uQpoBUX
peno3utapiiB, 0a3 HayKOBHX MyOiKailiid, KaTaJoriB My3eiB, Oolu(ppPOBAHUX
MarepiayqiB Meaia Ta MeTagaHuWX KyJIbTypHHX noaid. Jxepena, ski
PO3IISIIAIOTECS SIK BXIiZHI TOTOKH, BKJIIOYATUMYTh SIK Cy4YacHI IHTEpHeET-
pecypceH, Tak i odaiiHOBI LUQPOBI apxiBH, IO M UIAraTUMYTh KOHBEPTALil
Ta momnepeanii 06pooui [2]. Kiro4oBiM aclieKToM aaropuTMy CTaHE MOIYIb
MOp(OJIOTO-CEMaHTHYHOTO  HOpMaji3atopa,  SKHM  37AiHCHIOBaTHME
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CTaHJAPTHU3AIlIO0 MTONTYKOBUX BEKTOPIB BIATIOBIIHO JO iCTOPHYHUX, MOBHHUX
Ta KOHTEKCTyallbHUX 0COOJIMBOCTEH — HANMPUKIIAJ, Bapiarii HamucaHHs iMEeH,
TpaHcIiTepaiii, BUKOPHUCTAHHSI IICEBIOHIMIB a00 pETiOHAJIbHUX Ha3B.
[TmanyeTscs 3aydeHHS JEKCHYHHX OHTOJIOTIHM Ta iCTOPHYHHX TE3aypyciB,
0 JTO3BOJIUTH MiJABUIIMTHA TOYHICTH BiIIMOBIAHOCTI Mpu 0OpoOIli 3amuTiB
KOPHUCTYBadiB. Y paMmKax Ili€i 4acTMHH Oyne peasizoBaHO (iipTpamioo 3a
KPHUTEPIsIMH PEJICBAHTHOCTI, YacTOTH 3rajlyBaHb y YacOBUX IHTEpBaJax,
3B’SI3KIB 3 IHIIMMHM IIOCTAaTsIMM Ta BIINOBIAHOCTI BU3HAYCHUM TEMaTHYHHM
HanpsiMam [3]. 3 MeTO0 MiJBUINCHHS AHATITUYHOI MIHHOCTI CUCTEMH Ta
3py4HOCTI T BUKOPHUCTAHHSI JUIsl JIOCIIIHUKIB, MEJaroriB Ta MpeacTaBHUKIB
KYJIBTYpHOI cdepu, Oyae peasizoBaHo iHTepdelc Bizyamizalil pe3yibTaTiB.
LeHTpanbHUM €JIEMEHTOM CTaHE IHTEpaKTHBHA KapTa B3a€MO3B’S3KiB, IO
JO3BOJSITUME y peaNbHOMY dYaci meperisimaTh cpopMoBaHi iH(opMariiHi
3B’S3KHM MK OCOOHCTOCTSMH, TepiofaMH Ta JIOKallisAMH, QIiTsTpyBaTH
pe3ynmpTaTH 32 TEMATHYHUMH KaTeTrOpisIMHM, MAacIITa0yBaTH YacoOBi PaMKH
BIUIMBY, @ TaKOXX iACHTHU(IKYBaTH MAaJOBiOMi, aje 3HA4yIli KyIbETYpHO-
HAYKOBI 3B’sI3Ku. Takuii miIxXiJ TO3BOJIUTH HE JIMIIC 3AIHCHIOBATH TOIIYK, a
W BIIKpMBATH HOBI MaTepHU B3aeMOJIi y cdepi KyIbTypHOI CHaJIIMHH, L0
paHimie He OyaM OUYCBUIHMMU. 3aNPOMOHOBAHUN MINXiM 10 CTBOPEHHS
CHCTEMH PI3HOCTPYKTYPOBOTO IIOIIYKY, 0OpoOKM Ta aHaiizy iHdopmauii €
IHHOBaLIiHUM pilIEHHAM Yy Tany3l OudpoOBOi T'yMaHITAPUCTHKH Ta
iHpopMmaniiHuX TexHOoNOriiH. Y (oKycl AaHOro JOCIIIKEHHS — CTBOPEHHS
VHIBEPCAJIIFHOTO ~ aJTOPUTMIYHOTO IHCTPYMEHTY, 3[JaTHOTO iHTErpyBaTH
po3pi3HeHy iH(pOpPMAIliI0 PO ICTOPUYHY, HAYKOBY Ta KyJABTYpHY CIAIIINHY
VYkpaiau B €TUHUNA KOHTEKCTYyali30BaHUH MPOCTIp.

Po3pobka momiOHOT crcTeMH Ma€ TOTEHIial TpaHCPOPMYBaTH MiAXOIN
JO BHUBYEHHS MHHYJIOTO, MIiACWINTH MEXaHI3MH KyJIbTypHOI I1am’ATi,
aKTHBI3yBaTH HAyKOBY NIISUIBHICTH Yy Tady3i IOCTIDKEHHS HAaIiOHAJIHHOI
IIGHTUYHOCTI Ta JaTH IOWITOBX 10 (OPMYBaHHS BiJKPUTOrO LU(POBOrO
cepeNloBHINA JUIsl IHTerpalil iCTOPUYHUX 3HaHb Y Cy4acHI OCBITHI MPAKTHKH.
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GRAPH DATABASES AS THE BASIS OF RECOMMENDATION
SYSTEMS IN DIAGNOSTICS AND THERAPY
A. Ropay, Ph.D. M. Rudnichenko, Ph.D. S. Grishin
Odessa Polytechnic National University, Ukraine
Anomauia. B pobomi oOIpYHMOBAHO AKMYANbHICIb 3ACMOCY8AHHI 2pAdhosuUx
CmpyKmyp 0auux y 3a0a4ax nooyoosu nepcoHanizo8aHux peKkomeHOayitl.
Knruoegi cnosa: pexomenoayiiini cucmemu, 2pagosi cmpykmypu OaHUXx.

Abstract.This paper substantiates the relevance of using graph data structures in
the tasks of building personalized recommendations.
Keywords: recommender systems, graph data structures.

Berym. ['ooBHOIO mepemko10i0 B CyJacHiil CHcTeMi OXOPOHH 3/I0POB’S
€ edexTBHE Ta Oe3NeyHe YIPaBIiHHS BEIMKUMH W  CKIQJHUMHU
HamieHTChbKUMH JaHuMU. OJTHUM 13 MEPCICKTUBHUX IIUISIXIB MMOIOJAHHS i€l
npobyieMH € BUKOpUCTaHHs rpadoBux 0a3 IaHMX, siKi 3/aTHI e€pEeKTHBHO
3IIICHIOBATH 3allUTH Ta HPUPOJHO BiJIOOpakaTH B3aEMO3B’SI3KH MIXK
naHuMH. ['padoBi CTpyKTypu HaOyBalOTh aKTyalbHICTh Ul MOOYZOBH
NepCcoHaTi30BaHMX pexoMeHanii. ['padosi migxoau, taki sk Graph Neural
Networks (GNNs), Graph Convolutional Networks (GCNs) Ta Knowledge
Graphs, HEeMOHCTPYIOTh BHCOKY ©(EKTHBHICTH y  MOJCIIOBaHHI
GaraTopiBHEBUX 3B’A3KiB, IO 3HAYHO MOKpAIIye SAKICTh peKOMeHalii. Ix
BUKOPUCTaHHS y MOOYZOBI IEPCOHATI30BAHMX PEKOMCHIAL[IMHUX CHCTEM
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BiJIKPUBA€E HOBI MOXKJIMBOCTI JIJISI aHATI3y MEIUIHHX 3alHCiB, J1arHOCTUKH
Ta BUOOpY onTuMabHOI Teparii [1]. Ha BiaMiHy Bix pensuiiiHux 0a3 gaHux,
rpadoBi  Mopmenmi  JO3BOJSIIOTE  ©(PEKTUBHO  BioOpakaTw  CKJIAIHI
B3a€EMO3B’S3KM MK TMal[lEHTaMH, CHMITOMAaMH, JIiarHO3aMH Ta METOJIaMu
nmikyBaHHs. [le poOUTH iX NEPCIEKTHBHUM IHCTPYMEHTOM [UIS PO3POOKH
CUCTEM MIATPUMKH MPUNAHATTS PillleHh Y MEIUIMHI Ta TiIBUIICHHS SKOCTI
HajaHHi MeauyHoi nomomoru. OCHOBHAa MeTa IIOJsra€e B HajJaHHI
IPYHTOBHOTO Y3araJlbHGHHS PO3BUTKY Ta BIIPOBa/DKEHHsA TIpadoBux 06a3
JTAHWX, QJIaNITOBAHUX JJIS aIMIHICTPYBaHHS MCAMYHHX 3aITHCIB.

AKTyaJIbHICTh JIOCIIJDKEHHS TOJISira€ y BUKOPUCTaHHI rpadoBux 0a3
JIAHUX SIK OCHOBH JUISl TIOOYIOBH MEAMYHUX PEKOMEHJALIHHUX CHCTEM, L0
3a0e3nedye OiNBII TOYHWH aHaJi3 B3a€MO3B’SI3KIB MK Mali€HTCHKIMH
JAHUMH Ta CIPHUSIE ONTUMI3aIlil IIPOLIECiB NIarHOCTHUKH Ta Teparii [2].

Y paMkax ITOCTaBJICHOTO 3aBAAaHHS POOOTH HAMKpaIIol KaTeropiero
JAHWX JUISI HABYaHHSA Ta MTOOYAOBU PEKOMEHIANIHHOI CHCTEMH € eNEKTPOHHI
veanuHi 3ammcu (EHR), mo mictars iHpopMarito mpo CHMIITOMH, TiarHO3M,
pe3ysbTaTi OOCTEeXKEHb Ta NpH3HAYEHE JIIKyBaHHS. lIpencTaBieHHs Takux
JAHWUX y BUTJL rpada T03BOJIsE BITOOPA3UTH CKIIAHI B3aEMO3B’I3KH MK
TMalie€HTaMH, 3aXBOPIOBAaHHSIMH Ta TEPAaNEeBTUYHUMHU MeTonamMH. OCHOBHUM
(oKycOM JIOCHI/DKCHHS CTaHe pO3po0Ka MOJeNi peKOMEHAAIli, ska
3a0e3rnedye  IOUIYK CXOKMX  KJIIHIYHMX  BHIAAKIB 1  MPOIOHYE
NepCOHATI30BaHi PIillIeHHs IS JIarHOCTUKY Ta JIKyBaHHS [3].

[IpoexToBaHa cHcTeMa Opi€HTOBaHA Ha MIATPUMKY  IIPOLECIB
MIarHOCTHKM Ta Tepamil NUIAXOM iHTerpamii HH3KH (QYHKI[IOHAIEHUX
MoxmBocTeld. [lependadeHo BHECEHHA CHMIITOMIB 1 pe3yibTaTiB
OoOCTe)KeHp TMAaIllieHTa 3 TMOoJaNbIIM (OPMYBaHHAM 1HIUBIAYyalEHOTO
npo¢imro. DYHKIIOHAT CHCTEMH BKIIOYae aBTOMAaTH30BaHE (OPMYBaHHS
MepeiKy MOXXIMBHX JiarHO3iB Ha OCHOBI rpadoBoi Mozeni 3HaHb.
BukopucranHns rpadoBuX CTpyKTyp 3a0e3neuye BUsBICHHs OaraTropiBHEBUX
3aJ@KHOCTEH MDK CHMOTOMaMH, 3axXBOPIOBaHHSAMH Ta CYyNyTHIMH
(daxTopamH, 10 MiABUILYE TOYHICTh AIarHOCTHYHHMX BHCHOBKIB. Cucrema
(dbopMye mnepcoHasi30BaHI TepaneBTUUHI peKOMeH[alii, IPYHTYIOUHCh Ha
aHaii3i noAiOHMX KimiHiYHUX BunankiB. [lomryk aHasnoriii y rpadosiii 6a3i
JAaHWX JO3BOJIIE BHW3HAYATH JIKYBaJIBHI  CTpaTerii, MiATBEPIKCHI
rmorepenHiM  KIIiHiYHUM  gocBigom. Cucrema 3a0e3nedye MOXKIHMBICTH
30epeXCHHS MIarHOCTWYHHX pPE3YNIbTaTiB 1 peKoOMeHmamii y ¢opmari
CTPYKTypOBaHHX 3BITiB. Lle cTBOpIOE OCHOBY i1 BeIEHHS MEOHYIHOI
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JOKyMEHTAIlil B eJIeKTPOHHIN (opMi Ta crpoirye oOMiH iH(pOpMaIieo MK
JIKapeM i MaiieHTOM.

BucnoBok. Po3pobiena cucrema JeMOHCTpYE, 1m0 TpadoBi 6a3u JaHUX
CTaHOBJIATh MEPCIEKTHBHY OCHOBY MJsi TOOYIOBH PEKOMEHAAIIMHUX
cucTeM y cdepi MEIMIMHH. IX 3aCTOCYBaHHA J03BOJAE e(EKTHBHO
BiIOOpakaTh CKJIAIHI B3a€MO3B’SI3KM MIDK TAIliEHTAMU, CHMIITOMAaMH,
3aXBOPIOBAHHSIMH, METOJAMH JIIKYBaHHsS Ta pe3yibraTamu Tepamii. Takmm
YMHOM, BHUKOPHUCTAaHHS TpadoBUX MOJeNeH JaHUX MOXE CYTTEBO
TABUIINTH SIKICTh MEJUYHHX PILIEHB 1 CIYTyBaTH TEXHOJIOTIYHOIO OCHOBOIO
JUTSL TIOJJATTBIIIOTO PO3BUTKY 1HTEIEKTYAIbHIX CHCTEM IMIATPUMKH JIKapiB.
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Anomauia. Y meszax npedcmaeneno iHmMeNeKMyanvHy cucmemy OJid aHANi3y
CHOJCUBAHHSA eleKmpoeHepeii ma onmumizayii eumpam. Piwenns inmeepye oami 3
posymuux  aiyunbHuxie i loT-npucmpois, 301liCHIOE — 6UAGNEHHA — AHOMATIL,
npoenosysanns ma eizyanizayiio. Cucmema 3ade3neuye KOpUCmMy8auam aHaALiMmu4Hy
NIOMPUMKY OISl 3HUMICEHHST GUMpPAm, NIOBUWEHHSA epeKmusHocmi ma cmanozo
EHePcOCNONCUBAHHAL.

Knrouoei cnoea: EHepzoed)eKmueHicmb, MawuHHe HABYAHHS, NPOSHO3YBAHHS,
eHepZOMeHe()JfCM@Hm.

Abstract. The abstract presents an intelligent system for analyzing electricity
consumption and optimizing costs. The solution integrates data from smart meters
and loT devices, performs anomaly detection, forecasting, and visualization. The
system provides users with analytical support for reducing costs, increasing
efficiency, and sustainable energy consumption.

Keywords: Energy efficiency, machine learning, forecasting, energy
management.

B emoxy, komum eHeproeeKTHBHICTH Ta ONTHMi3alis BHTPAT €
NEPIIOPSAAHIMY, 3pOCTAl0Ue BIPOBADKCHHS IHTEJICKTYaJlbHHX TEXHOJOTIH
BIJIKPWJIO HOBI MO>KJIMBOCTI ISl YIIPABIIHHS CHOXHMBAHHSM €JIEKTPOCHEPTii
B OyAuHKax, odicax Ta Ha HiJIPUEMCTBAX. 3POCTaHHA L[iH HA EHEProHOCIT
Ta EKOJIOTIYHI NPOOJIEMH IiJKPECIIOITh NOTpe0y B IHTENEKTyaJbHUX
cucTeMax, 3JaTHUX KOHTPOJIIOBaTH, aHali3yBaTH Ta ONTUMI3yBaTu
BUKOPHCTaHHS eneKkTpoeHeprii [1].

IHTenexTyanbHa cHCTEMa Ul aHANi3y CIOXHMBAHHS €JIEKTPOEHeprii Ta
onTUMi3aIli BHUTpaT — M€ KOMIUIEKCHa IulaTdopma, po3pobieHa it
BHUpilIeHHS OaraTorpaHHUX MpoOieM ympaBiiHHA eHeprieo. [lo cyTi,
cucreMa 0e3MepenIKoTHO IHTETPYEThCA 3 IHTEICKTYaIbHUMH JIYHIbHUKAMA
Ta NPHCTPOSIMH IHTEpHETYy pedeil 3a JONMOMOrOI0 CTaHAAPTH30BaHHX
mpotokoiniB, Takux sk MQTT, Modbus ta Zigbee, mo mo3Bomnsie 30mpaTn
JIaHi B PEKUMI PEallbHOTO Yacy 3 Pi3HUX CEPEIOBHII], BKIFOYAOYH KHUTIOBI
KBapTUPH, NPHUBaTHI OyIMHKH, 0iCHI NPUMILIEHHS Ta IIPOMHCIIOB] 00'€KTH
[2]. Jns xopucTyBauiB, sKi HE MarOTh JAOCTYIy JIO0 aBTOMAaTH30BaHHX
JYMIBHUKIB, CHCTEMa HaJae iHTepdeiic pyuyHOro BBENEHHS NaHUX, IO
3a0e3mneyye AOCTYIHICTh y PI3HUX TEXHOJOTTYHKX YCTAaHOBKAX. 310paHi AaHi
00poOIIsIIOThCST  Ta 30epiraroThCss B LIEHTpali3oBaHiii 0a3i  maHMX 3
MOXJIMBOCTSMH arperamii, IO JO03BOJSIOTH IPOBOAMTH aHAJi3 3 Pi3HOIO
YAaCOBOK PO3IINBHOK 3JATHICTIO - TOTOJAMHHO, INOJHS, LIOTHIKHS,
moMicsmst Ta mopiuHo [3]. Takwif neradpHMN MiAXix rapaHTye, OO0
KOPHCTYBa4i MOXXYTb BIICTS)KYBATH TCHJACHLII CHOXHBAHHS 3 YacoM,
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BUSIBIIATA 3aKOHOMIPHOCTI Ta TpUHAMAaTH OOTPYHTOBaHi pIilleHHS 00
CIIOKMBaHHS eHeprii. MexaHi3M 00poOKM B pealbHOMY dYaci CHUCTEMH
BUKOPHUCTOBYE €(QEKTHUBHI alTOPUTMH JJIsi OOpOOKH BENMKUX HaOOpPiB
JaHWX, 3a0e3Mevyyroud MiHIMalbHy 3aTPUMKy Ta BHCOKY TOYHICTB
IPEICTABICHHS JaHUX.

Ki1r040BHM KOMIIOHEHTOM CHCTEMH € ii pO3IIMPEHUI MOIYIb aHATITHKH,
SIKMH BUKOHYE aHaJi3 CIIO)KMBAHHS B PEKUMI pEajbHOTO 4Hacy Ta BHSBIIIE
Nepioy MKOBOTO HAaBaHTa)XCHHS. [1OPIBHIOIOUM IOTOYHE BHKOPHCTAHHS 3
ICTOPUYHHMMH JTaHUMH, CHCTEMa BUSBIISIE aHOMaJIil, Taki sIK panToBi CIIECKU
CIIO’KMBAHHS, SIKI MOXXYTh CBIAYMTH IIPO HECIIPAaBHOCTI oOJiafHaHHS abo
HeeeKTHBHI MO/IENi BUKOPUCTAHHS.

ANTOpPUTMH MAIIMHHOTO HABYAaHHS JIEXAaTh B OCHOBI MOXKIHMBOCTEH
TIPOTHO3YBAaHHS CHCTEMH, O3BOJLIIOUHN i mependadaTyt MalOyTHI BUTpAaTH
Ha EJICKTPOCHEPTil0 Ha OCHOBI ICTOPUYHHUX TEHNAEHIIH, CE30HHUX KOJIMBAaHB
Ta TIOBEHIHKH KOpHCTyBadiB. I[HTepakTHBHI rpadiku BigoOpaxaroTh
TEHJIEHIII] CII0)KWBAaHHS 3 MOXKJIMBICTIO 30i7BIICHHS IEBHUX IEPiOMiB HaCy
a00 MOpIBHAHHS KIUIBKOX IOKAa3HMKIB, TAKUX K LIOJACHHE BUKOPHCTAHHS 3
cepeHIMU IOMICSYHUMHM 3HaYCHHSIMU. TeruIoBl KapTH BUIUIIOTH Hepioan
MIIKOBOT'O HaBaHTAXXCHHSI, 320€311euyI0UH Bi3yalbHe YSBICHHS PO T€, KOJH 1
Je CHOXMBaHHs eHeprii € HaiiBummMm. CucremMa TakoX TI'eHepye
ABTOMATH30BaHi 3BiTH, [JOCTYIHI 3a IIOJCHHHM, LIOTI)KHEBUM abo
HIOMICSiYHUM — TpadikoM, SKi  y3arajJbHIOIOTh  KJIIOYOBI  MOKA3HUKH,
BKJIFOYAIOYM 3arajibHe CIIOKMBAHHS, DO3IOALT BHUTPAT Ta MOXIIMBOCTI
exoHoMmii. Ili 3BiTH MOXHa EKCIIOPTYBaTH B DPIi3HHX (opMarax, TaKuX SK
PDF, CSV Ta XLSX, nmnsd TmTONermieHHA IiHTeTpamii i3 30BHIOIHIMH
iHCTpyMeHTaMu ab0 OOMiHYy HMMH i3 3aIliKaBIEHUMH CTOpoHaMmHu. [laHens
aZIMiHICTpaTOpa HaJae KepiBHUKaM 00'€KTiB Ta omepaTopaM IOCIYT MIHpIIe
VSBJICHHS TIPO TEHICHIIII CIOXWBAaHHS B KUTBKOX OYIBISAX, IO JO3BOJISIE
LEHTPAII30BAHUM HArsA Ta NPUHHATTS pillleHb Ha OCHOBI JaHuX. s
HaHeNlb TAaKoX HIATPUMYE IiarHOCTHMYHI (YHKUI{, Taki SK MOHITOPHUHT
HIIKIIOYEHHS] Ta MPOJYKTUBHOCTI IHTENIEKTYaJIbHUX JIYMJIbHUKIB, IO
3a0e3mneyye HaMIHHICTh CHCTEMHU.

IHTenexTyanbHa CHCTEMa Ul aHANI3y CHOXHMBAHHS eJIeKTpOeHeprii Ta
ONTHUMI3aIlil BHUTPAT € 3HAYHUM TIPOTPECOM Yy TEXHOJOTII YIpaBIiHHS
eHepricro. 3aBHSAKH iHTETpamii 300py JaHUX y PEKUMI pearbHOro dacy,
PO3LIMPEHOi aHATITHKN Ta NMEPCOHANI30BAHUX PEKOMEHALH, CHCTEMa Ja€
KOpPHUCTyBa4yaM 3MOT'y CKOPOUyBaTH BUTPATH, MiJBUILYBAaTH €()EKTHUBHICTD Ta
BIIPOBADKYBAaTH METOMM CTaloro po3BHUTKy. CHpOEKTOBaHA CHCTEMa
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NPOTIOHYE  TpaHCGOpPMAmIMHUN  MiAXig OO  YIOPaBIiHHSI  €Heprielo,
JIO3BOJIIIOYM ~ KOPUCTyBayaM  MpUAMAaTH  OOIPYHTOBAHI  pillIeHHS,
MiHIMi3yBaTH BTPAaTH Ta pOOUTH CBili BHECOK Yy OUIBII cTajie MaiOyTHE.

IMomgameri  po3poOku  OyAyTh 30CepekeHi Ha  BJIOCKOHAJICHHI
MO>XKITMBOCTEH MAIIMHHOTO HABYaHHS, IHTETpaIlil TaHUX MPO BiHOBIIOBAHY
CHEPIreTUKY Ta PO3LIMPCHHI CYMICHOCTI 3 1HTEICKTYaIIbHUMH IMPHUCTPOSIMH
HACTYITHOT'O TIOKOJIIHHSI JUISI TTOANIBIIIOTO TOCHJICHHS 11 BILTUBY.
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Annomayia. Y pobomi 0ocnioxncyemvcs  pisHUYA  MidC  peKypeHmHUMU
HelPOHHUMU Mepedcamu ma mpanchopmepamu y npPocHO3VEAHHI 4ACOBUX pPAOIE.
Hoxkazano, wo RNN wmaromv obmedcenHss y 6paxy8auHi 00820CMPOKOBUX
3anedxcHocmetl, mooi K mpaucgopmepu 3abe3neyyoms Oiivil MOYHI pe3yIbmamu.

Knrwuoei cnosa: uacosi paou, RNN, mparcghopmepu.

Abstract. The paper explores the difference between recurrent neural networks
and transformers in time series forecasting. It shows that RNNs struggle with long-
term dependencies, while transformers achieve higher accuracy.

Keywords: time series, RNN, transformers.

CporonmHi B MPUKIAJHUX Taly3dx, TaKUX SK (piHAaHCH, CHEpreTHKa, a
TaKOX OXOpPOHA 3JI0pPOB'Sl Ta TIPOMHUCIOBICTh, MAIOTh BHCOKY 3HAYYIIICTH i
Iy’)Ke aKTUBHO BHKOPHCTOBYIOTH 3aBIaHHS, 10 BUMAralTh IPOTHO3YBaHHS
4acoBUX PANiB. Bix Toro Hackimpku sSKiCHO Oyae BHUPIIICHO Take 3aBIaHHS
3ajexaTiMe, HACKUTBKH €(PEeKTHBHO BIIPOBAIKYBATUMYTHCS YIIPABIIHCHKI
pIlICHHS, IUIAHYBAaTUMYThCS PECYPCH. 3 HEJaBHBOTO Yacy MOYali aKTHBHO
KOPUCTYBaTHCs METOJaMH TIJIMOOKOTO HAaBYAHHS, TaKUMH SIK PEKYPEHTHI
HeiiponHi Mepexi (RNN), moaeni apxitektypu Tpancdopmepis [1].

OOuzBi Mozeni OpiEHTOBaHI Ha MOCTIJOBHI JaHi, aje NPUHIMI IX
($yHKIIOHYBaHHS Ta €()EeKTHBHICTb CHJIBHO Biipi3HsIOoThCS. KimtowoBa ines
PEKYPEHTHUX Mepex — 1ie 30epeKeHHs IPUXOBAHOrO CTaHy, SIKMH 3alnCcye
iHpOpMaIio TPO MOTEepenHi KPOKH, IO TO03BOJISE BPaxXOBYBAaTH KOHTEKCT
Il 4ac NPOTHO3YBaHHSA. AJie HAa Kaylb, JOBI1 YacoBi PSOH BUKIMKAIOTH
mpobiieMy JBOCTOPOHHIX TpajieHTiB, mo oOMmexye 3matHicTh RNN
3amam'sITOBYBATH JajeKi 3aekHOCTi [2].

Jis HAaoyHOTO TOPIBHSAHHS pE3yNbTaTH HaBeAeHO y Tabmmmi 1.
Tpanchopmepr HaBIakH, IPYHTYIOTbCS Ha MEXaHI3Mi yBaru, 110 JO3BOJISIE
iM Oe3nocepenHbO MOPIBHIOBATH KOXEH EJIEMEHT i3 IOCIiJIOBHOCTI, He
pOOJISYM TOKPOKOBOTO MPOXOTYy. 3aBISIKH [bOMY BOHH KpaIe 00poOIsItoTh
JIOBIII YaCOBI 3aJI€XKHOCTI.

Ane anst uporo iM NmoTpiOHI Habarato OuTbIII 0OYMCIIIOBANIBHI peECypCcH
JUI HaBYaHHS, IO 3a BIJCYTHOCTI MOTY)XHOI amapaTtHol 0a3u CTBOpIOE
mpobnemu [3]. A TakoX CXWIBbHI J0 TIepeHaBUYAHHS MPH MajuX BUOIpKax i
MEHII IHTYiTHBHO IHTEpIpPETOBaHa, IO KPHTHYHO TaM, J€ BaXXJIUBa
MIPO30PICTh PIlICHb.
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Ta6auus 1.
TTopiBHsUTbHA XapaKTEPUCTHKA MOJIENCH
XapakTepucTHKa PekypentHi Mepexi Tpancdopmepu
(RNN, LSTM, GRU)
O06mnik Jlo6pe 06pobsoTh EdekTHBHO BpaxOBYIOTb SIK
3aJIeKHOCTE KOPOTKOCTPOKOBI KOPOTKOCTPOKOBI, TaK i
3aJIE3KHOCTI, OOMEXKeH1 JIOBIOCTPOKOBI 3aJIeKHOCTL
y po6oTi 3 JOBrHMH 3aBJISIKM MEXaHi3My yBaru
THOCII JOBHOCTSIMH
O6uncIoBabHa BifHOCHO HH3bKa, Bucoka, notpebye 3HaYHHX
CKJIJIHICTh MOJKJIMBa po0OTa Ha pecypciB (GPU/TPU)

MEHII MOTYXXHUX
MPHUCTPOSX

Haguanns Ha
MajuX JaHUuX

Binbm crifiki, MOXYTh
MpaIoBaTH Ha
oOMekeHHnX BUbipKax

CXWIbHI 0 IepeHaBUaHHSA,
BHMAararTh OLIBIINX 00CSTIB
JIAHUX

IarepmperoBaHicTh

Hocuts 3po3ymina
CTpYyKTypa Ta
IHTepIpeTaris CTaHiB

CkraziHa iHTepIpeTalis yBar,
poOIEeMH MOSICHEHHS PillIeHb

3acTocyBaHHs

IligxoauTk IS 3aBJaHbL
i3 cepenHiMH 110
JOBXKHHI psJIaMH, JIe
BaKJIMBA EKOHOMIYHICTE

EdexTrBHI npyu BeMKHUX Ta
CKJIQIHUX 9aCOBHX PsJiax,
0CO0JIMBO B YMOBAax
JIOBIOCTPOKOBHX 3aJICKHOCTEH

Bubip MiX pekypeHTHMMH Mepexamu 1 TpaHchopMmepaMu B 3ajadax
NPOTHO3YBaHHS 4YacOBUX DAJIB BM3HAYAETHCS TUM, y SIKId criequdiuHii
o0acTi BoHHU 3acTOoCcOBYeThes. Jiist hiHaHCIB, e MOTPiOCH aHali3 BETMKHUX
00CSTiB TaHUX 1 BUSIBJIICHHSI JOBIOCTPOKOBHUX 3aJISKHOCTEH TpaHchopMmepu
MMOKa3ylTh cebe Kpame SK 1 B CHEepPreTHli, e TaKoX MOTPiOHO
MPOTHO3YBaHHS CE30HHHUX KOJIMBaHb i JOBIOCTPOKOBHX TPEHIIB, B TOHM JKe
Yac IS BUPIIICHHS 3aBIaHb 3 MAIAMHU a00 00MEXeHUMH Ha0OpaMy JaHUX,
a6o sKkmo oONagHAHHA HENOCTATHHO TMOTYXKHE, OUTBII  JOIJIBHO
BHKOPHCTOBYBATH PEKypeHTHI Mepexi Taki sk RNN, LS.
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RESEARCH ON THE APPLICATION OF COMMUNICATIVE
METHODS OF NEURAL NETWORKS FOR IMAGE
RESTORATION
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Anomauia. Ozns0 ma oyiHKa HOB0I MemoOuKu 6IOHO0GIeHHs ma 06pobKu
3006pacicenb, wo 0A3YEMbC HA 30AMHOCMI HEUPOHHUX Mepedc AHanizyeamu ma
PO3NI3HA8AMU ONUCAHUL 00'€KM Uepe3 meKCm.

Kniouosi cnoea: mawunne HAGYAHHS, HEUPOHHI Mepedici, PO3NIZHABAHHS
00'exmis, 8IOHOBIEHHA KOHMYPIG

Abstract. Overwiev and evaluation af a new technique of image restoration and
processing based on neural networks’ ability to analyze and discern a described
object through text.

Keywords: Machine Learning, Neural Networks, Object recognition, Contour
restoration
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Hapasi mTy4yHuil iHTENEeKT € OJHUM i3 HAWOIIBII aKTUBHO 3POCTAIOYHX
HamnpsSMKiB PO3BUTKY iHQOPMATHKH, a eTan HaBYaHHS — OJHUM i3 HAHO1IbIIT
PECYPCOEMHUX €TaIliB CTBOPEHHS Ta ONTHMI3allii HEeHpOHHUX Mepex. Uepe3
BHUCOKI BUMOTH JI0 OOCSTY Ta SIKOCTi JaHUX, a TAKOXK BEIUKY KUIBKICTh Hacy
Ta  OOYMCIIOBAJIBHHX  PECYpCiB, HEOOXimHMX  JUII  HaBYaHHSA
tpaHcopmaropiB, LLM Ta iHmMX HEHPOHHMX MepexX, IUTAHHA
OoNnTHMI3amii € JyXXe BaXIMBHM JUIS CY4YacHOI IPOMHCIOBOCTI, 1
po3po0isiIoun  pi3Hi  pillIeHHS, MOXKHAa OTPUMATH IJMOLIEe PO3yMiHHS
BHYTPIIIHBOI NMPUPOIM HEHPOHHUX MEPEX Ta MEXaHi3My iX MepeTBOpEHHs
ITi/1 4ac HaBYaHHSI.

[ix wac 300py CTaTHCTHYHMX AaHMX OYJIO BUHAWHAEHO HOBHH METOX
rerepamnii 300pakeHs. BiH 0a3yBaBcs Ha KOHIENIii, MO B MiAKa3Ii He
MMOBHHHO OyTH HE3PO3yMITUX KOJIOKAIii, Mmod MeTrox MoxkHa Oyio
3aCTOCOBYBaTH 10 IHmMMX BHmaakiB. [lami 30mpamucs 3a JOIOMOTOIO
3BOPOTHOI iHKeHepil MiIka30K IIIIXOM IepeAadi MOYaTKOBHX 300pa)KeHb
IHIIIM HECKOPUTOBaHMM HEHPOHHHUM MepexkaM (y HalloMy BHIIAIKY L€
oymu Kandinsky, SD, SDXL, Midjourney, DALL-E ta Dreamshaper) ta
Hakazy iM renepysartu miakasky 3 Hux. Komito Campi Caligula 6ys0 obpato
Yyepe3 MPOCTOTY KOMIIO3MLII Ta BHCOKMH cepelHid Oan pe3ynbTary
rerepaii. Ilicis 1mporo Oyino 3pobieHO crnpo0y BUKOPUCTATH 3i0paHy
inpopmariito s GopMyBaHHS CTPYKTYpH, HOMIOHOT MO TMiIKa3Ku, sKa,
TEOPETHYHO, MOBHHHA JOMOMOITH MOKPAIIUTH CTWIICTHYHY KOPEJSILiIo 3
OpHUTIHAIFHOIO O3HaKOI. Takok Oyno TepeBipeHO Teopilo Mpo Te, M0
MONIOHNN KOHBEEp MOXKe OyTH BHKOPHCTaHHU IS 30epekKeHHS KOHTYPIB.
ExcriepuMeHT moJsraB y CTBOPEHHI TECTOBOrO HAOOpy JMAaHHX CXeM
OyAWHKIB, 3BOPOTHIN TeHepamii MiIka3oKk 3 HUX Ta crnpoOi BiITBOPHUTH
MMOYaTKOBHH HAOIp JaHUX 31 3TeHEPOBAHUX ITiIKA30K.

I'eHepariss KOHTYpiB Ta TeHeparlisi 300paXeHb MAlOTh (PYHAAMEHTAIbHY
CXOXICTh y CBOIX OCHOBHMX MLIJISIX, 30KpeMa y 30epekeHHi (opmu Ta
KIIOYOBUX CTPYKTYpHHX KoMIoHeHTiB. OOuzBa NpOIECH HAJAIOTh
npiopuTeT 30EpPEeKEHHIO OCHOBHHUX T'€OMETPHYHHMX Ta IPOCTOPOBUX
BIJTHOCHH, 110 BH3HA4YarOTh 00'ekT iHTepecy. I1ig yac reHepariii 300paxeHsb
MO/IeJIi MOBHHHI PEKOHCTPYIOBATH Bi3yallbHI CLIEHHU, 30€piralouu npu HboMy
OCHOBHI CTPYKTYpH, Taki SK Kpai, OpMH Ta IpOIOpIIii, m00 3a0e3mednTn
Bi3yallbHy IIUTICHICTh Ta peati3M. AHAaJOriuyHO, TeHepalis KOHTYpiB
30cepemKyeThcst Ha (ikcamii KOHTYpy Ta BH3HA4CHHI O3HAK, MO
MPEICTABIIOTh POPMY 00'€KTa, CIIYTYIOUM KPUTUYHOIO abCTpakIiero Horo
CTPYKTypHOI mimicHOCTi. B 000X BHIaakax He3maTHICTH 30epertd i
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KITIOYOB1 €JIEMEHTH TIPU3BOJIUTH JIO CIHOTBOPEHHX ab0 HEBIi3HAHHUX
pe3yJIbTaTiB, M0 MiTKPECIIOE HEOOXITHICTh KOMYBaHHS Ta 30eperKeHHS
CTPYKTYpHOI iH(pOpMAIIii MPOTATOM YCHOTO MPOIIECY TeHEepaIlii.

UDC 004.8:37.018.43

INTELLIGENT ADAPTIVE LEARNING BASED ON THE
PROXIMAL POLICY OPTIMIZATION ALGORITHM
Dr.Sci. N. Axak1[°°°°'°°°1'8372'8432], Ph.D. M. KushnaryOVZ[OOOO-OOOZ-3772-3195]l A.
Tatarny kov3[0000-0002»1632-8188 1
Kharkiv National University of Radio Electronics, Ukraine
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IHTEJEKTYAJIBHE AJJAIITUBHE HABUYAHHS HA OCHOBI
AJITOPUTMY PROXIMAL POLICY OPTIMIZATION
Dr.Sci. H. Akcak, Ph.D. M. Kymnapsos, A. Tatrapuukos
Xapriecvkuil HayioHanbHUll yHIgepcumem padioeiekmponixky, Yxpaina

Anomauia. YV pobomi npedcmagneHo aceHmMHO-OPIEHMOBAHY apXimeKmypy
aoanmusHno2o e-learning cepedoguwa, Oe mMblIOMOP Peani308aHull HA OCHOGL
aneopummy PPO. B3zaemoois cmyoenm—acenm Mmooenoemvcs sk Mapriecokuil
npoyec npuvinamms piwiens. [lopienanvnuii ananiz PPO i DON y cumynayiax ma
ograiin-oyinka na damacemi ASSISTments-2017 noxasanru nepesazy PPO wooo
MOYHOCMI  pilleHb 1 3HUNCEeHHA dacmomu 3anumie npo odonomoey. Mooenw
demoncmpye  nomenyian —Oiisi  NEPCOHANIZ08AH020  HAGUAHHS Y  YUPDPOBUX
cepedosuyax.

Knrwuosi cnosa: Haguanus 3 niokpinnenusm, enuboka Q-mepeosica, MAuiuHHe
HABUAHHS, — A2EHMHO-OPICHMOBAHE — MOOENIOBAHHS, — IHMENeKMYanbHi  cCucmemu
HABUAHHS, NEPCOHANI308AHA OCBIMA, MOOeni NPUHAMM pilieHb, cepedosuwd
eNleKMPOHHO20 HAGUAHHSI,

Abstract. This work presents an agent-based architecture for adaptive e-
learning, where the tutor is implemented using the PPO algorithm. The student—tutor
interaction is modeled as a Markov Decision Process. A comparative analysis of
PPO and DQN in simulations and offline evaluation on the ASSISTments-2017
dataset confirmed PPO’s superiority in decision accuracy and reduction of help
requests. The model shows strong potential for personalized learning in digital
environments.
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Keywords: Reinforcement learning, Deep Q-Network, machine learning, agent-
based modeling, intelligent tutoring systems, personalized education, decision-
making models, e-learning environments

Hudposi oceithi matgopmu, 30kpema MOOCS, yacTo MarOTh HU3BKUI
piBeHb  3amydyeHHs 4epe3  YHI(QIKOBaHMM  MiAXiX 10  HAaBYAHHS.
ITepconamizaltis 3a JONMOMOTOK0 TiAKpiruTtoBambHOTO HapudaHHS (RL),
30kpema anroputMy Proximal Policy Optimization (PPO), no3Bomse
aIanTYBaTH 3MICT 1 3BOPOTHHIA 3B 30K BiANOBITHO 0 TOBEIIHKH CTYICHTA.
Y  fmocmimKeHHI  3MOJEThOBAaHE  B3a€EMOJIIO0  CTYACHT-TBIOTOP  SIK
MapkiBcbkuii iporiec mpuiHATTA pimens (MDP), peamizoBano PPO-arenra
JUTS CTaO1TBHOTO HABYAaHHS 32 OOMEXECHHX JTaHHX 1 TOBEJCHO HOTO IepeBaru
Hajx 0azoBMMH migxongamu (BunankoBui BuOip, DQN) y cumynboBaHOMY
cepelloBHUINI. Y Meax JOCIHIJKEHHS pPeali3oBaHO areHTHO-OPi€HTOBAaHY
apXiTeKTypy aJanTHBHOrO e-learning ceperoBuIla, ska 0a3yeTbCsl Ha
migkpimmoBanbHoMy HaBuaHHi  (Reinforcement Learning, RL). Arent
(TBIOTOp) OOMpae IHCTPYKTWBHI JIii (HampHKIad, CKIAIHICTh 3aBJaHHI,
MiJIKa3KK, MOTHBAIIiS), TOJII K CEPEJOBUIIE (CTYICHT) pearye 3MiHO CTaHy
Ta BHHAropojaor. Take po3mireHHs BigmoBinmae kmacudHiii RL-mapamgurwi,
JIe aTeHT aKTHBHO HAaBYAETHCS, & CEPEIOBHIIE 3ATNIIAETHCS PEAKTHBHIM.

Merta monsirae y cTBOpeHHi # omiHmi RL-(peiiMBOpKy 3 BUKOPHCTaHHSIM
anroputMmiB  Proximal Policy Optimization (PPO) ta Deep Q-Network
(DQN) g aganramii  HAaBYANBHOTO — MPOIECY  BIAMOBIZHO 1O
IHIUBIlyaJbHUX ~ XapaKTEPUCTHK cTylneHTa. OCHOBHMMH KpUTEpisiMU
e()eKTHUBHOCTI € 3HUKCHHS YaCTOTH 3aIUTiB MPO JOMOMOTY Ta IMiJABHUIICHHS
TOYHOCTI pillIEeHb Y TECTOBUX 3aBJIAHHSX.

HaBuanbHe cepeloBHIE MOJICIIOEThCS SK  MapKIBChKHIA  TPOIIEC
npuitnsTTa pitnens (MDP) (Ag, E, P, S, A, R), ne:

AgQ — areHt (ThIOTOp), SKMHA TpuitMae mii (BUOiIp CKIAIHOCTI, IMiAKa3K{
TOIIIO);

E — cepenoBuie (CTymeHT), 0 OHOBIIIOE CBIiif CTaH;

P — dynKIis mepexoay Mixk cTaHAMU,

S — wMHoxuHa craHiB: TouHicTh (Pc), wacrora 3amurtiB (Fh), wac
npuiinaTTs pimess (Td), piBens cxmagHocTi (Lc), mpodims HaBudok (Ct,
Da, Ra) tomio;

A — MHOXxHHA mii: 3MiHa ckiamgHocti (Lt), Hamanus miakasku (Hp),
motugaiiist (Fm), 3mina merony naByauus (Mo), maysa (Pb);
R — ¢yHK1ist BUHAropoy, 10 OLiHIoE epEeKTUBHICTH il areHTa.
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OYHKI[iS BUHATOPOAW BU3HAYAETHCS SIK 3BAKEHA CyMa 3MiH KITFOUOBHX
napaMmerTpiB (IIBUAKICTh, TOYHICTh, KOTHITHBHI HaBHYKH) 1 BPAaXOBYE SIK
MO3UTHBHI, TaK 1 HETaTUBHI Hacligkyd. Baropi koedillieHTH BH3HAYEHO 3a
JIOTIOMOTOI0 ~ TeHeTHyHoro anroputMmy. Cumynsmis moOyaoBaHa y
cepenoBumi Python 3.10 3 BukopucranHsMm 6i6miorek Gym Ta Stable-
Baselines3. [loyaTkoBuii CTaH areHTa 3aJaHO YCEPCIHCHUMH 3HAYCHHIMHU
napametpiB (Hanpukmax, Pc = 0.7, Td = 30 ¢, Ct = 60, Fh = 3), a
BHHATOPOJIa HAPAaXOBYETHCS 32 (POPMYIIOIO, KA CTUMYJIIOE IIBUKI, TOUHI i
OOIpYHTOBAHI PillICHHS 3 MiHIMAJILHUM 3aIIUTOM JIOTIOMOTH.

Y mpotieci HABYaHHS TECTYBAMCS TPU CIICHAPIT:

1. Bumagxosi nii (Random Actions): areHT BUMagkoBo 0oOupaB 1ii,
JEMOHCTPYIOYH TOCTYIIOBE 3POCTAHHS BHHArOponaW, ame Oe3 cTabimbHOI
cTpaTerii.

2.  DQN: 3abe3me4ynB MO3UTHBHY IHHAMIKY, ale BUMAaraB OilbIIe
itepariit (=30) mnmsa crabimizamii. ATEHT IOCTYIOBO 3MEHIIYBaB YacTOTY
3aIuUTIB 1 MMiJBUITYBaB TOYHICTb.

3. PPO: pmocsr BucOKMX mNOKa3HHKIB Bxke Ha 10-15-iif iTepamii Ta
crabinmizyBaBcst 3Ha4HO panime. lle cBigUUTH Npo HOro 3HaTHICTH 0
MIBUJIKOT afanTailii Ta epeKTUBHOI ONTHMI3aIlii CTpaTerii.

Amnani3 rpagikiB ITUHaMiKM BHHAaropojau 3aciguuB, mo PPO 3HauHO
nepeBakae DQN 3a crabinpHICTIO 1 mBHAKICTIO HaBuaHHsA. Y PPO arenr
HIBHJIKO JIOCSATA€ MAKCHMAaJIbHOI BUHATOPOAM W MiATpUMYE ii Ha CTalOMY
piBHi, Toxi sx DQN nemoHCTpye moBinbHIMIE 3pocTanHsA. KpiM cuMyImi,
TIPOBEACHO odaitH-OI HIOBaHHS Ha BiTKPUTOMY maraceri
ASSISTments-2017 (942 816 3anmcis, 10 425 cryneHTiB, 26 HaBUYOK). 3a
metpukamu: NDCG (ominka TodHOcTi 3aBHaHp); IPS (ommiHka 3HIDKEHHS
3anutiB); Doubly-Robust (3aranpHa HiHHICTE HONITHKH) — aaroputM PPO
nepeBunMB 06a3oBy rule-based momitmky Ha +18% TOouHOCTI Ta —25%
YaCTOTH 3aIHUTIB PO JIOTIOMOTY.

Y xomi pmochipkeHHS — Oyino  TOKa3aHO, IO 3acTOCYBaHHA
MIAKPITUTIOBAILHOTO HABYAHHS JIO3BOJISIE 3HAYHO MiABUIUTH €(EKTHBHICTH
aJalTUBHUX  EJIEKTPOHHUX OCBITHIX CHCTeM. AHali3 pe3ysbTaTiB
CHMYJISILIIHHOTO CepeOBUIA IPOAEMOHCTPYBAB, 110 BUIIJAKOBE BUOMPAHHS
Iiit He 3a0e31evye CTaIoTo MOIMIICHH HaBYallbHIX Pe3YNbTaTiB, OCKUIBKA
areHT He Ma€ MEeXaHi3MIB JUII ONTHMI3allii CBO€T MOBeNiHKH. BUKopHUCTaHHS
anroputMy DQN  no3Bonsie areHTy moctymoBo (opMmyBatd e]eKTHBHI
CTpaTerii, OJHAaK IIe TMpOIeC BUMAarae 3HAYHOI KITBKOCTI iTepamiil s
cTabumizamii MOJMITHKH, 10 MOXKe OyTH HEJOUITBPHUM Yy peallbHUX yMOBax 3
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oOMexxeHMM dacoM abo  mammMu.  Haromicte  amroputm  PPO
MIPOJIEMOHCTPYBAB TepeBary sK y IMIBHUAKOCTI ajanTaiii, Tak i B SKOCTi
c(hopMOBaHOT TOJITHKHU: areHT AOCAT BUCOKHX 3HAYeHb BHHATOPOJ YXKe Ha
paHHIX eTamax HaBYaHHA, 30epiraroum CTaOiIBHICTH Ta Y3TOUKEHICTh Yy
BHUOOPI Mii.

Odmnaiin-ominroBanas Ha pnataceti ASSISTments-2017 miaTBepanio
MIEPEHOCUMICTh PEe3yJbTATIB CUMYJIAMIi: momitTika PPO 3MeHmmna gacrtory
3alUTIB 10 JOIMOMOTY Ta MiJBHIIMIA TOYHICTH pIIICHb, MO 3aCBiIUye
MPAaKTUYHY MPUAATHICTH MOJICII JIJIsI IEPCOHATI30BAHOTO HABYAHHS.

YK 004.9

ABTOMATHU3ALISA MPOLECIB PO3PAXYHKY AKOCTI
OCBITJIEHHSA 3 BUKOPUCTAHHSM CYYACHHUX
IHOOPMALIMHUX TEXHOJIOI'TA
JI. IIn6aepl-2[0000-0002-3260-5843] | T Popanuyx?

Koneooc «Cepsep», Ypaina
2Medicpezionanvha axademis ynpasnintsa nepconanom, Ykpaina
EMAIL; shybaiev.ds@server.odessa.ua

AUTOMATION OF LIGHTING QUALITY CALCULATION
PROCESSES USING MODERN INFORMATION TECHNOLOGIES
D. Shybaiev!?, D.Romanchuk?

IServer College, Ukraine
L2Interregional Academy of Personnel Management, Ukraine

Anomauia. Pozenadacmuvca xouyenyis ingopmayiunoi cucmemu 018 HAYKOBO
00TpyHmogano2o npoekmysanus ocsimienus. Cucmema epaxosye ¢hizionoziynui,
NCUXONO2IYHUL, — eHepeemudHull ~ Mmd  HOPMAMUBHUU  ACNeKmuy,  NIOMPUMye
MOOen06anHs OIoN0SIUHO20 6NAUBY CEIMIA, A0ANMUGHI CYeHapii 0CImieHHs ma
aHaniz emepoepekmusHoOCmi, Wo GiON0GI0AE CYUACHUM BUMO2AM 00 SKOCMI
cepedosuuya.

Knruoei cnoea: oceimnenns, 6ionoziunuil 6nue ceimia, eHepeoepexmusHicmo,
MOOENBAHHS.

Abstract. The concept of an information system for scientifically based lighting
design is considered. The system takes into account physiological, psychological,
energy and regulatory aspects, supports modeling of the biological impact of light,
adaptive lighting scenarios and energy efficiency analysis, which meets modern
requirements for environmental quality.
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AKXTyanbHICTh PO3pOOKH crenianizoBaHol iHOpMaliiHOT CUCTEMH JUIS
MIPOEKTYBAHHS OCBITJIIEHHS 3yMOBJICHA OO'€KTMBHUMH OOMEKCHHSIMH
TPaJMIIHHNAX, TIEPEBAXHO EMIIPHYHUX METOMiB. Taki miaxomm 4acto He
3MaTHI BpaxyBaTH CHHEPTeTHYHHN eQeKT Bil B3aEMOAIl YHCICHHHX
rapaMeTpiB CBITIIOBOTO CEPEOBHINA, 0 MPU3BOANTE J0 CYOONTUMAILHUX,
a iHOAl ¥ MOMMJIKOBUX pitieHb. CTPIMKHN PO3BUTOK MU(PPOBUX TEXHOJIOTIH
Ta 3pOCTaHHS BUMOT IO SIKOCTi )KUTTA TUKTYIOTh HEOOXiTHICTD IEPexoay 10
CHCTEMHOTO,  HAyKoOBO  OOIpyHTOBaHOTO  MonemoBaHHSA.  [lomiOHa
iHpopmaniiina cucreMa Mae (QYHKLIIOHYBaTH 5K OararogakTopHa
iaropmMa MATPUMKH HPUHHSATTS pillleHb, 110 3a0e3neyye KOMIUIEKCHHUH
aHaji3 Ta OaraToKpUTepialbHY ONTHMI3aIllI0 MPOEKTIB OCBITIIOBAIBHUX
YCTAaHOBOK. 1i apxiTekTypa MOBMHHA iHTerpyBatd (i3uuHi Momedi,
HOPMAaTHUBHI BUMOTH Ta JIFOJJMHO-OPI€HTOBaHI KpHTEpii Ui CTBOPEHHS
30aJJaHCOBAaHOTO ~ CBITJIOBOTO CEpelOBUINA. L[eHTpalbHHM eleMEeHTOM
MPOEKTYBAHHA € TIHOOKE PO3YMIHHS KOMIUICKCHOTO BIUIMBY CBIiTIa Ha
(izionorito MOANHH.

Ha Bi3yaneHOMY piBHI KIIFOYOBHMH € DPiBEHb OCBITIICHOCTI Ta iHIEKC
rmepenaBanHsa koiapopy (CRI). HemocraTHs OCBITIEHICTH NPH3BOAWUTEH O
30pOBOi HANPYrd Ta BTOMH, TOHI K HH3bKMi nokasHuk CRI cmorBoproe
CIPUUAHSATTS KOJBOPIB, IO 30UIbIIyEe KOTHITMBHE HAaBaHTAXKEHHS Ta €
HENPUIYCTUMHUM Yy TaKUX KPUTHYHUX 30HAX, SK ONepauiiHi 3ajid 41
HaBYAJIbHI ayauTopii. BogHOUac HE MEHII BaXKJIMBUM € HEBi3yalbHUIA,
Oiosorivauii BB cBimia [1]. CrekTpanbHHH CKiaj BHIPOMIHIOBaHHS,
0COOJIMBO y CHHIM 4YacTHHI cCHeKTpa, 0e3lnocepe/HbO0 BIUIMBAaE Ha
€HJIOKPHHHY CHCTEMY IIUISIXOM IPUTHIYEHHSI CUHTE3y MesaToHiHy. Lle Moxe
CIPUYMHHTH TOPYIICHHA IMPKAJHUX PHUTMIB, INO MPOSBISETHCA Y
mpobieMax 3i CHOM Ta IMCHUXOEeMOWIHHUX po3namax. Tomy iHdopmariitaa
CHCTEMa [IOBUHHA MICTHTH I{HCTPYMEHTHM Ui MOICITIOBaHHSI Ta
BIPOBA/DKEHHS THHAMIYHOTO, a00 LUPKAIHOTO, OCBITJICHHS, SKE aJanTye
CIEKTp 1 ICKPaBICTh CBITJIA IIPOTATOM AOOH, IMITYFOUH TPUPOIHUHN ITHKII.

[NapanensHO 3 (i3ioMOTiYHAM, HEOOXITHO BPaXOBYBATH MCHXOJOTIYHAN
ACIEeKT CIPUUHATTS CBITJA, IO € IHCTPYMEHTOM apXiTeKTypHOI MCHXOJIOTII.
INapameTpu OCBITICHHS 0€3MTOCEPEAHBO MOAY/IIOIOTh EMOI[iHE CIIPUHHATTS
NPOCTOPY, BIUIMBAIOYM Ha HACTPIN Ta MPOAYKTUBHICTH JtoauHu. JloBeneHo,
110 KOJIIpHA TeMIIepaTypa € OJJHUM 3 TOJOBHHX peryisTopiB. Temi BigTiHKA
ceima (mo 3500 K) crBoproioTh armocdepy 3aTHIIKy Ta CHPHSIOTh
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penmakcamii, Tomi AK HeWTpaspHI Ta xomomHi BiaTiHKH (moHany 4000 K)
MiBUIIYIOTh KOHIICGHTPAII0 YBard Ta Mpare3laTHICTh. BpaxyBaHHSA ITUX
(hakTopiB € 00OB'I3KOBOIO YMOBOIO JIJIsI CTBOPEHHS KOM(POPTHOTO KU TIOBOTO
yn pobodoro cepenosumia [2]. CydacHUH migxin, BiXOMHH SIK JIFOAMHO-
opientoBane ocBimieHHs (Human-Centric Lighting), craButh came i
TICUXOJIOT14HI Ta (hi310JI0T14HI NOTPeOU B LIEHTP NPOEKTHOTO PillICHHS.

TexHiKO-eKOHOMIYHA Ta €KOJIOTiYHA AONUJIBHICTh € HE MEHII BarOMHMH
apryMeHTamHu. [paMOTHE IUIaHYBaHHS 3 BHUKOPHUCTAHHSIM Cy4YacHHX
CHEProc()eKTUBHUX TEXHOJOTIM, TaKWX SK CBITIOMIOJNHI JDKepena Ta
IHTEJIeKTyallbHI CHCTEMH KEepYBaHHS, JO3BOJSIE CKOPOTHTH BHTpaTH
eslekTpoeHeprii Ha ocBimieHHs a0 80% TOpIBHAHO 3 3acTapiiuMu
cucremamu [3]. Lle He nmmie 3abe3medye MpsAMy EKOHOMIIO (hiHAHCOBHX
pecypciB, ame ¥ cCHpus€e 3MEHIIECHHIO BHKHIIB BYIIEKHCIOIO Tazsy,
MMO3UTHBHO BIUIMBAIOYHM Ha EKOCHUCTeMy. TakuM dYHHOM, iH(popMariiiHa
CHCTeMa TPOEKTYBaHHSA Mae OOOB'I3KOBO BKJIFOYATH MOIYINI aHANTI3Y
eHeproeeKTUBHOCTI Ta  PO3PAaxXyHKy BapTOCTi JKUTTEBOTO  IUKIY
obnagHaHHs. YCi MPOEKTHI PillIeHHs], [0 TeHEPYIOTHCS CHCTEMOIO, TIOBHHHI
MPOXOJAWTH ABTOMATHYHY BEpU(IKAIID HA  BIAMOBIAHICTD YHHHUM
JIepaBHUM  OyaiBenmpHHUM  HOpMam, 3okpema J[BH B.2.5-28:2018
«[TpupoaHe i mITy4HE OCBITICHHS.

Po3poOka iHTerpoBanoi iH(pOpMaliifHOI CUCTEMM ANl MPOEKTYBAHHS
OCBITJICHHS] € KOMIUIEKCHOIO HayKOBO-TEXHIYHOIO 33/1auelo, BUPIILIEHHS SKOT
€ KpUTHYHO BAXJIMBUM JUISI CydacHOi iHKeHepii Ta apxitekrypu. Taxa
mratpopMa Mae oO0'€THATH B €IMHOMY LHU(PPOBOMY CEpelIOBUINI 0a3u
(hOTOMETpUYHNX JAaHWX CBITHIBHHUKIB, (I3MYHO KOPEKTHI aJIropuTMu
PO3paxyHKy pPO3IIOAUTY CBITJIa, MOIYNI ONTHMi3amii Ta iHCTPYMEHTH IS
MOJICITIOBaHHS  OlOJNIOTIYHOTO Ta IICHMXOJOTIYHOTO BIUIMBY CBITJIA. Ti
BIIPOBAKEHHS JI03BOJIMTh HE JIMIIE IOKPAIIUTH SIKICTh XHUTTA Ta Mpami
Jqrofed, ane i cupusTMME panioHaJbHOMY BHUKOPHUCTAHHIO DPECypCiB Ta
PO3BUTKY €KOJIOTIYHO OPi€EHTOBAHOTO, CTAJIOrO OY/IiBHUIITBA.
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BUKOPUCTAHHS WITYYHOTIO IHTEJEKTY TA
OU®POBUX JABIMHUKIB B IOT CHCTEMAX
€.1lep6una , Ph.D. I. Hlninapesa
Ooecvkuii HayionanvHuil yHisepcumem imeni 1.1. Meunuxosa

Anomauia. YV pobomi po3ensinymo numanHs akmyarsHOCmi ma egekmugHocni
BUKOPUCIAHHS  MemoOi8 MAWUHHO20 HABYAHHA MA Yu@dposux OGIliHUKIE O/is
supiwients 3a0ay NIOMPUMKU NPUUHAMMA pilleHb mMa CKOPOYEHHS. GUMPAM.
Hoeonanna yugposux ositinuxie ma LI ¢ mexncax loT-cepedosuwa € Kirouosum
pyuiem yughpoeoi mpancghopmayii  nionpuemcme i Hegio '€MHOW  CKAAO0B0I0
pozeumky Indycmpii 4.0 ma cnpusc 3HAUHOMY RNIOBUWEHHIO edeKmUEHOCHI
BUPOGHUYUX NPOYECi8, 0360sI0YU ONMUMIZYEAMU GUKOPUCTNAHHS MAMEPIAIbHUX,
eHepeemudHUX ma JIOOCLKUX pecypcie, a makodc 3abesnedumu  NiOMpUMKy
NPULHAMMSL YAPAGIIHCOKUX PIULeHb Y PealbHOMY YAC.

Knrwuosi cnosa: 10T, yugposi Osilinuku, wmyunuti iHmenekm, cucmemu
NIOMPUMKU NPULHATNMS PIUEHb

Abstract. The paper examines the relevance and effectiveness of using machine
learning methods and digital twins to solve decision-making support and cost
reduction problems. The combination of digital twins and Al within the loT
environment is a key driver of digital transformation in enterprises and an integral
part of the development of Industry 4.0. It contributes to a significant increase in the
efficiency of production processes, allowing for the optimisation of material, energy
and human resources, as well as providing real-time support for management
decision-making.

Keywords: 10T, digital twins, artificial intelligence, decision support systems
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OcTaHHIM YacoM OCOOJNMBY yBary MpHIIISAIOTH IHTETrpallii Mopenei
MTYYHOTO iHTENeKTY Ta [udpoBuX ABiHHUKIB B l0T-cuctemu mms
BUpINICHHs 3aBAaHb I[HaycTpii 4.0 Ha mignpueMcTBaxX, a came I
ONTUMI3aIlii BUKOPHCTAaHHA NEBHHUX PECYpCiB Ta MIATPUMKH HPUHAHATTS
pimenb. [Ipo 1e CBiAYNTH CTPIMKO 3pocTaroya KiJbKiCTh HAYKOBUX CTaTeH
Ha L0 TeMY B OCTaHHi poku [1, 2].

Hudposi ABIHHUKM — BipTyalbHI pernpe3eHTalii o0'ekTiB abo cucrem,
CTBOPEHHX JJIsI TOYHOTO BioOpakeHHs (izmyHOro o0'ekra. BoHn HamaoTh
MOJIJIMBICTh OTPUMYBATH JIETali30BaHy Ta aKTyalbHy iH(opMalilo mnpo
cran loT-cucremu [3].

Taxi mMoneni 3a0e3neYyIOTh MOXKIMBICTE O€3MEPEPBHOIO MOHITOPUHTY
crany loT-cucreMm, amamizy BemuKOro o00CATY JaHWX, OTPUMaHHX 3
(i3MIHUX CEHCOpiB, 1 CTBOPEHHS MPOTHO3HUX CIEHAPIiB TSI CBOEYACHOTO
BUSIBIIEHHS aHOMaJIiil a00 MOTEHIIHHUX B1AMOB.

HITyqsnii iHTENEKT — II€ KOMIUIEKC TEXHOJIOTiH, TpH3HAYCHHUX IS
TOTO, 100 HATATH KOMIT I0TepaM 3aTHICTh MHUCIUTH TOMIOHO IO JIFOIMHHU:
aHaJIi3yBaTH MOJii, BCTAHOBIIOBATH MK HUMHM 3B’S13KH, IPUMMATH pillICHHS
Ta KepyBaTH MpolecamH s e()eKTUBHOTO BUpILIEeHHs Oi3Hec-3aBaaHsb. [4].

Hapa3i Oimbmiicte CcHUCTEM BUKOPHUCTOBYIOTH Il TEXHOJOTI JuIs
BUPIIIEHHS BY3bKOTO CIIEKTPY 3aJad Ta M[OTPeOYyIOTh BCTaHOBIECHHS
JIOIATKOBUX TPHUCTPOiB B icHyrouy l0T-cucremy: SensorFlow, Verdigris
EV2 Power Meter ta Verdigris EV2 Pro Power Quality [5, 6]. Taki cuctemu
HE MOXYTh OyTH aZaNTUBHIMH 10 CKJIAITHOTO CepelOoBHIa Oi3HEeCy uepes
HecTady (QYHKIIOHATY MmOA0 OOpoOKM JaHWUX 3 IHIINX TIPHUCTPOIB Ta
MATPUMKH MPUAHATTS PillleHb MO0 POOOTH BCi€T CHCTEMHU.

Mo>knuBrAM BapiaHTOM BHPIIIEHHS IIi€i 3aa4i € CTBOPEHHS CHUCTEMHU i3
BUKOPHCTaHHSAM TpadoBUX HEHPOHHMX MEPEX, IO MOXYTh €(HEKTHBHO
MPAIOBaTH i3 HaHUMH, OTPUMAHUMH 3 IMHU(POBHUX NBIHHUKIB Uepe3 IXHIO
rpadoBy crpykrypy B l0T-cuctemi [7]. GNN — mMozenb HelipoHHOT Mepexi,
110 J103BOJIsIE 00poOIsATH TpadoBOCTPYKTYpOoBaHy iH(opMarliiro 0e3 craii
nomnepeIHpoi 00poOKH, 30epiraroyi TAKUM YMHOM TOTIOJIOTIYHI BiJHOCHHU
MK By3namu rpada. OkxpiM HaB4YaHHS 3 BUHTEJEM, IPONOHYETHCS
BUKOPHUCTAaHHSI METOJy HaBYaHHS 3 MIAKPIIUICHHSM 33Ul MOKPAICHHS
B3a€EMOJIi i3 peaJbHOI0 CHUCTEMY Ta IIBHJKOTO aJalTyBaHHS 1O 3MiH Yy
Oi3Hec-mporecax [8].

3acTocyBaHHS TAKUX IIEPEIOBHX ITIIXOMIB JTO3BOJISE CTBOPHTH IHTEICKTyATTbHI
CHCTEMH, SIKi HE JIMIIE MPOTHO3YIOTH i MOJCIIOIOTH TOBEIHKY O0’€KTIB, aje U
aKTMBHO BIUIMBAIOTH HA TPOLECH IX YNPABIiHHS, IiJBUIIYIOUN 3arajibHy
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e(eKTHBHICTP Ta CTaOLTFHICTD POOOTH ITiIPHEMCTB Y KOHTeKCTi IHmycTpii 4.0.

Jlitepatypa

1. Khadam, U., Davidsson, P., & Spalazzese, R. (2024). Exploring the role of
artificial intelligence in Internet of Things systems: A systematic mapping study.
Sensors, 24(20), 6511. https://doi.org/10.3390/s24206511

2. Alnaser, A., Maxi, M., & Elmousalami, H. (2024). Al-powered digital twins
and Internet of Things for smart cities and sustainable building environment. Applied
Sciences, 14(24), 1-28. https://doi.org/10.3390/app142412056

3. Liuta, M., Moisescu, M., Pop, E., lonita, A., Caramihai, S., & Mitulescu, T.
(2024). Digital twin: A review of the evolution from concept to technology and its
analytical perspectives on applications in various fields. Applied Sciences, 14(13), 1-
38. https://doi.org/10.3390/app14135454

4. Ghosh, A., Chakraborty, D., & Law, A. (2018). Artificial intelligence in
Internet of Things. CAAI Transactions on Intelligence Technology, 3(4), 208-218.
https://doi.org/10.1049/trit.2018.1008

5. SensorFlow. (2025, June 1). Smart hotel software technology. Retrieved from
https://www.sensorflow.co/hotel-energy-saving-solutions/smart-hotel-software-
technology/

6. Verdigris. (2025, June 1). Fast, reliable M&V — without the hassle. Retrieved
from https://www.verdigris.co/products/analytics

7. Tung, N. X., Tung, L., et al. (2025). Graph neural networks for next-
generation loT: Recent advances and open challenges. Computer Science, 1-37.
https://doi.org/10.48550/arXiv.2412.20634

8. Ghasemi, M., & Ebrahimi, D. (2024). Introduction to reinforcement learning.
Computer Science, 1-19. https://doi.org/10.48550/arXiv.2408.07712

VK 004.415

CUMYJISILIMHA MOJIEJTb OIITHKA HMOBIPHOCTI YCHIXY
CTAPTAIIY HA OCHOBI JIOT'TKO-MATEMATUYHOTI'O
MOJIEJIOBAHHSA
J. IInoaep0000-0002-3260-5843] V[ T Yymauenxo?

Koneooe «Cepeepy, Vipaina
2Medicpezionanvua axademis ynpasainns nepconaiom, Yxpaina
EMAIL; shybaiev.ds@server.odessa.ua

193


https://doi.org/10.3390/s24206511
https://www.sensorflow.co/hotel-energy-saving-solutions/smart-hotel-software-technology/
https://www.sensorflow.co/hotel-energy-saving-solutions/smart-hotel-software-technology/
https://www.verdigris.co/products/analytics

Materials of the X111 International Scientific Conference
«Information-Management Systems and Technologies»
24th — 26th September, 2025, Odesa

SIMULATION MODEL FOR ASSESSING THE PROBABILITY OFA
STARTUP'S SUCCESS BASED ON LOGICAL-MATHEMATICAL
MODELING
D. Shybaiev!, M. Chumachenko?

Server College, Ukraine
2Interregional Academy of Personnel Management, Ukraine

Anomauia. Y meszax npeocmagieno cumynsamop 015 UMOBIPHICHOI OYiHKU YCRIXY
cmapmany, wo 6a3yemvcsi Ha 102IKO-MAMEMAMUYHOMY MOOETIOBAHHI MA 8PAX08YE
KITbKICHI 1l AKICHI ¢hakmopu: OuHamiKy puHKy, @inancu, macumaboeanicmo,
KOMaHOy ma 306HiwHi enausu. I[nmepakmugnuil iHcmpymenm 0038075€ imepyeamu
napamempu ma OYiHIOSAMU PU3UKU, 3a0e3nedyiouu NIOMPUMKY RPULHAMMS PiuleHb
NIONPUEMYAMU 8 PISHUX 2ATTY35X.

Knrouogi cnosa; cmapman, oyinka ycnixy, 102iko-mamemamuyne MoOeno8aHHs,
CmoxacmuyHe MOOEOBAHH S, PUSUK-MEHEONCMEHmM, OUHAMIKA PUHKY, (hiHancosa
JHCUMMESOAMHICMb.

Abstract. The abstract presents a simulator for probabilistic assessment of
startup success, based on logical-mathematical modeling and taking into account
quantitative and qualitative factors: market dynamics, finances, scalability, team and
external influences. The interactive tool allows you to iterate parameters and assess
risks, providing decision-making support for entrepreneurs in various industries.

Keywords; startup, success assessment, logical-mathematical modeling,
stochastic modeling, risk management, market dynamics, financial viability.

Y JvHaMi4YHOMY Ta KOHKYPEHTHOMY CEPEIOBHII IiJNPUEMHHLITBA
TOYHA OILiHKa MNOTEHLIIHOr0 yCHiXy CTapTamy € KpUTHYHHM, ajle BOJHOYAC
CKIagHUM 3aBHaHHsM. [lignpumeMii Ta iHBECTOPH CTHKAlOTBCS 3
HEBH3HAYCHICTIO, W0 BHHHUKAE Yepe3 BOJATWIBHICTH PUHKY, OOMEKCHHS
pecypciB Ta HemepenOadyBaHi 30BHIINIHI (axTtopu. TpamumiiHi miaxXoan 10
OIIHKM CTapTaliB YacTo CHHUPAIOThCS Ha (pparMeHTapHi aHami3W, Taki sK
JIOCT/DKCHHS pPHUHKY a0o (iHAaHCOBE TPOTHO3YBAaHHA, SKi MOXYTh HE
BpaxoBYBaTH B3a€MOIIOB'A3aHUH XapakTep 3MIHHHX, L0 BIUIMBAIOTh Ha
pe3ynbrar mianpuemctsa [1]. [I{o0 yCcyHyTH I1f0 MpOTajiuHy, y Lil CTATTi
NPOTIOHYETHCS CKIIAJHUN CUMYJIATOP CTapTally, sSIKHii BUKOPHCTOBYE JIOTIKO-
MareMaTU4He MOJENIOBAHHS JUIs HAJaHHS HMOBIPHICHOT OIIHKH YCIIXY
craprany. [HTerpyrouM IIMPOKMH CIEKTp BXiAHUX (aKTOpiB — BiA
KUTbKICHMX [MOKAa3HHKIB, TaKMX SK BHMOTH [0 KamiTajly Ta MPOTHO3U
JIIOXOMIB, JO0 SKICHHX €JEMEHTIB, TakMX SK JOCBIJ KOMaHId Ta
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MO3WIIOHYBaHHA Ha PHHKY — IeH CHMYIATOp NPOTOHYE IIUTICHUNA
IHCTPYMEHT TSI OI[iHKY JAOIITBHOCTI TPOeKTy [2].

CuMymsATOp CTapTamy CIPOEKTOBAHO Ha HAIIMHIN JIOTiKO-MaTeMaTHIHIiH
CTPYKTypi, SKa CHHTE3y€ pPI3HOMaHITHI BXiZHI (QakTopu Ui TeHeparii
nWMoBipHicHOTO Oamy ycmixy [3]. Ilo cyTi, cucreMa BHKOPHCTOBYE
CTOXaCTHYHE MOJICTIOBAaHHS Ta IIEPEAOBl AJITOPUTMH ISl OOpOOKH SIK
JETepMIHOBaHUX, TAaK 1 MMOBIPHICHUX JaHMX, 3a0€3MEeYyI0uM KOMIUICKCHY
OLIHKY TOTEHLialy cTapramy. BxigHi ¢akrtopu Kinacu]ikyroTees 3a
KiJbkOMa ~ KJIIOYOBMMHM  O0JacTsMHU: JAWHAaMika pUHKY, (iHaHCcOBa
KHUTTE3aTHICTh, OllepaliiiHa MacmTaboBaHICTh, KOMIIETEHTHICTh KOMaHIH
Ta 30BHIIIHI BIUIMBH. /lMHaMiKa PHHKY BKJIIOYA€ TakKi 3MiHHI, SK pO3MIip
LTBOBOTO PUHKY, TCHICHIIIi 3pOCTAHHS Ta IHTEHCUBHICTH KOHKYPEHIIIi, SKi
KUTBKICHO BH3HAYAIOTHCS 33 JOITOMOTOIO ICTOPHYHMX NAHWX Ta MPOTHO3HOI
agamiTUki. PIHAHCOBA JKUTTE3NATHICTH OIIHIOETHECSI 3a  JOIIOMOTOIO
JETaJbHUX TPOTHO31B TPOMIOBUX MOTOKIB, aHAII3Y TOYKH 0€330MTKOBOCTI Ta
rmotpe0 y ¢hiHaHCYBaHHI, IPH IIHOMY CHMYJISTOP BKIFOUA€ aHANI3 YyTIHBOCTI
JUIL  BpaxyBaHHS ~ CGKOHOMIYHMX  HeBW3HaueHocTed.  OmepariiiHa
MacuITaboOBaHICTh OI[HIOE 3[aTHICTh CTapTamy 3pocTaTh 0e3 MIKOAM JUIs
e(eKTUBHOCTI, BpPAXOBYIOUM JIOTICTHKY JaHIfora IOCTAaBOK, BHPOOHMWYI
HOTY>KHOCTI Ta TEXHOJOTiI4HYy iH(QpacTpykTypy. KoMmereHTHICTh KOMaHan
MOJICIIOETBCSL  HUISIXOM ~ aHai3y JIOCBiJY, HaBUYOK Ta 3IypTOBAHOCTI
KOMaH/I1 3aCHOBHHUKIB, BHKOPHCTOBYIOUM 3Ba)KEHI CHCTEMH OI[IHIOBAaHHS,
00 BimoOpa3uTH iX BIUIMB Ha yCHiX. 30BHIIIHI BIUTMBH, Taki SK 3MiHU B
perymoBaHHI a00 MaKpOEGKOHOMIYHI 3pYIICHHS, BpaxOBYIOTBCSI 32
JIOTIOMOTOI0  CIEHApHUX CHMYIAILiH, $AKi JJ03BOJNSAIOTH KOPHUCTyBauam
MEPEeBIPATH CTIHKICTh CTapTaITy 3a Pi3HUX YMOB.

ApXITeKTypa CHUMYISATOpa TIPOEKTYETHCA TaKWM YHHOM, 00 Oyth
3pYYHOI0 Al KOPHCTyBada, aje BOJAHOYAC MaTeMaTHYHO TOYHOIO.
KopucryBadi BBOIATH JaHI 4epe3 iHTYiTHBHO 3po3yminuii iHTepdeiic, ne
BOHU MOXXYTh BKa3yBaTW 3HA4YEHHs /ISl KOXKHOTO (hakTopa abo MOKIagaTucs
Ha OIIIHKH 3a 3aMOBYYBaHHSIM, OTPHMaHi 3 raay3eBux opieHtupi. Cucrema
BUKOPUCTOBYE KOMOIHAIIO JIIHIHHOTO MporpaMyBaHHs, CUMYIIsLiii MoHTe-
Kapsio ta 0aeciBCHKOro BHCHOBKY JJIsi OOpPOOKM LMX BXIJHUX JQHUX Ta
CTBOPEHHSI pO3MOALTY IMoOBipHOCTI ycmixy. Lleit posmonmin 3abe3neuye
JiarmazoH MOTEHIIHHUX Pe3yabTaTiB, BiJl ONTUMICTHYHHX J0 NECHMICTHIHUX
CIIeHapiiB, O3BOJSIOUN INJIPHEMISM 3PO3YMITH PH3MKH Ta MOXKIHMBOCTI,
MOB's13aHi 3 IXHIM miANpUEMCTBOM. KITFOUOBOIO OCOOIHBICTIO CHMYJIATOpA €
WOro iTepaTMBHUA MEXaHi3M 3BOPOTHOTO 3B'A3KY, SKHH TO3BOJISIE
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KOpUCTYBauaM KOPHWTYBAaTH BXiJHI MapaMmeTpu Ta CIIOCTEPiraTH, SK 3MiHH
BIUIMBAIOTh Ha MTOKA3HUK YCIIXY.

Jst 3a0e31e4eHHsT TPaKTHYHOI 3aCTOCOBHOCTI CUMYJISITOP IPOEKTYEThCS
3 ypaxyBaHHSIM MacIITa0OBaHOCTI Ta aJaNTUBHOCTI. BiH cywmicHuW 3
PI3HUMH Taly3sIMH, Bifl TEXHOJIOTiA Ta OXOPOHH 3IOPOB'S JO CIIOKHUBUHUX
TOBapiB Ta IOCIYI, JIO3BOJIIIOYM KOPHCTyBadaM HaJalITOBYBaTH BXiIHI
(axropy, 1moO BiIOOpasUTH IUHAMIKY, cHenu@iuHy JUIsi KOHKPETHOTO
CEKTOpY. 3alpoNOHOBAaHUN CHUMYJIATOP CTApTalliB € 3HAYHUM IIPOTPECOM Y
chepl NPUHAHATTS MIANPUEMHHUIBKAX pILIEHb, IPOMOHYIOYH TMOTYXHHUH
IHCTPYMEHT JUIsl OLIHKHM JOLIJIBHOCTI HOBHMX IAIPUEMCTB. IHTErpyroun
JIOTiKO-MaTeMaTUyHEe MOJICIIOBAaHHS 3 KOMIUIEKCHUM aHaJi30M BXiJHHX
(dakTopiB, cumynsATOp 3abe3medye HMOBIpPHICHY OIIHKY YCHIXy, sSKa €
OZTHOYACHO TOYHOIO Ta MPAKTHYHOIO.
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PREDICTING TECHNICAL FAILURES OF INDUSTRIAL

EQUIPMENT USING SENSOR DATA
A.Noroshylin, Ph.D. M. Rudnichenko
Odessa Polytechnic National University, Ukraine

Anomauia. Y pobomi nasedeno KoHyenyilo NpoEKmMy8anHs IHMenekmyanibHol
cucmemuy npoeHO3Y8AHHS MEXHIYHUX HECHPABHOCHEN NPOMUCTOB020 0ONAOHAHHS HA
OCHO8I ceHcoprux Oanux. Posensmymo apximexmypy piwienHs, Kaouosi Mooyl ma
emanu peanizayii, wo oxonuoloms 00po6Ky Oanux, no6yoogy mooenei ma
6i3yanizayiro.

Kniouogi cnoea: mexuiune o00Cny208y68aHHs, NPOSHO3YBAHHA HECNPAGHOCMEl,
cencopu, ananiz OaHUx, MauuHHe Ha84aHHsA

Abstract. The paper presents the conceptual design of an intelligent system for
predicting industrial equipment failures based on sensor data. The architecture, key
modules, and implementation stages are discussed, including data preprocessing,
model construction, and results visualization.

Keywords: maintenance, prediction, data analysis, machine learning

HapiiiHicTs Ta Oe3mepebiitHa poOoTa TEXHIYHOTO OONATHAHHS MAalOTh
KpUTHYHE 3HAYCHHS U1 BUPOOHWYMX MiATpHeMCTB. PamnToBi BimMoBH
MOXYTbh IIPH3BECTH JO 3HAYHHUX BTpPAT, TOMy B OCTaHHE JACCATHIITTS
aKTUBHO PO3BUBAIOTBCS IMIIXOMM OO HPOrHO3HO-TIONEPEKYBaIbHOIO
00CIyroByBaHHs. AKTYaJIbHICTb 1i€] pOOOTH MOJISITaE B PO3POOII KOHLEILIT
IHTEJIeKTyallbHOT CHCTEMH, sIKa 3[aTHa aHalli3yBaTW JdaHl CEHCOPIB Yy
peaibHOMY 4aci Ta CBOEYACHO BUSIBIISITH O3HAKH MaiOyTHIX HECIpaBHOCTEH
[1]. TpoekroBana cucTemMa Mae€ MOAYIbHY apXiTekrypy. OCHOBHMMH
(yHKIIOHAJIBPHUMH OJIOKAaMHM € MOAY/Ib 300pYy AaHUX 3 JaT4uKiB, MOIYIb
roriepeHp01 00poOKH Ta arperatiii iHpopMarlii, aHaTITHIHUH MOAYIb, SKAN
peaiizye MporHOo3yBaHHs 3a JJONOMOTOI0 aJITOPUTMIB MAallIMHHOTO HaBYaHHS,
Ta MOIYNb Bi3yamizamii i omoBimeHHS. Y SKOCTI MaTeMaTHIHOTO sapa
IUIAaHY€THCSl BUKOPHUCTAHHS MOJENIeH aHaji3y 4YacoBHX PsJAIB, TAKUX K
pexypenTHi HelipoHHI Mepexi (LSTM), a Takoxk nepeBomoniOHIX aHcaMOIiB
(XGBoost) s 3amau xracudikanii cranis [2]. OcobnuBy yBary npuiiieHO
po3podii UML-giarpam, siki BioOpa)karoTh JIOTIKY B3a€MO/Iii KOMITOHEHTIB
cucremu. Ha pucynky 1 nopaHo nmiarpamy BapiaHTIB BHKOPHCTaHHS, J€
KOPHCTYBau Ma€ 3MOTY IHII[IIOBaTH IpPOILEC NMPOTHO3yBaHHS, MeperisiiaTu
NOTOYHHMH CTaH O0JaJHaHHSA, OTPHUMYBAaTH IONEPEKEHHS NPO HMOBIpHY
HECIIPaBHICTh Ta €KCIIOPTYBAaTH 3BITH.
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Cuctema peasi3oByBaTUMETBCS Yy BHIVIAIAI JECKTOMHOro abo BeO-
3aCTOCYHKY 3 MOXJIMBICTIO TiAKIIOYEHHS JO JIOKaJIbHOI abo BimmaneHol
6a3u maHux. 30ip MaHUX 3MIHCHIOETHCS 13 CEHCOPIB TeMIepaTypH, BiOparii,
THCKY, IIBUIKOCTI TOIIO, IO BCTAHOBJIECHI Ha oOmamaHanHi. [licns arperarii
JlaHI HOPMAaNi3yIOThCS, OYMIIYIOTHCS BiJ IIyMiB 1 TOMAIOTHCSA Ha BXif
MoOJIeJIeH TPOTHO3yBaHHA. Y pa3i BHSBJICHHS aHOMAIIl CHCTEMa TCHEpYE
MTOBIIOMJICHHS 13 BKa3aHHSIM OOJaJHAHHS Ta OYiKyBaHOTO THITY BiTMOBH.

3amponoHOBaHE  pINICHHS ~ JO3BOJIIE  aBTOMATU3yBAaTH  MPOIEC
MOHITOPUHTY CTaHy OOJla/lHaHHS, 3HU3UTH KIJbKICTh aBapiiiHUX 3YMHHOK, a
TAaKOK MOKPAIIWTH IUIAaHYBaHHS TEXHIYHOTO 0OciayroByBaHHs. Hanami
MOJJIUBUM € PO3IIMPCHHS CUCTEMHU Ha OCHOBI JIOJATKOBHX THUIIIB CEHCOPIB
Ta BUKOPUCTAHHS PO3MOAIICHOI 00pOOKH JaHUX.

Fault Prediction System
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Pucynoxk 1. Jliarpama BapiaHTiB BUKOPUCTAaHHSI CUCTEMH

[IpoexroBaHa cucTeMa NPOTHO3YBaHHS TEXHIYHHX HECHpaBHOCTEH
00JIalHaHHSI € TIPHKIAI0M e(EeKTHBHOTO 3aCTOCYBaHHS METOMIB MAIIMHHOTO
HaBUaHHS y cepi BUpoOHUITBa. BoHa MOXke OyTH iHTETpOBaHA y TPOIECH
TEXHIYHOTO OOCITyroByBaHHS MiANPHUEMCTB 3 METOI 3HWKCHHS BUTPAT Ta
M IBUIIEHHAS CTa0ITPHOCTI POOOTH TEXHIYHAX CHUCTEM.
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Annomayin. Y cmammi npedcmagneno inmenekmyanvbhy cucmemy Oiis auanizy
ma knacu@ixayii pusukie wKoou 300P08°H0 HACENEHHs. GHACAIOOK 3a0pyOHeHHs.
ammocgeproeo nogimps. [na MoOenio8anHs PusuUKié 3aCMmOCOBAHO AN2OPUMMU
mawunnozo Hasuanus XGBoost i LSTM, saxi nokaszanu 6ucoxky mouHicms ma
eghexmusHiCmb NPU eKONO2IYHUX OaHUX.

Knrwuoei cnosa: ananiz 0anux, oyinka pusuxis, 3a0pyOHeH s NOsIimps

Abstract. The article presents an intelligent system for analyzing and classifying
risks of harm to public health due to atmospheric air pollution. Machine learning
algorithms XGBoost and LSTM were used to model risks, which showed high
accuracy and efficiency with environmental data.

Keywords: data mining, risk assessment, air pollution
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3a0pyaHeHHS aTMOC(EpPHOTO TMOBITPS € OAHUM i3 MPOBIAHUX (aKTOPiB
€KOJIOTIYHOTO PH3HKY, IO BIUIMBAIOTH HA TPOMAJIChKE 3M0pOB’s. Bucoki
KOHIICHTpAIi]l IIKIIJIMBUX JAOMIIIOK, Takux K giokcup azory (NO:), 030H
(0s), mpibromucnepcunii wit (PM2.5 ta PM10), Byrens okcua (CO) Ta
nmiokeun cipku (SO2), mpsMO TOB’s3aHI 3 PO3BUTKOM PECIipaTOPHHX,
CEpIICBO-CYTUHHHX Ta OHKOJIOTIYHHX 3aXBOPIOBaHb [1].

TpaguuiiinHi MeTogM MOHITOPHMHTY CTaHy TMOBITPS TOTPEOYIOTh
JONOBHEHHSI CyYaCHUMHM IHTEJNEKTyaJbHHMH 3aco0aMy  aHamizy, sKi
JIO3BOJSIIOTH He Juiie (iKCyBaTH TEpeBUIEHHS T'PAaHUYHO JOIYCTUMHUX
KOHIIGHTpaliid, a i TPOrHO3yBaTH PHU3MKH JUI 3J0POB’S HACEJCHHS Ha
OCHOBI KOMIUTEKCHHX AaHuX [2,3].

Mertoro naHOTO JOCIHIIKEHHS € PO3p0oOKa iHTeNeKTyalbHOI CUCTEMH IS
OIIHIOBAaHHS PHU3UKY IIKOAW 3I0POB’I0 3AJIEKHO BiA piBHA 3a0pyTHEHHS
MOBITPS 3 BHUKOPUCTAHHSIM METOAIB MAIIMHHOTO HAaBYaHHA. byio
c(hopMOBaHO JaraceT, IO MiICTHUB INIOJEHHI ITOKa3HUKH KOHIICHTpAaLil
3a0pyOHIOIOYMX PEYOBHMH Y TOBITPI 3  BIZKPUTHX  €KOJOTIYHHUX
MOHITOPUHIOBUX IUIaTGOPM, a TaKOX CTaTUCTUKY 3aXBOPIOBAHOCTI
HaceJIeHHs 32 BiAMOBIAHUMH HEepioiaMH.

Jns BupimeHHs 3anadi knacudikanii pu3wKy (HM3bKHMH, CepeaHii,
BUCOKMI{) OyJIO0 NIpOTECTOBAHO KiIbKa MOJeENel, cepel SKUX HaiOUIbII
e(eKTUBHUMH BUsBWIUCA TpajieHTHHI OyctuHr XGBoost Ta pexypeHTHa
HelipoHHa Mepexka LSTM.

VY wamiit 3ama4i XGBoost nporeMoHCTpyBaB TOUHICTh MOHAA 87% IpH
krmacudikamii piBHIB pU3WKy Ha OCHOBI pSIy BXITHUX EKOJOTIYHUX
rmapaMeTpis.

LSTM BuKOpUCTaHO AJISi MOJAETIOBAHHS YAaCOBUX 3AJIEKHOCTEH y AaHUX,
o0 JIO3BOJIJIO BPaxOBYBaTH [OWHAMIKY 3MiHH 3a0pymiHEeHHS Ta Horo
KyMYJISTHBHHN BIDIMB Ha 370poB’sa. LSTM-Monens mokaszajia TOYHICTP
kiacudikanii Ha piBHi 83%, omHak Mana IepeBard B HPOTHO3YBaHHI
TEHJICHI[IH PU3HUKY B CEPEIHBO- Ta JOBIOCTPOKOBIH MEPCICKTHBI.

Pesysnprati mOpiBHSIHHS Mojeiei cBiguarh, 1mo XGBoost momigpHO
3aCTOCOBYBAaTH ISl INBUJAKOTO il TOYHOTO aHallidy PH3HMKIB Yy PEXKHMI
peanbHOro yacy, toai sk LSTM Moxke OyTH KOPHCHOIO JUisi CLHEHApHOTO
MOJICTIOBaHHS Ta MPOTHO3YBaHHS HACJIAKIB JJOBITOTPHUBAJIOTO 3a0py/IHEHHS.

BucHoBku. 3ampomnoHoBaHa ~— iHTENEKTyaJllbHa CHCTEMa  JIO3BOJISIE
e(eKTHBHO OI[IHIOBaTH piBHI PH3WKY IOKOOW 3JOPOB’I0  BHACIIIOK
3a0pynHeHHS TOBITpsA. 3actocyBaHHS Moxened XGBoost Ta LSTM
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3abe3medye sIK BHCOKY TOYHICTh Kiacudikamii, Tak 1 MOXIHUBICTh
BpaxyBaHHA 9aCOBOI IUHAMIKH.

Hamami mmanyeTbes iHTErpallis CHCTEMH B perioHajbHI TUIaThopMu
EKOJIOTIYHOTO MOHITOPHHTY U MIATPHUMKH TPHHHATTA pilleHs y cdepi
OXOPOHH 3710POB’S Ta TOBKIJIJIS.
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Annomauia. Y cmammi npoananizosano nioxoou 00 6nposaddiCeHHs. Mooenell
aHAnizy OaHux y exonoeii 3 aKyewmom Ha 2iOpudwui apximexmypu, adanmayiro 0o
JIOKANILHUX YMO8 MA a8MOoMamu3ayilo npoyecié 0OHA8UAHHSL.
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Abstract. The article analyzes approaches to implementing data analysis
models in ecology with an emphasis on hybrid architectures, adaptation to local
conditions, and automation of training processes.

Keywords: hybrid models, machine learning, adaptation

[moGanbHI BUKIMKM, MOB’S3aHi 3 JA€rpajgallielo IOBKULISL, 3MiHOIO
KJIIMaTy Ta 3pOCTaHHAM aHTPONOIEHHOTO HaBaHTAKCHHS, 3YMOBIIOIOTH
motpe0y y BIPOBA/DKCHHI IHHOBAIlIMHUX MiJXOMIB JO MOHITOPHHTY,
MPOTHO3YBaHHS I yNpaBIiHHSA EKOJOTIYHHUMHK pusukamu. OpHuM i3
KITIOUOBHX IHCTPYMEHTIB CY4acHOI €KOJIOTIYHOI aHANITHKU € MOZETI aHaJi3y
JaHUX - BiI KIACMYHUX CTaTHCTHYHUX 1O aJIOPUTMIB MAaIIHHHOTO
HaBYaHHS ¥ mbuHHOTO aHamizy [1]. IIpoTe edekTHBHICTH iX 3aCTOCYBaHHA
Ha TIPaKTHUIIl CYTTEBO OOMEXyeThCs TpoOieMaMH amanTarlii O MiCIeBUX
YMOB, HECTaOIUTBHICTIO JDKEpes NaHWX, BIICYTHICTIO iHTepomepalOersHOCTI
Ta OpakoM OOUYMCIIOBAJBHUX DPECYPCIB Yy pEriOHaJbHUX €KOocHUcTeMax. Y
3B’S13Ky 3 LMM B&)XJIMBO HE JIMIIE PO3POOIATH aHAIITHYHI Moneni, a i
(dopMyBaTH CHCTEMHHMH MiAXiAx A0 iX BHOPOBaKEHHS - 3 ypaxyBaHHIM
eKoJIOT1YHO1 crieruikn, 0COOIMBOCTEH aHMUX, TEXHIYHOI 1HOPACTPYKTYpH
Ta YNpaBIiHCHKUX MOTPEO.

EdexruBHe BIpoBajpKeHHS MoOjeneil aHanizy JaHux y cdepi exoiorii
mepenbadae  BpaxyBaHHS  HH3KM  TEXHIUYHHX, iHQOpMamiiiHmX Ta
METOZIOJIOTIYHNX YUHHHKIB, Cepell SKUX OCOONMBY yBary CIiil IPUAUIATH
CTPYKTYpi €KOJOTIYHUX NaHWX, BUOOPY aJeKBaTHUX MOJEIEH, MeXaHi3MaM
iX amanTamii, a TakoXX IHTerparmii pe3yJbTaTiB y peanbHi YIPaBIiHCHKI
mporecH [2].

[epmogeprouM KpokoM € 3abe3redeHHs yHidikamii Ta cTaHmapTH3arii
JoKepenl eKoJioriyHoi iHgopmanii. Y 3B’A3Ky 3 PI3HOPIMHICTIO BXIIHHX
JIAHUX, [0 MOXYTb HAJIXOAWTH 3 MOHITOPUHIOBUX CTaHIIH, CEHCOPHHX
MEpeX, CYNyTHHKOBHX CIIOCTEPEXeHb abo JabopaTOpHHX BHMIpIOBaHb,
BUHHKA€ HEOOXiTHICTh MOOYIOBU €IMHOTO CepeloBHIa 300py, 30epiraHHs
Ta MOMepenHbOi O0OpOOKH. 3acTOCYBaHHS 3arajbHOBKHBAHHX (hopMmariB
oominy manummu, Takux sk GeoJSON, NetCDF, a rtakox peamizaiis
nporpamuux iHTepdeiiciB Ha 0a3i crangapry SensorThings API, crnpuse
(dbopMyBaHHIO €qUHOT aHaNITHYHOI iH(ppacTpykTypu. [lomamemmii etam
nomsrae 'y BHOOpI Moxened, 30aTHUX KOPEKTHO IHTEPHPETYBAaTH
MPOCTOPOBO-YaCcOBI 3aKOHOMIPHOCTI Ta BHSBJIATH KIIOYOBI INATCPHH B
SKOJIOTIYHHX AaHHX. 3aJIeKHO BiJ MOCTABJICHOIO 3aBIAHHS - IPOrHO3YBaHHS
piBHIB 3a0pynHEHHs, Kiacudikalis eKOJOriYHOTO pPH3HKY, BUSBICHHS
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aHOMaJIiil UM peKOHCTPYKITiS BiICYTHIX TAHUX - AOLITHHUM € BUKOPUCTAH H
CydaCcHMX TIiJXOJiB MAaIlIMHHOTO Ta TIMOMHHOTO HaBuaHHS. Jlo Takux
HaJeXKaTh pEeKypeHTHI HeupoHHi Mepexi (3okpema LSTM ta GRU) mis
poboTn 3 dacoBUMH psnmamu, 3roptkoBi mepexi (CNN) s aHamizy
IPOCTOPOBOI CTPYKTYPH, aBTOSHKOJECPH AJISI BUSBICHHSI HETHIIOBUX CTaHIB,
a TakoX rpadoBi HEWPOHHI MepexXi, [0 BPaxOBYIOTh TOIOJOTIIO
CKOJIOTIYHHX cHcTeM [3].

OcoOnuMBOi  aKTyanmpHOCTI HaOyBa€ WHUTAHHSA amanTamii MOAENeH a0
JIOKAJIbHUX EKOJIOTIYHMX YMOB [l], mo 3ymoBmroe norpeOy B peaiizamii
MEXaHI3MIB JIOHaBYaHHS Ha PETiOHANbHUX JaHUX. BUKOpUCTAaHHA TEXHIK
fine-tuning mo3BossiE MOCATTH MiJBHMIIEHOI TOYHOCTI ©€3 HEeOoOXiqHOCTI
ITOBHOTO TIEpPEHABUAHHS MOJENEH, a peryimsipHe KaliOpyBaHHS ITapaMeTpiB
3abe3neuye 30epeKeHHS PEJICBAHTHOCTI PE3YIbTaTIB Y AMHAMIYHO 3MiHHOMY
CepeIOBHIII.

BaxnmmBo TakoX BIPOBAKyBaTH aBTOMATH30BaHI IMiIXOIH 0 aJanTarii,
30KpeMa MOHITOPHHT OpU(Ty AaHUX, OHOBJICHHS BaroBHX KOEQIIi€HTIB y
PESXUMI peaNbHOro 4acy Ta 3acTocyBaHHA HpUHIUIIB explainable Al mms
3a0e3MeueHHss  MPO30pPOCTI  MPHUHHATUX  pilIeHb.  3aBepLIAJIbLHUM
KOMIIOHEHTOM ITPOLIECY € IHTerpaisi pe3y/bTaTiB aHalITHKH B YIPaBIiHCHKI
exocucteMu. lle mepenbayae cTBOpeHHs BEOOPIEHTOBAHMX IUIATHOPM,
nambopnuiB, reoinpopMaliiHiX iHTepdeiciB, MOOIIBHUX 3aCTOCYHKIB, SIKi
JIO3BOJISIIOTH TIPEJCTaBHUKAM OpraHiB B[y, HayKOBISIM Ta IPOMAJICBKHM
OpraHi3aIlisiM OllepaTHBHO OTPUMYBATH y3arajbHEHI OMiHKH CTaHy JOBKIJUIS
Ta MMPOTHO30BAH] PU3HKH.

[IpakTrka MOBOMUTH, IO CaMe JOCTYITHICTh aHANITHYHOI iH(opMarii y
3pydHOMYy (opmari € KPUTHIHAM (AaKTOPOM Yy 3a0e3MeUeHHi eKOJOTigHOL
0e3meKu Ta MPUHHATTI CTPATETIYHUX PillIeHb.

TakuM dYHHOM, BHPOONCHHA €(QEKTUBHOI CTpaTerii BIPOBAIKECHHS
MoJieNielt aHamizy JaaHux y cdepi eKojorii MOBHHHO CHOUPATHCS Ha
MDKIUCHMIUTIHAPHAN — MIIXiJ, [0 TOEJIHYE AaJCOPUTMIUHY CKIIAJIOBY,
a/IafiTUBHY 00pOOKyY aHUX Ta yHpaBIiHCbKY OPIEHTOBAHICTh CHCTEMH.

Jlireparypa
1. Singh, K. P., & Basant, A. (2022). Intelligent data analytics for environmental

applications: Review and perspectives. Environmental Modelling & Software, 150,
105345.

203



Materials of the X111 International Scientific Conference
«Information-Management Systems and Technologies»
24th — 26th September, 2025, Odesa

2. Choubin, B., & Moradi Dashtpagerdi, M. (2023). Machine learning
applications in environmental science: Recent advances and future challenges.
Environmental Science and Pollution Research, 30, 20456—20471.

3. Kotsev, A., Smits, A, & Vandenberghe, F. (2021). The evolution of
environmental monitoring systems and their role in data-driven governance. Journal
of Environmental Informatics, 38(2), 89-98.

VIK 004.4

AHAJII3 METOIIB CKJIAJAHHS PO3KJIAAY 3A
JONIOMOI'OIO TEHETHUYHHUX AJITOPUTMIB, AJITOPUTMY
BIJIITAJTY, POMOBOI'O IHTEJEKTY TA HEMPOHHUX MEPEX

O. Tyauzux0000-0001-2345-6789] ph Iy, M. Pymiueno?0000-0002-7343-8076]
Mixcpezionanvia axademis ynpaeninus nepconanom, Ypaina,
2Hayionanvnuii ynieepcumem «Odecvka nonimexuixa», Ykpaina

EMAIL:tylyzyk.a@gmail.com, 2nickolay.rud@gmail.com

ANALYSIS OF METHODS BASED ON GENETIC ALGORITHMS,
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Annomauyis. Y oaniii pobomi po3ensiHymo CyuacHi Memoou po3s sa3aHHs 3a0ayi
CKAAOAHHS PO3KAAOY, MAKI AK: 2eHeMUUHI ANOPUMMU, ANCOPUMM GiONAy, Memoou
POL0B020 iHMeNeKmy ma WmMyYHi HetipOHHI MepediCi.

Kniouogi cnosa: posxnad, onmumizayis, 2eHemuuni aicopummu, aieopumm
gionany, pouosutl iHmeneKm, HeUpPOHHI MepedxCi, WMyYHULl iHmeneKm

Abstract. This paper considers modern methods for solving the scheduling
problem, such as: genetic algorithms, annealing algorithm, swarm intelligence
methods and artificial neural networks.

Keywords: scheduling, optimization, genetic algorithms, annealing algorithm,
swarm intelligence, neural networks, artificial intelligence

3ajgaya CKJIAJAHHA pO3KJIAAY TIependavae TPHU3HAYEHHS pecypceiB

(ymoneii, aymuTopiif, MalIMH TOINO) y YacoBi NPOMDKKH 3 YpaxyBaHHSIM
pi3HOMaHITHUX oOMexeHb. Taki 3amadi € NP-ckiaagHumu 1 morpedyroTh
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3aCTOCYBAaHHS HAONMKEHHX a00 EBPUCTHYHHMX METOJIB Uil OTPHUMAaHHS
MIPUIHATHOTO PIiIlICHHS 32 MPUHHATHUH 4yac.

T'enerruni anroputmu (I'A) 06a3yroThcsi Ha TNPUHIMIIAX EBOJIOLIIT.
Pimenns 3amadui mpeaCTaBIsAETHC y BUNISAI «XPOMOCOMY, SIKI TiITAIOTHCS
oTiepaliisiM CeNeKIlii, KpocuHroBepy i myTalii. [A e(heKTUBHO MPaIIOITh Y
CKJIQ/IHUX 3a/1a4ax 3 BEJIMKOIO KUIBKICTIO 3MiHHUX 1 0OMexeHb. MeTon JacTo
BHUKOPUCTOBYETBCS Y CHUTYAIIisIX, JIe BaKJIMBO JOCTIIUTH BEIUKY KUIBKICTB
MOXJIMBHX KOMOIHamiii Ta 3HaWTH UPUHHATHUI BapiaHT Oe3 TapaHTii
miobaneHOrO onTUMyMy. A 0COONMBO KOpPHCHI IpH aBTOMAaTH4YHOMY
CKJIJIaHHI PO3KJIaJIB i3 CyBOPUMH pecypcHUMHU oOMexxeHHsaMH. Lei meron
iMiTye mpolec IOBIIBHOTO OXOJOMKEHHs MeTany. Ha koxHOmy ertarti
JOITyCTUMi HE3HadHi TOTIpPIIeHHS PIlIeHHS 3 TEeBHOI WMOBIPHICTIO, IO
JI03BOJISIE OOINTH JIOKAaNbHI MIHIMYMH. AJNTOPHUTM AOIUIEHO 3aCTOCOBYBAaTH
JUTA 337134, /I iCHy€e IMOBIPHICTh MOTPAIIJISIHHS B JIOKAJBHI MiHIMYMH.

PoifoBuii iHTENIEKT MOZETIOE TOBENiHKY OIiOJOTiYHMX  CHIIIBHOT
(Hampukiag, Mypamiok a0o TTamuHAX 3rpaif). Haiibimemr Bimomum €
QITOPUTM MYpAIIMHOI KOJIOHII, y SIKOMY OKpeMi areHTu (Mypariku)
JOCHI/DKYIOTh ~ HPOCTIp  pillEHB, B3aEMOJIIOYM  MDK  CO0OI0.
Taki meTtomu edexTHBHI AN 3ajad, 10 MOXYTh OyTH IpPENCTaBICHI Y
BUIVISII MapuipyTiB abo KoMmOiHamiiiHMX HUIAXiB. Y 3ajgadax poskiany
MOXYTh 3aCTOCOBYBAaTUCH JUIS TOINIYKY HAWKPAIIMX MapLIPYTiB JOCTYILY J0
pecypciB ab0 KOMOiIHYyBaHHS JCKUILKOX OOMexeHb. JoOpe miaxomsaTh Iuist
po3smonineHux abo mapajaersHUX OOYUCITIOBAIEHUX CHCTEM.

HefiporHi Mepexi € MomensMu, IO 3[aTHI HAaBYATHCS HA NpPUKIIanax.
BoHM BUKOPHCTOBYIOTBCS JUIsl BUSIBIICHHS ITPUXOBAaHUX 3aKOHOMIPHOCTEH Ta
mabmoniB y maHmx. s 3amad po3kiagy HEHPOHHI Mepexi MOXYyTh
BHUKOPUCTOBYBATHCh Y BUIIAJKaX, KOJIH € BEITUKHHA OOCST ICTOPUYHHX JIaHHX.
Hetipomepexi MOXKyTh HAaBUUTUCH TPOTHO3YBAaTH ONTHMAJIbHI po3Kiaan abo
KOPUTYBaTH HasBHI 3aJI©)KHO BiJ 3MiH Yy BXIIHMX Tapamerpax. Takox ix
BUKOPUCTOBYIOTh Yy TiOpHAHMX CHCTEMax pa3oM i3 KIaCHYHHMHU
ANTOPUTMAMHU.

3aja4ya CKIIQJIAaHHS PO3KIIAAY 3aJMIIAETHCS CKIIAHOIO Ta aKTyaJbHOI Y
Oaratbox rany3sx, i 11 edexTHBHe BHUpILIEHHS NOTpeOye 3acCTOCYBaHHS
CYyJacHUX alTOpUTMIUHUX migxoxiB/ KoxeH 3 poO3MISHYTHX METOHiB —
TEHeTHYH] aJITOPUTMH, aJITOPUTM BiJIaiy, pOHOBUI IHTENEKT Ta HEWPOHHI
Mepexi — Mae CBOi OCOONMBOCTi, IO BH3HAYAIOTH cdepy IXHBOTO
MIPaKTHYHOTO BHKOPHCTAHHS. 3aJIeXHO BiJl MOCTaBICHOI 3ajadi, oOcsry
JaHUX, KUTBKOCTI OOMEXEHb Ta OOYHCIIOBAJbHHUX PECYpPCiB, MOIIBHO
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obuparn TOW UM IHmMWUKA migXim abo IX ToeAHAaHHA. ParioHanbHE
3aCTOCYBaHHS BIJAMOBIJHOTO METOAY JO3BOJISIE TOKPAIIUTH TOYHICTH,
e(eKTUBHICTD Ta aIalITUBHICTh CUCTEM CKIIQJaHHS PO3KIIAIiB.
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Abstract. This research presents a comprehensive approach to monitoring and
analysing groundwater quality in the Zhytomyr region. Using a combination of
regression analysis, machine learning methods (Naive Bayes and K-means
clustering), and advanced statistical modelling, the expert system provides an
effective platform for visualising, predicting, and managing water quality data. The
results reveal generally low water quality in the region, highlight priority areas for
intervention, and demonstrate the systems potential to inform public health
strategies and water management policies. By centralising data collection and
providing predictive capabilities, the system serves as a valuable tool for improving
ecological and public health outcomes.
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Keywords: intellectual analysis, groundwater, water sources, water pollution,
water monitoring.

Anomauia. /locnidocenns npucesuene po3podyi excnepmroi cucmemu 0
MOHIMOpUH2Yy ma ananizy AKocmi ipynmosux 00 JKumomupcokoi oonacmi. Cucmema
0azyemvcs HA CYHACHUX BeOMEXHONOZIAX MA Memooax MAWUHHO20 HABYAHHSL
(knacughixayis, xkracmepusayis, peecpecis) i sabesneuye 36upanis, 0OpobKy ma
gizyanizayito oanux. Cucmema 0036014€ GUABTAMU 3AOPYOHEHI 30HU, NPOSHO3Y6AMU
meHOenyii Akocmi 600U mMa NPUUMAMU eKONO2IUHO OOIPYHMOBAHI piuenHs O
noxpawjenta cmamuy 600Hux pecypcie peziony. Ii enposadaicenns cnpuse npuiinsammio
eheKmuUBHUX eKONOSTUHUX PIUleHb HA PeCiOHAIbHOMY PIGHI.

Knrwuosi cnosa: inmenexmyanvuutl ananiz, niosemHi 600u, oOdjicepena 600u,
3a6pyOHeHHs1 600U, MOHIMOPUHE BOOU.

One of the most pressing ecological concerns in Ukraine is that of water
contamination. Although groundwater constitutes the primary source of
water supply, particularly in rural areas, its quality frequently fails to meet
sanitary standards, thereby posing a threat to public health. The current
system of water quality monitoring in Ukraine is characterised by its lack of
systematicity, with the results of individual studies not being made available
to the public through open access. This complicates the conduct of a
comprehensive analysis and the adoption of informed decisions at the
regional level [1, 2].

The objective of this study is to develop a comprehensive framework
aimed at resolving these issues through the establishment of a centralized
database for collecting and storing information on groundwater quality in
the Zhytomyr region. The system has been formally recognized for its
capacity to conduct comprehensive monitoring, visualize data, and predict
pollution levels. The ultimate aim is to facilitate the assessment of the
overall ecological status and to identify pathways for its improvement.

The following methods for calculation, prediction, and statistical
analysis were employed [3]: regression analysis; the Naive Bayes classifier;
the Gauss—Markov random field model was applied to quantify samples
based on the statistical characteristics (mean and standard deviation) of
existing data; cluster analysis was used to group water bodies according to
their primary quality indicators (BOD5, COD, dissolved oxygen, and pH),
thereby enabling the identification of typical categories of water bodies and
distinguishing between relatively uncontaminated and contaminated ones.
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This, in turn, facilitated a more accurate assessment of water body
quality. The expert system provides users with convenient access to
information on water quality in the Zhytomyr region via a web interface.
The primary outputs of the system include graphical visualisations
illustrating both the temporal dynamics of the number of studies conducted
and the spatial distribution of water quality indicators across different water
bodies. For example, analyses indicated that studies are conducted
consistently throughout the year, and that pH and dissolved oxygen levels
remain relatively stable.

Correlation analysis revealed strong relationships among key indicators,
including BODs, COD, dissolved oxygen, and pH, suggesting that variations
in one parameter significantly influence the others. In contrast, the
correlation between lactose-positive Escherichia coli (LKP) and the other
indicators was comparatively weak.

Cluster analysis identified three distinct groups. Cluster 1 was classified
as “relatively clean water,” while Clusters 0 and 2 were classified as
“organically polluted water,” differing only in certain centroid
characteristics. These results demonstrate that the K-means method
effectively separates water quality data based on underlying patterns.

Regression analysis revealed a general downward trend in BODs and
LKP indicators between 2010 and 2020. In contrast, COD levels and
compliance with established standards remained relatively stable, while the
abundance of roundworms exhibited an increasing trend.

Overall, the analysis indicated that water quality in the region is
generally low, with only approximately 40% (8 out of 21) of water sources
classified as high quality.

The developed expert system proves to be an effective tool for
monitoring and analysing groundwater quality in the Zhytomyr region. Its
implementation addresses key objectives, including centralised data
collection, systematic analysis, and transformation of complex data into a
user-friendly format. The application of machine learning algorithms,
specifically the Naive Bayes classifier and clustering methods, enables not
only visualisation of the current state of water quality but also accurate
prediction of future trends, with reported predictive accuracy of up to 99%.

The data obtained from this study possess significant practical value,
providing a foundation for informed decision-making aimed at improving
the environmental status of water sources. Specifically, the system
facilitates:
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— identification of the most polluted areas, allowing for prioritised
interventions;

— development of effective water purification programmes;

— communication to the public and local authorities regarding potential
risks associated with drinking water quality.

Overall, the system demonstrates that enhanced monitoring of water
sources can have a substantial positive impact on public health in Ukraine.
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Aunomauia. Y cmammi poszenanymo 2iOpuoHy apximexkmypy 2aubuHHo2o
HasyauHs 014 aHanizy ginancosux pusuxis, sixka noeonye LSTM, CNN ma Attention-
MOOYII 3 ABMOMAMU30BAHUM OOHABYAHHAM Ol NIOBUWJEHHS MOYHOCMI ma
A0anmueHOCmi NPOSHO3Y68AHHS.
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Knrwouosi cnosa: enubunne naguanms, Qinancosi pusuxu

Abstract. The article discusses a hybrid deep learning architecture for financial
risk analysis that combines LSTM, CNN, and Attention modules with automated
retraining to improve forecasting accuracy and adaptability.

Keywords: neural network, automatic training

Y cydacHEMX yMoOBax TJ00aJbHOI E€KOHOMIYHOI HecTabiIbHOCTI
e(eKTUBHE YIpaBJliHHA (IHAHCOBUMH PH3UKAMH € KPUTHYHO BKIUBUM SIK
JUIL  KOPIIOPaTUBHOTO, TaK 1 M JEpKaBHOrO cekropy. Tpanuuiiini
CTaTHCTHYHI METOAW aHali3y BHSBIAIOTHCS HENOCTaTHHO THYYKHMH Ta
TOYHUMH y BUIAJKaX, KOJU HAEThCS NMPO BEIHMKI OOCATH JaHUX, CKJIaaHi
HEJHIHHI 3aJIe)KHOCTI, BUCOKY BOJIATHWJILHICTh PHHKIB Ta MYyNbTH(aKTOPHI
3arpo3u [1]. ¥V 3B’a3ky 3 mmM, menani OiybIie 3aCTOCYBaHHS OTPUMYIOTH
IHTENeKTyalbHI MeToan OOpOOKM (PiHAHCOBHX NaHMUX, 30KpeMa TiOpuaHi
Mozeni TIMOWHHOTO HaBYAHHSA, SKi MOETHYIOTH Yy co0i mepeBard pi3HUX
apxiTektyp HelpoHHHX Mepex [2]. TiOpumHa wMomens TIMOMHHOTO
HaBYaHHSA 00'eHye nBi abo OiNbIIe apXiTEKTYypH HEHPOHHHX MEpex Yy
MeXax OIHi€i MOJENi 3 METO MiJBHIICHHS TOYHOCTI MPOTHO3YBaHHS Ta
CTIHKOCTI 10 HecTaOLIBHMX JaHUX. Y KOHTEKCTI aHamizy (iHaHCOBUX
PU3MKIB Taka MOJENb JI03BOJISIE OO0'€JHATH KOPOTKOCTPOKOBY IaM'sTh,
NPOCTOPOBI B3a€MO3B’SI3KH, YBary A0 BaroMux (akTopiB Ta 31aTHICTH 10
kinacugikamii. Y 3anpomoHOBaHii KOHIEMINI TiOpuaHa HeHpoMmepexa
OyayeTbcss 3a MOJYJIBHAM NPUHIMIIOM: MOJYJIb 4YacoBOi 00pOOKH
peanizyetbcst 4yepe3 LSTM a6o GRU, mio aHamizyroTh 4YacoBi psiu
(iHAaHCOBUX TIIOKA3HUKIB, HANpPUKJIAN IWHAMIKY TNPHOYTKOBOCTI aKIIii,
KpEAUTHHUX PEeHTHHTIB a00 00CATH TpaH3aKIliii; MOIYJIb BUSBJICHHS MaTEPHIB
moOynoBaHnit Ha ocHOBI Mepesk CNN, 0 TO3BONSIFOTH BHSBISATH CKJIAIHI
CTPYKTYpHI 3aKOHOMIPHOCTI B MYJbTHBapiaHTHUX (DiHAHCOBHUX [aHUX;
Momynms (OKYCyBaHHS yBard 3acTOCOBYE MeXaHi3M Attention s
ABTOMATHYHOTO BU3HAYEHHS HAWOUIbIN 3HAYYIIMX 3MIHHMX a00 4acoBHX
(parMeHTiB, 0 BILIMBAIOTH Ha pu3uK. DiHanbHU KiacudikauiiHui 010K -
e OaraTtomiapoBa IMEpLENTPOHHA MepeXa, SKa y3arajlbHIOE pe3ylbTaTh
HonepeHiX MOYIIIB 1 3AiHCHIOE KiIacudikalilo piBHs (iHAHCOBOTO PU3MKY
(HM3BKHH, cepenHid, BHUCOKMI) abo mporHo3 Brpar. [lna 3abe3medeHHA
aJIaliTUBHOCTI MOJEJ B peajbHOMY 4Yaci pealli3oBaHO aBTOMAaTHU30BaHHUI
TIpOIIeC JIOHABYaHHS, SKUH BKJIIOYAE B ceOe: IMHAMIYHE OHOBJICHHS Bar Ha
OCHOBI HOBHX (DIHAHCOBHIX JaHUX, PETYIBIPHY MEPEBIpKY MPOIYKTUBHOCTI
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MoJieni Ha BajijamniiiHoMy Habopi, KOHTPOJIF 3a MEPEOOYUCHHSIM MUIIXOM
3aCTOCYBAaHHSI METO/IIB PAaHHBLOI 3yIIMHKH 1 PeTyIJIIpU3allii.

VYV pamkax mocnigHOi peamizalii riopuaHoi cuctemMu O0yno copMOBaHO
nmaraceT i3 Bigkputux ¢iHancoBux manmx (Yahoo Finance, Kaggle, IMF).
IIpoBeneHo cepito eKCIEpUMEHTIB Ha OCHOBI icTOpil IiH axIIiH,
MaKpOCKOHOMIYHHMX I1HIUKATOpiB Ta OaHKIBCBKMX 3BITiB. PesymbraTn
MOKa3aly, 1o riOpuaHa Mojens Ha ocHOBi komOiHamii LSTM, CNN,
Attention 3abe3nedye NpUpicT TOYHOCTI MPOTHO3yBaHHA PU3NKY Ha 9-13%
y TOpIBHSHHI 3 TPAaJULIHHAMH MOJAEISIMH MOOJUHOKOI apXITEKTYypH.
ABTOMaTtu3alis Ipolecy IO3BOJMIA MOJENl OyTH pEeJIeBaHTHOI JI0
MIOTOYHUX YMOB 0€3 He0OXiJTHOCTI IIOBHOTO IIEpEHABYAHHSI.

lOpugai Momeni TIMOMHHOTO HAaBYAHHA JIEMOHCTPYIOTH BHCOKY
e(eKTHBHICTh U 3a7ad iHTEIEKTyaJbHOTO aHami3y (iHAHCOBHX PHU3UKIB.
[loenHaHHA BHIPOBAUKEHHX apXITEKTYp IO3BOJSIE aJalTyBaTHCA IO
CKIagHUX JAWHAMIYHMX YMOB pWHKY, MiABHIOINTA TOYHICTH Ta
iHTepIpeTOBaHICTh MPOrHo3iB. [lomambm KocmimKkeHHs Oy ayTh CIPSIMOBaHI
Ha PO3IIMPEHHS TiOpHUAHUX apXiTEKTyp Ta BIPOBA/DKEHHS B IHTErpoBaHi
(inaHcoBI mIathopmu.
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Abstract. The results of a study aimed at improving the effectiveness of the
educational process in the “Programming” course by monitoring student
performance based on test results are presented. Statistical analysis and machine
learning methods were used. Their use made it possible to identify problematic
topics, predict students' final performance, and identify groups with different levels
of knowledge. The study results are a valuable tool for adapting teaching materials
and personalizing educational trajectories, which is especially relevant in the
context of distance learning during the war in Ukraine.

Keywords: distance learning, performance monitoring, testing, data mining,
clustering, regression analysis, programming.

Anomauia. Ilpeocmasneno pesynvmamu OOCHIONCEHHS, CHPAMOBAHO20 HA
niosuwjenus egpekmuenocmi oceimmnvo2o npoyecy 6 «Kypci «llpoepamyeannay
WAAXOM — MOHIMOPUHSY — YCNIWHOCMI — CIYOeHMI8 Ha  OCHOGI  pe3yibmamis
Mmecmy8anus. 3acmocosano memoou CMAMmUCMUYHO20 aHANI3y Ma MAWUHHOZ0
HaguamnHs.  Bukopucmanns — sKux — 00360auUn0  uAGUMU  NPOOIEMHI  meMu,
CHpocHO3Y8amu (DIHANbHY YCRIWHICMb CMyOeHmie ma IoeHmugikyeamu epynu 3
Ppi3HUM pieHeM 3HaHb. Pe3yibmamu 00CHIOJNCEeHHS € YIHHUM IHCHMPYMEHMOM O
adanmayii HAGUALHUX MAMePIanie ma nepcoHanizayii 0CeIMHIX mpaekmopii, wo
0Co0IUB0 AKMYATLHO 8 YMOBAX OUCTNAHYILIHO20 HABYAHMS NIO iliHU 8 YKpaiHi.

Knwuoei cnosa: Oucmanyitine  HA8UAMHA,  MOHIMOPUHZ  YCRIWHOCMI,
TMeCmy8aHnHs, aHaniz OAHUX, KIACMepu3ayis, pecpecilinuil aHanis, npoepamyeanHs.

Contemporary challenges, including the pandemic and the war in
Ukraine, have highlighted the critical importance of effective monitoring of
the quality of the educational process, especially in the context of distance
learning. Analyzing data obtained from test results is becoming a key tool
for objectively assessing students' knowledge, identifying gaps in the
curriculum, and adapting educational programs [1, 2]. This approach allows
not only to assess the current level of preparation but also to personalize
learning by creating individual educational trajectories for students.

The novelty of the research lies in the application of machine learning
algorithms. Visualization of the results provides teachers with a tool for
quick and informed interpretation of data. The research also focuses on the
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individual needs of students, which contributes to the development of
personalized learning plans. The problem of monitoring student
performance is multifaceted and requires the implementation of modern
technologies, especially in the transition to distance learning. The scientific
community confirms that the integration of artificial intelligence into
education significantly increases its effectiveness, optimizes processes, and
motivates participants [3, 4]. The study aims to improve the effectiveness of
the educational process in the “Programming” course by monitoring student
performance based on test results using Data Mining methods. The study
used materials from the “Programming” course for first-year students at
Zhytomyr Polytechnic State University (specialties 125, 123, 122, 126). A
total of 177 students participated in the testing. The training was conducted
in a mixed format (offline/online). The analysis used the results of five
interim and one final tests covering the course's main topics: data types,
operators, loops, arrays, functions, pointers, and strings. The tests had
different numbers of questions and points, corresponding to the complexity
and importance of the topics. Analysis of the statistics showed significant
differences in student performance by topic. In particular, the topic
“Branching and Loop Operators” (Test 2) proved to be the most difficult,
while the topics “C Data Types, Operations, and Operators” (Test 1) and
“Pointers and Strings” (Test 5) were better understood. The average score
ranges from 7.2 to 9.3 points, indicating a predominantly high student
preparation level. The heterogeneity of knowledge in some groups
(especially KH-23-3 and KB-23-1) was confirmed, as indicated by high
standard deviation values and outliers. This indicates the need for an
individualized approach to learning. In most cases, the distribution of grades
is close to normal, but with certain deviations. Cluster analysis of the final
test revealed that most students (69) have a high level of knowledge, 54
have an average level, and only 6 have a low level. This indicates that the
course material has been successfully mastered overall. Analysis by
question difficulty (17 difficult, 44 medium, 39 easy) allows teachers to
adapt the course content, paying more attention to complex topics.

The constructed multiple linear regression model (with R-Squared = 0.8)
allowed us to predict students' final performance with high accuracy based
on interim assessments. An example of a prediction for a specific student
showed a slight deviation (7.77 vs. 8.2), confirming the high predictive
ability of the model. This allows teachers to identify students who need
additional support in advance and intervene in the educational process
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before the final assessment. The study confirmed the effectiveness of data
mining methods in monitoring student performance in the “Programming”
course. The study results provide teachers with tools for making informed
decisions about improving the educational process, adapting teaching
materials, and providing personalized support to students, which is critical
for improving the quality of education. Further research may focus on
implementing more complex machine learning models and analyzing other
factors that affect student performance.
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Anomauyia. Y pobomi 0ocmioxncyromvcs  cyuacui  mMemoou  NOGMOPHOT
ioenmudpixayii ocobu ma npononyemoca moougixayis mooeni ResNet-50. Ocobaugy
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yeazy npuoineno enposaodcennio mexawizmie yeazu: Channel Attention Module ma
Position Attention Module 0as ¢oxycyseanna na penesanmuux o3nakax ocoou. J{ns
3MeHuleHHs Kopenayii Mixc o3Hakamu euxopucmano mexauizm Decorrelation
Covariance Loss.

Knruoei cnosa: nosmopna ioenmugpikayis ocobu, ResNet-50, mexanizmu ysaeu,
Channel Attention Module, Position Attention Module, DeCov Loss.

Abstract. This paper investigates modern person re-identification methods and
proposes a modification of the ResNet-50 model. Particular attention is paid to
implementing attention mechanisms: the Channel Attention Module and the Position
Attention Module to focus on relevant person features. The Decorrelation
Covariance Loss is used to reduce the correlation between features.

Keywords: person re-identification, ResNet-50, attention mechanisms, Channel
Attention Module, Position Attention Module, DeCov Loss.

[oBropHa inenTHdikaris ocodbu (Person Re-ID) € BaknuBoro 3anauero
KOMIT'IOTEPHOT'O 30pY, 110 Ha0yBae O0COOJMBOI aKTyalbHOCTI B Cy4acHOMY
CYCIHIJIbCTBI 3 OIVISLy Ha CTPIMKHI PO3BUTOK CHCTEM BiEOCHOCTEPEKEHHS.
VY cdepi rpoManchkoi Oe3NeKH TEXHOJIOTIS JOMOMAarae y po3ciigyBaHHI
3JI0YMHIB Ta YNpaBliHHI MacOBHMH 3aX0/IaMH, a Ha KOMEPLIHHUX 00'€KTax
Taki CHCTEMH JI03BOJISIIOTH BHKOHYBAaTH KOHTPOJb JOCTYIy Ta OOJIK
poboyoro wacy [1]. Hapasi icCHyIOTh pi3HI apXiTeKTypH Ta MiAXOIOH IS
BupimeHHs 3amad Person Re-ID, cepen sxmx ResNet, DenseNet, PCB Ta
igmi. Ilpore icHyrowi pimeHHS MAalOTh Taki MOpoOJIeMH: HHU3bKa
pO3pi3HIOBaNbHA 3IAaTHICTh, HENOCTATHS CTIHKICTh IO 3MIHH paKypcy Ta
YaCTKOBOI OKJIFO3ii Ta BHCOKY YyTJIMBICTD IO YMOB 3HOMKH.

MerToro poboTH € TiABHIICHHS e()eKTUBHOCTI MOBTOPHOI iZeHTU]IKAIIT
ocobu nuixoM Moaudikamii  6azoBoi momemi  ResNet-50 uepes
BIPOBa/PKEHHS MEXaHi3MIB yBarm Ta perymsipusanii  o3Hak. [lin
e(EKTUBHICTIO PO3YMIETHCS MOKPAILCHHSI TOYHOCTI iieHTUdiKanii y pi3HUX
ymoBax. ResNet-50 ckiiagaeTscsi 3 m'SITH OCHOBHHX OJIOKIB: MOYaTKOBOTO
3rOpTKOBOrO Imapy Ta 4oTupbox residual OusokiB (Big res_conv_1 no
res_conv_4). ba3oBa apxiTekTypa BHKOPHCTOBYE TIJI00aNbHE 00'€IHAHHS
o3HaK Jutst hopmyBaHHst (HiHATBHOTO JAECKpUITOpa ocobu [2].

Y poboTi 3amporoHOBaHI HACTYHHI Monmudikalii MoIesi HOBTOPHOI
imeHTudiKaIii ocoom.

1) BmpoBamkenns Channel Attention Module (CAM).CAM
NPU3HAYCHUIl Ui MOJEJIOBAHHS B3a€EMO3B'I3KIB MK KaHaJaMH KapTH
o3Hak. Mojysb OOYHCIIOE MATPHUIFO CIOPITHEHOCTI MK KaHAJIaMu Ta
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JIO3BOJISIE MEPEeXi aJanTUBHO (OKYCYBATUCh Ha CEMAaHTHYHO BaXKIMBUX
KaHajax, 110 BIJAMOBIAaI0Th 32 O3HAKH OCOOH.

2) Buposamkenns Position Attention Module (PAM).PAM mogenroe
MIPOCTOPOBI 3aJIEKHOCTI MiXK PI3HUMHU PETiOHAMH 300paKCHHSI, JT03BOJISIIOUH
MEpeXi BCTAHOBJIIOBATH 3B'SI3KM MK CEMaHTUYHO IIOB'I3aHUMU, aje
MIPOCTOPOBO BiffaseHUMu obnactsiMu. PAM 3acTocoByeThCs MapajeiabHo 3
CAM Yy rinui ysaru.

3) Mexanism Decorrelation Covariance Loss. s 3MeHIICHHS
HaJMIpHOT KOpeJsilii MK KOMIIOHEHTaMH BEKTOPIB O3HAK 3aCTOCOBYETHCS
MeXaHi3M JIeKOpeJIsiLii, SKUi 3MyIIye MOJIesIb BUBYATH OUIBII PI3HOMAaHITHI
ta iHpopmaruBHi npencrasienHs [3]. Lle mokparye sKicTb METPUYHOTO
HABYaHHS Ta IiIBUIIYE TOYHICTh MMOPIBHIHHI BEKTOPIB O3HAK.

Po3pobnena apxitektypa cucremMun Oa3yetbcst Ha ResNet-50 3
JIOJABaHHSAM JBOTLIKOBOI CTPYKTypH Iicisi Omoky res conv 4, ne omHa
rinka oOpobnse mmoOanbHI O3HAKW, a JApyra - JIOKaNbHI O3HAaKH 3
MexaHisMamu yBarum (puc.l). B poGori mpoBemeHi TecTyBaHHS Ha
cTaHzapTHoMy  Habopi  manux  Market-1501 3 BUKOpUCTaHHAM
3araJbHONPUHHATUX METPUK, SKi IpeJIcTaBiIeH] B Tabmuii 1.

3a pe3ynbTaTaMu €KCIIEpUMEHTIB BUSBIICHO, IIO IHTErpallis MeXaHi3MiB
yBaru CAM T1a PAM nokparye skicts ineHtudikanii Ha 8.7% 3a mAP Tta
7.5% 3a Rank-1 y mnopiBHsHHI 3 0a30Bor Mojewno. JlonaBaHHs
perynspusanii Jexopernsiii 03Hak 3a0e3nedyye MOajbliie MOKPAICHHS
pesynpratiB me Ha 3.7% 3a mAP Ta 3.3% 3a Rank-1, npum npomy He
BIUIMBAIOYH Ha Yac iHdepeHcy abo po3Mip MO, OCKUIBKH TIPAIIOE JINIIIe
i yac HaBYaHHS.
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Tabéauus 1.
PesynbTatn TecTyBaHHS pi3HUX KOH(Dirypamiid Mmomemi
Kondirypauia mAP | Rank-1 Rank-5 Kimexicts Yac
mapam. indepency
Mogen (mc)
(vomsr)
ResNet-30 (bazosa) 36.4 748 852 26.4 3.39
ResNet-30 + CAM + PAM 65.1 823 917 355 5.67
ResNet-50 + CAM +PAM | 688 856 948 355 5.67
+ DeCov

Takox BCTAaHOBJICHO, II0 KOMOIHOBAHMU IiJIXiJ] 3 BUKOPUCTAHHIM 000X
MEXaHI3MIB YBaru Ta JACKOPEISAIil O3HAaK € HaWHOUIbIl e()ECKTUBHUM IS
3a7a4 MoBTOpHOI ineHTudikamii ocoou.
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ANALYSIS OF METHODS FOR INTELLIGENT HYBRID ENERGY
CONSUMPTION FORECASTING IN SMART CITIES USING
CLASSICAL, MODERN, AND ENSEMBLE APPROACHES
M. Kovalenko, Ph.D. M. Rudnichenko, Ph.D. N. Shibaeva
Odessa Polytechnic National University, Ukraine

Anomauia. Y yiti pobomi 00CniodNcylomvcs CyuacHi mMemoou npocHO3Y8aHHs
CROJCUBAHHSA eHepeii 8 YPOAHICMUYHUX CUCIeMAX I3 BUKOPUCMAHHAM KAACUYHUX
CMAMUCIMUYHUX ~ MOOenell, aneopummie MAWUHHO20 HABYAHHA MdAd  2IUOOKUX
HetiponHux mepedc. Ocobnusa ysaza npuoilAEmMvca 3ACMOCY8AHHIO IOPUOHUX MaA
ancambnesux  nioxodie O NIOGUWeHHsT  MOYHOCmI,  cmabitbHocmi — ma
aoanmueHOCMi NPOHO3I8.

Kniouogi cnosa: npoznosysanns, chodxicusanis enepaii

Abstract. This study investigates modern approaches to forecasting energy
consumption in urban smart city systems, employing classical statistical models,
machine learning algorithms, and deep neural networks. Special emphasis is placed
on hybrid and ensemble techniques to improve forecast accuracy, stability, and
adaptability.

Keywords: forecasting, energy consumption

CyuacHi «p0o3yMHI» MicTa TEHEPYIOTh BEIMYE3HI 00’ €MU TaHUX TPO
EHEepProCIOKMBaHHA  3aBAsku  iHTerpamii |0T-ceHcopiB, KIIMaTHIHUX
CHCTEM, TPAHCIOPTHOI iH(pacTpykTypu Tomo. To4yHE NPOTHO3YBAHHS
€HEpPrOoCIIOKUBAaHHA € KPUTHYHUM s CTalOiIbHOCTI, €(peKTHBHOCTI Ta
CTaJIOCTI MiCEKHX €HEPTOCUCTEM.

Yepe3 CKIAMHICTh IMX JaHUX Ta HASIBHICTh CE30HHHUX KOJIUBAaHb
TPAIUIIHHI CTATUCTUYHI MOJIEITI YaCTO JOMOBHIOIOTH METOIAMHU MAIIMHHOTO
Ta ruOOoKoro HaByauHs [1].

OCHOBHI KJacW4HI Miaxoqu 0a3yloThCs Ha MOJIENSX YacOBUX DSAJIB:
ARIMA, SARIMA Ta ix Moaudikaiisx Juis BpaxyBaHHS CE30HHOCTI, a
takox Ha mozeini Prophet. [3] L{i moneni no0pe cripaBisioThCs 3 TPEHIAMU
Ta CE30HHICTIO, MAIOTh IPO30PHIf MAaTEMaTUYHUI amapaT, IpoTe 0OMeKeHi y
BpaxyBaHHI CKJIaJHUX HEJIHIMHAX 3aJeKHOCTeH Ta OaratopiBHEBOI
B3aeMoJii maHuXx. Mojeai MallMHHOrO HaBuaHHS, Taki sk Random Forest,
XGBoost, LightGBM, 3mgaTtHi moOyayBaTH CKIaJHI HENiHIHHI 3aJIe)KHOCTI
Ha OCHOBiI BENHMKOi KUTBKOCTI O3HaK (morona, KaneHmap, mopii). Bonm
JEeMOHCTPYIOTh Kpamly aJanTHUBHICTh 1 IMOTEHIall Ui OUTEII TOYHOTO
NPOTHO3YBaHHS B YMOBax CKIagHHUX OararoBuMmipHuX nanux [2]. LSTM Ta
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GRU HamaroTh MOKIHMBICTH MOJICTIOBATH JTIOBrOTPHBAJI YacOBi 3aJIe)KHOCTI,
BJIaCTHBI CHEPrOCIIOKUBAHHIO, CIPABIIAIOYHCH 13 ITOCIIIOBHUMH IaHUMHU
CKIIQJHOT CTpYKTypu. Taki Mepexi o0coOmMBO eQeKTUBHI ISl 0OpOOKH
pi3HOpiAHMX BXIZHMX JAaHUX Ta YacCOBHX pSNIiB i3 aHOMAisMH.
Amncamb6umizaris (stacking, blending, boosting) m03Bossie TOEHYBAaTH CHUIIBHI
CTOPOHM PI3HUX MOJIEJICH, IiIBUIIYIOYH TOYHICTh Ta HaiiHICTh MPOTHO3IB.
lopumusariss kmacwmyHux 4acoBux wMogjenedi (ARIMA/SARIMA) i3
cydacaumu ML/DL anroputmamu (Hampukiaj, MOJEIIOBAHHS 3aJIMIIKIB
ARIMA 3a gomomororo XGBo0o0st) mpomeMoHCTpyBana CyTTEBI IepeBaru B
3aj1a4yax JOBrOCTPOKOBOTO MPOrHO3yBaHHs [3].

BucHoBok. IHTenekryanbHi TiOpUAHI CHCTEMH NPOTHO3YBAHHS, IO
MTOEJHYIOTh KJIACHYHI CTAaTHCTUYHI MOJEN, Cy9acHi METOIU MAaIINHHOTO Ta
rMOOKOTO HaBYaHHA, a TaKoXX aHcamOieBi mimxoaw, 3a0e3medyroTh
MiIBUIIEHY TOYHICTH, CTaOiMbHICTE Ta  AAaNTHUBHICTE IPOTHO3IB
CTIO)XKMBAHHS CHEPTII.

BripoBakeHHSI TAKHX CHCTEM Yy «PO3YMHHX MICTax» CTBOPIOE YMOBH
JUISL ONTUMAJBHOTO YIPABIIiHHS EHEPreTUYHHMHU PECypcaMH, 3MEHIICHHS
BHUTPAT Ta MiIBUIICHHS CTIHKOCTI MiChKUX eHepromepexk. CyKymHICTh
e(eKTUBHHMX MOJeJIeH 1 mpo3opicTh pe3ynbTaTiB 3aBisiku Explainable Al
CIPUSIIOTh MPUHHATTIO 0OIpyHTOBaHUX pileHs y chepi
€HEPrOMEHEIKMEHTY.
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INTELLIGENT SENSOR NETWORKS FOR MONITORING AND
CONTROL OF WASTEWATER QUALITY
Y. Dzihora, Ph.D. V.Tazetdinov
Cherkasy State Technological University, Ukraine

Anomauia. bazamo oyuchux cnopyo 3anuUMAMbCA 3ACMAPITUMU 3 HUZLKUM
Dpi6HeM agmomMamusayii, wo YHeMONCIUBNIOE HANEHCHUL KOHMPONb OYUWEHHA md
AKocmi 600U 3a cyuacHumu cmanoapmamu. Y pobomi npedcmagneHo nioxio 0us
CcmeopenHs inmenekmyanivHoi cencopuoi mepexci (ICM) ma npuxnadi ninomuoi
yemanosku. Cmamucmuunuti ananis i modemosanns y BioWin doseonunu susnauumu
KAI0406I napamempu cucmemu, GUABUMU NPOSATUHU MA YHUKHYMU HAOIUUKOBUX
BUMIDIOBAHD. 3anponoHOGaHUl NIOXI0 ONMUMI3YE nepenik O00NAOHAHHS, NIOGUYE
epekmusHicmy  MOHIMOPUHSY mMa agmomamu3ayii ma CMEOPHE OCHO8Y 0Jis
3anpo6ad’cets YUPpPo8o2o OGILIHUKA Y 60000UULYEHHL.

Knrouosi cnosa: inmenekmyanbHa ceHcopHa mepexrcd, OHUer s CIiuHOI 600U,
eubip cencopis, BioWin, yugposuit dsiiinux

Abstract. Many wastewater treatment plants remain outdated, with low levels of
automation, which prevents reliable control of treatment and water quality
according to the modern standards [1].

This work presents an approach to developing an intelligent sensor network
(ISN) based on pilot installation. Statistical analysis and Biowin modelling helped to
identify key parameters, detect gaps, and avoid redundant measurements [2,3]. The
proposed approach optimizes equipment, improves monitoring and automation
efficiency, and establishes foundation for digital twin implementation in water
treatment.

Keywords: intelligent sensor network, wastewater treatment, sensor selection,
BioWin, digital twin

Wastewater treatment plants (WWTPs) play significant role in
protecting the water resources, but many existing facilities are operating
with outdated infrastructure, limited number of sensors and minimal
automation. As discharge requirements grow stricter, it creates significant
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risks for compliance (Iratni & Chang, 2019). The transition towards the
intelligent process monitoring requires systematic integration of
measurements and control instrumentation for data analytics and process
control. However, simple increase in the number of measurements or
instruments used does not give the guarantee of improved performance — if
sensor is redundant or misplaced it often can lead to unnecessary complexity
without delivering information that can be actioned or used (Han et al. ,
2018). This study investigates the development of ISN on a pilot-scale
installation, that utilizes biological treatment and membrane separation for
municipal wastewater treatment (Figure 1). The objective of the study was
to establish a rational method for identification of key process parameters
and selection of the right monitoring method that provide the most value for
monitoring, automation, and digital twin development (Dzihora &
Tazetdinov, 2024).

At first pilot installation was equipped with instrumentation based on
the literature review with minimal automation for identification of the
optimal operation conditions. During the pilot operation, data was collected
from the online instruments (pH, temperature, transmembrane pressure,
flow) and from laboratory analyses (chemical oxygen demand, sludge
volume index, suspended solids etc). Statistical analysis in RStudio was
applied to assess degree of parameter correlation and identify which
parameters are redundant and can be removed from measurement list.

5
Influent 1 2 3 4 Permeate | Effluent
—>» EQtank —» MBBR1 —» MBBR2 [ MBR [|— tank —
TF\’AS | WAS‘

1 — Equalization tank (EQ), 2-3 — biological treatment: Moving Bed Biofilm
Reactor (MBBR); 4 — membrane separation: Membrane Bioreactor (MBR);
5 — Permeate tank
Figure 1. Pilot installation for wastewater treatment [2]

Obtained regression model allowed to demonstrate that transmembrane
pressure, chemical oxygen demand, flow and sludge volume index are key
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parameters of the existing ISN. To extend this analysis preliminary digital
twin of the pilot plant was constructed in Biowin. The model helped to
identify the gaps in the wastewater properties and process parameters, which
require additional laboratory testing and online monitoring. This highlights
that ISN design should integrate both physical and analytical measurements,
guided by process modeling. The optimized ISN design is summarized in
table 1.

Table 1.
Optimized measurement list
# | Treatment step Instrumentation
1 EQ tank Wastewater flow, pH, temperature, suspended solids (SS5),

volatile suspended solids (VSS), total chemical oxygen
demand (TCOD), soluble chemical oxvgen demand
(sCOD), total biological oxvgen demand (TBOD),
soluble biclogical oxvgen demand (sBOD). ammonium,
ortho-phosphate.

2-3 | MBBRI+MBBR2 | Suspended solids (S5). dissolved oxygen concentration
(DO), biofilm total solids (bTS), airflow to reactors.

4 MBE Transmembrane pressure (TMP), pH. temperature,
airflow to tank, level measurement, permeate flow
3 | Permeate tank Level measurement, suspended solids (S5), volatile

suspended solids (VSS), total chemical oxvgen demand
(TCOD), soluble chemical oxvgen demand (sCOD), total
biological oxvgen demand (TBOD), soluble biological
oxvgen demand (sBOD), Ammonium, Orthophosphate.
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USING LEACH IN MULTILEVEL RISK-BASED MANAGEMENT
MODELS FOR WIRELESS SENSOR NETWORKS
P. Shtilman, V. Elkin
Odesa Polytechnic National University. Ukraine

Anomauis. Y pobomi posensmymo ocobaueocmi npomoxony LEACH (Low
Energy Adaptive Clustering Hierarchy) y xomwmexcmi tioco inmezpayii 0o
Gopmanizosanux moodeneil Komnonenmie 6e30pomosux cencoprux mepedic (FCM).
3okpema, ananizyemocs 3acmocyeannsi LEACH y neuimkux moodensix cencopHux
8Y3/1i6 Ma KAHANIE 36 'A3KY, a MaKodc y 6azamopisHesili OHMOoN02I OYIHKY PUBUKIG,
wo exmouae Mooyni onucy mepedci ma epasiusocmi. Ilpedcmasneno cuivbHi ma
CabKi CMOPOHU NPOMOKOIY, NIOKPECTIIUY 1020 POlb AK A0anmueHoi 0CHO8U OJis
cmpyKmypHo2o i cemanmuunoeo mooemoganns nosedinku BCM y nesusnauenux
ymoeax. Ilokazano, wo nasime xiacuunuti LEACH, 6e3 pozeopmanua cumynayit,
Haoae HU3Ky enacmusocmel, AKi KOPUCHO oOpManizyiomscs uepes Hedimky 102iKy
ma onmonoeiunull nioxio. Ocobnusa yeaza npuodiiaemvcs Y3200HCEHHIO MEXAHI3MIE
Kracmepusayii 3 JAIHSGICIMUYHUMU  3MIHHUMU U  JIO2IYHUMU HPABUAAMU, WO
3aCMOCO8yIOmbCsl Y MOOYIAX — pusuKk-opienmosanoco awanizy. Taxuti  nioxio
3abe3neyye OCHOGY O/ CMBOPEHHA ZHYUKUX, CAMOHANAUIMOSYE8AHUX CEHCOPHUX
Mepedic 13 NIOMPUMKOIO ITHMENEKMYAbHO20 NPULIHAMML PIULeHb.

Knrouoei cnoea. LEACH, knacmep-enasa, Heuimka 102iKa, pusuk, OHMOA02IA,
BECM, npomoxon mapwipymu3zayii, mooenb nogeoinKu.

Abstract. The paper considers the features of the LEACH (Low Energy Adaptive
Clustering Hierarchy) protocol in the context of its integration into formalized
models of wireless sensor networks (WSN) components. In particular, the
application of LEACH in fuzzy models of sensor nodes and communication channels,
as well as in a multi-level risk assessment ontology that includes network and
vulnerability description modules, is analyzed. The strengths and weaknesses of the
protocol are presented, emphasizing its role as an adaptive basis for structural and
semantic modeling of WSN behavior in uncertain conditions. It is shown that even
classical LEACH, without deploying simulations, provides a number of properties
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that are usefully formalized through fuzzy logic and an ontological approach.
Special attention is paid to the coordination of clustering mechanisms with linguistic
variables and logical rules used in risk-based analysis modules. This approach
provides the basis for creating flexible, self-adjusting sensor networks with support
for intelligent decision-making.

Keywords: LEACH, cluster-head, fuzzy logic, risk, ontology, BSM, routing
protocol, behavior model.

[Iporokon LEACH € opnnieto 3 Hai0inbin BiIOMHX i€papXidHUX cTparerii
MapmpyTu3amii B 0€3IpOTOBMX CEHCOPHHUX Mepexax, Opi€HTOBaHMX Ha
eHEpro30epexeHHs Ta IOKalbHY arperamiio JaHMX. Moro KiodoBa imes — mOALN
Mepexxi Ha Kiactepu 3 oOpaHHsM kiactep-TiaB (CH), mo 3mificHioloTs 30ip i
mepefady JaHUX BiJ BY3JIiB 10 0a30Boi cTaHIi. Y KOHTEKCTI MOOYIOBH
¢dopmarnizoBannx moneneir moeeminku BCM, LEACH Bimirpae ponb mo4aTKoBOI
CTpYyKTypHOI miaTdopmu A peamizamii CEMaHTHYHHUX 1 HEYITKHX MeXaHi3MiB
YIpPaBIiHHS MEPEXKEIO.

VY monepenHiii poboTax 3ampOIIOHOBAHO HEYITKI MOJENi CEHCOPHOTO By3Ja Ta
KaHaTy 3B’s3Ky [l], IO JO3BOJNSIOTH ONMCYBaTH CTaH INJCHCTEM Y BHIJIA[IL
JIHTBICTUYHHMX 3MIHHHUX - “‘BUCOKE HAaBaHTa)XKEHHsA’, ‘“‘HHM3bKa HaIIHHICTH”,
“oOMmexxeHa eHepris” Tomo. KilactepHa opraHisamis, IO peamizyeTbesi depes
LEACH, 3a0e3neuye npupojHe TPpYITyBaHHS BY3JIB, y SIKOMY pOJb KiacTep-IJIaBH
MOke OyTH TMOB’S3aHa 3 arperoBaHMMH HEWITKUMH XapaKTEPUCTHKaMHU. Takum
YHHOM, BY30JI i3 BHCOKOIO 3QJIMIIKOBOIO €HEPIi€l0 Ta HU3BKHUM PHU3UKOM BiIMOBH
Moxke Oytu mpusHaueHnd sk CH Ha OCHOBI HEWITKOTO TpaBWia, SKE 3aMiHIOE
BHIAJIKOBHI BHOIP.

Bonnouac kanmanm 3B’s3ky, 1mo 3'eqnye CH i3 0a30BOO  CTaHIIi€lo,
(dopmaii3yeTbcs K JIiHIS OOCIYroByBaHHS 3 OOMEXEHHSMH Ha HPOIYCKHY
3laTHICTh, 3aTPUMKy Ta crapiHsa iHdopmauii. bararopiBHeBa oHTONOTIA,
chopmoBaHa SK cucTeMa MOXYJTiB (OHNHMC Mepexi, OI[iHKA PHU3HKY, BPA3JIUBICTH,
iHII), JO3BOJSIE TIOEJHYBAaTH CTPYKTYpPHI acleKTH Mepexi 3 JIOTIYHHMH
CHIBBITHOIIEHHSIMA MDX KjlacaMu 00’eKTiB Ta iX BimacTHUBOCTSIMHU [2, 3]. ¥V mpomy
koHTekcTi LEACH Bukonye ¢yHKIif0 TUHaMi4HOro (hopMyBada KIacTepiB, SKi y
CBOIO Yepry MOXKYTh OYTH IMOB’s13aHi 3 MOHATTAMH CEMAaHTUYHOTO MIPOCTOPY — 30HA
PU3HKY, 30Ha BIUIMBY, KDUTHYHHI BY30JL.

KosxkHa kmactep-riaBa y CHCTEMi MOXKE BUCTYNATH SIK areHT-CIIOCTepirad, IIo
HOBIIOMIISIE TIPO 3MiHY CTaHy KiacTepa (3MEHIIEHHs! eHeprii, MiABUILEHHS PH3HKY,
BUSIBJICHHSI BPa3JIMBOCTeil) y BUTIl (akTiB y 6a3i 3HaHb. Lle 103BOIsI€ akTUBYBaTH
BIANOBIHI NpaBWJIa y MOJYJ OLIHKH PU3UKY, 30KpeMa, iHII[IFOBaTH JUHAMIYHY
3MiHy TOTIOJIOTii, 3MEHIIMTH YacTOTy OINUTYBaHHA a00 3MIiHHTH CTPYKTYpYy
MapUIpyTH3aii.

IIpotoxon LEACH mae HU3KY mepeBar y paMKax po3TIIIHYyTOTO MiAX0AY:
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JIOKAJIbHE arperyBaHHS JAHUX Y3TOJDKYEThCS 3 HEUITKUMHU MOJEISAMHU 4Yepr, Je
BpaxOBY€EThCSI IHTCHCHBHICTB 1 3aTPUMKa TIepeaadi;

CHEPro3ajieXkHa IOBEJiHKa J[O03BOJISE IHTEIPYBaTH 3AJMIIKOBY €HEPril0 y
npaBuiia 0OpaHHs KiacTep-TJas;

CTPYKTYpHa MOZAYJBHICTb J03BOJISIE KOXKEH KJIACTEP B OHTOJIOTII PO3IIISIAATH SIK
OKpeMHui miarpad i3 BIaCHUMH BIaCTUBOCTSIMH.

BoxHouac iCHYIOTb CYTTEBI OOMEXESHHSI:

BUIAIKOBHUIT BUOip ch He BpaxoBye Hi PU3UKIB, Hi GHEPTETUUHHUX XapaKTePUCTHK
- LIe YCYBA€ThCs Yepe3 BBEJICHHS BaroBuX (GyHKIIii;

leach He BpaxoBye 30BHIIIHI 3arpo3M - MPOTE BOHM MOXYTh OYyTH BKJIIOYEHI 110
TIporecy IPUHHSTTS PillIeHHs Yepe3 MOAYJIb BPA3INBOCT;.

MIPOTOKOJI HE BPAaXOBYE JIOTTYHMX 3B’3KiB MK POJISIMHU BY3JIiB, O/THAK I1i 3B’SI3KH
3a7al0ThCsl B OHTOJIOTI.

LEACH-mpoToKo:1, He3BaXKalo4u Ha CBOIO MPOCTOTY, Ma€ BUCOKY iHTerpauiiiny
cyMicHicTh i3 ¢opmanizoBanumu monemsiMd BCM - sik y HediTKii Jjorimi, Tak i B
OHTOJIOTIYHHMX CTPYKTypaxX. 3aBISKH 1€papXiYHOMY NPHHLUILY KiIacTepHu3aLii,
MIPOTOKOJI TIPUPOJHO aJANTYEThCS A0 JIHTBICTHYHHMX 3MiHHHUX, IO ONHUCYIOTh CTaH
Mepexi, Ta OO CEMaHTHYHOI MOAeNl NPHHHATTS pIlleHb y PH3HUK-OPi€HTOBAHMX
CHCTEMax.

Moro BHKOpHCTAaHHS SIK CTPYKTYPHOI OCHOBH [03BONE OyayBaTH aJalTHBHI,
KOHTEKCTHO-0013HaHi CEHCOPHI Mepexi, 37aTHi 0 CaMOCTIHHOI peakiii Ha 3MiHH Y
CEpEeNIOBHIIl, BKIIOYAIOYH 3arpo3H, €HEpreTHYHI OOMEeXKEHHS Ta Jerpamawiio
KOMITOHEHTIB.
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ANALYSIS OF THE FEATURES AND COMPLEXITIES OF
AUTOMATION OF CLUSTER ANALYSIS OF TEXT DATA
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Annomayia. Y cmammi npoananizosano ocobaueocmi ma  mpyoHousi
agmomamu3ayii K1acmepHo20 aHaaizy mekcmoux Kopnycie, posisiHymo npooiemu
nonepeoHvoi  00poOKU, BUOOPY BEKMOPHUX NPeoCmasienb Mma —an20pUmmis
Kracmepusayii, a maKoic wisAxXu ni08UeHHs iHmepnpemo8aHoCcmi pe3ynbmamis.
Knruoesi cnosa: kiacmepusayis mexcmie, 00pooxa npupooHoi Mosu
Abstract. The article analyzes the features and difficulties of automating cluster
analysis of text corpora, considers the problems of preprocessing, the choice of
vector representations and clustering algorithms, as well as ways to improve the
interpretability of the results.
Keywords: text clustering, natural language processing
KrnactepHuii aHami3 KOPITyciB TEKCTOBUX JaHUX € BAXKIIMBUM HAIpsIMOM
y chepi 0OpoOKH IPUPOTHOTI MOBH, aJXKE BiH JO3BOJISIE BUSBILATH IIPHXOBaHI
3aKOHOMIPHOCTI y BEJMKHMX MacUBax TEKCTIB Ta (OpMyBaTH TeMaTH4HI
rpynu 0e3 nomnepenHboi po3miTku. Takuil migXix BHKOPUCTOBYETBHCS JUIS
cucTeMaTH3alil HayKoOBHX ITyOJiKalliid, cerMeHrauii pWHKIB, opraHizauii
iHpopMaLiHHUX MOTOKIB Y Meia Ta MiIBUIIEHHS e)EeKTUBHOCTI HOIIYKOBUX
cucrteM. [Ipore aBTOMarm3amisi IOTO NPOLECY CTHKAETHCS 3 HHU3KOIO
BUKJIMKIB, TIOB’S3aHUX i3  pI3HOMAHITHICTIO  MOBHHX  CTPYKTYD,
HEOTHOPITHICTIO JaHUX Ta OOMEKEHHSIMH alrOpUTMIB Kiactepuzarii [1].
[Ipomec aBTOMATH30BAaHOTO KIACTEPHOTO aHANI3y TEKCTiB Iependadae
KilbKa TIOCNTiJOBHHX €TalliB: TIIONEpPENHI0 OOpOOKYy MmaHUX, MOOYIOBY
BEKTOPHUX TMPEICTABICHh TEKCTiB, BHOIp aNrOpUTMy KIacTepw3amii Ta
IHTepIpeTaNif0 OTPUMaHUX pe3yibTaTiB. Ha KOoXXHOMY 3 IHX erariB
BHHHUKAIOTh OCOOJIHMBOCTI Ta TPYAHOII, SIKi BIUTMBAIOTh HA SIKICTh 1 TOYHICTB
pesyabTariB. [lomepemuss 00poOKa TEKCTIB BKIIIOYAE TOKEHI3AIIiIo,
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JieMaTH3aIlito, BUAAJIICHHS CTOI-CJIIB Ta HOPMaJi3allito CHMBOJIB. Y BHIIAIKY
0araTOMOBHHX KOPITYCiB CKJIQJHICTh ITiIBHIY€ETHCS Yepe3 HASBHICTh PI3HUX
MOpP(OJIOTIYHUX CHUCTeM, M0 BHUMAara€ BHKOPHUCTAHHS CIICIialli30BaHUX
IHCTpYMEHTIB I KOxKHOT MOBH. KpiM Toro, 3Ha4HY IIpobiIeMy CTaHOBISTH
HECTPYKTypOBaHi abo IIyMOBi [aHi, $Ki CIIOTBOPIOIOTh CEMaHTHYHY
kapTuHy TekcTiB [2]. Tpaauuitini migxomu, Taki sk TF-IDF, wacto He 3xaTHi
BPaxoBYBaTH CEMAaHTHYHI 3B 53K MIX ClIOBaMH. BukopucTaHHS cydacHUX
mojeneid, 3okpema Word2Vec, GloVe Ta TpanchopmepiB (Hampukian,
BERT), nossonsie QopMmyBaTm KOHTEKCTyajbHI IPEICTAaBICHHS TEKCTY,
mpote MoTpedye 3HAYHUX OOYMCIIOBAILHHX PECYpCiB Ta pPETEeIbHOrO
HaNAIITyBaHHs. BuOip MoJeni 3a1e:KUTh Bill IUICH JOCHIDKEHHS: Y 3aa9axX
TEMAaTUYHOI KJacTepu3allii HOMUIBHUM € BUKOPHCTAHHS KOHTEKCTHHUX
BEKTOpiB, TOAI K Ais iH(pOpMAIiifHOTO MOIIyKy MOXe OyTH IOCTaTHIM
3aCTOCYBaHHS KIACHYHHAX METOMIB. AJNTOPUTMH KIAacTepu3allii, Taki sk k-
means, DBSCAN, hierarchical clustering, maroTe pi3HI mepeBarm W
obmexxeHHs. Hampukman, k-means € mBuakuM i macmTabOBaHUM, aie
noTpeOye BU3HAYCHHS KUTBKOCTI kiactepiB Hamepen. DBSCAN mo3Bossie
BUSIBJISITH  KJIaCTepH JIOBIIBHOI (OpPMH, TpOTE UYTIMBHH 10 BHOOpY
nmapamerpiB € Ta minPts. lepapxiuni Meromu 3a0e3nedylOTh HAOYHY
Bi3yaji3allilo CTPYKTypH JaHHX, ajie He 3aBkIu NpHIATHI Uil Jyxke
BEJIMKHUX KOPIYCiB. ABTOMATH3AIlisl MPOLECY KIACTepH3allii YCKIaJHIOEThCS
camMe HEOOXIJHICTIO KOPEKTHOI'O Mig0opy airoputMy Ta HapaMeTpiB
3aJIeXHO Bifi ocobnmBocTell TekcroBux Aanux [1]. e oaniero mpodieMoro
€ iHTepIpeTaris pe3yiabTaTiB. ABTOMAaTHIHO c(OPMOBaHI KJIaCTEPH MOXKYTh
MaTH HEYITKi TeMaTHYHI MeXi, 10 MOoTpedye MOJaTKOBHX METOMIB iX
MMO3HAYCHHS Ta y3arajJbHEHHS. 3aCTOCYBaHHS TEMATHYHOTO MOIETIOBAHHS
(LDA, NMF) y noemHaHHI 3 KIaCTepU3aI€0 TO3BOJSAE MOJIIIIUTH SKICTh
ONHUCYy TpyH. ABTOMATH3alis KIACTEPHOTO aHaNli3y KOPITYCiB TEKCTOBUX
JAHUX € CKJIAJHOK 3aJadero, M0 TMOE€JHYe B CcOOI JIHIBICTHYHI,
QITOPUTMIYHI Ta iHXeHepHi acnekTd. OCHOBHI TpyAHOLI IOB’si3aHI 3
HEOJ/IHOPITHICTIO MOBHUX CTPYKTYP, OOMEKECHHIMHU KIIACHYHUX aJITOPUTMIB
KJIacTepu3allii Ta CKJIaIHICTIO IHTepIPEeTAaIlil pe3y IbTaTiB.
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SECTION 3. MODELING AND SOFTWARE ENGINEERING
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GROWING UNDER DRIP IRRIGATION
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Anomauis. YV pobomi  Oocnidscyemucs cyMmicHe — MOOemo8aHHs
8os1020N€epeHecen s 8 IPYHMI Mma pocmy KOpeHegoi cucmemu pOCIuH 3a KpaneasHo2o
spowtenns. Jlna  Kanibpysamns MOOeni  BUKOPUCMOBYIOMbCA — MAKi  Memoou
onmumizayii, sk memoo pow uyacmunok (PSO) ma cenemuuni ancopummu.
Pesynvmamu docnidscenna oemMoHCmpyroms nomeHyian 3anponoHO8aH020 nioxooy
onsl 1020  3ACMOCY8AHHSI 8 CUCMEMAX NIOMPUMKU —pilleHb Y  CLIbCbKOMY
20Cn00apcmei.

Kniouosi cnoea: eonoconepenecenis, Mooeib pocmy KOpenesoi cucmemu,
pisusinus Piuapoca, oughepenyianvni moodeni 0poH06020 nopsoKy, Memoo poro
YACMUHOK, 2eHEeMUYHT ANCOPUMMU

Abstract. This paper investigates the simultaneous modelling of moisture
transport in soil and the growth of the root system of plants under drip irrigation.
Optimization methods, such as particle swarm optimisation (PSO) and genetic
algorithms, are used to calibrate the model. The results of the study demonstrate the
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potential of the proposed approach for its application in decision support systems in
agriculture.

Keywords: moisture transport, root growth model, Richards equation,
fractional-order differential models, particle swarm optimization, genetic algorithms

Drip irrigation can lead to significant moisture distribution heterogeneity
in soil profile. Thus, it is important to simultaneously predict both the
moistened zones and the root-containing zones with the distribution of the
root system in them. Their scenario modelling based on the mathematical
models calibrated for a specific soil and crop conditions has significant
advantages over exclusively experimental studies, providing the opportunity
to evaluate soil moisture distributions under different weather conditions,
irrigation rates and organization of irrigation system.

Considering the case of the experiment in production conditions with
limited capabilities for monitoring the state of the soil, in this study we build
an algorithm for calibrating the moisture transport model, combined with a
stochastic model of root system growth, in order to most accurately
determine the moistened zones, the size and distribution of the root system
for specific observed conditions. In our case, the root system growth model
takes into account the influence of soil moisture potential field obtained
according to the moisture transport model.

The latter model, in turn, uses the generated root system’s model in the
process of modelling evapotranspiration, specifically moisture consumption
by plants. A combined model calibrated based on the measured data for one
growing season can be used in future to refine irrigation regimes, the
parameters of irrigation pipeline placement and the distant between emitters
on them when growing the same crop in subsequent years.

For the purpose of modelling, we use the Richards equation stated in
terms of water head in a two-dimensional approximation and apply to it a
finite-difference numerical technique similarly to the case described in detail
in [1]. In order to adapt the model to the actual plant growing and soil
conditions, several multipliers are introduced to the moisture transport
equation [2].

They are fitted to the water head measurements using the Particle Swarm
Optimization (PSO) algorithm [2]. We use a root growth model derived
from the one described in [3]. In it, each root is represented by a tree of
branches. Each branch is represented by a list of segments, where each
segment corresponds to branch growth during one time step.
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The question posed in this paper is whether it is possible, using the
procedure for modelling the growth of the root system, to obtain such a form
of the root system that would improve the accuracy of modelling the
dynamics of water head in comparison with the use of generalized root
system density functions? To answer this question, we propose a modelling
procedure based on the optimisation of root system model using genetic
algorithms approach.

To test the proposed procedures we used the measurements obtained by
the iMetos micro-meteostation, on which, in particular, Watermark suction
pressure sensors were installed, in 2024 during an agronomic experiment on
growing corn for seed on an experimental field within the Makariv district
of the Kyiv region of Ukraine. In the computational experiments the most
accurate predictions were obtained using the integer-order moisture
transport model together with the generated optimized root system’s shape.

Although the fractional-differential model showed the best results for the
training dataset, its application to the testing dataset led to an increase in
errors, which may indicate overfitting.

Modelling and optimising the root system’s shape improved the
accuracy of moisture content modelling, especially for the upper soil layers,
where, in the case of using the generalized root system density function, the
errors were the largest. The simulated optimized shape of the root system
demonstrated its preferential distribution breadthwise in the upper layers and
concentration in the moistened zone under the emitter that is consistent with
the observations.
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CKUIAJHUX CYJHOBUX EHEPTETUYHUX CUCTEMAX
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Abstract. Timely fault diagnosis in Ship Power Plants (SPPs) remains a critical
challenge due to heterogeneous data, evolving operational contexts, and rare failure
patterns. This work introduces a modular similarity assessment framework tailored
for intelligent diagnostic systems. It integrates Euclidean, Jaccard, and logistic
metrics with Bayesian inference and temporal degradation factors. The system
dynamically adjusts parameter weights via L-BFGS-B optimization, improving the
matching of current failures to historical precedents. Experimental results show over
90% accuracy across three major fault types, demonstrating robustness against data
sparsity and noise. The model’s interpretability and probabilistic extensions allow
informed decision-making in real-time diagnostics and predictive maintenance.

Keywords: intelligent diagnostics, case-based reasoning, adaptive metric,
Bayesian aggregation, marine engineering, fault detection, SPPs.

Anomauin. Ceoecuacna OiacnHocmuka 6iOMO8 Y CYOHOBUX —EHEPeMUYHUX
yemanoskax (CEY) ¢ eajciusolo ymosolo 3abesneuenns Oe3neku ma HAOMIHOL
excniyamayii 8 yMOGax 3MIHHUX DPedCcUMie ma oOMedceHux Ooauux. Y yit pobomi
3aNpPONOHOBANO  MOOYAbHY — CUCEMY  OYIHKU — CXOdHCOCmI, adanmogamy 0o
iHmMeneKmyanbHux diacHocmuunux cucmem. Bona noconye esknioosi, 0xcaxapoosi
ma noz2icmuyHi Mempuxku 3 OQUECIBCOKUM 6UBCOEHHAM 1 4ACO8UM (pakmopom
Odezpadayii. Baeu napamempie HANAUWMOBYIOMbCA AGMOMAMUYHO 34 OONOMO2OIH
onmumizayii L-BFGS-B, wo nideuwye mounicmv cniecmasnenus 3 iCmopuyHumu
sunaoxkamu. Excnepumenmu 3aceiouunu mounicme nonad 90% ons ocnoénux munie
BIOMO6, WO CEIOHUMb NPO CIMIUKICHb MOOENi 00 PO3PIONCEHUX | 3AULYMACHUX OAHUX.
Inmepnpemosanicme  ma  UMOSIPHICHI  pO3WUPEHHsT  MOOeli  3a6e3neyyioms
00IPYHMOBAHY NIOMPUMKY PIUEHb 8 YMOBAX HEGUSHAYEHOCTII.
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Knwowuoei cnoea: inmenexmyanvna OiazHOCMUKA, NpeyeoOeHmMHUl aHanis,
adanmueHa Mempuxa, Oaileciecbka azpe2ayis, MOPCbKA IHIICEHEPIs, GUABIEHHS
necnpaerocmeti, CEY.

Modern SPPs are complex technical systems that operate under highly
variable and uncertain conditions [1, 2]. Their components are subject to
diverse degradation mechanisms, varying operational modes, and
multifactorial failures. Ensuring fault-free operation requires not only timely
detection of failures but also transparent diagnostic reasoning and robust
inference under incomplete data.

Traditional diagnostic methods struggle with these challenges due to
their reliance on static similarity metrics, limited flexibility in dealing with
heterogeneous data types (e.g., numerical, categorical, temporal), and
inability to adapt to evolving system behavior. As a result, case-based
reasoning (CBR) has emerged as a promising framework, allowing the reuse
of previous fault knowledge through similarity assessment. Yet, the
effectiveness of CBR systems critically depends on how accurately and
contextually the similarity between diagnostic cases (precedents) is
measured [3, 4, 5].

This study proposes a new approach to similarity evaluation that
addresses the limitations of fixed, non-adaptive similarity functions. The
proposed model combines metric-based similarity, probabilistic reasoning,
and contextual adjustment mechanisms, yielding a reconfigurable and
interpretable diagnostic tool for marine engineers.

Problem Statement.

The central challenge is to develop a similarity assessment methodology
that is:

applicable to heterogeneous features (including probabilistic, categorical,
and numerical attributes);

interpretable, to support human expert analysis;

adaptive, capable of tuning itself to the operational context;

robust to data sparsity and incompleteness;

integratable into real-time diagnostic systems.

The model must assess the similarity between a current diagnostic case
and archived precedents using a composite metric, optimized through
learning from historical data and expert knowledge. It must also be resilient
in scenarios involving rare faults and limited training examples.

Methodology
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The final similarity between a new case iii and precedent jjj, the
following expression is used:

Sim “Jj} =a 'Sr}'pa +f- Smmpmzaum Ty 'Spmbnbz'!ir}'l

where Stype . cosine similarity based on failure type;
Scomponents _ Jaccard similarity over affected subsystems;
Sprebability _ inverse Euclidean distance between failure
likelihoods,
a,f,y - weights optimized via L-BFGS-B based on expert-defined
similarity judgments

Table 1.
Classification of typical failures and diagnostic features
F_?;!gge Temperature | Vibration Pressure Typical Symptoms
. Often associated
Failure >90°C 2.0-35 >10 bar with cooling
A mm/s .
system overheating
Failure 75_85°C 1.5-25 6-9 bar Related_ to gradual
B mm/s bearing wear
Failure >85°C 2.5-4.0 9-11 bar Observed with
C mm/s unstable fuel supply

These structured attributes form the basis for the similarity metric
computations. Each case is mapped into a normalized feature space,
enabling pairwise similarity calculation using domain-specific metrics. The
combination of temperature, vibration, and pressure captures essential
indicators of component health.

Experimental results

A synthetic dataset of 150 failure cases was created, with expert-labeled
similarity scores and classification ground truth. The optimized similarity
metric yielded the following classification accuracies: Type A: 96% (48/50);
Type B: 84% (42/50); Type C: 92% (46/50).
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Performance degradation was tested by reducing the training set by 40%,
resulting in only a 5-7% accuracy drop, confirming robustness.

A confusion matrix (Figure 1) illustrates diagnostic accuracy.

The model outperformed fixed-metric baselines in accuracy,
interpretability, and adaptability. Key insights include:

dominance of "failure type": optimization revealed that failure type
contributes over 80% of the diagnostic weight;

elimination of redundant features: risk category and affected subsystems
were shown to be diagnostically insignificant and removed,;

temporal considerations matter: incorporating time-to-failure data
improved precision, especially for components prone to fatigue;

Bayesian aggregation adds confidence: posterior probabilities helped
quantify uncertainty and interpret decisions probabilistically.

Failure A

Actual failure type
Failure B

Failure C

Failure A Failure B Failure C
Predicted failure type

Figure 1. Classification error matrix by failure types
Compared to models such as DeepKAF, MSFF-CBR, and GNN-

enhanced CBR systems, our method delivers comparable accuracy with
lower computational complexity and greater explainability.
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Conclusions

This work presents a novel framework for adaptive similarity assessment
in intelligent diagnostic systems for marine power plants. Key achievements
include:

integration of multiple data types into a unified similarity metric;

optimization of weight coefficients to enhance diagnostic relevance;

application of bayesian inference for robust decision aggregation;
demonstrated resilience to noisy and incomplete data.

The proposed model is especially valuable in real-world diagnostic
settings characterized by data heterogeneity, limited fault data, and the need
for transparent reasoning. Its modularity allows extension to other
engineering domains such as aerospace, offshore energy, and manufacturing
diagnostics.
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TECTOBI HABOPH, 110 CAMOBIJITHOBJKOKOTBHCAI:
ABTOMATHU3ALISA MIATPUMKUA HECTABIJIBHUX TECTIB
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Abstract. In modern software development, flaky tests - unstable tests that
randomly pass or fail without code changes - reduce confidence, increase manual
debugging, and hinder continuous integration. This paper proposes self-healing test
suites that automatically detect and repair failures using static and dynamic analysis
combined with machine learning. The framework supports locator adaptation, test
data updates, and re-execution prioritization.

Keywords. automated testing; self-healing test suites; flaky tests; CI/CD;
machine learning; static analysis; dynamic analysis.

Anomauia. Y cyuacuiii po3pobyi npocpamHozo 3abe3neuenHs HecmabOilbHi
mecmu (flaky tests) - mecmu, wo eunadxoso npoxodsme ab6o nadaiomo He3 3MiH y
KOOI - 3HUdMCYromov 008Ipy, 30UIbWYIOMb SUMpPaAmu HA  GIONA200NCEHH mad
YCKIaoHwioms  npoyec besnepepsHoi  inmeepayii. Y pobomi nponoHynomuvcs
CAMOBIOHOGIIO6AHI  MeCmOosl  HAOOpYU, 30AMHI  AGMOMAMUYHO  GUAGIAMU  MA
sunpasasimu 3001 3a OONOMO20K0 CIAMUYHO20 MA OUHAMIYHO20 AHANI3Y Y NOEOHAHHI
3 Memooamu MAWUHHO20 HABYAHHA. 3aNpONOHOBAHA APXIMEKMypa 6KIYAE
aoanmayiio 10KAmMopie, OHOBAEHHA MeCMO8UX OAHUX A NPIOPUMU3AYIIO NOBTNOPHUX
3anycKie.

Knwuogi cnosa. asmomamuzosane mecmyeanHsa; camo8iOHO6NI08AHI Mecmosi
Habopu, Hecmabinbni mecmu; CI/CD; mawunHe HAGYAHMS, CMAMUYHUL AHATI3,
OUHAMIYHUT aHANI3.

The reliability of automated testing is threatened by flaky tests—
inconsistent tests caused by concurrency, environment variability, external
dependencies, or unstable assertions [1, 3]. Traditional maintenance is
manual and costly. Self-healing test suites automate this process by
combining static and dynamic analysis, machine learning, and adaptive
mechanisms [2]. Static analysis detects APl dependencies, platform-specific
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constructs, and concurrency risks. Dynamic analysis observes runtime
execution, logging non-deterministic failures such as race conditions or
resource contention. Combined approaches improve fault localization
accuracy. Self-healing mechanisms include: locator adaptation (fuzzy
matching, attribute similarity, ML classifiers) for GUI test failures; adaptive
data generation (fuzzing, ML-based synthesis, database snapshotting);
runtime monitoring with automated retries, timeout adjustments, and failure
classification; pattern mining from historical logs, using ML (decision trees,
RNNs) to predict flakiness [4]; automated patching via static analysis,
replacing brittle assertions or adding synchronization primitives; SBSE
applied for repair [2].

Integration of self-healing frameworks with containerized test
environments (e.g., Docker, Kubernetes) enables controlled replication of
flaky failures across heterogeneous platforms. Advanced orchestration tools
coordinate retries and healing strategies to minimize resource contention in
large CI/CD clusters. Combining symbolic execution with runtime traces
improves detection of hidden platform dependencies and strengthens patch
recommendation accuracy. Adaptive scheduling policies dynamically
prioritize flaky test re-executions to balance fault detection efficiency with
computational cost. The use of graph-based dependency analysis improves
the detection of fragile inter-test relationships that frequently cause hidden
flakiness. Incorporating reinforcement learning agents allows test suites to
autonomously refine healing strategies based on historical execution
outcomes. Empirical studies show 30-40% reduction in manual test repairs,
up to 40% fewer false negatives, and 25% faster regression cycles. Cloud-
based CI/CD integration improves scalability to thousands of parallel
executions. Remaining challenges include false positives in locator healing,
runtime overhead from retries and monitoring, poor generalization of ML
models, and low developer trust in opaque automation. Future work focuses
on hybrid frameworks combining explainable Al with efficient static—
dynamic analysis pipelines.
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Anomauia. ¥ pobomi npeocmasneno nopienanvruii ananiz Postman ma JMeter
0151 Mmecmy8aHnHss npoOyKmueHocmi inmepgeticie npoepamyeants dodamxis (API).
Ompumani Mempuxu mecmy6anHs. HAGAHMANCeHHs (avg, min, max, error %) 6i0 5
nybniunux API noxazytome éuwyy npodykmusHicms Postman 6 ymosax HU3bko2o ma
NOMIPHO20 HABAHMAJICEHHS, A MaKodc egexmusnicmo JMeter ons cyenapiie
BUCOKO20 HABAHMANCEHHSL.

Kniouosi cnosa: mecmyesanns npoOyKmueHOCHI, Mecmy8ants HA8AHMANCEHHS,
Postman, JMeter, uac 6ionogioi, sampumxa.
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Abstract. The paper presents a comparative analysis of A and B for testing the
performance of application programming interfaces (APIs). The obtained
performance testing metrics (avg, min, max, error %) from 5 public APIs show
higher performance of Postman under low and moderate load conditions, as well as
the effectiveness of JMeter for high load scenarios.

Keywords: performance testing, load testing, Postman, JMeter, response time,
delay.

API performance testing using Postman and JMeter tools has become
increasingly important due to the rise of microservices, expansion of
application usage, and frontend dependency on APIs, along with the need to
support growing user bases and data volumes [1]. However, these tools
differ in their load simulation approaches [2], and their effectiveness varies
under different load conditions, which can be considered in testing
strategies [3].

There were 8 test scenarios, which involved sequential execution of
GET, POST, PUT, and DELETE requests plus Delay request after each of
them (using JMeter Constant Timer element and Postman https://postman-
echo.com/delay request) to 5 public APIs under different type of load
(Ramp Up, Spike, Peak, and Fixed type), applicable to both tools. Tests
were organized in form of Postman collections and used different types of
Thread Group and Loop Controller elements in JMeter. Performance testing
was conducted under identical conditions, considering factors as number of
virtual users (VU), think time or delay, and test duration.

Aggregated mean performance test metrics (average response time (avg),
minimum (min), and maximum (max) response times, and error rate (%))
from hundreds of requests [4] show that Postman demonstrates better
performance comparing to JMeter, as shown in Table 1. However,
difference in metrics values (deltas) illustrate that Postman has higher
performance in low to moderate load conditions, where think time is greater
than 5 sec, as shown in Figure 1 (negative delta values indicate that Postman
was faster).

On the other hand, JMeter illustrates higher performance under the
conditions of high load and request intensity (sharp increase in load to peak,
followed by a gradual decrease with a short think time equal to 1 sec), as
shown in Figure 2.
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FakeStoreApi FakeStoreApi

JsonPlaceHolder = JsonPlaceHolder T
SampleApis = SampleApis
DummyJson = Dummylson &=
ReqResin = ReqRes|n ==
00 50 0 50 100 20 0 20 4 60 &
NGET mPOST mPUT = DELETE BGET mPOST mPUT = DELETE
Figure 1. Deltas of avg values for Figure 2. Deltas of avg for high
low to moderate load conditions load and request intensity
Table 1.
Aggregated mean performance results for Postman and JMeter
Method Tool Avg, ms | Min,ms | Max, ms | Error, %
GET Postman 166,175 | 110,650 | 415,575 0,935
GET JMeter 181,650 | 115,925 | 499,625 0,739
POST Postman 148,100 | 117,250 | 877,200 7,671
POST JMeter 147,175 | 124,700 | 805,525 7,999
PUT Postman 144,925 118,100 341,425 1,777
PUT JMeter 152,075 125,525 377,275 7,936
DELETE Postman 166,225 | 136,525 | 315,475 7,931
DELETE JMeter 163,325 | 143,525 | 374,475 8,515

In conclusion, obtained results could have a profound impact on
selecting appropriate testing tools. Taking into account factors such as
complexity of returned responses and planned load parameters it is possible
to ensure a reduction of testing time and risk of underestimation of the
system in high load conditions.

References

1. Manukonda, K. (2024). Optimizing performance: Designing APl test
automation frameworks. JEC Publication.

240




Materials of the X111 International Scientific Conference
«Information-Management Systems and Technologies»
24th — 26th September, 2025, Odesa

2. Rodrigues, A., et al. (2019). Master Apache JMeter—From load testing to
DevOps: Master performance testing with JMeter. Packt Publishing Ltd.

3. Vovk, O., et al. (2025). Approach to comprehensive website testing:
Combining usability and functional test methods. In Proceedings of the 10th annual
conference on Print, Multimedia & Web. Modern Trends (Vol. 1, pp. 5-30).
Kharkiv, Ukraine: LLC "Drukarnya Madrid".
https://doi.org/10.30837/PMW.2025.T1.005

4. Savanevych, V., et al. (2023). Mathematical methods for an accurate
navigation of the robotic telescopes. Mathematics, 11(10), 2246.
https://doi.org/10.3390/math11102246

YK 004.49

ITPO YPA3JIMBICTB BAT'ATOIIAPOBUX MEPEKEBUX
CTPYKTYP TA CUCTEM
Ph.D. JI. Moutingy{0000-0002-7852-0378] D Scij, M. Saax’-2 [0000-0001-6070-6142]
Unemumym npuxnaouux npobnem mexamixu i mamemamuku in. A.C. Iliocmpuzaua,
Hayionanvna axademisn nayk Yrpainu, Ykpaiua,
2JIveiecoruil nayionarvuuil ynisepcumem im. leana @panxa, Yepaina
EMAIL: do.polishchuk@gmail.com, yadzhak_ms@ukr.net

ON THE VULNERABILITY OF MULTILAYER NETWORK
STRUCTURES AND SYSTEMS
Ph.D. D. Polishchuk?! , Dr. Sci. M. Yadzhak® 2
!Pidstryhach Institute for Applied Problems of Mechanics and Mathematics,
National Academy of Sciences of Ukraine, Ukraine
2lvan Franko Lviv National University, Ukraine

Anomauia. Ha niocmasi cmpykmypHoi ma nomoxogoi mooeneil bazamoutapogoi
mepeoici (BIIIM) eusnaueni oCHOGHI CmpYKmypHi ma (QYHKYIOHAIbHI NOKAZHUKU
saxcaueocmi  OKpemux il wapie y  npoyeci  MIJCCUCMEMHUX — 83AEMOOII.
Buxopucmosyrouu 66ederni noKasHuKu 6axciusocmi, po3pooieHi echekmugui cyenapii
yinecnpamosanux amax Ha bBILUM. Iloxaszamo, wo yi cyenapii mooxcymv Oymu
BUKOPUCMAHT O YCRIWHOL NPOMUOii NOWUPEHHIO HeYITbOBUX VDAXCEHb CUCHEMU.
Ipoananizosano npobaemy macumadHocmi HACHIOKIE YILNeCHPAMOBAHUX amMaxk ma
HeYiNbOBUX YPANCEHb MEPEICEBOI CUCMeMU MA BU3HAYEHO PIBEHb 1i 3axunyenocmi ma
yymaueocmi 00 Oil PI3HOPIOHUX HeeamueHux 6naueis. Bcmanoeneni nepesacu
NOMOK0B8020 NIOX00Y NOPIGHAHO 31 CMPYKMYPHUM Ni0 4aAC  OOCHIONCEHHS
ypasnueocmi 6a2amouaposux Mepexicesux CUcmeM.
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aneopumam.

Abstract. On the basis of structural and flow models of multilayer network
(MLN), the main structural and functional importance indicators of separate layers
in the process of intersystem interactions are determined. Using the introduced
importance indicators, effective scenarios of system-wide targeted attacks on MLN
are developed. It is shown that these scenarios can be used to successful counteract
the spread of non-target system lesions. The problem of the scale of targeted attacks
and non-target lesions consequences for the network system is analyzed and the level
of its protection and sensitivity to various negative influences is defined. The
advantages of flow-based approach over the structural ones during the study of
vulnerability of multilayer network systems are established.

Keywords: intersystem interactions, multilayer network, flow model, influence,
betweenness, system-wide lesion, parallel algorithm.

KoxxHa peanpHa cucrema, NpHponHa ab0 CTBOpEHA JIIOAWHOK, €
BIIKPHUTOIO, TOOTO B3aeMojie 3 OaraTbMa iHIINMH CHCTeMaMH. BBemeHe y
Teopil CKIIAAHUX MEPEX MOHATTS 0araTomapoBoi Mepexi OIMUCYE CTPYKTYPY
TaKMX B3a€EMOJiH MK OKpeMHMH Iapamu-cuctemMamu [1]. Byap-sike i3
MDKCHCTEMHUX YTBOPEHb MOXKE MiJIaBATHCSl PIZHOPIIHUM HETaTUBHUM
BIUIUBaM — SIK yYMHUCHUM (LIJIECHPSMOBAaHI aTaku), Tak 1 HEYMHCHHM
(HeUIbOBI ypaKeHHSI CUCTEMH — CTHXIHHI JIMXa, TEXHOTEHHI KaTtacTpodH,
NOIIMPEHHs emifeMiil 1 T. iH.). 3a MaciTaboM BIUIMBY iX MOYKHa YMOBHO
NOJAUIMTH Ha JIOKAIbHI, KOJH BPAXKAE€ThCS OAMH ab0 JEKiNbKa CYMDKHHUX
enemenTiB BIIIM; rpymoBi, Ko mix iX [Iif0 moTparise MeBHa TpyIa By3IIiB
OaratomapoBoi Mepei; 3aralbHOCHCTEMHi, KOJH TICBHOIO  MipOIO
BpPaXalOThCS YCi €JIeMEHTH OXHOTO abo KimbKoX mapiB-cucteM bBIIIM.
OCHOBHOIO 3arpo30l0 TaKWX BIUIMBIB € MOXJIHBICTE IE€PEPOCTAHHS
JOKaJbHUX YypaKeHb Y TIPYIOBi, a TPyNOBHUX — Yy 3arajJbHOCHCTEMHI.
[Toka3oBUM TPUKIAOOM TYT € TOMHUPEHHS emigeMid iH(eKmiiHuX
3aXBOPIOBaHb, 30kpema, Covid-19 [2].

Y  nomepeaHix — poOOTax  PO3MNIAAANMCS  CTparerii  3aXUCTy
6araTomiapoBux CTPYKTYp Ta CHCTEM BiJ JIOKAIbHHX Ta TrpymnoBux [3]
ypakeHb pi3HUX THMIB. Y 1ilk poOOTI MU JOCIIIKYEMO CTpaTerii 3axucry
BIIIM Bix 3araqbHOCHCTEMHHUX IIIECIIPSIMOBAHUX aTaK. Y Pa)KCHHS HAaBITh
OJIHOTO IIApy TaKHX YTBOPEHb MOXKE NPH3BECTH 0 JAecTabinmisauii mporecy
MIDKCUCTEMHUX B3a€MOJIN 3araiaoM, sIK 1€ crajocs mix yac manaemii Covid-
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19. Bpaxarucst MOXyTh Jekinbka (riOpuani BiliHM) abo yci (caHKIi
CTOCOBHO KpaiH, sIKi HECyTh 3arpo3y cBiToBii Oe3merri) mapu BIIM. [l
BU3HAYEHHS BAKIUBOCTI OKpPEeMHX IIapiB, SK IUJIEH YpaKeHHS, MH
BUKOPHUCTOBYEMO CTPYKTYPHY Ta IIOTOKOBY MOJeli 6araTomapoBoi CHCTeMHU
[3]. Cepen cTpyKTYpHHX MOKa3HHKIB BaXKJIMBOCTI HIAPY MH 3aCTOCOBYEMO
TaKl XapaKTepUCTHKH: NMUTOMY Bary MHOXKHHH BY3JIB IIApy y 3araibHii
cykynHocTi By3iiB BIIIM; nuroMy Bary MHOXKMHM pebep mIapy y 3arajbHii
CYKYITHOCTI pebep OararonrapoBoi Mepeski; BXiJIHI Ta BUXIHI CTyIIEHI 1Iapy;
MTUTOMY Bary TOYOK IIepexo/ly Iapy, 4epes3 sKi 371HCHIOI0THCSI MIXKCUCTEMHI
B3aemonii 1 T. iH. Cepen QyHKUIOHAIBHUX MOKa3HUKIB BaXIIMBOCTI IIApy y
BIIIM Mu BHKOpHUCTOBYEMO IMapaMeTpu BXIZHOTO Ta BUXIJHOTO BIUIUBY
mapy, a TakoX IapaMeTpu WOro IIOCePeTHHNTBA Ta B3AEMOMI i3
OaraTomapoBOl0 CHCTEMOIO 3arajoM. Ha mincraBi CTPYKTYpHHX Ta
(yHKIIOHATTPHUX TOKA3HUKIB BayKnuBOCTi mapiB BIIIM po3poOiena HHU3KY
e(eKTHBHUX CIICHAPiIB 3aralbHOCHCTEMHHX IIECIIPSIMOBAHHX aTaK Ha
OaratomapoBy Mepexy. [lokazaHo, MmO Taki crHeHapil dalOTh 3MOTY
Bu3Hayatu ckianoi BIIM, siki moTpeOyroTh IepIIoYeproBoro 3aXucry, Ta
MOXXYTh OyTH YCHIIIHO 3aCTOCOBaHI JUIs MPOTUAIT TONIMPCHHIO HELiIbOBUX
ypaskeHb OaraTorapoBoi Mepexi.

Y po0oTi MPOMOHYIOTECS METOIM OIIHIOBAHHS SIK PIBHS 3aXHUINEHOCTI
peayibHOi CKIAJAHOT MepexeBol cucremu sk ckimagoBoi BIIM, Tak i
HACHIJKIB 1 ypa)KeHHs Ul NPOLECY MIKCHUCTEMHHUX B3a€EMOJIN 3arajom.
OdeBHAHO, U0 TaKe OIIHIOBAHHS TNOTPeOye OMpAIfOBAaHHA BEIHYCIHUX
00CSTiB JaHWX, a [ BUMAarae 3aCTOCYBaHHS CYYacHHMX OOYHMCITIOBAaJIBbHUX
METOJiB Ta KOMIT'IOTepHOro oOjagHaHHA. BXimHi maHi mpo craH Ta
(yHKIIOHYBaHHS ~ O0’€KTIB  CHCTEMH JyK€ YacTO MOXYTb OyTH
CIOTBOpeHMMH. ToMy mepes; BUKOPHCTaHHAM JUISl OL[IHIOBAHHS CHCTEMH iX
MOTPiOHO TOTIepeTHRO BiAQINETPYyBATH AT YCYHEHHS 3aBaj. 3a3BHUAN ITI0
npouenypy TOTpiOHO 3AiHCHIOBaTM B PEXKUMI  pPEAILHOTO  4acy,
3aCTOCOBYIOUM TapaieyibHi aaroputMmu. Y [4] 3ampornoHOBaHO e(eKTHBHI
napajiesibHi aJrOpPUTMH 3 aBTOHOMHHUMH T1UIKaMu it (iIbTparii oqHO- Ta
JBOBUMIPHHMX  CHrHaIiB. JIji1 [IBHIKOTO  OLIHIOBAHHS CTaHy Ta
(GyHKIIOHYBaHHS 00’€KTIB CUCTEMH MICIsl ypaKeHHs! HAMH 3alpPOIIOHOBAHO
e(EeKTUBHI  MapajenbHi  AITOPUTMH  JIOKAJbHOTO,  arperoBaHoro,
MIPOTHOCTUYHOTO Ta IHTEPaKTHBHOTO OIiHIOBaHHA [5]. 3okpema, mms
OOYHMCIICHHS! 3HAa4YCHb IapaMeTpiB JIOKAJIBHOI OIIHKM 3aCTOCOBAHO CXEMY,
OIM3bKY 10 TOBHOTO OiHapHOTO aepeBa. /Iyt arperoBaHOro OILiHIOBaHHS
TIOBEAIHKN AESKOI XapaKTEPUCTHKU Ta NpOlecy (QyHKIIOHYBaHHS CHCTEMH
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pPO3TIITHYTO BIAMOBITHI JepeBa aHalilzy, Ha OCHOBI SIKMX IOOYJOBaHO
napaJieNbHi aJrOpPUTMHU.

3 MeTOr0 MPOTHO3YBaHHS MOBEIIHKHA XapaKTEPUCTUK 00 €KTIB CHCTEMHU
Ta CaMHUX OIIHOK BHKOPHCTOBYIOTBCS —MapajeilbHi aNropuTMH 3
ABTOHOMHHUMHU TiJTKaMHd. [HTEpakTHBHE OIIHIOBAHHS 3IiHCHIOETHCS y pasi
MOBHICTIO a00 YacTkoBO (i3 3amydeHHSAM MeTomiB  U-CcTaTHCTHK)
BIIOPSIKOBAHOTO PYXY MOTOKIB.
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OUTLIERS DETECTIONS IN TWO-DIMENSIONAL DATA OF RFC
AND CBO SOFTWARE METRICS FOR JAVA APPLICATIONS
USING TRANSFORMED PREDICTION ELLIPSE
Dr.Sci. S. Prykhodko®?, Ph.D. L. Makaroval, Ph.D. L. Latanskal,

M. Bryzghalov!

1 Admiral Makarov National University of Shipbuilding, Ukraine
2 Odesa Polytechnic National University, Ukraine

Anomauin. Y pobomi 3anpononoeano mamemamuyny Mooeib Ol GUSGIEHHS
BUKUOIE y 0806UMIpHUX Oanux npocpamuux mempux RFC ma CBO Java-
3ACMOCYHKIG 30 00ONOMO20I0  MPAHCHOPMOBAHO20 — €NiNCy — NPOSHO3Y8AHHSL.
Buxopucmosyemuvcsi 0sosumipne nepemeopenns boxca-Kokca Ons nopmanizayii
HezaycigcbKkux dauux, keadpam eiocmani Maxananobica Ona eusHaueHHs SUKUOIS,
eninc  npocHo3y8aHHs Ol HOPMANI3068AHUX OGHUX, MPAHCHOPMOBAHUL  eninc
NPOCHO3Y6AHHS 01 6UXIOHUX Oanux. Ilepesipka euKoHaHa HA OAHUX NPOEKMIB, AKI
He BUKOPUCOBYBANUCH O/ NOOYO08U MOOEL.

Knrwouosi cnoea: susgrienns euxudie, mempuxu 113, Java-zacmocynox,
mpancghopmosanutl eninc npozHoszyeamus, nepemeopenns bBoxca-Kokca, xeaopam
siocmani Maxananobica.

Abstract. The paper proposes a mathematical model for detecting outliers in
two-dimensional data of RFC and CBO software metrics of Java applications using
a transformed prediction ellipse. It uses a two-dimensional Box-Cox transformation
to normalize non-Gaussian data, Mahalanobis distance squared to detecting
outliers, a prediction ellipse for normalized data, a transformed prediction ellipse
for the original data. The verification was performed on project data that was not
used to build the model.

Keywords: outliers detection, software metrics, Java application, transformed
prediction ellipse, Box-Cox transformation, squared Mahalanobis distance.

Buspnenns BUKHAIB y mAaHuX 3 MeTpuk I3 Bimirpae BaXIHBY poilb B
aHaJi3i CTPYKTypHOI AKOCTi mporpamMHux cucteM [1]. CydacHi 3aCTOCYHKH,
B TOMYy 4YHCI, HamMCaHi MOBOIO Java, XapaKTepH3YIOTHCS BEIHKOIO
PI3HOMAHITHICTIO CTHIIIB TMPOEKTYBAaHHS Ta apxXiTeKTypHuX migxonis. Lle
NPU3BOAUTE /IO 3HAYHHMX KOJHMBAaHb 3HAYEHb METPUK Ta MOSBH aTHUIIOBHX
JaHux. HasiBHICTH TakMx  JaHUX MOXE  CHOTBOPIOBATH  aHai3,
YCKJIaTHIOBATH TMPOIEC NPUHHATTS pimeHb npu po3pobui I13. Tomy
no0y/10Ba MaTeMaTU4HOT MO JUIsl BUSIBICHHS! BUKH/IB Y JJAHUX 3 METPHK
I13 € akTyanbHUM 3aBJaHHSM.
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OmHUM i3 TOUIMPEHHWX CTATUCTHYHHMX IHCTPYMEHTIB Ui ONNCY Ta
aHaTi3y NBOBHMIPHUX JaHHUX € MMOOYA0Ba EIICy MPOrHO3YBaHHA. 32 YMOBH
HOPMAaJIBHOTO PO3MO/IiTY, eIiIC BimoOpaskae MeXi TUITOBOT Bapiallii JaHux, a
00’eKTH, IO BUXOAATH 3a IIi MEXi, BBaXKAIOThCSI BUKHAaMH. lIpore Ha
npaktuii Merpukd 13, 3oxkpema RFC (Response for a Class) ta CBO
(Coupling Between Object Classes), 4acTo iCTOTHO BIAXWISIOTBCS BiX
HOPMAJIBHOCTI. Y TakuX BHIIQJIKAX 3aCTOCYBAaHHS €JIICY NPOTHO3YBaHHS
CTa€ HEKOPEKTHMM 1 MOXE IPHU3BECTH JO XWOHUX BHCHOBKIB. Jlis
MOJONaHHs 11i€i MPOoOJeMH 3ampoloHOBAaHO 3acCTOCYBaTH HOpMalli3yroye
NIEPETBOPEHHS IIOYATKOBUX JIAaHUX.

3okpema, y poOOTi Oyno BHKOPHCTaHO MABOBHMIpPHE IEPETBOPEHHS
Bokca-Kokca ams HOpwmamizamii posnozminy merpuk RFC ta CBO. [ami
BUSBIICHHS BHUKHAIB OyJ0 3pOoOJIEHO 3a JOIOMOTOI0 KBaJApaTy BiACTaHI
MaxamanoOica. Ilicis mporo Ha OCHOBI HOPMaTi30BaHUX TAHUX OyIy€THCS
IIIIIC TIPOTHO3YBaHHS, SIKMA KOPEKTHO OIMMCYE CTATUCTHYHY Bapiallifo Ta
BINNOBiZa€  TNpHUIyIIEHHSIM  OaratoBuMipHOi  HOpMmambHOCTi.  Ha
3aBepLIAIbHOMY €Tall BUKOHYEThCS OOEpHEHE IEPEeTBOPEHHS, sKe
3a0e3rnedye OTPUMAaHHS TPaHC(OPMOBAHOTO elilca IPOTHO3YBAHHS Yy
BuxigHomy mpocropi Merpuk II3 [2, 3]. Takum uuHOM, OTpHMaHa
MareMaTHYHa MOJielb 3a0e3mneuye sk GopMaibHe BUSBICHHS aHOMaJIiil, Tak
i Bi3yaJ'H)He IpeACTaBJICHHA TUIIOBUX Ta HETUIIOBUX JaHUX!

(1(X)~198)*  (v5(X)-282)" 0.64(v1(X1)~198)(wa(X5)~282) o,
0,82 031 0,32 o
3arponoHOBaHUH ITiIXi HAIIIHO BUSIBIIIE AaHOMAJII] Ta HA/Ia€ JONATKOBY
iH(pOpMaIito U aHAi3Y CKIAJHOCTI IPOEKTYBaHHA. MaTeMaTH4HA MOJEIb
MOke OYTH BHKOpHICTaHa IS aHamily HOBHX mpoekTiB II3, axi y pasi
BUXOIY 3Ha4eHb 3a MEXi TpPaHC(OPMOBAHOTO eJlilca IMPOTHO3YBAHHS
MOXXYTh OYTH BU3HAYEHI 5K Ti, III0 TIOTPEOYIOTHh JOJATKOBOI YBarw.
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ANALYSIS OF PERCENTILES FOR PERFORMANCE OF LOAD
TESTING TOOLS
M. Mendielieva, Ph.D. S. Khlamov, Ph.D. O. Vovk, T. Trunova, Yu. Teslenko
Kharkiv National University of Radio Electronics, Ukraine

Anomauia. Y pobomi npedcmagieHo ananiz mempux neppopmanc mecmyeanHs
npu NOpieHAHHI NOGediHKU IHCcmpymenmie mecmyeanus Postman ma JMeter Ona
nybaiynux inmepdeiicie npocpamysanns oooamxkie (API). Pesyiemamu ceiouamo
npo nomenyitiny Kopucms Gukopucmanus Postman npu ymoeax cepeonvoco
nasanmaoicenns ons Create i Delete 3anumis, ma JMeter ons Read (Get) ma Update
onepayiti y CKIAOHUX Ccucmemax, wo nompedyiomv cmabirtbHocmi ma
nepeobauyeanoCcmi 6 yMoeax 3MiHHUX HABAHMAICEHD.

Knrouosi cnosa: npoyenmuns, mecmysamnHs npoOyKMueHOCMI, 8i0cOmKoge
sioxunenns, cmaobinoricms, Postman, JMeter.

Abstract. The paper presents an analysis of performance testing metrics when
comparing the behavior of Postman and JMeter testing tools for public application
programming interfaces (APIs). The results indicate the potential benefit of using
Postman under medium load conditions for Create and Delete requests, and JMeter
for Read (Get) and Update operations in complex systems that require stability and
predictability under variable loads.

247


https://doi.org/10.1109/
https://doi.org/10.1109/

Materials of the X111 International Scientific Conference
«Information-Management Systems and Technologies»
24th — 26th September, 2025, Odesa

Keywords: percentile, performance testing, percent deviation, stability, Postman,
JMeter.

In real-time systems, average response time values can be influenced by
anomalous outliers (e.g., if one request takes 10 seconds while others are
processed in 100 ms due to a failure rate of 1-10%, such as user or validation
errors) [1]. However, percentiles provide a more reliable representation of
system behavior for most users, capturing significant delays that the average
response time would miss [2]. The aim of this work is to analyze ARTs and
percentiles values obtained during performance testing of 5 public APIs using
Postman and JMeter in order to identify cases where particular test tools are
more stable. For each of public APIs 4 types of HT TP requests were sent: GET,
POST, PUT, DELETE. Additionally, 8 different test cases (TC) were executed
for each type of request in both test tools. Test cases used different type of load
(Ramp Up, Spike, Peak, and Fixed type in Postman and corresponding Thread
Groups in JMeter), number of virtual users (VU), think time or delay, and test
duration. ART values and values of 90™, 95%, 99™ percentiles (P90, P95, P99)
were collected for each TC and type of request from performance test reports in
both test tools. Percentile values for each request and API were calculated using
numpy.percentile() function in Python. The percentage deviation (D) from ART,
calculated with Formula 1, highlights test tool stability, where a deviation under
20% indicates better stability:

P, — ART
D=—P " %100 1)
ART

where pp - the percentile value (e.g., Py is the value of 90" percentile).

Percentile and D values for each request type were averaged across all
5 APIs, as shown in Table 1. Percentiles exceeded ART for both tools,
indicating presence of performance degradation. The most significant values
are highlighted in bold. Postman has a better ART and processes requests
faster than JMeter. Postman shows minimal differences in P90 and P95 D for
POST (6.855% and 0.112%) and DELETE requests (11.364% and 17.611%),
showing good stability. Moderate and high differences in P90 D and P95 D
for GET (26.45% and 68.236%) requests suggest stability issues and
performance fluctuations, which impact the user experience. Additionally,
JMeter demonstrates better performance in P99 under demanding conditions
for PUT requests and in all scenarios for GET requests.
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Table 1.
Aggregated mean values of ART, percentiles, and percentage deviation for
different requests in Postman and JMeter

Method| Tool |ART,sec| P90, sec | P95, sec | P99, sec |P90 D, %|P95 D, % |P99 D, %

GET | Postman | 166,175 | 298,48 | 392,650 | 521,656 | 101,240 | 158,613 |311,005

GET | JMeter | 181,65 | 306,32 | 326,500 | 496,108 | 74,790 | 90,376 |267,864

POST | Postman | 148,1 188,82 | 219,400 | 328,572 | 20,233 | 36,872 [106,621

POST | JMeter | 147,175 | 194,04 | 207,600 | 385,248 | 27,088 | 36,760 [161,460

PUT | Postman | 144,925 | 193,46 | 224,800 | 643,546 | 25,320 | 43,121 |399,459

PUT | JMeter | 152,075 | 234,98 | 286,100 | 364,792 | 53,631 | 82,779 |146,312

DElete | Postman | 166,225 | 200,04 | 210,69 | 434,812 | 16,309 | 22,629 |160,728

Delete | JMeter | 163,325 | 2123 232,66 | 581,036 | 27,673 | 40,240 229,010

In conclusion, Postman with a lower ART improves response time and
efficiency under average loads, but does not ensure stability in the presence
of significant outliers. JMeter, with smaller deviations for GET and PUT
requests, is more stable and predictable, which is crucial for testing complex
systems under fluctuating load conditions.
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Abstract. Unmanned Aerial Vehicles (UAVs) have become indispensable in
various fields, including agriculture, disaster response, and military operations.
However, real-world testing of UAVSs is costly, risky, and time-consuming, making
simulation platforms essential for safe algorithm development and testing. This
paper provides a comparative analysis of existing UAV simulation platforms,
highlighting their strengths, weaknesses, and areas for improvement. By examining
key criteria such as sensor integration, scalability, physics accuracy, and user
accessibility, we identify critical gaps in current simulators. The study concludes
with recommendations for developing more comprehensive, high-fidelity, and
scalable simulation environments to advance UAV research and innovation.

Keywords: UAV, drone simulators, swarm robotics, sensor integration,
aerodynamics modeling, scalability, reinforcement learning, UAV research,
simulation platforms, autonomous navigation.

Anomauia. Besninommui nimanvui anapamu (BIIVIA) cmanu nezaminnumu y
baeamvox cghepax, BKIIOUAIOUU CIIbCOKE 20CNO0APCMB0, Peacy8aHHts Ha HA036UYALIHI
cumyayii ma giticokogi onepayii. Oonax mecmyganns BIIJIA 6 peanvnux ymosax €
00pocUM, PUSUKOBAHUM I NOMPeOye 3HAUHO20 YACy, wjo pobumv niamgopmu O
MOOENOBAHHS BACIUGUM THCMPYMEHMOM 05l Oe3neyHoi po3poOKu ma mecmyeanHs
aneopummie. Y i cmammi npeocmasneHo NOPIGHANbHUL AHANI3  ICHYIOUUX
niamegopm 0na mooemosanuss BIIJIA, 3 axyenmom Ha ixHi CulbHi CMopoHu,
HeOoNiKu ma acnekmu, sKi nompebyioms 600cKoHanenns. Poszensoaiouu xmouosi
Kpumepii, maxi AK inmezpayis ceHcopis, macumado8aHicms, MOYHICMb QI3UYHUX
Mmooeneli ma OOCMYNHICMb 0I5l KOPUCMYBAYI8, MU GUSHAYAEMO KPUMUYHI NPO2ATUHU
6 cyuachux cumyasmopax. Jlociiodcents 3a6eputyemvcs peKoMeHOayiamu wooo
PpO3pobKu  Oinbut KOMRAEKCHUX, GUCOKOMOYHUX | MAcumabosanux cepeoosuuy
MOOEN08AHHS OIS CNPUSIHHSL PO3GUMKY 00CHI0MCeHb | iHHoayil y cehepi BIIJIA.

Knwuoei cnoea: FBIIJIA, cumyramopu Oponie, pitiosa podbomomexHika,
inmezpayisa ceHcopis, MOOen0B8ANHHA AePOOUHAMIKU, MACUUINAOOBAHICMb, HABYAHHSA 3
niokpinaenuam, oocnioxcenuss BIIIIA, naamgopmu MmoO0enioganHs, a8mMoOHOMHA
Hagieayis.

Unmanned Aerial Vehicles (UAVS) have become increasingly diverse in
design and application, ranging from small consumer drones to large, high-
endurance systems for military and industrial use. Their widespread
adoption has been driven by their ability to perform tasks such as remote
sensing, transportation, search and rescue, and surveillance with significant
advantages in cost-effectiveness, safety, and operational flexibility. UAVs
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come in various configurations, including fixed-wing, rotary-wing, VTOL
(Vertical Takeoff and Landing), and HTOL (Horizontal Takeoff and
Landing) designs, each tailored to specific operational requirements.

Fixed-wing UAVs, resembling traditional airplanes, are ideal for long-
distance missions such as mapping and environmental monitoring due to
their high endurance. Rotary-wing UAVS, such as quadcopters and
hexacopters, are highly maneuverable and capable of hovering, making
them suitable for tasks requiring precision, such as urban inspections and
payload delivery. VTOL UAVs combine the advantages of rotary-wing and
fixed-wing designs, offering vertical takeoff and landing capabilities
alongside efficient forward flight, which is particularly useful in confined
spaces or rugged terrains. HTOL UAVs, optimized for long-range, high-
speed missions, are often used in military reconnaissance and large-scale
mapping.

The diversity of UAV configurations underscores the need for
simulation platforms that can accurately model the unique dynamics and
capabilities of each type. For example, simulating the aerodynamics of
fixed-wing UAVs requires precise modeling of lift and drag forces, while
rotary-wing UAVs demand accurate representations of rotor dynamics and
hovering stability. VTOL and HTOL UAVs introduce additional
complexities, such as the transition between vertical and horizontal flight
modes, which must be captured in high-fidelity simulation environments.

Environmental modeling is another critical aspect of UAV simulation.
Weather conditions such as wind, rain, snow, and temperature variations can
significantly impact UAV performance, affecting flight stability, sensor
accuracy, and energy consumption. High-fidelity simulation platforms must
incorporate realistic weather models to evaluate UAV performance under
diverse and challenging conditions. For instance, wind turbulence can
destabilize rotary-wing UAVS, while fixed-wing UAVS may struggle to
maintain altitude or direction in strong crosswinds. Rain or snow can
interfere with onboard sensors like cameras or LiDAR, reducing visibility
and sensor reliability. Extreme temperatures can affect battery performance
and overall system reliability. By simulating these environmental factors,
researchers can better understand the limitations of UAV systems and
develop robust algorithms to ensure safe and reliable operation in real-world
scenarios. Modern UAVs are equipped with a wide range of sensors,
including cameras, LiDAR, radar, GPS, inertial measurement units (IMUs),
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ultrasonic sensors, and environmental sensors (e.g., temperature, humidity,
and air pressure).

These sensors enable UAVs to perceive their surroundings, navigate
autonomously, and perform complex tasks. However, the performance of
these sensors can be affected by environmental conditions, electromagnetic
interference, or physical obstructions, which must be accounted for in
simulations. Furthermore, UAVs often operate in collaborative networks,
particularly in swarm robotics or multi-UAV systems, where drones
exchange information in real time to coordinate their actions. This requires
robust communication protocols and network architectures to ensure reliable
data exchange.

Despite the availability of numerous UAV simulation platforms, they
vary significantly in terms of fidelity, functionality, and usability. Many
existing simulators face limitations in areas such as physics accuracy, sensor
modeling, scalability, and user accessibility, which can hinder their
effectiveness in supporting cutting-edge UAV research. For example, some
simulators excel in high-fidelity physics modeling but lack scalability for
swarm operations, while others support multi-drone coordination but fail to
offer realistic environmental variability or comprehensive sensor
integration.

Opportunities for improvement include advancements in aerodynamics
modeling, particularly for multirotor and fixed-wing UAVs, which could
significantly enhance simulation accuracy and realism. The development of
scalable frameworks for swarm operations and the integration of more
sophisticated sensor models could expand the applicability of simulators to a
broader range of research scenarios. Standardization of UAV simulation
platforms is another key opportunity, as establishing a unified framework
for benchmarking simulator performance could improve comparability
between studies, facilitate collaboration among researchers, and streamline
the development of new technologies.

Future directions for UAV simulation platforms point toward hyper-
realistic and high-fidelity simulations, driven by advancements in rendering
technologies and physics engines. The integration of digital twin concepts,
where virtual models precisely mirror real-world UAVs and environments,
will enable real-time monitoring, predictive maintenance, and rapid
prototyping. Research will also focus on enhancing multi-agent and swarm
simulation capabilities, including robust modeling of decentralized decision-
making and emergent behaviors. Standardized benchmarks and evaluation
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metrics will be crucial for comparing different simulators and validating
simulation results. UAV simulation platforms are at the forefront of
enabling the next generation of autonomous aerial systems. By addressing
current limitations and capitalizing on emerging technologies, the field can
unlock the full potential of UAV technology, fostering innovation and
ensuring safe and efficient deployment across an ever-expanding array of
applications. Collaboration, standardization, and innovation are key to
developing the next generation of simulation tools.
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ON CONSTRUCTING A STOCHASTIC INPUT-FLOW MODEL
FOR TRANSPORT CONVEYOR SYSTEMS
Dr.Sci. O. Pihnastyi, Ph.D. M. Sobol
National Technical University «Kharkiv Polytechnic Institute», Ukraine

Anomauia. /locniosceno pobomy mpancnopmuoi cucmemu KOHEEEPHO20 MUNY
3a YMO8 CMOXACMUYHO20 Xapakmepy 6XIiOH020 MNOMOKY CUNKO20 MAamepiany.
3anpononosano mamemamuuny mooensv i3 KAHOHIYHUM NOOAHHAM CMAYIOHAPHO20
BUNAOK0B020 npoyecy Ol 6XIOHO20 NOMOKY, Oe3PO3MIPHUM ONUCOM JAHYI02A
KOHBEEPi6@ ma OYIiHKOI0 IMOGIPHOCMI NepesulyerHHs KPUMuYHux nopocie, uo
cnpudunaome poscun. Yucenvui npukiaou Onsi cxemu 3 pegepCUSHUM KOHBEEPOM
O0eMOHCMPYIOMb  3ANedHCHICMb  Koeiyicuma — 3aéanmagicenHs iU empam  8i0
CMAMUCMUYHUX XAPAKMEPUCTIUK NOMOKY Ma 0OTPYHMOBYIOMb PEXCUMU KePYBAHHS
WeUOKicmio.

Knwwuoei cnosa: cmpiukosuii KOHGeEp, CMOXACMUYHUL GXIOHUL NOMIK,
HOpMANbHULL PO3NOOIN, KOPENAYIHA PYHKYIS, UMOSIPHICb PO3CUNY, PEGepCUSHUL
KOHBeEP.

Abstract. The paper examines the operation of a conveyor-type transport system
under a stochastic inflow of bulk material. The authors propose a mathematical
model that employs a canonical representation of a stationary random process for
the input flow, a dimensionless description of the conveyor chain, and an assessment
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of the probability of exceeding critical thresholds that cause spillage. Numerical
examples for a scheme with a reversible conveyor demonstrate how the load factor
and losses depend on the statistical characteristics of the flow and substantiate
appropriate speed-control regimes.

Keywords: belt conveyor, stochastic input flow, normal distribution, correlation
function, spillage probability, reversible conveyor.

Introduction. Belt conveyors provide continuous transportation of bulk
materials in mining and related industries, where energy efficiency and
stable loading are key requirements. In real operations the incoming flow
exhibits random fluctuations, causing uneven loading, additional energy
losses, and spillage risk [1]. This calls for models that explicitly account for
the stochastic nature of inputs and support decisions on belt speed and
routing control. Aim and methods. The aim is to build a generalized model
of a transport system with multiple sequential conveyors (including a
reversible one) that (i) describes the deterministic transport dynamics in
dimensionless coordinates; (ii) represents the input flow as a stationary
random process via a canonical expansion; (iii) evaluates the probability of
exceeding critical density/flow thresholds that lead to spillage at the inlet of
the next conveyor. The approach relies on the mass-transport equation with
delay and on the relation between density and volumetric flow at a constant
belt speed [2, 3]. Mathematical formulation. A conveyor with constant speed
is modeled as a transport problem with initial-boundary conditions in
dimensionless variables; for a conveyor chain we introduce compatible
length, speed, and boundary-density parameters. The stochastic input is
given by a canonical expansion in orthogonal basis functions with
uncorrelated coefficients, yielding closed-form expressions for the mean,
variance, and correlation function of the inflow process. Based on this, we
compute the critical flow value, the probability of exceedance, and the
minimal belt speed needed to limit spillage. Results and application
example. For a seven-conveyor test scheme reproducing a section of a real
mine transport system we show that (a) measured inflow values are well
approximated by a normal distribution with short correlation memory; (b)
the no-spillage critical threshold is determined as the distribution quintile for
a target reliability level; (c) the reversible conveyor redistributes flow
between routes and reduces peak loads [4, 5]. Comparative estimates
demonstrate how the loading factor and required speed margin depend on
the mean and variance of the input process.
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Conclusions. The proposed model reconciles deterministic mass-
transport equations with a probabilistic description of the incoming flow,
providing engineering criteria for selecting belt speeds and route
configurations to prevent spillage and reduce energy consumption.
Practically, it enables the design of adaptive speed-control strategies based
on online estimates of input statistics and exceedance forecasts.
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KEYSTROKE DYNAMICS RECOGNITION USING AN EIGHT-
VARIATE PREDICTION ELLIPSOID FOR NORMALIZED DATA
Dr.Sci. S. Prykhodko, Ph.D. A. Trukhov
Admiral Makarov National University of Shipbuilding, Ukraine

Anomayin. Posniznasanus KiasiamypHo2o nouepky 3abesneuye Oesnepepemy,
HeHas'si3nuey  asmenmudikayiro Kopucmyeaua, daie o020 MOYHICMb  YACMO
SHUMCYEMBCA,  OCKIIbKU —~ PO3NOOIN  peanvHux  Oauux — GIOXUNAEMbCA 60
06azamosumMipHo20  HOpMAaabHO20. B pobomi  Oocnidocyemvea  3acmocysanus
BOCOMUBUMIDHO20  eNlincoida NpocHO3Y8aHHA Ol  HOPMANI308AHUX OAHUX, WO
NOEOHYIOMb YAC YMPUMAHHA KIAGIWL mMa MidcKIasiwni 3ampumku. Pezynomamu
NOKA3YI0Mb, WO 3ACMOCYBAHHS  elincoioa NPOSHO3Y8AHHA Ol HOPMANI308AHUX
OAHUX 3HAYHO NOKPAWYE MOYHICIb MA UMOGIDHICIb PO3NI3ZHABAHHS, 00CA2AIOUU
HAUKpawux pesylbmamis 3 BUKOPUCIAHHAM 0A2amoeUMIPHO2O NhepemeopeHHts
boxca-Koxca.

Knrouosi cnoga: posniznasanHs KNaeiamypHozo nouepKy, 0azamosuMipHull
HOPMANbHUIL PO3NOOIN, HOPMALIZYIOUE NEePEmBOpeHHs

Abstract. Keystroke dynamics recognition provides continuous, non-intrusive
user authentication, but its accuracy often suffers because real-world data violate
the assumption of multivariate normality. This study investigates the application of
an eight-variate prediction ellipsoid for normalized data, combining key hold times
and inter-key latencies. Results show that normalization significantly improves
recognition accuracy and probability, achieving the best results using the
multivariate Box-Cox transformation.

Keywords: keystroke dynamics recognition, multivariate normal distribution,
normalizing transformation

PosmizHaBaHHA KJIaBiaTypHOTO TIOYEPKY € OIOMETPUIHOIO TEXHOJOTIETO,
oo iAeHTH(]IKye KOPHUCTYBAdiB 3a YHIKQJIGHUMH IIAaOJOHAMH BBEICHHS
TEKCTy Ta 3ale3leuye HEHaB S3NMHBY # Oe3mepepBHY aBTEHTH(]IKAIIifoO.
OCKiNBKM ~ Taki  CHUCTEMH  3[IeOUIBIIOT0  BHUKOPHCTOBYIOTBCS LIS
aBTeHTH(IKaIil, IX dYacTo MOICTIOITh K 3a7adi  OJIHO-KIACOBOL
knmacudikamii [1], me Momenp HaBYaeThCsA JHUIIE HA JaHUX IUTHOBOTO
KOPHCTYBadya Ta BHSBIISE BIAXWJICHHS, IO MOXYTh BKa3dyBaTH Ha
HECaHKIIIOHOBAaHUI JOCTYII.

barato icHyrounx Mojened Uit po3mi3HaBaHHs 00pasiB nependavyaroTh
0araToBUMIpHMH HOpMaJIbHMH po3noain naHuxX. [Ipore Ha mpakTuui Le
NPUITYLIEHHS YaCTO MOPYIIYETHCS Yepe3 NPHPOHY BapiaTUBHICTh y HaOOpi
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TEKCTY, HasIBHICTB IIYMIB i 30BHIMHIX (akTopiB [2]. Sk HacHiIOK, TOUHICTH
Ta HWMOBIPHICTh pO3Mi3HABAHHS MOXYTh CYTTEBO 3HIDKYBATHCS TPH
3aCTOCYBaHHI TaKMX MOJEJEH [0 pealbHUX JaHWX. 3 OMIAY Ha IIHNPOKE
BUKOPUCTAHHS pO3Mi3HaBaHHA KIaBIaTypHOTO TIOYEPKy ICHYE€ OuYEBHAHA
nmorpeda y BIOCKOHAJICHHI METOMIB pO3IMI3HABAHHS IS 3a0e3MeYCHHS
BHUIIOT TOYHOCTI Ta HMOBIPHOCTI PO3Mi3HABAHHS.

Y mpomy mocmimkenHi BukopuctoByethess CMU Keystroke Dynamics
Benchmark Dataset, 3aranbHOIOCTYITHHH 1 IIMPOKO 3aCTOCOBYBaHUI HAOIp
JIaHUX, PO3POOJICHUH JJIs JOCIiKEeHb Y cdepi aBTeHTHdiKaii.

Y Bunamkax, Kojau OaraTOBHMIPHHUH pPO3MOJUT BHXIJTHUX JAHHUX
BIIXWIISIETBCSL  BiJl ~ HOPMaNbHOTO,  HONEPEJHBO  3aCTOCOBYIOTHCS
HOpMAITi3yIodi TIEPETBOPEHHS, SKi IOAUIIIOThCS Ha OTHOBHUMIpHI Ta
GaratoBumipHi [3].

OpHOBUMIipHI TepeTBOpeHHs, Taki sk Jsorapupmiuae (LOG) Ta
neperBopeHHs bokca—Kokca (UBCT), 3aCTOCOBYIOTECS IO KOKHOI O3HaKH
HE3aJIe)KHO, HATOMICTh OaraToBuUMipHe mepeTBopeHHs boxca—Koxkca
(MBCT) mo3Bouisie BpaxOBYBaTd KOpeJsLit0 MK o3Hakamu. Ilicias 1poro
OynyeThcss BOCBMUBHUMIPHHI €NINCOTA MPOTHO3yBaHHS U1l HOPMali30BaHUX
JaHUX:

Zz-Z)sH(z-Z)=x2. )
ne Z — TraycCiBCbKHH BEKTOD; Z _ BEKTOp BHOIPKOBUX CEpEIHIX;
1Y 5 Sy L2
SZ = W (Zi - ZXZi - Z) ; Xm,o, — KBaHTHJIb PO3MOALLY Xi-KBaapaT
i=1

3 M CTYNEHsIMH CBOOO/M Ta piBHEM 3HAYYIIOCTI (X .

Jis omiHKK MOOYIOBaHHUX MOJENEH 3aCTOCOBYIOTBCS KiIbKa HIMPOKO
BUKOPHCTOBYBaHMX METpHK: accuracy, specificity Ta recall. Tabmmns 1
MICTUTb MOPIBHSHHS PE3Y/IbTAaTiB BUKOPUCTAHHS €JIIICOI/IB IIPOrHO3YBaHHS
st HerayciBehkux manmx (Raw data) ta mopmamizoBannx manumx (1) 3a
BU3HAYCHUMH METPUKAMH.
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Table 1.
[TopiBHIHHS MOOYIOBAHUX EIINCOIIIB MPOTHO3YBAHHS
Model Specificity Recall Accuracy
Raw data 0,9625 0,9588 0,9613
LOG 0,9750 0,9639 0,9714
UBCT 0,9900 0,9845 0,9882
MBCT 0,9900 0,9897 0,9899

PesynbraTi MOKa3yrOTh, IO 3aCTOCYBAHHS EIIICOIIIB MPOrHO3yBaHHS
JUTS. HOPMAJTi30BaHUX JAHWUX JO3BOJISE MiJBUIIMTH TOYHICTH Ta HMOBIPHICTh
po3mizHaBaHHs. X04a OJHOBHMIpHI II€PETBOPEHHs 3a0e3NedyloTh ITOMITHI
MOKpAIICHHs, HaWKpalli pe3yabTaTh JOCATAIOTHCA 33  JIOTIOMOIOIO
0araTOBUMIpHUX MEPETBOPECHB, OCKUIBKH BOHH BPAaXOBYIOTH B3a€MO3B’SI3KU
MiXK O3HAKaMH.
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FORECASTING OF LIQUID ACCUMULATION IN WELLS AND
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Anomauin. Pozensamymo yckiaOueHnHs, sKi MOJICHA cnocmepicamu ni0 4ac
eKCnIyamyeanHs NIO3eMHUX CXO8UW 2d3y, 30KpeMd HAKONUYeHHs pIOuHU 8
ceeponosunax ma uiretipax. Pospobneno cucmemy npocnozyeamms HaKonuueHol
PpiouHU 6 c8epOn06UHi ma winetii.

Knrwuogi cnosa: niozemne cxosuwge 2asy, c8eponosuHa, uwiiei@, HaKONUYeHHs
piounu, cucmema.

Abstract. Possible complications that occur during the operation of underground
gas storage facilities, in particular, the accumulation of liquid in wells and flowlines,
are considered. A system for predicting and removing accumulated liquid in a well

and a flowline is developed.
Keywords: underground gas storage, well, flowline, liquid accumulation, system.
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[lix wac excruryaryBanus migzemMHux cxosun ra3zy (IICT) moxyrts
BUHUKATH  PI3HI  YCKJIAIHEHHS, SKIi  HETaTHBHO  BIUIMBAIOTH  Ha
MPOAYKTUBHICTh CBEPAJIOBUH 1, BiAMOBimHO, oOcsT BimiOpaHoro rasy. 3
OTJISTY Ha 1€ TOTPiOeH KOMIUIEKCHHMN TiAXif, SKui mepemdadae aeTaiabHe
aHaJi3yBaHHs YCKJIaIHEHb Ta TMOIIYK albTePHATUBHUX LUISXIB iX YCYHEHHS.
Tomy akTyanbHOIO € mpobiaema 3a0e3nedeHHs CTablIbHOTO €KCIUTyaTyBaHHS
ceepmioBuH [ICI, mo notpeOye po3poOieHHs Ta BXKHUTTS HEBIIKIAJHHX
3axoziB. OHUM 13 IEPCIIEKTHBHUX HAIPSMIB PO3B’s3aHHS 11i€l mpobiemMu €
PO3pO0IIEHHS CUCTEMH IPOTHO3YBAHHSI MOXKJIMBUX YCKIJIAHEHb.

[ix uyac excruryatyBanHsi cBepioBuH Ha IICIT y ce3oH BinbOopy
BiZIOyBa€ThCS pyX ra3y 3 IUIacTa 10 BHOOIO, a BiATaK KOJOHOIO JipTOBHX
TpyO Ta nuieldom ras Hagxoauth Ha ra3zo30ipHuit myHkr (I'3I1). Pasom 3
ra3oM MOXe€ BiOyBaTHCA i PyX PIOIWMHH. YHACITiZOK 3HIDKEHHS IUIaCTOBUX
THUCKIB Ta [e0iTiB, MOXIJMBE TIOCTYNOBE HAKONWYCHHS pITNHA B
CBEp/UTOBMHAX Ta/a00 y BHYTPIMIHIN MOPOXHUHI NUIEH(iB, IO MPU3BOIUTH
JI0 3HIKCHHSI IIPOyKTUBHOCTI CBEP.IOBHH.

VY 3B’S3Ky 3 LIUM CBEPIJIOBUHH MOXYTh €KCIUTyaTyBaTH Ha TaKHX
pexuMax, 3a SKHX HasBHUH 1e0iT HaOmmkaeTbes ab0 MEHIHMH Bix
MiHIMaJIbHO-HEOOX1THOTO, 1[0 3a0e3ledyye BHUHECCHHS SK DPIiIWHH, TaK 1
TBEPAMX JIOMIIIOK. BoueBub, 32 yMOBH, KOJIM IIBHJKICTH [a30BOI0 MOTOKY
CTa€ MEHILIOK HDK TNOTpiOHE 3HAYEHHS, CIIOCTEPIraloTh HAKOIMUYESHHS
pianHHM SIK Ha BUOOT CBEP/UIOBHH, TaK 1 y HOHIKEHUX JUISHKAX IUICH)IB.

VY 3B’S3Ky 3 UMM MOTPiOHO NEPiOIMYHO BUIAISITH PIIAMHY 13 CBEP/IIOBHH
Ta OYHMINATH BHYTPIIIHI MOPOXKHUHH HUIeH(iB. Bigomo, mo Ha mpaxTwii
3aCTOCOBYIOTh pi3HI MeTonw  (TeXHOJOTil) [UIs BHUAAJCHHS piAWHU 3i
CBEpJUIOBMH Ta MUIei(]iB, KOKHUHN (KOKHA) 3 SIKUX Ma€ CBOi IepeBard Ta
Hepomikd. ToMy AJsi KOHKPETHOTO BUMAJKY IOIUIEHO OOMpaTH ONTHMANbHI
3 OTJIATY iHAMBITyaJbHOTO 3aCTOCOBYBAHHSI.

ABTOpH PO3pOOMIN CHCTEMY INPOTHO3YBAHHS HAKOMHWYEHHS DIJUHU B
CBEep/JIOBHHAX Ta nuieidax, sika nepejdayae BCTAHOBICHHS 1aBadiB THUCKY
Ta TEeMIIEpaTypH SK Ha THpJi CBEpJIOBUH (TPYOHUIi 1 3aTpyOHUIi TIpOCTIip),
Tak 1 Ha BXigHuxX rasomnposomax ['3I1 (BumukanbHi npuctpoi). OkpiM HBOTO
JOUUIbHO MepeadaunTu TnepeiaBaHHs iHpopManii i3 JaBadiB THCKY 1
TeMIlepaTypu 10 NPUCTPOIO ii 30MpaHHs, YCTAHOBICHHUX IO MiCLIO, Ta
NOAAJBUIOTO TepeAaBaHHs iHpopMauii s 30epiranHs (apXiByBaHHsS) Y
mam’aTi cepBepiB, IO peali3yloTh XMapHi cepBicH 30epiraHHs Ta
ONPallbOBYBAaHHA  JaHMX. 3aBISKM TAaKOMY IIAXOAY  IOKa3HUKH
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eKCITyaTyBaHHs CBEp/AJIOBHH, 30KpeMa THCKY 1 TemrepaTypu, OyIyTh
HAJXOJWUTH 3 JIaBadiB y MPUCTpil 30upaHHs i mepenaBanHs iHQopmarii, a
JlaTi gyepe3 iHTepHEeT-3B 30K 30epiraTucs y XmMapi Ta, B MOJAIBIIOMY, Y 0a3i
JaHWX Ha KoM 'rorepi-cepsepi. lle macte 3MOry BHKOPHCTOBYBATH
(akTHUYHI MaHI PEXUMY EKCIUTyaTyBaHHS CBEPIJIOBHH ISl BUKOHAHHS
00’€KTHBHUX Ta30JMHAMIYHMX PO3PaXyHKIB Ha KOMII'IOTE€pi KOpHCTyBaya.
YcTaHOBNIEHHS Ha MEPCOHAIBHUN KOMIT'IOTEp HPOrpamMHOro 3a0e3nedeHHs
(IT3) s  aBTOMATHU30BAHOTO BH3HAYCHHS 3HAYCHb  KOCQIIIEHTIB
(aKTHYHOTO Ta TEOPETHYHOTO TiJPaBIIYHOTO ONOpY Ji(TOBUX KOJIOH Ta
nuiel(iB Ta CriBCTaBICHHS iX.

VY pasi 30inpLIeHHs 3HaYeHHS KoedilieHTa (akTUYHOTO TiJpaBIiqHOrO
oTIopy TIOHAJ 3aJaHe, epeadadeHo BUBEICHHS ITOBIIOMIICHHS Ha MOHITOD
KOMII'FOTepa TEepCOHaNy M0N0 MOXIIMBOCTI YCKIAImHEHb [l]: «aBapiitHmii
cTan» abo «amapis». Takox [13 aBTOMaTH30BaHO PO3PaxOBYeE MIBHUAKICTH
ra3oBOTO TOTOKY Ha BmOOi, Tupimi, nurefigpi Tta Ha I'3I1, a me o0’em
HAKONIMYCHOI PiTUHM B CBEPJUIOBHHI Ta nuieiidi. Pe3ynmpTatn BHKOHAHMX
pO3paxyHKiB mojaroTh y Qopmi Tabmuup Ta rpadivyHo Bi3yami3yloTh Ha
MOHITOP.

OkpiM 1BOTO, JOIIJIBHO BCTAHOBUTH OOJIa[IHAHHS Ha T'HPJIi CBEPUIOBHH
BIJIOBITHO 1O 3allpONOHOBAHWX BapiaHTIB TEXHOJIOTIYHOI cxeMmH [2] mms
aBTOMAaTH30BAaHOIO MOAaBaHHA po3uuHy ITAP. YikuBaHHS 3alIpONOHOBAHUX
3aXO0/1iB JACTh 3MOTY IIPOTHO3YBATH HAKONMYEHHS PiJUHU B CBEPUIOBHHI Ta
HIeidi, CBOEYacHO BUAAIATH PiUHY Ta 3a0e3redyBaTH cTadlIbHUI BiIOIp
rasy.
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PERFORMANCE EFFICIENCY OF THE EVENT-DRIVEN
DISTRIBUTED SYSTEM
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Anomauia. YV yiti cmammi po3ena0armucsi NOKPAujeHHs: npooyKmueHoCm,
Q0CsicHymI  3a608KU  GUKOPUCTNAHHIO OIHAPHUX NPOMOKONI6 38'513Ky 6 Nno0icgo-
OpPIEHMOBAHUX PO3NOOINEHUX cucmemax. Y Hill CmeepoiICyemvcs, wo mMeKCmosi
npomoxonu, maki sk JSON, Hessadxcaiouu Ha ixHi0 uumabenvhicme 015 JTHOOUHU,
CMEOPIOIOMb 3HAYHI HAKNAOHI GUMPAMU 3 TOYKU 30PY PO3MIPY OaHUX, WEUOKOCMI
cepianizayii/Oecepianizayii ma CROMCUBAHHS NPONYCKHOI 30AMHOCI Mepedci, Wo
pobums iX y3vKUM MicyeM 8 cepedosuwax 3 UCoKuUM mpagikom. Awnaniz
IPYHMYEMbCA AK HA KIILKICHUX NOKASHUKAX, MAKUX AK WeuoKicmy cepianizayii ma
PO3MID CIUCHYMUX NOGIOOMIIEHb, MAK | HA AKICHUX, GKIIOHAIOYY NIOMPUMK) CXEMU
ma 38opommuy cymichicmyv. Pesynbmamu nokaszyioms, wo OiHapHi Nnpomoxkoau
3abe3neyyloms cymmesi nepeeacu 6 NPOOYKMUSHOCMI, 30KPeMA 3MEHUIEHY
3ampumKy, 30i1bWeny NponycKHy 30amHICMb Ma ONMUMI308AHE GUKOPUCMAHHS
pecypcis.

Knwuoei cnoea: cepianizayis oanux, JSON, asmomamusosanuil KOHEeED,
NPOOYKMUBHICNY, 3AMPUMKA 8 Mepedxci, NOOIE80-0PIEHMOBAHA apXimeKmypa.

Abstract. This article examines the performance improvements gained by using
binary communication protocols in event-driven distributed systems. It argues that
text-based protocols such as JSON, despite being human-readable, create a
bottleneck in high-traffic situations due to significant overhead in data size,
serialization/deserialization speed, and network bandwidth consumption. The
analysis uses both quantitative metrics, such as serialization speed and compressed
message size, and qualitative metrics, including schema support and backward
compatibility. The findings show that binary protocols provide significant
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performance benefits, including lower latency, higher throughput, and optimized
resource use.

Keywords: data serialization, JSON, automated pipeline, performance, network
latency, event-driven architecture.

Event-Driven Architecture (EDA) is a foundational element of modern
distributed systems because it naturally supports scalability, decoupling, and
resilience [1]. The extent to which these advantages are realized is heavily
dependent on the communication protocol selected. Traditional text-based
protocols, while human-readable, introduce considerable overhead in terms
of data size, serialization/deserialization speed, and network bandwidth
consumption. While binary protocols undeniably enhance performance, their
adoption introduces complexities related to development, debugging, and
schema management.

Implemented GitAction pipeline using BenchmarkDotNet framework [2]
for performance comparison provides high-precision and automation,
tracking performance over time, and no local dependencies. The tables
below illustrate the results obtained during GitAction performance pipeline
execution and summarize the metrics. The different objects used for
serialization: flat and nested objects. “Flat contract” means the simple
objects without any nested objects inside, with a couple of properties of
different data types. While the “Nested objects in contract” means the usage
of multiple “Flat contracts” inside a single object.

Figure 1 provides the metrics on how many binary serializers (Message
Pack, Protobuf, and Apache Avro) work faster and have a smaller
compression size than a simple text formatter (JSON) [3]. The application of
this research to edge Al models deployed near the data source opens new
pathways for intelligent in-sensor processing, supporting decision-making
process, and rapid, autonomous scientific discovery in the next generation of
sky surveys [4].

This investigation comprehensively demonstrates that binary
serialization protocols are indispensable for optimizing performance
efficiency in modern event-driven distributed systems.

While text-based formats like JSON offer human readability and
flexibility, their overhead in data size, serialization speed, and network
bandwidth presents a significant bottleneck in high-throughput and low-
latency environments.
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Figure 1. Difference in the serialization speed between different formats
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MOJIEJTIOBAHHSI OKOPYXOBOI CUCTEMH HA OCHOBI
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Abstract. The purpose of the work is the development of web-oriented software
tools that combine PaaS and SaaS services. This expands the diagnostic capabilities
of information technology tools for assessing the neurophysiological state of a
person and helps to increase the productivity and efficiency of scientific research
based on eye tracking data. The developed tools provide calculations on the server,
minimal requirements for client equipment, flexible scaling and versatility. The use
of an interface designer with a code translator allows you to combine graphic
elements with program code, increasing the accessibility, repeatability and
scalability of scientific research.

Keywords: modeling the oculo-motor system, eye-tracking, neurophysiological
research, web-application, cloud computing, PaaS, Saas$, interface builder.

Anomauia. Memowo pobomu € po3pobka 8eb6-OpICHMOBAHUX NPOSPAMHUX
3aco6i8, wjo nocoHyromo cepsicu PaaS i SaaS. Lle poswupioe OiazHocmuyHmi
MONHCIUBOCME  [HPOPMAYIIHO-MEXHONOIYHUX 3AC00I8 OYIHKU HeUpOpiziono2iunoco
CMany JI0OUHU MA CHPUAE NIOBUUWEHHIO NPOOYKMUBHOCMI ma eeKmueHocmi
HAYKOBUX Q0CHIOJCEeHb HA OCHOBL OaHux aumpekinzy. Pospobneni 3acobu
3abe3neuyioms  GUKOHAMMA OOUUCIEeHb HA  cepeepi, MIHIMANbHI  6UMO2U 00
KIIEHMCbKO20 — OONAOHAHHA, — 2HYuKe —MACWMAOYBAHHA MA  YHIGEPCATbHICMb.
Bukopucmanna xoncmpykmopa inmepgheticie i3 mpanciamopom Kooy 0de 3mo2y
noeonysamu epapiuni enemenmu 3 NPOSPAMHUM KOOOM, NIO8UWYIOUU OOCHYNHICMb,
NOBMOPIOBAHICIb MA MACWMADOBAHICMb HAYKOBUX OOCTIONCEHD.

Knrouosi  cnoea: mooenosanus —OKyI0-MOMOPHOT —cucmemu, —aumpexiue,
neupogpizionoziuni docnioxwcenns, Web-3acmocynox, xmapui obuucnenns, PaasS,
SaasS, xoncmpyxmop inmepdeiicis.

The study of the relationship between dynamic eye movements and the
central nervous system, as well as the analysis of psycho-emotional states,
deepens understanding of brain mechanisms, disorders, psychophysiological
changes, and processes such as perception, thinking, imagination, and
intention. Eye-tracking [1] is widely applied to diagnose neurophysiological
conditions, study cognitive processes and memory [2], and monitor students
during learning [3], enabling insights into both conscious and subconscious
aspects of behavior. Eye movement data has theoretical and practical value,
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opening opportunities to study professional specifics and improve
efficiency.

The growing use of eye-tracking hardware in neural research requires
specialized software capable of processing large data volumes. Demand is
increasing for reliable mental health indicators for individuals and groups.
Emotion recognition helps assess nervous system states in high-risk
situations, such as astronaut screening and selection, where eye movement
trajectory analysis provides conclusions about psychophysiological
conditions. To effectively integrate such methods into research and
education, the use of cloud technologies is advisable [4].

The purpose of this work is to enhance the productivity of research on
the human neurophysiological state based on eye-tracking data by
developing web-oriented software tools that combine PaaS and SaaS
services. This is achieved through the creation of a specialized interface
constructor integrated with a code translator.

Volterra polynomial models [1] were applied for the identification and
modeling of the oculo-motor system (OMS) using experimental
"input-output” data obtained from eye-tracking technology. Step test signals
of different amplitudes were used as stimuli, while the corresponding OMS
responses were recorded and preprocessed for subsequent model
construction. The identified models provide first- and second-order transient
functions, which compactly represent the nonlinear and dynamic properties
of the OMS. These model-based characteristics form the basis for generating
diagnostic feature spaces, which can be further employed in machine
learning classifiers to assess psychophysiological states.

Web-oriented software tools were developed to enhance efficiency in
studying neurophysiological states. They combine cloud models PaaS
(Platform as a Service) and SaaS (Software as a Service), allowing work
with code via an integrated script editor and with implemented software
tools via a built-in interface constructor. Through this combination, users
can create or adapt data-processing tools, execute computations in the cloud,
and view results in the browser.

The software consists of modular, independent components that interact
and can scale flexibly. On the server side reside computational modules,
data processing, and task execution. The client side is a cross-platform
Single Page Application (SPA) that provides interaction. Functionally, the
software includes four main parts: server (request handling, task delegation,
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database), client (web interface and workflows), agents (script execution and
translation), and the database (storage of all research data).

A central element is the interface constructor working with the code
translator. It enables declarative parameter description, allowing users
without deep technical skills to configure algorithms and interact with code
at a high abstraction level. This is especially important in interdisciplinary
research, supporting engineers, students, and scientists.

Cloud computing has advanced with web-oriented software tools uniting
PaaS and SaaS through an interface constructor and code translator. This
improves productivity in research based on eye-tracking data, ensuring
cross-platform cloud computing for scientific and educational use. Users can
refine algorithms in Python or JavaScript and employ implemented
identification methods via graphical interfaces. A dedicated interface
supports modeling the oculo-motor system based on eye-tracking.

The software minimizes client hardware requirements by shifting
computation to the server. Its modular design ensures scalable functionality,
and the PaaS and SaaS combination adapts to diverse tasks. Compared with
Project Jupyter and Google Colab, it offers advantages: support for Python
and JavaScript, integration of debugged tools via GUI, higher abstraction,
and extended social interaction for collaborative research and result sharing.
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Anomauia. Poboma npucesuena GupiuieHHIO CYynepeuHoCmi Midc weuoKicmio
MOOEN0BAHHS HENIHIUHUX OUHAMIYHUX 00'€kmig I mouHicmio nobyoosu mooenet y
6u2nA0i  HeupoHHUX Mmepedc. Memorwo pobomu € cKopouenHs uacy nobyoosu
HENIHIHUX OUHAMIYHUX MoOenell y 6uenadl HeUpOHHUX Mepedic I3 3a0e3neueHHIM
3a0anoi moyHocmi Mmooenosanns. Lla mema Oocsaeaemvca WAAXOM  PO3POOKU
MemoOy MOOeNo8anH s, 3ACHOBAHO20 HA CYNepno3uyii Habopy nonepeobo HAGYEHUX
HEUPOHHUX —Mepedc 13 4YacosuMU 3amMpuMKamu  (ONOpHUX Moodenei), AKQ
8i000padicaromv OCHOBHI 61ACMUBOCT NPeOMemHOi obnacmi.

Knruosi cnosa: ioenmughixayis; HeniHitina OUHAMIKA, NONEPEOHE HAGUAHHSL,
WBUOKICIb HABUAHHS HEPOHHUX MepPeiC.

Abstract. The work is devoted to resolving the contradiction between the speed
of modelling nonlinear dynamic objects and the accuracy of modeling. The aim of
the work is to reduce the time for building nonlinear dynamic models in the form of
neural networks while ensuring the specified modelling accuracy. This aim achieved
by developing a modelling method based on the superposition of a set of pre-trained
neural networks with time delays.

Keywords: identification; nonlinear dynamics; pre-training; neural networks,
training speed-

Introduction

The problem of increasing the speed of modeling remains one of the
most urgent, especially in industries related to the personalization of models,
which must adapt to changes in user behavior or the environment (e.g., in
authentication tasks, biomedical applications, human-machine systems),
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while operating in real time [1]. One of the common approaches to
accelerating the process of building an NN is pre-training [2]. Pre-trained
models can be quickly adapted to new tasks, making them an effective tool
in reducing simulation time. This direction seems promising in modeling
objects with a high degree of internal complexity and interaction, first of all,
nonlinear dynamic objects. At the same time, there is a significant lack of
studies in the field of NN pre-training that simulate the nonlinear dynamics
of continuous objects.

The purpose of the work is to reduce the time for building nonlinear
dynamics continuous-time models in the form of NN while ensuring the
specified modeling accuracy by developing a method based on the NN
models pre-training. To reach this goal, the following task was formulated:
building of support models in the form of NN reflecting the basic nonlinear
and dynamic characteristics of the subject area.

Selecting the basic properties of the domain for forming datasets

The basic properties of the domain in the work are understood as the
characteristics of objects that reflect the essential features of their behavior.
These properties can include real or abstract parameters that are important
for solving the modeling problem [3]. The procedure for selecting the basic
properties of the domain and generating datasets Dry reflecting the selected
properties is as follows.

1. Defining the range of tasks to be solved in a given domain; analyzing
properties that are important for objects in a given domain, significantly
affect the results of modeling and should be taken into account when
forming the dataset Ds.

2. Determination of signal types (for example, periodic, random, pulsed)
that best reflect the properties of the objects under study.

3. Formation of the dataset Ds based on the list of basic properties of the
domain established in paragraph 1, the set of input signals and reactions of
the object formed in paragraph 2.

4. Segmentation of the dataset Ds into separate datasets Drk according to
the defined list of basic properties of the domain.

The structural scheme of the training process based on support models is
presented in Fig.1.

To automate the selection of support models, improve the reproducibility
and reduce the subjective factor of the support model method, this paper
proposes two approaches: input data clustering and feature contribution
analysis [4].

269



Materials of the X111 International Scientific Conference
«Information-Management Systems and Technologies»
24th — 26th September, 2025, Odesa

1. Clustering-based approach: to automatically segment the overall Ds
dataset into Dgx subsets that clearly demonstrate elementary properties of the
object under study.

2. Feature contribution analysis approach: to identify and quantify the
underlying properties of the subject area Px.
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Figure 2. Structural diagram of the training process using support models

The experiment shows the advantage of using support NN at the
modelling nonlinear dynamics, namely, a significant reduction in the
training time of the TDNN model (by 4.6 times) compared to the pre-trained
general model with comparable accuracy of both models. Applying separate
support models as general ones can also reduce the training time of an
accurate model (by 1.8 times).

Conclusion

The effectiveness of the developed method for modeling nonlinear
dynamics was proven when solving the problem of modelling a test
nonlinear dynamic object. The experiment demonstrates a 4.6-fold reduction
in the time of building a target model using support models compared to the
traditional modeling method based on pre-training. The advantages of the
proposed approach are the ability to quickly adapt to changing operating
conditions, high speed of building the target model while ensuring the
specified modeling accuracy. In addition, the developed method allows
improving the efficiency of model training in the lack of labeled data for the
target task.
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The disadvantages of the proposed approach, inherited from methods
based on pre-training, are the dependence of the modeling results on the
quantity and quality of data of the target dataset.
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Anomauia. YV pobomi posensdaromsbca MamemamuyHi ma 004uUCIo8anbHi
Memoou naxyeamHs i poamiwenns 06 'exmie y 3D-0pyyi 3 euxopucmanusim memooy
@-gynxyit.  3anpononosanuti  nioxio  003ons€  opmanizyeamu - yMogu
HenepemuHanHs min 'y eueasiol aHarimuynux QyHKyYiti ma inmezpysamu ix y 3a0adi
onmumizayii.  Hasedeno — pe3ynbmamu — UUCENbHUX — eKCNEPUMEHMI8,  AKI
OdeMoHCmpyIomy  NiOGUWYeHHs.  Koeiyienma 3an0GHeHHs, 3MEHUIEHHS WMYYHUX
NOpOdNCHUH — mMa  MOJCIUBICMb — Macuwimabysanus — aneopummis.  I[Ipakmuune
3aCMoCcy8anHa  Memoodig  noafdede 6  onmumizayii  npoyeci¢  aOUMueHo20
BUPOOHUYMBA, 30KpeMa Y CKOPOYEHHI uacy OpYKy, eKOHomii mamepiary ma
NOKpaujeHHi AKOCMi 20Mosux upoois.

Kniouosi cnoga: inmenexmyanvni mexnonoeii, mamemamuune MOOenO8aHHs,
onmumizayis, 3D-0pyx

Abstract. This paper addresses mathematical and computational methods for
packing and placement of objects in 3D printing using the p-function method. The
proposed approach formalizes non-overlapping conditions of bodies as analytical
functions and incorporates them into optimization models. Numerical experiments
demonstrate improvements in packing density, reduction of artificial voids, and
scalability of the algorithms. Practical applications include optimization of additive
manufacturing processes, such as reducing printing time, saving material, and
improving the quality of printed products.

Keywords: intelligent technologies, mathematical modeling, optimization, 3D
printing

Cy4acHi TexXHOJOTii aJUTHBHOTO BHMPOOHMIITBA IOTPEOYIOTH HOBHX
miaxoniB o omrtuMmizamii mpomecy 3D-mpyky. OmHMM i3 HEHTpalTbHUX
3aBlIaHb y Il Taiysi € mpoOieMa MakyBaHHS Ta PO3MIIICHHS TPUBUMIPHUX
00’€eKTiB y 3a1aHOMY 00’€Mi 3 ypaxyBaHHSIM I€OMETPUIHUX, TEXHOJIOTTIHIX
1 BUpOOHMYNX OoOMe)keHb. BupimeHHs miel 3amadi Mae KIIIOYOBE 3HAYCHHS
JUISL 3SMEHILICHHS BUTPAT MaTepiaiy, CKOPOUEHHS 9acy APYKY Ta MiJABUIICHHS
e(eKTHBHOCTI BUKOPUCTAHHS OOJIaTHAHHS.

TpaauuiliHi MeToqu NakyBaHHS YacTO IPYHTYIOTHCS Ha JMCKPETHHX
eBpUCTHKax ab0 KOMOIHALIMHUX MiJX0/AaX, OJHAK iXHs OOUYHUCIIOBaJbHA
CKJIaJIHICTh 3POCTAa€ SKCIOHCHIIIHHO 31 30UIBIICHHSIM KUIBKOCTI 00 €KTIB. Y
3B 513Ky 3 LIMM BUHHKAE MOTpeda y 3aCTOCYBaHHI MaTeMaTHYHUX MOJEJIeH Ta
IHTEJIEKTYaIbHUX AJITOPUTMIB, SIKi JO3BOJISIIOTH AOCSTaTH SKICHUX PillleHb Y
IIPUMHATHUHN Yac.

VY maHiit poOOTI PO3TIAMAIOTECS MiIXOAHW OO0 MaKyBaHHSA W PO3MIIICHHS
06’extiB y 3D-apyui 3 Bukopuctanusm merony phi-ynxkuiit. e miaxin e
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e(eKTHBHUM IHCTPYMEHTOM Juisi (hopMaiizamnii reoMeTpUIYHUX OOMEKEHB:
BiH JTO3BOJISIE ONMHCATH YMOBH HENEPETHHAHHS TiJl Y BUIJISII aHATITUIHUX
(yHKIIIH, IO TIEPETBOPIOE TEOMETPUYHY 3aJady Ha 3agady Oe3mepepBHOL
orrrumizartii. Meron phi-¢ymkmii [1, 2] Mae Taki KIFOYOBI mepeBaru:

VHIBEpPCABHICT, Y 3aCTOCYBaHHI I Pi3HUX KiaciB Tin (cdepwu,
HWTHIPH, EIICOINH, MOTiCAPH);

MOJJIMBICTh TOYHOTO BpaxyBaHHS OOMEXKEHb Yy BHUIVISAIl CHCTEM
HepiBHOCTEH;

IHTerpamiss 3 YHCCIbHHMH METOJaMH ONTHMI3allii, 30Kpema 3
IpajlieHTHIMH aITOPUTMaMH Ta METOIaMH BHYTPIIIHIX TOYOK.

Y noemHaHHI 3 OOYMCIIOBAILHUMHM  €BPHCTHKaMHU  (TE€HETHYHI
AITOPUTMH, CUMYJIAILiS BifIaldy, aJTOPUTMH pPOIO0 YACTHHOK) METOA -
¢yHKIiA 3a0e3nedye eQeKTHBHE 3HAXOPKEHHS PO3TAIlyBaHb i3 BHCOKHM
KoedimienToM 3anmoBHeHHA. [ 3ama4 makyBanHA y 3D-apyIi BaxXIUBUM €
OanmaHc MK TOYHICTIO Ta OOYMCITIOBAIBHOIO CKIIQIHICTIO. 3alpONIOHOBAHUHN
miaxig nepexpbadae 3aCTOCYBaHHS peNaKcallifHUX TEXHIK, SIKi JO3BOJSIOTH
3MEHIINTH BIUIMB MEXOBHUX €(eKTiB 1 OTpUMaTH KOPEKTHI OI[HKH
TTOPHUCTOCTI.

VY po6oTi BUKOHAHO HM3KY YHCEIBHHX EKCIIEPUMEHTIB JUISl MaKyBaHHS
cepryHUX 1 HMITIHAPUYHUX TIJI y KOHTEHHEepax, 110 MOJIENOI0Th poOoYnii
npoctip 3D-npuntepa. [lopiBHSIHHS CTaHAAPTHUX AITOPUTMIB 1 METOJIB,
3acHoBaHMX Ha phi-QyHKIiAX, MOKA3aja0: MiABHMIIEHHS KoedilieHTta
3aMOBHEHHS; 3MEHIIICHHSI IITYYHUX MOPOKHKUH 1 HOKPALICHHS OJHOPiHOCTI
CTPYKTYPH; MOXIIHUBICTH MacmTa0yBaHHS alTrOPUTMIB JO CHCTEM i3
BEJIMKOIO KiJIBKICTIO 00’ €KTIB.

Po3pobrnieri anropuTMH MOXYTh OYTH IHTErpoBaHI y TpOTpaMHE
3a0e3nmeueHHss I MATOTOBKH Mmopeneid mo 3D-mpyky. Lle BigkpuBae
MOJIMBICTB: ONTHMIi3allii pO3MIIIEHHS KITBKOX JeTajed Ha OmHIH
wiaThopmi; 3MEHIIEHHS KUIBKOCTI MiJTPUMOK Ta, BIAMOBIIHO, CKOHOMIl
Marepialy; CKOPOYEHHs Yacy JpyKy 3aBJSKH OUIbII pauioOHAILHOMY
BUKOPHUCTAHHIO p0O0OYOro 00’eMy.

Kpim Toro, meromu makyBaHHS Ha OCHOBi pPhi-byHKIINH MOXyTh
3aCTOCOBYBAaTHCSl  JUIi  MOJENIOBAaHHS  TOPUCTUX  CTPYKTYp Y
MaTepiao3HaBCTBI, 0 € BAXIUBUM HAIPSIMKOM JOCIIKEHb Yy CTBOPEHHI
HOBHX KOMITO3HIIIHHUX MaTepiaiB.

3anponoHOBaHUN MiJIXiJ JAEMOHCTPY€E MEPCIEKTHBHICTh BUKOPHCTAHHS
IHTEJIEKTyaIbHIX aJTOPUTMIB MaKyBaHHs Ta Merony phi-dbyHkuiil s 3amaq
3D-mpyky. TloemHaHHS CTPOrMX MAaTEMATHYHHUX MOJEICH 1 Cyd4acHUX
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O00YHCITIOBAIFHUX CTPATETiH TO3BOJISE JOCSATTH BHCOKOI SIKOCTI pe3yJIbTaTiB
OpU NPUHHATHUX BUTpaTax dacy. [loganphii MOCHIIKEHHS IUIAHYEThCA
CIpsIMYBAaTH Ha IHTETPAIlil0 3alPOMOHOBAHUX AJITOPUTMIB 13 CHUCTEMaMH
aBromaruzoBanoro npoekryBanus (CAD/CAM) Ta 3acTocyBaHHS METOIIB
MAIIMHHOTO HaBYaHHSA AT IPOTHO3yBaHHS €()EKTUBHOCTI IIAKYBaHHSI.
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Anomauia. YV yii cmammi npedcmagieHo pospoOKy 6e6-000amky 07
VAPAGNIHHA — NPOEKMamu,  SAKUll — BUKOPUCMOBYE — WIMYYHUU  inmenexkm 05
asmomamu3sayii npoyecie NiaHy8aHHs, NPOSHO3Y8AHHA MA YNPAGLIHHA pecypcamu
IT-npoexmax. YV Oocniodcenni po3ensioaiomvca KIo408i acheKmu CMmeEopeHHs
NPOEKMIB, MAKi AK SUSHAYEHHs yinell, ONuc, 0IOHNCemy8anHs Ma NIAAHY8AHHA, A
TAKOXHC MOOeTIO8AHHS NPOEKMHUX Npoyecis, 30Kkpema po3noodin 3aedarv. Poboma
¢oxycyemovcas na euxopucmanni LUl Ona  onmumizayii po3nodiny 3a60amb,
NPOCHO3YEAHHS MEPMIHIE | 0100dcemie 3a OONOMO20I0 MAKUX aN2OPUMMI6, 5K
JUHIUHG pespecist, @ MaKodc Ha 3aCmocysanti memoody kpumuunoz2o uasxy (CPM)
0751 BU3HAYEHHS! NPIOPUMEMHOCI 3a80AHb.
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Abstract. This article presents the development of a web application for project
management that uses Al to automate planning, forecasting, and resource
management processes in IT projects. The study examines key aspects of project
creation, such as goal definition, description, budgeting, and scheduling, as well as
modeling of project processes, including task distribution. The work focuses on the
use of Al to optimize task allocation, forecast deadlines and budgets using
algorithms such as linear regression, and implement the Critical Path Method
(CPM) to determine task prioritization.

Keywords: IT project management, intelligent system, task allocation
optimization, artificial intelligence, critical path method

The technological breakthrough that has occurred across all industries
has led to the creation of powerful tools for project planning and execution.
Especially noteworthy is the use of artificial intelligence (Al) in project
management, which remains an underestimated yet promising technology
capable of significantly enhancing project execution efficiency [1]. Al
enables the automation of decision-making and forecasting of outcomes
based on data analysis. With Al, it is possible to build a system that not only
assists in managing projects but also adapts to changing conditions. The
application of Al in project management provides a powerful tool for real-
time data analysis, enabling the generation of detailed reports on finances,
resources, and task deadlines. This equips users with the most accurate
information for informed decision-making.

This study aims to develop an automated project management system
that utilizes artificial intelligence to improve planning processes, resource
management, and task execution monitoring. The primary objective of the
system is to provide users with convenient tools for effective project
management, thereby enhancing team productivity and reducing the time
required to complete tasks. This study focuses on the project management
process in the IT sector, which includes task planning and project execution
monitoring. The system is intended to facilitate the management of complex
projects using analytics and data-driven forecasting. It includes a model and
software tools for an IT project management system that combines web
development and artificial intelligence technologies. The study covers
algorithms for optimizing resource allocation, forecasting project
completion timelines, and collecting data for analyzing team and overall
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project performance. To achieve the goal set, the following research tasks
must be completed: conduct a systematic analysis of project management
processes; develop the architecture of a web application for project
management; design Al-powered modules for forecasting deadlines and
progress; create Ul mockups for user-friendly application interaction.;
implement the web application, including software modules, database
design, chosen architecture, and layout of Ul components.

The developed model of the project management system served as the
foundation for creating a comprehensive and unique product on the market
that utilizes Al to optimize management processes. The resulting system
features a distinctive architecture that offers solutions for automating project
management and adapting to changing conditions. The practical value lies
primarily in the developed software, algorithms, data structures, and models
for forecasting and optimization. The proposed system model is aimed at
simplifying and improving project management processes by enabling more
efficient resource utilization and enhancing team productivity. The system
architecture (Figure 1) is designed to ensure efficient IT project
management using Al technologies. At the core of the system is React.js [2],
which implements the user interface (Ul Layer).

Web Browser (Client)

!

React s (Ul Layer)

Django (Business Logic
Layer)

!

AlModels (Predictions)

Repository Pattemn ~ —  PostgreSQL (Database)

Figure 1. Architecture of the Mobile Application
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This allows the creation of interactive and dynamic web pages for
project management, the display of tasks, their progress, and visualizations
such as Gantt charts and cost graphs [3]. The component diagram illustrates
the interaction and dependencies between the components of an Al-enabled
IT project management system (Figure 2).

The system provides reliable IT project management by offering tools
for efficient resource allocation, forecasting, and workflow optimization.
With the integration of artificial intelligence technologies, the system
becomes a powerful tool for business process optimization. The system can
operate effectively in real-world working conditions, enabling users to make
swift and informed management decisions while automating project
management workflows. This confirms that the system is ready for
integration and effective use in business settings, contributing significantly
to improvements in IT project management processes.

‘ TaskList ‘ ‘ ProjectList ‘ ‘ TeamList

Data collection

C::;}g:'re Model project

Visualization

Create project

Task
Assignment
Prediction model

Team Progress
Evaluation

Figure 2. Sequence diagram
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AHoTauisi: Y 1poMy JOCHIIKEHHI NPEACTaBICHO IHTEICKTYalbHy CUCTEMY IS
A8MOMAMU308AHO20  POSMIWJEHHSI  PAOIOAKMUBHUX Kancyn 'y 6paximepanii 3
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BUKOPUCMAHHAM Memooié mamemamuino2o npozpamyeanns. QObnacmi nyxaun
MOOenombCs AK ONYKIL 6a2amospaniuKy, a Kancyau — K bazamozpanui 06’ ekmu
3 moocnugicmio obepmanna. Cucmema Onmumizye posmiujeHHs 3 YPAXyS8aHHAM
2eomempudHUX ooMedicens, sukopucmosyiouu D-Qyuxkyii ma anzcopummu NAKYBaAHHI.
Obuucnioeanvui excnepumenmu niOmeepoX’CyIoms i adanmusHicmv, MOYHICMb i
nomeuyian 01 KNiHIYHO20 3ACMOCY8AHHA.

Knrwouosi cnosa: bpaximepanis, mamemamuune npoepamyeants, napanenenineo,
YUninop, 6azamospanHux

Abstract: This study presents an intelligent system for automated placement of
radioactive capsules in brachytherapy using mathematical programming. Tumor
regions are modeled as convex polyhedra, and capsules as rotatable polyhedral
approximations. The system optimizes placement under geometric constraints using
phi-functions and packing algorithms. Computational experiments confirm its
adaptability, precision, and potential for clinical integration.

Keywords: brachytherapy, mathematical programming, parallelepiped, cylinder,
polyhedron

Brachytherapy is a targeted cancer treatment method that involves
placing radioactive sources directly inside or near a tumor. Accurate
placement is essential to ensure effective radiation delivery to the tumor
while minimizing exposure to healthy tissues [1, 2].

This study presents a novel intelligent system that automates the
placement of cylindrical radioactive capsules within irregular tumor
volumes. The tumor is modeled as a convex polyhedron, and capsules are
approximated by rotatable polyhedral shapes. This enables precise control
over both position and orientation, which is important for accurate dose
distribution. The problem is formulated as a nonlinear optimization problem,
aiming to maximize the number of capsules placed while satisfying
geometric constraints. The phi-function technique [3, 4] allows to maintain
safe distances between capsules and from the tumor boundary. The system
uses a two-stage optimization strategy: it first generates an initial
configuration and then refines it using mathematical programming to
improve packing density and constraint compliance. To reduce
computational complexity, the system applies a decomposition technique.

Computational experiments using real-world parameters confirmed the
system’s adaptability and precision. It successfully placed up to 100
capsules in various tumor geometries and spacing conditions, demonstrating
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its potential for clinical integration across multiple cancer types. An
illustration of placement of 100 capsules is shown in Figure 1.

>~

S

Figure 1. Illustration of placement for 100 capsules
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MATHEMATICAL AND SIMULATION MODELING OF NEUTRON
TRANSPORT USING OPENMC

V.Lavrukhin
Odesa Polytechnic National University, Ukraine

Anomauia. Y pobomi pozenanymo mamemamuure ma imMimayiine MoOOen08aAHHS
npoyecie mMpanHcnopmy HeumpoHie i3 GUKOPUCMAHHAM NPOSPAMHO20 KOMNIEKC)
OpenMC. /[emanvruo npoananizoeano memoo Moume-Kapno, cmpykmypy 6XiOHux
Oanux, npuHyunu nobyoosu eeomempii, KoHgicypayito mamepianie ma 3a2anbHull
npoyec mooenogartns. Ocobnugy yeazy NpuoileHO MONCTUBOCHSAM MOOECNIOBAHHS
sueopanns namuea ma inmeepayii 3 Python ons aemomamuzayii ma ananizy.
Bucsimneno npaxmuune sacmocysanns OpenMC y sdepuiii enepeemuyi, Haykogux
Odocnioxcennsnix i Hasyanui. OKpecieno nepeeacu, 0OMENCEHHs. MA NEPCNEKMUGU
N00ANIBULO20 PO3BUMKY YbO2O NOMYNHCHO20 NPOSPAMHO2O IHCIPYMEHMY.

Knrouosi cnosa: mamemamuyne MOOen08anHs, imimayitine MOOen08AHHS,
OpenMC, memoo Monme-Kapno, HelmpoHHUIl MPAHCHOpmM, A0EPHA eHepeemuKd,
BUCOPAHHSA NATUBA, peaKMOopHa Qi3uka

Abstract. This paper explores mathematical and simulation modeling of neutron
transport processes using the OpenMC software package. It provides a detailed
analysis of the Monte Carlo method, input structure, geometry modeling techniques,
material configuration, and the overall simulation workflow. Particular attention is
given to OpenMC's depletion modeling capabilities and its integration with Python
for automation and analysis. The practical use of OpenMC in nuclear energy
systems, academic research, and education is highlighted. The paper outlines the
advantages, limitations, and future development directions of this powerful open-
source computational tool.

Keywords: mathematical modeling, simulation modeling, OpenMC, Monte Carlo
method, neutron transport, nuclear energy, fuel depletion, reactor physics

Mathematical and simulation modeling are fundamental tools for modern
engineering and scientific research, especially in areas where physical
experiments are costly, hazardous, or practically unfeasible. One such field
is nuclear engineering, where accurate modeling of neutron transport is vital
for reactor design, safety analysis, fuel cycle studies, and more. OpenMC
(Open Monte Carlo) [1] is a prominent open-source tool specifically
developed for this purpose, enabling high-fidelity neutron transport
simulations using the Monte Carlo method.
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The Monte Carlo method is a probabilistic numerical technique used to
solve physical and mathematical problems through random sampling. In the
context of neutron transport, this involves simulating the life histories of
many individual neutrons as they travel through and interact with a defined
geometry and material composition. Each neutron history includes events
such as scattering, absorption, fission, and leakage.

The transport of neutrons in a nuclear reactor is governed by the
Boltzmann neutron transport equation [2], which in general time-dependent
formis:

(Q-V+2,(7.E)y(F. Q)= L” j:zs(r, E' > E, & > Q)y(F,Q, E)dE'dQ +S(F, O, E)

where Q-V i (F,Q,E) - neutron movement in the direction of Q
describes the displacement of neutrons in space r’;

>, (F, E)w(F,Q, E) - total neutron losses due to any interactions
(scattering, absorption, fission);

L j:zs(r, E'>E,Q - Qy(r,Q,E)EdQY

- neutron flux

from other directions Q™ and energies E’, which scattered into the current
state (E,Q7);

S(F,Q,E)- a neutron source that delivers them directly into the

phase space of the system.

Direct analytical solutions to this equation are typically infeasible for
realistic geometries and materials. The Monte Carlo method [3] offers a way
to solve it statistically by sampling the probability distributions associated
with these interactions.

The simulation tracks individual neutron histories, modeling their
interactions until absorption, escape, or fission. This process enables high
parallelization and scalability. A common application is simulating a
pressurized water reactor (PWR) fuel assembly using infinite lattice models
with tallies to assess fission rates, flux, and the effective multiplication
factor (keff). The open-source nature of OpenMC encourages community
contributions and collaboration, making it a dynamic and evolving platform
for nuclear simulation research.
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Anomauia. Y yiii pobomi peanizo8aHo ancopumm  HeeK8iOUCMaHmMHO20
mpacyeants npomenie ons nooyoosu 3D 300padicens, skulli 0036045€ CKOPOMUMU 8
cepeOHbomy Ha 25% yac y nopieHAHHA 3 CMAHOAPMHUM ANOPUMMOM MPACYE8AHHS
npomenie. Peanizayisi 3anpononHosanozo aneopummy 0coOIU80 € KOPUCHOI Npu
BUKOPUCAHHI 6 ABMOHOMHUX CUCmeMax ma Ofis NOnepeoHbo20 nepecnsiody
nobyoosanux 3D 306pasicens, ocKinbKu cymmeso eKoHOMUms uac.

Kniouosi  cnosa: Oszepranvha mpacyeannss npomenis, 3D-eizyanizayis,
HeeKsiOUCmanmui  CmpyKmypy, 6i3yanizayis 6 pearvHOMYy uaci, KOMn'tomepHa
epagixa, omopeanicmuuna Gizyanizayis, ABMOHOMHI cucmemu, O3epKAIbHE
8i000pasicents, 0OUUCTIOBANLHA eheKMUBHICb.

Abstract. In this paper, we implement a non-equidistant ray tracing algorithm
for constructing 3D images, which reduces the time by 25% on average compared to
the standard ray tracing algorithm. The implementation of the proposed algorithm is
especially useful when used in autonomous systems and for previewing the
constructed 3D images, as it significantly saves time.
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rendering, computer graphics, photorealistic visualization, autonomous systems,
specular reflection, computational efficiency.

For the fields of scientific, industrial, architectural visualization,
cinematography and television, development of video games, advertising,
the use of realistic computer graphics is important. This leads to increased
interest in the use of such approaches as the ray tracing algorithm [1,2]. Ray
tracing is a computer graphics technique that allows you to generate realistic
images by tracing the path of light in a scene [3]. The actual task is to create
a photorealistic image, which is characterized by certain features: reliable
reflection of reflections, lighting, shadows, penumbras, transparency,
translucency, as well as specular reflection. From the set of available
methods, the use of ray tracing allows you to ensure the best reliability of
the result, because it allows you to simulate the physical processes of the
real world and perceive the world as we see it [1]. Although ray tracing
provides the best results, it requires a lot of calculations. Performing such
calculations requires specialized, powerful equipment and a long time. The
ray tracing method is mostly not a real-time rendering technique. This, in
turn, requires simply colossal costs on the part of the GPU, even for
individual objects [4]. Finding an effective method to reduce image
processing time is an important task [5]. Many methods are used to speed up
ray tracing.

The use of the fastest tracing algorithms makes it possible to process
entire beam bundles at once, and this significantly speeds up the process of
mathematical calculation of beams of the same direction. Although such a
modification is effective for the main primary or shadow rays, it still does
not allow efficient calculation of reflection and refraction rays. This paper
proposes a modified ray tracing algorithm to speed up calculations based on
non-equidistant structures [6, 7]. The work’s task is to optimize the ray
tracing mechanism. In this article, the ray tracing algorithm is implemented
in the C++ language, uses built-in and specially written libraries, and uses
multithreading. A flowchart (Figure 1) shows a brief description of the
algorithm. The logic of the program is shown in the sequence diagram
(Figure 2).

The objects of the sequence diagram are the main functions of the
developed program, including: render(), ray_cast(), reflect(), refract(), and
the Ray object.
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The sequence diagram shows that the functions are used in iteration
cycles during operation. In contrast, the Ray object is created and destroyed
in the process of calculating rays an average of xxy times, where X, y are the
height and width of the desired image resolution. The proposed algorithm
for accelerating ray tracing uses non-equidistant structures. The use of a
non-equidistant ray tracing algorithm allows us to speed up calculations by
an average of 25% compared to standard ray tracing when rendering a 3D
scene image.
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Figure 2. Sequence diagram
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Annomayia. L{n poboma npuceésuena NOPIGHANLHOMY aHANIZY NONYIAPHUX
kpocnaamgopmosux ¢peimsoprie (Flutter, React Native, Xamarin) 3 mouxu 3opy
ixHboi 30amHocmi iHmeecpysamu ma e@eKmueHO BUKOPUCHOBYS8AMU DYHKYIT
WMY4HO20 IHmMeneKmy.

Knrouosi cnoea: xpocniam@popmosa pospoodxa, wmy4Hul inmenexm

Abstract. This work is devoted to a comparative analysis of popular cross-
platform frameworks (Flutter, React Native, Xamarin) in terms of their ability to
integrate and effectively use artificial intelligence functions.

Keywords: cross-platform development, artificial intelligence

Po3BUTOK TEXHOJIOT1H MAIIMHHOTO HABYAHHS Ta MOLUIMPEHHS MOOIIBHUX
MIPHUCTPOIB Ta BeOy 3yMOBIIIOIOTH MTOTPEe0y B iIHCTPYMEHTAX, IO O3BOJISIIOTH
CTBOPIOBAaTH yHiBepcalbHi, €(QEeKTWBHI Ta (YHKIIOHAIBHI MPOTpPaMHi
MPOAYKTH. Y poOOTi PO3MIIANAIOTHECS TaKi MOMYJSApHI (QpeHMBOPKH, SIK
Flutter, React Native ta Xamarin. Koxen 3 HUX Ma€ CBOi apXiTeKTypHi
ocobnuBocTi Ta migxoxam mo imrerpamii III-moxmuBocteit [1]. Flutter,
po3pobnennit Google, BukopucroBye MoBy Dart Ta mnigxix "Bce €
BiJDKETOM", 1110 JIO3BOJISIE CTBOPIOBATH BHCOKOIPOJYKTHBHI Ta Bi3yalbHO
npuBadnuBi iHTepdeiicu. Interpanis LI y Flutter 3a3Buuaii 3ilicHIOETHCS
yepe3 BukopucranHs Oi6miorex TensorFlow Lite, ML Kit Bix Google a6o
CTOPOHHIX IaKeTiB, IO JJO3BOJAIOTH BHUKOHYBATH MOJEl MAIIMHHOTO
HaBYaHHS Oe3nocepeqHbo Ha npuctpoi [2]. React Native, 3acHoBaHMiI Ha
JavaScript Ta React, mo3Boise po3poOHHKaM BHKOPHUCTOBYBATH 3HAHOMI
BeO-TEXHOJOTIl JJIsi CTBOPEHHS MOOUThHUX nojatkiB. I[nterpamis II-
¢yukmi y React Native dacto peami3yeThcs 3a JONOMOTOI HATHBHEX
MOJYMiB, SKi B3a€MOJIIOTh 13 cHCTeMHHMH OiOmiorekamu mms I
(mampuknan, Core ML mna iOS ta TensorFlow Lite mis Android). Le
J03BOJISIE BUKOPHCTOBYBATH HOTYXKHI MOJMIIMBOCTI IIaTthopM, aje MOXKe
YCKJIaTHIOBATH KPOCIIaT()OPMOBE PO3ropTaHHs. Xamarin, 110 € YaCTHHOIO
wiathopmu .NET, BukopuctoBye Moy C# 1 103BOJIsIE CTBOPIOBATU HATHBHI
inrepdeiicn mns pisaux miarpopm. Inrerpauis HII-¢pynkuii y Xamarin
3niiicHioeThCsl 32 gomomororo  Oibmiorek ML.NET abo croponHix
IHCTPYMEHTIB, 1110 JI03BOJIAIOTH BUKOPHCTOBYBAaTH Moeni ML.

KiIl04oBHM acrieKTOM MOPIBHSUIBHOIO aHalli3y € OLliHKa MOXJIMBOCTEH
KOXHOTO ()peiMBOpPKY MIOAO TNPOAYKTUBHOCTI BHKOHaHHA IIlII-monernei,
3py4YHOCTi iHTerpamii, DOCTYHHOCTI O0iOmioTeK Ta po3Mipy KiHIEBOTO
nonxatky. Flutter 3a3Bu4ail 1eMOHCTPYE BHUCOKY HPOIXYKTHUBHICTH 3aBISKH
KOMIIJISILIT B HATHBHUM KOA, IO € IepeBaror st pecypcomictkux -
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3amad. React Native Moke MaTH HEBEIMKY BTpaTy MPOAYKTHBHOCTI depe3
BUKOPHUCTAaHHA JavaScript-MocTy, poTe Ie 3alIeKuTh Bix ckiaamHocti II-
3aBIaHb. Xamarin TakoX 3a0e3rnedye BHUCOKY NPOAYKTHBHICTH, OCKiJIBKH
BUKOPDHUCTOBYE KOMMIIALiI0 B HaTHBHUHA koxa. Ille OoAHUM Ba)JIMBUM
KputepieM € exocucrema Tta crminbHoTa [3]. Flutter mae 3pocrarouy
CHIJIBHOTY Ta BENHMKY KUIBKICTh MakeTiB, M0 crpormye interpanito III.
React Native TakoX Ma€ BEJIMKY Ta aKTHBHY CIIIJIBHOTY, II0 HAJA€ JOCTYII
JO HIMPOKOTO CIIEKTPY TOTOBUX pimieHb. Xamarin, Oyay4d YacTHHOIO
exocucremu .NET, Mae crabinbHy miatpumky Bin Microsoft. ¥V pamkax
aHaI3y AOCIIIKYEThCS TAKOX MiAXia 10 po3pooOku. Flutter BukopuctoBye
KOHLIeNIil0 rapsdoro nepesaBaHtaxkeHHs (hot reload), mo npumBumye
po3poOky Ta HamaromkeHHs. React Native Mae cxoxy (yHKHi0, IO
Ha3WBaeTbes TapsauM  oHoBieHHsAM (hot refreshing). Xamarin Takox
HOiATpUMYy€ IIBHAKY PO3POOKY 3aBISKH Tapg4oMy IIepe3aBaHTaKCHHIO
XAML. OcobnmBa yBara mpHAUIAETHCS MOKIMBOCTSM MOOYIOBH MOJENeH
I ta ix posropranHio. bimbmricTe GpeiiMBOPKIB HE HAAAIOTH BOYZOBAaHMX
IHCTpYMEHTIB JUIsi HaBUaHHS MoOJeNel, a 30Cepe/KEeHI Ha IXHbOMY
BUKOpHCTaHHI. ToMy aHami3yeTbcs, HAaCKUIBKM JIETKO PO3POOHHK MOXKe
IMITOPTYBaTH Ta BUKOPHCTOBYBAaTH Bke HaBueHi moneuni. Flutter ta React
Native nanatots 3pyuni API mist po6otun 3 mopenssimu TensorFlow Lite, mio
JI03BOJIsIE BUKOHYBaTH BHCHOBKH (inference) Ge3mocepeqHbo Ha IPUCTPOT,
3MEHIYIOYH 3aTPUMKH Ta 3aJIEKHICTh BiJl Mepexi [4].

3pemToro, MOPiBHIBHUI aHalli3 BpaXOBYE TaKOXK BapTiCTh PO3POOKH Ta
BximgHuit mopir. Flutter i React Native € 6e3komToBHUME (ppeiiMBOpKaMu 3
BIIKPUTHM KOJOM. Xamarin TakoX Oe3KOIITOBHHH, aje Il KOMEepHiiHOL
po3poOKkn Moxke 3HamoOuTHcs mimeHsis Visual Studio, mo poGurts ioro
MEHII JOCTYITHUM JUIS IeSKUX PO3POOHHUKIB.
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Aunomayia. Y cmammi 00CRiONCeHO NOMeHYian 3acmocy8aHHs mooeneil
wmyyno2o inmenexkmy ONA NiOSUWjeHHs epexmusHocmi nionpuemcmé y cgepi
HAOAHHS NOCNY2, PO32NSIHYMO NPUKIAOU AGMOMAMU3AYIl KIIEHMCbKOI NIOMPUMKU,
NPOCHO3YE8AHHA NONUMY MA NePCOHANI3aYii cepeicie.

Knrouogi cnoea: wmyunuii inmenekm, agmomamusayis nociye

Abstract. The article explores the potential of using artificial intelligence models
to improve the efficiency of enterprises in the field of service provision, and
considers examples of customer support automation, demand forecasting, and
service personalization.

Keywords: artificial intelligence, service automation

Ccdepa HagaHHS TOCIYT € ONHIEIO 3 HAMOUTBII AWHAMIYHO 3POCTAIOYHX
rajxy3ed  €KOHOMIKHM, Ji€¢ KOHKYPEHTOCIIPOMOXHICTh  IiANPUEMCTBA
BU3HAYAEThCS 3AATHICTIO OIEPAaTHBHO pearyBaTH Ha 3MIiHM IIOIUTY Ta
3a0e3meuyBaTd BHCOKY SKICTh OOCITYyrOBYBaHHS KIIi€HTIB. TpanumiiHi
METOJM YIpaBIiHHSA Oi3HEC-TpollecaMH BXE HE 3IaTHI IMMOBHOI MipOIO
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3a0e3nedyBaT HEOOXiTHY THYYKICTh IPOTHO3YBaHHS, OCOOIHMBO B yMOBax
3pOCTAOYMX OOCATIB TaHUX Ta KaHATIB B3a€MOIi 3 KirieHTamu [1].

Buxopucranus wmopeneid mrydnoro iHtenekty (L)  mo3Bossie
HiATIPHEMCTBAM aBTOMATHU3YBaTH PYTUHHI IIPOIIECH, ITiABHIYBaTH TOYHICTH
MPOTHO3YBaHHSA  IOMHUTY, ONTHUMI3yBaTH  pO3MOIIJT  pecypciB  Ta
MEPCOHATI3yBAaTH B3aEMOIIO 3 KiieHTamu. Lle BiIKpuBae HOBI MOIJIMBOCTI
JUIL TiABUNICHHS e(eKTUBHOCTI Ta CTIHKOCTI Oi3Hecy. BrpoBamkeHHS
mozeneii 11 y chepi Hananus mociyr nepeadadae iHTErpawilo alropuTMiB
MAIIMHHOIO Ta TJIMOMHHOTO HaBYaHHS y KIOUOBi Oi3Hec-mpouecu. OaHuM
i3 HaWOlIbII 3aTpeOyBaHMX HANpsAMIB € iHTENeKTyaibHa 0O0poOka
KJIEHTCHKUX 3alUTIB 32 JIOMOMOIOI0 4aT-00TIB 1 BipTyalbHUX ACHCTEHTIB,
10 BUKOPUCTOBYIOTH apXiTekTypH TpaHchopmepiB (BERT) mns posyminas
pupoaHOT MOBH. Taki CHCTEMH 3IaTHI HaJaBaTH BiAINOBiIi B pealbHOMY
yaci, BHKOHYBaTH TIIONECPENHIO KBaNi(iKalilo 3amuTiB 1 3MEHIIyBaTH
HaBaHT@XXCHHS Ha omeparopiB. Mogeni TpagieHTHOTO OyCTHHTY i
pPEeKypeHTHI HEHpOHHI Mepexi IO3BOJIAIOTH aHAJi3yBaTH iCTOPHYHI NaHi
MPOJAXiB, CE30HHI KOJIMBaHHSA Ta 30BHIIIHI (akTopu (EKOHOMIYHI
IHIIMKATOPH, MOTOHI YMOBH), (OPMYIOUM TOYHI MPOTHO3U Ta PEKOMEHALT
110710 YNPABJIiHHS 3arlacaMy Ta PO3MOJUTYy epcoHaiy [2].

VY cdepi nepconanizanii cepBiciB e(h)eKTUBHUMH € TiOPHIHI CUCTEMH, 1110
MOEJAHYIOTh  KOJabopaTuBHY (DUIBTpAIlif0 3 KOHTCHTHHM aHAaJi30M.
Bukopucranns moneneil (aktopusalii MaTpuib i HEHPOHHUX MEpEK Jae
3MOry (popMyBaTH iHAWBIyaTbHI IPOTIO3UIIT TS KIIEHTIB.

Jus  omTumizamii  BHYTPIIIHIX —ONEpamifHUX TMPOIECiB  aKTHBHO
3aCTOCOBYIOTBCS MOJIENI PpO3Mi3HABaHHA Ta Kiacu(ikamii JOKyMEHTIB.
Anroputmu 06po0Oku nmpupoaroi MoBu (NLP) Ta cucteMu KOMIT IOTEpHOTO
30py aBTOMATH3YIOThb POOOTYy 3 JOrOBOpaMH, pPaxyHKaMH Ta IHIIUMH
JOKyMEHTaMH, CKOpOYyIOUM 4Yac Ha py4Hy OOpoOKy Ta 3HIDKYIYH
HAMoBipHicT, moMmiIok. OKpeMo CliJi BII3HAUYUTH POJIb IMTPOTHO3HOI
AQHAJITUKK y BUSBIICHHI PU3MUKIB 1 3001B y HazauHi mociyr. Cucremu
MOHITOpUHTY Ha ocHOBI III] 31aTHI BUSBIATH aHOMAJIbHI MAaTEPHU B pOOOTI
obnannanns, IT-indpacTtpykTypy abo B MOBEIIHILI KOPHCTYBauiB, IO
JI03BOJISIE 3a1100IraT IHIMICHTAaM JI0 TOTO, SIK BOHHM MPU3BEAYTh JI0 BTpAT.

Peaxnizamis Takux pilieHb BHMarae BpaxyBaHHS NHTaHb OC3MEKH Ta
KOH(QIACHIIIHOCTI MaHuX. Y [hOMY KOHTEKCTI BaXJIHMBOIO € pPO3poOKa
JOKAJIBHUX MOJENEH, 3JaTHUX TIpamioBaTh 0e3 mepenadi dyTiaMBOi
iHpopMmamii Ha 30BHINIHI CEpBEpPH, a TaKOX BIPOBAKCHHS METOIIB
nudepeHIiHHOT MPUBAaTHOCTI. 3aCTOCYBaHHS MOJEIEH MTYYHOTO IHTEIEKTY
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y chepi HagaHHS MTOCIYT BIIKPUBAE NIUPOKI MEPCIIEKTUBH JIJIS ITiIBHIIEHHS
e(eKTUBHOCTI Oi3Hecy, ONTHMi3allii pecypciB Ta TiJABUINEHHS piBHA
3amoBosieHocTi KiieHTiB. IuTerparis IlI-pimeHs y XI0YoBi MpolecH
JIO3BOJISIE MIAMPHUEMCTBAM MIBHJIIEC pearyBaTd Ha 3MIiHM PUHKY, IPUAMATH
OOTpyHTOBaHI yNpaBIiHCHKI pilmmeHHS Ta (QOpMyBaTH KOHKYPEHTHI
nepeBard. [lojanpminii pO3BUTOK LBOTO HAmpsMy MOB’A3aHUN 3
YIOCKOHAJIICHHSIM MOJICNCH, MiABHIICHHAM IX 1HTEPIPETOBAHOCTI Ta
3a0e3neucHHsIM OC3TeKH JaHUX.
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FILE STRUCTURE OF A WEB APPLICATION FOR
INTELLIGENT PREDICTIVE ANALYTICS IN THE INVESTMENT
SPHERE
R. Ogrodiuk, D. Shvedov, Ph.D. N. Rudnichenko
Odessa Polytechnic National University, Ukraine

Annomayin. 'Y cmammi npeocmaeneno apximekmypy 6e0-opieHmoganozo
sacmocyuky na Flask ona inmenexmyanvnoi ananimuku inéecmuyitinux piuiens i3
OemanbHuM ONuUcom Painogoi cmpykmypu.

Knrouosi cnosa: ineecmuyii, npeOukmuena ananimuxa, npoexkmye8anHs
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Abstract. The article presents the architecture of a web-based application based
on Flask for intelligent analytics of investment decisions with a detailed description
of the file structure.

Keywords: investments, predictive analytics, design

Y cydacHHX yMOBax  IIBHJIKOIUIMHHMX  (IHAHCOBHX  PHHKIB
aBTOMATH3allisl aHalli3y IHBECTHLIHHMX PHU3MKIB 1 MpHOYTKOBOCTI HaOyBae
0cOOJIMBOrO  3HAYCHHS. BUKOPHUCTaHHS  IHCTPYMEHTIB  MAIIMHHOTO
HaBYaHHS, 30KpeMa Mojejed TIMUOMHHOTO MpPOTHO3YBaHHS, JO3BOJISE
e(eKTHBHO MOJICIIOBATH PHHKOBI TPEHAW Ta (OPMYBaTH PillleHHS IIOJ0
KymiBm abo mpomaxy aktuBiB [1]. YV Toit ke wac, UIT MPAKTHYHOTO
BUKOPHCTaHHSA TaKHX AaHANITHYHHX MoJenell HeoOXimgHa iHTYiTHBHO
3po3yMina Ta THydYKa iHTep¢eiicHa 00O0JOHKa, sika 3a0e3medye AOCTYH 10
aHaMTHKA yepe3 Gpaysep abo API [2]. Flask sx mikpodpeiiMBOpK Ha MOBi
Python € onrtumansHuMm BHOOpOM st 1MOOYJOBM HPOTOTHIIB BeEO-
3aCTOCYHKIB y Lili cdepi 3aBISKH CBOIH JIETKOCTI, MOJYJIBHOCTI [3].

ApxiTekTypa Be0-3aCTOCYHKY /I MIATPUMKH 1HBECTHULIIIIHUX PIllICHb Ha
6a3i Flask nepen6avae 4iTky JIOTi4HY CTPYKTYpY, LIO BiJoOpakae MoALT Ha
piBHI 00pOOKM JaHHMX, MOJENIOBaHHS, Bizyaiizauii Ta 0O0CITyroByBaHHS
KITEHTChKUX 3anmuTiB. Tumosa (aiiiioBa opraHizallisi IPOEKTY peai3yeThes
3a mabaonoM MVC, mo crnpomnrye MacmTaOyBaHHS CHCTEMH Ta ITiJBHUIIYE
MATPUMYBAHICTE  KOZY. Y KxopeHeBi  mUpeKTOpii  TPOEKTY
(invest_predictor/) po3mimryeTbcs KoH(DirypamiHuii daitn config.py, sxkuit
MICTHTh TapaMeTpu nxocTymy o 0a3 manumx, API xmoui, xorpirypamii
Oesmexu Ta HamamrtyBaHHA Flask-momatky. ¥V daiimi app.py abo main.py
IHIIIaTi3yeThCS 3aCTOCYHOK, MiIKITIOYAI0THECS MAPIIPYTH, MO MOZIETICH.

Y  minkaranosi templates/ 30epiratorbecss HTML-mabnonu, 1o
peanizytoth  iHTepdeiic  kopuctyBaua (dashboard.html, index.html,
result.html). /Iy cTumi3anii Ta iHTepaKTUBHOCTI BUKOPHCTOBYETHCS KATaJIOT
static/, ne posamimeHo CSS-cruni, JavaScript-koq Ta Bi3yallbHi €JIEMEHTH.
daiinn, 1m0 BIANOBINAIOTH 3a Oi3HEC-JIOTIKY, 30€piraloThCst y IUPEKTOPIi
services/ abo core/. Tyt peanizoBaHO OOpOOKY HaHMX, IiJKIIOYEHHS 10
3oBHIHIX API (Hampukiazn, Yahoo Finance abo Alpha Vantage), 00poOky
YacOBHX psIiB Ta 3allyck MoJejedl NporHo3yBaHHs. 3okpema, aiin
predict.py Bimmosimae 3a ¢opMyBaHHS TepenOaueHHs Ha OCHOBI BXiTHHUX
mapaMeTpiB Ta Tepenae pe3yibrarT y BeO-iHTepdeiic abo API-BimmoBigs.
Brox MonenroBaHHS TIpencTaBlIeHO y KaTano3i models/; me po3mimeHo
30epexxeHi TpeHoBaHi Mojeni y ¢opmati .pkl, a Takox CKpunTH s ix
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3alycKy, MigBaHTaXEHHA Ta akryamizamii. @ain train.py 3abe3neuye
MOXJIMBICTh IIEPEBUYAHHS MOJENTI 33 HOBUMHU JAHUMHM, & TaKOX JIOTYBaHHS
Mmetpuk epektuBHOCTI (MAE, RMSE, R? Tomio). Peamizarmis REST API, mio
JIO3BOJISIE IHTETPYBAaTH 3aCTOCYHOK 3 IHIIMMHU (DiHAHCOBUMH CHCTEMaMH,
po3MileHa y Moy routes.py ado api.py. Y mpomy (aiii orosomyrThCs
mapuipytu (/predict, /train, /update model, /get asset info), koxeH 3 sKuX
00po6msie BignoigHi HTTP-3amutu (GET abo POST), Buximkae mopeni,
¢dopmye Bianosizai y popmari JSON.

PosropraHHs NpoeKkTy 3I1HCHIOETHCS 3a JAOIMIOMOTOI0 requirements.txt, ae
neperiveHo Bci 3anexxnocti (Flask, Pandas, Scikit-learn, Keras, yfinance,
Gunicorn), Ta 3a3Buuail migTpumyerthcs Docker-koHrteitHepusaris s
3ammycky B cepenosunii CI/CD. @aiinoBa cTpyKTypa Be0-3aCTOCYHKY LIS
IHTENeKTyaNbHOI IPEeANKTUBHOI aHAJITHKY B iIHBECTHLIHHIN cdepi MOBHHHA
OyTH MOIYJIBHOIO, JIOTIYHO OPTaHi30BaHOIO Ta PO3IIHpIOBaHOK. Peamizamis
TaKoTo 3acTOCYHKY Ha 6a3i Flask no3Bosnse 3abe3neunTr rHyUKe IMO€THAHHS
aHATITHYHUX MoJeneH i3 BeO-inTepdeiicom, a Takox miarpumky REST API
JUTSL THTeTpallii B 30BHINIHI ()iHAHCOBI CHCTEMH.
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PROJECT OF AN INTELLIGENT DECISION SUPPORT SYSTEM
FOR CHOOSING ALTERNATIVES IN TABLE-TOP ROLE-
PLAYING GAMES
Ph.D. N. Rudnichenko?, A. Otrashenko?, Ph.D. T. Otradska?
!0dessa Polytechnic National University, Ukraine,
2Interregional Academy of Personnel Management, Ukraine

Annomauyia. Y pobomi HasedeHi pezynrvmamu po3poOKU HpoeKmy CUcmemu
NIOMPUMKU NPUIIHAMMSL pilieHb 05 8UOOPY ANbINEPHAMUE 8 HACMITbHO-PONbOBUX
iepax na 6asi 3acmocysanns koonepamuenoi CIIIIP.

Knwuoei cnoea: CIIIIP, ICIIIIP

Abstract. The paper presents the results of the development a decision support
system for choosing alternatives in tabletop role-playing games based on the
application of cooperative DSS.

Keywords: DSS, IDSS

IHTenexTyanbHi cucTeMH MHATPUMKH mpuiHsTTS pimtens (ICIIIIP) e
KOPUCHUM IHCTPYMEHTOM ISl aHANI3y CKIIaHHX allbTEPHATHUB Ta HAJaHHA
pexoMeHpaniii KopucTyBadaMm y OimpmiocTi ramysei [1]. ¥V koHTekcTi
HACTUTPHUX POJBOBUX Irop, NI¢ MEepCOHaXaM HEOOXiTHO 3ampoIroHyBaTH
0e3J1iY MOXIIMBUX BapiaHTiB BUOOPY — KJIACH, PAaCH, PUCH, apXETHUITH KJIaciB
tomo. DSS Morke 3HaYHO MOJNETIINTH 3aBAaHHS IIEPIIOi YACTHUHH CTBOPESHHS
nepcoHaxxa Ta Bubopy B Tpi [2]. Mera mnpoekTy B CTBOpEHHI
inrenexryansHoi CIITIP, sika nmormomoske rpaBisM BUOpaTH Haiikpariii
IBTEPHATHBHU 3 TOYKH 30Dy yNo/100aHb, irpOBOi CUCTEMHU Ta CTATUCTUKH.

Cucrema BxIto4ae B cede psj QyHKIIOHAIBHUX KOMIOHEHTIB. [lepmm
3 HMX — MOJYJIb BBEJCHHS NaHWX, JIO0 SIKOTO HAAXOIUTH iH(OpPMAIls Bij
rpaBili: JOKalis mpuroau (Jica, TOpH, IyCTENi), Pojib MEPCOHaXY (TaHK,
LUJITENb, TOM XTO HAHOCHTh 0arato YpOHY), KOHIENT MEePCOHAKY
(BUKOPHCTOBYE Marito, ONIDKHUK, AaJbHHUK), a TaKOX CETTIHT, B SKOMY
BimOyBaroThcst mmonii. IloTiM Momynms ¢inbTpamii anbTepHATHB, BHOHpae
MOJKITUBI BapiaHTH Ha OCHOBI 00paHoi cucremu (y upomy Bumnaaky D&D 5e)
1 BHpgamsie cymepewinBi abo HepeneBaHTHI KomOiHamii. lleir wmomyns
BHKOPHCTOBYE JEpEBO pillIeHb, 3a0e3Medyloud JIOTiYHy Ta MeEXaHiuHy
BiMmoBigHICTE. HacTymHUM KpOKOM BimOYBa€TbCS MOIYTh OLIHKH, SKHA
BUKOPHUCTOBYE a00 €BPHCTHYHI aJrOPUTMH, a00 OaileciBChbKI Mepexi, 1100
PO3MOJIUINTH PEUTHHI BapiaHTaM BIIMOBIAHO JI0 KOPHCTYBAIbKOT BUOIpKH
3a oOpanumMu xapaktepuctukamu [3]. Hampuknaa, rpaBenp obOupae
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TaKTHYHY TPy 3 MIATPUMKOIO, CHCTEMa MOJXC HAJAaTH BHCOKHH PEHTHHT
KIIacy KIIpHKa 3 MYIPICTIO sIK OCHOBHUM aTtpuOyTom. Ilicis oIiHIOBaHHS
MOJYJIb peKOMEHJAIll TeHepye 3-5 HaAHOUIBII MiAXOMSIIUX BapiaHTIB I
3anuTy rpaBis. KoxXeH BapiaHT CYIPOBOKYETHCS KOPOTKUM MOSCHEHHSIM —
qyoMmy came BiH OyB oOpaHWii, siIKi HOTO TiepeBard Ta SK PO3BUBATH HOTO
Hamanmi. Ha ocraHHROMY eTami MOMIYNb B3a€MOJIl J0O3BOJIIE TPABIICBI
MePeryiTHyTH ab0 pefaryBaTH IIOYATKOBI MapaMeTpH, CKCIICPUMCHTYBATH 3
JeKimpKkoMa KoMmOiHaniii abo 30epertn oOpaHmMii pe3yibTar y Qopmari
PDF/JSON jns  mojanmbimioro BHKOpUCTaHHs. Po3pobiieHa miarpama
BapiaHTIB BUKOPUCTAHHS MOYJIIO HaBeIcHa Ha puc. 1.

Pucynoxk 1. Jliarpama BapiaHTiB BUKOPUCTAHHS CUCTEMHU

CrBopeHa cucteMa MOXKe OyTH 3acTOCOBaHA /I NPHCKOPEHHS abo
aBTOMAaTH3alii IpOLEeCcy CTBOPEHHS HOBOTO IIEPCOHAXXYy B paMKax
IHTEPaKTHBHOTO CEPEIOBHUINA, 30KPEMa JUIsl BIPTyaJIbHUX HACTIJIBHUX CTOJIIB
(VTT).
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CONCEPT OF ASYSTEM FOR ASSESSING THE CONDITION OF
VEHICLE DRIVERS BASED ON DEEP LEARNING
V. Savchuk, D. Shvedov
Odessa Polytechnic National University, Ukraine

Annomauyia. Y cmammi npedcmasieno npoeKm CUCmeMy MOHIMOPUHSY CMAaHy
600iig Mpancnopmuux 3acodis, AKka BUKOPUCMOBYE 2TUOUHHE HABUAHHA 0N AHANIZY
8I3YaNbHUX § DI3I0102TUHUX O3HAK 3 MEMOIO BUABNIEHHS O3HAK MOMU A SHUNCEHHS
KoHyenmpayii.

Knruogi cnosa: enubunne nHaguanms, Oesnexa pyxy, Cmat 600is

Abstract. The article presents a project for a driver condition monitoring system
that uses deep learning to analyze visual and physiological cues to detect signs of
fatigue and decreased concentration.

Keywords: deep learning, traffic safety, driver condition

3ale3reueHHs] 0€3NEeKU JOPOXXKHBOTO PYXY 3HAYHOKO MIPOIO 3aJICIKHTh
B QizmuHOro Ta MCHX0(i3i0JI0rigHOTO CcTaHy Bogis. BToma, COHIMBICTB,
cTpec abo HEYBaXKHICTh MOXYTh CTaTH NMPUYMHOK 3HW)KCHHS KOHLICHTpALIi
yBard Ta 30UIbLICHHS 4Yacy peakiii, mo Oe3nocepenHbO BIUIMBAE Ha
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HMOBIPHICTE TOPOKHBO-TpaHCTIOpTHUX mnpuron [1]. Tpamumiitai meromn
OIIIHKK CTaHy BOJiA, Taki SAK TECTM Ha MIBUAKICTh peakiii abo
CIIOCTEPEIKEHHS 1HCTIEKTOPA, € Cy0’ €KTHBHUMHM Ta HE 3aBXKIU e()EeKTHBHUMH
B peanbHOMYy dYaci. PO3BUTOK TEXHOJIOTIH KOMIT IOTEPHOTO 30Dy,
OlOMETpHUYHUX CEHCOpiB Ta TIMOWHHOTO HABYAHHSA BiJKPHBAE HOBI
MOJKJIMBOCTI JIJIsI CTBOPEHHSI aBTOMAaTH30BAHUX CHCTEM MOHITOPHMHIY CTaHY
BONiS, SIKI MOXYThb IIpaliOBaTH  Oe3MepepBHO Ta 00 €KTHUBHO,
BHUKOPHCTOBYIOUH KaMepH, NaTYMKH Ta aJITOPUTMHU 00poOKu curHaiis [2].

[IpoekT crcTeMu OLIHKH CTaHy BOAITB TPaHCIIOPTHUX 3ac00iB Oa3yeThCs
Ha KOMIUJICKCHOMY BHKOPHCTaHHI TEXHOJOTiH 300py OaraTtokaHaJbHUX
JaHUX Ta TJIMOMHHOTO aHaji3y 300pakeHb 1 (i310JIOTIYHMX CHUTHAJIB.
ApXITeKTypa CHCTeMH Tiepeadadae HasBHICTH TPHOX OCHOBHHX ITiJICHCTEM:
MO0 300py HaHWX, MOaynsi oOpoOkm Ta iHTepmperamii iHopmarii, a
TaKOX iHTEep(EWCy IS OMOBIIIEHHS Ta B3aEMOIIi 3 BOMIIEM.

Monyns 300py AaHUX IHTETpye KaMepy BHCOKOI pO3AUTHHOI 3IaTHOCTI,
BCTAaHOBJEGHY B KaOiHI TpaHCHOPTHOTO 3aco0y, IS BiJCTEKCHHS
MIKpOBHpa3iB 00JMYYs, YAaCTOTH MOpPraHHS, HANpsAMKYy IOy Ta
MOJIO)KEHHS TOJIOBU. JIOJaTKOBO  BMKOPUCTOBYIOTHCSI CEHCOPW  JUTA
BUMIPIOBaHHSI 4aCTOTH CEPLEBHX CKOPOYEHb, EIEKTPONPOBITHOCTI HIKIpH
Ta, 32 MOXJIMBOCTI, enekrpoeHuedanorpadiyni (EEI') narunku. ani 3 nux
JUKEpeIl CHHXPOHI3YIOThCS Y €JHHOMY HOTOLI JUISl ITOJAIBINOT 0OpOOKH.

Moayne 00poOku 06a3yeTbest Ha TiOpUIHIH TITMOMHHINA apXiTeKTypi, sKa
MmoeHy€e 3ropTKoBi HelipoHHI Mepexi (CNN) mns aHamizy 300paeHb 3
pexypentHuMH HelipoHHIMH Mepexkamu (LSTM/GRU) mnst  o6poOku
YacOBUX 3aJlie)KHOCTEH y (i3ioNOTriyHMX CHTHaNMaXx. MexaHI3M yBaru
(Attention Mechanism) no3Bomse Momeni (oKycyBaTucs Ha KIFOYOBHX
O3HaKax, sIKi HaWOiNbIIEe KOPETIOIOTHh 31 CTAHOM BTOMH a00 COHJIMBOCTI
Boxis. HaBuaHHS 3MiHCHIOETECS Ha PO3MIYEHHX HAOOPax MaHMX, IO MICTITh
Bifjco3anmucu Ta (hi3iONOTIYHI IMOKA3HUKH BOJIIB y PpI3HUX CTaHAaX,
BKJIIOYAIOYM  KOHTPOJIbOBAaHI ~ €KCHEPUMEHTH 31  3MOJAENbOBaHUMU
curyamismu. [HTepdeiic cuctemu po3pobieHuil sk OaraToruiaThopMeHHA
3aCTOCYHOK, 110 MOXe OyTH peaiizoBaHWil y BUIIIsAI BOYIOBaHOTO MOJYJIs
B iH(opMaiiiiHO-pO3BaXKaIbHY CHCTEMY aBTOMOOUISI abo sIK OKpeMHi
MOOITBPHHAH 3aCTOCYHOK ISl CIY)KOOBHX TPAHCIIOPTHHX 3aco0iB. Y pasi
BUSIBJICHHS O3HAK 3HIDKCHHS YBarm CHCTEMa HaJICHJIA€ ITONepe/KyBalbHI
CUrHaJU (3BYKOBI, Bi3yalibHi, TAKTWJIBHI), & B KPUTUYHUX BHITAJKaX MOXKE
aKTHBYBATH JOAATKOBI CHCTEMH O€3MEKH, HAPUKIIAM, alallTUBHE 3HIDKCHHS
mBuAKocTi. OKpeMy yBary B IMPOEKTI MPHIUICHO alrOpUTMaM aJanTaiii
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CUCTEeMHM [I0 I1HIWBIIyallbHUX OCOONHMBOCTEH BoOIisg. BukopucTaHHsS
MexaHi3MiB noHaBuaHHs (fine-tuning) Ha MaHUX KOHKPETHOI 0COOH
JIO3BOJISIE MiABUIIUTH TOYHICTh BUSBJICHHS HEOE3NEYHUX CTAHIB 1 3HU3UTH
KUTbKICTh ~ XMOHOIIO3UTUBHUX  CHpalbOBYBaHb. TaKoX TmependadyeHo
JIOKAJIbHY 0OpOOKYy JaHMX Ha OOpPTy aBTOMOOUIS 3 METOI 3aXHCTy Ta
MiHIMi3aLil 3aTPUMOK y poOOTi CHCTEMH.

BucHOBKYW/ 3amporOHOBAaHUHA MPOEKT CHCTEMH JIEMOHCTPYE IMOTEHINA
BHKOPHCTAHHS CYYaCHHUX MCETOMIB KOMIT IOTEPHOTO 30py Ta aHawi3y
(i310JIOTIYHUX CHUTHANIB ISl MIJBHIICHHS OC3MEKH JIOPOKHBOTO PYXY.
lopumamii migxizg, mo moegaye CNN, LSTM ta MexaHi3M yBaru, J103BOJISIE
BpPaxoBYBaTH SIK Bi3yalbHi, TaK 1 CEHCOPHI O3HaKH, 3a0e3medyroun OuIbII
MTOBHY KapTHHY CTaHy BOJIIs.

JlitepaTypa

1. Abtahi, S., Hariri, B., & Shirmohammadi, H. (2014). Driver drowsiness
monitoring using eye blink patterns. IEEE Transactions on Instrumentation and
Measurement, 63(11), 3062—-3071.

2. Zhao, W., Luo, Z., & Chen, L. (2017). Driver fatigue detection based on
convolutional neural networks. In Proceedings of the IEEE International Conference
on Image Processing (ICIP) (pp. 2560-2564).

299



H: 4YKOBC BU/IaHHA

IHOOPMAIUMHI YIIPABJISIIOUI CUCTEMHA
I TEXHOJIOI'Ti
(IYCT OJIECA - 2025)

Marepianu
XII MixkaapoHOi HAYKOBO-TIPAKTHIHOT KOH(pepeHIIii

24-26 Bepecus 2025 p. Oxeca

BinmoBigansHuit pegakTop
B. B. Buuyxanin

[Mignucano xo apyky 08.09.2025. dopmat 60%84/16. [Tamip
odcerruii. ['apritypa Times New Roman. Hudposwuii npyx.
YMoBHO-ApYK. apk. 17,44. Tupax 50. 3amoBnennsa Ne 0925-81.
Lina norosipHa. BiaapykoBaHO 3 TOTOBOTO OpUTiHAN-MaKeTa.

YKpaiHChbKO-TI0JIbChKE HayKOBE BUIABHUIITBO «Liha-Presy»
79000, m. JIbBiB, Byn. TexHiuna, 1
87-100, m. Topy#ns, Byn. Jlybiuka, 44
Tenedon: +38 (050) 658 08 23
E-mail: editor@liha-pres.eu
CBionTBO Cy0’€KTa BUIABHUYOI CIIPaBU
JK Ne 6423 Bing 04.10.2018 p.




 
 
    
   HistoryItem_V1
   PageSizes
        
     Range: all pages
     Size: 5.709 x 7.874 inches / 145.0 x 200.0 mm
     Action: Make all pages the same size
     Scale: No scaling (crop or pad)
     Rotate: Never
      

        
     D:20250908083428
      

        
     0
            
       D:20250409132205
       566.9291
       145х200
       Blank
       411.0236
          

     Tall
     1
     1
     742
     213
    
     qi4alphabase[QI 4.0/QHI 4.0 alpha]
     None
     None
     0.9800
            
                
         5
         AllDoc
         914
              

       CurrentAVDoc
          

     Custom
      

        
     QITE_QuiteImposingPlus5
     Quite Imposing Plus 5.2
     Quite Imposing Plus 5
     1
      

        
     301
     300
     301
      

   1
  

 HistoryList_V1
 qi2base





