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@ TOPICS OF INTEREST

1 Intelligent systems and data-driven technologies
1.1 Artificial neural networks and machine learning
1.2 Applied intelligent systems
1.3 Intellectual models and knowledge engineering technologies
1.4 Data mining technologies and big data

2 Control, robotics, and distributed systems
2.1 Intelligent control technologies
2.2 Control systems in robotic systems
2.3 Multi-agent systems and distributed computing

3 Digital platforms, security, and ICT infrastructure
3.1 Blockchain and crypto technologies
3.2 Data security and cryptography
3.3 ICT in networks and administration

4 Modeling, software engineering, and applied ICT
4.1 Mathematical and simulation modeling
4.2 Design and development of software applications
4.3 Software testing automation, agile methodolagies,
business process formalization, and risk assessment
4.4 Digital twins and cyber-physical intelligent systems

The collection contains materials accepted by the organizing committee for
participation of the International Scientific and Practical Workshop
""Advanced Digital Technologies: Intelligent Systems, Modeling, and Data-Driven
Control" (ADT-1ISMDDC-2026)
co-located with ICST-2026 XIV INTERNATIONAL SCIENTIFIC AND
PRACTICAL CONFERENCE
“Information Control Systems and Technologies - ICST-ODESA-2026""
22 - 24 of September 2026
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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SECTION 1. INTELLIGENT SYSTEMS AND DATA-DRIVEN
TECHNOLOGIES

UDC 004.89

DETECTION AND CLASSIFICATION OF MILITARY-PURPOSE
OBJECTS IN AEROSPACE IMAGERY USING YOLO NEURAL
NETWORK ARCHITECTURES
PhD, V. Kashtan 1[0000-0002-0395-5895]‘ DI’.SCi., V. HnatUShenkO 2[0000-0003-3140-3788]
Dnipro University of Technology, Ukraine
EMAIL: vitalionkaa@gmail.com;? vwgnat@ukr.net

PO3III3BHABAHHS TA KITACU®PIKAILIA OB’EKTIB
BIMNCHbKOBOI'O ITIPU3HAYEHHSI HA AEPOKOCMIUHUX
30BPA’KEHHSAX 3 BUKOPUCTAHHSM APXITEKTYP
HEWPOMEPEX YOLO
Ph.D., B. Kamran, Dr.Sci., B. 'HaTymeHko
Hayionanvnuii mexuiunuil ynisepcumem «/JHinposecvka nonimexuikay, Yxpaina

Anomayia. Y pobomi 0Oocniodceno mouHicmb  PO3NI3HAGAHH  00'€kmig
BIIICLKOBO2O NPUBHAYEHHS. HA AEPOKOCMINHUX 300pAdCeHHsIX 13 3ACMOCYBAHHAM
yomupvox apximexmyp Heuponnux mepedic. YOLOvS, YOLOvS, YOLOvY9 ma
YOLOvl1, nasuenux na enacHomy Habopi Oanux obcseom 2422 306pasicenns,
PO3NOOINeHUX Ha Yomupu Kiacu mexuiku. Bemanoeneno, wo apximexmypa YOLOvS
3abe3neyye sUWy MOYHICMb OAHUX, MOOi AK OiA OKpeMUX KIAaci@ MexHiKu, 30Kpema
MAHKIB I 6AHMANCIBOK, MOYHICMb PO3NIZHABAHHA 3AIUUAEMBCS CYMMEBO HUNCUOIO 6
YCIX 00CHIOAHCEHUX apXimeKmypax.

Knrwouosi cnoea: posnisnasannus, aepoxocmiuni suimxu, YOLO, mpancnopmmui
3acobu, illcbko8I 00 'ekmu, nUOUHHE HAGYAHHS

Abstract. This paper investigates the recognition accuracy for military-purpose
objects in aerospace imagery using four neural network architectures: YOLOVS5,
YOLOv8, YOLOV9, and YOLOV11, trained on a custom dataset of 2422 images
spanning four vehicle classes. It was established that the YOLOv8 architecture
achieves higher recognition accuracy, whereas for individual vehicle classes,
particularly tanks and trucks, recognition accuracy remains substantially lower
across all investigated architectures.

Keywords: recognition, aerospace imagery, YOLO, military object, deep learning
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Automated detection and classification of military vehicles in aerospace
imagery are a critical component of modern intelligence, surveillance, and
reconnaissance (ISR) systems. In practical applications, it is not sufficient to
assign a generic “military vehicle” label; tactical decision-making requires
identifying the specific vehicle type, such as a tank, truck, or jeep. YOLO-
based deep learning models perform object localization and class prediction
in a single forward pass, but their type-level classification performance under
realistic, domain-specific, and class-imbalanced conditions remains
insufficiently studied. This task is further complicated by small object size,
arbitrary orientation, vegetation occlusion, camouflage, and complex
backgrounds.

This study presents a controlled comparison of four YOLO architectures
(YOLOvV5, YOLOVS8, YOLOV9, and YOLOvV11) using a custom aerospace
military vehicle dataset. The dataset includes 2422 images collected from
open sources and annotated in CVAT with oriented bounding boxes (OBBs)
to represent vehicles with arbitrary orientation. After removing non-vehicle
labels and merging duplicate class names, four relevant classes were retained:
military-vehicle, tank, truck, and jeep. The dataset was divided into training,
validation, and test subsets comprising 1700, 480, and 242 images,
respectively.

Figure 1 illustrates a fragment of a detection scenario on a coastal scene
containing three ground-truth military trucks and a group of dismounted
personnel. Figure 2 quantifies the outcome per architecture (TP/FP/FN, F1-
score). YOLOV9 and YOLOv11 achieved a perfect result (TP=3, FP=0,
FN=0, F1=1.00); YOLOV8_s detected all three trucks but produced two false
positives (F1=0.75); YOLOvV5 detected none (F1=0.00). No architecture
produced false positives on the dismounted-personnel group, confirming
reliable discrimination between vehicle and non-vehicle objects even when
type-level recall was incomplete.

In Table 1, YOLOV9 and YOLOv11 achieved a perfect result on this
representative scene, correctly detecting all three trucks with zero false
positives and zero missed detections (F1 = 1.00). YOLOV8_s also detected
all three trucks (zero false negatives) but additionally produced two false-
positive detections elsewhere in the scene, reducing its F1-score to 0.75.
YOLOV5 failed to detect any of the three trucks, resulting in three false
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negatives and an F1-score of 0.00. Notably, no architecture produced false
positives on the dismounted-personnel group present in the same scene,
confirming reliable discrimination between vehicle and non-vehicle objects
even where truck-detection recall was incomplete.

e >4

COMPARATIVE DETECTION RESULTS:

YOLOv11: TRUCK: 3 (Total: 3) YOLOvB_s: TRUCK: 5 (Total: §)

I voLove: TRUCK: 3 (Total: 3) __YOLOVS: No detections

Figure 1. Fragment of comparative detection results on a coastal scene with multiple
military trucks

Table 1. Scene-level detection outcome (coastal scene, 3 ground-truth trucks)

Model TP FP FN F1-score
YOLOv11 3 0 0 1.00
YOLOV9 3 0 0 1.00
YOLOVS s 3 2 0 0.75
YOLOvV5 0 0 3 0.00

This study compared four YOLO architectures (YOLOvV5, YOLOVS,
YOLOV9, YOLOv11) for military vehicle detection in aerospace imagery
using a custom dataset. YOLOV9 and YOLOv11 achieved perfect detection
(F1 = 1.00), YOLOVS8_s achieved full recall with two false positives (F1 =
0.75), and YOLOV5 detected none (F1 = 0.00), showing that architectural
choice meaningfully affects the trade-off between missed detections and false
positives.
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DIAGNOSIS OF LUNG PATHOLOGY USING A HYBRID
NEURONETWORK MODEL
Dr. SCi., M. KOrab|y0\/1[0009-0005-2540-7741]l O Tkachuk2[0009»0006»2943-9887]’
A. Levchuk3[0009-0005»3702-0069]
Kharkiv National University of Radio Electronics, Ukraine
EMAIL: mykola.korablyov@nure.ua, 2oleksandr.tkachuk@nure.ua,
3artem.levchuk@nure.ua

JIAT'HOCTHUKA MATOJIOI'Ti JIEFTEHB 3 BAKOPUCTAHHSAM
I'IBPUHOI HEHPOMEPEKEBOI MO/IEJII
Dr.Sci., M. Kopaéasos, O. Tkauyk, A. JleBuyk
Xaprxiecvkuil HayioHarbHUll yHigepcumem padioerekmponixy, Yxpaina

Anomauyin. [{ns niosuwenns egexmuenocmi OIlA2HOCMUKU NAMOJO2I] JleeeHb
3anPOnOHOBAHO 2IOPUOHY MOOelb, KA BUKOPUCMOBYE: OCHOPUMHY WIMYUHY [LMYHHY
Mepedicy O ceemewmayii  6cix  KIUMUHHUX — 0€p, WO  MICmMAMbCs 8
eicmonamono2iunomy 306pagicenni, ma Gopmysanns papa 63aemo38 A3Ki@ KIAIMuH;
2pagosy  320pmKO8Y HEUPOHHY Mepexcy Ofisi BUIYYEHHS O3HAK NpoCmopogoi
cmpykmypu  KImuH 2epagy; 3ae0pmKosy HEUpOHHY Mepexcy Oas  GUIYUEHHs
CeMAaHMUYHUX O3HAK 13 300pavicents. [Iposedeni excnepumeHmanvhi OOCHIOHCEHHS
NIOMBEPOACYIOMY ePeKMUBHICIb 3aNPONOHOBAHOT MOOEII.

Knwwuosi cnoea: o6pobra 306padicenv, namonocis JjezeHv, a0eHOKAPYUHOMA,
diaznocmuka, MawunHe HaGYaHHs

Abstract. To increase the efficiency of lung pathology diagnosis, a hybrid model is
proposed that uses: a dendritic artificial immune network for segmentation of all cell
nuclei contained in the histopathological image and formation of a graph of cell
relationships; graph convolutional neural network for extracting features of the
spatial structure of graph cells; convolutional neural networks for extracting
semantic features from an image. The experimental studies conducted confirm the
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effectiveness of the proposed model.
Keywords: image processing, lung pathology, adenocarcinoma, diagnostics,
machine learning

Pak nereHb BXOIUTPH A0 YHCIIA MPOBIAHUX OHKOJOTIYHMX 3aXBOPIOBAaHb 1
CTAHOBUTh CEpHMO3HY 3arpo3y /Mjs 3I0pOB’Sl Ta JKUTTA JroguHu [1].
HaiimommpeHimuM  TiCTONATONOTIYHMM  THIIOM  PaKy  JIET€Hb €
aJleHOKapIIMHOMA, Ha SIKy INpHIaJae HaWOUIbIIa KiNbKICTh BUMAJKIB paKy
JereHb. TOYHE BH3HAYEHHS THIIIB POCTY Ta MPOINOPLIH aJeHOKAPIUHOMH 32
JIOIIOMOT 010 MoBHOCHaloBoro 3o00paxkenHss (WSI) [2] mae BupimaibHe
3HAUEHHsl JUISl JIarHOCTHMKH, JIKyBaHHS Ta mporHozy. OnHak TpaaMuiiiHi
METOJH JI03BOJISIFOTh JIMIIE OLIHUTH, ajleé HE BU3HAYUTU KUIBKICHO CTYIMiHB
3aXBOPIOBaHHs JiereHb. Bukopucranus TexHousorii WSI Ta xomn’ toTepHOl
IiarHOCTHKW 3a0e3medye OuTbIn  eQEeKTHBHY CTpPAaTeril0 IIarHOCTHUKU
a/ICHOKapIIMHOMH JIETeHb, JOIOMAaral4y I1aToJoraM IIBHIKO IOCTaBUTH
JIIarHO3 1 CTBOPIOIOYM OCHOBY AJISI MOJAJIBIIIOTO JIIKYBaHHS.

VY nmiarHocTHI MaToJIOTi{ JEereHb, 30KpeMa aJeHOKapIIUHOMH, BaXKIIMBOIO
€ KUTbKiCHA OIIHKa 3aKOHOMIPHOCTEH pOCTy TKAHWH 32 TiCTOMATOJOTIYHHMHU
300paxenHsMu. Jlns miel MeTHM MOXKHa BHMKOPHCTOBYBAaTH 3TOPTKOBI
HEeWpOHHI Mepexi, ajie BOHH HE BPaxXOBYIOTh MPOCTOPOBI Ta 4acoBi 3B’SI3KU
MDK O3HaKaMH Ha 300pakeHHI, 110 3HIKYE TOYHICTh NPOrHO3YBaHHs. 3TiTHO
3 IMM JOIIJIBHO PO3POOHUTH HEHPOMEPEIKEBY MOMAECID U TIarHOCTUKU
naroJyiorii JjiereHb, ska O OJHOYAaCHO BpaxoByBaJla SK MPOCTOPOBI
(cTpyKTypHI), TaK 1 CEMaHTH4YHI O3HAKU 3aXBOPIOBAHHS JIET€Hb.

Y poboTi mpOmOHYEThCs TIOpUIHA MOJCTh TITUOOKOTO HABYAHHS JUIS
JIarHOCTUKHM aJ€HOKapIMHOMHM JiereHb (puc. 1), sika TO€IHye IepeBaru
rpadoBux 3roptkoBux Mepexxk (GCN) Ta 3ropTKoBHX HEHPOHHHX MeEpe
(CNN) y ricTonaToioriyHOMy aHai3i.

Bechb npouiec posmizHaBaHHS CKJIAIAETHCS 3 TPHOX YaCTHH.

1. Moxyns GCN. [iis cermMeHTanii BCiX KIIITHHHHUX SAEP, IO MICTITHCS B
ricTOmaToNMOTiuHIN AIISHIN, BUKOPUCTOBY€ETHCS MOJEIh ITYYHOI ACHAPUTHOT
imynnoi mepexi (DaiNet) [3]. 3a nomomororo DaiNet BUTATYIOTBCS AnepHI
0o3HaKM Ta (hopMyeThcs Tpad 3B’S3KiB, AKUH BUKOPHUCTOBYETHCS SIK BXIiIHI
nari s GCN, 1m0 3aCTOCOBYETBHCA U BHIIYYCHHS O3HAK IPOCTOPOBOI
CTPYKTYPH KIIITHH.
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Pucynok 1. ApxiTekTypa 3anpornoHoBaHoi TiOpHIHOT HEHPOHHOT Mepexi s
pO3Mi3HaBaHHS MATOJIOTI{ JeTeHb

2. Monyns CNN. CeMaHTHYHI O3HAKH BUTATYIOTHCS 3a 1omoMororo CNN,
30KpemMa, HelipoHHOT Mepexi EfficientNetB3 [4].

3. O0’exnanHs o3HaK. [IpocTopoBi cTpykTypHi 03Haku 3 Moayist GCN ta
cemaHTH4Hi o3Haku 3 Moaysisi CNN 00’eaHYyIOTbCS Ui BU3HAYCHHS THILY
3aXBOPIOBAaHHSA JIETCHb.

[Micns  arperamii  MyJbTUMOAAIBHUX  O3HAK  BHUKOPHUCTOBYETHCS
MTOBHO3B SI3HUI mIap HAcTymHOi omeparii 3 o3Hakamu. Kpim Toro, mis
0OMeXeHHS JaCTKU 00’ eTHAHHS pi3HHX MOJaJILHUX 0O3HaK
BHKOPHCTOBYETHCSI MEXaHI3M yBard Ha OCHOBI CTPOOyBaHHSI.

l'onoBHUM 3aBHaHHAM CerMeHTalii sApa € BUALICHHS Pi3HUX szep, L0
MICTATbCS y (parMeHTi BXIJHOTO 300pa’keHHs, SKMH BKJIIOYa€ HOPMalbHI
KITHHY, TYyXJWHHI KIITHHA Ta KIITHHM CIIOJNYYHOI TKAaHWUHH, MIO
MiATPUMYIOTh (YHKIIOHYBaHHS IHIIMX KIITHH. SlApa KIITHH, OTpUMaHi B
pe3yibTaTi CerMeHTamii sapa, MoTiM OyayloTbess y BUMiAi rpada Ta
nogaroThest 10 Moyt GCN 11 oTprMaHHS IPOCTOPOBHX O3HAK.

Metoto CNN € KOAyBaHHS CEMAaHTHYHHUX O3HAK YyChOTO (parMeHTa
300paXXCHHs, fKi MOJKHA BHKOPHCTOBYBATH MJIsI OTPUMAHHS 3arajibHOl
iH(popMalii, mo MIiCTUTBhCS B 300pakeHHi, a TAKOXK JOJATKOBOI iHpopMaIrii
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PO TIPOCTOPOBY CTPYKTYPY KOMIPOK. Y pOOOTI SIK €KCTPAKTOp O3HAaK Oyiio
Bukopuctano CNN EfficientNetB3 [4], mo ckiamaeTbes 31 3rOpTKOBHX
mapis, ReLU, MmakcumanbHOro 00’ €1HaHHS Ta MOBHICTIO 3B’ 3aHOTO LIApY.

VY wmopeni rimku GCN ta CNN BHABIAIOTH Pi3HI THIIM O3HAK: O3HAKU
CTPYKTYPH KJIITHH BHUTATYIOTHCS SIK BY3JIU Ta peOpa 3a momomoroo GCN, a
O3HAKH CEMaHTHUYHOTO 300pakKeHHs BUTATYIOThCS K Habip KapT O3HaK 3a
nomomororo  CNN. s  iHTerpamii 0uX MYyJBTUMOJAIBHUX  O3HAK
BUKOPHUCTaHO 100yTOK KpoHekepa sik MeTol1 00’ € THAHHS O3HAK JISL.

bynu mpoBeieHi €KCIEPUMEHTANIbHI JOCIIJDKEHHS 3 BUKOPUCTaHHIM
Ha0Opy TiCTONMATOJOTIYHUX 300pakeHb, AKUH MICTHTH HaHi, OTPHMaHI BiX
NAli€HTIB 3 aJCHOKApLIMHOMOIO JIereHb. Yci 3pa3Kh IpPEeACTABISIOTH
micisionepaniifHy MaToJoriio, BKIIIOYAIOYH MpernapaTH IMyXJIWHHOI TKaHWHH,
npenapatd HOpMalbHOI TKaHWHM Ta TNpenapaTH, M0 MICTATh MEXy MK
HOPMaJIBHOIO Ta MyXJIMHHOK TKaHMHAMH. Pe3ynbTaTé TOKa3yloTh, LIO
3alpONOHOBaHA MOJENb 3JaTHA Kpaile IiJeHTH(]IKyBaTH O3HAKH, SKi
JI03BOJISIFOTH HaM OL[IHUTH 3aKOHOMIPHOCTI POCTY aJIeHOKapIIMHOMH.
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METHOD FOR DETECTING PRESENTATION ATTACKS ON
AUTHENTICATION SYSTEMS BASED ON KEYSTROKE
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METOJ BUSABJIEHHSI HPE3EHTAHII7]HPIX ATAK Y CUCTEMAX
ABTEHTI/I(I)IKAI_IIi 3A JUHAMIKOIO KJIABIATYPHOI'O
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Anomayin. Y pobomi 3anponoHo8aHo  KACKAOHUU — MemoO  GUSGIEHHS
Npe3eHMAayiuHUX amak y CUCMeMax agmeHmuikayii 3a OUHAMIKOW KIAiamypHo2o
nouepxy. Memoo noeounye ananiz ¢hizionociunoi eapiamusHocmi HAMUCKAHb K1AGiul,
nepegipky  OiomempuuHoi  YHIKATbHOCMI ~ mMa  A8MOEHKOOep  0OHOKIACOB80i
Kiacugikayii,  Hagyewuu — auwle HA  OQHUX  JESIMUMHUX — KOPUCIYBAUIS.
Excnepumenmanvui  pesynomamu  niOmeepodiCyioms — GUCOKY — eeKmugHicmy
3anponoOHOBAH020 NIOX00Yy O  BUAGNIEHHA ABMOMAMU306AHUX, NOBMOPHUX MA
CMAmMUCMU4HO CUHME306aHUX AMAK.

Knwouogi cnosa: noseodinkosa biomempis, OuHAMIKA K1a8iamMypHO20 NOYEPKY,
npesenmayitini  amaxu, AeMOeHKooep, O0OHOKNACO8A  KlACUDIKAYis, BUABNEHHS
aHoManiu.

Abstract. This paper presents a hybrid cascade framework for presentation attack
detection in keystroke dynamics authentication systems. The proposed method
combines physiological variability analysis, biometric identity verification, and a one-
class autoencoder trained exclusively on genuine user data. Experimental evaluation
demonstrates effective detection of automated, replay, and statistical attacks while
maintaining high detection accuracy and real-time computational efficiency.

Keywords: behavioral biometrics, keystroke dynamics, presentation attack
detection, one-class autoencoder, anomaly detection, behavioral authentication.
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Keystroke dynamics enables continuous behavioral authentication
without additional hardware. However, recent advances in artificial
intelligence have increased the risk of presentation attacks capable of
mimicking legitimate typing behavior. Existing presentation attack detection
(PAD) methods rely on deterministic rules or supervised learning methods
and remain vulnerable to previously unseen attacks [1, 2].

This work proposes a hybrid cascade PAD framework that combines
physiological variability analysis, biometric identity verification, and one-
class deep learning to improve robustness while preserving real-time
performance.

The proposed framework consists of three sequential stages. First,
physiological variability analysis rejects automated scripts characterized by
deterministic timing intervals. Second, replay attacks are detected by
comparing the current authentication vector with stored user templates using
the Euclidean distance. Finally, a one-class autoencoder trained only on
genuine samples reconstructs 31-dimensional feature vectors through an 8-
dimensional latent representation. Synthetic attacks generate higher
reconstruction errors because they violate intrinsic relationships between
timing features [3]. The autoencoder uses a symmetric 31-24-16-8-16-24—
31 architecture.

The framework was evaluated using 20,800 genuine keystroke vectors
collected from 52 user profiles. Three presentation attack scenarios were
considered: automated, replay, and statistical attacks. Automated attacks were
rejected during physiological variability analysis, replay attacks during
biometric comparison, and statistical attacks by the autoencoder. The
proposed method achieved an AUC of 0.995, an EER of 2.7%, and an
average authentication latency of 0.2131 ms [4].

The proposed hybrid PAD framework effectively detects automated,
replay, and statistical presentation attacks without requiring attack samples
during training. Experimental results demonstrate its suitability for real-time
keystroke dynamics authentication.

References
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Information technology—Biometric presentation attack detection—Part 3: Testing
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OIITHKA KIBEPBE3IIEKHN CEI'MEHTIB 5G HA OCHOBI
IITYYHOTI'O IHTEJEKTY TA MAILIMHHOI'O HABYUAHHS
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Anomauia.  Bnposadoicenns = mexwonocii  ceeMemmyeawHs — mepesci Y
cneyugpixayiax 5G 0o3eonae cmeoprosamu i301606aHI GipMYANbHI niomepexnci 3
pisHuMu napamempamu akocmi obcnyeogysanna. Ilpome apximexmypna HyuKicme
ceamenmie Cmeopioc MHOGI 8eKmopu Kibepamax, KIIOUAIOUU MIdCCeeMeHmHe
npouuxuenns, DOS-amaxu ma eumix kon@ioenyivinux Oanux uepes cninbhy Qizuumny
ingppacmpykmypy. Memolo  yvoeo Odocniodcennsi € po3pobrka  Memoooaozii
mecmy6anns NPOHUKHEHHS 0azamowaposoi  ingpacmpykmypu — CmilbHUKO8UX
Mepedic.  3anponoHo6ana Memooos02is  GUKOPUCTOBYE AI2OPUMMU  UWNYYHO2O0
iHmenexmy ma MauiuHHO20 HAGHYAHHA, A MAKOIC NePedosUll 00C8I0 Mecmy8anHs Ha
NPOHUKHEHHs SIK OCHO8Y O/ NPABUNLHO20 YNPABIIHHA NPOYECOM MeCmy8aHHs ma
0ocsAcHeH s ONMUMATbHUX Pe3YIbIamis.
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Kniouosi cnosa: xibepbesnexa, mepeosici 5G, ceemenmysants mepeici, wmyyHu
iHmenexm, MawuHHe HABYAHHA, 3a2PO3U, ONMUMI3AYIS.

Abstract. The introduction of network segmentation technology in 5G
specifications allows for the creation of isolated virtual subnetworks with different
quality of service parameters. However, the architectural flexibility of segments
creates new cyberattack vectors, including inter-segment intrusion, DoS attacks, and
leakage of confidential data through a shared physical infrastructure. The purpose of
this study is to develop a methodology for penetration testing of the multilayer
infrastructure. The proposed methodology uses artificial intelligence and machine
learning algorithms, as well as penetration testing best practices as a basis for proper
management of the testing process and achieving optimal results.

Keywords: cybersecurity, 5G networks, network segmentation, artificial
intelligence, machine learning, threats, optimization.

Posropranns mepex m'storo mokoniHnHa (5G) cyTTeBo TpaHchopmye
napajiurmy TeJeKOMYHIKallii 3aBAsKN KOHUEMIIT CErMEHTYBaHHS MEPEex, 110
JIO3BOJISIE  OTEpaTopaM THYYKO BHIUIATH MiAMEPeKi i crerudiaaux
noTped, BiA HAaTHAAIMHOTO 3B'SI3KY 3 HU3BKOIO 3aTPUMKOIO JO MACHUBHHUX
B3aeMoJiii B iHAycTpianpHOMY IHTepHeri peueit [1]. Ilpore nmHAmiuHe
KepyBaHHS Ta CIJIbHE BUKOPUCTAHHS (HI3HIHHUX pecypciB (OOUHCITIOBATHHIX
MOTY>)KHOCTEH, KaHaNiB 3B'SI3Ky) PpI3HAMH CETMEHTAMH ITiJBEPraroThCs
pisHOro Tumy 3arpo3aM. HaHOimpml KPUTHYHUMHM € aTakd THUILY
«MDKCETMEHTHOTO BHUTOKY» TIpH SIKi BiIOYBa€ThCsA HECAHKIIOHOBAHUH
JOCTYIl JI0 i30JbOBAaHMX JaHMX CYMDKHOT'O BHMCOKO3aXHIEHOTO CErMEeHTa.
Came TOMy, BUHHKA€ HEOOXiTHICTh PO3POOKH CYYaCHHUX METOJIB YIIPaBIiHHI
0e3IeKor0, SIKi TPYHTYIOTBCSI HAa 3aCTOCYBaHHS TEXHOJOTIH IMITy4yHOTO
IHTEJIEKTY Ta MallIMHHOTO HABYAHHSI.

Jns  mOocsATHEHHS HEOoOXimgHoro piBHS — KiOepOesmekn  HEoOXiIHO
NPOBOJMTH TECTYBaHHsS BPa3JIMBOCTEH Yy BCIi Mepexi, TecTyBaHHS
KOMITOHEHTIB Ta TECTyBaHHsi Ha npoHMKHeHHA [2]. TectyBaHHsS Ha
IIPOHUKHEHHS JIOLIJBHO TPOBOJUTH 3a JOIOMOIOI0 aBTOMAaTH30BaHUX
TEXHOJIOTIH JUIsl CHCTEMAaTHYHOI OLIHKH CTIHKOCTI MEpEXXEBUX €JIEMEHTIB.

B KOHTEKCTI IIbOTO, MPOMOHYETHCS BUKOPHCTOBYBATH AITOPUTMH, SIKi
CTBOPIOIOTH MOJICJIIOBAHHS aTaKU 32 JOTIOMOTOIO JiepeBa aTak, 0a3ylounuch Ha
cucreMaTnyHoMy 300pi nanmx. Crouarky iHpoOpMaLiss Npo Mepexesi
pUCTpoi 30MpaeThes 3a goromororo API ta iHcTpymeHTiB, Takux sk Shodan,
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10 MiIKPECIIIOE HEOOXIMHICTh IPYHTOBHOTO PO3YMIHHS TOHOJIOTIT MEpexi Ta
MOTCHIIHUX Bpa3iauBocTed. [IOTIM TIeHETHYHUH anroput™M 00poOIIsIEe
YSIBJICHHSI TIPO aTaky Julsd OI[HKM Ta ONTHMi3alil pi3HUX THIIB aTaku Ha
OCHOBI (yHKIIi mnpuAaTHOCTi, sKka 0a3yeTbcsi Ha CTPYKTYpOBaHHX
merononorisgx PTES Ta ISSAF [3]. [Ipouec aBToMaTn3oBaHOTO TECTYBaHHS B
Mepexax CTUILHHKOBOTO 3B'SI3KY SG CKIIQIa€eThCs 3 TPhOX OCHOBHHX €TalliB:
30ip [aHWMX, MOJENIOBAHHS 3a JIOTIOMOTOI0 INTYYHOTO IHTEJNIEKTY Ta
MAaIIMHHOTO HaBYaHHS, a TAKOXK IHTErpamis 3 iIHCTpyMEHTaMH TECTYBaHHS Ha
IIPOHMUKHEHHS, 1110 HAaBEJICHO Ha pHC. 1.

3ampornoHoBaHa METOMOJOTi 0a3yeThCsl Ha YHMHHHX CTaHAApPTax Ta
3a0e3medye amanTHBHICTH MO MIBUAKO3MIHHOTO THITY 3arpo3 KibepoOesmeri, a
TaKOX JI03BOJIAE BUSBIISITH BPa3JIMBOCTI, ONTHMI3yBaTH T'€HEPALil0 CTpaTerii
aTaky Ta MiJBUILYBaTH PIBEHb YCHILIHOCTI TECTYBaHHS Ha NPOHHKHEHHS B
CKJIaJIHUX MEPEIKEBHUX CEPEIOBUINAX.

ss(l;i/c:(i:;om;k kb Simplified Matrix
information o

AI/ML Model Penetration

Create initial population Testmg Tools
Send commands
Score and scale population
Burp sute Jll Wireshark
Aircrack-ng SQLMap
Select parents
Mutation children

Pucynok 1. Y3arajabHeHa METOZOJIOTSI TECTYBAaHHs HAa IPOHUKHEHHS [UIsI CCTMCHTIB
Mmepexi SG Ta mi3HInMX Bepcii

£
g
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Anomauia. Ilpeocmasneno npoexmysanuss noneculeHoi  Helpomepesicegoi
cucmemu MOHIMOpUHeY Yy6acu 600is, AKA GUABNAE O3HAKU HEY8AICHOCMI 3a
300padicennam 30 36uUYAUHOI  6ebKamepu ma Npayioe 6 pearbHOMYy Yaci Ha
6100%1cemnomy Hoymoyyi 6e3 epagiunozo npuckopiosaua. 3anponoHo8ano MooYibHUil
KoHeeep 13 08ox enacnux mepedxc: GazeZoneNet Kknacu@ikye nanpsam noziady 3a
wicmvma 30Hamu kabinu 6e3 xaniopysanns, a HeadPoseNet oyinioe kymu naxumy
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eonosu. Awnanimuyna mooenb 00800UmMb, WO Mepexci BUKoHyiomv Oausbko 28
Mminviionie onepayii Ha xadp i Oocsearomv 10—15 kadpie 3a cekyHOy Ha
YeHmPanbHOMY NPOYecopi.

Knrouosi cnosa: monimopune 600is, OYIHIOBAHHA 30HU NO2NAOY, OYIHIOBAHHA
NONOACEHHA 201106U, 320PMK06aA HelipoHHa mepedca, ingepenc na CPU ¢ peanvromy
waci, 6I060IIKAHHA 600IA.

Abstract. The design of a lightweight neural network system for driver attention
monitoring is presented. The system detects signs of inattention from images captured
by a standard webcam and operates in real time on a budget laptop without a
graphics accelerator. A modular pipeline comprising two custom networks is
proposed: GazeZoneNet classifies the gaze direction into six cabin zones without
calibration, while HeadPoseNet estimates head orientation angles. An analytical
model demonstrates that the networks perform approximately 28 million operations
per frame and achieve 10-15 frames per second on a central processing unit (CPU).

Keywords: driver monitoring, gaze zone estimation, head pose estimation,
convolutional neural network, real-time CPU inference, driver distraction.

Road traffic crashes remain one of the leading causes of death worldwide.
The World Health Organization reports about 1.19 million road traffic
fatalities every year, and human error is the dominant contributing factor [1].
Among human factors, driver inattention and distraction play a central role,
because a driver who looks away from the road loses awareness of the traffic
situation. Road safety regulators have responded by mandating in-vehicle
driver monitoring: under the European Union General Safety Regulation,
driver drowsiness and attention warning systems are required for new
vehicles, and driver fatigue is estimated to be a factor in 10 to 25 percent of
all road crashes in the Union. This regulatory pressure increases the demand
for camera-based monitoring that runs on modest hardware.

The most accurate appearance-based gaze and head-pose methods rely on
large networks, on per-user calibration, or on graphics accelerators, which
complicates deployment on low-cost hardware. This work targets a clear
niche: a system that uses only a commodity webcam, runs entirely on a
central processing unit without a graphics accelerator, avoids per-user
calibration, and still operates in real time. It follows a simplified modular
pipeline that combines an efficient face detector [2] with two custom
networks and a temporal decision rule.
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Gaze direction is estimated by a network named GazeZoneNet, which
adopts the multi-input idea of the iTracker model [3] but replaces coordinate
regression with classification over six driving-relevant zones, namely the
road, the left side, the right side, the instrument panel, the center console, and
the downward direction. The final layer applies the Softmax transformation
(1), which converts the network outputs into class probabilities that sum to
one, and the zone with the highest probability is selected.

exp(zi) .

p! Zj‘r:lexp(z_‘,-)'l l,...,Nl (1)
where p; is the predicted probability that the gaze belongs to zone i, z; is the
network output before the Softmax layer, and N equals six for the six gaze
zones. Head orientation is estimated by HeadPoseNet, which follows the
keypoint-free regression idea of HopeNet [4] and produces the three angles
yaw, pitch, and roll. Both cues are combined in a duration-based decision
rule that turns per-frame predictions into stable attention states.

The networks are made lightweight by converting the crops to grayscale,
reducing the input sizes, and using a small channel sequence. Table 1 reports
the resulting model complexity. The proposed GazeZoneNet contains about
23 thousand convolutional parameters against about 3.12 million for the
iTracker baseline, a reduction of roughly 134 times, while HeadPoseNet is
even smaller. The compact models fit easily in the limited memory of a low-
end laptop and require no quantization or pruning before deployment.

Table 1. Model complexity of the convolutional backbone

Network Role Conv. parameters Model size
iTracker baseline 3,118,720 12.5 MB
GazeZoneNet proposed 23,344 93 KB
HeadPoseNet proposed 11,672 47 KB
YuNet [2] detector 75,856 303 KB
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Because GazeZoneNet and HeadPoseNet reuse the task formulations of
established baselines, the accuracy reported by those baselines serves as a
reference target. Table 2 summarises these reference values together with the
complexity of the proposed networks. The gaze-zone classification follows
the formulation of Vora and colleagues, whose best convolutional model
reaches about 95 percent macro-average accuracy [5], while the head-pose
regression follows HopeNet and the related 6DRepNet. The proposed
networks reach comparable reference quality with orders of magnitude fewer
parameters.

Table 2. Accuracy of the baseline methods and complexity of the proposed networks

Task Method Accuracy/MAE | Params (M)

Gaze-zone Voraetal. [3], o
classification SqueezeNet 95.18% 12

Gaz_e_—zor_le GazeZoneNet 95 % 0.023
classification (proposed)

Head-pose

regression HopeNet [4] 6.16° MAE 23.9
(AFLW2000)

Head-pose

regression 6DRepNet 3.97° MAE —
(AFLW2000)

Head-p_ose HeadPoseNet ~ 6° MAE 0.012

regression (proposed)

The computational cost of the two networks together is only about 28
million multiply-add operations per frame. A throughput estimate shows that
this workload reaches the target band of 10 to 15 frames per second even on a
weak processor, so the camera rate and the other pipeline stages, rather than
the networks, set the final frame rate. These results confirm that real-time
driver gaze and head-pose monitoring can be brought to inexpensive
commodity hardware without a dedicated accelerator. Future work will
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collect and label the custom six-zone dataset, train both networks, and add
the eye-closure analysis needed for a driver-fatigue state.
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Anomauia.Memoio 0Oocniodxcennss € 3abesneueHHs epeKmueHocmi CmManoeo
mpekiney — 6esninomunozo  nimaivHoco  anapama  (BIIJIA),  eussnenoco @
ingpauepsonomy cnexkmpi. Lle Oyno 0ocazHymo wiiaxom 6UKOPUCMAHHA MeNnio8oi
kapmu bBIIJIA (iioco Osueyna) y noeonaunHi 3 MpAOUYItIHUMU  MemOoOaMU
8I0CMENCERHA, 3 YPAXYBAHHAM O0OMENCeHb AK HABYANLHUX HADOPIE OaHux, max i
0OUUCTIIOBATIBHUX  MOJICIUGOCMEU  nepuepitinux npucmpois. Y x00i peanizayii
npoekmy OYn0 po32NAHYMO KilbKa NOWUPEHUX ANeOPUMMIE 8i0CMmedtCcenH s, 30Kpemd
¢inomp Kammana, SORT (Simple Online and Realtime Tracking) ma osa eapianmu
aneopummy DeepSORT, ski 6iopisusanucs cnocobom Gopmy8aHHs Kapmu 03HAK: 00UH
BUKOPUCIOBYBAE 2ICMOZPAMY PO3NOOLTY MeMnepamypu, d iHwul — NOnepeoHbo
HABYEHY HEeUPOHHY MepPeNCy.

Knrouosi cnosa: C-UAV, UAV, SOD, TIR, MRF, DeepSORT, ¢iremp Kalman

Abstract.This study aims to effectively track an unmanned aerial vehicle (UAV)
detected in the infrared spectrum. This was achieved by utilizing its heat map in
conjunction with traditional tracking methods, while also considering the limitations
of both the training datasets and the computational capabilities of edge devices. As
the project progresses, several common tracking algorithms were considered,
including the Kalman filter, SORT, and two variants of the DeepSORT algorithm that
differ in feature map formation: one uses a temperature distribution histogram, while
the other employs a pre-trained neural network.

Keywords: C-UAV, UAV, UAV, C-UAV, SOD, TIR, MRF, DeepSORT, Kalman
filter

The war in Ukraine, as the main theater of UAV deployment, has gone
beyond its borders. The Middle East is becoming an active player, where the
production [1] and combat use of UAVs [2] is growing very rapidly. At the
same time, Ukraine remains the region with the highest intensity of combat
use of UAVSs in the world - each side of the conflict has delivered more than
1 million drones to the front, mostly tactical FPV drones. It is obvious that
the growth of the scope of production and use of strike UAVs leads to the
search for ways to effectively combat them, that is, detection, identification
and tracking in the tasks of interception and destruction. A large number of
works are devoted to the study of UAV detection issues, which indicates the
relevance of the issue. Analysis of the dynamics of the development and use
of UAVS, as well as measures to combat them, allows to talk about the need
for the integrated use of various methods and approaches, such as acoustic
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reconnaissance [3], the use of optoelectronic sensors [4] and sensors in the IR
range for nighttime detection, etc.

Based on the information provided on the dynamics of UAV production
and application, the above-mentioned detection, identification and tracking
tasks are quite relevant in the framework of building counter-UAV (C-UAV)
systems. As noted in the abstract, several algorithms were used in the study.
For all algorithms, the input data was derived from the previous detection
stage, which involved applying bounding boxes using the Markov Random
Fields (MRF) algorithm optimized with Graph Cut (GC). A further
development of the SORT algorithm in terms of improving the cost function
was the DeepSORT algorithm, which added deep Re-ID features and made
the detection-track association stage itself much smarter. Its key idea involves
combining  information  about the  UAV's  movement (via
Kalman/Mahalanobis) with appearance features (via CNN-embedding) in a
single cost function.

For the case of hot engine detection as features for IR images, the neural
network can be replaced by simple brightness (or temperature) features
(because there is no texture). The study considered two options: brightness
features and a simple neural network. For the IR image (heat map) without
Re-1D network, thermal features were used — a histogram of temperatures
inside the bbox.

The proposed Re-ID IR network is a lightweight convolutional neural
network designed specifically for thermal IR re-identification of a single
engine object. The architecture follows an encoder-head paradigm and
contains approximately 15,000 trainable parameters, making it suitable for
embedded or resource-constrained deployment. A training dataset consisting
of up to 2,000 heat maps was created, enabling the training of the neural
network on real data rather than synthetic data. This approach facilitated the
testing of different architectures to achieve the highest tracking accuracy.

The algorithms studied demonstrated high accuracy and reliability in tracking
UAVs in the infrared (IR) range using raw temperature data obtained from
heat maps generated by IR sensors. It is clear that enhancing tracking models
by integrating the heat map context control component into the cost matrix of
the DeepSORT algorithm - alongside the spatial component from the SORT
algorithm—significantly improved both the Intersection over Union (loU)
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and Multiple Object Tracking Accuracy (MOTA) metrics. After comparing
the effectiveness of various methods and considering potential limitations
regarding data availability and necessary computing power, it was concluded
that implementing the DeepSORT algorithm in practice is appropriate. This
approach utilizes feature maps based on temperature distribution histograms
from the heat map. The performance metrics from this method are only 1-2%
lower than those of approaches that rely on neural networks for tracking. It
should also be noted that the efficiency of the algorithms is much better when
using raw temperature data from heat maps than processed data in PAL and
MP formats.
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HNIATOTOBKA CTYAEHTIB 10 POBOTHU B I'AJIY3I IKT:
BUKJIAJAHHS CITEHIAJII3OBAHUX IMTPEJIMETIB 3A
JOIMOMOI'OIO ®PENMBOPKY AI DEVSECOPS
Dr.Sci., A. 3y6os?, Dr. Sci. A. Kynin?, Ph.D., C. F'ynnap?, Ph.D., M. ®as3*
L34 Vuisepcumem Llenmpanvroi Asii, Kupeusvka Pecnybnixa,
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Anomauia. Y yvomy O0ocniodxcenHi npeocmasneHo pesyivmamu iHmezpayii
¢peiimsopry Al DevSecOps y wypcu IKT ¢ Yuigepcumemi Llenmpanvuoi Asii.
TopisHanbHull ananiz 0ceiMHL020 3MICMY, NPEOCMABNIEH020 KIIbKICIIO MEPMIHIE 3
HEHYIbOBOIO  KINbKICMIO — NOBMOPEHb Y MEKCMOBOMY  KOpnyci, — npedmema
«Komn'tomepni mepediciy 3 akyenmom na npoepammne/anapamue 3a6esneuenns Cisco
3 ocinnix cemecmpie 2022/2023 ma 2025/2026 HasuanbHux pokKie, HOKA3VE
30inbuwents 6 1,78 pasa npu ukopucmanHi npedCcmasieno2o GpetimMeopKy.

Knwuoei cnoea: IKT, punox npayi, wmyunuii inmenexkm, DevSecOps,
VHigepcumem, Kibepbesnexa.

Abstract. This study presents the results of integrating the Al DevSecOps
framework into ICT courses at the University of Central Asia. The comparative
analysis of the educational content, represented by the number of terms with non-zero
occurrences in the text corpus, of the “Computer Networks” subject with an emphasis
on Cisco soft-/hardware from the fall semesters of the 2022/2023 and 2025/2026
academic years shows a 1.78-fold increase using the presented framework.

Keywords: ICT, job market, Al, DevSecOps, university, cybersecurity.

Information and Communications Technology (ICT) impacts almost
every aspect of human life nowadays. Over the past five years, the rapid
advancement of software-defined networking, cloud-based applications, and
Al-driven automation has transformed modern smart infrastructures and
reshaped patterns of social interaction. Students entering the workforce
should be equipped with both theoretical knowledge and job-ready skills.
Academic curriculum development is now transforming towards Atrtificial
Intelligence (Al) and DevSecOps technologies worldwide. The additional
time required for educators to manually design, review, and update teaching
materials often results in low-quality teaching, and hence they cannot keep
pace with new trends and industry requirements.
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The challenge of teaching ICT-related subjects is illustrated with the
major-specific course “Computer Networks” in this study. Teaching modern
networking requires both complex theoretical concepts and rigorous practical
application, and heavily relies on industry-standard technologies, e.g., those
provided by Cisco. Teaching staff should follow continuous ICT changes to
keep presentations up-to-date, design diverse practical labs in Cisco Packet
Tracer, and generate quiz questions that accurately test both theory and
practice. Furthermore, with cybersecurity becoming a foundational element
of all ICT infrastructure, security principles must be integrated directly into
every ICT class.

This study presents the results of the Al DevSecOps framework adoption
in the “Computer Networks” course at the University of Central Asia (UCA),
Naryn campus. This study shows that teaching staff can significantly expand
the educational content while ensuring students learn the course materials and
engage with up-to-date practical industry standards. Using the "Computer
Networks" subject with Cisco technologies as an example, this paper
demonstrates the application of this framework to the development of lecture
presentations, practical assignments, and quizzes that prepare students to be
ready for modern ICT jobs.

The study follows a structured process in multiple stages:

1. The data were collected from the Moodle learning management system
for the “Computer Networks” course from the fall semesters of 2022/2023
and 2025/2026 academic years at UCA. These academic years represent the
course development without and with the use of Al tools.

2. Comparative analysis of terms’ occurrences was applied to identify the
most representative text corpus using specialized vocabulary. This method
offers a quantifiable approach to track curriculum changes and industry
alignment but does not provide qualitative insights into pedagogical
effectiveness or student comprehension.

The comparative analysis of the course content (this study assumes it can
be represented by the number of terms with non-zero occurrences in the text
corpus) from the fall semesters of the 2022/2023 and 2025/2026 academic
years (grade point averages were approximately the same) shows a 1.78-fold
increase. Based on this indicator, the Al DevSecOps framework
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significantly improves students’ active participation in a modern Al-
augmented technical ecosystem and makes them ready for ICT jobs.

The use of Al DevSecOps framework in the educational process
enhances students' readiness for modern software engineering environments
by familiarizing them with contemporary practices such as agile secure
development and Al-assisted "vibe coding."
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BATATOKPUTEPIAJIBHA OIITUMIBALIIA METOIIB PCA TA
T-SNE JJisA BHUKEHHS POSMIPHOCTI
Dr.Sci., B. Pomaniok, Dr.Sci., C. MepinoBa
Binnuyvxuii mopeosenvro-exonomiunuil incmumym J{epicagnozo mopeogenbho-
EeKOHOMIYHO020 YHigepcumemy, YKpaina

Anomauia. [ocniodxceno enaus ycix 3a0eKiapo8aHux napamempis Mmemooie
ananizy eonosuux xomnowenwm (Principal Component Analysis, PCA) ma
cmoxacmuuno2o  eKuadenns cycioig iz t-posnodinom (t-distributed Stochastic
Neighbor Embedding, t-SNE) na sixicme 3nusicenns posmipnocmi danux. Pospobneno
VHighikoganuil nioxio 0o bacamoxpumepianibroi onmumizayii napamempie PCA ma
t-SNE, 'y AKomy  3HUDICEHHA  PO3MIDHOCHMI — pO327A0AEMbCs K  3a0a4d
bacamokpumepianvroi  onmumizayii 3  0OHOYACHOIO — ONMUMI3AYIEID — KITbKOX
nokasvuxie saxocmi. Pesyremamom € cuniiemon Ilapemo-ymounenns, wo
npeocmasnie eeKmugHUll KOMAPOMIC MIdC AKICMIO  6KIAOEHHS, MOYHICMIO
Kaacugpixayii, cmiikicmio ma 004UCII08AIbHOI eheKMUGHICMIO.

Kniouosi cnosa: nusvkosumipne exnadenns, perplexity, exaggeration, weuokicme
nasyanus, napamemp anpoxcumayii bapuca - Xama, ouckpemna onmumizayis,
Iapemo-epexmugna muoacuna, cuninemon Ilapemo-ymounennsi.

Abstract. We investigate the impact of all declared parameters of Principal
Component Analysis (PCA) and t-distributed Stochastic Neighbor Embedding (t-SNE)
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techniques on the dimensionality reduction (DR) quality. We develop a unified
framework for the multi-objective optimization of PCA and t-SNE parameters by
considering DR as a multi-criteria optimization problem, where several quality
measures are optimized simultaneously. The result is a Pareto refinement singleton
representing efficient trade-offs between embedding quality, classification
performance, robustness, and computational efficiency.

Keywords: low-dimensional embedding, perplexity, exaggeration, learning rate,
Barnes — Hut approximation parameter, discrete optimization, Pareto-efficient set,
Pareto refinement singleton.

Among the numerous dimensionality reduction (DR) techniques,
Principal Component Analysis (PCA) and t-distributed Stochastic Neighbor
Embedding (t-SNE) remain two of the most widely used approaches [1].
Although both methods pursue DR, they solve substantially different
problems. PCA provides a linear projection maximizing the explained
variance of the transformed data [2], whereas t-SNE constructs a nonlinear
embedding aimed at preserving local neighborhood relationships [3]. Each
method possesses a number of algorithmic parameters whose selection
considerably affects the quality of the resulting representation. Therefore, we
develop a unified framework for the multi-objective optimization of PCA and
t-SNE parameters by considering DR as a multi-criteria optimization
problem, where several quality measures are optimized simultaneously.

The PCA parameters are: the number of retained principal components,
the required proportion of explained variance, the singular value
decomposition (SVD) solver, randomized or exact decomposition methods,
the number of power iterations, oversampling parameters used in randomized
SVD, whitening, tolerance values for iterative solvers, random initialization
settings, and other numerical parameters affecting convergence and
computational efficiency [2]. Although PCA has considerably fewer
hyperparameters than nonlinear DR methods, their influence on clustering
quality, class separability, information preservation, and execution time has
not been systematically investigated from a multi-objective optimization
perspective.

The optimization of t-SNE is substantially more challenging because of
the considerably larger number of interacting hyperparameters: perplexity,
early exaggeration coefficient, late exaggeration coefficient (where
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supported), learning rate, automatic learning-rate strategy, maximum number
of optimization iterations, number of iterations during the early exaggeration
stage, momentum coefficients, initialization method (PCA or random),
embedding dimensionality, Barnes - Hut approximation angle, FFT
interpolation  parameters, interpolation grid resolution, number of
interpolation  points, negative gradient approximation parameters,
nearest-neighbor search method, approximate nearest-neighbor parameters,
random seed, optimization tolerance, gradient clipping options, minimum
gradient norm for early stopping, multithreading settings, number of
processing threads, exact or approximate affinity computation, affinity kernel
parameters, and other implementation-specific controls affecting both
embedding quality and computational performance [1, 3].

Into the multi-objective optimization we include native t-SNE
minimization of Kullback - Leibler divergence, Davies — Bouldin index,
computational runtime, and maximization of Trustworthiness, Continuity,
Silhouette coefficient, Calinski - Harabasz index, classification accuracy
obtained on the reduced representation.

Additional objectives may also be incorporated when appropriate,
including  neighborhood  preservation  measures, local continuity
meta-criterion, normalized stress, explained variance (for PCA),
reconstruction error, distance preservation metrics, cluster compactness,
inter-cluster separation, and stability of embeddings across repeated
executions with different random initializations.

The search for Pareto-efficient parameter configurations is performed as
follows. Every candidate solution represents one complete configuration of
PCA or t-SNE hyperparameters. For every configuration, DR is performed,
all objective functions are evaluated, and the obtained solution is either added
to the Pareto set or excluded.

Thereupon the obtained Pareto set is iteratively refined to a singleton
whose element is the final solution representing efficient trade-offs between
embedding  quality, classification  performance, robustness, and
computational efficiency.

To ensure statistically reliable conclusions, we carry out the optimization
on datasets of sizes varying between a few thousand and a few million
observations, having between a few ten and a few thousand features, with up

42



International Scientific and Practical Workshop
""Advanced Digital Technologies: Intelligent Systems, Modeling, and

Data-Driven Control" (ADT-ISMDDC-2026)
co-located with ICST-2026 X1V INTERNATIONAL SCIENTIFIC AND PRACTICAL
CONFERENCE

"Information Control Systems and Technologies - ICST-ODESA-2026""

to several hundred classes. For accomplishing this, we consider both
synthetic datasets with controllable statistical properties and publicly
available benchmark datasets. We investigate the influence of the number of
observations, the number of original features, intrinsic dimensionality, class
imbalance, class overlap, and noise level on the obtained Pareto set and its
refinement. For t-SNE, Barnes - Hut and FFT-based algorithms are compared
with further determining under which conditions each implementation
becomes preferable.

The expected outcome of the research is a comprehensive methodology
for multi-objective optimization of PCA and t-SNE that combines
quantitative embedding quality assessment, computational efficiency, and
classification performance into a unified optimization framework. The
research is expected to reveal the relative importance of individual
hyperparameters, identify interactions among them, determine their
sensitivity to dataset characteristics, and establish practical guidelines for
selecting DR parameters across different implementations and application
domains.

The proposed framework is intended to serve as a general
decision-support tool for practitioners seeking balanced DR solutions rather
than relying on default parameter values or empirical trial-and-error tuning.
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PO AYITMEHTANIIO JAHUX JJIS1 BA3OBUX MOI[EJIEFI y
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Anomauia. Ayemenmayis OaHux € 3pinolo CKIa0060I0 HABYAHHS NPEOCMABICHb )
Komn'lomepHomy 30pi ma 00podyi npupooHoi Moeu, npome 8 pPadiouACMOMHIl
obnacmi  6ona  samuwacmecs  @ysvkol. Hasimb  newjooaeni  pobomu 3
CAMOKOHMPONILOBAHO2O HABYAHHS MA 0A306UX MOOeell HA CUpUX padioyacmomHux
OaHUX CRUPAIOMbCA HA  HeeluKkuti Hadip npocmux nepemeopeHs. Y pobomi
AHANIZYIOMbCA NPUYUHU TWAKOT cumyayii, HAB0OAMbCA NPUKIAOU DI3UYHO ZHAUYUUX
ayemenmayiu, AKI 3a36U4ail iHOPYIOMbCA, Ma OOIPYHMOBYEMbCA, WO pemeibHe
NPOEKMYBAHHA NOATMUK dyeMeHmayii € HeoOXIOHOI0 nepedyMo8olo 0 noOy00su
CcnpasdicHix 6a308ux mooeell.

Knrouoei cnoea. Paoiouacmomni cucHal, ayemenmayis OaHux,
CAMOKOHMPONbOBAHE HAGUANHS, OA308A MOOENb, KOHMPACMUBHE HAGUAHHSL.

Abstract. Data augmentation is a mature and central component of representation
learning in computer vision and natural language processing, yet it remains
comparatively narrow in radio frequency research. Even recent self supervised and
foundation model efforts on raw in phase and quadrature data rely on a small set of
trivial transforms. This work examines the underlying causes, lists physically
meaningful augmentations that are routinely omitted, and argues that careful
augmentation policy design is a prerequisite for genuine wireless foundation models.

Keywords. Radio frequency signals, data augmentation, self supervised learning,
foundation model, contrastive learning.

Recent self supervised studies on raw in phase and quadrature data
typically apply augmentation budgets of no more than five operations, often
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only additive white Gaussian noise with at most a phase rotation or a small
time shift [1, 2]. Many physically meaningful augmentations are rarely used
in pretraining pipelines. Receiver hardware impairments such as DC offset,
IQ imbalance, and power amplifier distortion are almost absent. Channel
effects are reduced to additive noise, with time and frequency selective
fading, Doppler effect, and adjacent channel interference all uncommon.
Frequency shift, circular time shift, and multi signal mixing with controlled
interference are similarly under utilised, even though each captures a
fundamental aspect of how real radio frequency scenes vary.

Tooling for many of these transforms exists. The TorchSig library [3]
catalogues more than thirty physics motivated transformations, and the
CSRD2025 framework [4] supports large scale synthetic generation. Both are
weakly adopted in practice, in part because neither is built for batched GPU
runtime augmentation that fits modern PyTorch pipelines.

Our ongoing research on 1Q signal representations addresses some of
these gaps with a GPU friendly library that fits modern PyTorch workflows
and includes the operations above with awareness of signal band masks and
signal to noise ratios. A detailed presentation is the subject of a forthcoming
paper. Adopting a richer augmentation set raises a question that is rarely
discussed. In contrastive frameworks such as SimCLR [5], the chosen
augmentations define the invariances the encoder learns, since the model
maps differently augmented views to nearby points in representation space.
Augmenting away DC offset and 1Q imbalance is desirable for modulation
classification but harmful for device fingerprinting, where the same
impairments form the discriminative signature of the transmitter.

A foundation model worthy of the name should generalise to a broad set
of downstream tasks, yet a contrastive encoder pretrained with a blanket
physics based augmentation policy risks being useful for some tasks and
degraded for others. One promising mitigation is to combine a rich
augmentation set with a masked learning objective rather than a contrastive
one. Masked learning imposes weaker invariance constraints on the encoder
than contrastive learning, which plausibly helps preserve discriminative
features that a contrastive objective would otherwise discard.

Augmentation policy should therefore be treated as a design parameter of
the pretraining objective rather than a fixed preprocessing step. Progress on
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roader tooling and principled policy design is needed for radio frequency

representation learning to converge with self supervised learning in other
modalities.

1
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Anomauin. 3anpononosano nocmgaxmymuuil nioxio 0o ayoumy MAacHImMHO-
PDE30HAHCHUX  300padsceHb  cepys, wo 8i0obpaxcae OemepmiHO8aHi  O3HAKU
306pasicenb i Macok y 28 KAHIUHO 3pO3YMINUX NOKA3HUKAX, d 0l — Y NPOOVKYIIHI
npasuna 3 ypaxysanuam kougaikmie. Ha mecmosiii yacmuni ACDC SD-nopmoeanuil
RMSE cmanosus 0,767 + 0,246, a mounicms ceMaHmuuno2o Kiacugixamopa —
0,860. Ha M&Ms noxubka 3pocia y 2,25 pasza, wo 00MenHCYE 3aCMOCYBAHHSI
BUOIPKOBO20 AyOoumy.

Knrouoei cnosa: noscuiosanuti wimyuHull IHmMenekm, MAacHimHO-Pe30HAHCHA
momozpagis  cepys, mampuys nepexooy, CEMAHMUYHA PEKOHCMPYKYIs, 2pyoi
MHOCUHU, NPOOYKYIHI NPAsULa, YMPUMAHHS 8i0 pileHHs

Abstract. We present a post-hoc audit framework for cardiac magnetic
resonance imaging that maps deterministic image-mask descriptors to 28 clinician-
facing measurements and then to conflict-aware production rules. On held-out
ACDC cases, SD-normalized RMSE was 0.767 £ 0.246, while the semantic classifier
achieved 0.860 accuracy. External M&Ms error increased 2.25-fold, supporting
selective auditing rather than autonomous diagnosis.

Keywords: explainable artificial intelligence, cardiac magnetic resonance,
transition matrix, semantic reconstruction, rough sets, production rules, abstention

Cardiac magnetic resonance (CMR) provides quantitative ventricular
measurements, but automated results remain difficult to audit when image-
derived representations are disconnected from clinically recognizable
evidence. ACDC supplies a benchmark for cardiac segmentation and
diagnosis [1], whereas M&Ms exposes center- and vendor-related domain
variation [2]. Domain-centered cardiovascular explainability further
motivates semantic evidence rather than visual attribution alone [3]. We
therefore condense the full study into a traceable audit chain from cine
images and masks to CMR measurements and conservative symbolic rules.

The evaluated formal representation is a deterministic baseline rather
than a trained deep encoder. Phase-specific image intensity, chamber
occupancy, and mask descriptors are projected to a fixed 128-dimensional
matrix A.

Matrix B contains 28 clinician-facing variables, including ventricular
volumes, ejection fractions, myocardial mass, wall-thickness descriptors,
shape indices, and quality-control variables. This isolates the transition and
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rule layers while preserving an interface that can later accept frozen deep
features.

All fitted preprocessing is learned only from the 85 ACDC training
patients in the fixed 85/15/50 split; the 100 M&Ms cases remain external.
The regularized transition follows the transition-matrix principle [4]. With
standardized formal features A, centered semantic targets B.. and ridge

penalty /, the fitted map is defined by Equation (1).

T, =argmin |A,T-B,| +A|T|:. "

Held-out semantics are reconstructed by Equation (2). The current
release uses frozen training tertiles rather than the full WEDD optimizer
shown in the conceptual architecture. The resulting symbolic states form a
rough-set-style decision table [5]. Consistent granules yield readable
production rules, formalized in Equation (3); quality-control failures,
missing prerequisites, unmatched cases, or contradictory consequents
produce explicit abstention.

b(a) = aZTﬁ + ug (2)

r:s, =v;1als, =V, Ia-als; =v, [=d=y, o

On 50 held-out ACDC cases, the mean training-SD-normalized RMSE
across 28 semantics was 0.767 + 0.246. Correlations were 0.928 for global
ED wall thickness, 0.863 for LVEF, 0.815 for RVEF, and 0.710 for
LVEDV.

The measured-semantics classifier achieved 0.860 accuracy, 0.861
macro-F1, and 0.973 macro-AUROC. The 200-rule layer covered 0.640
cases, abstained on 0.360, and reached 0.644 balanced accuracy on non-
abstained cases, with covered-case conflict of 0.313. Table 1 collects the
core quantitative findings.
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Table 1. Core quantitative audit findings from the full manuscript

Metric ACDC test External / audit
meaning
M&Ms: 1.726 +
SD-NRMSE 0.767 +0.246 1177 (2.25%)
High-impact Pearson ED wall 0.928; LVEF 0.863; Target-dependent
gh-imp RVEF 0.815; LVEDV 0.710 semantic fidelity
Measured-semantics | Accuracy 0.860; macro-F1 0.861; Transparent
classifier AUROC 0.973 comparator
- Selective audit; BA
. Coverage 0.640; abstain 0.360; BA !
200-rule audit layer 0.644: conflict 0.313 excludisa:ebsstamed

External SD-normalized RMSE rose to 1.726 £+ 1.177 on M&Ms, 2.25

times the ACDC test value. Scale-sensitive volume and mass targets
therefore require external recalibration or exclusion before use. A 2° rotation
produced relative formal change 0.053114 and mixed-unit semantic change
9.821420 while mask-count change remained 0.000470, indicating
orientation sensitivity. The present framework is consequently a selective
audit artifact, not a standalone diagnostic classifier. Future work should test
frozen CMR encoders, full WEDD, orientation normalization, vendor-aware
recalibration, and prospective clinician use.

1

2.
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BUWJIYUEHHSA JE®EKTIB HA 30PAKEHHAX IPYKOBAHUX
IUIAT 3A 1OIIOMOT OO YU CEJI, KOJIBOPIB TA MAILIMHHOI'O
HABYAHHS
P. Meabnuk, Dr.Sci., O. IBaniok
Hayionanenuii ynieepcumem "Jlvgiecoka nonimexuixa", Yxpaina

Anomauis. Aneopummu  cmoHuienHs, 3aN0BHEHHS ma Hymepayii
BUKOPUCIOBYIOMbCSL 0I5 GUAGILEHHSL 0eheKmie KOPOMKO20 3aMUKanHs ma oopusie na
306padicennax Opykoeanux niam. Jlamyioeu 3 HaOIuwikom abo Hecmayelo Memany
BU3HAUAIOMbCA  WIIAXOM NOPIGHAHHA  KINTbKOCMI NiKCceligé 6 emaloHHOMy ma
docnidocysaromy aanyrocax. O3HaKu eracmugocmeil, OMpumMani nicisa Hymepayii, ma
BIOXUNIEHHs KITbKOCMI NIKCenis, OMpuMAaHi nicis 3an08HeHHs, Oepymvbcs K 6XIOHi
O0aHi 018 HAGUAHHA MA MEeCMYB8AHHA MOOelell MAUUHHO2O HAGYAHHSL.

Knrwuosi cnosa: Opykosana nnama, Oegexm, Kiacupixayis, 3ano6HeHHs,
CMOHUWENHS, HelPOHHA Mepexca, MAWUUHHE HAGYAHHSL.

Abstract. Thinning, filling, and numbering algorithms are used to detect short and
open defects in PCB images. The chains with an excess or a lack of metal are
determined by comparing the pixel amounts in the reference and sample chains.
Features of properties received after numbering and pixel amount deviations received
after filling are taken as input data for machine learning training and testing.

Keywords: printed circuit board, defect, classification, filling, thinning, neural
network, machine learning.
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Introduction. While modern PCB defect detection often relies on
complex convolutional neural networks requiring massive datasets [1, 2, 3],
this work proposes a streamlined approach combining flood-filling,
skeletonization, and lightweight JavaScript-based artificial neural networks
(ANN). By extracting numerical and color-based features from circuit traces,
the method efficiently identifies short circuits, breaks, and abnormal metal
filling without specialized datasets.

Methodology: Flood-Filling and Numbering. To separate and identify

individual chains, the PCB image is overlaid with an ™ X M grid, forming a

point set P.. Grid nodes intersecting conductive traces form a subset P, c Pr,
which is partitioned into L subsets corresponding to individual chains:
P (D16 D2ty - D) = B Py, Pag, . Pit) . A flood-filling algorithm is applied
iteratively. Starting from an arbitrary node in P: it fills a continuous trace,
assigns a unique chain identifier (NC), and blocks filled nodes for
subsequent iterations. Filling correctness is validated when |P:| = Zizy | Prel.

This process generates an ordered cortege of chain identifiers for the
reference image: NC(I,) = (1,23,..., L),

When processing a sample image (‘rd), structural defects alter the chain
count. Defective and newly formed chains are isolated via bitwise
operations:NCtUrd) = [NCUr)] XOR [NCUd)], NCUI’:) = [NCUr)] AND [NCUrd)]
for missing reference chains, and NC(Lz) = [NCU)]AND[NC(L2)] for newly
formed chains. Comparing the number of missing chains (%) to newly
formed chains (") determines defect types: ™ = 2k indicates open defects,
m=k/2 identifies short circuits, and K/2<m<2k signals the
simultaneous presence of both defects.

For micro-filling defects, the algorithm measures pixel counts () per
chain. Trace area deviation coefficients are computed as

i = Preterence /Psample, forming a vector ¢ = (C1,G, -, C) evaluated
against strict tolerance thresholds to detect insufficient or excessive metal on
pads and tracks.
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Machine Learning Classification and Results. Feature vectors
generated by numbering (14-element) and fill-area deviations (16-element)
feed lightweight ANNs ([14/16] = [24] = [16]= [2]) trained on synthetic
datasets (3,000 samples). To synthetically model open defects, missing chain
identifiers were injected into the first nine vector positions, while short
circuits added newly formed identifiers to the final five positions. Correct
samples were represented as zero-filled vectors, whereas filling defects

introduced deviations ranging from £2% to +5%. For connection defects,
the network converged in 222 iterations, achieving 99.7% validation
accuracy. For micro-filling defects, applying a feature scaling transformation
(Features qiea = |Cowrrens —1.01X20)  prevented gradient stagnation,
yielding 92.7% validation accuracy. Both models demonstrate highly
accurate defect classification without deep convolutional overhead.
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OCOBJIMBOCTI CETMEHTAIII HANIBTOHOBUX 30BPAKEHD
Y BATATOBUMIPHOMY IMTPOCTOPI lH@OPMALlIleMX O3HAK
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Anomauia. Ilpeocmaeneno anzopumm ceemeHmMayii HANIBMOHOBUX 300paAXCEHb,
AKULL GKIIOYAE emany PO3UUpeHHs NpoCmopy 03HAK, KOMIAEKCHOI opmozonanizayii
ma pexypcugnoi xknacmepusayii muny-1 ma muny-2. Iloxazaumo, wo NOEOHAHHA
nomenyiany PpO3KNAOAHHA 30 CUHSYIADHUMU 3HAYEHHAMU, Nnepesas KOMNIEKCHUX
npeocmasnenb 0N GUOLNEHHA HUSLKOKOHMPACMHUX MedC Md anapamy Hewimkoi
Kracmepuszayii 3abesneuye epexmusHy ceemenmayito. J[oCniodceHo enue gopmu
Heuimkoi  (yHKyil Hanexchocmi muny-2 Ha uymaugicme ma OOMOSIPHICMb
pesyromamy.  Hagedeno — excnepumenmanvui — pesynemamu O MEOUYHO20
300pasicenHs..

Knrouosi cnosa. Ceemenmayia 300padicenv, Heuimka Kiacmepusayis muny-2,
bacamogumipHuil npocmip iHGOPMaAmMuUEHUX O3HAK.

Abstract. An algorithm for grayscale image segmentation is presented. It includes
stages of feature space expansion, complex orthogonalization, and type-1 and type-2
recursive clustering. It is shown that combining the potential of singular value
decomposition, the advantages of complex representations for highlighting low-
contrast boundaries and fuzzy clustering apparatus ensures effective segmentation.
The type-2 fuzzy membership function form influence on the sensitivity and reliability
of the result is researched. Experimental results are provided for medical image.

Keywords. Image Segmentation, Type-2 Fuzzy Clustering, Multidimensional
Space of Information Features.

Images generated by various information, tracking, and diagnostic
systems are often of insufficient quality for reliable analysis. Automatic
image segmentation is one of the fundamental and most complex tasks in
computer vision. The effectiveness of subsequent recognition and high-level
interpretation of scenes directly depends on the accuracy of object and detail
boundary localization during the segmentation stage.

This work describes the image segmentation algorithm that implements a
multi-stage process (including the stages of descriptor expansion, complex
orthogonalization, recursive clustering of type-1 and type-2), and to study the
influence of the type-2 fuzzy membership function (FMT2) used for
increasing the reliability and sensitivity of clustering.
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The proposed algorithm includes the following steps:
1. Scaling the original grayscale image | to the range [0,1], resulting

in the image I, which is interpreted as type-1 fuzzy membership function
(FMT1), and calculation FMT2 based on it. FMT2 is interpreted as an image
and scaled to the range [0,1] resulting in the image |2,

2. Image 12 or I brightness values window transformation
(depending on the |? statistical characteristics, window size 3x3) and

forming a 9-dimensional ensemble interpreted as image 1? including the
neighbouring pixels brightness (the 1st stage of input data space expanding).
3. Performing expanded original data orthogonal transformation (SVD)

followed by automatic selection of the most significant components ( | SVd)
[1], modifying 1st component of 1% and scaling 1% to the range [0, 1].
4. Forming matrix |° using each pair of 1%® components and

complex values, interpreting | as FMT1, calculating FMT2 based on it, and
scaling all its components to the range [0, 1], followed by SVD and selecting
the most significant components, resulting in the matrix 1 .

5. Merging matrices |

| svd_c

and the most significant components of |,

into , interpreting all columns of |°%-°, except 1st as FMT1 and

obtaining FMT2 based on it, resulting in matrix If"d—C , Which is clustered by

T2FCM method [2] with dynamic compression of the fuzzy membership
function.

6. Obtaining matrix 1% based on 1.'*~° and MFT2 of the last step.

7. Applying SVD to 172, selecting the most significant components,
as described in step 2 and obtaining output images 1°* and 1°"-¢ based on
grayscale image |° (formed as selected significant components weighted
sum). 1" is based on 1%, 1°"-° is based on |° and the 1Y*-° 1st
component with following adaptive histogram equalization to both of them.
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This work discusses various physical nature images segmentation by
proposed algorithm. Figures 1b, 1c show the CT scan of the human brain

(Figure 1 a) segmentation results, where location of the hematoma and its
affected region is clearly identified.

Figure 1. Brain CT scan processing: (a) original image; (b) 1°"*; (c) 1°"'-¢
(w/o step 6).
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KOHTEKCTHO-3AJIEZ)KHA AJJAIITUBHA OBPOBKA TAHUX B
IHTEJEKTYAJIbHUX lH@OPMAHIﬁHHX CUCTEMAX
M. Hicouskwuii, Ph.D., O. Boukapsos, Dr.Sci., B. Tiiyxos
Hayionanonu ynieepcumem «JIvsiscorka nonimexuikay, Ykpaina

Anomauia. Y pobomi 3anponoHO8AHO KOHMEKCMHO-3AAEHCHULl NiOXi0 O
aoanmueHoi 0OpoOKU OaHux 8 IHMeNeKMyanbHux IHGOpMayiliHux cucmemax Ois
3a6e3neuents UCOKOI NPOOYKMUSHOCHI IX poOOmMU 6 YMOBAX OUHAMIYHUX 3MiH
omoyenns ma cmawy camux cucmem. IIposedeno excnepumenmansvre O0CHIONCEHHS.
3anponoHO8anH020 NiOX00Y, Pe3yIbmami AK020 0eMOHCMPYIOMb NiOBUWEeHHS AKOCHI
Kaacugikayii. npu  NOMIpDHOMY 30UIbUEHHI 3ampuMKu  00pOOKU — OaHux, w0
niOMeepoNCye OOYLIbHICMb 3aNPONOHOBAHO20 NIOX00Y 6 YMOBAX OUHAMINHOI 3MIHU
KOHMeKcmy.

Knrouosi  cnoea: — KOHMEKCMHO-3GAEHCHI  OOUUCTEHHS,  IHMENeKMYalbHi
iHghopmayitini cucmemu, adanmusHa oOpodKa OaHUX, Opelidh KOHmMeKCny, a0anmueHi
KOHBeEpU 00pOOKU OaHUX.

Abstract. The paper proposes a context-aware approach for adaptive data
processing in intelligent information systems to ensure high performance in
conditions of dynamic changes in the environment and the state of the systems
themselves. An experimental study of the proposed approach has been conducted, the
results of which demonstrate an increase in the quality of classification with a
moderate increase in data processing delay, which confirms the feasibility of the
proposed approach in conditions of dynamic context change.

Keywords: context-aware computing, intelligent information systems, adaptive
data processing, context drift, adaptive data processing pipelines.

Intelligent information systems increasingly operate under continuously
changing conditions caused by evolving data characteristics, computational
resources, user behaviour and external environments [1, 2]. Conventional
static data processing workflows gradually lose efficiency because they
cannot adequately adapt to contextual changes, reducing prediction quality
and resource utilization [3]. To address this challenge, a context-aware
adaptive data processing approach is proposed.
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Figure 1. Classification performance under dynamic contextual conditions

The operational context is represented as a multidimensional feature
vector describing workload characteristics, temporal information,
computational resources, communication conditions and data quality.
Pipeline modification is initiated only when contextual changes exceed
predefined thresholds, alternative processing configurations are evaluated
according to prediction quality, processing latency and computational
resource consumption after detecting context drift.

The proposed approach was evaluated using a synthetic benchmark
containing 50,000 contextual events with abrupt and gradual context drift,
Gaussian noise, missing values and label perturbations. Experimental results
(Fig. 1) demonstrated an improvement in Accuracy from 0.879 to 0.924, F1-
score from 0.851 to 0.912, and ROC-AUC from 0.901 to 0.952, while
increasing average processing latency by only 0.27 ms per event.
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KPAMOBE NOM’SIKIIEHHSI YHIBEPCAJIBHOTI'O MAILIMHHO-
HABYEHOI'O IOTEHUIAJIY: EHEPI' Ii YTBOPEHHSI
TOYKOBUX JE®EKTIB Y I PA®EHOBI KBAHTOBIM TOYHI
KOPOHEHY
A. Tyxmuxor?, Dr.Sci., B. Coaosiios'?, Dr.Sci., A. Kis'?, A.Benincbknii®*
I3 «Ilig0ennoykpaincoruii nayionaneHuti neoazoziynutl ynisepcumem imeni K. /1.

Yuwuncokozo», Yrpaina,
2 Vuigepcumem ben-Iypiona 6 Hezegi, I3painy,
3 Kuiscokuii HayionanvHull ekonomiuyHuil yrigepcumem imerni Baouma I'emvmana,
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Abstract. This study evaluates systematic underestimation of point-defect
formation energies by the universal SevenNet machine-learning interatomic potential
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in the coronene graphene quantum dot C2sHi2. SevenNet is benchmarked against
spin-polarized PBE/GPAW calculations for monovacancies, divacancies, and Stone—
Wales defects. The error increases with edge under-coordination, whereas
reconstruction ordering and symmetry-equivalent configurations are largely
preserved, supporting MLIP screening with DFT validation of absolute vacancy
energies.

Keywords: machine-learning interatomic potential, graphene quantum dot,
coronene, point defects, formation energy, density functional theory, softening bias.

Anomauia. Memoro pobomu € OYIHIOBAHHA CUCTNEMAMUYHO20 3AHUNCEHHS
eHepeill  YMBOPeHHs. MOUKOBUX OegheKmie VHIBepCANbHUM —MAUUHHO-HABYEHUM
Midcamomuum nomenyianom SevenNet y epaghenosiii KeaHmosi mouyi KOpoHeHy
C24Hi2. Pesynomamu SevenNet nopisusano 3i cnin-nonapusosanumu PBE/GPAW-
PO3PAXYHKAMU OISl  MOHOBAKAHCIU, oueaxauciii [ Oepexmie Cmoyna—Beiinza.
Bemanoeneno 3pocmanna noxubku 3 Kpaiiogorw HeOOKOOpPOUHOSAHICMIO, MOOi 5K
BIOHOCHE PAHIICYBAHHS PEKOHCMPYKYIU | CUMEMPUYHO eKEIBAIeHMHUX KoHpicypayill
nepesasicHo 30epicacmucsl.

Knrwuoei cnosa: mawunHoO-HagueHUll MidcamomHutl nomeuyian, epagerosa
K8AHMOB8A MOYKA, KOPOHEH, MOYKOSI OepeKkmu, eHepeis YMEOpeHHs, meopis
QyHKYyioOHANa 2ycmuHU, cUCMeMamuyHe NOM SIKULEHHS.

Universal machine-learning interatomic potentials (MLIPs) can
substantially accelerate atomistic screening; however, systematic “softening”
of the potential-energy surface has been identified for high-energy and far-
from-equilibrium configurations [1]. In graphene, defect formation energies
depend on reconstruction and the computational scheme [2], while edge
chemistry becomes particularly important in small graphene fragments [3].

In coronene CxHi2, monovacancies, divacancies, and Stone—Wales
defects were investigated. Geometries were optimized using BFGS in ASE.
SevenNet 7net-omni-il2, an E(3)-equivariant graph interatomic potential
used without system-specific fine-tuning, served as the surrogate [4].
Reference energies were calculated with spin-polarized PBE/GPAW using a
400 eV cutoff and TI'-point sampling. For 28 vacancy and divacancy
configurations, both models evaluated the same relaxed geometry with
method-consistent chemical potentials; this control is necessary because
highly disrupted defect states remain method-sensitive even at the DFT level

[5].
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For the Stone-Wales defect, the mean formation energies are 1.891 eV
with DFT and 1.878 eV with SevenNet, a difference of only —0.013 eV. In
contrast, SevenNet yields lower values for all 28 vacancy configurations. For
monovacancies, the mean deficit increases from 0.30 to 0.74 eV when one
edge C-H bond is broken; for divacancies, it increases from 0.65 to 0.86 and
1.11 eV for zero, one, and two broken bonds, respectively. Thus, the error is
not a constant offset but depends on defect type and local under-coordination.

At the same time, SevenNet preserves the ordering of three hydrogen-
dependent edge-divacancy reconstructions: DFT gives 5.80, 2.56, and 0.77
eV, while the MLIP gives 4.69, 1.89, and 0.15 eV. The model also
reproduces Den-equivalent sites with a spread of only a few meV, making
symmetry spread a practical indicator of transitions between reconstruction
basins. SevenNet is therefore suitable for rapid screening and ranking,
whereas absolute energies of edge and radical-like vacancies should be
validated by DFT.
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OIITUMIBAILIA HEVMPOHHOI MEPEXKI JJIS1 KTACU®IKALIT

OB’EKTIB Y CUCTEMAX CEHCOPHOI'O COPTYBAHHISI PY ][

J. Konapamos, Ph.D., I. My3uxka, Ph.D., O. MapxkoBa, Ph.D., 10. Kymuenko
Kpusopizvkuii nayionanvhuii ynisepcumem, Ykpaina

Anomauyia. Ilpeocmasneno Opyeuii eman OOCHIONCEHHS —ABMOMAMUYHOT
Kaacugikayii npocmoposux cmamie 0b'ckmis y cCUCmemMax CeHCOPHO20 COPMYEaAHHS.
PYOHOI CUpOBUHU HA OCHOSI Kapm eucom i 3e0pmkogoi Heuponnoi mepedici (CNN).
Buxonano cucmemamuunuii nowiyk ONMUMATbHUX 2inepnapamempie HAGUAHHS
(KinbKicmob enox, posmipuicme Kapmu, wWeuoKicms Hasyanis) memooom grid search
Mma 8USHAYEHO PeKOMeHO08aHy KOH@ieypayito: 25 enox, posmipHicme kapmu 64 X64,
weuokicmv nasuanus 0,001. Teopemuuno ma npakmuuno 0OIPYHMOBAHO, WO KIAC
Overlapped ¢ natieadicuum ons. pospizHenHs i 600HOYAC NPUHYUNOBO HEKEPOBAHUM
0L nHeBMamuyHux 6iobpaxosysauie. Ilepexio 00 080KIACO80I NOCMAHOBKU 3A0aHi
(Single/United) 3 euxnmiouennam kaacy Overlapped nidsuwye sxicmv kaacugixayii
NPAKMUYHO 3HAYYWUX KIACIS.

Knrouoei cnosa: cencopre copmysanus pyo, Kapma ucom, 320pmKo8a HellpoHHa
Mmepedica, einepnapamempu, knac Overlapped, dsoxnacosa kiacugixayisi.

Abstract. This study presents the second stage of research on automatic
classification of the spatial states of objects in sensor-based ore sorting systems using
height maps and a convolutional neural network (CNN). A systematic grid search for
optimal training hyperparameters (number of epochs, batch size, learning rate) was
carried out, and the recommended configuration was determined: 25 epochs, batch
size 64x64, learning rate 0.001. It is theoretically and practically justified that the
Overlapped class is the hardest to distinguish and, at the same time, inherently
uncontrollable for pneumatic ejectors. Reformulating the task as a two-class problem
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(Single/United) by excluding the Overlapped class improves the classification quality
of the practically relevant classes.

Keywords: ore sorting, height map, convolutional neural network,
hyperparameters, Overlapped class, two-class classification.

Sensor-based ore sorting increasingly relies on machine vision and deep
learning to assess raw material moving along the conveyor. In previous work,
the authors classified three spatial states of ore pieces (Single, United, and
Overlapped) from two-dimensional height maps derived from 3D laser-
scanning point clouds, using a deep CNN that reached about 92% validation
accuracy at a 64x64 map resolution. However, the training hyperparameters
were selected heuristically, and analysis of the confusion matrix showed that
the vast majority of misclassifications involved the Overlapped class.

This study pursues two goals: a systematic search for the optimal training
hyperparameters of the CNN, and justification for excluding the Overlapped
class from the classification task, together with analysis of how this exclusion
affects the discrimination of the remaining classes.

For hyperparameter tuning, a grid search with a fixed 70/30 stratified split
was applied to the number of epochs, the mini-batch size, and the Adam
learning rate, using validation accuracy as the optimization metric and the
gap between training and validation accuracy as a stability criterion. The
experiments show that accuracy grows up to 25 epochs and then plateaus; a
batch size of 64 provides the best trade-off between accuracy and training
time; and a learning rate of 0.001 is optimal. The recommended configuration
(64x64 map, 25 epochs, batch size 64, learning rate 0.001), combined with a
ReduceLROnNPlateau scheduler, improves training stability and reduces the
train—validation accuracy gap compared with the baseline used previously.

The Overlapped state, in which one ore piece partially lies over another,
is not only the hardest to distinguish algorithmically but also physically
unmanageable. Industrial sorters reject material with pneumatic valves;
selective rejection of one object without affecting a neighbouring one
requires their horizontal footprints to be disjoint. Since overlapping pieces
share a common horizontal projection, a single air pulse inevitably affects
both of them, so selective rejection is impossible by construction.
Accordingly, in the three-class setting this class yields the lowest metrics
(F1-score = 0.31) and is systematically confused with United.
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Excluding Overlapped and reformulating the task as a two-class problem
(Single vs United) removes the borderline samples that competed with United
during training and added extra variability to the feature space. Because both
settings are evaluated on the same Single/United subsample, McNemar’s
paired test is used to confirm that the observed improvement is statistically
significant rather than a result of random sampling variation. The two-class
model demonstrates higher classification quality for the practically relevant
classes.

Thus, the systematic hyperparameter search yields a configuration that
balances accuracy and robustness, while the Overlapped class is confirmed to
be both the main source of errors and inherently uncontrollable for standard
pneumatic ejectors. The recommended strategy is therefore a two-class
classifier (Single/United) supplemented by a separate anomaly detector that
flags overlapped pieces without including them in the main classification
task. Future work includes validating such an anomaly detector, combining
height-map geometry with spectral data to better separate United and
Overlapped, and testing the approach on a broader range of real ore data.
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TILEFUSION: EFFICIENT TILING FOR SMALL OBJECT
DETECTION IN HIGH RESOLUTION AERIAL IMAGES
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BUSABJEHHS MAJINX OB’€EKTIB B AEPO3OBPAKEHHSAX
BUCOKOI PO3J1JIbHOI 3IATHOCTI
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Anomayin. 3anpononosano TileFusion — memoo ingepency na ocrosi Hapizku
Kaopy 0715 BUSBTIEHHS MAUX 00 €KMIG Y 300PANCEHHAX 8UCOKOI pO30inbHOI 30amHocmi
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3a obmedrcenoi nam’ami. Memoo pozbusac kadp Ha HenepemunHi obaacmi 3 opeoiom
peyenmueHo20 noas ma npasuiom 3aKpinienus 3a yewmpom. Lle ycysae oyonikamu
6e3  HeoOXIOHOCMI — 3ACMOCYSAHHA — ANCOPUMMY — NPUSHIYEHHA — HEMAKCUMYMIG.
Excnepumenmu  niomeepooicyroms  36epesicenna  mouHocmi  3a  3,7-KpamHoeo
3MeHUEeHHS NIKOBO2O CHONCUBAHHS NAM "SMi.

Kniouosi cnosa: euasnenns manux 006°€kmie, BUCOKOPO3OLIbHI 300padicenHs,
Hapizka kaopy, peyenmuene noie, YOLOVS, nepughepiiini ob6uucaenns.

Abstract. TileFusion is proposed as a memory-bounded frame-slicing inference
method for small object detection in high-resolution aerial imagery. The frame is
partitioned into disjoint valid regions expanded by a receptive field halo with center-
based ownership. This eliminates cross-tile Non Maximum Suppression and duplicate
detections. Benchmarks confirm full-resolution accuracy parity with up to 3.7 times
lower peak memory.

Keywords: small object detection, high-resolution imagery, frame-slicing
inference, receptive field, YOLOVS, edge computing.

High-resolution aerial and satellite images contain small targets of 15-40
pixels destroyed by downscaling. Full-resolution native passes preserve
targets but cause activation memory to scale with frame area, exceeding edge
RAM (e.g., NVIDIA Jetson Orin). Slicing methods like SAHI [1] reduce
memory using overlapping tiles, incurring redundant compute and requiring
global Non-Maximum Suppression (NMS) to eliminate duplicate seam
detections.

TileFusion eliminates cross-tile NMS and guarantees bounded memory
using effective receptive field halos [2] and streaming concepts [3]. The

frame domain <X s partitioned into disjoint valid regions i}
(U =Q,V:nV; =2y Each region is extended by a halo = 7", where 7" is the
detector’s effective receptive field radius [2]. Crops ¢k = (Ve © Br) N Q gre
processed sequentially by a stock YOLOV8 detector [4]. A detection @ is

retained only if its center c(d) € Vi Since valid regions strictly partition the
frame, every detection has exactly one owner, enabling concatenation without
global NMS. Sequential execution bounds peak memory to

M = Mg + a(s + 2h)? independent of frame resolution (1, W),
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We evaluated TileFusion on xView satellite scenes [5] with 15-40 px
sized vehicles, up to 16 MP and NTUT 4K drone video with people using
YOLOv8s with a 256 px halo.

Table 1. Performance and Peak Memory Comparison

xView | NTUT 4K
Method MAP50 mg’)' MAP50 '(TG\E':’)'
Downscaled (1280 px) 0.314 246 0.223 465
Full resolution 0.804 2793 0.189 1820
SAHI[1] 0.798 657 0.177 650
TileFusion (Ours) 0.806 759 0.189 760

On xView, downscaling to 1280 px vyields only 0.314 mAP50, while full
resolution reaches 0.804. TileFusion matches full resolution at 0.806 mAP50

while reducing peak memory from 2793 MB to 759 MB (3.7 X). On NTUT

4K, TileFusion maintains accuracy parity (0.189 mAP50) at 24X lower
memory (760 MB vs 1820 MB). The 256 px halo provides exact feature
representation, while center ownership eliminates duplicate seam detections.
TileFusion thus provides an exact, memory-bounded drop-in wrapper for
edge deployment.
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Dr.Sci., b. KoBaascbkuii, Ph.D., H. 3anbko, A. 3anbsko, Ph.D., B. Bepaauex
Hayionanenuu ynieepcumem «JIvgiscorka nonimexuixa», Ykpaina

Anomayin. YV Oocniodicenni npeocmaeieHo NOWYK HOBUX NiOX00i8 00
MOOENIOBAHHS NEPEMBOPEHHS KOMIPHOL THHOpMayii Midc KOMPHUMU BPOCMOPAMU.
3anpononosano euxopucmanus mooenei enubokoeo Hasuanns DNN ma MDN ons
nepemsopenv migic CIELAB i CMYK. Mooeni nagueno na xapakmepucmuyHux OaHux
FOGRAS51, a egexmusnicmo ix 3acmocysanwnsi oOyiHeHO 3a pe3yibmamamu
meopemuyHoi Ul eKcnepuMenmanbHoi nepesipku. Bcmanogneno ucoxky mounicmo
npamoeo  nepemeopenusi CMYK—CIELAB, npome mouHnicmb  360pOmMHO2O
Nnepemeopents € HedOCmamubol 018 NpakmuyHozo 3acmocysanus. Ilokazarno
nepcnekmugHicms  euxopucmanis MDN ona eubopy onmumanvuoi cmpameeii
KObOponooiny.

Knrouosi cnosa: ronvoponodin, Hetiponni mepesici, xoaipuuti npocmip, 1CC-
npo@hine, KoMpHa pisHuys, YMogu OPYKY, XAPAKMePUCMUYHi OaHi, nepemeopenHs
KONIPpHOT inghopmayii.

Abstract. The study investigates new approaches to modeling color information
conversion between color spaces. The use of Deep Neural Network (DNN) and
Mixture Density Network (MDN) models for color information conversion between
CIELAB and CMYK is proposed. The models were trained using FOGRA51
characterization data, and the effectiveness of their application was evaluated
through theoretical and experimental verification. High accuracy was achieved for
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the forward CMYK—CIELAB conversion, whereas the accuracy of the inverse
CIELAB—CMYK conversion remains insufficient for practical application. The
results demonstrate the potential of the MDN model for selecting an optimal color
separation strategy.

Keywords: color separation, neural networks, color space, ICC profile, color
difference, printing conditions, characterization data, color transformation

Reliable prediction of the perceived color appearance of visual stimuli is
an important practical task in various fields dealing with color images,
including photography, printing, video, television, and web technologies. The
primary objective is to standardize the reproduction process in order to ensure
predictable color conversion results. One of the promising approaches to
addressing this problem is the application of artificial intelligence
technologies. Recent studies have explored various machine learning
methods for performing and optimizing color information conversion. In
particular, Artificial Neural Networks (ANN) [1], Deep Neural Networks
(DNN) [2], Radial Basis Function (RBF) networks [3], and other approaches
have been employed. However, most existing studies have focused on
relatively simple transformations, such as RGB — CIEXYZ and RGB —
CIELAB.

To model the conversion between the CIELAB and CMYK color spaces,
two deep learning models, Deep Neural Network (DNN) and Mixture
Density Network (MDN), were employed. Their selection was motivated by
the fact that they implement two different approaches to approximating the
relationship between input and output data. DNN is a deterministic model
that produces a single predicted solution for each input value, whereas MDN
is a probabilistic model capable of representing multiple possible outputs for
a single input. Instead of producing a single fixed output, MDN estimates the
parameters of a mixture of probability distributions describing possible
solutions. Each mixture component is associated with a mixing coefficient
that represents the probability of the corresponding solution. Consequently,
for a single input value, the model can generate several potential CMYK
combinations, each characterized by its own probability and representing an
alternative color separation solution.

The models were trained using the FOGRAS1 characterization data [4],
which contain experimentally determined color coordinates in the CIELAB
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color space and the corresponding CMYK process ink values for standard
offset printing conditions in accordance with 1SO 12647-2 [5]. The study was
carried out for two transformation directions: CMYK — CIELAB and
CIELAB — CMYK.

The accuracy of the models was evaluated in two stages. At the first
stage, a theoretical evaluation was performed by comparing the
transformation results with the FOGRAS51 reference data. Color differences
calculated using the CIE1976 and CIEDE2000 formulas were used as
accuracy metrics. At the second stage, an experimental verification was
carried out after printing a test image on a Xerox 700i digital press, followed
by spectrophotometric measurements of the color coordinates of the printed
samples. The theoretical evaluation demonstrated that both models provide
high accuracy for the forward CMYK — CIELAB transformation. For more
than 95% of the test samples, the AE values did not exceed 2.5,
corresponding to virtually imperceptible color differences. For the inverse
CIELAB — CMYK transformation, the color difference values increased
substantially. The mean AE values were 4.527 for the DNN model and 4.017
for the MDN model. No significant advantage of the MDN model over DNN
was observed, which is attributed to the optimization criterion aimed at
minimizing the total ink coverage. The practical verification after printing
confirmed a decrease in the accuracy of both models compared with the
theoretical evaluation. For more than 20% of the printed samples, the AE
values exceeded 5, indicating that the proposed approach cannot yet be
considered ready for practical use. At the same time, the MDN model
demonstrates promising potential for color separation tasks owing to its
ability to generate several admissible CMYK combinations for a single
CIELAB value, followed by the selection of the optimal solution according to
predefined criteria.
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Anomauin. Posensinymo npoyec cmeopenusi 2ibpuonoi neuponnoi mepeici ons
NPOSHO3VBAHHA CMAHY CUSHATI8 CEHCOPI8 Npomuciosux mexawnizmis. Ocobaugicmio
3anponoHo8anoi mepeosici € eghekmusHe 6paxy8amHHs HeNiHIlIMUX npoyecié 3a80aKu
BUKOPUCIAHHIO NPUHYUNY CUHXPOHI3aYii, w0 peanizoeanuti HA OCHO8I A0pa Xi-
xkeadpam.  Ompumani  pesynemamu  niOMEEPOAICYIOMb  GUCOKY — MOYHICHIb
MmoOdenoganns. [locniodcenns mae npakmuyHy yinnicme 0aa IT-xomnamitl, sAKi
pO3po6IsIIOMb GIACHI WIMYYHI [HMENeKMYaibHi cucmemu, Mooeni abo Haguaroms
Mepedxci Ha CheyupiuHux nPOMUCIOBUX OAMACEemax.
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Knwuoei cnoea: 2cibpuona melipoHHa mepedica, NPOSHO3Y8AHHA CUSHATIG
CeHCcopie, NpuHYUN CUHXPOHIZayii, A0po Xi-keaopam, yu@dposi OGIIHUKY, WMYUHULL
iHmenexm.

Abstract. This study outlines the creation of a hybrid neural network for
forecasting sensor signals in industrial machinery. The distinctive feature of the
proposed network is its accounting for nonlinear processes using a synchronization
principle implemented via a chi-square kernel. The obtained results confirm high
modeling accuracy. This research provides practical value for IT companies
developing proprietary artificial intelligence models, systems, or training neural
networks on custom industrial datasets.

Keywords: hybrid neural network, sensor signal forecasting, synchronization
principle, chi-square kernel, digital twins, artificial intelligence.

BupoOHuku TexHousorii B YKpaiHi Opi€HTOBaHI Ha LIBHIKY BHBEICHHS
NPOJYKTIB Ha PHHOK, IHTETPYIOYM TOTOBI pIllIEHHS Y BJAacHI PO3pOOKH.
MMapanensHo TpaHcHOPMYIOTHCS MUPPOBI MPOAYKTH, 30KpeMa IHCTPYMEHTH
mrrygHoro iaTenekty (LI) [1]. Jns ctBoperns Bnacuux pimens [T-kommnanii
9acTo aJaNTyIOTh BiJOMI KOHIICIIIIi Ta MPHUKIAAHI HAMPALIOBaHHS B Tay3i
IHTeNeKTyalbHUX cucTeM [2], OUIBINCTE 3 SKUX MaTh TIOpUAHY
apxitekTypy. Lle MOSICHIOETBCS TMPOCTOTOK X CTBOPEHHS, OCKUIBKH HE
noTpedyeThcss MOTVIMOJIEHUX 3HAHb MaTeMaThkd. He BHUKIIOYEHHSIM € 1
3aMpoINoOHOBaHA TiOpHUHA MOIENIb HEHPOHHOI MEpexi, sKa Mpalie 3a
CUHXPOHHHM IPHHIUIIOM:

k 2 2 K, . K

log_ numerator log_ denomirator

Aczj _( ind — G, d) +10°° : : d_:

e I — KBaJpaT BIACTaHl 10 LEHTpY; — 1HJIEKC
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X, L . avg(K,)
ne ©in— e 3aBXOU «YUCTUH» BXim Momeni; cepelHe 3HAYCHHS

W._ . - ;
sIep MOTOYHOro OJOKy; P — mpoekuiiiHa Matpuus; PY — mapamerp
3CYBY.

Ha movaTkoBMX eramax JOCTIIDKCHHS OyJlo TPOBENCHO —aHami3
PI3HOMaHITHUX apXiTeKTypHUX pilleHb. 30KpeMa, MEXaHi3M CHHXPOHI3aIii
MI0YaTKOBO peaii3oByBaBcs LISIXOM 00UUCICHHS CepeHbOTO
apu(pMETHYHOTrO0 3Ha4YeHb JBOX HE3aIeKHUX Mojeied. Ha mnomanpmimx
eTamax ampo0oBaHO Bapiarii (YHKIH akTWBalii Ta EKCIEPUMEHTAIHHO
BU3HAYCHO ONTUMAJbHY KUIbKICTh siiep Xi-kBaapar. JletanbHy KapTy
MIPOBEJCHUX JOCIIKEHb Ta IX eTanu BUCBITIeHO y mpaui [3]. [TopiBHsnbHUI
aHami3 e(eKTUBHOCTI 3ampONOHOBAaHOI MOMENi 3MifiCHIOBaBCI Ha OCHOBI
TECTOBOTO JaraceTy [4]. PesynbraTn eKCIIEpHMEHTIB MiATBEPAWIH BHILY
TOYHICTh PO3POOJICHOTO TIIXOAY TOPIBHAHO 3 KIACHYHUMHU JIiHIHHAMHA
MozesMH (BKITFOUAIOYH JIiHIHHY perpecito Ta ii moaudikarii). [lepcnektuBu
MONAIBIINX JOCH/DKEHb TIOJTal0Th Yy MOJCPHi3amii Mepexi IUITXOM
iHTerpanii IPUHIMIIB TPAJi€EHTHOTO OYCTHHTY, SKi MOTCHIIHHO JO3BOJATH
MIBUIIMTH TOYHICTh NPOrHO3yBaHHsA. [lonpu 1e, moroyHa Bepcis MoJeli
JIEMOHCTPYE BHCOKY aJalTHUBHICTh 1 PEKOMEHIYETHCS 10 3aCTOCYBaHHS B
3ajja4ax IPOTHO3YBaHHS 4YacOBUX pSIiB, 30KpeMa JUIs MOHITOPHUHTY Ta
JIIarHOCTUKH CTaHIB CEHCOPIB POOOTOTEXHIYHUX CHCTEM.
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Anomauia. Y yiiti pobomi 3anponoH08aHo HO8uUll Memoo ceemeHmayii 6yp ‘auie @
CITbCLKO20CNO0APCLKUX Y2I00AX 018 NOOANbUL020 iX GUOANIEHHST POOOMU308AHUMU
npucmposimu, AKull 00380I€ HAGUUMU YITbOBY HEUPOHHY MepedCy 0OUuH pas, a nicis
Yb02o 3MIHIO6AMU KIIbKICMb 1T napamempis 6 3anediCHOCMI 8I0 00UUCTIO8ANbHOT
NOMYNCHOCMI  KOPOOHHO20 HPUCMPOIO. 3anponoHo8ano nioxio Oas 30L1buleHHs.
dianazony smiHu 0buuciosanvrux pecypcié 0o 32.34%, wo 3HauHo suuye nonepeonix
pobim, npu yvomy 3abesneuyiodu 6ucoxy sxicme ceamenmayii — Dice score
Haubinbuoi kongieypayii: 0.5112.

Knruoei cnosa: suoanenuss 6yp'anie, moune 3emiepoOCMEo, ceemenmayis Ha
npucmpoi, KOpOOHHT OOUUCTIEHHS, OUHAMIYHA HEUPOHHA Mepedicd, MOHIMOPUHE CIAHY
nocisie.

Abstract. This paper proposes a new method for segmenting weeds in agricultural
fields for their subsequent removal by robotic devices, which allows the target neural
network to be trained once and then have the number of its parameters adjusted
depending on the computational power of the edge device. We propose an approach
to increase the range of computing resources by up to 32.34%, which is significantly
higher than that of previous works, while ensuring high segmentation quality. The
Dice score for the largest configuration is 0.5112.

Keywords: weed removal, precision agriculture, on-device segmentation, edge
computing, dynamic neural network, crop field health monitoring.
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Ensuring sustainable and high agricultural outputs requires continuous
intervention in plant growth, from targeted fertilization to pest and weed
control. While automated systems can adjust fertilization and pesticide
application based on real-time perception, weed removal remains the most
demanding task because it must differentiate between crops and unwanted
vegetation without harming the former. Consequently, accurate and timely
weed segmentation is essential. Furthermore, field conditions often preclude
reliable Internet connectivity, necessitating fully on-device processing. In this
context, a model that can dynamically adjust its computational intensity
according to hardware capabilities is highly desirable.

Recent research has demonstrated that Post-Train Adaptive (PTA) [1]
networks can modify their compute budget after training without additional
parameter updates. In this work we embed a PTA encoder within the PAN [2]
segmentation architecture and equip it with width multipliers that scale the
channel dimensions of each block. This combination yields a single trained
model capable of toggling among multiple configurations while preserving
the same learned parameters [3]. This simple scaling yields a family of
models that retain the same learned weights but differ in FLOP counts.
Training employs the Dice loss, which has proven effective for highly
imbalanced segmentation tasks, and incorporates PTA sampling to ensure
that all configurations receive gradient contributions during learning. The
model is trained on the WE3DS dataset using stochastic gradient descent.

To assess the efficacy of PAN+PTA, we benchmark four width
multipliers (0.75, 1.00, 1.50, and 2.00) against a PAN baseline that uses
MobileNetV2 as its encoder. The configuration space includes light, both,
and heavy configurations, each corresponding to a distinct compute budget.
Based on experimental results, the PAN+PTA architecture expands the
operational complexity span from a narrow 3.66 % (U-Net+PTA with
multiplier = 1.0) to a wide 31.15 % (with multiplier = 1.0) and up to 32.34 %
(with multiplier=1.5). The heavy configuration (multiplier=1.5) achieves
the highest Dice score of 0.5112, outperforming both the baseline and the
previously reported U-Net+PTA model (best Dice = 0.4348).

Conclusions. We have introduced PAN+PTA, a dynamic segmentation
architecture that combines a Post-Train Adaptive encoder with a Pyramid
Attention Network backbone and width-scaling multipliers. The resulting
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model expands the usable computational range to more than 32 % between its
lightest and heaviest modes and enables on-device reconfiguration without
retraining. By providing a single set of parameters that can be tuned to match
the processing capabilities of heterogeneous edge hardware, PAN+PTA
enables autonomous weed-removal systems that operate reliably in real-time.
Future work will extend to additional crop and weed species, integrate
disease and pest detection pipelines.
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Anomauia. Y pobomi 3anponoHo8aHo KOHYENMYANbHY MYIbIMUNPOSAOepHy
apximexmypy Retrieval-Augmented Generation (RAG) ona oceimuix uam-bomis, axa
3abesneyye inmezpayilo  1OKATLHUX 1 XMAPHUX —BEIUKUX MOGHUX MOOeell.
Apximexmypa nepedbauac €OuHuli Mexanizm 63aemoolii i3 nposaiidepamu mooenel,
RIOMPUMYE HANAUWMYBANHS NAPAMEMPIE NOWYKY MA MOICe A0anmy8amucs 00 6UM02
3aK1a0ig ocgimu. 3anponoHo8anuli NioxXio CNPIMOBAHUL HA NIOBUWEHHS 2HYYKOCNHIL,
eeKkmueHoOCmi UKOPUCIAHHSA OOYUCTIOBANLHUX PECYPCI8 I PIGHA 3aXUCHY OAHUX Y
cucmemax niOMpUMKU HAGYANbHO20 NPOYEC).

Knrwuoei cnoea: cmpameeii ¢ppacmenmayii, eaubuna nowyxy, 6ubip mooeri,
STEM-ocgima, LLM-gpetimsopxu.

Abstract. This work presents a conceptual multi-provider Retrieval-Augmented
Generation (RAG) architecture for educational chatbots integrating both local and
cloud-based large language models. The proposed architecture provides a unified
interface for model providers, supports configurable retrieval parameters, and can be
adapted to the requirements of educational institutions. The approach is intended to
improve system flexibility, resource efficiency, and data protection in Al-assisted
learning environments.

Keywords: chunking strategies, retrieval depth, model selection, STEM education,
LLM frameworks.

Educational institutions are increasingly adopting Large Language
Models (LLMs) for intelligent learning support; however, reliance on a single
commercial provider raises concerns related to cost, data privacy, regulatory
compliance, and system availability. To address these challenges, this paper
proposes a conceptual multi-provider Retrieval-Augmented Generation
(RAG) architecture that enables flexible integration of local and cloud-based
LLMs through a unified abstraction layer. By combining LLMs with external
knowledge sources, the RAG approach improves response accuracy, reduces
hallucinations, and grounds answers in course materials and institutional
resources [1]. The provider-agnostic design enables seamless switching
between local and cloud-based LLMs while supporting flexible retrieval
strategies, including text chunking, retrieval depth, and history-aware query
reformulation. These capabilities allow the system to adapt to diverse
educational scenarios, improving scalability, data protection, and deployment
flexibility [2].

75



International Scientific and Practical Workshop
""Advanced Digital Technologies: Intelligent Systems, Modeling, and

Data-Driven Control" (ADT-ISMDDC-2026)
co-located with ICST-2026 X1V INTERNATIONAL SCIENTIFIC AND PRACTICAL
CONFERENCE

"Information Control Systems and Technologies - ICST-ODESA-2026""

The developed framework provides unified management of LLM
providers, models, and embedding services, allowing educational institutions
to select deployment configurations that best match their technical
capabilities and organizational requirements. To ensure efficient operation, it
incorporates caching mechanisms for documents, embeddings, and vector
indexes with automatic invalidation when data or configuration settings
change. Built on modern LLM frameworks, the solution integrates provider
abstraction, retrieval pipelines, and user interfaces into a modular and
extensible RAG ecosystem suitable for a wide range of educational
applications [3].

The presented architecture supports educational scenarios including
lecture material exploration, programming documentation assistance, and
research paper analysis by grounding responses in institutional knowledge
sources. Conversation export and import enable reflection, reproducibility,
and continuity of learning, transforming chatbot interactions into
documented learning artifacts. The system supports local, cloud-based, and
hybrid deployment models, allowing educational institutions to balance cost,
privacy, computational resources, and performance according to their
requirements. A comparative cost analysis indicates that the optimal
deployment strategy depends on institution size, query volume, and privacy
requirements, with hybrid architectures providing the best balance between
operational cost and performance. A prototype based on Python, LangChain,
Streamlit, FAISS, and multiple LLM providers validated runtime provider
switching, configurable retrieval, history-aware query reformulation, and
grounded responses with source citations. Experimental evaluation on a
single CPU using Mistral 7B via Ollama achieved a document indexing rate
of approximately 500 pages per minute, query latency of 1.5-3 s for local
inference (2-8 s for cloud providers), and memory consumption of 4-6 GB,
demonstrating the practical feasibility of the proposed architecture.
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PO3II3HABAHHS ObJINY 3A JOINIOMOT' OO KPYT'OBHUX
POSNOAINIEHUX I'ICTOI'PAM TA MAILIMHHOI'O HABUYUAHHS
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Anomauia: JlocniosceHo memoo pO3Ni3HABAHHA O00IUY HA OCHOBI KPY208UX
posnodinenux kymyasmugnux cicmoepam (CDCH). Memoo sukopucmosye padiarvre
CKaHy8aHHA ONA OMPUMAHHA HE3ANEHCHUX 6I0 POIMIPY CHMAMUCMUYHUX O3HAK.
Ompumani 03HaKU KIACUDIKYIOMbCA 30 OONOMO2010 MemOOdy ONOPHUX BeKMOpi
(SVM). Ekcnepumenmu na 6aszi FE|I Face Database niomeepooicyioms 6ucoky
mounicmo (83.8%) ma obuucniosanvHy egexmuenicmes anreopummy, wo podoumo
tiozo npuoamnum o5 cucmem Edge 10T.

Knrouosi cnosa: posniznasants 001Uy, MAuUHHE HABYAHHS, 6UOOOYBAHHS O3HAK,
padianvHe ckanysanms, memoo onopnux eekmopis, Edge 10T.

Abstract: The paper investigates a face recognition method based on Circular
Distributed Cumulative Histograms (CDCH). The method utilizes radial scanning to
extract size-independent statistical features. These features are classified using a
Support Vector Machine (SVM). Experiments on the FEI Face Database confirm high
accuracy (83.8%) and computational efficiency, making the algorithm highly suitable
for resource-constrained Edge 10T systems.

Keywords: face recognition, machine learning, feature extraction, radial
scanning, support vector machine, Edge loT.
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Recent advancements in facial recognition rely on deep convolutional

neural networks (CNNs) [1]. However, deploying them in resource-
constrained Edge loT systems is challenging due to high memory and
hardware demands [2, 3]. This research proposes a deterministic, hardware-
friendly alternative combining Circular Distributed Cumulative Histograms
(CDCH), previously effective in other computer vision domains like defect
detection [4], with a Support Vector Machine (SVM).
For size independence, CDCH maps intensity distributions along 360 radial
vectors originating from an intensity-based facial centroid. Classification
uses difference matrices from subtracted paired CDCH representations. The
spatial percentage of threshold-exceeding mismatches forms a low-
dimensional feature vector (Fig. 1), enabling real-time SVM inference on
CPUs with O (W x H) time complexity.

Figure 1. Differences of CDCH images: Same person smiling (tol=2) and Different
person (tol=3)

The proposed algorithm was evaluated using a subset of the FEI Face
Database (700 images, 50 individuals). A total of 12,250 unique image pairs
were programmatically generated and assigned to Match or Mismatch
classes. An RBF-kernel SVM (70/30 split) achieved an 83.8% Accuracy on
the testing subset. Additional performance metrics included an 85.1%
Precision, 81.4% Recall, and an 83.2% F1-Score.

The CDCH-SVM framework successfully translates complex facial
geometry into stable radial projections. Operating without the heavy
computational overhead of deep learning networks, the proposed method is
highly suitable for real-time edge-computing biometric applications on
standard hardware.
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Anomauia. Y cmammi 00CnioxHcytomsvcs Memoou KoMn 1omepHo20 30py Ha OCHO8I
HEUpOHHUX Mepexc Ofid 6UABIEHHA MA PO3NIZHABAHHA MOPCLKUX 00 €Kmie Ha
ABMOHOMHUX | 36UHAUHUX CYOHAX. Y OocniodceHHi auanizylomvcs apximexmypu
YOLO ma ResNet oOna 00pobku MOpcokux 300pasxcenb i  6i0eonomoxis.
Excnepumenmanvui  pesyiomamu  nokazyiome, wo YOLO 3abe3neuye 6ucoky
weuokicmv  eusigiienns, mooi sk ResNet nideuwgye mounicms Kiacugpixayii.
Tibpuonutl nioxio, wo noeonye 06U MoOel, NOKPAUYE HAOIUHICMb PO3NIZHABAHHS
ma cnpuse egpekmugHili pobomi cucmem Kepy8aHHs CyOHAMU.

Knrwuoei cnosa:  metipouni mepesci, xomn tomepuutl 3ip, YOLO, ResNet,
ABMOHOMHI CYOHA, PO3NIZHABAHHS MOPCLKUX 00 €KMig

Abstract. This paper investigates neural network-based computer vision methods
for maritime object detection and recognition in autonomous and conventional
vessels. The study analyzes YOLO and ResNet architectures for processing marine
images and video streams. Experimental results show that YOLO provides high-speed
detection, while ResNet improves classification accuracy. A hybrid approach
combining both models enhances recognition reliability and supports effective vessel
control systems.

Keywords: neural networks, computer vision, YOLO, ResNet, autonomous
vessels, marine object recognition

CyyacHuil  pPO3BHTOK MOPCBKOTO  TPAHCHOPTY  CYHPOBOJKYETHCS
BIPOBAJDKCHHSIM TEXHOJIOTIH ITYYHOTO IHTEJIEKTY Ta KOMIT FOTEPHOTO 30pY,
IO € OCHOBOK (DYHKLIOHYBaHHS aBTOHOMHHUX CyJIeH. BHKOpHCTaHHS Takux
CHCTEM JO03BOJISIE MiJABUIIUTH PIBEHb OE3MEKH CYIHOIUIABCTBA, 3MEHIIUTH
BIUIMB JIIOJCHKOTO (haKTOpy Ta ONTUMI3yBaTH IPOLECH NPUHHATTS
pimensb [1]. Mertoto nocmimkeHHsT € aHaii3 epeKTHBHOCTI 3aCTOCYBaHHS
HeiipomepexeBux apxitektyp YOLO (You Only Look Once) ta ResNet
(Residual Network) anms BusBIeHHSA 1 po3mi3HaBaHHA 00 €KTIB MOPCHKOTO
CepeIoBUIIIA Y 300paXeHHSIX 1 BiICOTIOTOKAX, a TAKOXK OIIHKA MOMIIUBOCTI iX
BUKOPHCTAHHS Yy CHUCTEMax YIpPaBJIiHHS aBTOHOMHUMHU Ta TpaJULiHHUMHU
cyanamu [2, 3].

VY poboti Bukopuctano cydacHi 0i0miorexkn OpenCV Tta ImageAl mist
morepeHpoi 00poOKH 300pakeHsb [4, 5], a Takok HelpoHHI Mepexi YOLO
ta ResNet-50 [2, 3]. AnropurmiyHa peani3aiis MICTUTh €Tall OTPHUMAaHHS
BiZIeOJlaHMX, iX TonepeaHboi oO0poOkH, (opMyBaHHS HaBYalbHOI BHOIpKH,
HaBYaHHS MOJEJed 1 MOAaJIbLIOro po3mi3HaBaHHS 00 €kTiB. CHcTeMa MOXe
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IHTErpyBaTHCSl 3 JOJATKOBUMH [DKEpENaMH JaHHMX, TaKHUMHU SIK pajapHi
cucremu, GPS ta AIS, mo nixBuinye i HaxiiHICTD.

VY Xoni eKCIepUMEHTAILHOTO aHalli3y BCTAHOBJIECHO, 110 Mozaens YOLO
XapaKTepU3yeThCsi BUCOKOI IMIBWJAKICTIO OOpOOKM Ta TpHAaTHA JUIst
BUKOPHUCTAHHS B peXuMi peanbHOro yacy [2]. ¥V cBow uepry, ResNet-50
3abe3nedye BHUILYy TOYHICTh KiacH(ikalii, IpoTe MNOCTYHAEThCS 3a
mBuakoxiero [3]. OtpumaHi pe3yibTaTH CBiA4aTh TMpO  HasBHICTH
KOMIPOMIiCYy MiX MIBHIKICTIO Ta TOYHICTIO poOOTH Mofeneii. Bukopuctanus
JHIIE OJHOTO MiAXOLy He 3a0e3ledye ONTHMAJIbHHX XapaKTEPUCTHK, TOMY
JIOUUTBHUM € KOMOIHYBaHHS PIi3HHX MOJeTed s TiABHINCHHS 3arajibHOl
e(eKTHBHOCTI CHCTEMH. 3aCTOCYBaHHS METOMIB TJHMOOKOr0 HaBYaHHA Yy
CHUCTEMaxX KOMII'FOTEPHOTO 30pY € MEepPCIEeKTHBHUM HANpsIMOM PO3BUTKY
ABTOHOMHOTO cyaHoruiaBcTBa. Mogenb YOLO € eekTUBHOIO JUIsl IIBUIKOTO
BUSBICHHS 00’€kTiB, Tomi sk ResNet-50 — s ix TouyHoi kimacudikarrii.
Haii0inpmr gomibHUM € 1X KOMOIHOBAaHE BHUKOPUCTAHHS, IO JO3BOJISIE
MIABUIUTH HAIHHICTE Ta Oe3MeKy HaBiramiiiaux cuctem [2,3,4].
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HPOI'PAMHE 3ABE3INEYEHHS JJIA OJHOETAIIHOI'O
BUSIBJIEHHS TA OHIHIOBAHHA I'NIMBUHU
NPUNIOBEPXHEBUX JE®EKTIB 3A TOIIOMOI'OIO
MOJUPIKOBAHOI YOLOV12
P. T'aBayascekuii, Dr.Sci., JI. JKypaBuak
Hayionanenuii ynieepcumem “Jlvgiscoka nonimextixka”, Yxpaina

Anomauin. 3anpononosano moougixayiro YOLOVI2n ons  oowoemannoeo
BUAGNEHHS, KIACUpIKayii ma OYiHIOBAHHs 2TUOUHU NIONOBEPXHEBUX OeqheKmis 3a
cmayionaprumu mepmozpamamu. Jlemexyiina 2on08a moougixoeana 000a8aHHAM
oKkpemol 2inku pegpecii Hopmanizosanoi koopounamu enubunu degpexmy. Hasuanms
BUKOHAHO HA  CUHMEMUYHOMY HAOOpI  mepmocpam, CcQOpMOBAHOMY  3AB0SKU
BUKOPUCIAHHIO HenpsamMo20 memoody npueparuynux eremenmie (HMIIIE). Mooens
docsena MAP@50 na pieni 95.99%, MAE — 0.07013 ma RMSE — 0.09613, 36epicuu
mouHicmy demexyii ma Kiacugixkayii.

Knrwuoei cnoea: YOLOV12, xomn’'romepnuil 3ip, HepyUHIGHULl KOHMPOD,
OYIHIOBAHHSL UOUHIU.

Abstract. A modification of YOLOv12n is proposed for single-stage detection,
classification, and depth estimation of subsurface defects from steady-state
thermograms. The detection head is modified by adding a separate regression branch
for the normalized depth coordinate of the defect. Training was performed on a
synthetic thermograms dataset generated using the indirect near-boundary element
method (INBEM). The model achieves mAP@50 of 95.99%, MAE of 0.07013, and
RMSE of 0.09613, while maintaining detection and classification accuracy.

Keywords: YOLOv12, computer vision, non-destructive testing, depth estimation.

Infrared thermography enables the detection of internal inhomogeneities
without damaging the inspected object. Subsurface voids and inclusions
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disrupt heat flow and produce temperature anomalies at the surface. Machine-
learning methods have been successfully applied to the automated detection
and classification of such anomalies [1]. However, quantitative defect-depth
estimation is typically treated as a separate task and is studied mainly in the
context of pulsed thermography [2]. The aim of this study is to modify
YOLOv12n to simultaneously localize, classify, and estimate the depth
coordinate of multiple defects from a single steady-state thermographic
image.

To generate the data, direct steady-state heat-conduction problems were
solved for a three-dimensional object measuring 8x4x2, containing voids and
inclusions with different thermal conductivities. The temperature fields were
obtained using the indirect near-boundary element method [3]. The
temperature distribution on the top surface was calculated on a 120x60 grid,
interpolated to 800x400 pixels, baseline-corrected, normalized, smoothed,
and saved as an RGB image. Additive Gaussian noise was applied to improve
model robustness.

The training dataset contained approximately 52,000 thermograms with
two to five defects, The test dataset contained 8,000 thermograms with four
defects each. The YOLO annotation format was extended as follows:
class_id, cx, cy, width, height, z, where z denotes the normalized depth
coordinate of the defect center.

The baseline YOLOv12n architecture [4] was extended with a depth-
regression branch. The branch consists of two convolutional blocks, followed
by a 1x1 convolution. It produces a single depth value for each prediction
location. As of features, it uses P3, P4, and P5. The target-assignment
mechanism remained unchanged. \As for training, the depth loss was
calculated only for the final predictions assigned to ground-truth objects. The
Smooth L1 loss function was used to train the regression branch. As a model
output, after confidence filtering and non-maximum suppression, each
prediction included bounding-box coordinates, a confidence score, a class
identifier, and an estimated depth. Thus, unlike the previously proposed two-
stage approach [4], the method does not require additional cropping of the
defect region or a separate regression model.

The model was trained for 35 epochs. The best results were obtained
using the model initialized with the standard YOLOv12n weights. Adding the
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regression branch had almost no adverse effect on detection performance:
MAP@50 reached 95.99%, compared with 95.60% for the baseline model.
The mAP@50:95 value was 81.19%, compared with 82.10% for the standard
YOLOvV12n [4]. For objects matched at an loU threshold of at least 0.5, the
mean absolute depth-estimation error was 0.07013, and the root mean square
error was 0.09613. The class-wise analysis showed a slightly lower mean
absolute error for inclusions, namely 0.06715, compared with 0.07563 for
voids. The lowest error was obtained for defects located closer to the
inspected surface because they produced more distinctive thermal contrast.
At the same time, overlapping thermal halos generated by multiple defects
made their depth estimation more difficult.

The results confirm that the proposed YOLOv12 modification is capable
of depth estimation while preserving a single-stage architecture and keeping
detection metrics on the same level. Future research should include inference-
time and computational-cost evaluation. Also, comparison with two-stage
and state-of-the-art multi-task models, and validation using experimental and
publicly available thermographic datasets should be considered.
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APXITEKTYPA IHTETPOBAHOI IIII-CUCTEMHM ABTOMATH3AIIII
3MIINAHUX ®EPMEPCHKUX I'OCIIOJJAPCTB
Ph.D., H. IlIuéaesa’, 1. llIn6acs?
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Anomauia. 3anpononosano apximexmypy iHmezpoganoi iHghopmayitinoi
cucmemu  agmomamusayii - 3MIUAHO20  (hEPpMEPChKO20  20Cnodapcmed 3
suxopucmannam loT ma mexnonoeii wmyynozco inmenexmy. Poszenanymo
3aCMOCYBAHHS ABMOMAMU30BAHO20 300pY OAHUX, HEUPOHHUX Mepedc i Yu@hposozo
06itiHUKA 0I5l MOHIMOPUH2Y, NPOCHO3YEAHHS MA NIOMPUMKU YAPAGTIHCOKUX PIlUeHb.

Knrwuoei cnosa: asmomamusayis, wmyunuii inmenexm, Iumepuem peuell,
HelpoHHI Mepedici, yuposuil OBIIHUK.

Abstract. An architecture of an integrated information system for the automation
of mixed farming using IoT and artificial intelligence technologies is proposed. The
application of automated data collection, neural networks, and a digital twin for
monitoring, forecasting, and decision support is considered.

Keywords: automation, artificial intelligence, Internet of Things, neural
networks, digital twin.

CrpiMKMH PO3BHUTOK iH(GOPMAIIMHUX TEXHOJIOTIH, aBTOMarm3amii Ta
LITYYHOT'O IHTEJEKTY 3MIHIOE MIJXOAW O YNPABIIHHS arpolnpoOMHCIOBHM
BupoOHHMITBOM.  Bomgnouac  cepemHi  ¢depmepchki  rocmomapcTsa
BIIPOBA/DKYIOTh KOMIUIEKCHY AaBTOMATH3allil0 MOBIUIBHINIE Yepe3 BHCOKY
BapTICTh pIlIeHb, HEJOCTATHIO IHTETPAIlil0 TPOTPaMHUX MPOAYKTIB i
BIJICYTHICTh YHiBEepCaIbHUX IUTATPOPM, aJalTOBAHUX O TOTped Mayoro Ta
cepenHboTo arpapHoro 0OizHecy. OCOONHMBO aKTyaJIbHOIO € aBTOMAaTH3allis
3MimraHuX (pepMepchbKUX TOCIOAAPCTB, SKi TOEAHYIOTH POCIMHHHIITBO,

85


mailto:n.o.shybaieva@op.edu.ua
file:///E:/КОНФЕРЕНЦИИ/Конференция%202026/Тезисы/shybaiev.ds@server.odessa.ua

International Scientific and Practical Workshop
""Advanced Digital Technologies: Intelligent Systems, Modeling, and

Data-Driven Control" (ADT-ISMDDC-2026)
co-located with ICST-2026 X1V INTERNATIONAL SCIENTIFIC AND PRACTICAL
CONFERENCE

"Information Control Systems and Technologies - ICST-ODESA-2026""

TBApUHHUITBO a00 MNTaXiBHUITBO, INepepoOKy, MaKyBaHHs, 30epiraHHs,
JIOTICTHKY Ta peali3alifo MpoAyKiii. 3HaYHa KiTbKICTh B3a€MOIIOB’SI3aHUX
NIPOLIECIB YCKIIaHIOE e)EKTUBHE YIPaBIiHH 03 BUKOPHCTAHHS CyYacHUX
uudpoBux TexHoorii [1].

MeToro po0OTH € PO3pOOJICHHS MPAKTHYHOI MOJAETI IHTErpOBaHOI
iHpOopMaliiHOT CHCTEeMH aBTOMATH3allii 3MilIaHOTO  (hepMepchKOro
TOCIIOIapCTBa 13 3aCTOCYBAaHHAM MPOTPaMHUX IUIAT(GOPM, amapaTHUX
3aco0iB, [HTepHeTy pedell Ta INTYYHOTO IHTENEKTY IS MOHITOPHHTY
BHPOOHUYHX TPOLECIB 1 MIATPUMKH YIPABITIHCHKUX PIllICHb.

3ampornoHoBaHa cHCTeMa Mae OaraTopiBHEBY apXiTekrypy. Ilepmii
piBeHB 3a0e3medye aBTOMAaTH30BaHUN 30ip JaHWX 32 JOIOMOTOI0 NATYHKIB
TEMIIEpaTypu, BOJIOIOCTi, OCBITJICHOCTi, pIBHS BOJH, BaroBUX CHCTEM,
RFID-miTok, QR-imeHTH(IKATOPIB, BiJEOCIIOCTEPEKEHHSI Ta KOHTPOJIEPIB
oOnanHanHs. Jlpyruii piBeHb Qopmye iH(pOpMaLiiiHO-KOMYHIKaIIiHY
indpactpykrypy 3 Bukopuctranusm Wi-Fi, Ethernet, LORaWAN, NB-IoT Ta
MOOITBbHUX Mepex, a mpotokosn MQTT 1 AMQP 3abes3neuyorsh
nepelaBaHHs TeJIEeMETPUYHHUX JaHUX Y PEXUMI peaibHoro uyacy [2]. Tperiid
piBEHb TPENCTAaBICHWHA CEPBEPHOIO IUIATPOPMOIO Ius  30epiraHusd,
00poONIeHHs Ta iHTerpamii JaHUX 13 MOXKIHUBICTIO BHKOPHCTAaHHS
MIKpPOCEpBICHOI apXiTeKTypH, KOHTEeHHepHu3alii, pelsamiifHnX 0a3 JaHuX i
CXOBHIIl YacOBUX psaiB. UeTBepTuil piBeHb BKJIIOYAE BeO- Ta MOOLIBHI
3aCTOCYHKH JUISl aIMiHICTPYBaHHS I'OCIIOIapCTBA, MOHITOPHHTY TTOKa3HHKIB,
(opMyBaHHS 3BITHOCTI Ta ONEPAaTHBHOIO BHECEHHS BUPOOHMUYMUX JaHMX [3,
4]. BaxMBUM KOMIIOHEHTOM CHUCTEMH € TEXHOJIOTI] IITY4YHOTO IHTEJIEKTY.
Komm’torepHuil 3ip MoOXe BHKOPHCTOBYBATHCA JJISI KOHTPOJIO CTaHy
pOCTHH, BUSBICHHS 3aXBOPIOBaHb 1 Oyp’sHIB, OIIIHIOBAHHS CTHIJIOCTI
MPOAYKIII Ta MOHITOPMHTY cTaHy TBapuH 1 nruii. HedpoHHi Mmepexi
MOXYTb IPOTHO3YBAaTH BPOXKAWHICTh, CIOXXHBAHHA KOPMiB, 00cATH
BUPOOHMIITBA, 3amacd Ta TMONUT 3 YPaxyBaHHSIM ICTOPHYHMX JIAHHX,
CE30HHOCTI ¥ TOrOJHHMX YMOB. AHA3 TEJEMETPUYHUX IapamMeTpiB
oOmajHaHHSA TakKoX Ja€ 3MOTY peaji3yBaTh IIPOTHO3HE TEXHIYHE
00CITyroByBaHHS Ta 3aBUACHO BUSIBJISITH aHOMATI.

[MpaktnyHa  MoOJenb  BNPOB/DKEHHS — repeabadae  MMOCHIJOBHY
uudpoBizalito rocrnoaapcTBa: CTBOPEHHS €IMHOI  €NIEKTPOHHOI  0asn
BHPOOHUYMX pPECypciB, aBTOMATH30BaHUU 30ip maHux, iHTerpamito ERP i3
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OyXranTepchbKuM 00JTIIKOM, CRM, JIOTiCTHKOIO, €JIEKTPOHHUM
JOKyMEHTOOOIrOM Ta €JEKTPOHHOI0 KOMEpII€0, a TaKOX IiJAKIIOUCHHS
MOJYJIB aHANITHKH ¥ INTY4HOro iHTeNeKkTy. Pesynprarom iHTerpauii €
¢dopmyBanHs 1mdpoBOro ABiiHWKA (HEpMEPCHKOTO TOCHOIApPCTBA, SKUN
BiI0Opaxkae MOTOYHUIN CTaH BUPOOHUYMX MPOIIECIB, 3a0e3Iedye KOHTPOJIb
KJIFOYOBHX TOKa3HUKIB, ()OPMYBaHH: IMOIEPEKEHb PO KPUTHUYHI TOAIT Ta
MO/JICTIFOBAHHS CIICHAPIiB PO3BUTKY MiANPHUEMCTBA. 3alpOIIOHOBaHA MOJEIb
Moxke OyTH ajanToBaHa O TOCHOIApCTB pIi3HOI cremiamizamii  Ta
I ATIPUEMCTB ITOBHOT'O BUPOOHUYOTO IIHKITY.

HayxoBa HOBH3Ha pOOOTH Mmoisirae y pOpMyBaHHI iIHTETPOBAaHOI MO
aBTOMaTH3allii 3MIIIaHOTO (DEPMEPCHKOTO TOCIONApCTBa, sKa 00’ €mHye
BupoOHMYI rporuiecy, loT-mpuctpoi, mporpaMHi miaThopMu, KOMIT FOTEPHUH
3ip, TPOrHO3HY aHANITHKy Ta HEWPOHHI Mepexi B  €AUHOMY
iHpopmaniiiHoMy cepenoBumy. OCOONMMBICTIO MIAXOAY € HEHTpPali30BaHE
HAKOMMYEHHS DI3HOPIHUX JIaHUX Yy PEXKHUMI peasbHOro uacy Ta IXx
BUKOPHUCTaHHS Uil CTBOPEHHs UIHU(POBOro JBifiHWKA 1 MIATPUMKH
YIPaBIIHCHKUX pilleHb. [IpakTMyHa IIHHICTD MOJATa€ y MOMIIMBOCTI
CTBOpPEHHS MacmTaboBaHOi iH(popMamidHOI TUIATGOPMH AN CepemHiX
depMepCHKIX TOCTIONAPCTB He3alesKHo Bij cremiamizarii. Ii Bukopucranus
Jla€ 3MOTY CKOPOTHTH BHUTPAaTH PECypciB, 3HU3UTH BIUIMB JIIOJCHKOTO
(akTopa, MiABUIUTHA TOYHICT TUTAHYBAHHS, 3a0€3IIEYUTH MPOCTEKYBaHICTh
MPOAYKIIT Ta HOKPAIIUTH EKOHOMIYHY €(heKTUBHICTP MiAIPUEMCTBA.

3amporioHoBaHa ~ Mojenb  3a0e3ledye  IHTErpamil0o  IpOrpamMHOTO
3abe3neueHHs, loT-mpucTpoiB, aBTOMaTH30BaHOTO 300py JaHMX 1
TEXHOJIOTi} IITYYHOrO iHTENEeKTy B €auHy iHdopmamiiiHy cucremy. Ii
BIIPOBA/KEHHS CIIPHSIE aBTOMATH3aIlii BUPOOHWYMX IPOIIECiB, ONTHMI3arlii
pecypciB, 3HWKEHHIO PHU3UKIB Ta TiABUINEHHIO OOIPYHTOBAHOCTI
YOpPaBIiHCBKHX  pimeHs. MacmTaboBaHICTh  apXiTEKTypH  JI03BOJISE
3aCTOCOBYBATH ii SIK y CepeAHiX (pepMepChKHX TOCHOJAapCTBax, TaK i Ha
arpornpoMHCIOBHX IiANPUEMCTBAX TOBHOTO IIMKITY.
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ITEHTUPIKALISI XBOPOB POCJIUH 3A 30BPA’KEHHSIMU 3A
JOIMOMOTI' OO AJITOPUTMIB MAIIIMHHOI'O HABYAHHSA
Dr.Sci., C. Auromyk, Ph.D., T. Kynyn, O. KpaBuenko
Ooecvkuil nonimexHiYHUl HAYIOHAbHUL YHisepcumem, YKpaina

Anomauia. Y yiti cmammi npedcmasneno pospooxKy asmomamu3oeano2o npoyecy
ioenmucpixayii x60po6 pocnun 3a ix 308miwHiM eueradom. I onosHnoro memoio yiei
pobomu € po3pobka iHMeNeKmyanrbHo20 NpoSpamMHO20 3abe3neueHHs, 30amHO20
WBUOKO MAa MOYHO AHANIZYEAMU CMAH 300P08'S POCIUH HA OCHOGI iX homozpadiil.
bBynu eusnaueni ma 6npogaddiceni 8ci acnekmu po3podku cucmemu ioemmuixayii
X60pob pocnun 3a 306padcennsmu. Bynu pozensmymi eionosioni apximexmypu
HeUpOHHUX Mepedc ma Habopu OaHux nPo X6opoou pociun Oisi KepIBHUYMEA 8UOOPOM
Mmodeni ma  excnepumenmanvHum — naauom. QOcobnusa yeaca  npuodinaemucs
320pMKO6UM  HEUPOHHUM —Mepedcam, iX KOMNOHeHmam, NpUHyunam oobpooKu
300pasdicen ma BUIYYEHH O3HAK, A MAKOXNC DISHUM apXIMeKmypam 320pmKOGUX
netiponnux mepeosic. Yomupu apximexmypu CNN 6yau nasueni na PlantVillage ma
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PlantWild ma oyineni na PlantDoc. ConvNeXt-Tiny docaz natikpawjozo pesynomaniy
PlantDoc ma 6ys inmesposanuii y Mo6inbHUll 000amox.

Knwuoei cnosa: Knacugixayis 300padicens, idenmugixayia xeopob pociuH,
320pmKO8i HellpoHHi mepedxci, enuboke naguanna, PlantVillage, PlantWild, PlantDoc,
WmMyYHUL iHmenexkm.

Abstract: This article presents the development of an automated process for
identifying plant diseases by their appearance. Scientists and agronomists are
continuously investigating effective strategies to control the spread of plant diseases
and minimize their adverse effects. The main objective of this work is to develop
intelligent software capable of quickly and accurately analyzing plant health based on
its photograph. All aspects of developing a system for identifying plant diseases from
images were identified and implemented. Relevant neural-network architectures and
plant-disease datasets were reviewed to guide model selection and the experimental
design. Particular attention is given to convolutional neural networks, their
components, principles of image processing and feature extraction, and various
convolutional neural network architectures. Four CNN architectures were trained on
PlantVillage and PlantWild and evaluated on PlantDoc. ConvNeXt-Tiny achieved the
best PlantDoc result and was integrated into the mobile application. The proposed
plant disease identification system was implemented as a mobile application.

Keywords: Image classification, plant disease identification, convolutional neural
networks, deep learning, PlantVillage, PlantWild, PlantDoc, artificial intelligence.

Agriculture is one of the most important sectors of human activity.
Approximately one billion people are employed in the agricultural sector,
accounting for about 28% of the global workforce [1]. The primary goal of
farmers has always been to achieve the highest possible crop yield. However,
accomplishing this objective is a challenging task, as plant health is affected
by numerous adverse factors, such as:

climate problems, such as drought and excessive heat, floods, frosts, and
hail;

soil fertility problems, including excessive use of chemical fertilizers and
pesticides, erosion, and salinization;

dependence on innovative technologies, the use of which requires
additional knowledge and skills and carries risks to their reliability;

plant diseases and damage caused by bacteria, fungi, viruses, pests, and
parasitic plants.
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The actual training of the models occurs in the pretrain and finetune
functions. After this, the models are tested for accuracy on the PlantDoc
dataset using the evaluate_on_plantdoc function. Before this step, it is
important to consider two nuances: first, the name of the same class looks
slightly different in different datasets. For example, in PlantVillage it is
Apple___Apple_scab, in PlantWild it is Apple_scab, and in PlantDoc it is
Apple Scab. To overcome this problem, the _norm function was written,
which reduces all three variants to the form "apple scab.” Second, each
dataset has a different number of classes. After pretraining on PlantVillage
and completing training on PlantWild, the models can classify 89 classes,
while PlantDoc contains 27 plant—disease categories, including 17 disease
and 10 healthy categories. The build_plantdoc_mapping() function builds a
dictionary that establishes a mapping between the PlantWild and PlantDoc
classes. Classes from the PlantWild dataset that are not present in PlantDoc
are included in the "unmatched" list and are not included in the accuracy test.
The models were exported to ONNX and LiteRT (.tflite) formats.

After analyzing the training results, we can conclude that all models
demonstrated the ability to quickly learn to accurately distinguish plant
diseases on the PlantVillage dataset, all photographs of which were taken
under identical conditions with a simple background.

Registration v
Authorization ‘ Enter
Password

Using Camera
for Plant Photo ‘ [();ig‘gi:)as?;
‘ Get Treatment & .
Using Gallery Prevention
for Plant Photo Recommendation
Editing
Profile Data
Deleting
Profile

Figure 1. Use-case diagram

Enter Email
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User Save Plant,

Diagnosis, &
Recommendations,
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Performance decreased substantially on PlantWild, reflecting the domain
shift and the greater visual complexity of in-the-wild images. The use case
diagram for the mobile application for identifying plant diseases is shown in
Fig. 1. It sequentially displays all the actions the program provides the user.

The application can be used in guest mode; registration is required only to
save results and access recognition history. The mobile application for
identifying agricultural diseases identifies the plant's condition after a visual
inspection. To successfully perform this task, the system requires only one
photo of the affected leaves or fruit, which the user can provide in two ways:
using the mobile phone camera or its gallery.

After receiving an image, the system analyzes it and provides a status
report, including the plant species, diagnosis, and brief treatment
recommendations. The user can save the results in a database. The program
also includes the ability to edit profile data, including changing the email
address, password, and username. The user can also delete their profile along
with all data if they no longer wish to use the program. The results screen
displays a list of the five most likely diagnoses and treatment methods for
each. This screen allows the user to save diagnostic results in a database.
Saving the results enables the recognition history feature.

Analyzing the completed work, we can conclude that the application
successfully fulfills its intended purpose, and its graphical interface is user-
friendly and intuitive. To further analyze the mobile application's
functionality, manual testing was conducted. This approach involved the
tester manually executing interaction scenarios with the application, without
the use of automation tools.

The model that demonstrated the highest level of accuracy (ConvNeXt-
Tiny) was integrated into the mobile app. The mobile application was
developed in Kotlin using Android Studio, Jetpack Compose for the user
interface, LiteRT (formerly TensorFlow Lite) for on-device inference, and
Room for local data storage. These technologies helped develop an app
characterized by low computational costs, ease of use, and high performance.
In the future, the system can be developed by searching for and applying
measures to improve the accuracy of models that can be used in the system,
and training on datasets with a large number of classes so that the application
helps users work with a large number of crops and diseases.
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CHUHTE3 AI[AHTI/IBHOi ABTOMATHU30BAHOI CUCTEMHU
KEPYBAHHSA EHEPTOE®EKTUBHICTIO HA OCHOBI
TJIMBOKOI'O HABYAHHS
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Anomauia. Y  pobomi  eupiuieno  3a60aHHs  CUHmMe3Y  AOANMUBHOT
agmomMamu308amoi cucmemu Kepy8amHs eHepeoeqheKmusHicmio CKIAOHUX MeXHIUHUX
06'exkmis. 3anpononosano 0eoxonmypry cmpykmypy ACY 3 suxopucmanusim mooenetl
2IUO0K020 HABUAHHA OISl NPEOUKMUBHO20 (hOpMYBaNHs Kepyiouux enausie. [JoseoeHo,
WO  3aCMOCYBAMHA — DEKYDEHMHUX — HeUpOMEepelCcesux — apXimekmyp  00360JA€
adanmyeamu  cucmemy 00 HECMAYIOHAPHUX —PeXCUMIE  (QYHKYIOHYBaHHA —ma
MIHIMIZy8amMu NUmMomi eumpamiu emepzopecypcie 0e3 nompebdu y NOCMIUHOMY
PYUHOMY NepeHanawmy8anHi napamempie pecyismopa.

Knrwouosi cnoea: adanmusne KepyeamHs, enuboke HAUANHS,
enepzoepexmugnicmo, cunmes ACY, npeduxmusne pecynioganusi.

Abstract. The paper solves the problem of synthesizing an adaptive automated
energy efficiency control system for complex technical objects. A two-circuit ACS
structure using Deep Learning models for predictive control generation is proposed.
It is proved that the application of recurrent neural network architectures allows
adapting the system to non-stationary operating modes and minimizing specific
energy costs without the need for constant manual re-tuning of controller parameters.

Keywords: adaptive control, deep learning, energy efficiency, ACS synthesis,
predictive regulation.
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Beryn Ta moctaHoBka mpo6Jiemu. [linBUIICHHS piBHIB TUHAMIYHOCTI
Cy4YacHHX BUPOOHHYUX IPOLECIB BUMAarae BIIPOBAKEHHs HOBUX MiJIXOJIB /10
aBTOMATH3allil, 3aTHUX 3a0€3MEUYNTH BUCOKY eHEproe()eKTHBHICTh B yMOBAX
3HauHOi HeBu3HaueHocTi. Kimacuuni ACY Ha ocHoBi [II/I-perynsropiB He
3a0e3neuyroTh  ONTHUMAJBbHOTO  KEpPyBaHHS  00'€KTaMHM 3  BHCOKOIO
iHepuiliHiCTIO Ta 3MiHHMUMHU napameTrpamMu. CHHTE3 aJanTHBHUX CHUCTEM
KEepyBaHHS 3 BHKOPUCTAaHHSIM Mojenell riambokoro HasyaHHSA (Deep
Learning) [1] mo3Bonse peanizyBaTH NPEJUKTUBHE PETYIIOBAHHS 32 PAXyHOK
CaMOHABYaHHS Ha YaCOBHX PSAAax TelxeMeTpii [2].

OcHOBHHUI1 3MiCT gOCHiIzKeHHsI. 3alIpOIIOHOBAaHA CTPYKTypa aJalTUBHOL
ACY 0a3yeThcs Ha JBOKOHTYpPHIN MPUHIUTIOBIA cxemi. BHYTpimHii KOHTYp
3abe3nedye MBUAKY CTaOLII3alil0 TEXHOJOTTYHUX MapaMeTpiB, a 30BHILIHIN
(amanTuBHUIT) - popMye KOperyrooui BIUIMBH Ha OCHOBI HEHPOMEpPEKEBOIO
MIPOTHO3Yy €HEProCHOKUBAHHSI.

JUis cuHTe3y NMpeIUKTUBHOI MOJENi 3aCTOCOBAHO PEKYPEHTHY HEHPOHHY
Mepexy 3 JOBrorw KoporkoctpokoBor mnam'strio (LSTM) [3]. Ha Bxin
cucteMu mojaeTbest Bexktop craniB St = {Py, Ty, Xi}, ne Pt - morouna akTiBHA
MOTYXXHICTh, Tt - MapaMeTpH TEXHOJOTIYHOTO cepemoBHIna, X¢ - BEKTOP
30BHINIHIX 30ypeHb.

LinpoBa QyHKIIISA ONTHMI3allii CHHTE30BaHOT CHCTEMH Ma€ BUTIIS:

J=2 [ A (Yrky - Fesk) + A2 - (AUgig)?

A¢ Yi+ky Ta [+k)y - CIOPOTHO30BAHC Ta 3aJaHC 3HAYCHHSA IIOKa3HUKA
eHeproeeKTUBHOCTI; Al+k) - BETMIHHA 3MIiHH KEPYIOYOTO BIUIMBY; As, Az -
BaroBi Koe(ilieHTH.

BrpoBampkeHHST maHOi CTPYKTYypH IO3BOJISE€ MIiHIMI3yBaTH aMILTITYIy
MePeXiTHUX MPOIECIB Ta YyCYHYTH €(heKTH IepeperyIioBaHHs B IHHAMIYHUX
LUKJTaX HAaBaHTAXKCHHS.

BucnoBkn. Po3poOnennit  Merox  cuHTesy  anmantuBHoi  ACY
€Heproe()eKTUBHICTIO Ha OCHOBI MoJieliel INIMOOKOro HaB4aHHs 3abe3redye
IIBUIIEHHS ~ TOYHOCTI  PEryJNIOBaHHA B  yMOBax  HapaMeTpUyHOl
HEBM3HAYEHOCTi.  Pe3ynbTaT  €KCIIEpUMEHTAJIBHOTO  MOJICNIOBAHHS
MATBEPKYIOTh 3MEHIIECHHS IMUTOMOIO SHEProCIOoXUBaHHS 00'ekta Ha 11—
14% mopiBHAHO 3 0A30BUMH aITOPUTMAMH KEPYBaHHS.
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NOISE DETECTION IN HISTOPATHOLOGY IMAGES FOR
THYROID TUMOR DIAGNOSIS
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BUSIBJIEHHS IITYMIB HA TICTOITATOJIOT'TYHUX
30BPAKEHHAX IJISI JIATHOCTUKU ITYXJIUH
IIII/ITOHOI[IEHOi 3AJI03U1
Dr.Sci., O. Yymauenko, P. [umoaniok
Hayionanvnuii mexuiunuii ynisepcumem Yxpainu « Kuiscorkuii nonimexniunui
incmumym imeni leopsi Cikopcbko2o», Yrpaina

Anomauin. Memoro docniodcenns € asmomamuine GUAGNIEHHs apmepakmie y
2ICIMONAMONIO2IYHUX NOBHOCAANIO0BUX 300PANCEHHAX MA OYIHIOBAHHA HAOIHOCMI
npocHosie.  3anponoHnosano ancambas U-Net, YOLOv8n i Deeplabv3+si
CIMOXACMUYHUMYU  HPOXO0amMu ma 6URAOKOGUMU NOBOpOMAamMu 018 OYIHIOBAHHS
nesusnauernocmi. Ilicas nooiny WS na ¢ppaemenmu i nopmanizayii Macenko moodeni
oocsiznu F1 0,942-0,980 ma Dice 0,955-0,967. [nsa kooicnozo 306padicenns
obupaecmvbcsi NPocHO3 13  HAUMEHWOI0 HEeGU3HAYEHICMIO, d CYMHIHI OLNAHKU
nepeoaiomucs excnepmy.

Knwwuosi cnosa: zicmonamonoziuni 300padicents, apmegaxmu, ceemenmayis,
ancamodnb mooenell, OYiHIOBAHHA HEGUIHAYEHOCMI, WIMYYHULL THMeNeKm, MauuHHe
HABYAHMHS

Abstract. The study aims to automatically detect artifacts in histopathological
whole-slide images and assess prediction reliability. An ensemble of U-Net,
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YOLOv8n, and DeeplLabv3+ using stochastic passes and random rotations is
proposed for uncertainty estimation. After WSI tiling and Macenko stain
normalization, the models achieved F1 scores of 0.942-0.980 and Dice scores of
0.955-0.967. For each image, the lowest-uncertainty prediction is selected, while
uncertain regions are referred for expert review.

Keywords: histopathological images, artifacts, segmentation, model ensemble,
uncertainty estimation, artificial intelligence, machine learning

Relevance. The definitive diagnosis of a thyroid tumor is based on
histopathological examination, while digital whole-slide images (WSI)
make it possible to automate part of the diagnostic process. At the same
time, blurring, blood, air bubbles, folds, and mechanical tissue damage
distort morphological features and cause hidden model errors [1]. Therefore,
automatic artifact detection is an essential stage of WSI quality control.

Purpose of the study. To develop an artifact detection method that
provides defect localization and evaluates prediction robustness. To this end,
an ensemble of three detectors is proposed, with a model selected separately
for each image based on minimum uncertainty.

Materials and preprocessing. The open HistoArtifacts dataset [2] was
used. To reduce class imbalance, 3575 patches were selected from each class.
From patches found to be similar in color by k-means, 3416 synthetic WSIs
were generated for training and 855 for validation in a binary classification
setting. An additional dataset included approximately 18 WSIs from Kyiv
City Hospital No. 18, with 4-5 images per case. The images were divided
into 224 x 224-pixel patches, and stain variability was reduced using
Macenko normalization [3].

Proposed method. The ensemble combines U-Net, YOLOv8n, and
DeepLabv3+. U-Net performs accurate segmentation, the lightweight
YOLOvV8n rapidly detects local defects, and DeepLabv3+ captures artifacts at
different scales. For each detector, 1000 stochastic passes were performed
with random rotations of the WSI. Mean confidence, variance, standard
deviation, and entropy were calculated. The output of the detector with the
lowest uncertainty was selected as the final result, while regions with high
uncertainty were recommended for expert review.
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Table 1. Comparative metrics of artifact detectors
Model Prec. | Rec.| F1 Spec. | AUROC loU Dice

U-Net 0,903 | 0,986| 0,942 0,993 1,000 0,959 0,967

DeepLabv3+| 0,996 | 0,956| 0,976| 1,000 0,985 0,954 0,955

YOLOvV8n 0,969 | 0,991| 0,980 0,998 1,000 0,937 0,959
Note. Prec. - precision; Rec. - recall; Spec. - specificity.

Results. All models showed high performance metrics (Table 1):
YOLOV8n had the highest F1 score (0,980), U-Net the highest Dice score
(0,967), and DeepLabv3+ the highest precision (0,996).

During 1000 passes on the first test WSI, DeepLabv3+ predictions
showed substantial variability, whereas YOLOv8n and U-Net were stable; U-
Net was selected based on minimum uncertainty. In another image, the
standard deviation of DeeplLabv3+ confidence was approximately 0,2,
whereas YOLOv8n and U-Net showed nearly identical confidence; the U-Net
result was selected.

Conclusions. An approach for assessing confidence in noise detection in
histological images is proposed. The required stages of histological image
preprocessing are described. The selection of models for detecting noise in
histological images is presented and justified.
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ENFORCING MODULAR ARCHITECTURE IN AI-DRIVEN APP
DEVELOPMENT
Ph.D., O. Potiienko(0000-0002-0852-2281] Ph D. S, K osenko20000-0002-7082-5644]

Odesa Polytechnic National University, Ukraine
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CYBOPA MOJAYJBbHA APXITEKTYPA JJIs1 HII-PO3POBKHA
3ACTOCYHKIB
Ph.D., O. Ilotienko, Ph.D., C. Kocenxo
Hayionanvnuii ynieepcumem “‘Odecvra nonimexuixa”

Anomauin. B pobomi oocnioxcyemuvcs nioxio, wo noasiede y HaKuaoOaHHi cyeopux
apxXimexkmypHux UMo2 Ha CUCMEMY 2eHepayii K00y HA OCHOBL WMYYHO20 IHMELeKm).
Mu posensioaemo Kpocniamgpopmeny MoOyavbHY apXimeKmypy, Had OCHO8I (PPelumMeopKy
RIBs, ax cmpykmypuuil ¢yynoamenm 0isi a6mMOHOMHUX azeHmig. [lenmpanvha ides
nonseae 6 MOMY, WO 3ACMOCYHOK NpeoCcmasisemvcsa y 6ueisdi  depesad
83a€Mono8'a3anux 8ysnie. Kooicen 8y301 onucyemscs KOMROHEHMOM (MOOyaem), AKULL
MA€ YimKy GHYMPIWHIO CMPYKMYPY, S6HO ONUCAHI 3anexcHocmi ma nyoniunuil
inmepgpeiic. Ile cymmeso minimizye i obmedicye obracme cenepayii I, 3nauno
suudcyrouu eumpamu na APl ma oecpadayilo konmexcmnozo 6ikHa, mooi sk a2eHmu
MOJICYMb  HE3ANENHCHO PO3POOIsMU, Nposooumu pegpakmopune abo mecmysamu
MO0y 8 nosuil iz3onayii. Mu nepedbauaemo, wo obmedcenns cenepamuenozo LI
O0emepMiHOBAHUMU  APXTMEKMYPHUMU DAMKAMU NEPEMBOPIOE  HeOemepMIiHO8aAHUIL
pe3yIbmam Ha HaOTliHULlL KOHBEEP PO3POOKU NPOSPAMHO20 3A0Ee3NEYEHHS.

Knrouoei cnosa: eenuxi MosHi mooeni, apximexmypa npoepamHoco 3a6e3neyenns,
WMYYHUL IHMeNeKm.

Abstract. In this work, we explore an approach of enforcing a strict architectural
framework on Al code generation system. We consider a cross-platform modular
architecture inspired by RIBs framework as a structural basis for autonomous agents.
The core idea is that the application is represented as a tree of interacting nodes.
Each node is decscribed by the component (module), which has strict internal
structure, explicit dependencies and public interface. This significantly minimizes and
restricts the Al's generation scope, massively reducing API costs, and context-window
degradation, while agents can independently develop, refactor, or test a modules in
complete isolation. We predict that constraining generative Al with deterministic
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architectural rails transforms non-deterministic output into a reliable software
development pipeline.
Keywords: large language models, software architecture, artificial intelligence.

Modern Large Language Models (LLMs) demonstrate great capabilies of
generating programming code. Consequently, numerous systems and agents
have been developed that leverage LLMs to generate complete software
applications based on a user’s prompt. However, as the codebases grow, the
models tend to lose ever expanding context. Without strict architectural
enforcement, Al systems naturally tend to quick fixes like «God Objectsy,
Singletons, shared mutable states, or mixes user interface logic with business
logic etc [1, 2]. Without explicit guidelines it will rarely use the same pattern
for error handling, routing, or state updates for two generated modules. In
large applications, this blures the boundaries even more, bloating the scope
for future iterations, thus creating unpredictable side effects, where a change
in one feature breaks another. Consequently, Al may alter the public or
internal behavior of interdependent components, causing cascade failures
across the app.

In this work we consider how a modular architectural framework insiped
by RIBs architecture [3] improves capabilities of Al systems for large-scale
applications development. According to this architecture, the state of the
application is modeled as a tree of nodes. Each node is a separate component,
it has internal structure: controller (interactor) —represents the business logic
of the application, view — represents a part of the user interface, router —
responsible for the navigation and lifecycle of the children nodes of the
component. Finally, each component (node) explicitly declares its
dependencies and public interface. Enforcing this architectural rails,
significantly restricts the Al's generation scope strictly to that explicitly
defined contract, which massively reduce prompt length, APl cost, and
context-window degradation, while agents can independently develop,
refactor, or test a module in complete isolation. Moreover, the strict internal
structure of the components make it possible to assign specialized and
focused agents to develop the interactor (pure state and logic), view (layout
and rendering) and router (children tree management) separately. The
described frameworks explicitly specify object lifecycles, because a module's
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scope exists only as long as its node is attached to the tree. This provides
automated memory management rules, so that Al doesn't have to guess when
to allocate or release memory manually.

Following this architectural approach ensures that each feature has
identical structural blueprint, so the code layout becomes highly predictable
across the whole app. Since every module shares the same foundational
shape, the Al agents can be provided with standard canonical examples and
use these deterministic boilerplate templates to reliably stamp out new
features without architectural deviation. Moreover, the described architectural
framework comes with a lot of tools that allows quick and token-free non-Al
code generation, handle structural boilerplate and static logic of components.
This means zero token cost for generating standard structural boilerplate,
eliminate architectural variation and errors.
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E®EKTUBHE OB’€JHAHHS RGB- 1 TEILIOBI3IMHUX JAHUX
JJIsA BUSIBJIEHHS CKYITYEHDb JIlOﬂEﬁ 3A 10IIOMOTI'O10
BILJIA
Ph.D., H. Binoyc', C. Kaayrin', B. IBaniues’, Dr.Sci., I. Kopo6iiiuyk?

! Xapkiscokuil HayioHaTbHULl yHIgepcumem padioeleKmpoHiKu, YKkpaina,

2 Bapwaecokuii mexnonoeiunuil ynisepcumem, Ionvwa

Anomauisn. /lociioxceno egpexmusne 06 conanns RGB- i mennosiziiinux oanux
0 8usneHHs: cKynueHns niooell i3 BIIJIA 3a ymos nuzvkoi oceimnenocmi. Ha LLVIP
nopienano yvomupu xougicypayii YOLOV13n: RGB, mennosy, pannio T-G-T ma niznio
WBF. T-G-T odocsiena 92,74 % mAPS50 npu 6auzexo 155 kaopaxic i 8,1 GFLOPS.
Ilisne 06’conanna 6yno Odewo mMouHiwuM, aie Mauxce Nnoodgoino 0OYUCTIOBATbHE
nasanmaoicenus. T-G-T € npakmuunum eapianmom 015 nOOAnLWOL nepesipku Ha
BIJIA.

Knrwuoei cnosa: bBII/IA, eusgnenns ckynuenv nawooeu, RGB-mennosisiiine
00 ’eonanna, YOLOvI3n, panne 00’ ’€OHaHHA, HiUHEe CHOCEPEI CEHHS.

Abstract. This study examines efficient RGB—-thermal fusion for UAV-based crowd
detection under low-light conditions. Four YOLOv13n configurations were compared
on LLVIP: RGB, thermal-only, early T-G-T fusion, and late Weighted Box Fusion. T-
G-T achieved 92.74% mAP50 at about 155 FPS with 8.1 GFLOPs. Late fusion was
slightly more accurate but nearly doubled the computational load. T-G-T is therefore
a practical candidate for onboard UAV validation.

Keywords: UAV, crowd detection, RGB—thermal fusion, YOLOv13n, early fusion,
low-light monitoring.

Crowd monitoring from unmanned aerial vehicles supports public-safety
operations, disaster response, and search-and-rescue missions [1]. At night,
however, people occupy few pixels in aerial frames, occlusions are frequent,
and visible-spectrum contrast may be too weak for reliable detection. A
thermal camera preserves human heat signatures, but thermal frames provide
limited texture and structural detail. We treat crowd detection here as person
localisation.

We compared four configurations of the YOLOv13n detector [2]. Two
are single-modality baselines: RGB with the usual [R,G,B] input, and thermal
with the channel simply repeated as [T, T,T]. The third is our early-fusion
input [T,Gray,T], assembled from a synchronised RGB-IR pair. The fourth is
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late fusion: separate RGB and thermal detectors whose boxes are merged
with Weighted Box Fusion. Every model was trained under identical settings
on LLVIP, a set of 15,488 aligned visible—infrared pairs (12,025 for training,
3,463 for testing). LLVIP was shot with fixed cameras, so we lean on it as a
controlled benchmark rather than a stand-in for real aerial footage.

Table 1. Comparison of YOLOv13n configurations on the LLVIP test set
Method Input / fusion | mAP50, %| Recall, % FPS GFLOPs
RGB [R, G, B] 85.78 76.03 =161 8.1
Thermal [T, T,T] 91.30 83.04 =160 8.1
Early fusion [T, Gray, T] 92.74 85.61 =155 8.1
Late fusion | RGB + T, WBF ~93.78 85.69 ~80 =16.2

Moving from RGB to thermal alone already made a clear difference.
Replacing one of the duplicated thermal channels with grayscale pushed
things further still. T-G-T reached 92.74% mAP50 and 85.61% recall — 6.96
and 9.58 points above RGB — and it did so without adding a single GFLOP,
still running at 8.1 GFLOPs and around 155 FPS.

Late fusion did post the top score, roughly 93.78% mAP50, but its lead
over T-G-T came to only 1.04 points. Two full detectors instead of one, about
16.2 GFLOPs, twice the model size, and throughput down to some 80 FPS.
On the stricter mAP50-95 metric T-G-T actually came out ahead, 63.07%
against 61.02%. For an onboard drone, where energy, memory and latency all
press at once, early fusion is the better match.

None of this stands in for testing on real aerial video. From a UAV the
viewing angle shifts, people are smaller, the ground sample distance drifts
with altitude, and RGB and thermal sensors are harder to keep in register [3].
The LLVIP results show that T-G-T retains most of the accuracy benefit of
multimodal detection while using the computational resources of a single
detector.

This makes it a practical candidate for real-time UAV crowd detection
under low-light and resource-constrained conditions.
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KOHIEIITYAJIBHA CTPYKTYPA IHTEJIEKTYAJIBHOI'O
OLIHIOBAHHSI TIPOMUCJIOBO-EKOHOMIYHOT CTIMKOCTI
HA OCHOBI LI
Ph.D., JI. BacuineBa
Kuiscokuii nayionanvruuii exonomiunuti ynigepcumem im. B.I'emvmana, Yrpaina

Anomauia. 3anpononosano KoHYenmyanobHy CmMpyKmypy IHMeieKmyanbHo20
OYIHIOBAHHSL  BNIAUBY  GNPOBAOIICEHHS WMYYHO20 IHMENeKMmy HA NPOMUCIO80-
exoHomiuny cmitikicmo. I1ioxio noe’ssye gaxmopu enpogadscennsa LI, adanmueni
MexaHizmu ma pe3yrbmamu  eKoHomiunoi cmitikocmi. Cmpykmypa peanizyemucs
uepes ulecmupieHegy apximexmypy, wjo iHmezpye 30ip OaHux, ceManmuyne nooOamHs
3HAHb, AHAMIMUKY HA OCHOBI OAHUX, I[HMENeKMYAiIbHe OYIHIOBAHHS, NIOMPUMK)
NpUiHAMMS piuiens ma NOACHEHHs, OpIEHMOosane Ha AI0OUHY. 3anponoHo8aHuli nioxio
CMBOPIOE  OCHOBY Ol  NOOANbUI020 PO3POONeHHs ma emnipuunoi  eanioayii
IHMeNeKmyanoHux cucmem OYiHIOBAHHS NPOMUCTIOB0-EKOHOMIYHOI CIITIKOCHII.

Knrwuosi cnoea: wmyuynuil inmenexkm, HPOMUCIOB0-€KOHOMIYHA CMIUKICMb,
iHmeneKmyanoHe  OYIHIOBAHHA, — IHMENEKMYAlbHd — aApXimeKmypd,  CeManmudna
inmezpayis, ananimuka Oanux, NIOMpUMKa NPUIHAMMA pilieHs.
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Abstract. A conceptual framework for the intelligent assessment of the impact of
artificial intelligence implementation on industrial economic resilience is proposed.
The approach links Al adoption factors, adaptive mechanisms, and economic
resilience outcomes. The framework is implemented through a six-layer architecture
integrating data acquisition, semantic knowledge representation, data-driven
analytics, intelligent assessment, decision support, and human-centered explanation.
The proposed approach provides a foundation for the further development and
empirical validation of intelligent systems for assessing industrial economic
resilience.

Keywords: artificial intelligence, industrial economic resilience, intelligent
assessment, intelligent architecture, semantic integration, data-driven analytics,
decision support.

BropoBampkennss texnousoriii 1 TpanchopMye npoMHCIIOBI cHCTEMH,
MIOKPAIIyI0dX IPOTHO3YBAaHHS, ONTHMI3AIlI0 MPOIECiB, BUSBICHHS PU3HKIB,
pO3MOAINT  pecypciB 1 MATPUMKY pillleHb. BogHOYac MPOMHUCIOBI
MANPUEMCTBA  NPALOIOTh B yMOBax 3pOCTaouoi  HEBH3HAYCHOCTI,
CHPUYMHEHOI BOJIATHIIBHICTIO PUHKY, NMepebosIMH B JIAHIIOKKAX ITOCTaBOK,
SHEePreTHYHNUMHU TPOoOJIeMaMH, TEXHOJIOTIYHUMHU 3MiHAMH, T€OINOJITHYHOIO
HectaOutpHICTIO. LI (akTOpw MiABHIIYIOTP BaKIHMBICTH IPOMHUCIIOBO-
€KOHOMIYHOI CTIMKOCTI SIK 3[aTHOCTI IPOMMCIIOBHX CHUCTEM IiJTPUMYBaTH
OesrnepepBHICTE POOOTH, aJaNTyBaTUCS O 3MIHHUX YMOB, BiJIHOBIIIOBATHCS
micnst 3001B, 30epiraTi KOHKYPEHTOCHPOMOXKHICTh 1 MiATPUMYBATH CTaUi
PO3BHUTOK.

IcHyroul iHTENEeKTya bHI IPOMUCIIOBI CUCTEMH 1 apXITEKTypH BCe YacTile
IHTErpyIOTh aHAJITUKY Ha OCHOBI JIaHMX, IU(POBHUX JBIHHMKIB, CEMaHTHUYHI
TEXHOJIOTI1, OHTOJIOTI], rpadu 3HaHb 1 MEXaHI3MHU MiATPUMKH pimeHb. OxHaKk
iXHS OCHOBHA yBara 3a3BWuail 30cepe/pkeHa Ha olepauiiiHii eQeKTUBHOCTI,
onTuMizanii BUPOOHHITBA, TEXHIYHOMY OOCIYrOBYBaHHI, CyMICHOCTI Ta
IulaHyBaHHI. [IpomuciIoBa €KOHOMIUHA CTIMKICTh pillle pO3MIINAETHCS SIK
YiTKa MeTa OLliHIOBaHH:. ToMy icHye nmorpeba B iHTETPOBaHOMY MiJIXO/.

3anponoHoBaHuit miaxia po3rasaae BiuB Il Ha ekoHOMIUHY CTIHKICTh
MPOMHUCIIOBOCTI ~ 4Yepe3 Takuid  KOHIENTyalbHHUH 3B'SA30K:  (akTopH
BrpoBapkeHHs [l — ajganTuBHI MexaHI3MH — pe3yIbTaTH EKOHOMIYHOI
CTilfiKOCTI.
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Ha ocHOBI 1BOro  KOHIENTYaJbHOTO  3B'I3KY  IPONOHYETHCS
IHTEJeKTyalbHa CTPYKTypa oliHIoBaHHsA. CTpyKTypa peali3yeTbcs 3a
JIOIIOMOT'0I0 IIECTHPIBHEBOI apXiTEKTYpH, KepoBaHOi naHMMU. PiBeHb 300py
naHux (1) iHTErpye mOKa3sHMKHA MPOMHMCIOBOI €(EeKTHBHOCTI, €KOHOMIYHI
MOKa3HUKH PiBHS MIANPUEMCTBA, MOKa3HUKH BrpoBamkeHHs LI, moka3unku
uudposizanii, excrnepTHi OUIHKH, (AKTOpU 30BHIIIHBOTO CEpPEIOBHINA.
PiBenp cemanTuuHOi iHTerpamii (2) mnepeTBOpOE pi3HOpiAHI JaHi Ha
CTPYKTYpOBaHI 3HaHHS 32 JOINOMOTOI0 CEMAaHTHYHHUX MOJEICH, OHTOJIOTIH,
CTPYKTYp MeTafaHux, rpadis 3HaHb. PiBeHp aHanmiTiku Ha ocHOBI qanux (3)
3aCTOCOBY€ CTAaTUCTUYHMH  aHali3, METOAM MAIIMHHOTO HaBYaHHS,
BUSIBJICHHSI 3aKOHOMIPHOCTEH, BUABICHHS aHOMaJIiil Ta IPOTHO3HY aHATITHKY
JUIL  BU3HAueHHA 3B'3KiB  Mik (dakropamu BhpoBamkenns I i
XapaKTePUCTHKAMHU MPOMHUCIOBOI CHCTEMH. PiBeHb IHTEIEKTYaIbHOI OMIHKU
(4) noemHye aHAIITUYHI pe3yJabTaTH 3 CKCICPTHUMH 3HAHHAMHU Ta
NpaBWJiaMyd  OLIHKK sl (GOpMyBaHHS  0OaraTOBHUMIPHOTO  Mpodiso
€KOHOMI4HOI CTIHKOCTI.

PiBeHp mpuAHSTTS pitieHb (5) MepeTBOPIOE Pe3ybTaTH OLIHIOBAHHS Ha
iHpOopMamito, MO MATPAMYE MOHITOPUHT CTiHKOCTI, aHaji3 CIeHapiiB,
imeHTUdIKaIifo Bpa3IWBOCTEH, OMLIHKY crpareriii BmpoBamxkenHs LI Ta
NPUHHATTS ~ CTpaTeTiYHMX  pimeHb. HapemrTi, piBeHb  TNOSCHEHHS,
opieHTOBaHM{ Ha mroauHy (6), Hamae iHpOpPMaUidHI TaHeNi, Bi3yaubHY
AHANITHKY, 3BITH 3 MOSCHEHHSIMH, NPOQiNi CTIHKOCTI Ta IHCTPYMEHTH
MOPIBHSAHHS CIEHAPilB, IMOKPANIYIOYH MPO30PICTh Ta IHTEPIPETOBAHICTH
pe3yJIbTaTIB OLIHIOBAHHS.

TakuM 4MHOM, 3aNPOIIOHOBAHA CTPYKTYypa IOEJHY€E MEXaHi3MH, KEPOBaHi
JAHUMHU Ta 3HAHHSIMH, PO3IIIJAI0YN MPOMHCIOBO-€KOHOMIYHY CTIHKICTB SIK
OCHOBHMI OO'€KT OIIiHIOBaHHS 1 MIATPUMKH pimeHs. Ha morounomy erarmi
JOCITI/DKeHb 3alpONIOHOBaHa CTPYKTypa € KOHILENTYyaJbHOI Ta MHOTpedye
MOJATBIIOT  eMIipuYHOi TepeBipku. MaiOyTHI  JocHikeHHS OyIyTh
30Cepe/KeHi  Ha  Qopmaiizamii TOKa3HWKIB  E€KOHOMIYHOI  CTIHKOCTI
MIPOMHUCIIOBOCTI, PO3po0Ili MpoIeayp KibKICHOT OIiHKH, BHOOpI 1 Bajimarii
MEXaHi3MiB 3BaXKyBaHH:, 8 TAKOXK TECTYBaHHI apXiTEeKTypH 3 BUKOPHUCTAHHSAM
peasbHUX TPOMUCIOBHX JIaHHX.
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AN INTEGRATED PIPELINE FOR LABORATORY ANIMAL
DETECTION, TRACKING, AND END-TO-END IDENTIFICATION
PhD, N Volkoval[0000-0003-3175-2179]‘ M Shvandt2[0000-0002-4580-3961]

Odesa National Polytechnic University, Ukraine
EMAIL: ‘volkova.n.p@op.edu.ua, maxim.shvandt@gmail.com

IHTEI'POBAHUM KOHBEEP /151 BUSIBJIEHHS, BIACTEKEHHS
TA HACKPI3HOI IIEHTH®IKAIII TABOPATOPHUX
TBAPUH
Ph.D., H. Boakosa, M. IlIBanar
Harmionansauii yHiBepcutet «Ofechka MotiTexHika», YKpaina

Anomauia. Y pobomi npedcmasneno iHmMecpOBAHULl KOHBEEP OemeKmy8aHHs.,
mpeKiHey ma HACKpizHoi i0enmugikayii rabopamopuux meapun y eioeodanux. Bin
noeonye yoockonanery mepedicy Mask R-CNN, donomiocny ceamenmayiiiny 2inky ons
KOpU2y8auHs HecmaobinibHux OemeKyitl, MOOYIb apoimpasicy oemexyii, hopmysanHs
mpexnemie ma ix acoyiayiio 3a donomozoro Mask-TAUDL 6esz pyunozo npuceoenns
ioenmugikamopis. Ha mpbox mecmogux i0eonociioo8HOCmax OmpuMaHo 3HA4eHHs
PSWrate 0-0,0/ i median(tloU) 0,81-0,85, wo niomeepodcye modiciugicmo
hopmysanns  y32000iceHux 'y uaci mpaexkmopit 3i 30epedceHHAM I0eHMUYHOCmi
meapuH.

Knwwuosi crosa: xomn’romepnuii 3ip, 06pobra 6ideo, n1abopamopHi meapumu,
demekmy6anHs 06 €kmis, mpeKine 00’€Kmig, cecMeHmayis eK3eMniapie, HACKPI3HA
ioenmugpixayis.

Abstract. An integrated pipeline for detection, tracking, and end-to-end
identification of laboratory animals in video data is presented. It combines an
auxiliary segmentation branch, an improved Mask R-CNN network, detection
arbitration, tracklet construction, and Mask-TAUDL-based association without
manual identifier (ID) assignment. Tests on three video sequences yielded PSWrate
values of 0-0.01 and median(tloU) values of 0.81-0.85, confirming the formation of
temporally consistent trajectories with preserved identities.

Keywords: computer vision, video processing, laboratory animals, object
detection, object tracking, instance segmentation, end-to-end identification.
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Automated video monitoring of laboratory animals requires not only their
detection in each frame but also the formation of continuous trajectories with
persistent identifiers. A non-stationary background, specular reflections,
occlusions, and missed detections cause trajectory fragmentation and identity

switches (ID switches), reducing the reliability of subsequent computation of
behavioral indicators [1].

. _C‘._or}tro!led | Video sequence of the controlled scene |
initialization of
e
objects prior to +
video pr i

-
| Frame preprocessing |

Classical detector brans:h: Neural network detector branch:
1) background subtraction > 1) modified Mask R-CNN
2 supe_rplxel sedgrsr:jl(-l:tatlot: u;lng the 2) dual-backbone feature extraction
improve metho .
3) detection and segmentation candidates 3) gated SE-based feature fusion (B—A)

l |
v

Detection arbitration:
1) fusion and selection of the outputs from the two branches
: 2) replacement of low-confidence or incorrect detections with candidates from the
classical branch
3) filtering based on the geometric constraints of the controlled scene

2

Instance detections and masks (bounding box + mask + confidence score)

2

Tracking and tracklet construction:
1) frame-to-frame association based on geometric information and, where
necessary, appearance features
2) generation of stable trajectory fragments (tracklets)

2

Mask-TAUDL -based re-identification without manual labels:
1) generation of embeddings from mask-weighted ROI features
2) association and stitching of tracklets to preserve the global identity

2

Buxig: TpaexkTopii o6’ekTie 3 ID

(yarogxeHi y yaci pamkun Ta macku + ctabinbHi Mmapkepu igeHTUYHoOCTI)

Figure 1. Structural diagram of the integrated pipeline for detection, tracking, and
end-to-end identification of laboratory animals
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In previous works, the authors developed tools for individual stages of
video data processing: an image preprocessing algorithm [2], a multichannel
neural network architecture [3], and a tracklet association model without
manually assigned ID labels [4]. The aim of this study is to integrate the
developed tools into a unified pipeline and evaluate its ability to form
temporally consistent trajectories while preserving the IDs of laboratory
animals. The pipeline structure is shown in Fig. 1.

After frame preprocessing, candidates are generated in two parallel
branches. The auxiliary branch uses background subtraction and the
improved SLIC superpixel segmentation method [5], whereas the neural
network branch uses the improved Mask R-CNN network with a dual
ResNet18-based feature extraction backbone and controlled SE-based feature
fusion [3].

Frame-by-frame association based on spatial and mask consistency forms
tracklets, which Mask-TAUDL [4] merges when they are separated by
occlusions or short visibility gaps.

In the absence of complete frame-level annotations with ground-truth 1D
labels, evaluation was performed using proxy metrics based on multiple
object tracking criteria [6, 7]: PSWrate characterizes proxy ID switches;
median(tloU) and P(tloU < 6) characterize temporal mask consistency;
avg(gaps) characterizes trajectory fragmentation; and median(T) and S(T)
characterize sufficient observation duration. The evaluation was conducted
on three video sequences: a synthetic controlled video sequence of 900
frames, a mouse video of 3,200 frames, and a goby video of 4,320 frames.
Computations were performed locally on commercially available hardware.
The main results are presented in Table 1.

Across all video sequences, PSWrate did not exceed 0.01, while
median(tloU) ranged from 0.81 to 0.85, indicating rare proxy ID switches
and predominantly temporally consistent masks. At the same time, avg(gaps)
ranged from O for the mouse video to 61 for the goby video; therefore,
identity preservation and trajectory continuity should be evaluated separately.
Analysis using time windows of 2-20 s showed nearly unchanged PSWrate
and median(tloU) values; however, trajectory gaps accumulated as the
observation duration increased.
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Table 1. Tracking stability and identity preservation metrics

Metric Video 1 Video 2 Video 3
Scene type synthetic mice gobies
Number of frames 900 3200 4320
PSWrate 0.002 0 0.01
median(tloU) 0.83 0.81 0.85
P(tloU < 6) 0.01 0.07 0.05
avg(gaps) 8 0 61

Complete occlusions, abrupt mask changes, and consecutive missed
detections remain the most challenging cases. Therefore, evaluation of long-
term monitoring results should simultaneously consider identity preservation,

temporal localization consistency, and fragmentation. Examples of pipeline
operation are shown in Fig. 2.

e) )

Figure 2. Examples of identity preservation across frames: a, b, ¢ - mouse tracking; d,
e, f - goby tracking
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Thus, the integrated pipeline combines preprocessing, two detection
sources, instance segmentation, detection arbitration, mask-based tracking,
and tracklet re-identification, enabling the formation of temporally consistent
trajectories while preserving laboratory animal 1Ds.

The obtained results confirm the possibility of forming temporally
consistent trajectories with persistent IDs in synthetic and real laboratory
scenes. The proposed pipeline can serve as a basis for long-term video
monitoring and subsequent computation of quantitative behavioral indicators
of laboratory animals.
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3ACTOCYBAHHS TEXHOJIOI'IM INTYYHOI'O IHTEJIEKTY JJISL
MNPOTHO3YBAHHSA COJIEBIAKJIAAEHHS Y CBEPAJTOBUHAX
TA HJIEM®AX HA F'A30CXOBHMIIIAX
Ph.D., B. BostoBennkuii', Dr.Sci., I1. Paiirep?, O. Illupoa®
Dr.Sci., ¥O. Pomannmmun®
*Dinis «Hayxoeo-0ocnionuii incmumym mpancnopmy 2azy» AT «YVipmpancaasy,
Vkpaina,
24Jgano-Dpanxiecvruil HayionaTbHUL mexuiuHuil ynisepcumem
Hagpmu i 2asy, Ykpaiua,
3@inia «Hayxoso-0ocnionuil incmumym npupoonux 2azie» AT
«Ykpeaseuoobysannay, Yxpaina

Anomauin. Posensnymo ycknaouenms, sKi MOJICHA cnocmepieamu nio uac
8i00Upanns 2asy 3i CBEPONOBUH 2A30CX08ULY, 30KpeMa GIOKNa0aHHs conel y
ceeponosunax ma uiielghax. Pospobneno cucmemy npocHO3V8auHA BIOKIAOAHHS
conell y ceeponosuHi ma uLnelqi, wo nepeddbayac 3acmocy8ants NPOSPAMHUX PilieHb
ma MmexHon02Iu WMy4HO20 IHMeNeKmy .

Knrwuosi cnosa: casocxosuwa, ceeponoguna, uinellgh), 6iOKIadanus corell,
WMyyHUll iHmenexm.

Abstract. Complications that may occur during gas withdrawal from gas storage
facilities, in particular salt deposits in wells and flowlines, are considered. A system
for predicting salt deposits in wells and flowlines has been developed using software
and artificial intelligence technologies.
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[lig gac BizOupaHHs Ta3y 31 CBEpPIIOBUH ra30CXOBUII MOXYTh BUHHUKATH
pi3HI yckimagHeHHSA. BOHM HETaTHBHO BIUIMBAIOTh Ha 3a0€3MEYCHHS
TEXHOJIOTIYHOTO pPEXHMY €KCIUTyaTyBaHHA CBEpIJIOBMH 1, BiINOBIiAHO,
NPU3BOIATH 10 3HIDKEHHS eKCIUTyaTallliHUX TMOKa3HUKIB Ta 00’emy
BinOupanHs razy. Tomy moTpibeH KOMIUIEKCHMH MinXin, sikuil mependavae
JeTajibHe BHBYCHHS NPUYMH BUHUKHEHHS YCKJIAaJHEHb Ta PO3POOJICHHS
3aX0/iB JUId 1X 3anmoOiranug. OTke, BaXIMBUM € 3a0e3ledeHHs CcTablIbHOIO
eKCILTyaTyBaHHsI CBEP/JIOBUH ra30CcXoBHIL. J{J1s JOCSTHEHHS LIbOTO HOTPiOHO
CBO€YACHO BUWSBIIITH YCKJQAHCHHS Ta 3aCTOCOBYBATH Pi3HI METOAM JUIS
6opotebu 3 HuMH. OXHUM i3 3aXOmiB pO3B’SA3aHHA IIi€i mpobiemu €
pPO3pOONEHHST CHCTEMHM NPOTHO3YBaHHA, W0 IHependadae 3acTOCYBaHHS
MPOTPaAMHUX PIlIEHb Ta TEXHOJOTIH MITYYHOTO IHTENEKTY. Y CE30H Bigbopy
Ha ra30CXOBHINIAX BiOyBa€eThCs PyX rasy 3 IUiacTa 10 BUOOIO CBEPUIOBHH. Y
MOJANTBIIIOMY Ta3 KOJOHOK Ii(TOBHX TpyO Ta muleiipoM HATXOAUTH OO
YCTaHOBKH CHCTEMH 30UpaHHs 1 MiATOTOBIICHHS rasy Ul HOTr0 OYHIILYBaHHS
y cemapaTopax BiJi MEXaHIYHHMX JOMIIIOK Ta piauHu. [IpoTe, mix yac pyxy
rasy y npuBuOiiiHid 30HI, iHTepBajax mnepdopanii, B eKCIIyaTaliiiHuxX
KOJIOHaX, Ha BHYTPILIHIA IOBEPXHI KOJOHHW J(TOBUX TpyO Bix BHOOIO /10
rupia, y (OHTaHHIM apmarypi CBEpUIOBMHM, SIK Ha pI3HHX JUISTHKax
uuieligiB  (MpAMONIHIHHUX Ta TOHIKEHUX, TaK 1 y MICIEBHUX OIopax
(BimBomax, mepexoaax, TpifHUKAX ) MOJKHA CIIOCTEPIraTH BiIKIaJaHHS COJCH.
Li BigkIaieHHS € TBEPIUMH, BOHH MOXKYTh YTBOPIOBAaTH HEIIPOXiTHI POOKH
Ta KipKOMoJiOHI HalIapyBaHHS 1 BIAKJIAJaTHCS IEPEeBa)KHO Ha BHYTPILIHIN
noBepxHi JTipToBHUX TpyO Ha pi3HY AOBXHUHY (IO AEKIJTBKOX JECATKIB METPIB)
Ta TOBIIMHY. BHacnmimok BiiKIamaHHS coliell BigOyBaeThCs 3MCHIICHHS
MIPOXiIHOTO BHYTPIIIHBOTO JiaMeTpa JiToBHX TPyO, IO NMPHU3BOAUTH 0
3MEHIIIEHHS NMPOIYKTUBHOCTI CBEPIUIOBHH Ta Ta30CXOBHIIA B Iyomy [1].
IToTpiOHO cKaszaTh, M0 B OKPEMHUX BHUMAAKAX BIAKIAIEHHS COJIEH YaCTO
OyBalOTh AyX€ MIIHUMH, OCKIIBKH BiZOyBa€ThCS YTBOPEHHS CYLIBHOI
myxoi mpoOku. Ile Tpu3BOIUTH A0 HECTabUILHOTO EKCIUTyaTyBaHHS
CBEpAJIOBMH, a B JESIKMX BHIaJKaX — 1 J0 IX TOBHOI 3YIHHKH uepe3
NPUIIMHEHHST pyXy rady. Taki YCKJIaZHEHHS HEraTHBHO BIUIMBAalOTh Ha
MOXIIMBICT ~ 3a0€3MEYEHHsS  CKCIUIyaTyBaHHS CBEpAJIOBMH 3TiHO 3
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TEXHOJIOTIYHAM PEKUMOM Ta, B IJIOMY, Ha CTaOUThHY pOoOOTY Ta30CXOBHIIIA.
3 omsay Ha e, BUHHKAae HEOOXIJHICTh y JeTalbHOMY ii BUBYECHHI Ta
po3po0OneHHl  e(eKTHBHMX 3axOiB ISl 3amo0iraHHs Takoro poiay
yCKJIaJHeHb. ABTOPH PO3POOMIIN CHCTEMY NPOTHO3YBAaHHS COJICBIIKIaCHHS
y CBEpAJIOBHHAX Ta lUIel(ax, sika nepeadavae:

— Ha CBEPJUIOBMHAX, B SIKMX BiIOYBa€ThCs BIAKIAJaHHS COJIEH, MOTPIOHO
BimOMpaTH BOMYy IUIA TPOBEICHHS aHaNi3y Ha (Di3MKO-XIMiYHI TMOKa3HUKU
(xiMiYHHH cKIaj, MiHepamizamito) i GiKCyBaTH pe3yJIbTaTH B CICKTPOHHOMY
KypHaJIl Ta TmepenOaduTH TOAajibIle TIepenaBaHHA iHpopMamii s
30epiranHs y 0a3i JaHUX Ha KOMIT I0Tepi KOPUCTyBaya,

— BCTaHOBJICHHS JaBadiB THCKY Ta TEMIIEPATypH SIK Ha TUPII CBEPUIOBHH
(TpyOHMIA 1 3aTpyOHUIT POCTIip), TaK 1 HA BXIJHHUX Ta30MPOBOAX YCTAHOBKU
BiJ’€IHYBaJIbHUX MPUCTPOIB CUCTEMU 30UpaHHSA 1 MIITOTOBJICHHS Tra3y.
OxpiM 1pOTO, JOLIIBHO TependaunTH nepenaBaHHs iHdopmauii i3 JaBadiB
TUCKY 1 TeMIepaTypH A0 MPHUCTPOIB ii 30MpaHHs, YCTAHOBIEHUX 32 MICLEM,
Ta mnojajblie nepenaBaHHs iHdopmanii s 30epiraHHs y 0a3i JaHuUX Ha
KoMIT'IoTepi  KopucTyBada. Lle Jjacte 3MOTy NpOBOIUTH  JieTajbHE
aHami3yBaHHA pPOOOYMX MMapaMeTpiB CBEPUIOBHH 3a BeCh Iepiom ix
eKCIIITyaTyBaHHS;

—Ha CBEpUIOBMHAX, B SKHX BiIOyBaeTbcs 3MiHAa MapaMeTpiB
eKCIITyaTyBaHHs (3HW)KEHHA BXIJHOTO THCKY), HPOBOANUTH KOHTPOJIbHE
BHAMIpIOBaHHS N1e0iTy Ta3y, (piKCyBaTH pe3yibTaTH B IEKTPOHHOMY KypHAIi
Ta Tmepen0adyuTH MOoJabIlle IepeaBaHHs iHpopMarii A 30epiranas y 6asi
JIAHUX Ha KOMII I0Tepl KOpUCTyBaya;

— YCTQHOBJICHHST ~ Ha  TNEPCOHAIBHUH  KOMIT'IOTEp  HPOrPamMHOTO
3a0e3neueHHs A1 aBTOMAaTH30BAHOTO BU3HAUCHHS 3HAYEHb KOEQiIli€eHTIB
(aKTUYHOTO ¥ TEOPETHYHOTO TiAPABIIYHOTO OMOpYy JI(PTOBHUX KOJOH i
nuiediB Ta cmiBCTaBiIeHHA iX. Y pasi 30UTbIIEHHS 3HaYeHHS KoedilieHTta
(haKTHYHOTO TiAPaABIIYHOTO OMOPY MOHAM 3ajJlaHe, MependaueHo BUBEIACHHS
TIOBIZIOMJICHHS Ha MOHITOp KOMII'IOTEpa IEpPCOHAly II0JI0 MOXIJIHMBOCTI
yCKIagHeHb [2]: «aBapiifHuii cran» abo «aBapist». Pe3ynbTaT BHKOHAHHMX
po3paxyHKiB mojaBatd y ¢Gopmi Tabmuip 1 rpadiduHo Bi3yamizyBaTH Ha
MOHITOpI Ta (QiKcyBaTH pe3yJbTaTH B EIEKTPOHHOMY S>KypHaJ Ta
nepen0aYuTH Nojanblie nepenaBaHHs iH(opmanii s 30epiraHHs y 0asi
JAHUX Ha KOMIT I0Tepi KOPHUCTyBava;
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—Ha OCHOBI (QakTuyHOi iHpopMamii i3 0a3su JaHMX 32 BiJOMHMH
METOJIMKaMH aBTOMATH3YBaTH PO3PaXyHKH HMOBIPHOCTI COJICBIIKIIAICHHS;

—3aCTOCYBaTH TEXHOJIOTII INTYYHOTO IHTENEKTY JUIS MPOTHO3YBaHHS
COJICBIIKJIQJICHHS 3a HASBHOCTI aKTyaJbHOI OHOBIICHOI iH(opMmarii i3 6asu
JAHUX Ta MOJIIUBICTIO YTOCKOHAJICHHS aJITOPUTMY MPOTHO3YyBaHHS MITYYHOT
HEHPOHHOT Mepexi.

VYKHBaHHS 3alpOMOHOBAHMX 3aXOIiB [acTb 3MOTY HPOTHO3YBaTH
COJICBIAKIIAICHHS Y CBEpAJIOBHHAX Ta NUIeH(pax 3a JOIOMOTO0 3aCTOCYBaHHS
SIK TIPOTPaMHUX PIlIeHb, TaK 1 TEXHOJOTIH INTYYHOTO IHTENEKTy, a TaKOX
CBOEYACHO BXXHMBATH BINMOBIMHUX 3aXOXiB 1 3a0e3medyBaTél CTaOiTbHHUN
BimOip rasy.
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METOIM BUKOPUCTAHHSA YMOBHUX 'EHEPATUBHO-
SMAT'AJIBHUX MEPEXK JJ1S1 BAJIAHCYBAHHA
HE3BAJIAHCOBAHUX BUBIPOK Y KOMIT'FOTEPHHUX
CUCTEMAX PO3II3BHABAHHSA 30bPA’KEHD
K. Mixanes, Ph.D., A. Hikosienko, Ph.D., O. Ba6ijaynra
Hayionanvnuii ynigepcumem «Odecvka nonimexikay, Yxpaina

Anomauia.  Poszensmymo  npobnemy — Oucbarancy — Kuacie y  cucmemax
xomn'tomeprozo 30py. 3anpononosano memoo Class-Aware Selective CGAN, wo
NOEOHYE YMOBHY 2eHEPayilo CUHMEMUYHUX 300padcetb, CeleKmusHy Qinempayiio 3a
dgoma Kpumepismu ma aoanmuehe OalaHCy8anHs Ha 0CcHO8l medianu. Ha damacemi
HAMI10000 (oucbananc 58.3:1) memoo 3abe3neuus 3pocmauHs 30a1aHCO8AHOT
mounocmi 3 0.35 0o 0.67 ma maxpo-FI1 3 0.56 oo 0.65

Kniouosi cnosa: oucbaranc Knacis, 2eHepamueHo-3Ma2aibHi mMepedici, 2enepayis
300padicens, ceneKmueHa GLibmpayis, po3nizHAGAHHsl 300PAJICEHb.

Abstract. This paper addresses class imbalance in computer vision systems. The
proposed Class-Aware Selective cGAN method combines conditional synthetic image
generation, dual-criterion selective filtering, and median-based adaptive balancing.
On HAM10000 (imbalance ratio 58.3:1), the method improved balanced accuracy
from 0.35 to 0.67 and macro-F1 from 0.56 to 0.65.

Keywords: class imbalance, generative adversarial networks, image generation,
selective filtering, image recognition.

PeanbHi Habopm 300pakeHh dYacTo He30aJaHCOBAHI: OKpeMi KIlacH
MpeACTaBlIeHi THCAYaMU TPUKIAAIB, TOAI SK 1HIIN — JIWIIE AECATKAMH, IO
3yMOBIIIOE 3MIIlIEHHSI MOJieiel y OiK JTOMIHYIOUHX KJIAciB 1 3HMDKEHHS SIKOCTI
po3mi3HaBaHHsA piAKicHUX Karteropiil. IcHyrowi migxomu (oversampling,
ayrmenranist, GAN 0e3 KOHTPOJIIO SKOCTi) pO3B'A3YIOTh L0 NMPOOIEMy JIHIIIE
YaCTKOBO.

Meroau HanBHOIpKHM Ta HEJIOBHUOIPKH 3MIHIOIOTH CTPYKTYPY BHOIpKH
MEXaHIYHO, HE BPaxOBYIOUHM 3aKOHOMIpHOCTEH posmoniny nanux. Kmacnuna
ayrMeHTalliss He CTBOPIOE IPHWHIWIOBO HOBUX O3HAaK. I eHepaTHBHO-
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3MaranpHi Mepexi [1] J03BONIAIOTH CHHTE3yBaTH HOBI 300pa)KCHHS 3
ypaxyBaHHAM KJacy; IO€THAaHHS KIACHYHUX METOJIB HaaBHOIpKH 3
nofanbiinM GAN-YTOYHEHHSM CHHTETHYHUX MPUKIAJIB TAKOXK JEMOHCTPYE
nokpaiieHi pesynsrati [2]. 3ampomonoBano merox Class-Aware Selective
cGAN, mo mnoegHye TpU KOMIIOHEHTH: YMOBHY T'€HEPAaTUBHO-3MarajbHy
Mepexy Ul CHHTe3y 300pa’keHb 3aJaHOr0 KJIacy; MEXaHI3M CeJeKTUBHOI
¢utbTpanii — TOJNOBHMH HAayKOBHH BHECOK pOOOTH, Y3TOIDKEHWH i3
HEIIOJABHIMH  JOCHiKCHHSIMHA  ©(EKTUBHOCTI  BIEBHEHICTh-3BaXKEHOL
¢inpTpanii 3reHepoBaHMX MaHWUX [3], 3a AKOTO TONEPEAHBO HABYCHUI
knacudikatop TpuitMae 3reHepoBaHE 300paKCHHS JIMIIE 33 BHCOKOI
BIIEBHCHOCTI Ta 30iry mepenbadeHOro Kiacy i3 IIUTBOBHM, BiACIFOIOUN
300pakeHHS 3 apredakTaMH;, Ta aJalTHBHE OallaHCYBaHHA Ha OCHOBI
MEIiaHHOTO 3HAYCHHS KiJTBKOCTI MPHUKIIATIB 3aMiCTh TOBHOTO BHUPIBHIOBAHHS
no Haibinpmoro xmacy. JocmimkerHs mpoBemeHo ma HAMI10000 [4] —
MOHAJ JAECSATh THUCAY JIEPMATOCKOMIYHUX 300paKeHb CEMH KIaciB i3
aucbanancom 58.3 no 1, martaceri, SKMH LIMPOKO BHKOPHUCTOBYETBHCS IS
OILIIHKM METOJiB OanaHCyBaHHS y JEPMAaTOJIOTIYHIN JIarHOCTHI, 30KpeMa
pa3oM i3 TeHEPATUBHUMH IMiIXOJaMU Ha OCHOBI Muy3iHHUX Momene# st
CHHTE3Y 300paKeHb NIKIpHUX 3axBopioBaHb [S]. Kitacudikatop-dineTp gocsr
tounocTti 81.3% 1 mpuiimaB y cepenuboMy 57.6% 3reHepOBaHUX 300paKeHb.

Hnst  axtuHiyHOro keparody FI1 3pic i3 46% mo 52%. s
0a3ambHOKIITHHHOI KapmuHOMH — 3 45% nmo 61%. Jns moOposikicHOTO
keparosy — 3 51% gmo 56%. J[lns nepmatodiOpomu, HaWMEHII
IIPE/ICTaBIICHOTO Kilacy, 0a30Ba MOJEINb MTOBHICTIO HE PO3Ii3HaBaJIa )KOIHOTO
BHIIQJIKY, TONI SK 3amporioHoBaHwWii Merox jgocsr F1 Ha piBHi 67%. s
MEJIaHOMH 3alpONOHOBAaHMH METOJ 3a0e3NeunB 3HAYHO 30allaHCOBaHIIIEe
CHIBBITHOIIIEHHSI TOYHOCTI i moBHOTH. s cynmuHHMX ypaxkeHsp F1 3pic i3
43% no 85%. Jlnst nmomiHyodoro kiacy MeJaHoUWTapHuX HeByciB F1
3aJIMIIMBCS MPAaKTHYHO HE3MiHHUM — 92% mnporu 85%. VY cepenHbOMy
MIOBHOTA PO3Mi3HABAHHS 110 LIECTH MIHOPHTApHUX Kiacax 3pocina i3 42% no
66%, npupict maibxe Ha 50%.

Pesynbratn  miATBEpIKYIOTH  €()EKTUBHICTH MO€AHAHHS  YMOBHOL
reHepaiiii i3 CENEKTUBHOIO (IIbTpAIli€l0 IS PO3B'I3aHHA MPOOIEMHU
3MINIEHHS MOJIeJIel y OiK TOMIHYIOUHX KJIACiB.
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HENPOMEPEKEBE ®OPMYBAHHS TA ATPEr'ALIA
JUCKPUMIHATHUBHUX O3HAK IJIs1 JIPIBHO3EPHI/ICTOi
KJIACI/RDIKAIII? 306PAKEHb
A. Kycakos, Dr.Sci., A. Ouaiitnuk, Ph.D., T. Koimakosa, O. JIykoBka
Hayionanvnuii ynieepcumem «3anopizvka nonimexuixkay, Yxpaina

Anomauia. Y pobomi Oocniddceno neekoeazosuil nioxio 0o 6azamopisnesoi
azpezayii o3mak y 3aoauax Opibnozepuucmoi xiacugixayii 300pasicens. O3naxu 3
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npomiscHux i 2nubokux ONOKi6 KOMNAKMHOI 320pMKO60i HeUpOHHOI Mepedici
00°cOHyromvcst 34 00NOMO2010  2100ANbHO20  YCEPEOHIOBANbHO20 — NYIIHZY,
KonkameHnayii ma ninitinoi npoexyii. Excnepumenmu na CUB-200-2011 ma Oxford
Flowers 102 nokasanu cmabirbhe niosuwyenHs MOYHOCMI NOPIGHAHO 3 OA306010
MOOEJII0 30 HE3HAYHO20 30LIbULEHHS KLIbKOCMI Napamempie.

Knrouosi cnosa: opionosepnucma knacuixayis, 320pmKoea HeupoHHa Mepedicd,
bazamopisnesa azpezayisi 03HAK, OUCKPUMIHAMUBHE NPeOCMAGNeHHs, 2n00aNbHUl
YcepeOHIo8aNbHUL NYiHe, PO3NI3HABAHHS 300PANCEHD.

Abstract. This work investigates a lightweight approach to multi-level feature
aggregation for fine-grained image classification. Features from intermediate and
deep blocks of a compact convolutional neural network are combined using global
average pooling, concatenation, and linear projection. Experiments on CUB-200-
2011 and Oxford Flowers 102 demonstrate consistent accuracy improvements over
the baseline model while introducing only a limited increase in the number of
trainable parameters.

Keywords: fine-grained classification, convolutional neural network, multi-level
feature aggregation, discriminative representation, global average pooling, image
recognition.

pibHo3epHNCTa KIacu]ikaliss 300paxkeHp Iepeadavae posmizHABaHHS
Bi3yallbHO MOMIOHMX IMiAKATEeropii, MIKKIACOBI BIAMIHHOCTI SKHUX YacTo
30Cepe/PKeHI B HE3HaYHHMX JETAIIX (OPMH, TEKCTypu abo 3abapBIlICHHS.
MeTtoro poOOTH € MiABHINEHHS TOYHOCTI Takoi Kiacudikamii MOUITXOM
00’eHaHHS 03HaK, CPOPMOBAHMX Ha PI3HUX PIBHAX KOMIIAKTHOI 3rOPTKOBOT
HEIpOHHOT Mepexi.

3anponoHoBaHa MOJIENb MICTUTh T’ATh MOCIiJOBHUX 3TOPTKOBUX OJIOKIiB
i3 96, 256, 384, 384 Ta 256 inerpamu. s OGaraTopiBHEBOTO
NPE/ICTABICHHS. BHUKOPHCTOBYIOTBCSI BHUXOJHM TPETHOr'O, YETBEPTOrO Ta
m’sitoro O70kiB. JIo HMX 3aCTOCOBYETHCS TJIOOANBHUI yCepeaHIOBATbHHMA
ITyJIHT, MiCs YOro OTPHMaHi BEKTOPH KOHKAaTeHYIOTbesA B 1024-pumipHHNA
JECKPHNTOP 1 IPOEKTYIOTHCS TTOBHO3B’S3HUM MIapoM Yy 512-BumipHuit
npoctip o3Hak. HaBuaHHS BUKOHY€eThCS 32 (PYHKIIEIO MEPEXPECHOI EHTPOTIIT
3 BUKOPUCTAHHAM dropout-perynsipuzanii nepen (iHaTBHUM
KIacuQikaniiHuM mapom.

ExcriepumenTanbHe oriHioBaHHA nposeaeHo Ha CUB-200-2011, mo
Mmictuth 11 788 300pakens 200 Buais nraxis [1], Ta Oxford Flowers 102, mo
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Mictuth 8 189 300paxkenr 102 kareropidd kBiTiB [2]. 3rOpTKOBY OCHOBY
iHirianizoBano Baramu ImageNet i nonaBueno mpotsrom 200 emox. s
OIIHIOBaHHS BHECKY arperaiii BHKOPHCTaHO 0a30By KOH(iryparimo 3
AQHAJIOTIYHUM IIPOTOKOJIOM HAaBYaHHS, Y SIKii Kiacudikauis BHKOHYETHCS
JIMILIE 32 O3HAKAMHU I1°SITOTO 3TOPTKOBOTO OJIOKA.

Ta6auns 1. TounicTs knacudikanii 0a30B0i Ta 3aMPONOHOBAHOI MOjeeH, %

Mopaeanb CUB-200-2011 Oxford Flowers 102
bazosa CNN 73,2 86,8
3amponoHOBaHa MOZETb i3 76,1 £0,3 89,5+0,2
0araTopiBHEBOIO arperaiiero

3anponoHOBaHUN MiAXiJ MiABUIOUB TOYHICTE Ha 2,9 BiICOTKOBOTO
nyukty qis CUB-200-2011 Ta na 2,7 BiacorkoBoro nyHkry s Oxford
Flowers 102. Pe3ynbraTi 3anpornoHOBaHOT MOJIENI € CEPEAHIMH 3HAYCHHSIMHU
TPHOX HE3aJCKHUX 3aIyCKiB; CTAHNAPTHI BIIXWICHHS CTAHOBHIIH BiIIOBITHO
0,3 ta 0,2 BiACOTKOBOrO MyHKTY. AOJAIIAHE TOCTIKSHHS TaAKOX MMOKA3aJI0
MOCTITOBHE TMOKPAIICHHS MMiJ] 4aC IOJaBaHHsS MPOMDKHUX IPEIACTABIICHb:
Bukopuctanus Conv4 + Conv5 3abesmeumno 74,6 % i 88,0 %, tomi sk
arperaiiist Conv3 + Conv4 + ConvS5 migsumuia TouHicTh 10 76,1 % 1 89,5 %.

I'mobanbHuil yCepenHIOBATBHUAN IYJIHT 1 KOHKATCHAI[il HE MICTSTh
mapaMeTpiB, 10 HaBYAIOTHCA. [IOpIBHSIHO 3 0a30BO0 MOJEILTIO PO3MIpPHICTH
BXOJy MPOEKIIIITHOTO TIapy 30ibmyeThest 3 256 mo 1024, mo gomae 393 216
Bar, TOAI SK 3TOPTKOBAa OCHOBAa 3aJHWIIAEThcd He3MiHHOW. OTKe,
3aMpoINOHOBaHa 0araTopiBHEBA arperais Ja€ 3MOTY IMOKPAIIUTH Pe3yIbTaTh
NpiOHO3EpPHUCTOI KiIacUdikaiii 3a 0OMEXKEHOro 30UTBIICHHS CKIAJHOCTI
MOJIEIII.
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Anomauin. Y pobomi po3ensHymo MOMCIUSOCHE GUKOPUCIAHHSA MEXHON02il
WmyuHo20 inmenekmy O NIOMPUMKU THKIIO3UBHO20 HABYAHHA ) 3AKAA0AX GUUOT
oceimu. [lpoananizoeano ocHo8Hi npodiemu OOCMYNHOCHI 0C8IMHbO20 npoyecy O0is
cmyoeHmie i3 Qi3UMHUMU MA KOSHIMUBHUMU OCOOIUBOCHAMU, A MAKONC POlb
yugposux niameopm y 3abesneuenti inkaro3usHocmi. Ocobausy yeazy npuoiieHo
3ACMOCYBAHHIO THMENEKMYANbHUX CUCmeM O/ NepCOHANI3ayil HagYanHs, aoanmayii
0CBIMHBLO20 KOHMENMY, ABMOMAMUYHO20 DOPMYBAHHS PEKOMEHOAYill ma niOMpUMKY
cmyoenmig y oucmanyitinomy cepedosuuji. Busnaveno nepcnekmusu 6nposaoddicenHs
wWmyuHo20 iHmenekmy Oasi NiOSUWEHHs OOCMYNHOCMI ma AKOCmi 6uwjoi oceimu 6
Vkpaini.

Knrwouogi cnoea: wmyunuil inmenexm, iHKIIO3UBHe HAGYAHMA, Guwja 0CGImMa,
yupposi mexnonoeii, nepconanizayis HAGYAHHs, A0ANMUBHE OCEIMHE cepedosulye.

Abstract. The paper examines the possibilities of using artificial intelligence
technologies to support inclusive learning in higher education institutions. The main
challenges of ensuring accessibility of the educational process for students with
physical and cognitive disabilities are analyzed, along with the role of digital learning
platforms in promoting inclusiveness. Particular attention is paid to intelligent
systems for personalized learning, adaptation of educational content, automated
recommendations, and student support in distance learning environments. The study
identifies the prospects for implementing artificial intelligence technologies to
improve the accessibility and quality of higher education in Ukraine.

Keywords: artificial intelligence, inclusive learning, higher education, digital
technologies, personalized learning, adaptive educational environment.
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VY cywyacHux ymoBax uudpoBoi Tpanchopmanii ocBiTH B YKpaiHi
ocoOnmmBOi  akTyaspHOCTI  HaOyBae  3a0e3ME4YeHHS  IHKIFO3MBHOCTI
HaBYAJILHOTO TMPOILIECY Yy 3aKiafax BHINOI OCBITH. I|HKIIO3MBHa oOCBiTa
nependayae CTBOPEHHS pIBHUX MOJMJIMBOCTEH Miisi BCiX 3100yBauiB,
HE3aJIe)KHO BiJ X (i3UUHUX YU KOTHITHBHHUX ocoOnuBocTell. BomHovac, Ha
BIIMIHY BiJl 3arajJbHOOCBITHIX 3aKJajiB, JI¢ 1HKIIO3MBHI MiAXOX YaCTKOBO
peani3yloThcsl 4epe3 aJanToBaHI HaBYAJIbHI NMPOTPAMH, Y CHCTEMi BHIIOI
OCBITH TaKi MEXaHI3MH 3aJHIIAlOThCS HENOCTATHHO PO3BHHCHUMH. Y
OUTBIIOCTI YHIBEPCHTETIB CTYACHTH HABYAIOTHCA 32 €IWHIMH OCBITHIMHU
mporpaMaMy, IO HE BPaxOBYIOTh IHAWBIMyadbHI mOTpeOM ocid i3
MOPYIICHHAMH 30Dy, CIyXy, MOTOPHKH, a TaKOX CTYACHTIB i3 pi3HHMH
KOTHITUBHHMH OCOOJIMBOCTSIMHM, TaKUMH SIK DI3HHH TeMI 3aCBOEHHS
iHpopmanii, TpyAHOIII 3 KOHIGHTpalie€ld abo OOpOOKOI CKJIaJHOTO
Matepianry. Ile cTBOproe Oap’epu y JOCTyIi J0O OCBITH Ta 3HHIKYE
eexTuBHiCTh HaBuaHHs. OcOONMBOI aKTyalbHOCTI JaHa mpodiema HaOyBae
y KOHTEKCTi MICJIIBOEHHOTO BIiJIHOBJICHHS YKpaiHW. 3pOCTaHHS KiIbKOCTI
oci0, 30KpemMa BIHCHKOBOCITY)KOOBIIIB, SIKI TOBEPTAIOTHCS 10 I[MBIILHOTO
KHUTTS Ta TOTPEOYIOTH 3100y TTS a00 POIOBKEHHS BHUIOi OcBiTH. YacTrHa 3
HUX MOXe Martd (i3uuHi oOMexeHHs (MOPYHICHHS MOOUTBHOCTI, 30Dy,
CIIyXy), @ TaKOX ITICHXOJOTiYHI YM KOTHITHBHI TPYIHOINI, IO BHHUKAIOTH
BHACIIIOK HEPEKUTOro A0cBiay. BomHoUac BxKe ChOTOIHI CHOCTEpIraeThes
HEIOCTaTHIH piBeHb ajanTanii iHQpacTPyKTYpH Ta COLiaJbHOTO CepeIOBHUINA
70 1oTped TakuxX ociO, IO MPOSIBISIEThCA Y CKIIaJHOCTI BUKOHAHHS HAaBiTh
0a30BHX TMOBCAKICHHUX i 0e3 cropoHHBOI gomomord. Lle cBiguuTh Mpo
HEOOXIJHICTh CHCTEMHOTO PO3BUTKY 1HKIIIO3MBHOCTI, 30KpeMa y cdepi BHIIO1
OCBiTH, J€¢ IM(POBI TEXHOJIOTiIi MOXYTh BiAIirpaBaTH KIIOYOBY pPOJIb Y
3a0e3nedeHHi JOCTYTHOCTI HaBYaHHS.

CyudacHi yHIBEPCHUTETH MOCTYIOBO BIPOBAKYIOTH ITU(PPOBI MIaThopmMu
HaBYaHHS, SIKI YACTKOBO CIPHSIOTH IIBUIIEHHIO JOCTYITHOCTI OCBITHBOTO
cepenoBrmia. 3okpeMa, y XapKiBCbKOMY HAI[lOHAJHHOMY EKOHOMIYHOMY
yHiBepcureTi imeHi Cemena Ky3Hens BHKOPHCTOBYEThCS —InIaThopmMa
nepcoHadbHUX HaBuanbHUX cucteM (ITHC), mo Mictuth iHCTpyMEHTH
6a3zoBoi goctynHocTi. OJHUM i3 TakMX IHCTPYMEHTIB € MEHIO JOCTYITHOCTI
(Accessibility menu), sike 103BoJIsie 3MIiHIOBAaTH MapaMeTpH BigOOpaKeHHS
KOHTEHTY (po3Mip mpudTy, KOHTPACTHICTh, YNTAOEIHHICTE). Taki QyHKIIT €

120



International Scientific and Practical Workshop
""Advanced Digital Technologies: Intelligent Systems, Modeling, and

Data-Driven Control" (ADT-ISMDDC-2026)
co-located with ICST-2026 X1V INTERNATIONAL SCIENTIFIC AND PRACTICAL
CONFERENCE

"Information Control Systems and Technologies - ICST-ODESA-2026""

KOPUCHUMH HE JIMIIE ISl OCi0 i3 MOpYLIEHHSIMH 30py, a W YacTKOBO MJIS
CTYZEHTIB 13 KOTHITUBHUMH TPy THOIIAMH a00 IiIBUIICHUM HaBaHTaKCHHSIM.

3a3HaveHi IHCTPYMEHTH MarOTh CTaTHYHUI XapakTep i He 3a0e3neuyloTh
IHTEJEeKTyalbHOI ajanTalii HaBYAJLHOTO Mpoluecy. BoHu He BpaxoByIOTh
IHAMBITyaabHI OCOOJHMBOCTI CTYJCHTa, HOro piBEHb MIATOTOBKH, TEMII
HaBYaHHS Ta crerudiky cnpuiHATTA iHpopMmanii. YV 3B’S3Ky 3 IIUM MOCTAE
HEOOXIOHICTh TepexoAy A0 OUTBII THYYKHX Ta aNalTHBHUX IIiIXOMIB,
30KpeMa i3 3aCTOCYBaHHAM TEXHOJOTIH INTyYHOTO IHTENEKTy. MeToio €
aHai3 MOXKJIMBOCTEH BHKOPHCTaHHS INTYYHOTO IHTEIEKTY U IATPUMKH
IHKJIFO3UBHOTO HaBYaHHS Y 3aKiafax BHUMOi ocBiTH. lllTyunmii iHTemexkT
BiIKpPHMBAa€ HOBI MOXKJIMBOCTI U OpraHi3alii HaB4aIpbHOTO Iporecy. OxHuM
i3 HaWOUIBII NEpPCIeKTHMBHUX HANpsSMIB € IHTerpauis IHTEIEeKTyalbHHX
CHUCTEM Yy OCBITHI IUIaTGOpPMH, M0 3a0e3lmedyye AWHAMIYHY B3a€EMOJII0
CTy/EHTa 3 HaBYaJIbHUM KOHTEHTOM.

CyuacHi mizxonu nependavyaroTh BUKOPHUCTAHHS INTYYHOI'O IHTEJIEKTY
JUIS  aHaji3y HaBUaJbHHAX MAaTepiayliB, TaKUX SK BiJCO3aMUCH JICKIIii,
MIPe3eHTAllil, TCKCTOBI JJOKYMECHTH Ta MPaKTHYHI 3aBaaHHs. Ha 0CHOBI Takoro
aHamizy (OpMyeThCS €IWHA IHTENeKTyalbHa 0a3a 3HAaHb 3 KOHKPETHOI
mucturutiny. e no3Bosse pearnisyBaTy iHTEPAKTUBHY B3a€MOJIIIO CTYICHTA 3
MaTepialioM dYepe3 BOYAOBaHHN YaT-aCUCTCHT. Y Takili MOJENi CTYICHT
OTPUMY€ MOXIIMBICTH Yy TpOLECI HaBUaHHSA CTAaBUTH 3alMTaHHS MO0
MaTepially JIeKIii, YTOYHIOBATH HE3PO3yMii MOMEHTH, OTPHMYBATH
TIOSICHEHHSI CKJIaHNUX TeM a0o anbTepHaTHBHI (opMyioBanHs. Hanpukiarn,
CTYAGHT MOXE 3BEPHYTHCS J0 CHUCTEMH 3 NPOXaHHSIM MOSCHUTH NEBHUMN
TEePMiH MPOCTIIIFNMHU CIOBaMH, HaBECTH MPUKIaX abo KOPOTKO y3arajJbHUTH
3mict Jekmii. Ile o0co0auMBO BaXiIMBO IS OCI0O 13 KOTHITUBHUMH
TPYOHOIIAMH, SKAM HEOOXigHE TOBTOpHE a0 CHpONIEHE MOSCHEHHS
HaBYAJILHOTO MaTepiany. Taki CHCTEMH MOXYTh aBTOMATHYHO aJalTyBaTH
¢dopmar noganHs iHGopmarii. Hampukian, Teket Moke OyTH epeTBOpEHUIt
Ha ayJio Ui CTYAEHTIB i3 TNOpYLIEHHSIMH 30py, a Bijeomarepianm —
JIOIIOBHEHI cyOTHTpamMu a00 CTPYKTypOBaHUMH KOHcIekTamH. Lle 3abe3neuye
MYJIbTH(QOPMATHICTh ~ HAaBYAJBHOI'O  KOHTEHTY Ta  IHiJBUIIyE HOro
JOCTYTHICTh. BaskinBoio (yHKII€I0 MITyYHOTO IHTEIEKTY € MepcoHai3amis
HaBYaHHS. [HTENEKTyaJbHI CHUCTEMHM MOXYTb aHAJII3yBaTH IIOBEIIHKY
CTyJIeHTa, HOTO YCIIITHICTh, YaCTOTY 3BEPHEHHS J0 MaTepialliB Ta HA OCHOBI
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LILOTO IIPOIIOHYBATH IHAMBIAyaIbHI pekoMeHnauii. Ile mo3somnse popmysarn
aNanTUBHI OCBITHI TpaekTOpii, SKi BPaxOBYIOTb OCOOJIHMBOCTI KOXKHOTO
3n00yBaua ocBitu. IlTy4Hnii IHTENEKT MOXKE BHKOPHUCTOBYBATHCS IS
PaHHBOTO BHUSIBJIICHHS TPYAHOLIIB y HaBYaHHI. AHaJII3yIOUYd aKTHBHICTBH
CTYJICHTa, CHCTEMa 3JaTHa BH3HAYATH TEMH, SIKI BUKJIMKAIOTh HAHOLIbIII
CKJIaJHOII, Ta NPOMOHYBAaTH JOAATKOBI Marepianu abo mosicHeHHs. Lle
JIO3BOJISIE CBOEYACHO pearyBaTH Ha MPOOJIIEMH Ta 3amo0iraTé axaJeMidHil
HeycmimHocTi. IITydHui iHTENeKT He 3aMiHIOE BHKJIAgada, a BHUCTYIAE K
JOTOMIKHHH ~iHCTpyMEHT. LOro BHKODHCTAaHHSA J03BONAE 3MEHIIMTH
HAaBaHTAKCHHS Ha BHUK/IAJada, aBTOMATHU3yBaTH YAacTHHY IIOSACHEHb Ta
3a0e3NeYNTH MOCTIHHY MiATPUMKY CTYISHTIB 11032 MEXaMH ayIuTopii.

B ymoBax VYkpaiHu, A€ OCBITHI Ipouec 4YacTo 3MAiHCHIOETBCS Yy
JMCTaHIIHOMY a0o 3MmimaHoMy Qopmari, a TakoXX B yMOBax IiJIBUIIEHOTO
NICUXOJIOTIYHOTO  HABaHTAXKEHHS,  BIPOBA/KCHHS  IHTEJNEKTYaIbHHX
TEXHOJIOTIH y cdepy IHKIIO3MBHOI OCBITH € 0co0jMBO akTyanbHuM. lle
JI03BOJISIE  3a0€3MEYUTH THYYKICTh, JIOCTYNHICTh Ta Oe3nepepBHICTh
HaBuaHHs. OT)Ke, BUKOPUCTaHHS IITYYHOTO IHTEJEKTY Y 3aKiiajax BHIIOT
ocBiTH cmpusie (HOPMYBaHHIO CY4acHOTO IHKITFO3UBHOTO OCBITHBOTO
CepeloBHUIIa, sSIKe BPAaXOBY€E PI3HOMAaHITHICTH MOTped CTyneHTiB. [HTerparis
IHTENIEKTYaIbHUX CHUCTEM Yy HaBYalbHI IIaTGOPMHU BIAKPUBAE MOXKIHUBOCTI
JUIL TIepCOHANI3aIlil HaBYAHHS, IIBUIICHHS JOCTYIMHOCTI OCBITHBOTO
KOHTEHTY Ta MOKpALIEHHs SKOCTI ocBiTH 3aranoM. [lomanbmn xocmimpkeHHs
MOXYTb OyTH CHPSIMOBaHI Ha pO3pOOJICHHS Ta BIPOBAKCHHS KOMITJIEKCHUX
IHTEJIEKTYaJIbHUX CHCTEM MiJTPUMKH HaBYaHHS, aJanTOBaHUX 0 YMOB
YKpaiHCBKOT OCBITHBOI CHCTEMH.
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OHIHIOBAHHSA E®OEKTUBHOCTI KIACUYHOI'O KOHBE€PA
OBPOBKMU 30BPAKEHDB TA YOLOvVSs 1J1s1 BUSABJIEHHSA
OB’EKTIB HA AEPO3HIMKAX
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Anomauia. Y pobomi npogedeno nopigHanbHe O00CAIONCEHHS epeKmusHocmi
KAAcu4Ho20 KoHgeepa obpobku 300pasicens i oemexmopa YOLOvVSs 0as eusgnenus
00°ckmi6 Ha aepo3HIMKAX 13 BUKOPUCMAHHAM NIOMHOdMCUHU HAOopy Oanux DOTA.
Axicmob 060x nioxodie oyineno 3a nokasnuxamu Precision, Recall, F1-score ma loU.
Pesynemamu  excnepumenmis 3aceiouunu nepeeazy YOLOvSs 3a mounicmio
BUAGIEHHA MA JOKAN3ayil 06 €kmis, Mool K KIACUYHUL NIOXI0 NPOOEMOHCMPY8A8
suwuti Recall, ane 3nauny 3anescuicms 6i0 napamempie nonepeonvoi 00pooKu.

Knrouogi cnoea: sussnenns 06’exmis, memoou oopobku 3obpasicens, YOLOVS,
Komn ‘tomepHuil 3ip, iHpopmMayitini mexHonozii.
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Abstract. This paper presents a comparative evaluation of a classical image
processing pipeline and the YOLOV5s detector for object detection in aerial imagery
using a subset of the DOTA dataset. Both approaches were evaluated using
Precision, Recall, F1-score, and loU metrics. The experimental results demonstrate
the superiority of YOLOvV5s in terms of detection accuracy and localization
performance, while the classical approach achieved higher Recall but exhibited
strong sensitivity to preprocessing parameters.

Keywords: object detection, image processing methods, YOLOV5, computer
vision, information technology.

Introduction. Object detection in aerial imagery is difficult due to scale
variation, dense object placement, and complex backgrounds [1]. Deep
learning detectors, particularly the YOLO family, dominate the field, yet a
direct comparison with a hand-crafted classical pipeline on the same data is
useful for understanding trade-offs between interpretability, computational
cost, and robustness [2]. The purpose of this work is to compare a classical
image processing pipeline with YOLOV5s for multi-class object detection in
aerial imagery and to analyze the sensitivity of the classical approach to
preprocessing parameters.

Methods. Experiments were performed on a DOTA subset of about 600
images and 40,000+ annotated objects of four classes (plane, ship, large-
vehicle, small-vehicle), split 80/20 for training/validation. The classical
baseline applies grayscale conversion, normalization, CLAHE, Gaussian
smoothing, and Otsu or adaptive thresholding, followed by contour-based
bounding-box extraction [3]; seven configurations were tested. YOLOV5s
was trained for 60 epochs on 768x768 images, batch size 16. Both
approaches were evaluated on the same validation subset using Precision,
Recall, F1-score, and Intersection over Union (see Figure 1).

Results and discussion. YOLOV5s [5] performed best on the visually
distinct plane and ship classes and weakest on small-vehicle, due to its scale
and dense placement. The classical pipeline was highly sensitive to CLAHE
and Gaussian smoothing settings: stronger contrast enhancement raised
recall but amplified background structures into false contours, while
stronger blur suppressed small objects (see Figure 2). The best classical
configuration (Gaussian blur ¢ = 1.2, normalization, Otsu thresholding,
contours) is compared with YOLOv5s in Table 1. The classical pipeline
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reaches higher recall but much lower precision, reflecting false positives
from roads, roof edges, and shadows misread as objects. YOLOV5s gives
cleaner, more consistent detections and a better precision—recall balance,
confirming the advantage of learned features in cluttered aerial scenes.

Classical Pipeline

Grayscale

Normalization / CLAHE / Gaussian Blur

_) . )
Thresholding / Sobel
Contours Y
: Metric Evaluation
Bounding Boxes
Precision
Dota Subset — Recall
F1-score
YOLOvS5s
loU
Training T
» Inference
Predicted Boxes

Figure 1. Experimental Comparison Framework

Table 1. Comparison of the best classical configuration and YOLOv5s

Method Precision Recall F1-score loU
Classical pipeline 0.321 0.815 0.461 0.505
YOLOv5s 0.711 0.586 0.643 0.68

Conclusion. YOLOV5s provides more balanced and robust multi-class
object detection in aerial imagery than the classical pipeline, which remains
useful mainly as an interpretable, lightweight baseline or preprocessing step.
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Future work will target small-object detection and hybrid classical-neural
approaches.
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Anomauia. YV npayi npoananizogano cyuachi nioxoou 00 MEOPeHHS KHU2U,
aKmyanpbHicmes — SAKUX — 3YMOGIEHA — MPAHCHOPMAYIEI0 — YUMAYbKUX — NPAKMUK.
Oxapaxmepuz08ano 0CHOBHI IHMEPMEOIANbHI RIOX00U 8 OU3AUHI KHUNCKOBUX BUOAHb
ma 6U3HAYEHO IXHE 3HaueHHs OAsl popmyeanHs yumaybko2o 0oceidy. Ha npuknadi
KOHYenyii CmeopenHs CYYACHO20 KHUNCKOBO20 BUOAHHA GUAGIEHO napaneni 8
KOMYHIKayii meodiakonmenmy 1 GUOKPEMACHO NPUHYUNU  IHMEpMedianbHO20
Mediaduzaiiny.

Knruosi cnosa: inmepmedianvni nioxoou, ousaiin, MeOoiaKoOHMeHm, NPUHYUN,
NPOEKMYBAHHS, MUCTEMYMEBO, NPOMOMUN.

Abstract. The paper analyzes modern approaches to book creation, the relevance

of which is driven by the transformation of reading practices. It characterizes the
main intermedial approaches in book design and determines their significance for
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shaping the reading experience. Drawing on the concept of creating a modern book
publication, the study identifies parallels in media content communication and
outlines the principles of intermedial media design.

Keywords: intermedia approaches, design, media content, principles, planning,
art, prototype.

Modern book design goes beyond the purely graphic design of the text. A
book increasingly appears as a complex material, visual, and digital object, in
which the content is formed by the interaction of text, image, typography,
paper, construction, tactile properties, and digital technologies. This approach
is associated with intermediality — the interaction of different media in one
work or publishing project.

The concept of intermediality in book design. Intermediality in book
design can be defined as the interaction of different media, materials, and
modes of perception, as a result of which the form of the publication becomes
part of its content. In contrast to the traditional understanding of the book as a
neutral carrier of the message, the materialist approach considers the physical
properties of the book artifact as a factor in the creation of meaning. The
format, structure, and way of using the book affect the reader’s attention [1].
Intermediality is not limited to the combination of and digital formats. The
material-tactile approach is based on the fact that paper, binding, texture,
embossing, die-cutting, sewing, and other production techniques are not only
technical characteristics, but also means of artistic communication. Projects
in which book design interacts with textile art acquire particular importance.
Embroidered illustrations, for example, add a tactile dimension to visual
perception and expand the concept of book illustration. An important role is
played by paratexts — the cover, flyleaf, title page, spine, dust jacket,
marginalia, and other elements surrounding the main text. The cover can
function as a threshold between the materiality of the book object and its
content, forming the reader’s expectations even before reading [2].

Typography in intermedia publishing performs not only a verbal, but also
an imaginative and spatial function. The size, style, line direction, type
density, color, and placement of text can convey pace, voice, movement,
fragmentation, or emotional state. The interaction of text and image creates a
multimodal message in which meaning arises not from individual
components but from their interconnection. Multimodal design also involves
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changing the reader’s route. A page can be organized as a sequential
narrative, a montage of fragments, a map, an archive, or an interface. In this
case, the reader not only perceives information, but also constructs the order
in which it is read. A prime example is Jonathan Safran Foer’s novel Tree of
Codes, in which cut-out page fragments form a special material-textual
structure. The reader simultaneously interacts with the literary text and the
physical construction of the book, and the reading process itself acquires a
tactile and interactive character [3]. The Abra project combines a hand-made
art book with an iPad app and allows the reader to interact with the form and
content in a dynamic way [4]. In this case, the digital component does not
simply duplicate the printed text, but extends it, creating a system of
transitions between the material and electronic environments. Research on
expanded books emphasizes the need for a special design process in which
the printed form, multimedia links, and user behavior are considered as a
single system [5].

In an intermedia publication, the reader becomes an active participant in
communication. He can touch the surface, change the viewing order, reveal
hidden elements, use a digital device, or correlate different media layers.
Therefore, the designer must design not only the page, but also the interaction
scenario. The main principles of intermedia book design include: 1. Semantic
relevance — each media and material component must be related to the
content; 2. Media coherence — text, images, typography, material, and digital
elements must work as a holistic system; 3. Attention management — the
composition should determine the sequence and nature of perception; 4. Clear
interaction — the reader must understand how to use non-standard elements of
the publication; 5. Technological validity — the selected materials and
technologies must correspond to the budget, circulation, durability and
accessibility; 6. Balance of analog and digital — the digital environment
should expand the capabilities of the book, not level its material specificity.

In digital art book projects, it is important to combine the semiotic
analysis of visible, readable, and manipulated forms with the study of
reception and prototyping practices. Intermedia approaches significantly
expand the possibilities of book design and media content. A book can
function simultaneously as a text, a graphic composition, a material object
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and a digital interface. In such a system, material, form, and technology are
not separated from the content, but participate in its creation.

The most productive is not the mechanical combination of different
media, but their functional interaction. Tactility can enhance the emotional
effect, typography - simulate voice or movement, construction — change the
logic of reading, and digital elements — open up additional levels of
interaction. Thus, intermedia design transforms content from a passive
information carrier into a comprehensive and practical reading product.
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POJIBOBI ITPUHIOUIIN MTPOEKTYBAHHS KEPOBAHOI'O
BUUTEJEM MYJBTHUATEHTHOI'O ITIPOLHECY CTBOPEHHSI
ﬂﬂQEPEHLlIﬂOBAHI/IX HABYAJIBHUX MATEPIAJIIB
B. lykoBa
Texuiunuti ynisepcumem Bapnu, boneapis

Anomauia. Y mesax 3anponoHO8AHO pPONBLOGI NPUHYUNU NPOEKINYEAHHS
Kepo8aHozo guumenem MyJIbMUA2eHmMHO20 Npoyecy CMmeopeHHs OughepeHyiliosanux
HasyanrbHux mamepianig. I1ioxio posnodinac auanis yineil, MoOeno8auHa npoqinie
VUHIG, NPOEKMYBAHHS OILIbHOCMI, Ougepenyiayito ma nepesipKy Midxc OKpeMuMu
poasmu. Haconoweno mna minimizayii Oanux, npocmescyeanocmi piuiens i
0006 ’513K080MY NEOA202IUHOMY CXBANICHHI KIHYe8020 MAMEPIATy.

Knwouosi cnosa: mynemuacenmui cucmemu, oughepenyiliosane HABYAHHS,
NPOEKMYBGAHHS HABYAHHA, GENUKI MOGHI MOOeNi, KOHMPOIb YYumens, OCSIMHIU
WMYYHUL iHmMeneKm.

Abstract. This thesis proposes role-oriented design principles for a teacher-
controlled multi-agent workflow that creates differentiated learning materials. The
approach distributes objective analysis, learner profiling, activity design,
differentiation, and review across distinct roles. It emphasizes data minimization,
traceable decisions, and mandatory pedagogical approval of the final material.

Keywords: multi-agent systems, differentiated instruction, instructional design,
large language models, teacher-in-the-loop, educational artificial intelligence.

Introduction

The educational use of large language models is moving from one-step
text generation toward workflows in which several role-defined agents
contribute to planning, adaptation, and review. Research identifies
applications in instructional design and teacher support, together with
unresolved issues of reliability, privacy, and fairness [1]. The central design
problem is how responsibilities, information access, and human authority
are distributed.

Proposed role-oriented workflow

A teacher-controlled workflow can separate six pedagogical functions:
(1) clarification of the learning objective and expected outcomes; (2)
construction of non-clinical learner profiles based on prior knowledge and
support needs; (3) design of the core learning activity; (4) creation of
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differentiated variants; (5) pedagogical critiqgue of clarity, coherence,
feasibility, and alignment; and (6) factual and ethical review. The roles may
be implemented as separate software agents or as a simulated sequence of
prompts with the same model. The contribution lies in the explicit
workflow, not in assuming that multiple calls automatically improve quality.

Recent systems support this decomposition. Wang et al. distribute design
among agents that apply learning-science knowledge and critique activities
[2]. EduPlanner combines evaluator, optimizer, and analyzer roles to revise
personalized plans and anticipate difficulties [3]. Pedagogical value thus
comes from staged analysis and revision, not fluent generation alone.

Design principles

Four principles guide implementation. First, each role needs a narrow
mandate, explicit inputs, and an observable output so unsuitable decisions
can be traced. Second, context must be transferred selectively: a
differentiation role needs pedagogical information, not automatically
personally identifying records. Third, critique must be separated from
generation and apply stated criteria. Fourth, the teacher must approve the
objective, learner assumptions, and final material.

Teacher control is essential for differentiation. FACET coordinates
learner simulation, diagnosis, material generation, and evaluation while
preserving professional judgment [4]. Simulated profiles can reveal a dense
or insufficiently scaffolded task, but must not be treated as clinical
diagnoses or definitive representations of learners.

Discussion and conclusion

Role-oriented orchestration is a practical middle position between a
single chatbot and full autonomy. It makes instructional design visible and
creates checkpoints for revision. Limitations remain: agents may share the
same model and knowledge gaps, errors may propagate, and the workflow
may require more teacher time.

Multi-agent generation should therefore be selective. Routine drafting
may not justify it, whereas differentiated and inclusive activities can benefit
from specialized roles. Future studies should compare configurations across
subjects, record teacher revisions, and examine classroom outcomes. The
proposed principles provide a transparent foundation while preserving the
teacher’s authority.
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Anomauin. [Jocniodxcerno nioxoou 0o nofyoosu cucmem ceHepayii 3 00n08HeHUM
nowykom (RAG) ma 3anpononoeano memoouxy oyiniO8aHHA 6NAUEY NAPaAMempis
NOULYKOBO20 KOHBEEPA HA SKICMb GION0GIOEl 8ENUKUX MOGHUX MOOCIElL.

Kniouosi cnosa: senuxi mosni mooeni, RAG, eexmopnuii noutyxk, ingpopmayivinuii
NOWYK, 2eHepayis MeKcmy.
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Abstract. The paper investigates approaches to building RAG systems and
proposes a methodology for evaluating the influence of retrieval pipeline parameters
on the quality of large language model responses.

Keywords: large language models, RAG, vector search, information retrieval,
text generation.

Beryn. Benuki moBai Mozeni (LLM) 1eMOHCTpYIOTh BHCOKI pe3yabTaTi
B 3amauax OOpOOKH MPHUPOJIHOI MOBHU, OJHAK BUKOPUCTAHHS JIMIIC 3HAHb,
3aKJIQJICHUX Y TMapaMerpax MoJeli, OOMEXKYe MOXIHUBICTH pPoOOOTH 3
aKTyaJbHAMHM Ta Cleliani3oBaHuMu JaHuMu. OJHMM i3 miIxoniB 1o
BupinieHHs wiel npodnemu € Retrieval-Augmented Generation (RAG), o
MIO€THY€ TEHEPATUBHY MOJIEINb i3 30BHINIHBOIO 023010 3HAHb TA MEXaHI3MOM
iHpopmanitiHoro momyky [1]. SAxicte RAG-cucTemMu 3aneXuTh HE JIHUIIE BiJl
BHKOPHCTaHOT MOBHOI MOJENi, a W BiJ CIOCOOY MiATOTOBKH JTOKYMEHTIB,
po3Mipy TEKCTOBHUX (pParMeHTIB, MOJETI BEKTOPHHX IIPEICTABIICHb,
AITOPUTMY TOIIYKY, KUTBKOCTI BiIiOpaHUX (parMeHTIB Ta iX MOBTOPHOTO
pamxyBaHHA [2].

MeToro pobOTH € JOCHTIPKEHHS BIUTMBY mapameTpiB RAG-koHBeepa Ha
SIKICTh IOLTYKY peneBaHTHOI iHdopMmalii Ta popmyBanHs Bianosigen LLM.

Jdnst  mpoBeieHHS — JOCHIDKEHHS ~ THPOINOHYETHCS  CTBOPEHHS
€KCIIEPUMEHTAJILHOTO MPOTPAMHOT0 CTEHAY 3 MOAYJIBHOI apXiTeKTypOIO.
TexcToBi JOKyMEHTH TOAIIAIOTECS HA ()PArMEHTH, VIS SIKMX 32 JOTIOMOTOI0
embedding-moneni ¢GopMmyroThCsl BeKTOpHI mpeacrtaBineHHs. OTpumani
BEKTOPHM pa3oM 13 TEKCTOM JOKyMEHTIB 30epiraroThCsi y BEKTOPHOMY
cxoBumi. [lig yac oOpoOKkM 3anmMTy cHCTeMa BUKOHYE MOUIYK HaWOUIbII
CEeMaHTHYHO ONM3bKMX (parMeHTiB Ta nepernae ix LLM sx nomatkoBmii
KOHTEKCT. BUKOpHCTaHHS IIIJIBHUX BEKTOPHHUX IPEICTaBJICHb J03BOJISIE
3HAXOIWTH PEJIEeBaHTHY iH(OPMAIiI0 HABITh 3a BiACYTHOCTI MPSIMOTO 30iry
KIouoBUX ciiB [2]. ExciepumeHTaNbHUN CTEHN Tependadae He3aJeKHy
3MiHy OCHOBHHMX mapaMmeTpiB RAG-cuctemMu: po3Mipy TEKCTOBOTO
(¢parmMeHTa, BEeTHYNHH MEPEKPUTTS MK (parmentamu, embedding-moxeni,
KITBKOCTI BifiOpaHux JOKyMEHTiB 1Op-K Ta BHKOPHCTaHHS MOBTOPHOTO
pamxyBanHs. OILIHIOBaHHS TPOMOHYEThCS BHUKOHYBATH OKPEMO IS
MOUIYKOBOI Ta TeHepaTMBHOI YacTuH cucteMmu. J{is retrieval-koMmmoHeHTa
MOXYTbh BHUKOpPHCTOBYBaTHCs MeTpuku Precision@k, Recall@k ta Mean
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Reciprocal Rank. SlkicTs reHepallii OIiHIOETHCS 32 BiAMOBIIHICTIO BIAMOBI/I
MOCTAaBJICHOMY 3allMTaHHIO Ta CTYNEHEM ii MIATBEP/PKEHHS OTPUMaHHM
KoHTeKcTOM.  JInst  aBroMaTM3amii  Takoro  OIIHIOBaHHS  MOXe
BuKopHcTOBYBaTHcs miaxinx RAGAS [3].

TakuM 4MHOM, NMPOBEJECHHS Cepil EKCIEPHUMEHTIB i3 KOHTPOJIbOBAHOO
3MIHOIO MapaMeTPiB O3BOJSE BU3HAYUTH iX BIUIMB Ha KIHIIEBY SKICTh
pobotn RAG-cructemMn Ta BCTaHOBHTH KOH(]irypamii, HaiiOimpm epeKTHBHI
JUTL KOHKPETHOTO TUIY JOKYMCHTIB 1 3aIIHTIB.

BucnoBku. EdpextuBaicte RAG-cricTeM 3HAYHOIO MipOI0 BH3HAYAETHCS
mapaMeTpamMH IiATOTOBKHA JOKYMEHTIB Ta iH(POPMAmiHHOTO TOMIYKY.
3anporoHOBaHUM EKCIIEPUMEHTANBHNN CTEHA JMO03BOJSAE CHCTEMAaTHIHO
JIOCITI/KYBATH BIUIMB LIUX MapaMeTpiB Ta MOPIBHIOBATH Di3HI KOHQIrypamii
3a €IMHOIO METOAUKOIO OLIHIOBAHHS.
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AHAJII3 METO/IIB CUHTE3Y AJAIITUBHOI APXITEKTYPU
IHTEJEKTYAJIbBHUX ATEHTIB JJIsI ABTOMATHU30BAHOI'O
KEPYBAHHSI ITPOIIECAMMU PO3III3HABAHHS
A.3aeHcbkmii
Hayionanenuii ynieepcumem «Odecoka noaimexuikay, Yxpaina

Anomauia. Ilpoananizogano memoou cunmesy ao0anmMueHoi apximexmypu
IHMeNeKMyanvHuxX —aceHmie Ol aA8MOMAMU308AHO20 KEPY8AHHA Npoyecamu
PO3NI3HABAHHA 8 YMOBAX OUHAMIYHO20 cepedosuwya. Posenanymo moodynvruli nioxio
00 nobyoosu azewma, wo HNOEOHYE CHPUUHAMMS, NPUUHAMMS pilleHb ma
camoadanmayilo  CMpYKmMypu HA  OCHOBL  Helpoesomoyii Ul  HAGYAHHA 3
niokpinnenusm. Ilokazano, wo KOMOIHOGAHUL CuHmMe3 apXimeKmypu niosuuye
MOYHICMb [ WEUOKICMb adanmayii azeHma NOPIi6HAHO 3I CIMAMUYHUMU PDIUUEHHIMU.

Knwouosi cnoea: inmenekmyanbHi  acemmu, —aO0AnmMueHa  apXimexmypa,
PO3Ni3HABaHHA 00pA3ie, CuUHME3 apXimeKmypu, Heupoegonioyia, HAGYAHHA 3
NIOKPiNnIeHHAM

Abstract. Methods for synthesizing an adaptive architecture of intelligent agents
for automated control of recognition processes in a dynamic environment are
analyzed. A modular agent design combining perception, decision-making, and
structural self-adaptation based on neuroevolution and reinforcement learning is
considered. The combined architecture synthesis is shown to improve the agent's
recognition accuracy and adaptation speed compared to static solutions.

Keywords: intelligent agents, adaptive architecture, pattern recognition,
architecture synthesis, neuroevolution, reinforcement learning

Y cydacHMX cHCTEMax aBTOMAaTH30BAHOTO KEpyBaHHS IpoOLEecaMH
posni3HaBaHHs (00pa3iB, MOBJICHHS, CCHCOPHHUX JaHMX) 3POCTAE CKIAIHICTh
i MIHJHMBICTh BXiTHHX TOTOKIB iH(OpMaIlii, 0 00yMOBIIOE HEOOXiTHICTH
3aCTOCYBaHHS IHTEIEKTYaJIbHUX areHTiB, 3[JaTHUX CaMOCTIHHO aJlanTyBaTH
BJIaCHY apXiTeKTypy A0 yMoB ekcruyarauii [1]. Tpaguuifini areHTtHi
CHCTEMH 31 CTAaTUYHOIO CTPYKTYPOIO JIEMOHCTPYIOTh HEJJOCTATHIO THYYKICTh
IIpHU 3MiHI PEXHUMIB POOOTH, MOSIBI HOBUX KJaciB 00'€KTiB PO3ITi3HABAHHA
a00 3MiHI XapaKTePUCTHK cepefoBHINA. Y 3B'SI3KYy 3 IIMM aKTyaJIbHHM €
aHaji3 Ta CHCTEMaTH3allisl METOMiB CHHTE3Yy aJalTHBHOI apXiTeKTypH
IHTETIeKTyalbHUX areHTiB, OPIEHTOBAaHMX Ha 3aJadi aBTOMATH30BAaHOTO
KEpyBaHHS [IPOILIECAMHU PO3Ii3HABAHHS.
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4 3aIpOIOHOBaHIH KOHLETIIT aJlaniTUBHA apxiTeKTypa
IHTEJIEKTyalIbHOrO areHta OyIyeTbcs 3a MOJYJIBHHM HPUHLIUIOM, IO
J03BOJISIE  HE3aJeKHO CUHTE3yBaTH Ta  peKOH(DIrypyBatu  okpemi
(GyHKIIOHaTbHI OJIOKHM: MOAYNIb CHPHUHUHATTS, IO 3a0e3nedyye NEepBHHHY
00poOKy Ta kiacu(ikaiifo BXIJHHX JaHUX PO3IMi3HABAHHSI Ha OCHOBI
3TOPTKOBHX 1 PEKyPEHTHHX HEHPOMEPEIKEBUX CTPYKTYP; MOAYIIb PUAHSTTS
pillicHb, peasli30BaHUI HA NPUHIUIIAX HABYAHHS 3 MigKpiluieHHsM [2], mio
(dopMye cTpaTerito KepyBaHHA IPOIECOM pO3IMi3HABaHHSA BiIMOBITHO IO
MIOTOYHOTO CTaHy CEpEJOBHINA; MOMYJIb CaMOAJaNTallil, SKUH 3IiHCHIOE
AaBTOMATHYHUI MOIIYK Ta KOPHUIYBaHHS apXiTEeKTypu areHTa (MeTonu
HeiipoeBomoliii Ta momyky apxitekryp - Neural Architecture Search)
3aJIeKHO BiJl MOKA3HUKIB SKOCTI po3misHaBaHHs [3]; MOIyNs KOOpAMHAILL,
mo 3a0e3nedye Y3ro/KeHY B3a€MOJII0 TIPYNU areHTiB y PpO3MOIUICHHX
cUCTeMax KepyBaHHsS PO3MMi3HaBaHHIM. Y MeXKax JOCITIKECHHS MPOBEICHO
MOPIBHSUIBHUI ~ aHalli3 METOMIB CHHTE3y aJalTHUBHOI apXiTeKTypu -
€BOJIIOLIITHNX alNrOpUTMIB, TPAJIEHTHOTO MOILIYKY apXiTEeKTyp Ta MiJXO/iB
Ha OCHOBI HaB4YaHHS 3 MAKPIIUICHHSM - Ha TpHUKIami  3aaad
aBTOMATH30BaHOTO pPO3Ii3HaBaHHS 300pakeHb 1 cHUrHamiB. PesynpraTn
NOKa3ajM, 10 3aCTOCYBaHHS KOMOIHOBaHOro minxoiy (HeHpoeBOJIOLis y
MMOEJHAHHI 3 HABYAHHAM 3 MiAKPITUIGHHSAM U1 ajanTallii ImapaMeTpiB
MOAYNsl TNPHUAHATTSA pillleHb) JO3BOJISIE CKOPOTUTH 4Yac  aJanTamil
apxIiTeKTypu arcHTa J0 HOBHUX yMOB Ha 15-20% Ta migBUIIHATH TOYHICTH
po3mizHaBaHHA Ha 6-11% TmOpiBHAHO 31 CTATHYHHUMH AarcHTHUMHU
apxiTektypamu. [IpoBemeHH# aHami3 METOMIB CHHTE3y aJalTHBHOI
apXITeKTypH 1HTENEKTyaJbHUX arcHTIB MiATBEPIKY€E iX €PEeKTHBHICTH IS
3ajJ]a4 aBTOMaTH30BAHOTO KEPYBaHHS IPOLEcaMH PO3ITi3HABAHHI B YMOBaX
JTUHAMIYHOTO cepenoBumia. [loganbini JOCHiKeHHS TOIIBHO CIPSIMYBaTH
Ha pO3poOJieHHsT YHI(pIKOBAaHWX KPHUTEPIiB OIIHIOBAHHS aJalTHBHOCTI
areHTHUX apXiTeKTyp Ta 1X IHTEeTpalit0 B PO3MOJUICHI CHCTEMH
PpO3Ii3HaBaHHs PEUTLHOTO Yacy.
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Annomauia. 3anpononogano KoHyenyitlo onmumizayii npoyecy no6yoosu
2ibpuonoi Mooeni 2MUOUHHO20 HABYAHHA 018 (DIHAHCOBUX NPOSHOCMUYHUX 3A800Hb,
wo inmezpye porosy onmumizayilo, HeuimKutl iHmenexm, 2eHemuyHi aiecopummu ma
mooeni BiLSTM i Transformer.

Knwwuosi cnosa: 2idpuone naguanms, Qinancoe npoecHo3y6anHs.

Abstract. An concept for optimizing of hybrid deep learning models for financial
forecasting is proposed by particle swarm optimization, fuzzy intelligence, genetic
algorithms, and BiLSTM and Transformer models.

Keywords: hybrid learning, financial forecasting

Beryn.  Crpimke 3poctaHHS o00CsTiB  (PiHAHCOBHX HAaHHX, BHCOKA
BOJIATWJIBHICT PUHKIB Ta HENIHIHHMH XapakTep B3a€MO3B'S3KIB MiX
S€KOHOMIYHMMH IOKa3HUKaMH CYTTE€BO YCKJIAIHIOIOTH HOOYMOBY Mojeinel
nporHo3dyBaHHs [1]. BuUKOpHCTaHHS OKpeMHUX Mojeneid TIJIMOMHHOTO
napyanus ([CH) He 3abesmedye JocTaTHbOI CTIMKOCTI 10 IIyMiB,
CTPYKTYpHHX 3MiH YacoBUX PsOiB Ta HAAJIMIIKOBOCTI o3HaK [2].
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[lepcrieKTHBHUM HAINpsMOM € CTBOPEHHSI TOpPHUAHUX apXIiTEKTyp, y SKUX
MOEHYIOTBCS METOIM OOYHUCIIOBAJIBHOIO IHTEJIEKTY, 3[aTHI B3a€EMHO
KOMICHCYBATH HENONiKd oauH oxHoro [3]. OcobmuBoi akTyambHOCTI
HaOyBa€e aBTOMAaTH30BaHA OITHMI3allisi BCHOrO LUKJIY NOOYZOBH MoOAeni,
MOYMHAIOYM BiJ BigOOpY O3HaK 1 3aBepiuytoun (GopMyBaHHSIM (iHAIHHOTO
NpOTHO3y LUIIXOM aHcamOnroBaHHs Mojeneir 'H. Meroro pobotu €
PpO3pOoOIeHHS KOHIEMIii ONTHMi3alii mporecy moOyIoBH TiOpUAHOT MOAEMTi
TTHOMHHOTO HaBYaHHSA AJIs (PiHAHCOBMX NPOTHOCTUYHMX 3aB/JaHb HA OCHOBI
iHTerpamii  WiAXOAiB  OOYHCIIOBANIFHOTO  IHTENEKTy Ta  CTEKIHTY
HEWpOMEpEKEBUX MOJIETIeH. 3alporoHOBaHA KOHLEMIS CKJIAJA€ThCS 3
II'SATH B3a€MOIIOB'S3aHUX eTamiB. Ha mepmoMy erami 3miHCHIOETBCS
KOMIUIEKCHA MirOTOBKAa (DiHAHCOBHUX YAaCOBUX PSMAIB 13 CHHXPOHI3AIi€I0
PI3HOPIOHMX JDKEped AaHUX, YCYHEHHSM IMpOITYCKiB, HOpMali3ali€lo Ta
(GhOopMyBaHHSIM KOB3HHUX 4YacOBUX BIKOH. JI0JaTKOBO OOYHCITIOIOTHCS
TEXHIYHI  IHIMKATOpH, TOKa3HUKA  BOJATWJIBHOCTI,  JiorapudmiuHi
JIOXOJTHOCTI Ta CTATUCTHYHI XapaKTEPUCTUKH JIOKAIbHUX TPEHIIIB.

Jpyruii eram peaiidye iHTEJIEKTyalbHHUH BifOIp O3HAK 3a JOMOMOTOIO
AITOPUTMY POI0 YACTUHOK, SIKMH ONTHMI3y€e MiIMHOXHHY BXIJIHUX
mapaMeTpiB  3a  KpurepieM  MiHiMizamii  ¢QyHKWmii BTpaT Momemi
nporHo3yBaHHs. KoXHa 4acTHHKa KOJye MOXIIMBY KOMOiIHaMil0 O3HaK, a ii
TIOJIOKEHHSI OHOBJIIOETHCSI BIIIOBIAHO 10 TIJIOOANBHOTO Ta JIOKAIHHOTO
ONTHMYMIB, IO JO3BOJISIE CKOPOTUTH PO3MIPHICTE HPOCTOPY O3HAaK 0e3
BTpAaTH iH(POPMATHBHOCTI.

Ha TperhoMy erami BHUKOPHUCTOBYETHCSI HediTKa Heiipo-¢as33i cucrema
tury ANFIS nans agantuBHOi OIIHKM PUHKOBUX pexuMiB. Ha ocHOBI
HEYITKUX TPaBWJI BU3HAYAIOTHCSA PiBHI PU3UKY, IHTEHCHBHICTH TPEHIy Ta
CTYIiHb HEBH3HAYEHOCTi, MiCIAs 4YOro (GOPMYETHCA IOIAATKOBUM HaOip
JIATEHTHUX O3HAK, SKUU MEPeAacThcsl 0 MoJieliel TIMOMHHOIO HaBYaHHS.
Takuit MexaHi3M 3abe3nedye CeMaHTHYHE Yy3arajJbHEHHS (iHAHCOBUX
3aKOHOMIPHOCTEH 1 MiJIBUILYE CTIHKICTH 0 JIOKAIBHUX aHOMAaJTii.

UYerBeptuil etan nependavyae mapaieinbHe HaBUaHHs TBOX Mozeneir ['H.
[epma mogens BiLSTM BHKOHY€E MOJIENIOBaHHS JOBIOCTPOKOBUX YaCOBHX
3ajexHocredl 'y (iHaHcoBux pspax. Jpyra wmogmens Transformer i3
MEXaHi3MOM  0araTtoroyioBoi yBaru aHaji3ye TIJ00ajbHI  HENiHiMHI
B3a€EMO3B'SI3KM MiXK YAaCOBHMH IHTEPBAJIAMH Ta BHUABISE MPHUXOBaHI
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3aKOHOMIpHOCTI. [Iy11 KOXHOI MOJIeNli TeHEepYIOThCsl HE3aJeXHI MPOTHO3M,
SIKI JOTIOBHIOFOTHCSI OLIIHKAMH JIOBIpH.

Ha 3aBepmanbHOMYy eTami peali3yeTbCsi CTEKIHI MpOTHO3iB. Sk
METaMoJIeJb BHKOPUCTOBYETHCSI TPaJi€HTHUH OYCTHHT, SIKUH OTpUMYE
nporuo3Hi 3uaueHHs BiLSTM, Transformer, HediTKi OIIHKH PH3UKY Ta
JOAATKOBI CTATHCTHYHI XapaKTEPUCTUKU IOXHOOK 0a30BHX MOJEINEH.
[Tapamerpn MeTamozeni ONTHMI3YIOThCSI TEHETHYHHM alrOPHUTMOM, SKHH
BHKOHY€ TIIOOAJNPHUN TOIIYK Haikpamoi KOoH]Iiryparmii rimepmapamerpis,
MiHiMi3yroun 3HaueHHA QyHKOii RMSE Ta 3amofiratoun mepeHaBYaHHIO.
TakuM 4YHHOM TOEMHYIOTBCSA TPH Pi3HI MAXOOH OOYHCIIOBAIBEHOTO
IHTEJIEKTY, a caMe poioBa ONTUMI3allisd, HEUITKUI IHTSIEKT Ta €BONOMIHHA
omnTuMi3ailis, i3 1soma mojensmu I'H B enuniit OaratopiBHEBiit apXiTEKTypi.
KoHuenuiss BiJmoBiae Cy4acCHUM TEHACHIISIM PO3BUTKY TiOpHIHKX
MoJjienield iHaHCOBOT'O MTPOTHO3YBAHHSL.

ExcriepuMeHTanbHa nepeBipka KOHIEIIT BUKOHyBaslacs Ha (JiHAHCOBUX
YacoOBHX psAax 13 BHUKOPHCTaHHSM MOKPOKOBOI 4YacoBoi Basijarii.
IopiBusiHO 3 okpemumu  wmozenmssmu  BiLSTM  ta  Transformer
3alpONOHOBaHA apXiTeKkTypa 3abe3meumna 3MeHmeHHs RMSE npubnmsHo
Ha 11-15 %, MAE Ha 9-12 %, nigBumienHs koedimieHTa nerepminarii R?
no 0,95 Ta ckOpoYeHHS KiTBKOCTI HECTIHKMX MPOTHO3IB IMiJ Yac pPi3KUX
PHHKOBHX KOJIUBAHb.

BucHoBku. OtpuMaHi pe3yiabTaTH MiITBEPIKYIOTH  JOUUIBHICTH
BHKOPUCTaHHSA KOMIUIEKCHOI ONTHMI3alii Mmpolecy MmoOymoBH TiOpUIHUX
mojeneid I'H nnst ¢iHaHCOBMX NPOrHOCTHYHMX 3aBJaHb. 3alpONOHOBaHA
KOHIIETIIis 3a0e3neyye MiABUIIEHHS TOYHOCTI MIPOTHO3YBaHHS, MOXe OyTH
BUKOPHCTaHa $IK OCHOBAa JUIS CTBOPEHHS IHTENIEKTYaJbHHX CHCTEM
MIATPUMKH (DIHAHCOBUX PIlICHB.
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maxoaur IEPI/IﬂI/I?.AHIi HPOLECIB ITIOBY10BHA MOJIEJEN
TIJIMBUHHOI'O HABUYAHHA JJI51 OHIHOK ®IHAHCOBUX
PU3UKIB
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Annomayin. Jlocniosceno modcnusocmi inmeepayii QisuuHo noiHgopmosanux
ma UMOGIPHICHUX NIOX00i8 npu no6y00si 2iOpUOHUX MoOenell MUOUHHO20 HAGUAHHSL
0715 OYIHKU (DIHAHCOBUX PUBUKIG.

Knrouoei cnosa: oyinka pusuxis, tiMOGIpHICHE MOOETIOBAHHS

Abstract. The paper investigates the integration of physics-informed and
probabilistic approaches into hybrid deep learning models for financial risk
assessment.

Keywords: risk assessment, probabilistic modeling

Beryn.  3pocTaHHS  CKIIQAHOCTI  Cy4acHHX  (DiHAHCOBHUX  CHCTEM
CYNPOBOJKYETHCS  MIJBUIICHHSIM  PIBHI  HEBU3HAYEHOCTI, TIOSBOIO
HENTIHIHHUX 3aJIe)KHOCTEH Ta YaCTMMHU CTPYKTYPHHMH 3MiHaMH PHHKOBOTO
cepeloBuIIa. 3a TaKMX YMOB TPAgUIliiHI MOJEN TIMOMHHOTO HaBYaHHS
(I'H) neMOHCTPYIOTH BUCOKY YYTJIMBICTH 10 SIKOCTI HaBYaIbHOI BUOIpKH Ta
HEJIOCTaTHbO BPAaXOBYIOTh aNpiopHi 3aKOHOMIPHOCTI (DyHKIIOHYBaHHS
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¢inancoBux mporeciB [1]. OZHUM i3 TEPCIEKTHBHUX HANPSMIB PO3BUTKY
IHTEJIEKTyaIbHIUX CUCTEM OLIHIOBAHHS PH3UKIB € TOE€JHAHHS (Hi3UUHO
MOiH(OPMOBAHUX MOJIEJIEH, 10 TO3BOJISIIOTH IHTEIPyBaTH (yHIaMEHTaJIbHI
€KOHOMI4HI OOMEXEHHs y TpOolleC HaBUaHHS, i3 HIMOBIPHICHUMH METO/aMH,
3MaTHUMU (popMaltizyBaTH HEBH3HAUYEHICTh MMPOTHO3IB [2].

Mertoto poOoTH € aHanmi3 migxoniB moOyaoBu riopuanux moxeneit 'H
JUI1 OLiHIOBaHHS ()iHAHCOBMX pH3WKIB HA OCHOBI iHTerpamii ¢izmaHO
moiHGopMOBaHNX 1 WMOBIPHICHHX MiAXOIIB Ta BH3HAYCHHS ONTHUMAIBHOL
apXiTEeKTypH iX CHUIBHOTO BUKOPHCTAHHSL.

3anpormoHOBaHa KOHIEMIS 0a3yeTbcss Ha 0OaraTopiBHEBIH cxemi
riOpuau3anii nporecy HapuaHHs. [logaTkoBuil etan mependavyae miArOTOBKY
(iHAaHCOBUX YaCOBHX Ps/iB, YCYHEHHs IPOITyCKiB, HOpMaJi3allilo JaHUX,
(hopMyBaHHS KOB3HHMX YAaCOBHX BIKOH Ta OOYHCIICHHS 1HAUKATOPIB PUHKOBOT
AKTUBHOCTI, BOJIATWJIBHOCTI, JHKBIZHOCTI ¥ HOXigHOCTI akTuBiB. Ilicms
1poro GopmyeTbes cuctema (i3uYHO MOIH(GOPMOBAHUX OOMEKEHbB, KA
BiZloOpaxkae GpyHIameHTa bHi GpiHaHCcOBI 3akoHOMIipHOCTI. Jlo QpyHKuii BTpar
MOJEN BBOIAThCS mITpadHi CKIAIO0Bi, [0 KOHTPOJIOIOTH BHUKOHAHHS
€KOHOMIYHO OOIPYHTOBaHHX CITIiBBiTHOIIICHb, 30KpeMa HEBiI'€MHOCTI
PHU3HKOBHX IOKa3HHKIB, y3TO/PKEHOCTI 4acOBOi IHMHAMIKH BOJIATHIBHOCTI,
0OMeKeHHS pI3KHX CTPHUOKIB TpPOrHO3HOI (yHKIiiI Ta 30epexeHHs
JIOBTOCTPOKOBHX TEHICHIIIH PO3BUTKY (piHaHCOBOTO Tporecy [3].

Hacrynauit piBeHB peaiizye HMOBipHICHE MO/ICITFOBaHHS
HEeBM3HA4eHOCTi. [yl IIbOr0 BHKOPHCTOBYEThCS OaifeciBCcbka HEHpOHHA
Mepexa, y siKiii BaroBi koe(illieHTH ONHUCYIOThCS alPiOPHUMH PO3IIOIIIAMU
1 YTOYHIOIOTHCS T1iJ] YaC HaBYaHHS METOJOM BapiamiifHoro HaOmmKkeHHs [2].
Ha Buxoxi mopmeni gopMyeTscsi omiHKa (piHAHCOBOTO PH3HMKY Ta JOBIpUIHA
iHTEpBaJI MPOTHO3Y, IO O3BOJSIE OIIHWTH DPiBEHbP HEBHU3HAYEHOCTI IS
KO>KHOTO pimieHHs. s MiABUIIEHHS CTIHKOCTI MPOTHO3YBaHHS Pe3yJIbTaTh
OaiieciBCbKOi MoJIesi KOMOIHYIOTBCS 31 CTEKIHTOBOIO apXiTeKTypoIo, y SKiH
6azoBuMH MozesiMu BHUcTymatoTh Temporal Convolutional Network Tta
Transformer. Ilepma Mojens aHadi3ye JOKAIbHI 4acoBl 3aKOHOMIPHOCTI
(iHAHCOBUX PSNiB, TOHI SIK ApPyra MOCIIKYE TIO0AbHI JOBrOCTPOKOBI
3aJIeKHOCTI 3a JIONOMOTOI0 MexaHi3My OarartorosioBoi ysaru. DinaibHe
IHTErpYBaHHS IIPOTHO3IB BUKOHYETHCS METAaMOJEIUIIO, SIKa BPaXOBYE SIK
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YHUCIIOBI OIIHKM pPH3HMKY, TaK 1 IXHIO arocTepiopHy HEBHU3HAYCHICTh,
3abe3neuyrour alanTHBHE BU3HAYCHHS Bar KOXKHOT 0a30B0T MoJedi.

Bucuoku. [IpoBenennii aHasi3 miaTBepIXKy€e TOUUIBHICTE KOMITIEKCHOT
iHTerpauii ¢i3uyHO MOiH(GOPMOBaHMX 1 WMOBIPHICHHX MIiAXOAIB Yy Tpolec
noOyznoBu mozeneit ['H nns oniHioBaHHs (iHaHCOBMX pH3HKIB. [loeaHaHHs
C€KOHOMIYHO OOIPYHTOBaHMX OOMEXEHb 13 0all€CiBCBKMM  OIHCOM
HEBU3HAUCHOCTI 3a0e3ledye MiIBUINEHHS OCTOBIPHOCTI TIPOTHO3IB,
MTOKpAIy€e IHTEPIPETOBAHICTh PE3yIIbTATIB.
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K. Shumeiko [0009-0002-1523-9789]
Odessa Polytechnic National University, Ukraine
EMAIL: kshumeyko@gmail.com

KOHUIEIIIA Y3rOAKEHHSA JAHUX KAMEPU TA COHAPA
JJIs1 PO3ITIIBHABAHHS NIJIBOJAHUX OB’EKTIB
K. Illymeiixo
Hayionanvnui ynisepcumem « Odecvka nonimexunixay, Ykpaina

Anomauia. Po3zenanymo npoonemy y3e00%4cenHs OaHuUX Kamepu ma coHapa 07
MYTbMUMOOANbHO20 PO3NI3HABANHS NI08OOHUX 00 cxmis. IIpoananizosano ocHosHi
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Di6HI  Y32000/ceHHA,  OOIPYHMOBAHO HEOOXIOHICMb  CHIIbHO20  3ACHOCYSAHHA
CUHXpoHizayii, 306HiWHbOI Kanibposku, Hopmanizayii macwmady ma YHigixayii
03HAK06020 npedcmagnents. 3anponoHoeano KOMOIHO8aHy cxemy, wjo 3abesneuye
niosuleH s CMiuKicmi po3nisHaéanua ni080OHUX 06 €Kmis.

Knrouoei cnosa: posniznasanus niosoOHux 06 'ekmie, kamepa, COHap

Abstract. The problem of aligning camera and sonar data for multimodal
underwater object recognition is considered. The main levels of alignment are
analyzed, and the need for the joint application of synchronization, extrinsic
calibration, scale normalization, and feature representation unification is
substantiated. A combined scheme is proposed that improves the robustness of
underwater object recognition.

Keywords: underwater object recognition, camera, sonar, data alignment

PosmizHaBaHHA MmiABOAHUX OO’€KTIB € BaXUIMBUM 3aBIAHHAM IS
ABTOHOMHUX ITIJJBOJHUX anapaTiB, poOOTOTEXHIYHUX CHCTEM, MOHITOPHHTY
MOPCBKOTO CEpeJOBHINa, OOCTEXKEHHS JHA Ta KOHTPOJIIO ITiJABOIHOI
iHppacTpykTypu. Y MIBOJHUX yMOBaX OIWH CEHCOP PIOKO 3a0e3rnedye
JOCTaTHIO TOBHOTY iH(opmamii. ToMy NepCHeKTHBHUM HAIpsSIMOM €
CHUIbHE BUKOPUCTAHHS ONTHYHUX 1 T1APOAKyCTHIHNX AAHUX.

CydacHi JOCTIDKEHHS TIOKa3ylOTh, IO OO0 €IHAHHS ONTHYHHX i
COHapHHAX 300pakeHb MOXKE IIIBUIIATH iHGOPMATHBHICTH ITiJBOTHOTO
CIIOCTEPEXKEHHA. J[Is LbOr0 BUKOPUCTOBYIOTBCS METOJU IEOMETPUYHOI
KaJTiOpOBKH, TIEPETBOPECHHS 300paXKeHb, MOKPAIECHHS SKOCTI ONTUYHOTO Ta
TiIpOaKyCTUYHOTO KaHalliB, & TaKoX MOAAJbLIOr0 HakiajaHHsi abo
00’eTHAaHHA JaHUX Y CHIUIBHIN cucTeMi koopauHaT [1]. OxHUM i3 KIF09OBHX
3aB/laHb € 30BHIIIHA KamiOpoBKa Kamepu Ta coHapa. [lyig kamepu
XapakTepHa TepCleKTHBHA MPOEKIs, a JyUii COHapa - aKyCTHUYHe
BUMIpIOBaHHS JaJbHOCTI Ta KyTa [2]. HaBuamHs Ta mepeBipka
MYJIBTUMOJIBHUX MOJIENIE BUKOHYETHCS 3a JJONOMOTOIO Mapu 300pakeHb
KamepH Ta coHapa. Yepes npocropoBe HecniBnaainHs RGB-300pakenHs Ta
COHApHHUXOT'0 300pa’KE€HHS 3aCTOCOBYIOTHCS MEXaHI3MH cross-attention, siki
JIal0Th 3MOTY BPaxOBYBaTH 3B’S3KM MDK BI3yaIbHUMH H aKyCTHYHUMH
O3HaKaMHM HaBiTh 32 HEMOBHOT'O 30iry 00’€KTIB y IBOX MOAAIbHOCTAX [3].
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Mera poboTu mojsirae y OOIpyHTYBaHHI KOMOIHOBAHOTO MiIAXOIY IO
Y3TOJDKEHHS [JaHWX KaMepu Ta COHapa Juisl MiABUINEHHS CTIMKOCTI
PO3Mi3HABAaHHS MiIBOIHUX 00’ €KTIB.

V3rojkeHHs JaHWX KaMepu Ta CoHapa MAae€ BHUKOHYBAaTHCS SIK
OararoeramHuii npouec. Ilepmmii piBeHb - YacoBe Y3ro/pKeHHs. BoHo
nependavae, 10 KaJap KaMepyu Ta KaJp COHapa MaloTh HaJeXaTH J0 OJHOTO
MOMEHTY CHOCTEpEXEHHS abo J0 IOCTaTHhO OJIM3BKHX MOMEHTIB dacy.
Jpyruii piBeHb - KOOpIWHATHE Y3TO/PKCHHSA a00 B3a€MHE IOJO0XKECHHS
KaMepH Ta coHapa Ha matdopmi. TakuM giHOM o100 Touka abo 06IacTh, IKy
CIIOCTEpirae OIMH CEHCOpP, MOXKE OyTH NepeHeceHa B CHCTEMYy KOOpPIHHAT
iHmoro ceHcopa. TpeTiii piBeHb - y3roipkeHHS MacmTady. 300pakeHHS
KaMepH Ta COHapHE 300paKeHHS MOXYTb MaTH Pi3HHH PO3Mip, PO3ILIBHY
3maTHicTh. ToMy naHi HEOOXITHO MPUBOIUTH IO 3iCTABHOTO MacmiTady . Ile
MOXXE BHUKOHYBATHCS Yepe3 HOpMali3aiilo po3Mipy oOmacti iHTEpecy.
YerBepTHil piBeHb - y3roJUKEHHS (GopMary O3HaK. Y LbOMY BHIAIKy AJIs
KaMepl Ta COHapa MOXYThb BHUKOPHCTOBYBATHCS OKpeMi TiIKH OOpOOKH.
Kamepna rinka Buaijise Bi3yallbHi O3HAKH, HAlPHKIAL KOHTYpPH, TEKCTYpY
Ta ceMaHTH4Hi oOmacti. CoHapHa TilKa BHIUILE AaKyCTHYHI O3HAKH:
JABHICTD, IHTEHCUBHICTE BIIOUTTS, POPMY aKyCTHUYHOI IUIIMH Ta TiHb.

BucHoBku. SIK OCHOBHE pIllIEHHS HPOIOHYETHCS BHKOPHUCTOBYBATH
KOMOIHOBaHMH TMiIXiJ, IO BKJIIOYAE YacOBY CHHXPOHI3AIIIO, 30BHIIIHIO
KamiOpOBKy, TIEPETBOPEHHS KOOpPAWHAT, HOpMAJi3alifo Macmrady Ta
00’eTHAaHHS O3HAK Ha PiBHI 03HAKOBHX KapT abo pimeHs. Takuil miaxix €
CTIMKILIKMM, HDK IpsIME HaKJIalaHHS 300pakeHb.
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YK 004.65:519.816

INTEGRAL ASSESSMENT OF INFORMATION SYSTEMS DATA

QUALITY BASED ON THE ANALYTIC HIERARCHY PROCESS
D. BilousoyL 0009-0004-9627-2947]

Odessa Polytechnic National University, Ukraine
EMAIL: beloysov.denis.05@gmail.com
IHTEI'PAJIBHE OLHIHIOBAHHA SAKOCTI JAHUX
IH(I)OPMAIIIﬁHl/IX CUCTEM HA OCHOBI METOY AHAJII3Y
IEPAPXIN
. Bisoycos
Hayionanvnuii ynigepcumem «Odecvka noaimexwikay, Yxpaina

Anomauia. 3anpononoeano Memoouxy IHmMezpaibHO20 OYIHIOBAHHS SKOCHI
Oanux THpopMayitinoi cucmemu, KA NOEOHYE NOKAZHUKU NOGHOMU, VHIKATbHOCMI
ma y3200H4CeHOCmi 3anucie i3 MemoooM aHAnizy IEpapxiti Olsi GUIHAYEHHS IXHbOT
BIOHOCHOI 8a2uU; MEMOOUKY NepesipeHo Ha PealbHOMY HA6OPi PI3HOPIOHUX OAHUX.

Knrouoei cnosa: sxicmv 0anux, memoo ananizy iepapxii.

Abstract. An integral method for assessing information system data quality is
proposed, combining completeness, uniqueness and consistency indicators of
records with the analytic hierarchy process for determining their relative weight; the
method is validated on a real heterogeneous dataset.

Keywords: data quality, analytic hierarchy process.

EdextnBHEe BUKOpHUCTaHHSA iHGOPMANiIHHUX CHCTEM, IO IHTETPYIOTH
JaHl 3 KUTBKOX HE3aJeXKHUX JDKEpell, 3aJieKUTh Bil SKOCTI LWX JIaHUX.
Sxicte maHmx OaratoBumipna: P. Bamr i [I. CtpoHr BigHOCATH 1O ii
CKJIaJIOBMX TIOBHOTY, TOYHICTH 1 Y3TOJPKEHICTh mojaHHs [1], a B 3amadax
iHTerpamii JaHWX KPUTHUYHOTO 3Ha4YeHHs HaOyBa€ TaKoX YHIKaJbHICTB,
TOOTO BIICYTHICTh IyOiikatiB ogHOoro o0’ekra [2]. Lli ckiamoBi Hepigko
cyrnepedaTb OJHA OJAHIM, TOMy IX 3BEJCHHS JI0 €IMHOI OLIHKM BHUMarae
METO/My BH3HA4YCHHS BIJHOCHOI BaXJIMBOCTI KOXHOI. Meron aHamizy
iepapxii T. Caari po3B’s3ye 1€ 3aBJaHHS uepe3 IONApHi IMOPIBHAHHS
kputepiiB [3]. s iHTerpanbHOI OLIHKHU SIKOCTI TaHUX 00paHO TpU KpUTepii:
TTOBHOTY 1 Y3TODKEHICTh 3amo3udeHo 3 kiacudikarnii Banra i Ctponra [1], a
YHIKaJIBHICTh JOJAHO 3a MiAXOA0M, MOIMPEHUM Y JIITepaTypi 3 iHTerpartii
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naHux [2]. MarepianoM it epeBipKd METOAMKH CIIyryBaB Halip JaHUX
Fodors-Zagats: 533 3amucu 3 nosignuka Fodor’s ta 331 3anmc i3 q0BigHUKA
Zagat’s 3 aTpuOyTaMu Ha3BH, aJpecH, MicTa, TelleOHy Ta TUIY KyxHi [4].
Ile ycrameHumii y JOCHIIDKEHHSX 31 3B’sI3yBaHHS 3aluciB  OEHUYMAapK,
katanorizoBauuii B ICPSR pa3om i3 mepeBipeHUM BiANOBITHHKOM, IO
oxoruttoe 112 map 3amuciB mpo Toil camuii pectopas [S].

Amnamiz 00’egHaHoi Tabmmmi 3 864 3ammciB mokasaB MOBHOTY 99,88
BIICOTKA: THII KyXHIi Opakye B oOmHOMY-eqwmHOMY 3ammci («katiasy),
BIJINIOBITHHUKA SIKOTO B JIPYrOMYy DKEpelli Hemae. Y3TOIKCHICTh Tele(oHIB
BUSIBIJIACS 3HAYHO HIDKYOIO: (opMary «IA-AAA-JUUT»  TIPUPOIHO
BiNIOBINArOTh TiJBKY 3amucu Zagat’s, yci 533 3ammcu Fodor’s momani gepe3
MOXWIIY PHUCKY <«JULI/IAN-IUII», a 17 3HaueHb MICTSATh MOMMIJIKH Habopy,
ToMy eauHoro ¢Qopmary norpuMano Jsume B 38,31 BijcoTka 3amuciB.
Hopwmanizariis migHiMae medl mokasHuk mo 99,88 BifcoTka; HEmompaBHUM
3ajMIIaEcThesl Homep 3akiaay «dive!», oOpizaHuii 1mie B JpKepei.
Heysromxenumu BuUSIBHIMCh 1 Ha3BM MicT: i3 112 map-myOGumikatiB 52
HA3WBAIOTh TE camMe MICcTo mo-pisHoMy («los angelesy mnpotu «w.
hollywood», «new york» mpotu «new york city»), Toxx OJIOKyBaHHS 3a
TOYHUM 30iroM MicTa BiIKHHYIIO O Maiike TIOJOBHUHY BiIIIOBIHUKIB.

Hus roro 0,7 mnst waszem i 0,4 mst appecw; yei 533 Ha 331, ToOTO 176
423 mapu, 6e3 OmokyBaHHs. 3a mopory 0,87 mocsrayrto Townocti 1,000 i
noBHoTH 0,929, F1 cknaB 0,963 mono 112 eranonnux map: 104 BusiBIeHO
MPaBUJIbHO, XUOHUX 00’€IHAHP HE CTANOCA, 8 MPOMYIICHO Yepe3 iCTOTHI
PO30DXHOCTI Ha3BH M ajpecy. BuiydeHHs BUSBIEHHX MyOJiKaTiB miIHIMae
yHiKanbHICT 3 87,04 BigcoTka mpu 112 HagmumkoBuX 3ammcax 3i 864 mo
99,07 BiACOTKA, KOJIM HAIUIIKOBUMH JIMIIAIOTHCS TIIBKH 8.

BimHOCHY BaXJIHBICTD KpHTEpiiB BH3HAUYEHO 3a  pe3yJIbTaTaMu
excepuMenTy. Heysromxerictes (opMaTy HOpMamizamis yCyHyJa Maibke
MOBHICTIO, BUNpaBuBIIKA 99,88 BijmcoTka 3HaYeHb, TOMY Il CKJIATOBii
BiJZIBEJICHO HaliMeHIy Bary. JlyOioBaHHS 3aITiCiB HE yCyBAa€ThCSl OBHICTIO
HaBiTh HajmamroBaHuM kiacudikatopom, F1 sxoro 3ynmuuuBcs Ha 0,963, a
KOKEH MPOMYIICHUH TyOJIiKaT IOJBOIOE OOJIK TOTO CaMoro o0’€KTa B
CTaTUCTHUL - PH3MK, ONHMCAHMH Yy [2], TOMy YHIKalIbHICTh OTpUMAaia
HaiiBuity Bary. IToBHOTa mocisia MpoMidKHE CTAHOBHIIE: OJHI MPOIYCKH
BIIAETHCS BiTHOBUTH Uepe3 APYyTe IHKEPEIIo, iHIII - Hi.
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Bekrtop mpiopuTeTiB, 00YHCICHUN METOIOM CEPETHHOIO T€OMETPHYHOTO
psAnkiB, crtaHoBUTH: moBHOTa 0,258, yHikampHicTh 0,637, y3ro/UKEHICTH
0,105; 3Bigcu Amax = 3,039, CI = 0,019, CR = 0,033. Ockineku CR He
nepesuinye 0,1, CyIKEHHS NOCTaTHBO Y3TOJ/DKCHI, & Baru MPUAATHI JUIs
BUKOPHCTaHHS. [HTerpanbHMi iHIEKC sKocTi 3poctae 3 85,25 mo 99,37
BiJICOTKa, ToOTO Ha 14,11 BiACOTKOBOTrO MYHKTY, IO MPHOIM3HO Ha 16,6
BiICOTKa OiNBIIE MOYATKOBOTO 3HaueHHA. HalOinpmumii BHECOK y 1e
3pOCTaHHA [a€ CKJIAJ0Ba YHIKAIBHOCTI 3aBIAKW ii HanWBumii Bazi 0,637:
camMe [IyONIOBaHHS 3alMCiB A Yac OO0 €JHAHHA JDKEpel CTAaHOBUTH
OCHOBHHH PU3UK [UIS aHATITHYHOTO BUKOPUCTAHHS JaHUX, TOII SK TIOBHOTA
JoKepera OyJia BUCOKORO BXKe IO KOHCOIIAaMii 1 Maike He 3MiHMIIACS.

PesynbpraTi miATBEpPAXKYIOTH 3aCTOCOBHICTH METOAY aHAII3y iepapxii
JUTsL TOOYTOBH 1HTETPAIbHOT OLIHKK SKOCTI JaHUX, KOJH 11 CKJIa0Bi MarOTh
Pi3HY BaXKJIUBICTH ISl IpeIMETHOI obnacti. MeTox Mae 0OMEKEeHHS: Baru
3ajexarb BiJl CyO’€KTMBHHMX, XO4a I IepeBIpeHMX Ha Y3TOKEHICTb,
EKCIEePTHUX CYJKCHb, TOMY JUIS IHIIOrO JOMEHY MATPHUII0 BapTo
MEPerisiaTd OKPEeMO; PO3IITHYTO TPU CKIIAJOBiI SIKOCTI JaHUX, TOMI SIK
mmpIIi Kiaacugikamii HaliayoTh 3HAYHO OiJIbIIe.
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Odesa Polytechnic National University, Ukraine
EMAIL: kirillbelyaev2921@gmail.com?, vadimol081@gmail.com?,
anastasia.odessal0@gmail.com?

MOPIBHSIJIBHUM AHAJII3 MOI[EJIEﬁ 30PY TA MOBMU JJIAA
KJACHU®DIKALII NOWKO)KEHb IHOPACTPYKTYPH:
JOCJIP)KEHHSI HA IPUKJIAII YKPATHA
K. Beasies, B. Ouiiinuk, A. Bapanosa
128 Hayionansnuii ynieepcumem «Qdecbka nonimexuixay, Yepaina

Anomauyin. Y ybomy 00CniodcenHi npoeedeHo NOPIGHANbHUL AHANI3 CYYACHUX
Mmodeneu 30py ma mosu (VLMs) ma 2ibpuonozo nioxody komn'tomeprozo 30py 07is
6a2amopaxypcHo2o  OYiHIOBAHHS  CMYNEHs NOWKOOJICeHHsl  IHpacmpyKmypu,
3pyUHOBaHOi 8Hacniook Ootiosux Oiu 6 Vkpaini. Posenanymo nepcnexmugu
inmezpayii  KOHMEKCMHO20 WMY4YHO20 iHmenekmy 6  Cheyianizo8aHy
2eoiHghopmayitiny cucmemy 014 NIOMPUMKU THEeHmMapu3ayii OyoieerbHUX 8i0X00i8

Knwuosi cnosa: rxnacugixayis nowkooddcenv ingpacmpykmypu, Vision-
Language Models, mynomupaxypcnuii ananis, cemanmuuna ceemenmayis, 6yoieenvHi
8I0X00U, WMYYHUL IHMENeKMm.

Abstract. This study presents a comparative evaluation of state-of-the-art Vision-
Language Models (VLMs) and a hybrid computer vision approach for multi-view
infrastructure damage classification caused by war in Ukraine. It explores the
potential of integrating context-aware Al into a specialized geoinformation system to
support construction waste inventory and recycling optimization.

Keywords: Infrastructure damage assessment, Vision-Language Models, multi-
view image analysis, semantic segmentation, construction and demolition waste,
artificial intelligence.
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Beryn. MacmitaGHi pyiiHyBaHHS LMBUIBHOT 1HQPAacTpYKTYpH B YKpaiHi
CHPUYMHWIN KPUTHYHY TOTpeOy Yy po3poOlli aBTOMAaTH30BaHMX, HAIIHHUX
Ta MacIITabOBaHMX METOJIB OI[IHIOBaHHA CTPYKTYPHHX IOIIKOJKEHb. Lle
Ma€ BUpIIIaJbHE 3HAYCHHS JJIs IIBUIKOI iIHBEHTapHu3allii OyaiBeIbHHUX Ta
neMoHTaxHUX BinxoaiB (B/IB) i 3MeHIIEHHS BUTpAT NEPBHHHHUX PECYpCiB
LULIXOM BIPOB/DKEHHSI MPUHIMIIB LUPKYJSPHOI EKOHOMIKM IIijJ dYac
BimOymoBu. Bukopucranas moxenelr 3opy Ta Mosu (Vision-Language
Models, VLMs) no3Boise TpOBOONTH KOMIDICKCHHN aHaii3 00’€KTiB 3a
KUTbKOMa paKypcaMH, IIO0 iCTOTHO 3HIDKYE HEBH3HAYCHICTh, CHPHYMHEHY
KyTaMH OrJIsiy abo JIOKAIBHUMH ITEPEeIIKOAAMH.

OcHOBHA YacTHHA. ABTOMAaTH30BaHUIl METOJ OLIIHIOBAHHS
MIOLIIKOJKECHb iHPPACTPYKTYPHUX 00'eKTiB 3a JIOTIOMOT 010
MYJIbTUMO/IJIEHOTO IITYYHOTO 1HTEJIEKTY CKJIQJAETHCS 3 HACTYIHUX €TalliB:

eran 1 (Input) — oTpuMaHHs Ta GOpPMYBaHHS MaKeTa MyJIbTHPAKYPCHHX
300paxxeHb oiHOTO 00°€ekTa (Bix 2 1o 8 dororpadiil, «10» Ta «micis»);

eram 2 (Context-aware Al Processing) — cymicHuit aHami3 ycix pakypcis
00'ekTa MyJIBTUMOJIAILHOI MOJIEJUII0 3 BUKOPHCTAHHSM CIIEIia1i30BaHOTO
mpomnry abo ribpugHoio Mepexero U-Net;

eran 3 (Decision Synthesis) — arperamis Bi3yanbHUX AaHHUX JUIS
BU3HAUCHHS €IMHOTO PiBHS ITOLIKO/DKEHHS 00'€KTa 32 5-0aJbHOI0 LIKAJIOK
(Bix «Kmac 0» — HenmomkomkeHo 1o «Kimac 4» — 3pyitHOBaHO);

eran 4 (Validation) — Bamipaiiss OTpUMaHUX pPE3yJHTATIB MUISIXOM
NOPIBHSHHSA 3 €TAJJIOHHUMH PO3MITKAMH.

3arajpHa KOHIENITyalbHAa cXeMa poOodYoro Mpouecy IITYYHOTO
THTEJIKTY JJIs1 OIIHIOBAHHS TIONTKO/KEHD OyAiBeNb HaBeaeHa Ha puc. 1 [1].

Context-aware Decision -
It Al Processing "| Synthesis Valdaton

Pucynok 1. Konnenryansaa cxema po6040ro npoiecy OliHIOBaHHS TOIIKOIKESHb
Ha ocHoBi LI
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Jast oniHKM epeKTHBHOCTI MiaX01y OyJI0 NPOBEAEHO EKCIIEpUMEHTAIbHE
nopiBHAHHS baseline-moxeni cemantuunoi cermentanii U-Net (ResNet-34)
ta nepeaoBux VLMs (Claude Sonnet 5, Gemini 3.1 Pro, Grok 4, GPT-5.5)
Ha gataceti 3 108 oO0'ektiB iHppacTpykTypu YKpaiHu. 3BeleHa TaOIULA
pe3yJIbTaTiB pejcTaBicHa Ha Ta0. 1.

Ta6uums 1. Pe3yibTaTy NOPiBHUIBHOI OIIHKH ¢(heKTHBHOCTI MOJIENCi

Model |Accuracy | Precision | Recall |[F1-Macro| Overesti- | Underesti-
mation Ratio mation Ratio
Claude 0.639 0.674 0.639 0.639 0.176 0.185
Gemini 0.639 0.691 0.639 0.570 0.231 0.130
Grok 0.546 0.563 0.546 0.527 0.343 0.111
ChatGPT | 0.537 0.550 0.537 0.515 0.315 0.148
Unet 0.407 0.424 0.407 0.348 0.398 0.194

VYci 3BejieHi pe3yabTaTH HaBeICH] 3a MOCHIaHHAM [2].

BucnoBku. JlocnmipkeHHsS BHSABWIO, IO Xoua KomepmiiHi VLMs
3a0e3Meuyr0Th BHIY TOYHICTh, iX 3aCTOCYBaHHS OOMEKEHE BHCOKOIO
BapTICTIO, 3aJIEXKHICTIO BiJl IHTEPHETY Ta PU3MKaMHU Oe3NeKk JaHuxX. Tomy
(okyc pobOTH MPOMOHYETHCS HA JIOKaJbHI anroputmu cermenrariii (U-Net),
SKI TapaHTYIOThb ABTOHOMHICTb, KOH(IJEHIIWHICT Ta iHTEPHIPETOBaHICTH
pe3ynbTariB. 3ampONOHOBAHWMA WiAXiJA Mae€ 3HAYHUN MOTEHIUAN It
iaTerpanii B I'IC ams oriHrOBaHHS MOIITKOKCHb Ta IHBEHTapHU3aIlil BIIXO/IB
BinOyI0BH.
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DEEPFAKE IDENTIFICATION THROUGH FEATURE SPACE
CONSTRUCTION FOR BASE AND ENSEMBLE CLASSIFIERS
0. Andronaiil0009-0009-1794-5864]

Odesa Polytechnic National University, Ukraine
EMAIL: alex.andronati@gmail.com

ITEHTUDIKALIS JUNTOEAKIB HIJISIXOM IOBY 1OBA
HPOCTOPY O3HAK JIs1 BA3BOBUX TA AHCAMBJIEBUX
KIIACU®IKATOPIB
O. Augponari
Hamionansauii yaiBepcutet “Onecbka [lomitexHika”, Ykpaina

Anomauia. Boockonaneno nioxio 0o noby0osu npocmopy O03HAK Hpu
Kknacugikayii ayoio-oungbetikis. Buxopucmano mpupienesy Mooelb npedcmasieHHs.
ayo0io-0anux ma npoyeoypy 360POMHO20 GUKNIOYEHHS O3HAK Ol GU3HAYEHHS
npocmopy 03HAK KOJICHO20 6a306020 Kiacugikamopa. Ancambab moodeneti 6a306ux
xkaacugpixamopie KNN, CNN ma XGBoost i3 azpezysannsm SOft voting doszsonue
Odocsiemu  mounocmi  98% na wmabopi Oanmux Fake-or-Real. Pesynomamu
NIOMBEPOACYIOMY  eheKMUBHICIb NOEOHAHHS 2eMePOeHHUX Kiacugikamopie 3
1n06y008aHUM NPOCMOPOM O3HAK.

Knrouoei cnoea: susenenns ayoio-oungeiixia, ancamoniese HABUAHHSA, CMEKIHS,
OnmMuMizayist RPOCMopPy 03HAK, 360POMHE GUKTIOYEHHSL O3HAK.

Abstract. An improved approach to feature space construction for audio
deepfake classification is proposed. A three-level audio data representation model
and a backward feature elimination procedure are used to determine the feature
space for each base classifier. An ensemble of KNN, CNN, and XGBoost base
classifiers with soft voting aggregation achieved 98% accuracy on the Fake-or-Real
dataset. The results confirm the effectiveness of combining heterogeneous classifiers
with the constructed feature space.
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optimization, backward feature elimination.

Beryn. CrpimMkuii po3BUTOK TEXHOJIOTIH ITMOOKOTO HaBYAaHHS IPHU3BIB
J0 TIOSIBU PEaJiCTHYHOTO CHHTE30BAHOTO MOBICHHS, BIIOMOToO SIK aynio-
murdeiiky. 3riqHO CyYacHHM TOCTIDKCHHSAM JIFOIH 3IaTHI iMeHTH(IKyBaTH
migpoOieHe ayaio JHme 3 TOYHICTIO Onm3bko 73%, MO MiOKpeciroe
aKTyaJIbHICTh CTBOPEHHS HaJlIHHUX CUCTEM BHUSIBICHHS ayaio-ninderkis [1].
TpagumiiiHi MeTOAM MAIIMHHOTO Ta TJIMOOKOTO HAaBYaHHS IOKAa3yIOTh
HEJIOCTAaTHIO SIKICTh ineHTUdikanii ayaio-aundenkis. 3 METOW YCYHEHHs
HenoJikiB 0a30BHX Kiacu(ikaTopiB, 0arato IOCHIIPKEHb IPOIOHYIOTh
BHUKOPHUCTAHHS aHCaMOJeBUX MeTOMiB. OHAK B ICHYIOUYHX PIIICHHSIX Y4acTO
BUKOPHCTOBYETBCSl €MHUI HaOIp O3HAK AJIsI BCiX 0a30BHX Kilacu(ikaTopiB
IIpH X MMOJANBIIOMY aHCaMOIIOBaHHI, IO OOMEKY€ TXHIO e()eKTHUBHICTH [2-
3]. dana poboTa mpomoHye MOKpameHHs iqeHTudikamnii Aundeidkip MUIsIxoM
iHTerparii 6araTopiBHEBOTO MPEICTABICHHS TaHUX 3 MOOYIOBOIO MPOCTOPY
O3HaK M1 KOXXHOTro 0a30BOro kiacudikatopa, a TakoX 3 IOJAJIbLIOK
arperai€ero KoXKHOTo Kiacudikaropa B aHcaMmOTi.

Mertoau Ta Martepiajgu gociaigxeHHs. i1 HaBYaHHS Ta TECTYBaHHS
BUKOpHcTaHo Habip mgamumx Fake-or-Real (FOR) [4]. 3ampomonosano
TPUPIBHEBY MOJENb MpPEJCTaBICHHs ayJio-IaHuX, B paMKax sKOI
aymiocursain X(t) mpeacTaBiaseThCs SK:

R(x) = Reap (), Rimg (), Rseq (x) (1)

ne Reab(®) — ragmuuni CIEKTpaNbHI XapaKTepPUCTHKH, Rimg()

CHeKTporpama sk 300paxeHHs, Rseq () _ CHUTHAJ SIK YaCOBHUH ps.

Hnst ananizy Habopy nanux FOR 0Oyno pospoOieHo miicTh 6a30BHX
KiIacuQikaTopiB Ui IEpPIIOrO PiBHS NPEACTABICHHS JaHUX: METOX
onopHuX BekTopiB (SVM), K-nai6ommwkunx cyciniB (KNN), ekctpemanbHuii
rpagienTHni Oycrinr (XGB), Bunankosuii mic (RF), morictuuna perpecis
(LR) ta Garatomaposuii mepuentpor (MLP). [ns mpyroro Ta TpeThoro
piBHIB mTpenacTaBieHHS MaHUX Oyl0 pO3pOOJIEHO 3rOpPTKOBY HEHpPOHHY
Mepexxy (CNN) ta goBrocrpokoBy nam'sts (LSTM) BinmosigHo.
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Jdns  mepmioro piBHS TPEACTAaBICHHS aydio-AaHUX 3IIHCHIOETHCS
mpoIieIypa 3B0pOTHOTO BUKITIOUeHHs 03HaK (Backward Feature Elimination,
BFE). Ilponec mounHaeThcsi 3 MOBHOrO HabOpy O3HAK, Aani Ha KOXHIN
iTepanii TeHepyIOTbCS MOTECHLIHI MiAMHOXXHWHHM LUIIXOM MOCIiJOBHOTO
BUJAJICHHS TI0 OHIN o3HAIl. J[Js KOKHOT MiAMHOKUHH MOJIEIb TECTYEThCS
Ha BiAKJIaJeHOMy HaOopi 3 BHKOpPHCTaHHSAM MeTpuku F1-score i
BU3HAYA€ThCA Ta O3HAKa, BHAAICHHA sKoi 3abe3redye HaiOinbIIe
noJinmmeHHs MeTpuku. Ilpomexypa TpuBae MOKHM TMOJanblle 3MEHIICHHS
po3Mipy TpocTOpy O3HaK Imojimmrye 3HadeHHs F1-score. Lle mo3Bossie
aJanTyBaTH TMPOCTIp O3HaK TWiJ KOHKpeTHWH ©Oa3oBmil Kiacudikarop.
OnTrMizoBaHi TAKUM YHHOM Kiacu(]ikatopu 00’ €IHYIOTHCS 3a TOTIOMOTOI0
ancamb0J1eBoi apxitekTypu Stacking.

PesyabTaTH pociimkenns. Ha mnepumiomy erami  OIiHEHO BIUIMB
npouenypu BFE Ha 6a308i knacugikatopu. [loyarkoBa KijgbKicTh 03HAK JUIst
Tabau4yHoro mpencraieHHs nanumx 32. ITicns 3acrocyBanust BFE mpoctip
O3HaK OyJi0 3MEHIIEHO JI0 HACTYMHOI KITBKOCTI O3HaK JJisl KOXKHOTO
kiracucdikaropa: SVM (22), MLP (28), XGBoost (28), RF(31), KNN (30),
LR (26). PesynpraTu cBimuatTh, o ONTHMI3amis 03HaK mokparrye F1-Score:
SVM (+3.6%), MLP (+3.4%), XGB (+5%), RF(+2.3%), KNN (+5%),
LR(#+3.1%). Ha npyromy erami mopoBeieHO HODIBHAHHA aHCaMOJIEBUX
Mozeneit. Halikpammid pe3ynsTar moao ineHTugikamii Tundeikie oTpruMan
ancam6Oib, mo ckiagacrbess 3 KNN, CNN ta XGB. Bin nocsr F1-score =
98%, mo Ha 3,8% BuIme 3a TOKAa3HWKH HaWKpamoro 0a30BOTO
kinacudikaropa B HOTO CKJIaII.

BucHoBkM. 3amporoHOBaHMU TMiAXill, M0 TMOEIHYE OaraTopiBHEBE
MpEeACTaBICHHS JaHWX, ONTHUMI3AIiI0 MPOCTOPY O3HAK Ta aHcaMmOJeBe
HaBYaHHS, NPOJEMOHCTPYBaB BHCOKY €(EKTHBHICTh y BHSBICHHI aynio-
nurdelkiB Ta € IEPCIEKTHBHUM HAMIPSIMKOM JIOCIiIKEHb.

JlitepaTypa
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SIMULATION OF NEUTRON MODERATION SPECTRA IN A
HETEROGENEOUS CHANNEL-TYPE THORIUM-CARBON
FISSILE MEDIUM
V. Lavrukhin[0009-0001-4926-1063]

Odesa Polytechnic National University, Ukraine
EMAIL: lavrslava@gmail.com

MOAEJIIOBAHHSI CITIEKTPIB YITOBIVIbHEHHSI HEWUTPOHIB Y
TETEPOTEHHOMY TOPIA-BYTIJIELIEBOMY HNoAVIBHOMY
CEPEJOBHIII KAHAJIBHOI'O TUITY
B. JlaBpyxin
Hayionanenuii ynieepcumem «Odecvka nonimextikay, Yxpaina

Anomauin. Memooom Monme-Kapno (koou OpenMC ma Geant4) oocniosiceno
eHep2emuyHi CneKmpu CnoGiIbHIO8aHUx Helimporie y comoeennux (UC2, UO2) ma
2emepozeHHux — ypaHo-gyeneyesux i mopili-gyeneyesux —KauauibHux NoOilbHUX
cepedoguwax. Iloxkazano nom'siKuwienHs weuodKkozo cnekmpa 6 ouxkapo6ioi ypawuy
(maxcumym 20-50 keB) i eusnHaueno napamempu pewiimku NATUSHUX KAHATIE, WO
Gopmyromsy  Haomennosull ma Mennosull cnekmpu Heumpowie. Pesyromamu
nepegipeno nopieHanuam 3i cnekmpom peakmopa PBEMK i euxopucmano 0514
0OIPYHMYSAHHA AKMUBHOI 30HU peakmopig 0ixcyuoi Xeuni HeumpoHHO-A0epHUX
nooinis.

Knrwuosi cnosa: OpenMC, Geantd, memoo Moume-Kapno, cnexmp
VROGIbHEHHs HeUmPOHis, OuKapbio ypany, mopii-gyeneyese cepe0oguuje, peaKmop
bidicynol X6Ui.
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Abstract. Using the Monte Carlo codes OpenMC and Geant4, the energy spectra
of moderated neutrons were studied in homogeneous (UC2, UO2) and
heterogeneous channel-type uranium-carbon and thorium-carbon fissile media.
Spectrum softening in uranium dicarbide (maximum at 20-50 keV) is shown, and
lattice parameters producing epithermal and thermal neutron spectra are
determined. The results were verified against the RBMK reactor spectrum and used
to justify the core structure of traveling-wave nuclear fission reactors.

Keywords: OpenMC, Geant4, Monte Carlo method, neutron moderation
spectrum, uranium dicarbide, thorium-carbon medium, traveling wave reactor.

Berynm.  Po3poOka  simepHHX — peakTOpiB-TpaHCMYTaTOpiB, 30KpeMa
peaxTopiB, MO MPAMIOITh Y PEXUMI ODKYYOI XBIII HEHTPOHHO-SICPHIX
MOMUTIB HAa MIBHUAKHUX, MPOMDKHHMX 1 TEIJIOBUX HEHUTPOHAX, MOTpeOye
JICTAILHOTO BHM3HAUEHHSI CTPYKTYPHU Ta CKJIaAy IMOJUIBHOTO CEpeAoBHIIA
aKTUBHOI 30HU. Y POOOTI 3a MOIMOMOTror0 mporpamuux kofi Geant4 [1] ta
OpenMC [2], mo peanisyioTb Meronx Monre-Kapio, mgocmimpkeHo
€HEPreTUYHI CIEeKTPHU CIOBIJIBHIOBAaHUX HEWUTPOHIB y TOMOTEHHHX Ta
TeTePOreHHUX YPAaHOBHUX 1 TOPIEBMX NOAUIBHUX CTPYKTypax 3 pi3HHM
CKJIaJIOM 1 TlapaMeTpaMu KaHaJIbHUX permriTok. [locraHOBKa 3amadi. MeToro
poOOTH € BU3HAUCHHS CKJIAAY Ta TEOMETPHYHHX MapaMeTpiB TOMOTCHHOTO
Ta TETCPOTCHHOTO YpaH-BYTIEIEBOTO 1 TOPiH-BYINEIEBOTO ITOAIIBHOTO
cepeloBUIIa, y SIKOMY (OPMY€EThCS CHCKTp HEUTPOHIB (IIBHIKUIA,
HA/ITSIUTOBHIA YW TEILTOBHI), HEOOXIMHUH AN peamizamii pexxuMy OiKydoi
XBHUJII HEUTPOHHO-SIIEPHUX MOILTIB [3, 4].

Meronuka po3paxyHkKy. Po3paxyHku BukoHyBamucsi MeronoM MoHre-
Kapno ans UwmiHIpUYHUX TOMOTEHHHX CEpEIOBHIN 3 JWKapOigy Ta
IBOOKHCY ypaHy (30aradensns 15 % 3a ypaHom-235), a Takox s
TeTepOTreHHO{ KaHaIBbHOI PEIliTKY MaTMBHUX KaHaTB (Kpok 30 cM, miamerp
KaHaTy 4 CM), aHAJIOTiYHOI aKTHBHIN 30HI peakropa PBMK [5], 3 manmuBom
Ha ocHOBi ypaH-238 (5 % ypany-235) ta Topiii-232 (10 % ypany-233),
YIOBUIHHIOBAYEM-IIIPOBYTJIElEM 1  TEIUIOHOCiEM-BOOI0.  JlomaTKoBO
po3TIIsiAaBCst BIUIMB BUropatounx nornuHadis (Cd, In) Ha hopmy cniexrpa.

Pesynpratn. Anst TOMOTEHHOro JMKapOiqy ypaHy MakCHMYM CIEKTpa
CHOBUIBHEHHS posramoBaHui B obnacti 20-50 xeB, Toxi sik y nBOOKHCY
ypaHy Takoro IOM'SKIIEHHS CIIEKTpa HeE CIocTepiraeTbes. TecToBuit
PO3paxyHOK TEeTEpOreHHOI ypaH-BYTJICIIEBOI PEIITKA 3 MapaMeTpamu,
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6mm3pkuMu 10 PBMK, migTBepIvB KOPEKTHICTH PO3PaxyHKOBOI CXEMH:
OTPUMaHO TEIUIOBHH CIIEKTp HEHTpOHIB. 3MEHIIEHHS KPOKY PpELIiTKH
nanuMBHUX KaHauiB (3 30 10 6 c¢M) MPU3BOJMTH JI0 MOCTYIIOBOTO MEPEXOay
CHEKTpa BiJ TEIUIOBOTO 10 MIBUAKOIO, IMpPOTE HE J03BOJISIE OTPUMATH
HaJTEIUIOBUH CIEKTp 0e3 BBEJCHHS BUTOPAIOYMX IOTJIMHAYIB, NOAABAHHS
¢onprn Cd Ta In y nanuBHUII KaHan 3Millye MakCUMyM CIIEKTpa B
HaareruioBy obmacte (1-20 eB). Jlms reTeporeHHOro TOpii-BYTJIeNeBOro
CepeloBHIA 3 THM CaMHM THUIIOM PEIITKH OTPHUMAHO TEIUIOBUIl CIIEKTp
CIIOBUTHPHIOBAaHUX HEWTPOHIB, IO CBIAYUTH MPO MOXKJIMBICTH peami3alii B
HBOMY peXXUMY O1Kydoi XBIJII IIOALIIB Ha TETIOBUX HEHTPOHAX.

BucHoBkn. Bu3HaueHo ckiax i mapamMeTpu PEmITKH TeTepOreHHOTO
ypaH-BYIJIEIEBOTO Ta  TOPIH-BYIJIENIEBOTO  KAaHAIBHOTO  IOJUILHOTO
cepeoBHIa, M0 3a0e3neuyoTh (GopMyBaHHSI HAJTEIUIOBOTO Ta TEIJIOBOTO
CIICKTPIB CIMOBUIbHIOBAHUX HEUTPOHIB BiMMOBiAHO. OTpHMaHI pe3yabTaTH €
OCHOBOIO JIsl HOAAJIBIIOT0 MATEMAaTUYHOT'O MOZEIIOBaHHS PEKUMY OKy4OT
XBHJII HETPOHHO-SAEPHUX MOJLUIIB 1 BU3HAUEHHS CTPYKTYPH aKTHBHOI 30HH
PEaKTOPIB-TPAHCMYTATOPiB HOBOT'O MTOKOJIIHHS.

Jlitepatypa

1. Agostinelli, S., et al. (2003). Geant4 — a simulation toolkit. Nuclear Instruments
and Methods in Physics Research Section A, 506(3), 250-303.
https://doi.org/10.1016/S0168-9002(03)01368-8

2. Romano, P. K., Horelik, N. E., Herman, B. R., Nelson, A. G., Forget, B., &
Smith, K. (2015). OpenMC: A state-of-the-art Monte Carlo code for research
and  development.  Annals of  Nuclear Energy, 82, 90-97.
https://doi.org/10.1016/j.anucene.2014.07.048

3. Rusov, V. D., Tarasov, V. A,, Sharf, I. V., et al. (2015). On some fundamental
peculiarities of the traveling wave reactor operation. Science and Technology of
Nuclear Installations, 2015, 1-23. https://doi.org/10.1155/2015/703069

4. Rusov, V. D., Tarasov, V. A., Eingorn, M. V., Chernezhenko, S. A., et al. (2015).
Ultraslow wave nuclear burning of uranium-plutonium fissile medium on
epithermal  neutrons. Progress in  Nuclear Energy, 83, 105-122.
https://doi.org/10.1016/j.pnucene.2015.03.007

5. Bapronomei, I'. I'., batp, I'. A., baiibakos, B. [I., & Anxyrtos, M. C. (1989).
OcHOBU Teopii Ta METOAM PO3PAXYHKY SIACPHUX CHEPreTHYHHX PEaKTOPiB.
EneproaromBuias.

156


https://doi.org/10.1016/S0168-9002(03)01368-8
https://doi.org/10.1016/j.anucene.2014.07.048
https://doi.org/10.1155/2015/703069
https://doi.org/10.1016/j.pnucene.2015.03.007

International Scientific and Practical Workshop
""Advanced Digital Technologies: Intelligent Systems, Modeling, and

Data-Driven Control" (ADT-ISMDDC-2026)
co-located with ICST-2026 X1V INTERNATIONAL SCIENTIFIC AND PRACTICAL
CONFERENCE

"Information Control Systems and Technologies - ICST-ODESA-2026""

VK 004.85:004.896

SYNTHESIS OF A CONVOLUTIONAL NEURAL NETWORK WITH
AI-ASSISTANT FOR AUTOMATED IMAGE MONITORING
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CHUHTE3 3rOPTKOBOI HEHPOHHOI MEPEKI 3 IlII-
ACHUCTEHTOM 1JIs1 ABTOMATHU30BAHOI'O MOHITOPUHI'Y
30BPAKEHHS
Ph.D., P. XapueHnko, O. CoioBiioB
Hayionanvnuii ynisepcumem «Odecvka Mopcovka akademisay, Yrpaina
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Anomauia. Ilpeocmasneno memooono2iio CcuHmesy ma MAmemMamuiHo2o
MOOEN0BAHHs 2IOPUOHOT cucmemu MOHIMOPUHEY HA OCHOBI 320PMK0B0I HeUPOHHOT
mepedici (CNN) 3 moodynem LlI-acucmenma. 3anpononosany cucmemy po3podieHo
K NPOSPAMHO-ANAPAMHUL KOMIAEKC, WO (QYHKYIOHYE AGMOHOMHO - GUKIIOYHO HA
ocHosi 6i0eo ananizy. Ilposedeno nopisHanvHull aunaniz 3anponoroganoi CNN-
apximexmypu 3 6azoeumu mooenimu. Mooentogannsa c8iouumv, wo 3anponoHO8AHA
apximexmypa nomeHyiliHo 30amua oocsemu mounocmi Kiacugixayii 94-96%,
nepesuwyIoul AHan02TUHi nioxoou Ha 3—8 eidcomkis.

Knrouosi cnosa: 3eopmxosa meliponna mepedica, MOHIMOPUHE, KOMN'IOmMepHull
3ip, CUHME3 HeUPOMEPEIICT, MameMamuyHe MOOeIIO8aAHHSL.

Abstract. The methodology for synthesis and mathematical modeling of a hybrid
monitoring system based on a convolutional neural network (CNN) with an Al
assistant module is presented. The proposed system is developed as a software and
hardware complex that functions autonomously - exclusively based on video
analysis. A comparative analysis of the proposed CNN architecture with basic
models is conducted. The modeling shows that the proposed architecture is
potentially capable of achieving a classification accuracy of 94-96%, exceeding
similar approaches by 3-8 percent.

Keywords: convolutional neural network, monitoring, computer vision, neural
network synthesis, mathematical modeling.

CtpiMKH pO3BUTOK METOAIB IIMOOKOTO HaBYAaHHS, 30KpeMa 3TOPTKOBUX
HeriponHux wMepexx (CNN), BigkpuBae SKiCHO HOBI MOMJIMBOCTI ISt
BHpIMICHHSA 3a/1a4i B PEXHMI PeajbHOTO Yacy KJIACH(IKyBaTH BiEOMOTIK
0e3 mAKIIOYeHHS 30BHIMMHIX cucTeM. CXOXi MiAXOAM  YCIIITHO
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3aCTOCOBYIOThCS Il MOHITOPHHTY BOJIiB, AETEKIii BTOMHU aBiallitHHUX
OIepaTopiB a TAKOXK y IPOMHCITOBIit 6e3mei [1-5].

3aranpHa apXiTEKTypa 3alpOIOHOBAHOI CHCTEMH CKJIAJaeThes 3 TPhOX
¢ynkiioHanpHnX — MoxyniB: (1) migcucrema  Bifeo3axoIUIGHHS — Ta
nepenoopodku; (2) CNN-knacudikatop noseminkoBux matepHis; (3) LII-
ACHCTEHT Ha OCHOBI TpaHC(OPMEPHOI apXiTEKTypH /Il NPUHHATTS pillleHb
(puc. 1). Cucrema (hyHKIIOHY€ ITOBHICTIO aBTOHOMHO 0€3 IMiJKITFOYSHHS 10
OyIb-SIKAX 30BHIIITHIX CHCTEM.

3. WI-ACUCTEHT HA OCHOBI
TPAHCOOPMEPHOI APXITEKTYPU
VIR NPUAHATTA PILUEHD
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PucyHok. 1. 3aransHa GyHKuioHanbHa cxeMa riopuaHoi CNN-cucremu

ITincuctema Bimeo3axoIUIeHHs BKIIOYAae ogHy abo 1Bi iH(padepBoHi
xamepu (1920x1080 mkc, 30 I'x), BcTaHOBIEHI Ha X0I0BOMY MICTKy. Bnbip
[Y-xamep 3abesmeuye HafiiiHy poOOTy B yMOBaxX HIYHOTO OCBITJICHHS.
Bineomnorik HagxoauTe Ha G6opToBmiA obuncmoBamsHUA MOomyih (NVIDIA
Jetson Orin abo ekBiBaJe€HT) i MPOXOAUTH TaKe MOMEPEAHE OMPAIFOBAHHS:
3MEHIIEHHSI PO3IUTBHOCTI N0 224%224 mikcelniB, HOpMali3allis 3Ha4eHb
nikceniB 1o npianasony [0, 1]; dopmyBanHs yacoBux BikoH (temporal clips)
tpuBanictio T = 30 cek i3 KpokoM At = 5 cek; ayrMeHTalis: TOpU30HTAIbHE
BiZIOOpa)XEHHS, TayCiBCBKMH IIyM, BHIajgkoBa sckpasictb +15%. CNN-
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Knacn(biKaTop CHpOGKTOBaHI/Iﬁ AK ABOCTAllHA MCpEeKa: HpOCTOpOBI/Iﬁ
EKCTPaKTOp 00poOIIsie OKpeMi KaJpH, YacOBHH MOAYJb arperye O3Haku 110
BCHOMY BIiKHY.

VY naHiii poOOTI BHpIMIEHO HAYKOBO-NPAKTHYHY 3aJady pO3pOOKH
KOHLENIii Ta TEOPETUYHOrO OOIPYHTYBAaHHS apXiTEKTYpH TiOpUAHOT
CHUCTEMH IHTEIEKTYyaIbHOI'O MOHITOPHHTY 300payKCHHS.
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A HYBRID MODEL OF DYNAMIC USER SEGMENTATION AND
MULTI-BEHAVIOR RANKING FOR MARKETING
RECOMMENDATIONS
Y. Nesterenko1[0009-0007-0263-1323]l Ph.D., l. Kyrychenk02[0000-0002-7686-6439]
Kharkiv National University of Radio Electronics, Ukraine
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T'IBPUIHA MOJEJIb JMHAMIYHOI CETMEHTAIIIT
KOPUCTYBAYIB TA BATATOIMIOBEJAIHKOBOTI'O
PAHXKYBAHHS J1JISI MAPKETUHIOBUX PEKOMEHJAIIIA
€. Hecrepenxo, |, Ph.D., I. Kupuuenko
XapxkiscbKuil HAyioHaIbHULl yHisepcumem paodioeleKmponikuYxkpaina

Anomauin. Mapkemunzogi pekoMeHOAyiliHi cucmeMmu Marms 6paxosyeamu
KilbKa 6UOi6 HeA6HO20 380POMHO20 36'A13KYy 3 PIi3HOI0 00KA306010 CULOI0 W00
namipie kynieni. Ilponomyemwvcsa eibpuona mooens, WO NOEOHYE OUHAMIUHY
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ceamenmayilo Kopucmysauis iz 6a2amono8ediHKosUM PAHICYBAHHAM, AKE OKPEeMO
368a0iCyE cueHanu nepeanadis, KuiKie, KOWUKA, CHUCKY 0adxicanb ma NOKYNOK nepeo
06'eonannsim y niocymxosy oyinky. Ha REES46 (58209 xopucmysauie, 494797
nooiuy) modens niosuugye Recall@ 10 na 10,7% 3aeanom i nionimae xono0nuii cmapm
30,028 0o 0,234 nopigusano 3i cmamuyHUM K1ACMEPU3AYIUHUM NIOXOOOM.

Knrwuoei cnoea: pexomenoayitini cucmemu, Cce2MeHmMayis KOPUCHy8auis,
6a2amono6edinkose PaHICy8anHs, KoaabopamusHa Gitempayis, X0100HUN cmapm,
nepcouanizayis.

Abstract. Marketing recommender systems must reconcile several implicit
feedback types that carry unequal evidence of purchase intent. We propose a hybrid
model combining dynamically updated user segmentation with multi-behavior ranking
that separately weights view, click, cart, wishlist, and purchase signals before fusing
them into one score. Evaluated on REES46 (58,209 users, 494,797 events), the model
raises Recall@10 by 10.7% and improves cold-start Recall@10 from 0.028 to 0.234
versus a static-clustering baseline.

Keywords: recommender systems, user segmentation, multi-behavior ranking,
collaborative filtering, cold-start, personalization.

[ocTranoBka mnpodaemu. PexoMeHnmamiiiHi cHCTEMH B e-KOMeEpIIil
CIIOCTEPIratoTh JCKUIbKA THITIB HESBHOI MOBEMIHKA — MEPErIAAH, KIKH,
KOILIMK, CHHCOK OakaHb, MOKYNKH, — 3 PI3HOIO JIOKAa30BOK CHJIOIO 100
HaMmipy KymiBmi. Y monepeaHiit po6oti aBTopi [1] MOpPIBHSIHO anropuT™Mu
KJacTepu3alii Uil CTaTW4HOI CEerMeHTalil KOPUCTYBa4iB 1 BHM3HAUEHO
k-means sik eekTuBHY 0a30BY MOJEINb, IPOTE MEXI CEMMEHTIB 3aJTHIIATNCS
(ikcoBaHMMU B Yaci, a THITH MMOBEIIHKA HEe po3pizHsumcs. OTISAd CydacHUX
PEKOMEHAAIHIX CHCTEM Bi3HAYAIOTh 3pOCTAHHS POJIi 0araTOCHUTHAIBHUX 1
0araTomoBeAIHKOBUX MiAXOIIB 10 pamkyBaHHsS [2], [3], Toxmi sk mpoOiema
XOJIOAHOTO CTapTy HOBUX KOPHCTYBAyiB 3alUINAETBCs Bimkputoro [4]. Lle
o0MeXye SKICTh pEeKOMEHIalill, O0coOJMBO Aisl HOBHX (XOJIOIHHX)
KOpPHUCTYBayiB.

Metoa. Ilpomonyethcst TiOpuaHa apxiTekTypa, Mo, MO-TepIe,
JUHAMIYHO OHOBJIIOE CETMEHTH KOPHCTYBadiB Ha OCHOBI TEMIIOPAJIbHO
3aKOZ0BAaHOTO MIPECTaBICHHS MOBEIIHKU HUITXOM KOB3HOTO
nepekiacTepyBanns K-means i, mo-apyre, pamKye KaHIWIATHI TOBapH
MoxyneM 0araTomoBEIiHKOBOTO 3JIHTTS, L0 OKPEMO 3BaXy€ CHUTHAIN
MeperysiaiB, KIiKiB, KOIINKA, CIICKY 0a)XaHb Ta MOKYIIOK Iepes 00'e THAHHAM
y WiJbOBY OLIHKY. Ba3oBi KOMIIOHEHTH — MOBEAIHKOBO-3BaXkeHa item-item
konaboparuBHa ¢inbTpawis Ta MatpuyHa dakropusauis (TruncatedSVD) —
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komGinyroThest 3 Baramu (W_seg=0,2; w_cf=0,4; w_mf=0,2; w_rec=0,2),
miiOpaHUMK CITKOBHM IIOIIYKOM. MoJenb OLiHeHO Ha BHOipHi 3 Jory
REES46 [5] (58209 xopuctyBauiB, 17286 ToBapis, 494797 nopniii) Ha 959
KopucTyBavax: 382 Temmux i 577 XOJI0IHUX.

PesyabTraTu. IlopiBHAHHS 3 0a30BUMH MOJACSIMH 32 METPHKOIO
Recall@10 wnaBeneno B Tabmuii 1. 3ampomoHoBaHa TriOpHIHA MOJENTb
nepeBepIIye Halikpanry 6a3oBy mozmens Ha 10,7% 3aramom (0,216 mpotu
0,195) i ma 22,0% mna temmmx kopucryBauiB (0,189 mporm 0,155),
3aJIMIIAIOYNCH CTIHKOIO s XonomHoro crapty (0,234), Tomi sk craTHYHA
KIacTtepm3aniiHa 0a3oBa Mojens [1] Ha XOJOOHHX KOPHCTyBadax pi3Ko
nerpanye (0,028). AOmamifiHe HOCTiIKEHHS IOKa3aio, IO MixiOpaHi Baru
3JIMTTS Ta AWHAMIYHE MepeKIacTepyBaHHs JIal0Th BUMIPHUI BHECOK, TOAI SIK
cTabiIbHICTh CErMEHTIB Yy uaci cranoButh ARI=0,635.

Ta6muus 1. Hopisusaus mozeneii 3a Recall@10

Mopgean 3arajaom Tenai Xos10aHui
KOpHCTYBayvi cTapT
MostPopular (6a3oBa) 0,195 0,155 0,222
Crarnuna KMeans+CF [1] 0,066 0,123 0,028
3anpornoHoBaHa ribpuaHa 0,216 0,189 0,234
MOJIETIb

BucHoBku. J[IyHamiuHa cerMeHTalliss KOPHCTYBauiB y IIOE€JHAHHI 3
0araTonoBeiHKOBUM  PaH)XyBaHHSM IIOKpally€ SKICTb PEKOMEHAAIH
MOPIBHSHO 31 CTATHYHOIO KJIACTEPH3ALIE€I0 Ta OJHOCUTHAILHUMH 0a30BHUMH
MOJENSAMH, 1 OCOOJMBO e(eKTHUBHA I XOJOJHOTO crapty. llomambmia
poboTa mepenbadae mepeBipKy MoJeNi Ha JOBIIMX YaCOBHX TOPH30HTaX 1
JI0aTKOBUX HA0Opax JAaHUX.
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ALTERNATIVE METHODS OF MOTION DETECTION IN
WILDLIFE OBSERVATION SCENARIOS
I. Lysikoy[0009-0008-2310-7288] phy D O. Rudenkol0000-0003-0859-2015]
Kharkiv National University of Radio Electronics, Ukraine
EMAIL: info@nure.ua
AJIbTEPHATHUBHI METOAU BUSABJEHHS PYXY B CHEHAPISAX
CIHHOCTEPEXEHHA 3A TUKOIO ITPUPOJ0IO
I. Lysikov, Ph.D., O. Rudenko

Xapxiecvruil HayioHantbHUll yHieepcumem padioenekmpouixu, Yxpaina

Anomauin. 3anpononosano 6a2amocucHAIbHUL NIOXI0 00 GUSGTICHHS DPYXY
meapun y Hiunux gideozanucax pomonacmox. Konseep noeonye ananiz npupoonux
KONbOpIB, ONMUYHO20 NOMOKY, 3MIHU 2IUOUHU, OAUCKY ouell, Y3200M4CeHOCmI
pocaunHocmi, Oemekyii 00 ’ekmie I Kopexyii 3miwjenus xamepu. Ha mecmosiil
6ubipyi 3 wecmu Kaopi¢ NOKA3AHO NOMEHYIAl Memooy Mma 6USHAYEHO OCHOBHI
ooicepena NOMUTKOBUX CNPAYIOBAHDb | HANPAMU NOOATbULOL 6ai0aYil.

Knrouogi crosa: gpomonacmka, monimopune Ouxoi npupoou, GUsGIEHHs PYXY,
KOMN TomepHuil 3ip, ONMUYHUL ROMIK, 3MIHA 2IUOUHU, OemeKyis 06 'ekmie.

Abstract. A multi-signal approach is proposed for detecting animal movement in
nighttime camera-trap video. The pipeline combines natural-color gating, optical
flow, depth-change estimation, eye-shine detection, foliage-coherence analysis,
object detection, and long-baseline camera-shift correction. A six-frame test sample
demonstrates the approach’s potential and identifies major false-positive sources
and the validation steps required for larger-scale evaluation.

Keywords: camera traps, wildlife monitoring, motion detection, computer vision,
optical flow, depth change, object detection.
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Introduction. Camera traps generate large volumes of empty footage
because wind-driven vegetation can trigger motion sensors, while PIR
systems can miss slow-moving, partially occluded, small, or ectothermic
animals [1]. The proposed approach therefore treats detection as signal
fusion rather than single-threshold triggering. It combines appearance,
motion, scene geometry, biological reflectance, object detection, and
camera-shift evidence so that independent channels can corroborate genuine
animal presence.

Related work. PIR remains common in wildlife camera traps, but its
triggering behavior produces both missed detections and false triggers [1].
Riechmann et al. demonstrated a low-power video-camera-trap pipeline
combining motion vectors with deep neural networks [2]. MegaDetector is
used here as an independent corroborating detector [3], while recent field
work supports the use of computer vision for improving detections of small
fauna [4]. The present design extends this by fusing heterogeneous signals.

Method. The frame-level pipeline includes non-natural-color gating;
CLAHE, unsharp masking and Canny preprocessing; dense Farneback
optical flow; monocular depth-change estimation; eye-shine detection;
foliage-coherence analysis; and long-baseline sparse Lucas—Kanade
tracking. MegaDetector provides an additional full-frame signal. Depth-
change contours supply geometry-based evidence, flow coherence helps
separate foliage from animal motion, and long-baseline tracking
characterizes slow camera-platform drift. Each stage is independently
configurable and returns structured results for downstream fusion.

Results. Six sampled frames from five deployments and multiple species
were reviewed. MegaDetector detected the primary subject in every frame
(0.61-0.93 confidence), including two low-contrast hedgehogs in the
background (0.54-0.72). Eye-shine detection worked in low-clutter scenes
but produced many unconfirmed candidates; in two frames, none of ten raw
candidates was confirmed. Depth activity ranged from zero contours in
static scenes to 25 in a close-range, high-clutter scene.

limitations and future work. Eye-shine detection requires
corroboration, and foliage coherence can classify animal silhouette edges as
vegetation. Depth activity is strongly scene-dependent. Two detections
initially suspected as background artifacts were confirmed as genuine
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hedgehogs during ground-truth review. For battery-powered deployment,
expensive depth and detection stages should be gated by cheaper color and
flow checks.

Conclusion. The pilot results indicate that combining appearance-based
motion, scene-geometry change, biological reflectance cues, object
detection, and camera-shift correction can help distinguish animal activity
from wind-driven vegetation and platform drift. The evidence remains
qualitative, so further evaluation and ablation experiments are required.
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MATEMATHUYHA MOAEJIb JUHAMIKHN MEPEXKI DKHKEBUYA
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Kuiscokuii nayionanvuuii ynisepcumem imeni Tapaca [llesuenka, Yxpaina

Anomauia. Moodenv Hetipona Icuxesuua noeonye 0i010214HY pearicmuyHicmy i3
00UUCTIIBATLHOW ehekmusHicmio, wo pobums il YiHHOK 018 ETUKOMACUMAOHO20
MoOenioganua Mo3Ky. Y yii pobomi po3pobneno cmpozuii nioxio 0o ananizy maxux
Mepedc AK 6a2amosUMIpHUX KYCKO80-2NA0KUX OUHAMIUHUX cucmeM. 3a 00nomo2orn
Memoodie Jlanynoea ma 6ipyprayitinoco aHanizy ompumMano ymosu cmitikocmi ma
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BU3HAYUEHO NOpo2U Nepexodié 8i0 CMAMI@ CNOKOIO 00 CUHXDOHHO20 30YOHCEeHHA U
CKIAOHUX KOAUBAHb. TaKodC O00CNIONCEHO CMOXACMUYHI GNIAUSU MA 6CMAHOEAECHO
pe3ynvmamu wooo CmayioHapHoi Cmamucmuky aKmueHOCMi U CHPUYUHEHO20
ULYMOM CRAUKIHS) .

Knrouosi cnosa: modenv Iicuxesuua, Kyck080-21a0Ki OUHAMIYHI cucmeMmu,
2Iopuoni cucmemu, 6iyprayiuHuil ananis.

Abstract. The Izhikevich neuron model combines biological realism with
computational efficiency, making it valuable for large-scale brain simulations. This
paper develops a rigorous framework for analyzing such networks as high-
dimensional, piecewise-smooth dynamical systems. Using Lyapunov and bifurcation
methods, we derive stability conditions and identify thresholds for transitions from
resting states to synchronous firing and complex oscillations. We also analyze
stochastic inputs, establishing results on stationary activity statistics and noise-
driven spiking.

Keywords: Izhikevich model, piecewise-smooth dynamical systems, hybrid
systems, bifurcation analysis

The analysis of a single Izhikevich neuron, as described in [1], reveals it
is fundamentally a hybrid dynamical system. To provide a rigorous
foundation for theorems, we must first formally define this system. We
formulate the network as a hybrid automaton, which is a tuple = (s,c,F,G,R)
defining the system’s state space, flow domain, continuous dynamics, guard
(event-detection) set, and discrete reset map. This formulation is necessary
to explicitly capture the network interactions [2]. The object of following
theorems is the hybrid dynamical system =(S,C,F,G,R). This formulation
transforms the problem of network dynamics into the analysis of trajectories
in 3N that flow according to F in the domain C and are discontinuously
mapped by R upon striking the guard G [3, 4]. The quiescent state,
x € C, is the global equilibrium of the network, corresponding to a state of
silence where no neuron fires. Its existence and stability are prerequisites for
any analysis of excitability.

Theorem 1. Let the network consist of N identical neurons (parameters
a,b ) with homogeneous external input 1. =1 .

Existence: The network admits a unique global fixed point
x=(vu,l, )ES givenby |_ . =0, U;=bV;, v, =V, where V is the

syn synji
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lower (stable) real root  of the quadratic equation
0.04 (v’ +(5-b)v+(140 + ) =0.

Quiescence Condition: This fixed point X represents a stable quiescent
state (i.e., xe C and is locally stable) if and only if V<V (the fixed

point is sub-threshold) and a(b—(0.08v +5))> 0 (stability condition).
Theorem 2. Let the network consist of N identical neurons (parameters
a,b,c,d,z,) and homogeneous input | . Let the connectivity matrix W

have a constant row sum, ZWU —k forall i.

1.  Existence: The synchronization manifold

M={eES|v=..=v U =..=uy,l ==, i an invariant

manifold of the hybrid system. A synchronous periodic orbit y(t)c M exists

if the reduced 3-dimensional hybrid system on M admits a stable periodic
orbit.

2. Stability: The synchronous orbit y(?) is locally asymptotically
stable if and only if all 3N-3 transverse eigenvalues x; of the
monodromy matrix (Poincaré map Jacobian) associated with )(?) satisfy

[ <1
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SECTION 2. CONTROL, ROBOTICS, AND DISTRIBUTED
SYSTEMS
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OPTICAL COMPUTING ARCHITECTURE FOR DECISION
SUPPORT IN TRANSPORT CONTROL PROCESSES
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APXITEKTYPA OIITUYHUX OBYUCJIEHDb JISA NIATPUMKHA
NPUMAHATTS PILIEHb Y CUCTEMAX KEPYBAHHS
TPAHCIIOPTHUMMU MPOLECAMUA
Dr.Sci., B. Tumuenko!, Dr.Sci., B. Kpeiinopuu?,

Dr.Sci., FO. Konaparenko®, O. Eropos*

Y Hayionanvnuii ynisepcumem xopabnebyoysanns im. aom. Maxaposa, Ykpaina,
2 Texacokuil yuieepcumem 6 Env-Ilaco, CILIA,
3Yopromopcwruii nayionanvuuil ynisepcumem im. Ilempa Moaunu, Ypaina

Anomauia. Y pobomi npedcmasneno meopemuuny 043y i€papXiyHoi cucmemu
niompumxu npuvnamms piwens (CIIIIP) na 0cHOGi KOMIPHUX ONMUYHUX 0OYUCTIEHD.
Apximexkmypa cucmemu 3abesneuye napaneibhe ONPAYiOBaHHSA BEAUKO20 00 €My
Oanux uepe3 NOOAHHS HEUIMKUX JIEHSGICMUYHUX OYIHOK SIK KBAHMMIE KOMIPHOT
inpopmayii,. Ilpoyec 0bpodKu nPOOEMOHCMPOBAHO HA NPUKAAOL CYEHAPIIO 3TbOMY
nimaxa AIRBUS, i3 spaxysannam 45 ¢paxmopis pusuxy. Ilepesazamu apximexmypu €
BUCOKA NPOOYKMUBHICMb MA HAOYHA 6I3yanizayis pe3yiomamie Ol Onepamopa
cucmemu.

Knrwuoei cnosa: apximexmypa onmuyHux o0OYUCTEHb, KEAHMU KOJIPHOL
ingpopmayii, cucmema niOMPUMKYU RPUUHAMMSL DilUeHb, KePYeaHHA MPAHCHOPIMHUMU
npoyecamu.

Abstract. The paper presents the theoretical framework of a hierarchical
decision support system (DSS) based on color optical computing. The system
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architecture provides parallel processing of large volumes of data by encoding fuzzy
linguistic estimates as quanta of color information. The processing procedure is
demonstrated for the takeoff scenario of an AIRBUS aircraft, taking 45 risk factors
into account. The advantages of the architecture are high performance and clear
visualization of results for the system operator.

Keywords: optical color computing architecture, color information quanta,
decision support system, transport control

[ligBuimeHHs OC3MEKH MACHITA0OHUX TPAHCIOPTHUX MPOIECIB, TAaKUX SK
aBiallifiHi Ta MOpPCHKI MEPEBE3CHHS, CTAHOBUTH OaratoakTOpHy Ta
0araToliyiboBy MpoOJIeMy NPUHHATTS pilieHs. JlronuHa-oneparop BHpilIye
0 TpobjieMy B yMOBaxX TPaHUYHOI IHTEHCHBHOCTI Tpagiky Ta BETHKHX
00CsriB MBUIKO3MIHHHUX BXITHUX NaHuX. J{o npukiany, B mopty Porrepaama
mopiuHO BUKOHYeThess moHanm 30 000 3axomiB cymeH, a y BEIHKHX
aeporoprax, HampuKIax B ATIAHTI, KIJIBKICTh 3JBOTIB 1 IMOCAIOK CSTae
Maibke MiJbifoHa Ha piK (32 BIAKpUTHMH Jpkepenamu). OOcAr DaHWUX s
KOXKHOI JTUCIIETYEpPCHKOT MO3MIII MOXE CTAaHOBUTH COTHI 3HA4YEHb, IO
TIEPEBHIIYE MOXIIMBOCTI ONEpaTopa 3 IX OMNpAIfOBAHHS Ta NMPHU3BOJIUTH 10
MMOMIJIKOBHX pimeHb [1]. YV KpUTHYHUX CHTyallisX, TaKuX SK BiMOBa
JBUI'YHa TijJ 4ac 31nboTy Jitaka AIRBUS, xoMaHmup ekinaxy mae juine
OJIHY CEeKYHIy Ha yXBaJeHHS Oe3rmedqHoro pinieHHs [2]. i 3HMKEHHS X
PHU3MKIB  TIPOMOHYETHCS ONTHYHA apXiTEKTypa CHUCTEMH  IiJITPHUMKHU
npuitastrs pimens (CIITIP) Ha ocHoBi HewiTkux [3] BxinmHux nanux. Hewitki
BXIJIHI JJaHi MOAaHI y BUTJISII KBAHTIB KOJIpHOT iH(OpMAIIil, BIOPAAKOBAHUX
BiIHOCHO TMO3WTHUBHOTO PIllIEHHS — HANPUKIAJ, YepBOHUN {R} mis «Hi»,
3eneHnid {G} s «HMMOBIpHO Tak» Ta cuHiN {B} mns «rak» [4, 5]. Jloriuni
oreparii 13 IOHKIII Ta KOH FOHKIIT peai30BaHO SK aJUTHBHE 3MilIyBaHHS
Ta cyOTpakTHBHE (HINBTPYBAHHS ONTHYHHUX MOTOKIB.

BbazoBa cTpykTypa JIOTiYHOTO BHBEAEHHS pimieHHs (puc. 1) MicTUTH Tpu
CeKIii: MiJICyMOBYBaHHS IIOYaTKOBMX OI[HOK; MapalelbHUX TIOK
(GUIBTpYBaHHS aNbTEPHATUBHHUX OL[IHOK; IIOCIIZIOBHOCTI BIANOBIJaIbHUX
eKCIIePTHUX (ITBTPIB, KOKEH 3 SIKUX MOXE 3a0JIOKyBaTH BUXiIHE PillICHHS.
VY 11p0My BHIIAZIKY CBITJIOBHH HMOTIK TacHUTHCS, IO BiAmoBinae opHoMy {Blc}
CTaHy «pilIeHHS BiACYTHE», 1 IIpOIEC OI[IHIOBAHHSA ITOBTOPIOETHCS 3
OHOBIICHUMH BXIJHUMH JaHUMH.
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f Preprocessing i Feature formation

Parameters
Parameter 1
Parameter 2

Parameter n

Pucynok 1. ba3oBa noriyHa cxema IpUHHATTS pillIeHb (HAAPSIKOBI iHACKCH A , V
MO3HAYAIOTh ONepalii KOH IOHKIII Ta A3 I0HKII{, BiATIOBITHO).

3anponoHOBaHUI TLAX1T MIPOJAEMOHCTPOBAHO Ha  TIPUKIALi
¢ynkmionyBanas CIIIIP mpu 371p0Ti mOBITpsSHOTO CcymHa [2], O SIKOTO
cthopMoBaHO 0a3y HEWITKHUX MaHUX i3 45 dpakTopi Oe3neku: 9 ocCHOBHHX, 24
KOOpAWHYBaJNbHUX Ta 12 BigmoBimampbHHUX. [lapalenpHICTh ONpaIfoBaHHS
3aKJIaJieHa B CTPYKTYPY ONTHUYHOT apXiTEKTYPH: BCi (haKTOPU 0OPOOIISIOTHCS
OJIHOYACHO, 13 MPOJYKTHBHICTIO, BU3HAYCHOO MIBUAKICTIO CBiTia. BuximHi
JaHi MOMAIOThCS OC3MOCePEIHRO Yy BUIJBIAI KOJBOPY, IO 3a0esmedye
MUTTEBY Bi3yallbHy IHTEpIpETaIlif0 Ta Ja€ ONepaTopy 3MOTY CBOEYACHO
YXBAJIUTH Oe3IeYHE PillIeHHS.
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MINIMUM STATE SPACE COVERAGE AS AN ANOMALY
LOCALIZATION PROBLEM IN STOCHASTIC SYSTEMS
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MIHIMAJIBHE IOKPUTTS IMIPOCTOPY CTAHIB K 3AJJAYA
JIOKAJI3AIT AHOMAJIA Y CTOXACTUYHUX CUCTEMAX
Ph.D., A. Cumonos, Dr.Sci., O. Ilanariu,
€. Cumonos, b. 3aika
Incmumym xibepnemuxu im. B.M. I'nywxoea HAH Yxpainu, Yxpaina

Anomauyin. YV pobomi 3anpononosano eHmponitiHo-eeomempudnull nioxio 0o
JOKaNi3ayii AaHOMAill y CMOXACMUYHUX CUCMEMAx Yepe3 mpaKmysanHsi 0eq)ekmis K
JIOKANbHUX —~ NOpyweHb  iHeapianmuocmi  mempuynoi  ewmponii. Ha ocHogi
MIHIMATLHUX  E-ROKPUMMIE NPOCMOPY CMAHIE 66€0€HO JIOKANbHUL (QYHKYIOHAT
eHmponii  nokpumms ma hnobyo008aHO YEHMPOBAHULl [HOEKC AHOMATbHOCMI,
008€0€eHO 11020 THBAPIAHMHICMb 8IOHOCHO 30MempUdHUX nepemeopers. Ilokazaro,
WO BUHUKHEHHS [301b08AHUX CMPYKMYP NPU3800UMb 00 HENIHIIHO20 3POCMAHHA
enmponii ma 3MiHu il acUMIMOMUYHOI po3mipHocmi. Pe3ynomamu KoHYenmyansho
108’ A3yI0Mmb Meopilo MIHIMALILHUX NOKPUMMIE | MEMPUYHY eHMPONI0 3 AHANI30M
CKIAOHUX OUHAMIYHUX CUCTHEM.

Knrwwuosei cnosa: cmoxacmuuna cucmema, enmponis Koamozoposa-Tuxomuposa,
BUABNEHHA AHOMAIl, 2e0Mempis NPOCmMopy cmanie

Abstract. The paper proposes an entropy-geometric approach to the localization
of anomalies in stochastic systems by treating defects as local violations of the
invariance of metric entropy. Based on minimal e-covers of the state space, a local
functional of the entropy of the covering is introduced and a centered anomaly index
is constructed, and its invariance with respect to isometric transformations is proven.
It is shown that the emergence of isolated structures leads to a nonlinear increase in
entropy and a change in its asymptotic dimension. The results conceptually connect
the theory of minimal covers and metric entropy with the analysis of complex
dynamical systems.
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Keywords: stochastic system, Kolmogorov-Tikhomirov entropy, anomaly
detection, state space geometry.

AHali3 CKIAIHUX CTOXAaCTHYHUX CHCTEM TpaauWIiiiHO Oa3yeTbcs Ha
JNOCITIDKEHHI TPAeKTOpid OKpeMHX 3MIHHHX a0o0 IXHIX IMOBIpHICHHX
xapakrepucTuk. OTHAK y BUCOKOPO3MIPHHX CHCTEMaX MOAIOHWHA MiIXim He
BioOpakae reOMETPUYHOI CTPYKTYPH HPOCTOPY CTaHiB, KU (opMyeThes
KOJIEKTMBHOIO JUHAMIKOK areHTiB. Hexai Xo={xp%,.., 5,0 M €
MHOXXHHA CIIOCTEPE)KYBaHUX CTaHIiB, a (M,p) — METPUYHUI TPOCTIp,
iHnykoBanuii auHamikoro cucremu [1]. Toami s omucy reoMeTpuyHOl
CKIaHOCT] Xn PO3IIISIAETECA 33129 MiHIMATLHOTO € -[IOKPUTTS:

Ny(e) = min{k € N:3cy, .., c, EX, X C
Uk, B.(c)}, @)
B.x)={ye Xip(x,y)}< e >0 )

Bennunna Vx(€) IHTepIPETYEThCA K MiHIMallbHA KUTBKICTB JIOKATEHUX
TEOMETPUYHHX EJIEMEHTIB, HEOOXiJHUX JUIA OIMUCY CTPYKTYPH €MITipu4HOl
MHOXXUHHM CTaHIB 13 TOYHICTIO £.

OCKINIBKM ~ YHCJIO TOKPUTTSA € JMCKPETHOK  MAacIITab03aJekKHOI0
XapaKTepUCTUKOI,  JOLUIBHO MepedTH 10  #oro  jorapudmivHoi
iHpopmaniitHoi dopmu. Merpuuna enrtpomis Komnmoroposa-Tuxomuposa

3aJ1a€THCS SIK

Hy () = log Ny (e), (3)
1 xapakTtepuzye e(EeKTHBHY TE€OMETPHYHY  CKJIAaJHICTh  MHOXHHH
CIIOCTEPEXKYBAHMX CTaHiB Ha MacmTabi £,

[Nonmanpmmii anami3 noTpedye mepexoay Bif TI00aTbHOI XapaKTePUCTHKH
MHOXHHE X 710 Ti JTOKambHOI CTpyKTypH. JlIi 1bOro AJisi KOXKHOI TOYKH
X € X pyspauaetes nokanbHe T-0TOYGHHS:

U.(x)={ye X:plxy =1}, (4)
e = 0 3a7ae MacmTad Jokamizaimii. JIns  JA0BiNBHOI  CKiHUEHHOI

. [ ..
IMIMHOXHWHHU Y - X MO3HAYMMO 4Y€pe3 NE(Y—) MIHIMAJIBHE YHUCJIO E'KyJ'H),

HEOOXITHHUX IS TIOKPUTTS Y Toni noxansua GHTPOIIIsI TOKPHTTS B TOUI]

BHU3HAYAETHCA AK
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H, (s,71) = logNE(Ur(x)),O <eg=r. (5)

Omxe, koxmiii Toumi * € X craButhes Yy BIONOBITHICTE CKaIApHA

XapAKTEPUCTHKA JIOKATLHOI F€OMETPUYHOT CKIAIHOCTI ii T -0KoIy.
Jnst ycyHEHHs BIUIMBY CEPEAHBOTO pIBHSA JIOKAJbHOI CKIJIAJHOCTI
BBOJIUTHCS CEPEJIHS JIOKAIbHA EHTPOMis

H(gr) = - Teax He (57, 6)

BpaxoBYIOUH (6) BU3HAYAETHCS JIOKATFHE SHTPOIIHHE BiIXMIICHHS

AH,,(x) =H,(e,r) —H(e, 7). @)
AH

CKIaaHoCTi 7 -oKosy TOYKM X Bij CEpeNHbOro PiBHA JOKAILHOI CKIAIHOCTI

Benmunna e () (7) xapakrepusye BiIXWICHHS CHTPOMIHHOT

Ha MHOXKHHI X, JlogaTHi 3HaYEHHS AH_ . (x) BiJINIOBiJAIOTHh JIOKAJIIEHOMY
YCKIIQJIHCHHIO TE€OMETPUYHOI CTPYKTYPH, TOJi SK Bi’€MHI 3HAYEHHS
BKa3ylOTh Ha 11 JIOKaJlbHE CHpPOIIEHHS a00 yIIUIbHEHHS. MHOXHHA
JIOKAJIi30BaHNX aHOMAJILHUX CTaHiB BU3HAYAETHCS SK:

A, ={x € X:|AH, .(x) > rl}’ 8)

ne T > 0 — noporosuit napamerp.

Otrxe, TOTEHIHA aHOMAJIBHICTL TOYKM IHTEPHPETYEThCS HE 5K
CTaTUCTUYHE BIAXWJICHHS OKPEMHX KOOPJAWHAT, a SK JIOKAIbHA CTPYKTYpHA
3MiHa reoMeTpil eMITipHYHOT MHOKHHH CTaHiB [2].
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NEUROCONTROLLERS IN AUTONOMOUS ROBOTICS:
TRAINING METHODS AND CONTROL SCHEMES
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HEMPOKOHTPOJIEPU B ABTOHOMHIN POBOTOTEXHILI:
METOJIU HABYAHHSI TA CXEMU YIIPABJITHHS
Dr.Sci., A. Kaprin!, Ph.D., T. lerpenxo?, Ph.D., O. M'sTukon?®,
Ph.D., O. lponina*

L2 Ykpaincoruii Oeporcagnuil ynisepcumen 3a1isHUNHO20 MPAHCIOPNTY,
34T Ipsazoecoruil Oepaicasnuti mexuiunuil ynieepcumen

Anomauia. Posensnymo aemonomui podomu (AP), niompumyeaui 2i6pudHum
UImyynum Inmenexmom (LLI). YV cucmemi xepysanus AP suxopucmogylomucs pisHi
Mmunu KOHMPOAEPI6 NpsamMo20 ma 380pOmMHO20 38'a3Ky. Memorwo yici cmammi ¢
OeMOHCIMPAYIst  MONCIUBOCIE  BUKOPUCMAHHA Helponnux Kkowmpoaepie (HK) y
xoumypi kepyeanns AP, skwo eonu inmeeposani 3i LI, wo Biouysae (ILLIB).
Obeosoproomvcst cxemu ynpaegninus ma nasuanns HK sk xomnonenma LB, wo
cmeopioemuves Ak 2iopuonuil LI ona manux AR-3acmocyHkie Ha 0cHo8i nodiego-
Keposanoi apximexmypu. [lokazano, wo nio xepysanusm FAI npoyedypa naguanws
36UUAliHOT HelpoHHOT Mepedici Modce Oymu noOdibHOH 00 npoyedypu HAGYAHHS
CRAtiKOBUX HEUPOHHUX MePedC.

Knrwwuosi cnosa: wmyunuii inmenexm wo 6i04yeac, agmoHOMHA poOOMuU308ana
cucmema, WmMy4Ha HetupoHHA Mepedca, Cxema OHAAH-HABUAHHS, HEePOKOHMPOTep.

Abstract. Autonomous Robots (ARs) supported by hybrid Al are considered.
Different types of feedforward and feedback controllers are used in the AR control
system. The purpose of this paper is to demonstrate the possibility of using Neural
Controllers (NCs) in the AR control loop if they are integrated with Feeling Artificial
Intelligence (FAI). The operational and learning schemes of the NC, as a component
of FAI, which has developed as a hybrid Al for small AR applications based on an
event-driven architecture, are discussed. It is shown that, under FAI supervision, the
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training procedure for conventional NC may be similar to that of Spiking Neural
Network (SNN).

Keywords: feeling artificial intelligence, autonomous robotic systems, artificial
neural network, online learning scheme, neurocontroller.

Creating autonomous robots supported by Al that operate not in a virtual
but in the real, physical world is a pressing task today. One current trend in
Generative Al is the RT-X project, which proposes creating a General
Robotic Brain with GenAl support [1]. Such a hybrid Al, equipped with a
symbolic decision-making mechanism and a pre-trained set of robot skills to
perform its functions in the physical world, is designed for large-scale robotic
applications. Another hybrid Al model, known as FAI, based on cognitive
models borrowed from living beings, is proposed [2] for small AR
applications that utilize conventional computer hardware and software. The
ARs handle many tasks related to movement control and tracking the
movement of external objects using video and other sensors. These tasks
belong to the lower levels of the hybrid Al structure and are implemented as
feedback or feedforward controllers that receive commands from higher-level
FAI [2]. Each of these controllers is responsible for a single motion, and all
of them shape complex robot actions. The hybrid Al upper level orchestrates
these actions to be concerted. At the same time, in operational mode,
retraining NC is required to overcome the lack of information about the
environment, but this is impossible; the AR is carrying out a mission, running
on limited computer resources. Only the recently mentioned problem, due to
the advent of SNN, has gained a perspective to be overcome [3]. The SNN
neurons emit asynchronous binary events in time. Computation is event-
driven and temporal, enabling real-time learning and processing in the SNN
when running on neuromorphic hardware [4]. However, adoption of
neuromorphic hardware is currently limited. Another challenge to applying
SNN in the NC is the complexity of training SNNs. Researchers are actively
exploring alternative training methods to overcome this limitation.

The premise of our paper is as follows: the FAI has an event-driven
architecture [2] and can support multiple computing processes in this mode.
So, FAI can support such a mode for the NC learning and running in real
time on conventional computer facilities. The purpose of this work is to
explore different schemes for online learning of feedback and feedforward

174



International Scientific and Practical Workshop
""Advanced Digital Technologies: Intelligent Systems, Modeling, and

Data-Driven Control" (ADT-ISMDDC-2026)
co-located with ICST-2026 X1V INTERNATIONAL SCIENTIFIC AND PRACTICAL
CONFERENCE

"Information Control Systems and Technologies - ICST-ODESA-2026""

neurocontrollers for use in ARs that are supported by a hybrid FAI. Carry out
the experiments to confirm the premise that specific NC learning schemes
can be executed in real time and in a mixed online and operational control
mode.
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Anomauia.  Ilpeocmasneno — cucmemy — aoanmu6HO20  HeUPOMEpPeHCe8020

Kepysanns mobinbnolo  niamgopmoro  TurtleBot3 Waffle, wo euxopucmosye
300padicennss enubuHu K ocHognuil  exio. Komamou pyxy ¢opmye 0egocinkosa
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320pMKOBA HEUPOHHA MePeHCa, HABYEHA KIOHY8AHHAM NOBEOIHKU HA OEMOHCMPAYIAX
eKCNepmHO20 KOHMPOLepa HA OCHO8I MOOUDIKO8AHO20 MemOdy NOMEHYIIHUX NONI6.
Cucmemy peanizosano sk nakem ROS 2 ma docnioxceno y Gazebo na nabopi 3 157
839 3spasxie. Modenv npayroe 3 yacmomoio 6ausvko 14 Iy, excnepumenmu KilbKicHO
OYIHIOIOMb 0OMedCeHHS KIOHYS8AHHSA NOEOIHKU, CHPUYUHERE 3CYE0M PO3NOOLTY.

Knrouosi cnosa: asmonomua uasicayis, mMobOinbHuii pobom, Helipomepedicese
Kepy8aHHs, KIOHYBAHHS NOBEOIHKU, 320pPMKO6A HEUPOHHA Mepedica, Kamepa eiubuHu,
NOMEHYIHI NOJIA.

Abstract. An adaptive neural network control system for the TurtleBot3 Waffle
platform is presented, using depth images as its primary input. A two-branch
convolutional network, trained via behavioral cloning on a modified-potential-fields
expert, produces motion commands. Implemented as a ROS 2 package and evaluated
in Gazebo on 157,839 samples, the model runs at about 14 Hz and quantifies the
distribution-shift limitation of behavioral cloning.

Keywords: autonomous navigation, mobile robot, neural network control,
behavioral cloning, convolutional neural network, depth camera, potential fields.

Autonomous mobile robotics is moving into practical scenarios such as
warehouse logistics, indoor inspection, and service platforms, where CNN-
based and imitation-learning methods are actively investigated alongside
classical planning [1]. Navigation from depth images is particularly relevant,
as a depth camera presents the scene as a distance map that is natural to
convolutional neural networks [2]. Behavioral cloning trains a model to
repeat expert commands, but the resulting model may behave poorly in states
absent from the training set.

The goal of this work is to develop an intelligent system of adaptive
neural network control for the TurtleBot3 Waffle platform that uses depth
images to provide safe autonomous motion in a partially unknown
environment. The work addresses the following tasks: justifying the ROS 2 /
Gazebo / PyTorch stack and a CNN that regresses control commands from a
depth image; developing an expert controller based on a modified potential
fields method with sector analysis, corner-trap detection, and a lock
mechanism; implementing automatic dataset collection with periodic robot
teleportation; training the CNN with augmentation, oversampling of rare
classes, and a weighted loss; adding ROS 2 inference nodes with several
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levels of safety; and comparing the CNN controller with the expert, including
generalization to a modified environment.

The system is a set of ROS 2 nodes forming perception, decision, and
execution branches. The expert controller performs an adaptive five-sector
analysis of the depth image, moves toward the freest space, and uses a finite-
state machine (FREE, SLOW, ESCAPE) to detect and escape corner traps.
The DepthWanderingCNN controller fuses the normalized depth tensor
(1x64x96) with an eight-element feature vector (five sector distances plus a
three-element one-hot state), and regresses bounded linear and angular
velocities; it has 822,114 parameters and is trained with the Smooth L1 loss
and Adam. The dataset of 157,839 samples was collected in a 20x20 m maze
with over 160 obstacles using random restart; oversampling of rare states and
a class-weighted loss were then applied during training. The best model
achieved a validation loss of 0.0220 and reproduced expert behavior with
controlled quality degradation (0.8 vs 0.3 collisions per ten minutes), while
running at about 14 Hz in real-time. In a modified environment, the mean
number of collisions grew from 0.8 to 4.1 (by a factor of about 5.1),
confirming the distribution-shift limitation. The system provides a
reproducible ROS 2 baseline for imitation-learning research on mobile robots
without relying on LiDAR; future work targets DAgger, a global A* planner,
a multimodal loss, and transfer to the real platform [3].
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Anomauin. Oxpecniolomvbcsi NEPCREKMUSU PO3GUMKY 6eKMOPHUX THGOPpMAYIHUX
MEeXHONO02I HA OCHOBI MIHIMI3ayii 06a3060i cmpykmypu 0a2amosumipHux cucmem
00poOKU THOPMAYIUHUX NOMOKIE MA POWUPEHHS (DYHKYIOHATLHOCME SEKIMOPHUX
xkomn'tomeprux cucmem. Cymb 06poOKU GeKMOPHUX OAHUX 6 IHMENeKMYanibHill
cucmemi GiONIKY KOOPOUHAM NONASAE 8 MEHUWOMY HAOOpi 6a308uUxX NOCUIAHb, HINC
3a2anbHa KiTbKiCMb MOYKOBUX KOOPOUHAM, SKI 2eHepyiomb iX wisaxom 000a8aHHs
ocmannix. L{a mexwonocia 0038011€ CKOpomMumu  3a2aAbHULl  YaAc 0OpOOKU
iHGhopmayitinux nomoxie, KoOywuu HAOOpU OaHUux y CHUCKAX 080X abo Oinvuie
Kamez2opiti ampubymis 00HOUACHO.

Knrouogi cnosa: xombinamopna onmumizayis, eekmopna IKB, inmenexmyanoha
cucmema 6ioniKy, 06pooxa danux, kamezopii ampudoymis.

Abstract.The prospects for the development of vector information technologies
are opened based on the minimization of the basic structure of multidimensional
information flow processing systems and the functionality of vector computer systems
is expanded. The essence of the vector data processing under manifold coordinate
system is a smaller set of basic references than the total number of coordinates, which
generates them by adding the latter.
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Keywords: combinatorial optimization, vector IRB, intelligent reference system,
data processing, attribute categories.

Introduction.

Big vector data information technology, is known, be able to defined as a
software-utility that is designed to analysis process and extract data from
extremely complex and large data sets which the traditional data processing
software could never deal with [1]. Ongoing advances improve the link
between computational and physical elements, increasing the reliability and
functionality of computer systems, using combinatorial theory [2]. The book
[3], this concise new edition of the pioneering book on multidimensional
signal processing, a polynomial or a rational function (matrix), characterizing
a single-input single-output (multi-input multi-output) system is submitted.
The number of such free parameters defines the dimension of the space and a
system with fixed parameters may be represented by a point in parameter
space. If at least one coefficient varies about its nominal value, a region in
parameter space is generated. This region characterizes a family of systems
instead of one fixed system. When the coefficients vary independently of
each other within specified compact intervals, an interval system is
generated. The problem to be of very important for configuring intelligent
vector information technologies and systems of data security with improved
quality indices of the system concerning performance reliability, data
protection, and speed transformation content. This project involves
techniques using novel algebraic constructions based on vector combinatorial
configurations, namely the concept of vector Ideal Ring Bundles (IRBs) [4]
for development of the scientific basis for technologically optimum vector
computer technologies as an alternative for quantum one.

Vector Ideal Ring Bundles

Let us regard the combinatorial properties of vector IRBs. Mathematical
description of IRBs can be represented as sequences of n sets with t number
sequences of the sequence. All vector terms in each modular vector sum to be
elements of the cyclic sequence forming agrid of reference system of
dimension t with a common reference point. In the case of 2D vector IRB,
modulo m; and modulo sums m; are taken for appropriate integer of
the sequence.
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Example: Cyclic sequence {(1,2), (2,4), (1,3), (2,1)} containing four (n =
4) 2D (t = 2) vectors ki=(1,2), ko= (2,4), ka=(1,3), ks=(2,1) generates
ring sum of the vectors. Summation is modulo m; = 3 and modulo m, = 5 for
each component of vector sum correspondently provides vector data
processing three (m; = 3) categories of five (m; =5) attributes under spatial
reference system with reference grid m; x my= 3 x 5 based on the 2D Ideal
Ring Bundle {(1,2), (2,4), (1,3), (2,1)} (Table 1).
Table 1. Vector data processing three (m1 = 3) categories of five (mz=5) attributes
under spatial reference system with reference grid m1 x mz= 3 x 5 based on the 2D
Ideal Ring Bundle {(1,2), (2,4), (1,3), (2,1)}

No Category Digit weights
index Attribute
index (1,2) 2,4 (1,3) (2,2)

1 0 0 1 1 1 1
2 0 1 1 1 0 0
3 0 2 0 1 1 0
4 0 3 1 0 0 1
5 0 4 0 0 1 1
6 1 0 0 1 0 1

7 1 1 1 0 1 1

8 1 2 1 0 0 0

9 1 3 0 0 1 0
10 1 4 1 1 1 0
11 2 0 1 0 1 0
12 2 1 0 0 0 1
13 2 2 1 1 0 1
14 2 3 0 1 1 1

At the same manner provides encoding big datasets of arbitrary content at
any level of indexing by a priory infinitely large number of attribute
categories. In general case the reference system formed by a vector IRB is
reference grid of fixed sizes mixm, x...xm, which covers surface of a spatial
manifold. A set of all node point’s grid of the system created by summing
minimized the set taking complex modulo m;, mz, ... ,m: to complete the
reference system. The intelligent vector combinatorial systems theory
discovers direct application of the underlying scientific approach for systems
engineering design for development perspective researches in contemporary
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information  technologies, computing, electronics, robotics and
telecommunication as an alternative to quantum ones.
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Anomauia. Pospobneno cucmemy 3D-xomn'tomepnoeo 30py 015t A8MOHOMHO2O
3aXONAeH s MA cOpMy8anHs 8i0xo0ie Mobinbuumu pobomamu 8 cepedoguuyi ROS 2.
3anpononosano anecopummivnuii nioxio, Axuil inmezpye Helipomepedicegy Oemexyiio
YOLO i3 cencopom IntelRealSense D435. 3acmocysanuss memoody obepmogux
Kaninepie ons 3D-mouxosux xmap 0osgonse eusnauamu 6-DoF noszy cxeama
Mmauinynamopa. Pe3ynemamu excnepumenmie niomeepounu mouyHicmv Oemexyii
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mAP@0.5 = 95,6%, cepeoniti uac obpobku 13,7 mMc ma NOKA3HUK YCHiUWHO20
saxonnenns 89,1%.

Kniwouogi cnosa: 3D-xomn'tomepruii 3ip, maninynsyiine 3axonnenns, YOLO,
Memoo obepmosux kaninepis, 6-DoF nosa.

Abstract. A 3D computer vision system was developed for autonomous waste
picking by mobile robots operating in ROS 2. The proposed method integrates YOLO
neural network detection with spatial data from an Intel RealSense D435 camera.
Applying the rotating calipers algorithm to 3D point clouds enables accurate 6-DoF
grasp pose estimation. Experimental evaluations confirmed a detection accuracy of
mAP@0.5 = 95.6%, an inference speed of 13.7 ms, and an 89.1% grasp success rate.

Keywords: 3D computer vision, robotic grasping, YOLO, rotating calipers
algorithm, 6-DoF pose.

Global waste generation approaching 2.4 billion tons highlights the
critical need for autonomous mobile manipulators to replace hazardous
manual sorting. To estimate 6-DoF grasp poses for deformed objects in real
time, a multimodal vision system in ROS 2 combines single-stage YOLO
neural architectures (>50 FPS) with 3D point cloud processing and the
rotating calipers algorithm [1]. By modeling volumetric waste piles as
stacked cuboids and predicting grasp parameters directly from Intel
RealSense D435 RGB-D data, the system achieves an 88-95% Grasp
Success Rate. Onboard processing is optimized on microcontrollers using
lightweight backbones like MobileNet and CBAM, while Vision-Language-
Action models enable semantic reasoning for complex geometries.
Furthermore, occlusion-aware 3D point cloud algorithms ensure precise
segmentation of individual overlapping items in dense piles, backed by
models trained on an augmented TACO dataset encompassing over 1,500
images across 60 categories [2].

At the initial stage, the RGB frame | e R"*? is processed by the YOLO
neural network [3], which minimizes the localization loss function L to

CloU
calculate the 2D bounding box B = (x., Y., w, h) (1):
2 t
(b, b*
P = N

Leou =1l0U + av, (1)
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where 10U is the intersection over union of the bounding boxes, p(:) is the

Euclidean distance between the centers of boxes b and b%, ¢ is the
diagonal length of the smallest enclosing box covering both boxes, and v
measures aspect ratio consistency.

Using the obtained 2D coordinates [1], a depth matrix DeR"™Y is
cropped. Each pixel (u,v) with depth z=D(u,v) is converted into a 3D

point cloud P ={(x,y,,z )}, Via the intrinsic parameters of the Intel
RealSense camera

(f., f,.cc,)
_ (Vi _Cy)' Z
i P Y= f, -
After noise removal and voxel filtering, the point cloud P is discretized
into K height layers along the Z -axis [1]. For each layer, a 2D convex hull
C, =ConvexHull(R,) is constructed using Graham's scan algorithm with
O(nlog n) time complexity.
Next, the rotating calipers method with O(n) complexity is applied to
find the minimum oriented bounding box OBB, . By extruding OBB, to the

@

layer thickness Az, a 3D cuboid is formed. To select the optimal picking
point, the cuboids are analyzed top-down until the geometric condition for
gripper finger opening is satisfied (3):

@)

Wcuboid <Wmalx_gripper'
The final 6D grasp pose is described by a homogeneous isometric
transformation matrix T < se (4) [3]:

hp e hs X

T= F\; t _ G Ip Iy yg . ( 4)
0 1 G Tp hs Z
0O 0 0 1
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where R € SO is an orthogonal rotation matrix formed by the eigenvectors
of the OBB, orientation, and tz[xg, yg,Zg]r is the spatial coordinate

vector of the picking point.

Testing of the developed method was conducted in the ROS 2 (Humble)
environment on Ubuntu 22.04 LTS. Neural network inference was optimized
using NVIDIA TensorRT. The computing node was equipped with an Intel
Core i5-11400 CPU, 48 GB RAM, and an NVIDIA GeForce GTX 1650
SUPER GPU. Physical evaluation was carried out using a two-finger binary
gripper with a servo drive. The criterion for a successful pick was lifting and

holding the object in the air for a duration of t >5 s.

The Grasp Success Rate (GSR) was calculated as (5):

N
GSR = €% 1 00%. (5)
total

A total of 100 test picks were performed for various waste categories in

complex spatial orientations (See Table 1).
Table 1. Experimental metrics for detection accuracy, processing speed, and waste
grasp success rate

Waste Category Detection Accuracy Avera_ge Inference| Grasp Success
MAP@0.5 (%) Time (ms) Rate GSR (%)
Plastic bottles
and rigid 96.8 124 94.0
containers
Cardboard
packaging and 95.2 13.1 90.0
crumpled paper
Soft deformed 94.8 15.6 833
films and bags
System Average 95.6 13.7 89.1

Experimental data confirm the high real-time efficiency of the proposed
method: average detection accuracy reaches mAP@0.5 = 95.6%, with a
frame processing time of 13.7 ms (exceeding 70 FPS). The highest grasp
success rates (94.0%) were recorded for rigid objects with well-defined
contours — plastic, bottles, containers. For soft and deformed materials, the
GSR expectedly decreases to 83.3% due to unstable geometry and surface
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compliance; however, the final average result of 89.1% fully meets the
requirements for deployment in autonomous cleaning robots.
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KAHAJIBHA MIATPUMKA B I'lBPUJHOMY KEPYBAHHI
POBOTHU30BAHOIK CUCTEMOIO
Ph.D., A. SIpmisixo, C. MapueHko
Yepracvruil Hayionanvuuil ynieepcumem imeni boedana Xmenvnuyvkoeo, Yxpaina

Anomauia. [JocniddiceHo KaHATbHY NIOMPUMKY K NOYAMKOBUI  PiGeHb
KOHMEKCMHO20 OYIHIOB8AHHS 6 2IOPUOHOMY KepYBAHHI POOOMU3OBAHON) CUCHEMOTO.
basose cgiduenHs noeoHye oyiHKy CmaHy, OOCMYRHICMb OAHUX 1| CMAHOAPMHY
nesusHawenicmo. Ilicnsi npus’a3yeanns 00 nomounol kepysanvhoi Oii penesanmui
CKIAOHUKU hopmyroms cumyayitiny oyinky ma ii dosipui mexci. Cepis MooenvHux
cyenapiie niomeepouna GiOmMEOPIOBAHY YYMAUGICMb KAHATLHUX Npoginie 00
dominanmuux ingpopmayitinux obmesiceHs.
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Abstract. The study examines channel support as the initial layer of contextual
assessment in hybrid robotic control. Base evidence combines state suitability, data
availability, and standard uncertainty. Once bound to the current control action,
relevant components form a situational estimate and its confidence bounds. A series
of simulation scenarios confirmed reproducible sensitivity of channel profiles to
dominant information constraints.

Keywords: hybrid control, robotic system, channel support, data availability,
uncertainty, scenario-based simulation.

In hybrid control, the informational significance of each channel is
determined by the current control action. Navigation data are critical for
spatial maneuvering, whereas remote operator involvement depends
primarily on communication quality, update timeliness, and the operator’s
condition. A single integral indicator obscures both the source of the
limitation and its contextual importance [1]. When correlations are unknown,
conservative fusion is required [2]; operator workload [3] and missing or
stale modalities [4] must also be considered separately.

The base evidence for channel C at discrete step K is defined as

i =(s" apur’) @)

where Z denotes the channel evidence; S is the filtered conditional
probability of satisfying the base requirement; a is data availability and
freshness, accounting for delivery reliability and data age; and U is the
standard uncertainty of the available support. The superscript O denotes an
estimate that has not yet been associated with a specific control action.
Auvailable support y =S-a is used to compare the channels. It is an
auxiliary quantity representing the proportion of base support available from
data that are both present and timely. Once a candidate action | has been
selected, the uncertainty U is propagated to the uncertainties of the relevant
semantic components. Spatial-visual, operator, communication, system-
computing, and energy support form the contextual vector X (), from
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which the probability of successful action execution is estimated according to
).

5 () —o{aoyg“ﬁzoglrgm xk,,(j)}’ @)

where X is the situational support for action j; o is the logistic function;
L is the set of components required for this action; X,(]) is the value of

component | ; and o are calibrated non-negative coefficients. Along with X,

the model calculates the standard uncertainty U , accounting for parameter
covariance and input uncertainties, as well as the diagnostic conflict measure,
the minimum support of a critical component, and a separate binary condition
of physical feasibility. The parameters of the probabilistic channel models,
situational fusion, data freshness, and timing costs are identified in advance
using an independent synthetic calibration sample and fixed before the
scenario experiment. The lower and upper confidence bounds derived from
> and U are compared against the reliability requirement.

A computational experiment comprising ten synthetic scenarios with ten
independent runs each was conducted. The SO-S7 series covered nominal
conditions, dominant communication degradation, operator overload,
computing-resource scarcity, visual occlusion, an energy constraint, initiative
conflict, and combined degradation. V1 and V2 simulated hazardous
proximity and actuator failure under channel parameters close to nominal.
Scenarios S1-S6 were not strictly single-factor because, together with the
dominant disturbance, the background coefficients of other channels also
varied. At each step, six y values, the active control action, the situational

estimate X, its uncertainty U , and the conflict measure were recorded.
Figure 1 illustrates the sensitivity of available support to scenario-specific
disturbances.

Communication degradation had the strongest effect on communication
support and was accompanied by a change in the operator channel, whose
update availability depends on communication. Operator overload produced
the characteristic response of the operator component, computing-resource
scarcity affected the system-computing component, and visual occlusion
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affected the visual component. Combined degradation simultaneously
weakened several of these components. Over the selected time interval, the
energy scenario did not produce a distinct minimum in the corresponding
support and therefore did not provide its targeted verification. The V1 and V2
profiles remained close to nominal, consistent with their purpose of verifying
the physical safety response.

Cross-scenario channel quality matrix

10
S0 nominal 4 094 0.87 0.87 078 084
S1_comm_degradation - 094 086 068 o 083
08 N
S2_operator_overload 4 084 086 08 076 (] £
3
o
53_compute_overload 4 095 084 081 062 084 -
c
06 ¢
. . ]
S4_visual_occlusion 1 034 o 083 o 083 £
E
S5_energy _constraint § 034 085 084 o4 083 N
©
04 ¢
S6_mixed_initiative_conflict { 094 086 080 076 084 'g
g
S7_compound_degradation - 092 075 069 057 083 g
02
V1 _proximity_hazard { 094 086 086 076 083
V2_actuator fault | 034 086 086 075 083
T T T T T 00
q_nav q_vis q_comm q.op q.sys qen

Figure 1. Matrix of mean available channel support across scenarios

The matrix characterises the input information state. Its subsequent
interpretation depends on action | : a weak channel not included among the
relevant components does not constrain the action’s situational estimate,
whereas a deficit in a critical component affects >, U , the confidence
bound, and the diagnostic minimum. The experiment directly confirmed the
reproducible formation of scenario-sensitive y profiles and their suitability
for subsequent contextual assessment. Separate verification of S, a, and U

requires extended logging and an experimental design in which channel state,
data age, and uncertainty are varied independently.
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HABH3 «lIpuaszoscvruii depoicagnuil mexniunuil ynieepcumemy, Ykpaina

Anomauia. Y cmammi npedcmagieno 6e63acmoCyHOK, SKUU aGMOMAMU3YE
nepemeopens paoKie CKiady emukemox KOCMemuyHo20 aHAli3y Y CMpYKMypoeai
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36imu npo Gesnexy, BUKOPUCTNOBYIOYU MPUPIEHESY KIIEHM-CEPEEPHY apXimeKmypy 3
REST API. Cucmema inmezpye cknaonui mooynrs OCR, wo suxopucmogye ancamodno
i3 mpvox apximexmyp HetiponHux mepedxc, 3okpema EasyOCR, Tesseract ma TrOCR.
Mooyne ananizy NLP euxopucmosye oOibniomexy RapidFuzz o0na Heuimkoeo
3icmaenenna pAOKi6 ma CeMaHmuyHuil Qinbmp MAWUHHO20 HAGYAHHA HA OCHOGI
mooeni ModernBERT.

Knrwuoei  cnosa: obesnexa kocmemuku, gebzacmocynok, OCR, NLP,
nomenxnamypa INCL

Abstract. The paper presents an web application that automates the
transformation of cosmetic analysis label composition strings into structured safety
reports using a three-tier client-server architecture with REST API. The system
integrates a sophisticated OCR module employing an ensemble of three neural
network architectures, specifically EasyOCR, Tesseract, and TrOCR. NLP analysis
module leverages the RapidFuzz library for fuzzy string matching and a semantic ML
filter based on the ModernBERT-base model.

Keywords: cosmetic safety, web application, OCR, NLP, INCI nomenclature.

In recent decades, the global cosmetics market has experienced rapid
growth, with thousands of new products being launched each year. From a
technical point of view, the composition of a cosmetic product on a label is a
continuous text string, in which the names of the ingredients are separated by
commas. Today, the market offers both mobile applications focused on
scanning barcodes and web platforms that work with text input.

Existing solutions divide into mobile scanners (Think Dirty [1], Yuka [2])
depending on barcodes and databases, and universal web analyzers (CosDNA
[3], INCI Decoder [4]) requiring manual text input. A common drawback is
the lack of automatic label text recognition, despite high user demand.

The aim of this work is to develop an intelligent system that reads the
composition of products from images, identifies components by INCI
nomenclature and provides an analytical report on potential health risks.

To solve the problem, a three-tier web application called Skipley was
developed, supporting multi-variant data entry via camera, upload, manual
text, or files, with automatic OCR.

At the data level, PostgreSQL stores users, ingredients, aliases, and scan
results. SQLAIchemy handles connections, SQLite caches external queries
for 7 days, and the app supports dev, prod, and test modes.
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At the business logic level, the Flask-based server implements a REST
API, an Al-powered OCR module, and an NLP analysis engine utilizing
RapidFuzz and ModernBERT-base for ingredient identification. The system
supports PDF report generation and automatic ingredient database updates.
Authentication is handled by Flask-Login with Werkzeug hashing, while
auxiliary scripts manage database initialization and synchronization.

At the presentation level, the client part of the web application is created
using HTML5, CSS3 and JavaScript. The client side interacts via REST API
and features modules for camera/gallery input, manual text/file upload, user
authorization, and a scan history with pagination and bulk operations.

The OCR ensemble combines EasyOCR (CRNN), Tesseract (LSTM), and
TrOCR (Transformer), using early stopping to reduce processing time from
45 to 10-15 seconds without quality loss. An NLP analysis module has been
implemented that performs multi-level cascade search for ingredients using
the RapidFuzz library for fuzzy string comparison, integration with external
APIs, and a semantic ML filter based on the pre-trained ModernBERT-base
model.

In summary, the Skipley web application was developed for recognizing
and analysing the composition of cosmetic products based on optical
character recognition and natural language processing technologies.
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BEPI/FDIKA].[IﬁHO—KEPOBAHE MNPOPIA)KYBAHHS LSTM-
MEPEX, KPUTUYHUX 10 BE3IIEKHU
0. Mocroguiil, Ph.D., T. Bino6opoxosa?
Ynemumym xibepnemuxu imeni B. M. I'nywixosa HAH Yipainu, Yrpaina,
2[ucmumym npobnem modenosanus é emepeemuyi im. I. €. Ilyxoea HAH Yipainu
Ykpaina

Anomauia. 3anponorogano MexXaHizm 6epuikayiliHo-Keposano2o
npopioxcysanuss  LSTM-mepeoic.  3amicms  npopiodcysanns 3 NOOAAbUOIO
sepugirayicio Memoo inmezpye NpopioNHCy8anHs ma eepupikayilo 6 Yukii muny
CEGAR. Kooicen Hellpon-kanoudam 6Umyyaemvcsa 3a 0ONoMo2or 0yneeoi mMacku, a
@opmanvruil  6epupixamop  6U3HAUAE, UU 3A0060NLHAE OMPUMAHA MACKOBANA
Mepedica 3a0any eracmugicmo 6e3neku HA0 0OMENCEHO 001ACmIO 8XIOHUX OQHUX.
Axwo Koumpnpuxaao eiocymmuill, KpOK NpOPIONCYSAHHSA NPUIMAEMbCA,  IHAKULE
Helipon 6ionoenoemuvcs. IliocymMKo6a Macka 6UHAYAe CMUCHYmMY niomepedcy md
3aceioueny gepuixamopom Kiacugikayiro HeupoHia, HeoOXIOHUX 01a 30epedceHHs
enacmusocmi 6e3nexi.

Knrouogi cnoea: npopiosicysannsa neuponnux mepedic, eepugixayis LSTM, SMT,
SAPLE, enacmusocmi no6eoinkoeoi besnexi.

Abstract. This paper proposes a verification-driven pruning mechanism for LSTM
networks. Instead of pruning first and verifying afterwards, the method integrates
pruning and verification in a CEGAR-style loop. Each candidate neuron is tentatively
removed by a Boolean mask, and a formal verifier is invoked to determine whether the
resulting masked network still satisfies the specified safety property over a bounded
input region. If no counterexample exists, the pruning step is accepted; otherwise, the
neuron is restored.

192



International Scientific and Practical Workshop
""Advanced Digital Technologies: Intelligent Systems, Modeling, and

Data-Driven Control" (ADT-ISMDDC-2026)
co-located with ICST-2026 X1V INTERNATIONAL SCIENTIFIC AND PRACTICAL
CONFERENCE

"Information Control Systems and Technologies - ICST-ODESA-2026""

Keywords: neural network pruning, LSTM verification, SMT, SAPLE, behavioural
safety properties.

Introduction

Standard pruning techniques, including magnitude-based pruning, lottery-
ticket-based pruning, and structural compression, primarily address the
preservation of predictive accuracy under pruning. Magnitude-based pruning
removes weights whose magnitudes fall below a specified threshold and
typically retrains or fine-tunes the resulting network [1]. Lottery-ticket
pruning identifies sparse subnetworks that can recover the original model’s
test accuracy when trained from their initial weights [2]. This paper addresses
these limitations through a unified methodology by recasting pruning as a
verifier-driven search procedure.

Methodology

Let N be a trained quantised LSTM controller with hidden width H, input
dimension D, and bounded verification horizon T. Let P denote the
behavioural safety property to be preserved, and let R denote the admissible
input region. The objective is to construct a pruned sub-network Npx,
represented by a binary mask m* € {0, 1}", such that ¥xo.r € R, Nm=(Xo:1) &
P. The pruning procedure starts from the fully active mask m=(1, ..., 1). For
a candidate neuron n, the algorithm temporarily sets m, = 0 and invokes the
verifier on the masked network Np. Figure 1 summarises the pruning
procedure.

The core of the method is the safety oracle. For each candidate neuron n,
the oracle constructs a satisfiability query that combines four components (1):

@ = @cell A Pregion A Pmask(n) A —P. ()]
Here, ¢cen encodes the bounded-horizon LSTM forward pass, ¢region

encodes the admissible input region R, gmask(n) encodes the tentative pruning
decision m, = 0, and —P encodes the negation of the safety property.
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" Iterative verificatio Hi:i}'i'\}'é'r'{ pruning loop T

Select candidate neuron n
in magnitude order

Tentative ablation: set mna=0 |
UNSAT _— Does Nm

Accept pruning N
keep mn=0
L

-

restore mn=1
]

Reject pruning ‘

More
candidates?

Outpu-l Ny, m*, certificate
that N, satisfies Pover R |

Flgure 1. Verification-driven pruning loop
Results and discussion
The results are obtained on evaluation of encoding economy are presented
in Table 1.

Table 1. LSTM cell encoding variants and SAPLE validation results

Variant Encoding style Transitions | Patterns | Parse| Analyse
Istm_cell.sbl ato mch dpa(ig state 28 0 pass pass
Istm_cell_loops.sbl | per-phase for-loops 15 0 pass pass
. per-phase loops with
Istm_cell_bits.sbl Bits(n) typing 15 0 pass pass
Istm_cell_pruned.sbl pe;—;:gsgyltl)ﬁps 15 2 pass pass
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The pruning-gated LSTM cell preserves a 15-transition structure across
hidden widths and introduces pruning through a Boolean mask rather than
through transition duplication. The resulting sub-network achieves 50%
neuron-level compression in this toy setting while preserving the specified
safety property under the final mask.

Conclusions

This paper presented a verification-driven, CEGAR-style pruning loop for
safety-critical LSTM networks encoded in SPL. The resulting mask m* has a
dual role: it defines a compressed sub-network and provides a verifier-
witnessed indication of which neurons are required to preserve the specified
safety property.
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Anomauia. Memoio pobomu € cucmemMHull auaniz NPoyecié KepyeaHHs
06a2amoazeHMHUMU ~ KOMHIEKCAMU 8 YMOBAX CMOXACUYHOI HEBU3HAYEHOCMI.
3anpononosano  mamemamuyHe NPEOCMABNEHHA  KOMHAEKCY AK — CYKYNHOCMI
83A€EMOOIIOUUX  A2eHmMi8 31 3MIHHUMU CIMAHAMU, KEPYIOUUMU  6NAUSAMU  Md
sunaokosumu 30ypennamu. Jusa 00CHiONCeHHs 3anponoHOBAHO GUKOPUCTOBYEAMU
iMimayitine MOOeNO8anHsT Mma Kpumepii eqoekmusHoCmi, Wo 6paxogyioms pecypCHi
oOMmedicenHs, THpopMayiliny 63aEMO0il0 1l 6UNAoOKosl 3miHu cepedoguwya. I1ioxio
CMBOPIOE OCHOBY 0151 NOOANLUOT PO3POOKU ANCOPUMMIE PO3NOOLIEHO20 KEePYBAHHSL.

Knwuoei cnosa: 6azamoazenmuuii KOMnieKe, CUCMEMHUL AHANT3, MOOENO6AHHS,
CMOXACMUYHA HeGUSHAYEHICTND, PO3NOOJLIEHEe KePYBAHHSA, A8MOHOMHULL A2EeHN.

Abstract. The study aims to provide a system analysis of control processes in
multi-agent complexes under stochastic uncertainty. The complex is represented
mathematically as a set of interacting agents with variable states, control actions, and
random disturbances. Simulation modeling and performance criteria are proposed to
account for resource constraints, information exchange, and random environmental
changes. The approach provides a basis for further development of distributed control
algorithms.

Keywords: multi-agent complex, system analysis, modeling, stochastic
uncertainty, distributed control, autonomous agent.

CyuacHi aBTOMaTHM30BaHi Ta pPOOOTOTEXHIYHI CHCTEMHM BCE 4YacTille
OynyroThCs 32 6araToareHTHUM NMPUHINNOM. Takui KOMIUIEKC CKIIaJaeThes 3
aBTOHOMHHUX a00 YacTKOBO aBTOHOMHHX areHTIB, sSIKI BHKOHYIOTH CITUIbHE
3aBIaHHA Ta OOMIHIOIOTECA iH(oOpMariero. baraTtoareHTHWIA  ImiaXin
3aCTOCOBYEThCI Y MOOUTBHIN poOOTOTEXHimMi, OE3MUIOTHUX CHCTEMaX,
TPAHCHIOPTHUX i BUPOOHHYMX KOMILIEKcaX. MOro mepeBaramMu € po3HOJin
(GYyHKIIN, THYYKICTh 1 MOXIIUBICTh IIPOJOBKEHHS pOOOTH MPH 3MiHI CTaHy
OKpeMHX eJeMeHTiB [1].

PeanbHi yMOBHM (YHKIIOHyBaHHA TaKHX CHCTEM XapaKTepU3yIOThCS
HeBU3HaueHicTI0. Ha mpomec kepyBaHHS BIUIMBAIOTH MOXHUOKH BHMIipIOBaHb,
BUIAJKOBI ~ 3MIHM  CEpelOBHINA, 3aTPUMKU  [epe/laBaHHs  JaHUX,
HECTaOUIBHICTh KaHATIB 3B'A3Ky Ta OOMEXeHi pecypcu areHTiB. Tomy s
aHaizy 0araToareHTHOTro0 KOMILIEKCY HEOOXi/IHO BpaxoByBaTH He JIMIIE HOTo
CTPYKTYPY, a i BUITAAKOBUI XapaKTep 30BHIIIHIX Ta BHYTPILIHIX (aKTOPIB.

3 mo3uLii CHCTEMHOro aHalizy OaraToareHTHMH KOMIUIEKC MOXKHa
MOJIATH SIK CYKYITHICTh B3aemornoB's3anux areutie A = {Al, A2,...,AN}, ne N -

196



International Scientific and Practical Workshop
""Advanced Digital Technologies: Intelligent Systems, Modeling, and

Data-Driven Control" (ADT-ISMDDC-2026)
co-located with ICST-2026 X1V INTERNATIONAL SCIENTIFIC AND PRACTICAL
CONFERENCE

"Information Control Systems and Technologies - ICST-ODESA-2026""

KIJIBKICTh areHTiB. 3arajbHUK CTaH KOMIUIEKCY BHU3HAYA€ThCS CTaHaMH HOTO
enementiB: X(t) = {x1(t), x2(t),...xN(t)}. B3aemofi0 areHTiB AOLINBHO
ONUCYBaTH TaKOX 3acobamu Teopii rpadiB, A€ BEpIIMHM BiANOBIIAIOTH
areHraMm, a pebpa - IOCTyNmHUM iH(pOpPMaiiHUM abo (QYyHKIIOHAIHLHUM
3B's13KaM [2].

JuHamiky i-ro areHta B JHCKPETHOMY 4Yaci MOXHA MPEICTABUTH Y
Bursiai Xi(t+1) = fi(xi(t), ui(t), Xi(t), &(t)), e ui(t) - kepyrounii Bus; Xi(t) -
JoctynHa iHpopMmariis npo inmn arenty; &i(t) - Bunaakosi 30ypenns. Take
NPENCTaBICHHS JO3BOJISIE JOCHI/UKYBaTH SIK IHIMBiTyaJbHY ITOBEAIHKY
areHTa, TaK i pe3yJbTaT CIUIEHOT POOOTH KOMILICKCY.

3amaya KepyBaHHS TIONATae y BHOOpI TakWX [ifi areHTiB, sKi
3a0e3neuyroTh JTOCSTHEHHS CIUIBHOT METH 3 ypaxyBaHHSIM HEBU3HAYCHOCTI
Ta oOMexeHb. [ OLIHIOBaHHS SKOCTI KEpYBaHHS MOXE 3aCTOCOBYBATHCS
OUiKyBaHH IHTETpAIbHUN KPUTEPiil BUTpAT, SIKUH BPaXOBYE CTAaHU CHCTEMH,
Kepyloul BIUIMBH, 4YaCc BUKOHAHHs 3aBJIaHHS Ta BUKOPHCTAHHS pECypCiB.
IMoxiOHMi TiAXix BiANOBIZa€ 3arajbHUM [PUHIUIIAM CTOXACTHYHOTO Ta
JUHAMIYHOTO ONTUMAIBHOTO KepyBaHHs [3].

OTxe, CHCTEMHHH aHaJi3 1 MOJENIOBAHHS JO3BOJLIIOTH (hOpMallizyBaTH
NpoLEecH KepyBaHHsA 0araToOareHTHUMH KOMIUIGKCAMH Ta BpPaxOBYBaTH
CTOXAaCTUYHY HEBH3HAUYCHICTh, pECYpCHI OOMEXeHHsS W iHpopMaliiHy
B3aeMogito. [logameira poboTa nependadae moOyAOBY iMITAI[IfHOT MOJIEII Ta
NPOBEJICHHsS] SKCIICPUMEHTIB Ul BU3HAYCHHS YMOB, 32 SIKHX DPO3MOJiNICHI
AITOPUTMH 3a0e3MeUyloTh CTilke W e(eKTHBHE BHKOHAHHS CITIJIBHOTO
3aBJIaHHS.
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ANALYSIS OF CONFLICT ENVIRONMENTS AND RESOURCE
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AHAJII3 KOH®JIKTHOI'O CEPEJOBHUIIIA TA PECYPCHUX
OBMEXEHbD Y 3AJJAYAX CTOXACTUYHOI'O KEPYBAHHSI
. Koouiasinebkuii, Dr.Sci., B. Buuy:xanin
Hayionanenuii ynieepcumem «Odecoka noaimexuikay, Yxpaina

Anomauin. Y pobomi poszensimymo OCHOGHI 0COOIUBOCMI KOHDIIKMHO20
cepedosuwa ma 00OMedNceHux pecypcie y 3a0avax cmoxacmuunoz2o Kepysauus. Ha
OCHO8I aHaNi3y HAYKOBUX Npayb 6UOLIEHO OCHOBHI 6UOU HEeBUSHAUEeHOCTI Mda
obmediceny, wo enausaroms Ha eubip kepyiouux piwens. Ilokaszano, wo nio uac
PO3poOKU  ancopummie HeoOXIOHO OOHOUACHO BpPAX0BYBAMU 3MIHU 306HIUHLO20
cepedosuwya, MOACIUY NPOMuUOIlo, KiNbKicmb OOCMYNHUX pecypcie ma ix eumpamu.

Kutouosi cnosa: cmoxacmuune Kepysamus, KoHQAIKmMHe cepedosuuje, 00Mmednceni
pecypcu, HeGUIHAUEHICMb, CMOXACMUYHA 2Pa, NPULIHAMM PileHb, ONMUMI3aYis.

Abstract.The paper considers the main features of conflict environments and
limited resources in stochastic control problems. Based on an analysis of scientific
studies, the main types of uncertainty and constraints affecting control decisions are
identified. It is shown that control algorithms should simultaneously consider changes
in the external environment, possible opposition, available resources, and their
consumption during task execution.

Keywords: stochastic control, conflict environment, limited resources,
uncertainty, stochastic game, decision making, optimization.

CydacHi aBTOMATH30BaHI Ta ABTOHOMHI CHCTEMH YacTO MPAIIOIOTH B
YMOBaX, sIKi HEMOXXJIMBO TIOBHICTIO TmepemdadnTd 3asganerins. Ilig wac
BHKOHAHHS 3aBIAaHHS MOX€ 3MiHIOBATHCS 30BHIIIHE CEPEIOBHIIE, HATXOIUTH
HemoBHa abo HeTouyHa iH(pOpMAaIlisi, BHHUKATH TEPENIKOIN Ta OOMEKEHHS.
Kpim Toro, Ha pe3ynpraT poOOTH CHCTEMH MOXXYTh BIUIMBATH Jii 1HIIHX
yuacHUKiB. ToMmy mijg 4Yac po3pOOKM CHCTEMH KepyBaHHS HEOOXiIHO
BpaxoOBYBaTH He Jinile il OTOYHUIT CTaH, a i MOXJIMBI 3MiHH YMOB POOOTH.
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OcoOnuBuil iHTEpEeC CTaHOBHUTH pPOOOTAa CHUCTEMH B KOH(IIKTHOMY
cepenoBuii. [lin TakuMm cepeloBHIIEM MOXKHA PO3YMITH YMOBH, Y SIKHX
JOCSITHEHHIO MOCTABJIEHOI METH MOXKYTh MEPEIIKOKATH Aii 1HIIOT CTOPOHH.
[Tpn poMy moBemiHKa iHIIOI CTOPOHM 3a3/aJIeTib IOBHICTIO HeBigoMa i
MOJXKE 3MIHIOBATHCS 3aJICKHO BiA Aii camoi cuctemu. OTxe, pe3ysbTat
KEpyBaHHS 3aJI€KHUTh OJTHOYACHO BiJl BUNAJKOBUX (AKTOPIB 1 Jiil y4yacHHKIB
KOH(ITIKTY.

Hdnst  ommcy momiOHMX — cuTyamid — BHKOPHCTOBYIOTHCS — METOIHU
CTOXaCTWYHHUX irop. BoHM maloTh 3MOTY pO3IVISIATH B3a€EMOJII0 KUIBKOX
YYacHHUKIB, Mii SIKMX BIUIMBAIOTh HA CTaH CHUCTEMH Ta KiHLIEBUH pe3ynbTaT.
JocmimkeHHS TOKa3ylOTh, IO 3a HAsBHOCTI HEMOBHOI iHQopwmamii Ta
00MEXEHUX pecypciB BHOIp cTparerii OJHOIO YYaCHHKA 3alIe)KUTh BiJ
MOBEAIHKM iHmoro ywacHuka [1]. Jlns po3poOKHM anropuTMiB KepyBaHHS
Ba)XJIMBO BU3HAYUTH OCHOBHI (DaKTOpH, IO XapaKTepU3YIOTh KOHQIIKTHE
cepenoBuiiie. Y pe3yiapTaTi MPOBEIACHOTO aHAII3y MOXHA BHIUIUTU
BHUIIaJJKOBY 3MiHY CTaHy 30BHIIIHBOTO CEPE/IOBHIIA, HEIIOBHY a00 HETOUHY
iH(opMarito, HasBHICTh aKTUBHOT MPOTHIT Ta 3MiHYy YMOB pOOOTH CHCTEMH B
qaci.

JonatkoBoro mpobieMoro € 00MexkeHIcTh pecypciB. [IpakTudrHO OyIb-sKa
pearbHa cucTeMa Mae€ NEBHUH 3amac eHeprii, oOMeXeHHH dYac poOOTH,
00YHCITIOBAIEHI MOXKIIMBOCTI Ta 0OMEXKEHHS KaHaiB 3B's3Ky. ToMy cucrema
HE MOXE IIOCTIHHO BHOHMpATH [ii JHIIe 3a KPHUTEPiEM MaKCHMAaJIbHOT
epexTuBHOCTI. HeOOXiTHO TaK0XK BPaxOBYBaTH BaPTICTh IMX Mid 3 HOTISAY
BHUKOPHCTAHHS HAsIBHUX PECYPCIB.

OpgauM 31 cmoco0iB OMUCYy TaKUX 3adad € MapKOBCBKI TPOIECH
OpUHHATTS pimens 3 obmexennsmu - Constrained Markov Decision
Processes (CMDP). V Takux MOJENsX CHCTeMa BHUOWpae Kepyrodi mii 3
ypaxyBaHHSIM iMOBIpHOCTI 3MiHHM cBoro craHy. KpiM OCHOBHOi MeTH,
BBOAATHCS JOJATKOBI OOMEXEHHS, HANpPUKIAX Ha JIOIMyCTHMi BHUTPATH
eHeprii, yacy abo iHmmX pecypcis [2]. MoxHa BUAUINTH KiIbKa OCHOBHHX
TPYIl pecypciB: €HepreTWdHi, 4acoBi, iH(pOpMAIilHI, 0OYMCIIOBAIBHI Ta
KoMyHikamiitai. Cy4acHi 10CIJDKEHHS [TOKa3yI0Th, 110 pecypcHi 0OMEKeHHS
MOXYTb OyTH BKJIIOYEHI Oe3rocepesHb0 J0 MaTeMaTHYHOI MoJeni
npuitHATTa pimens [3]. IIpu 1boMy po3poOIISIOTECS aNrOpUTMH, SIKi AAIOTh
3MOTY 3HAXOJIUTH PIlIeHHs, o 3a0e3rmeuye JOCATHEHHS OCHOBHOI MeTH 0e3
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NEepeBUIICHHsT  3anaHux  oOmexeHb [4]. BaximBum  pesynbTaToMm
MIPOBEJICHOTO aHaJli3y € BHCHOBOK PO T€, IO KOH(JIKTHE CEepepoBHIIE Ta
oOMeXeHI pecypcu He Clif posrisjaTH okpemo. Butpatm pecypcy Ha
MIOTOYHOMY €Talli BIUIMBAIOTh Ha MOJAJIbIII MOXIIMBOCTI CUCTeMH. B ymMoBax
KOH(MJIIKTY MPOTHiI0Ya CTOPOHA MOXKE CBOIMHM JiSIMU 3MYIIyBaTH CHUCTEMY
BUTpPAYaTH JOJATKOBI PeCypCH.

JonatkoBa CKJIQIHICTh BHHHUKAE 4Yepe3 HEBH3HAYCHICTh MaiOyTHHOTO
crany cuctemu. PobactHi CMDP parote 3Mory BpaxoBYBaTH MOXIHBI
TIOMIJIKH B OIUCI MEepPEeXOo/iB MiXK CTaHAMH Ta BHOWpATH PIMICHHA, CTIMKIIIi
JI0 3MiHU YMOB po0OoTH [5].

[lpoBeneHwii aHami3 mOKa3ye, 1[I0 UL PO3POOKH  aIrOpPUTMY
ONTHMAJIBHOTO CTOXAaCTUYHOI'O KEPYBaHHS HEOOXIIHO BPaxOBYBAaTH YOTHUPHU
OCHOBHI CKJIAaJOBi: IMOTOYHHHA CTaH CHCTEMH, HEBH3HAUYEHICTh 30BHIIIHBOTO
cepeioBHINa, MOXKIIMBI Ail IPOTHIIII0Y0T CTOPOHHU Ta KNBbKICTh PECYpCiB, L0
sajummnucs. [lopanbiie pocmijpkeHHs Oyne CHpsIMOBaHE Ha PpO3POOKY
MOJIel i aJropuTMy CTOXaCTUYHOTO KepyBaHHs, SKUH 3MOXe 3MIHIOBATH
Kepytoui pillleHHs 3aJIeKHO BiJ IMX (aKTopiB.
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INTEGRATED ENVIRONMENTS BASED ON WI-FI SIGNAL
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BE3KOHTAKTHI IHTEP®ENCHU KEPYBAHHS B
KOMIT'IOTEPHO-IHTEI'POBAHUX CEPEJOBHUIIIAX HA OCHOBI
AHAJII3Y WI-FI CUT'HAJIIB
O. Kaparanac
Hayionanvnuii ynigepcumem «Odecvka noaimextixa, Yxpaina

Anomauyin. Poboma npucssiuena po3pobyi memoody excmpemanvHoi pedykyil
posmiprocmi  CSl-Oanux 0ns cucmem 6Oe3KOHMAKMHO20 JHCECMOB020 KePYSAHHSI.
3anpononosano navinnaiin, wo 06'conye ginempayiro nepuwux pisHuyb, OUCHepCitiHull
6i00ip nidnecyuux ma cmamucmuyHy azgpezayito. Excnepumenmu Ha 6a3i
mixpoxkonmponepa ESP32 Oogenu cmucnenns oanux na ~99,77 % ma Odocsacnenus
mounocmi ~90,75 % 3a uacy ingepency 0,023 mc, wo € onmumanvhum ora Edge-
cucmem.

Kniouosi  cnosa: Wi-Fi  3ondyeanns, ingpopmayis npo cmau Kauauy,
PO3NI3HABAHHSL JCECmis, iIHmepHem peyell, peoyKyis pO3MIPHOCMI.

Abstract. The paper is devoted to developing an extreme dimensionality reduction
method for CSI data in contactless gesture control systems. A pipeline combining
first-order difference filtering, variance-based subcarrier selection, and statistical
aggregation is proposed. Experiments using the ESP32 microcontroller demonstrated
99.77% data compression and 90.75% accuracy with a 0.023 ms inference time,
optimal for Edge systems.

Keywords: Wi-Fi sensing, channel state information, gesture recognition, Internet
of Things, dimensionality reduction.

P03BUTOK KOMIT'FOTEpHO-IHTETPOBAHUX TEXHOJIOTIH Ta CHCTEM PO3yMHOTO
OyIWHKY BUMAara€e BIIPOBa/HKCHHS HOBUX JIIOJUHO-MAITMHHUX iHTEpQeiciB.
Tpanuiiifini KOHBEHINIHHI CEHCOPH, TaKi SK BiJeoOKaMepd Y HaTiIbHI
MPUCTPOi, MAIOTh CYTTEBI OOMEXKEHHS: BOHU TMOPYIIYIOTh MPHUBATHICTH
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KOpUCTYBaviB, 3aje)kaThb BiJl YMOB OCBITJIEHHS Ta BHMararoTb HpsMOl
BUAUMOCTI. [IepCreKTHBHOIO ajbTEPHATUBOIO € TEXHOJIOTISI OE3KOHTAKTHOTO
panioyacToTHOrO 30H]{yBaHHS, AKa BUKOPHCTOBYE ICHyIOUy
TEJICKOMYHIKAIIiHY 1HQPacTPyKTypy Ui BUSIBICHHS pyXiB JIIOAMHH Ha
OCHOBI aHai3y iH(popmMalii npo ctad kanamy [1].

[Ipote BnpoBa/KEHHS IHTEJIEKTYalbHUX CUCTEM KEpYBaHHs )KECTaMH Ha
kinneBux Edge-mpuCTposx, Takux SK MOMyJSIpHI MikpokoHTpoiepu ESP32,
CTHKAa€ThCS 3 (YHAAMEHTAIBHOIO TMpoOIeMoro pecypcomictkocti. Cupa
Matputrst CSI amst ogHOTO JKecTy Moke MicTuTH moHan 26000 o3Hak.

INogawa Takoro MmacuBy B KIacH(]iKaliiHy MOJAENb CHPHUUHSE
o0YnCITIOBaIbHUN ~ KOJIANIC 4epe3 HecTady OIEpaTHBHOI IaM'sTi Ta
NPU3BOJUTH 1O NEpPEHaBYaHHS MOJENI Ha CTaTHYHOMY (DOHI NMPUMILICHHS
Domain Shift [2].

MeToro 1aHoi poOOTH € po3podKka KOMOIHOBAHOTO METOIY €KCTPEMaIbHOT
peaykuii posmipuocti CSl-curHamiB mis  3a0€3MEYCHHS MIBHIKOTO Ta
TOYHOTO PO3Mi3HABAHHS JKECTIB Ha MAJIOTIOTY KHHUX MPHUCTPOSIX.

Jdnst  BupimieHHS  NpoOJEeMH  PECYpCOMICTKOCTI  3alpONOHOBaHO
TPHETATHUN aNTOPUTMIYHAN MaWIDIaifH morepenasoi 00pooku manux (FOD
+ VBS + SFE). Ha nepmromy erami 3acTOCOBYEThCS METOJ TEPIINX Pi3HHUIB
FOD B310Bx yacoBoi oci makeTiB. Lle m03BoNsiE YyCYHYTH BIUTHB BiZOUTTS
PamioXBWIb Bill HEPYXOMHX O0'€KTiB (CTiH, MEONIB) Ta BHIUIUTH BHUKIFOYHO
JUHAMIYHY CKIIQJIOBY PyXy 00'€KTa.

Ockinbku He Bci migHecydi vactotd OFDM-kaHanmy oHaAKOBO Yy TIHUBI 10
MIKpOpYXIiB JIIOIWHM, Ha JPYyroMy eTaml 3acTOCOBYETHCS aJalTHBHUIN
nucnepcinuii Binodip VBS.

JI1st KO’KHOT TiAHEeCY40i 00UMCITIOEThCS 11 AUCTIEPCisl Y YacOBOMY BiKHI 3a

dbopmyoro (1):
T

1 2
2 _
0f === > (Deic— )" #(D)
t=2
me T — KIIBKICTh YacOBHX  BIIIIKIB; De aMInTTY A
mudepenuiiopanoro curnany Ha K-it migmecywiit; Mk — wmaremaTuune

CHOAIBaHHS aMIUTITYIH. AJTOPUTM aBTOMAaTHYHO BigOupae 15 migHecyuux 3
MaKCHMaJIbHOIO BapiaTHBHICTIO, BIIKWAAI0UH 1HII SIK IIYMOBHH Oasacr.
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Ha tperbomy erani SFE mns ycyHeHHs 4acoBoi HaJMIpHOCTI KOXXHa 3
BiZIOpaHUX MiTHECYYHX OINHUCYETHCS BEKTOPOM 13 YOTHUPHOX CTATUCTHYHHX
MOMEHTIB: MaTeMaTWU4HE CIIOJiBaHHS, CEpPEeIHbOKBAJIpAaTHYHE BiIXUIICHHS,
MaKCHMYM Ta MiHIMYM. Y pe3yJbTaTi MOYaTKOBAa MaTPHUIL MEPETBOPIOETHCS
Ha OJHOBHMIPDHUII BEKTOp, PO3MIPHICTh SKOTO CTaHOBUTH Jmme 60
CIIEMEHTIB.

Jns oUmiHKA eQEeKTHBHOCTI PO3pOOIEHOr0 MeTomy Oylio IpOBEACHO
eKCTIEPUMEHTAJIbHE MO/ICIIOBAHHS 3 BUKOPUCTAHHSM BIAKPUTOTO allapaTHOTO
nabopy manux CSI-DATASET-ESP32 [4]. B sikocti knacudikaropa s
cucteM KepyBaHHS oOpaHo aHcamOieBuil amroputM Random Forest (100
nepeB). Pesynprat mopiBHSHHS 6a30BOr0 Migxony (Homada CHpOi MaTpHIIi)
Ta pO3pOOJICHOTO aNropuTMy HaBeZeHo B Tabmumi 1.

Ta6muns 1. [TopiBHsUTbHHI aHANTI3 6a30BOr0O Ta 3alPOIIOHOBAHOTO METOIIB 0OPOOKH

Csl
Kpurepiit bazosuit meton (Raw| 3ampomoHoBaHMIA MeTOA
OLIIHIOBAHHS Matrix) (FDO+ VBS + SFE)
KinbkicTh 03Hak (Ha 1 26 000 60
JKecCT)
CTHCHEHHS aM'sTi 004 ~99.77 %

TounicTh 79.45 % ~90.75 %
pO3Mi3HaBaHHS
Yac indepeHcy 0.0902 mc ~0.0230 mc

AHaii3 oTpUMaHuX pe3yJbTaTiB JOBOJMTH, 110 I10/1a4a IIOBHOTO CIIEKTpa
MiJHECYYUX € HA/UIMIIKOBOIO 1 CTBOPIOE OOYMCIIOBANBHE “BYy3bKe MicIe”.
3acTocyBaHHs 3ampOMOHOBAHOTO KOMOIHOBAHOTO TaWIUIAlHYy J03BOJIAIIO
cTHCHYTH 00'eM maHux Ha ~99,77 %. BimkumanHs amapaTHOTO IIyMy
BUKOHAJIO POJb TPHUPOJAHOI peryispusalii, [0 MiJABUIIMIO 3araibHy
TOYHICTh Kiacudikaii kepyrouux xecTiB 3 79,45 % no 90,75 % [6]. [Ipu
IbOMY 4ac JIOTIYHOTO BUCHOBKY ckopoTuBcs 10 0,0230 mc.

[lincymoByrour,  3ampolOHOBAaHMK  TiOpUAHMH  MeTox  O0OpoOKH
HekoHBeHIiHNX CSl-ganux Bupimye npobieMy MacmTaboBaHOCTI Ta
PECypCOMICTKOCTI B CHCTEMax pajaioyacTOTHOTO 30HAyBaHHS. HamBucoka
LIBHAKICTH iH(EpEeHCy Ta eKCTpeMallbHe CTUCHEHHS IIPOCTOPY O3HAK POOJISATH
el airopuT™ imeansHUM Oazucom Juisi crBopeHHst Edge Al cencopi y
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CHCTEMAX PO3YMHUX 6yI[iBeJ'H), HpOMI/ICJ'IOBO-l. aBTOMaTI/BaHﬁ Ta
KOMH'}OTepHO'iHTerOBaHI/IX TEXHOJIOTISAX 3arajaoM.
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Annomauin. 'V pobomi euxonano nopigusieull ananiz oyinku mooeneti GNN-
DRL, ¢pedepamusne DRL ma GCN-Transformer-RL dns adanmusnozo, egpexkmuenozo
I MAcumab08an020 asMomMamu308aHo2o Kepyeanta pecypcamu 10T-uepeorc.

Knrouosi cnosa: ynpasninna pecypcamu, cunmes iHmenekmyaibHux mooenell

Abstract. Comparative analysis evaluates GNN-DRL, Federated DRL and GCN-
Transformer-RL for adaptive, efficient and scalable automated resource management
in 10T networks.

Keywords: 10T resource management, synthesis intelligent models

The efficiency of modern IoT networks depends on the ability to allocate
computing, communication and energy resources under rapidly changing
workloads and network conditions [1]. Recent research increasingly applies
graph neural networks [2], transformer architectures and federated
reinforcement learning [1] to overcome the limitations of static and centrally
trained resource management methods..

The aim of this paper is to determine the most suitable intelligent models
for automated 10T resource management through comparative evaluation of
their adaptability, computational efficiency and scalability.

The analysis focuses on three model classes that provide different
mechanisms for processing spatial, temporal and distributed information.
GNN-based reinforcement learning represents 10T devices and
communication links as a graph and uses graph embeddings to support
adaptive allocation decisions. This approach is effective when resource
requirements depend strongly on network topology and interactions between
neighbouring nodes. Recent research demonstrates that combining
GraphSAGE with deep reinforcement learning improves resource allocation
decisions while maintaining the possibility of distributed deployment.

Federated reinforcement learning distributes model training between edge
participants and aggregates locally obtained model updates. This architecture
is suitable for 10T environments with heterogeneous devices and privacy
constraints because raw operational data remain at local nodes. A recent
implementation combines federated learning with D4PG and hybrid
BiLSTM-GRU-attention forecasting for dynamic resource allocation and task
scheduling, demonstrating improved resource utilization, energy stability and
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model performance compared with conventional reinforcement learning
approaches.

The third class combines graph convolution, Transformer-based temporal
modelling and reinforcement learning. Graph convolution extracts structural
dependencies between 10T nodes, Transformer mechanisms identify temporal
dependencies in resource demand, and reinforcement learning converts the
resulting representation into adaptive allocation decisions. A recent DRANet-
GCN+ architecture additionally incorporates adaptive metaheuristic
optimization and graph partitioning to reduce computational overhead in
resource-constrained environments.

The comparison (table 1) shows that GNN-DRL provides the most
balanced architecture for topology-dependent resource allocation, while
Federated DRL is preferable for geographically distributed systems with
heterogeneous data sources. GCN-Transformer-RL offers the most
comprehensive modelling of spatial and temporal dependencies but requires
additional computational resources because of its multi-component
architecture.

Table 1. Models comparation

. - Computational .
Intelligent model Adaptability efficiency Scalability
GNN-DRL High High High
Federated DRL Very high Medium Very high

GCN-Trganformer- Very high Medium High

As a conclusion we can declaim, that the selection of a specific architecture
should be determined by the required balance between network awareness, distributed
learning, computational cost and scalability.
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SECTION 3. DIGITAL PLATFORMS, SECURITY, AND ICT
INFRASTRUCTURE
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OLIHKA IHCTPYMEHTIB AJ1s1 TECTYBAHHSA
HABAHTAKEHHS CRUD 3A CTAHIAPTAMM API HA OCHOBI
MOKA3HHUKIB ITPOJAYKTUBHOCTI
M. Mengenesa, Ph.D., C. Xiamos, Ph.D., O. Bok, T. TpyHosa,

C. JINTBUHEHKO
Xapriecvruil HayioHanbHUll yHieepcumem padioenekmponiku, Yxkpaina

Anomauia. Y pobomi nopisuioemuvcsa npooykmusnicmo k6, JMeter ma Postman
ona HasaumaoicysanvHozo mecmysanuss REST API 3a 4 pisnux npoginie po6ouozo
Haeawmagcents.  Jna  oyiHku  OY10  BUKOPUCMAHO JOKATBHO — PO320PHYMULL
sacmocynok Node.js, a uac gioeyky, cnoocusanns CPU ma RAM  6yno
npoananizoeano 3a oonomozoro ANOVA. Pesyibmamu Oemoncmpyioms 3Ha4Huil
6NIUE THCMPYMEHMY Ma POOOUO20 HABAHMANCEHHA HA Pe3VIbmamu nepoopmanc
mecmyeanns. JMeter sabesneuus Hatikpawuil uac 6i02yky ezazanom, K6 noxaszae
6inbwy eghekmugnicmo guxopucmanns pecypcig, a Postman mooice oobpe nioiimu
01 WBUOKO20 MA 1e2K020 mecmy8arnHs npodykmugnocmi API.

Knrouosi cnosa: mecmysants npoOyKmueHOCMI, Mecmy@anHs HA8AHMANCEHHS,
k6, Postman, JMeter, uac 6i0nogioi, poboye Ha8aHMAaiCeHHsL.

Abstract. This study compares k6, Apache JMeter, and Postman for REST API
load testing under 4 different workload profiles. A locally deployed Node.js
application was used, and response time, CPU, and RAM consumption were
analyzed using two-way ANOVA. The findings demonstrate significant effects of tool
and workload on performance test results. JMeter provided the best response time,
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k6 showed greater resource efficiency, and Postman can be suitable for lightweight
API performance testing.

Keywords: performance testing, load testing, k6, Postman, JMeter, response
time, workload.

API performance is essential for reliable and scalable distributed systems
[1], but evaluation results may vary depending on the testing tool and its
execution mechanisms [2]. This is especially important for on-premise
systems handling sensitive data, where realistic and efficient testing,
together with adequate documentation and tool integration, is required,
especially in conditions of remote and hybrid teamwork. This study
compares k6, Apache JMeter, and Postman for REST API focusing on the
effects of tool selection and workload profiles on overall and endpoint-level
performance. k6 provides efficient JavaScript-based execution, JMeter
supports diverse protocols and workloads with higher resource
requirements, while Postman provides reusable API collections and
predefined load profiles with more limited workload configuration.

A unified REST API workload was evaluated using k6, JMeter, and
Postman under four load profiles (Ramp, Spike, Peak, and Fixed), with 10
independent runs per Tool x Load combination. Response time, CPU RAM
consumption, workload, and error metrics were collected.

Two-way ANOVA assessed the effects of tool, load profile, and their
interaction on performance metrics. Experiments on a locally deployed
Node.js application with an embedded Better-SQL.ite3 database showed that
both Tool and Load significantly affected average and p95 response time (p
< 0.001, partial 1> > 0.6). JMeter achieved the best response-time
performance across most workloads, whereas k6 and Postman showed
higher latency under high-load conditions (see Figure 1).

Endpoint-level analysis showed that performance varies by request type
and workload, with JMeter showing the most stable performance for both
read and write operations. The findings demonstrate that load testing tool
selection significantly affects both performance and resource consumption.
While JMeter provided the best response-time results and k6 showed better
CPU efficiency but generally exhibited significantly higher response times
for GET requests, and Postman required more resources overall, no tool was
optimal across all workloads. Thus, load testing tool selection should
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account for response time, resource consumption, and workload
characteristics.

uarag Rasgarsa Tma by Lost Prfls Ausrags POS Rasgonss T by Loat Pefle

b

al b)
Figure 1. Mean response time: a) Average; b) p95 response time.

Figure 2 and resource consumption analysis showed that k6 showed
advantages in CPU efficiency with higher memory consumption. Postman
tool exhibited higher resource consumption across workload profiles.

Avaraga CPU by Load Profia Arerage RAN by Load Prafle

4
Moan RAM (MB)

a b)
Figure 2. Average resources consumption by Load profile: a) CPU; b) RAM.
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AJITOPUTM HIN®PYBAHHS BIZEOITIOTOKIB,
SIKAW HE PO3IMOBCIOKY€ MTOMWJIKY
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Anomauia. I[lpeocmasneno  cnpowjenull  aneopumm — WUQPYEAHHA — OIS
MUMHAC08020 (8i0 200uH 00 OHig), 3axucmy gideonomokxy bBIIJIA (6esninomnux
AimaneHux anapamis) @ cepedoguuiax 3 oomedxceHumu pecypcamu. Buxopucmosyrouu
3a1edHCHI 8I0 KNI0UA NepecmaHo8KuU NiKCenie Ha OCHO8I MOOYIbHOI apugmemuxu,
cxema 3abesneuye Hepo3snOBCIOONCEHHs. NOMUNOK. Bukopucmosylouu nonepeonbo
obuucieni mabauyi NOWYKY 3AMICMb CKOPOYeHb NO  MOOYMIO, 00CALAEMbCSL
cknaonicmo O(mn), obpobrsiouu kaopu menws Hixe 3a 0,3 cekyHOU 3 MiHIMANLHOIO
00NOMIDICHOIO nam'sammio
(<1000000 6im). B 0ocnidoiceni oyinroembcs maxkoxc Kpunmoepapiuua cmitkicms
3anPONOHOBAHO20 ANCOPUMMY.

Knruoei cnosa: wugpysanns 6ideonomoxy, Oe3nitomui AimanvHi anapamu,
manopecypcua  kpunmoepagis, — HepO3NOBCIOOJCEHHs.  NOMUNOK,  MOOYIbHA
apugpmemuxa

Abstract. This paper presents a lightweight encryption algorithm for temporary
(hours to days) UAV (unmanned aerial vehicle) video stream protection in resource-
constrained environments. Using key-dependent pixel permutations based on
modular arithmetic, the scheme ensures error non-propagation. By utilizing
precomputed lookup tables instead of modulo reductions, it achieves O(mn)
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complexity, processing frames in under 0.3 seconds with minimal auxiliary memory
(<1000000 hits). The study also evaluates the cryptographic resistance of the
proposed algorithm.

Keywords: video stream encryption, unmanned aerial vehicles, lightweight
cryptography, error non-propagation, modular arithmetic

UAV video encryption is constrained by delay, RAM, energy
consumption, and channel errors. AES-based solutions demonstrate real-
time protection on selected platforms [1], but do not directly combine
temporary security with pixel-level error localization. Following the setting
of [2], the proposed design targets a total encryption/decryption time below
0.3 s per frame and auxiliary memory below 10° bits, excluding the image
buffer. It only permutes pixel values; therefore, under byte-preserving
transmission, corruption of one ciphertext byte can alter at most one
decrypted pixel. This property is separate from cryptographic security.

In this study, a lightweight (low-resource) algorithm with temporary
security (hours to days), designed for encrypting rectangular images, was
developed. It possesses the following properties.

1. No error propagation. If distortions occur in the communication
channel during ciphertext transmission and certain bytes are received
incorrectly, the number of corrupted bytes will not increase upon
decryption.

2. High processing speed. The encryption and decryption time does not
exceed 0.3 seconds.

3. Low memory footprint. The memory required to implement this
algorithm does not exceed 108 bits (excluding the memory needed to store
the image itself).

4. The algorithm provides temporary cryptographic resistance, ranging
from 2 hours to several days, depending on the operational tasks and the
adversary model.

The proposed permutation has O(mn) complexity, low auxiliary
memory, and localizes ciphertext-byte errors in the stated frame model. The
present assessment provides only preliminary brute-force bounds; statistical,
known-plaintext, chosen-plaintext, and structural attacks, as well as tests on
real UAV hardware, remain future work.
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Anomauia. /locnioscenus npucesauere ananizy yughposux iHcmpymenmis nio vac
OUCMAHYIIHO20 HABYAHHA MAUOYMHIX CYOHOMEXAHIKIE, 30Kpema nio Yac 6ueueHHs
Mopcwkoi aneniticokoi mosu. ITiokpecnioemucsi, wjo mexHonoz2ii yugposoi 63acmooii
Y Mepedicesux OCGIMHIX cepedosuwyax pooiams HAGUAHHA OLNbUL iHMEPaKMUGHUM,
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CHYUKUM mMa aoanmosanum 00 6UM02 MOpcuKoi eanysi. Jlocniodcenns nokasano
NO3UMUBHULL 8NAUE KOMYHIKAMUBHUX 3AX00I8 HA OCHO8I CUMYAAYIl Ma CRINbHUX
3a80aHb HA POPMYBAHHA KOMYHIKAMUGHOI KOMNEMEHMHOCMI MAatloymHix MOpsKig.
byno oosederno, wo yugposa 63acmodia cnpuse mooepuizayii Mopcovkoi ocgimu ma
8ION0OBIOAE CYHACHUM NPOYecam yu@dposizayil.

Knrouosi cnosa: mopcoki axieyi, komymikamusHa Komnemenmuicms, Zoom,
LMS Moodle, yugpposizayis, oucmanyitine HaguaHHs.

Abstract. The paper is devoted to the analysis of digital tools while remote
learning of future mariners. It is highlighted that digital collaboration technologies
in remote, network-based learning environments make education more interactive,
flexible and adapted to marine industry demands. The research has shown positive
impact of simulation-based communication activities on the formation of
communicative competence. It was proved that digital collaboration supports the
modernization of maritime education and corresponds to current processes of
digitalization.

Keywords: maritime professionals, communicative competence, Zoom, LMS
Moodle, digitalization, remote learning

The current state of maritime education is characterised by an active
process of digitalisation, modernisation of professional training and reform
in accordance with international requirements and standards. In the
conditions of modern development of the maritime industry, the training of
future seafarers requires the introduction of innovative technologies, digital
platforms, distance learning and modern simulation systems.

According to the results of the Annual Report and Statements of the
International Association of Maritime Universities, Liaison Committee for
the Fiscal Year 2025 digitalization and smart technologies should be used
for sustainability in maritime operations [1]. The purpose of the research is
to analyse ways to use digital tools to improve ship engineers’ skills during
distance learning. Moodle is one of the most widely used learning
management systems (LMS) in modern education and plays an important
role in organising remote and network-based learning environments in
maritime education. The platform provides opportunities for managing
educational materials, organising online courses, monitoring students’
progress, and supporting synchronous and asynchronous communication
between instructors and cadets [2, 3, 4].
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The use of digital collaboration technologies in remote, network-based
learning environments positively influences the development of
communicative skills of future marine engineers. The integration of
platforms such as Moodle, Zoom, and Google Docs contributes to
improving professional interaction, teamwork, Maritime English
communication, and digital competence of cadets.

The conducted research demonstrates that collaborative online learning,
virtual teamwork, simulation-based communication activities, and
interactive digital tools create favorable conditions for the development of
communicative competence in modern maritime education. The use of
synchronous and asynchronous communication technologies enables cadets
to participate in professional discussions, solve collaborative tasks,
exchange ideas, and practice communication in situations close to real
maritime professional environments.

The study also confirms that digital collaboration supports the
modernization of maritime education and corresponds to current processes
of digitalization and educational reform. Online communication platforms
and Al-supported tools promote flexibility, accessibility, student-centered
learning, and professional adaptation of future marine engineers to
technologically advanced and multinational working environments.
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IEPAPXIYHA CTPYKTYPA HUDPPOBOT'O 306PAXKEHHA SIK
OCHOBA J1JIsI BUBOPY BJIOKIB-KOHTEWMHEPIB Y
CTET'AHOT'PA®II
Dr.Sci., I. Bo6ok, Ph.D., C. I'puropenko
Ooecvkuil nonimexuiyHull HAYioOHATbHULL YHIgepcumem, YKpaina

Anomauia. Memoio yb020 00CHiONHCEHHsI € B00CKOHANEHHs npoyecy eubopy
6110Ki8 300padiceHHsA-KOHmelHepa ons niOBUUYeHHS. eghexmuernocmi
cmezanoepapiunoi cucmemu. Epexmusnicmv oyiHIOEMbCsL 30 00NOMO2010 MEMPUKU
8I3YANbHOI AKOCMI CMe2anon08I0OMIEHH — NIK0B020 CNIGEIOHOUIEHHS CUSHAL/WYM
(PSNR). Hatibinow 3uauywum pe3yismamom pobomu € po3pobieHHs iepapXiuHoi
CMpPYKmMypu 300paniceHHsi Ha OCHOBL 68€0€HO20 CMPO2020 NOPAOKY OIHAPHO20
BIOHOWIEHHS, BUSHAUEHO20 HA MHONCUHI OI0KI8 300padicenHsl, siKe 8i000paxcacmvcs y
cnpamosanuti  3eadicenuii  epag.  Bukopucmamnns yvoco epagha  niosuugye
egpexmuenicmos cmeeanoepagpiunoi cucmemu Ha 2,7 %. 3anpononoeana iepapxiuna
CMPYKmMypa KOHMeUHepa € YHI8EpCatbHUM IHCMpPYMeHmoM 01 peanizayii 008iibHOT
Memu 8UOOp).

Knrwuoei cnoea: nepyenmusna HaOiliHicmb Cme2aHONO0GIOOMIEHHS, Yuppoge
300pasicenns, I€EpapxiuHa CcMpYKmMypa, CHpAMOSAHULl 38adceHull epag, OiHapHe
BIOHOUIEHHSL.

Abstract. The objective of this study is to refine the cover image block selection
process to enhance the efficiency of the steganographic system. Efficiency is
evaluated using the visual quality metric of the stego-message — the peak signal-to-
noise ratio (PSNR). The most significant result of this work is the development of a
hierarchical image structure based on an introduced strict order binary relation
defined over the set of image blocks, which is mapped to a directed weighted graph.
Utilizing this graph increases the steganographic system's efficiency by 2.7%. The
proposed hierarchical cover structure serves as a versatile tool for achieving an
arbitrary selection objective.
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Keywords: perceptual reliability of the stego-message, digital image,
hierarchical structure, directed weighted graph, binary relation.

Under conditions of hybrid conflict, where information systems become
the primary target, ensuring their information security and cyber defense
relies not only on the reliability of data encryption, but also on concealing
the very fact of its existence. In the context of critical infrastructure,
steganography emerges as a vital and highly relevant defense tool [1]: when
an adversary cannot detect the communication channel, they can neither
attack nor block it. Enhancing the steganographic system to improve the
visual quality of the generated stego-message is a vital component for fault-
tolerant control systems capable of operating under conditions of direct
digital aggression — to which Ukraine is currently continuously subjected —
and represents an urgent task in information security. Hierarchy is one of the
most general classification methods utilized by humans, and hierarchical
structures are effectively employed to model real-world processes across
various domains of human activity. The objective of this study is to enhance
the efficiency of the steganographic system by refining the selection process
for digital cover image blocks most suitable for steganographic
transformation — independently of the steganographic method used for
embedding additional information (AdInf) — based on the development and
subsequent utilization of a hierarchical digital image (DI) structure.

The efficiency of the steganographic system in this study is evaluated
using a quantitative visual quality metric of the generated stego-message —
the peak signal-to-noise ratio (PSNR) [2].

The objective of the study was achieved by addressing the following
tasks: developing a hierarchical digital image structure taking into account
its domain of further application, and establishing the principles for
constructing a graph corresponding to this hierarchical DI structure.

As a result of this study: a hierarchical DI structure was developed based
on the strict order binary relation “consists of”” defined over the set of image
blocks, establishing its partial ordering. This hierarchical DI structure
enables an in-depth analysis of individual block properties to select priority
cover subregions for AdInf embedding by examining their internal
components; principles were established for constructing a directed
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weighted graph corresponding to the hierarchical DI structure. This graph
allows for block selection for steganographic transformation through both
top-down and bottom-up structural analysis. Consequently, relatively large
blocks — whose participation in steganographic transformation is undesirable
— can be excluded at early levels of the hierarchy, effectively reducing the
“search space” and lowering the computational cost of selection; the
proposed hierarchical DI cover structure and its corresponding graph —
which enable coarse selection followed by subsequent “refinement” — serve
as a versatile tool for achieving an arbitrary selection objective, as reflected
by the weight coefficients of the graph vertices; utilizing the hierarchical
structure graph to select DI cover blocks with the specific objective of
ensuring (relatively) high visual quality of the stego-message improved the
quantitative distortion metric (PSNR) of the cover resulting from
steganographic transformation by 2.7% compared to selection based on
fixed block partitioning, regardless of the specific transformation method
employed.
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Anomauia. Ilposedeno enacme cumynayiline OOCHIONCEHHA BNAUBY CHYDiHSY
HagieayiliHux OaHUX HA AOANMUSBHY MAPWPYMU3AYIl0 MOPCLKUX CYOeH ma
eexmugrHocmi KOHceHCYcHOI nepesipku Oxcepen. Ha pospobneniii  asmopamu
cunmemuunii moodeni (500 sunpobysany) cnygine niosuwus eapmicme mapupymy
Ha 16,9% i uacmomy 3axody 6 Hebezneuni 30Hu 00 47,4%. Ilepesipxa mpvoma
Ooicepenamu 3Husuna yi nokasnuku 00 4,0% i 18,6%, xomnencysasuu 76% eniugy
amaxu. Bnepuie ompumano KinbKiCHy OYIHKY eghekmy eepupikayii oanux 01s yiei
3a0aui.

Knwuoei cnoea: aoanmusna mapwpymusayis, cnygine oauux, eepucpixayis
Oanux, Kibepbesnexka, XMapHi OOUUCIEHHA, MOPCLKULU MPAHCHOPM, CUMYIAYIIHEe
MOOeN08aHHsL.

Abstract. We conducted our own simulation study quantifying how spoofed
navigational data affects adaptive maritime routing and how multi-source consensus
verification mitigates it. On our synthetic testbed (500 trials), spoofing raised route
cost by 16.9% and hazard-zone entries to 47.4%. Consensus verification across
three sources reduced these to 4.0% and 18.6%, recovering about 76% of the
spoofing-induced degradation — the first quantitative measurement of this effect for
adaptive maritime routing.

Keywords: adaptive route optimization, data spoofing, data verification,
cybersecurity, cloud computing, maritime transport, simulation study.

Introduction. Maritime transport carries over 80% of global trade, and
fuel costs can reach 60% of operating expenses [1]. Adaptive cloud-based
routing increasingly relies on live AlS, weather and current data, yet these
channels are exposed to spoofing and cannot be treated as trustworthy
without verification [2].

Goal of the work. To quantify, in our own controlled simulation, how
much spoofed navigational data degrades an adaptive maritime routing
agent, and how much of this degradation a multi-source consensus check
recovers — extending our previously validated PPO-based routing method
[3] and the NIST Zero Trust verification principle [4] with a first empirical
measurement of this specific effect.

Main part. We generated a synthetic 30x30 grid sea area with a smooth
weather/current cost field and hazard zones on 6% of cells (fixed random
seed for reproducibility). We implemented a lightweight rule-based routing
agent - a fast stand-in for our PPO agent, chosen here for rapid controlled
experimentation rather than full retraining - that replans locally at every
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step, moving to the neighbouring cell with the lowest reported cost that
reduces distance to the destination. We ran three conditions over 500
independent trials each: clean data; corrupted data, with 15% of readings
spoofed (a hazard hidden as clear, or a false hazard fabricated); and
consensus-verified data, where every reading is the median of three
independent reports.

With clean data, the agent reached the destination in 100% of trials, with
zero hazard entries and a mean true path cost of 57.2 units. Spoofing raised
the mean cost by 16.9% and produced hazard-zone entries in 47.4% of trials.
Consensus verification cut the cost increase to 4.0% and the hazard-entry
rate to 18.6%, recovering about 76% of the cost degradation caused by
spoofing. These figures give the first quantitative measurement, for this
routing setup, of how much a simple data-verification layer is worth.

Conclusions. Our simulation shows that unverified spoofed data
measurably degrades route quality and safety, while a simple multi-source
consensus check recovers most of that loss. This is our first empirical result
toward a secure adaptive routing system; next we plan to repeat the
experiment on the full PPO agent with real AIS and weather traces, and to
extend it to multi-agent fleet-level routing.
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YAC ABTOMATHU30BAHOT'O PELHEH3YBAHHA KOA4Y
B. Ilerpenko, Dr.Sci., O. I'ypko

Xaprxiecokutl HayioHANbHUTI A8MOMOOITbHO-00POINCHI YHIgepcumem, YKpaina

Anomauia. Jns O0ocniodcenHs 6naugy CMpyKMypoSBaAHUX NOSACHEHb HA 008ipy
PO3POOHUKI6 ma  HAlexCHe NOKIAOAHHs Ha pekomenOayii Il nio  wuac
aABMOMAMU306AHO20  PEYEH3Y8AHHS KOOV  PO3POOAEHO MA  IHMeSpo8aHo y
poswupennsi Git AutoReview nosicnioganvhuil wap immepgeticy. Pezynomamu
niloOMHO20 KOHmMpOJIb0B8AHO2O 6Hympiwnbocy6 "€EKmMHO20 eKcnepumermy nokasaniu,
WO NOACHeHHA He niosuwunu 008ipy abo 3a2anbHUll NOKA3HUK HANEHCHO20
NOKAAOAHHS, Ale SMEHWUNU HeOOCMAMHE Ma 30i1buuny HaOMIpHe NOKAAOAHHSL.

Knruoei cnosa: eenuxi MoHi MoOeni, agmomamusosare peyeH3y8anHs Kooy,
noscuroganvuu LI, dogipa oo LI, nanescne noknaoanmus na LI

Abstract. To investigate the effect of structured explanations on developers’ trust
in and appropriate reliance on Al recommendations during automated code review,
an explanation layer for the human-Al interface was developed and integrated into
Git AutoReview. Results from a controlled within-subjects pilot experiment showed
that explanations did not increase trust or overall appropriate reliance; however,
they reduced under-reliance while increasing over-reliance.

Keywords: large language models, automated code review, explainable Al, trust
in Al, appropriate reliance on Al.

Code quality assurance is essential for all software, including software
for embedded control systems, where errors can threaten human safety.
Therefore, 1ISO 26262 and MISRA C:2025 establish code verification
requirements, yet manual verification cannot keep pace with growing
software complexity. LLM-based code review can address this challenge,
but its adoption is hampered by developer distrust: up to 70% of surveyed
C++ developers do not trust Al because of its “black-box” nature and risk of
“hallucinations” [1]. XAI may improve transparency, but the impact of
explanations on developers’ code review behavior remains insufficiently
studied. This study aims to enhance developers’ appropriate reliance on
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automated code review recommendations by developing and empirically
evaluating an explanation layer for the human-Al interface.

To achieve this goal, a pilot version of this layer was developed and
integrated into the Git AutoReview extension for Visual Studio Code. The
layer follows a two-level template [2]. The first level, visible by default,
includes the title, severity, fix suggestion, confidence score (0 — 100), and a
brief explanation. The on-demand second level adds references to rules and
guidelines, alternative fixes and their trade-offs, and project-context
citations. The explanations were generated by Claude 3.5 Sonnet using
chain-of-thought prompting and RAG. Review findings were pregenerated
to provide identical stimuli, eliminate LLM variability across participants,
and record the generation parameters for each finding. The interface also
omitted model and brand names to reduce participant bias.

Three hypotheses were formulated to empirically evaluate the
explanation layer: an increase in developers’ trust (H1), an improvement in
appropriate reliance (H2), and an effect on decision-making time (H3). A
controlled  within-subjects experiment involved eight professional
developers with at least six years of experience who regularly perform code
reviews. Each participant evaluated review findings under baseline and
explanation conditions.  Deterministic SHA-256 hashes provided
reproducible counterbalancing of conditions and scenarios. H1 and H2 were
tested one-sided (B > A), whereas H3 was tested two-sided; effect sizes
were estimated using Cohen’s dz and rank-biserial r. None of the three
hypotheses was supported (Table 1). However, under-reliance decreased
from seven to three cases, while over-reliance increased from four to six. No
significant difference in decision-making time was found, although six of
eight participants made decisions faster with explanations.

Table 1. Hypothesis testing results

Hypothesis Median A | Median B Wilcoxon test Effect size
H1. Trust (1-7) 5.58 3.50 W=13.0;p=077 | r=-0.25;
dz =-0.29
H2. 0.83 0.83 W=17.0;p=0.34 r=+0.14;
Appropriate dz =+0.15
reliance (rate)
H3. Decision- 149 141 W=28.0;p=0.20 r=-0.50;
making time, s dz=-0.51
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The findings are consistent with viewing XAl as a means of calibrating
rather than simply increasing trust. Explanation interfaces should account
for the risk of making incorrect recommendations more persuasive and
encourage developers to verify Al outputs. Given the pilot nature of the
study, these findings require validation with a larger sample.
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Anomauin. 3anpononoeano Mmexamizm ROCIIO08HOI nepesipku  YinicHocmi
menemempii yugposux OGIUHUKIE HA OCHOGI KPUNMOZPADIUHO20 38 S3Y8AHHS
naxemig. Mexanizm ghopmye 3anedxicnicmo Midic ROMOYHUM NAKEMOM | NONEPeOHim
KpUnmozpagiuHum Cmanom, wo 0de 3Mo2y GUAGIAMU MOOUPIKAYi0, 6CMABLEHH,
BUOAIEHHS, NOBMOPHY Nepeoayy ma 3MIiHy nopsaoky nakemis. Peanizayis na ocHogi
ASCON-Hash256 zabesneuye nepesipky nomoky 3i 30epesiceHnsm auuLe 0CmanHb020
8ai0HO20 Kpunmoepagiunozo cmany. Excnepumenmanvua nepesipka niomeepouna
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pisenv  suagienns mauinynayiti nowad 99 % 3a He3naunoeo 30inbuieHHs
004UCTIOBATILHUX sumpam.

Kniouosi cnosa: yugposuii 0gitinuk, yiricnicme meiemempii, kpunmozpagiune
38 ’A3Y8aHHA, NONleculeHe Xeuy8anHs, 60Y008aHi cucmemu.

Abstract. A sequential integrity verification mechanism for digital twin telemetry
based on cryptographic packet chaining is proposed. The mechanism establishes a
dependency between the current packet and the previous cryptographic state,
enabling the detection of packet modification, insertion, deletion, replay, and
reordering. The ASCON-Hash256-based implementation verifies the telemetry
stream while maintaining only the latest valid cryptographic state. Experimental
evaluation confirmed a manipulation detection rate above 99% with a modest
increase in computational overhead.

Keywords: digital twin, telemetry integrity, cryptographic chaining, lightweight
hashing, embedded systems.

Digital twin technologies synchronize physical objects with their virtual
representations through telemetry generated by sensors, embedded devices,
and edge nodes. Their reliability depends on data integrity, since
manipulated telemetry may distort the physical state and affect monitoring,
prediction, diagnostics, and control [1]. Therefore, integrity protection must
operate continuously with limited computational and memory overhead.

Conventional integrity verification relies on cryptographic hashes,
message authentication codes, digital signatures, and authenticated
encryption. However, these mechanisms generally process messages
independently and provide limited control over telemetry sequence
continuity. Packet insertion, deletion, replay, and reordering therefore
require additional verification, particularly in resource-constrained loT
devices [2]. To address this limitation, a sequential integrity verification
mechanism based on cryptographic linking of consecutive packets is
considered. The cryptographic state of the preceding packet is incorporated
into the next message, extending verification from individual packets to the
entire telemetry stream. Each packet contains the payload, timestamp,
sequence number, previous integrity value, and current hash. The timestamp
and sequence number support detection of replay and sequence
manipulation, while the previous integrity value establishes a cryptographic
dependency between consecutive packets. Lightweight cryptographic
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primitives enable implementation on resource-constrained platforms with
low computational requirements [2, 3].

When a packet reaches the digital twin, its previous hash is compared
with the stored cryptographic state. If they match, the current hash is
recomputed and verified. Successful verification confirms packet integrity
and sequence continuity, and the verified hash becomes the state for the next
packet. The verification procedure is presented in Fig. 1.

PACKET HASH PREVIOUS HASH INTEGRITY SYNCHRONIZATION

ARRIVES CALCULATED CHECKED DECISION

ACCEPT PACKET &
UPDATE STATE

Current_Hash ast |_Has! | —
received) ? arrent_Has PACKET
) -

RECEIVE PACKET CALCULATE HASH

Payload.

RESYNCHRONIZATION
Request latest valid
cryptographic state

from sender

INTEGRITY FAILURE

Reject Packet

Figure 1. Flowchart of the sequential integrity verification procedure for digital twin
telemetry

If an integrity mismatch is detected, the packet is rejected and
resynchronization is initiated. Instead of reconstructing the complete
telemetry history, the latest valid cryptographic state restores verification,
reducing processing and avoiding retransmission of previously verified data.
The mechanism requires one lightweight hash computation per packet and
maintains a constant-size cryptographic state regardless of stream length,
which is important for resource-constrained 10T and edge devices [4].

The experimental implementation used an STM32F407 microcontroller
as the telemetry source and an ESP32-S3 as the communication gateway.
The embedded software operated under FreeRTOS with ASCON-Hash256
as the lightweight cryptographic primitive, while the digital twin verification
module was implemented on a personal computer. Experiments involved
10,000 telemetry packets with payload sizes of 64, 128, and 256 bytes, with
modification, insertion, deletion, replay, and reordering introduced during
transmission. The results demonstrated low additional computational costs.
Average processing time increased from 142.8 ps for independent hashing
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to 151.6 ps for sequential verification, corresponding to 6.2% overhead.
RAM consumption increased from 416 to 448 bytes (7.7%), Flash memory
from 31.4 to 32.0 kB (1.9%), and CPU utilization from 17.8% to 18.9%
(6.2%). The number of hash computations remained one per packet, with

computational complexity of O(”).

Approximately 5% of packets were intentionally manipulated in each
experimental scenario. Precision, Recall, and F1-score exceeded 99%,
confirming reliable detection of telemetry manipulation. Unlike independent
hashing, the proposed mechanism verifies both packet integrity and stream
continuity, enabling detection of insertion, deletion, replay, and reordering
through cryptographic state violations.

The results demonstrate that sequential cryptographic linking extends
integrity verification from individual packets to the entire telemetry stream
without increasing hash operations or asymptotic computational complexity.
The approach is suitable for resource-constrained digital twin systems and
can be applied in industrial 10T, edge computing, medical monitoring, and
other cyber-physical environments.
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LORAWAN B ABIAIIII: KOMILJIEKCHHUIA AHAJII3
KIBEP3AI'PO3 TA CTPATEIIN 3ABE3NEYEHHS CTIMKOCTI
5. Tepryc, . Koznoscebka, b. Kotuk
Hayionanonuii ynieepcumem “Kuigecokuii Agiayitinuu incmumym”, Ykpaina

Anomauia. YV  ceimosiii  iHppacmpykmypi  nogimpaHo20  MpPaAHCHOpMY
BIPOBAOIHCYEMBCA  KOHYenyisa «po3ymHo2o aeponopmyy». Kpim moeo, eenuxa
KIIbKICMb  YUBITLHUX MA  GILICbKOBUX CIYIHCO Yowce BUKOPUCMOBYE Oe3NiiomHi
aimanvui anapamu (BIIJIA) 0ns 6uUKOHAHHA DIZHOMAHIMHUX 3A60aHb. 3 Memor
inmeepayii yux cayoch y cucmemy ynpaeiinws nosimpsHum pyxom (ATM)
CmMEopIombCcsi mak 36ami «uimaioyi mepedxci ad-hocy (FANET). Ak nimaioui, mak i
CMAayioHapHi  eneMenmu  CUCMeMU MOHIMOPUHZY NOGIMPAHO20 NPOCMOpPY 6
aeponopmax ymeoprioms po3nooileHy cucmemy, AKa nompeoye eHepeoepheKmusHux
6e30pomogux mepexc 01 meremempii ma MOHIMOPUH2Y HA 8eUKE 8IOCMAHL.

Knruoei cnosa: LoRaWAN, kibepbesneka, cmitikicms 00 nepeutkoo, wmyyHuil
iHmenexm, 00poOKa OaHUX, MAUUHHE HABYAHHS.

Abstract. Air transport infrastructure of the world is implementing the Smart
Airport concept. In addition, a large number of civil and military services are
already utilizing Unmanned Aerial Vehicles (UAVS) in various types of missions. To
realize the integration of these services in Air Traffic Management (ATM) so-called
Flying Ad-hoc Networks (FANETS) are being established. The flying as well as the
static entities of the air space monitoring system at airports form a distributed
system which requires energy efficient wireless networks for telemetry and long
distance monitoring.

Keywords: LoRaWAN, Cyber Security, Interference Immunity, Artificial
Intelligence, Data Processing, Machine Learning.

The smartification of airports, vast-scale introduction of numerous 10T
devices, increased number of flights performed by drones and the
implementation of Flying Ad Hoc Networks (FANETS) require the
development and deployment of long-distance, low-power consumption
wireless systems to provide telemetry and other monitoring services. The
paper describes the security issues that arise in aviation when implementing
a wireless communication technology such as LoRaWAN that is energy
efficient and has large coverage area and which can function in different
complex radio environments. The aim of this paper is to research
LoRaWAN security threats in the aviation systems and to provide methods
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for improving the resilience of communication systems subject to various
kinds of interference and cyber-attacks [1, 3, 5].

The main objective of the research work is to assess the potential of
applying the LoRaWAN technology in aviation communication systems.
The purpose of the research work is to examine the possible threats to
LoRaWAN networks and to analyze possible ways to protect against them
as well as to justify an integrated approach to protect against possible threats
to LoRaWAN networks, based on adaptive radio resources management,
cryptographic methods, and intelligent detection of unusual activity. We
studied several scenarios for using LoRaWAN communication in various
applications, such as those for the UAVs equipped with gateways, for the
Flying Ad Hoc Networks, for airport sensors and for the transmission of
telemetry information for the unmanned aircrafts. The research is based on
several publications on the subject that describe the architecture of the
LoRaWAN, physical and protocol layer threats to security, applications of
the technology in aviation and methods for improving the communication
resilience [1, 2, 4].

Data De-Duplication

End Nodes Network
End Nodes Concentrator/Gateway Application Server
(Aviation Sensors) (Ground Stations) (Air Traffic & Operations)
, Network

Aircraft Structural Server

Health Monitoring

Landing Gear Tire SIEIS Network Session Application

Pressure Monitoring sHEHs: Key Management Server
HIEIE

UAV Flet Tracking LoRa® RF / LoRaWAN™ TCP/IP SSL/ LoRaWAN™ TCP/IP SSL / Secure Payload

Airport Weather &
Environmental Data

N
> AES Secured Payload I ﬁ

Figure 1. LoRaWAN Protocol Architecture
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Simulation-based validation confirms the proposed cross-layer
LoRaWAN framework. Under reactive jamming, PDR rose from 57.45% to
94.54%, and Jamming Resilience Index from 0.7639 to 0.9783. The IDS
detected all jamming events (mean delay 76.8 s, 0.7% false positives);
recovery restored target PDR within 60 s. Combining gateway diversity,
adaptive radio parameters, attack detection, and channel switching improves
LoRaWAN 1.1 availability, supporting airport telemetry, UAV swarms, and
degraded-mode backup communication.
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SECTION 4 MODELING, SOFTWARE ENGINEERING, AND
APPLIED ICT
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Anomauia. 3anpononogaro  iHOOPMAYIUHO-0OUUCTIOBANbHUL  NIOXI0 00
oyinosanns egpekmugnocmi ma be3nexu mMpaHccKaepanrbhoi yukaiogomoxoazynayii
(TCK L®K) npu Heogackynapuiti  enaykomi HA  OCHOBI  MOOENI0BAMHS
memnepamypHoi 8i0nosioi yuniapnozo mina. TemnepamypHy OUHAMIKY 8U3HAYATU 30
pienannam Oiomennonepenocy Ilenneca y 0606UMIpHOMY —OCICUMEMPUUHOMY
HabuMCenni 0N  CMpPYKmMypu «ckiepa—yuiiapne minoy», a JasepHe menioge
Odoicepeno  — 3a  3axkonom bByeepa—Jlambepma—bepa. [locniosceno  peacumu
Continuous Wave (CW) ma MicroPulse npu nomysicnocmi 1 i 2 Bm ons oounuunux
ma cepitinux anuikayiu. [na OYIMIOBAHHS DPENCUMIB BUSHAYANU MAKCUMATLHY
memnepamypy, uac oocsienenns 50  °C,  mpueanicmb  nepebysamms Y
mepanesmuunomy oianazoni 50-60 °C ma euwe 60 °C, a maxodc inmezpanvHi
nokasuuxu Therapeutic Exposure Index (TEI), Destructive Exposure Index (DEI),
Thermal Selectivity Index (TSI) ma Safety Margin. Bcmanoeneno, o CW 1 Bm x 2
¢ docazae Koazynayitinozo nopoea 6e3z nepesuwenna 60 °C (Tmax = 50,8 °C; t50 =
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1,44 ¢), mooi sx CW 2 Bm cnpuuunse nepecpie mxanunu. Ilpu cepiiinux annikayiax
CW 1 Bm 3abe3neuye mepanesmuune HAKONUYEHHA MeN1060i 003U 6e3
OdecmpykmusHozo nepezpiey (DEI = 0), modi ax CW 2 Bm xapaxmepu3yemuvcs
mpuganum nepebysannam euwe 60 °C. [na MicroPulse Tmax wue oOocsaeae
Kkoazynsayitinoeo nopoza (<49 °C). Pesynomamu niomeepoxicyiomv MONCIUBICIID
BUKOPUCTANHS MO0l OISl KITbKICHO20 NOPIGHSIHHA A NONepeOHboi onmumizayii
napamempie  naseprHozo  enaugy. Haticnpuamaugsiwum 3a  CchiggioHOWEHHAM
egpexmuernocmi ma 6esnexu € pexcum CW I Bm x 2 c¢. 3anpononoeanuti nioxio
0038019€  ABMOMAMU3YBAMU  NOPIBHAHHA — ATLMEPHAMUBHUX — pedcuMie — ma
BUKOHYBAMU NONEPEOHI0 ONMUMI3AYTI0 napamempis 1azepHoi npoyeoypu.

Knwuoei cnosa: Hpopmayitino-obuucniosarvbia Mmodenv,  MamemamuyHe
MOOeN08aHHs, NIOMPUMKA NPULHAMMS pilleHb, MenionepeHoc, 1a3epHi MeOudHi
MexHoNoeli.

Abstract. An information and computational approach to evaluating the efficacy
and safety of transscleral cyclophotocoagulation (TSCPC) in neovascular glaucoma
based on modeling the temperature response of the ciliary body is proposed. The
temperature dynamics were determined using the Pennes bioheat transfer equation
in a two-dimensional axisymmetric approximation for the “sclera—ciliary body”
structure, while the laser heat source was determined according to the Bouguer—
Lambert—Beer law. Continuous Wave (CW) and MicroPulse modes at powers of 1
and 2 W were studied for single and serial applications. To evaluate the modes, the
maximum temperature, time to reach 50 °C, duration of exposure within the
therapeutic range of 50-60 °C and above 60 °C, as well as the integral indicators
Therapeutic Exposure Index (TEI), Destructive Exposure Index (DEI), Thermal
Selectivity Index (TSI), and Safety Margin were determined. It was established that
CW 1 W x 2 s reaches the coagulation threshold without exceeding 60 °C (Tmax =
50.8 °C; t50 = 1.44 s), whereas CW 2 W causes tissue overheating. During serial
applications, CW 1 W provides therapeutic accumulation of the thermal dose without
destructive overheating (DEI = 0), whereas CW 2 W is characterized by prolonged
exposure above 60 °C. For MicroPulse, Tmax does not reach the coagulation
threshold (<49 °C). The results confirm the possibility of using the model for
quantitative comparison and preliminary optimization of laser exposure parameters.
The CW 1 W x 2 s mode is the most favorable in terms of the balance between
efficacy and safety. The proposed approach makes it possible to automate the
comparison of alternative modes and perform preliminary optimization of laser
procedure parameters.

Keywords: information and computational model, mathematical modeling,
decision support, heat transfer, laser medical technologies.

230



International Scientific and Practical Workshop
""Advanced Digital Technologies: Intelligent Systems, Modeling, and

Data-Driven Control" (ADT-ISMDDC-2026)
co-located with ICST-2026 X1V INTERNATIONAL SCIENTIFIC AND PRACTICAL
CONFERENCE

"Information Control Systems and Technologies - ICST-ODESA-2026""

1. Introduction. Transscleral cyclophotocoagulation (TSCPC) is one
of the methods for treating refractory, in particular neovascular glaucoma,
aimed at reducing intraocular pressure by suppressing the secretory function
of the ciliary body [1, 2]. The efficacy and safety of the procedure largely
depend on the parameters of laser exposure: insufficient energy may provide
an insufficient therapeutic effect, whereas excessive thermal load increases
the risk of irreversible tissue damage [3]. For information technologies, such
a task can be presented as a problem of computer modeling and multicriteria
evaluation of technological process parameters. Instead of empirical
comparison of individual modes, a computational model is formed in which
laser exposure parameters are input data, the temperature field is an
intermediate  information  representation, and  temperature-time
characteristics and integral indices are output indicators for comparing
scenarios. Heating tissue to 50-60 °C causes protein denaturation and
coagulation changes, whereas exceeding 60 °C may lead to irreversible
structural damage [4, 5]. Therefore, the temperature-time dependence is the
main information parameter for quantitative evaluation of the result of laser
exposure.

The aim of the work is to construct and investigate an information and
computational model of the temperature response of the ciliary body,
organize a series of computational experiments, and quantitatively compare
TSCPC modes according to efficacy and safety criteria.

2. Information and computational model

The temperature dynamics of the ciliary body were described by the
Pennes bioheat transfer equation:

o _ EV2T +
Pear = Q

where T is the tissue temperature, %, and c are its thermophysical
parameters, and Q is the volumetric source of laser heating.

The computational model is represented by a two-dimensional
axisymmetric “sclera—ciliary body” structure. Convective heat transfer
((h=10) W/m?sK) was taken into account on the outer surface of the sclera,
while a temperature of 37 °C was specified on the inner surface. The
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thermophysical and optical parameters of the tissues were taken from
literature data and considered homogeneous.

The distribution of the laser heat source was determined according to the
Bouguer—Lambert—Beer law:

Q(z) = pal.e*e®

where i is the absorption coefficient, I, is the radiation intensity, z is the
penetration depth.

The proposed model implements a sequential transformation of data:

laser parameters — temperature field — temperature-time
characteristics — integral indices — ranking of modes.

The temperature dynamics are determined by the Pennes bioheat transfer
equation for a two-layer axisymmetric “sclera—ciliary body” structure, while
the spatial distribution of laser heating is described by the Bouguer—
Lambert—Beer law.

For quantitative evaluation, four integral criteria were formed: TEI -
intensity of the therapeutic thermal effect; DEI - level of destructive
overheating; TSI - selectivity of the coagulation effect; Safety Margin -
safety margin relative to the critical temperature.

For the analysis, scenarios were formed according to two parameters:
exposure mode (CW and MicroPulse) and power (1 and 2 W). For each
scenario, a single application lasting 2 s and a series of 20 applications of 2 s
each were studied.

The model is intended to evaluate the integral temperature response and
does not take into account individual features of ischemia, microcirculation,
pigmentation, and morphological changes of the ciliary body.

3. Computational experiment and results

Eight scenarios were formed in the model, combining two radiation
modes (Continuous Wave and MicroPulse), two power levels (1 and 2 W),
and two types of applications (single 2 s and a series of 20 x 2 s).

For each scenario, the following were automatically determined:
maximum temperature; time to reach 50 °C; duration of exposure within the
range of 50-60 °C; time above 60 °C; integral indices TEI, DEI, TSI, and
Safety Margin.
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This approach provides a unified comparison of alternative modes
without conducting additional physical experiments.

The results of modeling the temperature dynamics during a single
apglication lasting 2 s are presented in Fig. 1.

60 -
55 - =
(&)
s
@& 7
£ s0
B
>
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2
Coagulation Zone 50-60 °C
40 - — CW 1W
- CW2WwW
s MicroPulse 1 W
e s MicroPulse 2 W
0.0 0.2 04 0.6 08 10 12 14 16 18 20

Time, s
Figure 1. Temperature dynamics under different laser exposure modes. Temperature
dynamics during a single application lasting 2 s in CW and MicroPulse modes at a
power of 1 and 2 W. For the MicroPulse mode, an averaged temperature profile
calculated based on the equivalent average power is presented without reproducing
the microsecond pulse structure. The gray area corresponds to the coagulation range
of 50-60 °C.

As can be seen from Fig. 1, the nature of the temperature response
significantly depends on the mode and power of laser exposure. The CW
mode provides a faster increase in temperature compared to MicroPulse. At
a power of 2 W in the CW mode, the temperature exceeds the critical level
of 60 °C, whereas the other studied modes remain below this threshold.

4. Results

Computational modeling showed a significant dependence of the
temperature response on the laser mode and power. The CW 1 W x 2 s
mode reaches the coagulation threshold (Tmax = 50.8 °C; t50 = 1.44 s)
without exceeding the critical temperature of 60 °C. In contrast, CW 2 W
provides faster heating, but is accompanied by tissue overheating (Tmax =
61.8 °C) and high DEI values during serial applications.
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The MicroPulse modes under the studied conditions do not reach the
coagulation temperature range (Tmax < 49 °C), which indicates their lower
thermal efficacy while maintaining a high level of safety.

The obtained results demonstrate the possibility of automated ranking of
laser exposure modes based on a combination of efficacy and safety criteria.

5. Conclusions

An information and computational model for supporting the selection of
TSCPC parameters has been developed, integrating mathematical modeling,
a computational experiment, and multicriteria evaluation. The model
formalizes the process of comparing alternative modes and can be used as a
tool for preliminary optimization of laser treatment parameters. The CW 1
W x 2 s mode demonstrated the best balance of therapeutic efficacy and
safety among the studied scenarios.
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Anomauia. Memorw pobomu € 600CKOHANEHHA KOHMPOIIO HAO HPOYECOM
YUCETbHO20 PO36 A3AHHA OUHAMIYHUX DIGHAHbL 3 OONOMO20IH0 AN2OPUMMIYHOZ0
KepysanHs. 3anponoHo6ano Kpumepii GUAGIEHHA AI2OPUMMIYHUX NOMUIOK Md
PO3P06IEHO MEeMOO NPULHAMA PileHb 01 KePYBAHHA 00UUCTIO8ATbHUM NPOYECOM.
V' pesynomami pobomu 3anpononosano memoo i3 NiOGUWEHHAM OOUUCTIOBANLHOT
MOYHOCMI 05l NOCAIO0BHO20 GU3HAYEHHS (DYHKYILL CMAHy 3 GUUOI0 MOYHICMIO
JIOKANbHUX NOXUOOK.

Knrouogi cnoea: ounamiuni cucmemu; oO4UCTIOBANbHA MOYHICMb, HUCETbHE
Plwennsl; nepesipka MamemamuyHux Mooeiel.

Abstract. The aim of this work is to improve control over the process of
numerically solving dynamic equations using algorithmic control. Criteria for
detecting algorithmic errors and a decision-making method for controlling the
computational process are developed. As a result, a method is proposed for
improving computational accuracy in the sequential determination of state functions
with higher accuracy of local errors.

Keywords: dynamic systems; computational accuracy; numerical solution;
mathematical models verification.

Introduction. In real-world modeling or control systems, computational
processes are inevitably accompanied by various types of disturbances and
errors [1]. In this context, disturbances are defined [2] as distortions in the
processed and control information caused by self-correcting root causes
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(incorrect operation of binary hardware elements, interference, power
supply voltage fluctuations, etc.). Moreover, most disturbances are random
in nature. Therefore, effective real-time monitoring is required to detect and
eliminate errors before they propagate through the control loop, making
responsiveness one of the key characteristics of error control systems [3, 4].

The purpose of this work is to improve control over the computation
process for any numerical solution methods of dynamic equations by
developing algorithmic control methods based on the application of a
control algorithm that is executed during the numerical solution of the main
task.

To achieve this purpose, the decision-making method that determines the
presence or absence of a failure is developed.

Method for verifying of computational implementations of models

An algorithm that implements the method with increasing computational
accuracy must meet the following requirements:

1. The calculation process at each integration step must begin with
determining the function f at the point ti.s . In this case, the function

f(y,u,ti+1) is not computed; instead, the value of the function f obtained and
verified during the calculation of the most accurate solution to system at the
previous integration step is used.

2. The number of partitions k (i.e., the number of values yl(ﬂ obtained
with increasing accuracy on the interval [t ti«1]) can be chosen by

minimizing subject to the constraint on the value of &£ = (yi(ﬁl) — |(I+)1) or

conversely, by minimizing & subject to the constraint on M[T]. However, in
practice,t_ . >> 1 and therefore, when designing an algorithm for the

OILK '’
method with increasing accuracy, it is advisable to choose the maximum
number of partitions k that is possible for the method of the selected
accuracy order r.

Conclusion

Algorithmic control methods are proposed that can be applied to control
the computation process for any method of numerically solving equations of
dynamics, namely: extrapolation and interpolation control methods. These
methods are based on the use of a control algorithm that is executed during
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the numerical solution of the given (main) problem, but which is simpler
than the main problem itself.
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Anomauia. Y  pobomi  mpedcmagneno  npocpamuuii  MOOyIL  OA
agmomamu308anol eenepayii OUOAKMUYHUX MAmMepianie 3 0OUUCIeHHS NOMOKY
eexmopnoeo noas. Ilaunaaiin inmeepye aunanimuuni moowcausocmi SYymPy ma
npoyedypnuti perndepune ManimCE y PyQt6-inmepgeiic. Cucmema asmomamusye
nakemuy eeHepayilo  6apiaHmie 3a60aHb, CMEOPIYU  CUHXpOHI3o8aHi 3D-
sizyanizayii (MP4) ma mabnuyi danux (CSV). Oyinxa niomeepodicye obuuciiosanvbhy
ehexmuericmos MOOYsL OJisl IHMEHCUBHUX AKAOEMIYHUX NPOYeCis.

Knrwuoei cnosa: npockmysanus npospamHux Mooyaie, CUMBOIbHO-GI3YANbHUL
KOHBEEP OAHUX, aABMomMamu308ani asmopcoki incmpymenmu, Python, ManimCE,
npoyeoypHull penoepune, 064UCIeHHs NOMOKY Yepe3 NOBEPXHIO, GEKMOPHUL AHATI3.

Abstract. The paper presents a software module for the automated generation of
didactic materials on calculating surface flux in vector fields. The pipeline integrates
SymPy's analytical capabilities and ManimCE's procedural rendering within a
PyQt6 interface. It automates batch processing, producing synchronized 3D
visualizations (MP4) and data tables (CSV). Evaluation confirms the module's
computational efficiency for intensive academic workflows.

Keywords: software module design, symbolic-to-visual data pipeline, automated
authoring tools, Python, ManimCE, procedural rendering, surface flux computation,
Vector Calculus.

Studying vector calculus at technical universities involves a high level of
abstraction, which creates significant perceptual barriers for engineering
students [1]. One of the most challenging topics is calculating the flux of a
vector field through a spatial surface. Traditional teaching methods are often
limited to static two-dimensional drawings, which fail to adequately convey
the three-dimensional dynamics of the field’s interaction with the surface
[2]. At the same time, the independent creation of dynamic video content by
mathematics faculty using specialized tools, such as the Manim animation
library, is severely hindered by a high entry barrier, the need for
programming skills, and a substantial time investment for writing and
debugging scripts [3, 4]. The objective of this work is to develop and
evaluate the effectiveness of a specialized software module, the Symbolic-
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to-Visual Pipeline, focused on the large-scale production of individual tasks

alongside the rendering of corresponding spatial scenes.

The developed architectural solution is based on the integration of the
PyQt6 graphical user interface, the SymPy symbolic core, and the
ManimCE animation engine via dynamic JSON configurations. The
implemented system for synchronized tracking of background processes and
absolute path resolution effectively prevents rendering conflicts, thereby
eliminating GUI locking. Pipeline performance verification was conducted
using automated batch modeling of vector field flux through a plane.
Performance evaluation confirmed the high computational capacity of the
system, establishing the Medium Quality mode (720p, 30 fps) as a rational
standard for intensive academic workflows.

The module eliminates the need for low-level script coding, simplifying
routine task preparation for instructors and fostering the formation of
accurate spatial mental models. Ultimately, the system synchronously
manages interconnected datasets of task parameters (CSV) and
corresponding three-dimensional animations (MP4). A promising vector for
the ecosystem's evolution involves scaling this approach into interconnected
software pairs ("instructor-generator and student-training complex™)
utilizing step-by-step cognitive scaffolding to support second-order curved
surfaces and solve applied engineering problems in fluid dynamics and
electrodynamics.
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Anomauin. IIpononyemocsi 1D mooenv 0nsi npocHo3y8anHs 00620CMPOKOBO20
nepepo3nooiny epanyioMempuyHo2o CcKaady IPYHmy Ri0 uac 3pouleHms, sKd
poswupioe pauiwe po3podneny 0poboeo-ougepenyianviy 3a npocmopom Mmooensb
NOPOENACUYHOCIE WIAXOM 000AMKO8020 PO32IA0Y NePeHeCeHHs YACMUHOK NICKY,
MYy ma 2AuHU HA OCHO8I KIHeMUYHOI cucmemu muny «npueoHanusa-oepopmayis-
8i0pusy. Mooenvosani KOHYeHmpayii YacmuHOK UKOPUCTIOBYIOMbCSL 0I5l OHOBIEHHS
2IOpo@i3uunux napamempie IPYHMY, HPeOCMAGICHUX 32I0HO 3 MOOENLI0 6aH
I'enyxmena-Myanema ma wineHocmi 3a O0ONOMO2010 GI0OMO20 eMUIPUUHOZ0
CNi6BIOHOWEHHS.

Knwwuosei cnosa: nopoenacmuunicmv, nepeHecemHs  UACMUHOK,  IPYHM,
3poutentsi, Opobo6o-oughepenyianbHa Mooeib
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Abstract. We propose a coupled 1D model for simulating long-term soil texture
redistribution under irrigation that extends a previously developed space-fractional
poroelastic model by incorporating particle transport for sand, silt, and clay
particles according to the kinetic attachment-straining-detachment system. The
simulated particle concentrations are used to update the hydro-physical parameters
of the soil represented by the van Genuchten-Mualem model and the soil grain
density via a known empirical texture-density relation.

Keywords: poroelasticity, particle transport, soil, irrigation, fractional-
differential model

Predicting long-term changes in soil properties under the influence of
irrigation is an important problem in sustainable land management and
precision agriculture as repeated irrigation not only alters the moisture
regime, but also the mechanical composition of soil, the strain-stress state of
soil skeleton, and soil density.

To predict the co-influence of these processes, we extend the space-
fractional poroelastic model [1] by incorporating the transport of three
concurrent types of particles (sand, silt, and clay), whose redistribution
continuously modifies the hydro-physical parameters of the soil.

The base model consists of two coupled fractional-order partial
differential equations in one spatial dimension ze [0,L]. The fractional

Richards equation for the water head h(z,t)[m] is as follows:

)+ 0(0)C, @) 2 + D 0% )= D (D" (h -~ 2))+ 5
where C(h)= 86/ ah[l/m] is the specific moisture capacity, k(h)]m/s]
is the hydraulic conductivity, uz(z,t)[m] is the vertical displacement of the
solid skeleton, pw[kg/mS] is the density of water, g[m/sz] is the
acceleration of gravity, Cw[m2 / N] is the compressibility of water, S[1/s]

is the source and sink term, and D* f (Z) is the space-fractional derivative.
The fractional consolidation equation is as follows:

pmix % = (/l + 2#)D'l (DauZ)_ BprDa[%h) hj-'_pmixg
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where 4, ﬂ[Pa] are the Lamé parameters of the soil skeleton, B[—] is the
Biot coefficient, n[—] is the porosity, and
pmiX:(l—n)pS+an[kg/m3] is the bulk density of the saturated
mixture with solid grain density p, . The functions @(h) and k(h) are
parametrised by the van Genuchten—Mualem model.

Further, we consider three types of soil particles - sand (p = 1), silt
(p=2), and clay (p =3). For each type, three concentrations are
introduced: C(p)(z,t)[—] is the suspended concentration of particles per unit
volume of pore water; Sgp)(z,t)[—] is the concentration of reversibly

attached particles per unit bulk volume; Sgp)(z,t)[—] is the concentration of

irreversibly strained particles per unit bulk volume.
The governing equations follow the Kkinetic attachment-straining—
detachment framework given in [2]:

8((90(')))_ ~ a(qC(P))_ asgp) ~ ngp)
ot 0z ot ot
astP)

ot

— /Lgp)c(p)q _ k((jept)sgp)1

6s(p)

S

ot
where q(zt)=—k(h)D“(h—z)m/s] is the Darcy flux, A{P[1/m] is the
attachment coefficient, A{P)[1/m] is the straining coefficient, and k{?[1/s]

det
is the detachment coefficient.

Our key extension is that we consider hydro-physical properties of the
soil evolving in time as the simulated particle concentrations change. The
parameters of the van Genuchten-Mualem model at each grid node are
recomputed one each time step from the modelled normalised mass fractions
of sand, silt, and clay using version 3 of the Rosetta pedotransfer function.
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To form the feedback from particle redistribution to the mechanical
submodel, the soil grain density p, is updated as a function of the local silt

content [3]. To numerically solve initial-boundary value problems for the
proposed model a finite-difference method is used with the application of
Picard iteration technique to deal with non-linearities. The linear equation
systems are solved by the OpenMP-parallelised TFQMR algorithm. The
source code is available at https://github.com/sevaboh/fr_sss .

Three-year simulations of a heavy clay loam soil column under a
realistic irrigation schedule showed that the texture change in the top 30 cm
layer, dominated by the movement of clay fraction, accelerates non-linearly
with time, suggesting a positive feedback through the dynamic update of the
hydro-physical parameter functions.
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Anomauia. Y Oocniodxcenni po3pobreHo HAOIliHY MamemMamuyHy Mooeib ma
npocpamuuil nioxXio O CuMyIaYii HeCMmayioHapPHO2O eleKMPOHHO20 MPAHCROPMY 6
HanignpoBIOHUKOBUX — HAHOCMPYKMYpAx.  3acmoco8ano  abCOMOMHO — CMIUKY
ckinyenno-pisnuyesy cxemy Kpanxa-Hikoncona ons posg'sizanmns cucmemu pisHsinb
Ulpeoinzepa-Ilyaccona. Pospobnene npoepamue 3abe3neuenns 3abe3neyye GUCOKY
epexmugnicmv  0OuUCAIeHL MaA  GI3YANI3AYII0  KEAHMOBUX AGUWY, WO CYMMEBO
ONMUMIZYE NPOEKMYBAHHA HOBIMHIX HAHOEIEKIMPOHHUX NPUCMPOT8.

Knrwuoei cnosa: mamemamuyna Mmooenv, CKiHUEHHO-pI3HUYesd  cXeMd,
NpocpaMHa cucmemda, HAHOCMPYKMYpd, KEAHMOBE MYHETIO8AHHSL.

Abstract. This article explores ways to develop a robust mathematical model and
software approach for simulating non-stationary electron transport in
semiconductor nanostructures. An unconditionally stable Crank-Nicolson finite-
difference scheme is applied to solve the Schrodinger-Poisson equations. The
developed software ensures high computational efficiency and visualizes dynamic
qguantum phenomena, significantly optimizing the design process of next-generation
nanoelectronic devices.

Keywords: mathematical model, finite-difference scheme, software system,
nanostructure, quantum tunneling.

CyuacHa HaHOEJIEKTPOHiKa 6azyerncs Ha BHUKOPHCTaHHI
HU3BKOPO3MIPHUX CHCTEM, 30KpEMa HAHOCTPYKTYp, fKi € KIIOYOBUMHU
KOMIIOHEHTaMH KBaHTOBHMX J1a3epiB Ta gerekTopiB. Ockimbkm iX
eKCIEPUMEHTAIBHE CTBOPEHHS € PECYPCOMICTKHAM 1 JOPOTHM, aKTyaJbHUM
3aBIaHHAM CTa€ pPO3pOOKa HAMIWHUX MaTeMaTHYHHX MOJeNed s
KOMI'IOTEPHOI ~ CHUMYJIILii  €JIeKTPOHHOTO TPAHCIOPTY, IO  3JaTHI
mpamoBatd Ha craHgapTHux I[IK. B ocHOBy 3ampomonHoBaHOi Momemi
MOKJIAZIGHO  ONMWC KBAHTOBHX  CTaHIB  EJIEKTPOHIB y  BIOKPHUTHX
OararomapoBux  HaHocuctemax.  Di3M4HMI  mpouec  OMHCY€eTbCs
CaMOY3rO/DKEHOI0 CHCTEMOI0 dacosanexxHoro piBHsHHsA Ilpexninrepa Ta
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piBusHH: [lyaccona. Jlns uncensHOro po3's3anus piBHsHHA Llpeninrepa
3aCTOCOBaHO a0COJIIOTHO CTIHKY HESBHY CKIHYEHHO-PI3HHMLEBY CXEMY
Kpanka-Hikomncona, sika rapantye 30€pexeHHs HOpMH XBHJIbOBOI (DYHKIII.
3arnpornoHoBaHa AUCKPETHA MOJIENb JEMOHCTPYE APYTUil NOPSIJOK TOYHOCTI
3a MPOCTOPOBOI0 Ta YacOBOKW KoopauHaTamu. Ha 11 Gasi y cepeoBuiii
Wolfram Language peanizoBaHO NpOrpaMHHUI KOMIUIEKC, OOYHCIIOBAJIbHE
SAIpO  SKOTO BHKOPHCTOBYE QJANTOBAaHUHA aJTOPUTM IPOTOHKH UL
PO3B'sI3aHHS CUCTEM anreOpaiyHUX PiBHSHB.

PesympTaTH TECTyBaHHA NiATBEPIKYIOTH BHCOKY OOYHCIIOBAIBHY
e(CKTHBHICTH: MOJICITIOBAHHS €BOIIOIIT KBAHTOBOI cHCTeMH Ha citmi 3 1000
By31iB mpoTsirom 1000 itepartiit 3aiitMae 6JIM3bKO 1 CEKYHIM MPOIIECOPHOTO
yacy. Po3poOneHe nporpaMHe 3a0e3leueHHsl € JIEBUM IHCTPYMEHTOM, IO
JI03BOJISIE  IH)KEHEpaM CYTTEBO OINTHMI3yBaTH IPOLEC IPOEKTYBaHHS
HAHOEJIEKTPOHHUX KOMITOHEHTIB IIJISIXOM BHCOKOTOYHOI'O KOMII'FOTEPHOI'O
MO/JICTIFOBAHHSI.
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TEUMI®IKOBAHI CUMYJISIUIAHI CHCTEMM JJIs1 BULILOT
OCBITU: IHTETPALIA ITYYHOI'O IHTEJIEKTY, VR TA
PO3YMHUX IIVIAT®OPM
Ph.D., B. Hazapenko, Ph.D., O. 3a3umko,

Dr.Sci., JI. Kiaix, M. ®auaep6ypk
Hayionanwnuii ynieepcumem 6iopecypcie i npupoodokopucmysants Yrpainu,
Twisted Time Studios, Baukysep, Kanaoa

Anomauin. Mema Oocnioscenns: - oyiHumu pe3yibmamueHicms 2eumipikoeanoi
cumynsayitnoi naamgopmu 0Jist 1a60PAMOPHO20 HAGYAHHS Y 3AKAA0AX UWOT OCBIMU.
3acmocosano 3miwanuii Ousaiin: onumyeanHa 187 cmyoewmis, inmeps’io 3 14
suknaoawamu, npomomunyeanns ¢ Unreal Engine 5 i ninomne mecmysanms.
Bipmyanveni nabopamopii niosuwunu 3anyuenicms 00 87 %, po3yminnsa konyenyiti 00
90 %, a 3asepwienns 3a80ans 0o 92 %. Ilhamgpopma niompumye cmiiike, adanmugne
1l be3neune npaKkmuyHe HaGUAHHSL.

Knwwuosi crosa: cetivihikayis, cumynsyiline HAGYUAHHA, WIMYYHUL [HMENeKm,
eipmyanvHa peanvricmo, euwa océima, Unreal Engine 5, eipmyanoni rabopamopii.

Abstract. The study evaluates a gamified simulation platform for laboratory
learning in higher education. A mixed-method design combined a survey of 187
students, interviews with 14 instructors, Unreal Engine 5 prototyping, and pilot
testing. Virtual laboratories increased engagement to 87%, conceptual
understanding to 90%, and task completion to 92%. The results demonstrate the
platform’s value for resilient, adaptive, safe, and practice-oriented learning.

Keywords: gamification, simulation-based learning, artificial intelligence,
virtual reality, higher education, Unreal Engine 5, virtual laboratories.

The rapid digital transformation of higher education is reshaping
pedagogical strategies, demanding innovative solutions that respond to both
evolving technological landscapes and learners’ changing expectations.
Among the most promising trends are gamification and educational
simulations, redefining engagement, personalization, and practical skill
development in the digital classroom. Gamification- applying game design
principles in non-game contexts-provides a robust framework for structuring
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academic content in interactive, motivating, and measurable ways.
Meanwhile, simulation technologies, often enhanced by artificial
intelligence (Al) and immersive platforms like virtual and augmented reality
(VR/AR), offer learners hands-on experiences that mimic real-world
scenarios in safe, scalable environments. Adams et al. (2008) show that
simulations can significantly improve learning outcomes by fostering deeper
engagement and conceptual understanding, particularly in STEM
disciplines.

This study adopts a mixed-methods research design that integrates
quantitative surveys, qualitative needs assessments, and pilot testing of a
prototype simulation platform. The methodological framework was
structured into three key phases: [1] Needs Assessment, [2] Platform
Development, and [3] Implementation and Evaluation. Each phase involved
engagement with students and faculty from diverse technical and
technological disciplines to ensure relevance, applicability, and impact.

The Interactive Coursework Platform explores the fundamental layers of
human-computer interaction (HCI) and user experience (UX) research that
underpin the virtual simulation platform. This focus stems from survey data
highlighting students' demand for a platform that enhances interactivity,
accessibility, and usercentered learning experiences. Survey results,
presented in the table below, reveal that over 80% of students prioritize ease
of navigation, while 75% emphasize the importance of personalized
feedback systems. These findings underscore the need for a meticulously
designed platform that aligns technological innovation with pedagogical
effectiveness.

Through a mixed-methods approach involving surveys, platform
development, and pilot testing, the study established that gamification
mechanics (e.g., quests, challenges, points systems) and real-time feedback
loops modeled after game design significantly improved learning outcomes.
Moreover, the simulation framework proved effective in replicating
laboratory tasks that are typically constrained by cost, safety, or equipment
availability. It was particularly valuable in times of crisis, such as pandemics
or armed conflict, when physical access to labs is compromised. Students
responded positively to the flexibility and interactivity of the virtual

247



International Scientific and Practical Workshop
""Advanced Digital Technologies: Intelligent Systems, Modeling, and
Data-Driven Control" (ADT-ISMDDC-2026)

co-located with ICST-2026 XIV INTERNATIONAL SCIENTIFIC AND PRACTICAL
CONFERENCE

"Information Control Systems and Technologies - ICST-ODESA-2026""

environments, particularly the opportunity to experiment, fail safely, and

iterate toward mastery.
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IMPOTHO3HI CIIEHAPII PEAJIIBAIIIL CTPATEITi CTAJIOTO
PO3BUTKY BYAIBEJBHOI'O CEKTOPY YKPAIHU 10 2030
POKY HA OCHOBI KJIACTEPHO-HI/IPKY.JIHPHOi MOJEJI
Dr.Sci., B. Bo:xkanosa, Dr.Sci., O. Kononosa
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Anomauyia: Y Oocniodcenni o00Ipynmosano npocHo3Hi cyeuapii peanizayii
cmpamezii cmanoeo po3sumky 6yodigenvrnoco cekmopy Yxpainu 0o 2030 poky na
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ocHosl asmopcokux inoukamopis lcdp ma ledpt i cemubroxosoi xiacmepno-
Yupryiaproi  mooeni.  3anponoHo8aHo  NeCUMICMUYHUU, — peanicmuyHuill - ma
ONMUMICMUYHUIL CYeHapii, Wo Nos'a3yloms GIOHOGNEHHA 2any3i 3 yugposizayicro,
YUPKYIAPHUM BUKOPUCIAHHAM PECYPCiB, IHCMUMYYItiHOI0 KOOPOUHAYIEID, TIOOCLKUM
NOMENYIANOM, Pe2iOHANLHOI0 CHPOMOJICHICIMIO MA  €6PONEUCLKOI0 MPAEKMOPIEID
MOOepHizayil.

Knrouoei cnosa: cmanuii po3sumok, 0OyoOieenvbHull CeKmop, KIACMepHO-
yupkyaapra mooeiw, inoexc lcdp, cyenapnuii ananiz, BIM, yupxynspna exonomixa.

Abstract: The study substantiates forecast scenarios for implementing Ukraine's
construction sector sustainable development strategy by 2030 using the authors' Icdp
and Icdpt indicators and a seven-block cluster-circular model. Pessimistic, realistic
and optimistic scenarios are proposed, linking sector recovery with digitalization,
circular resource use, institutional coordination, human potential and the European
modernization trajectory.

Keywords: sustainable development, construction sector, cluster-circular model,
Icdp index, scenario analysis, BIM, circular economy.

1. Introduction. Ukraine's construction sector has become a strategic
platform for recovery, infrastructure modernization and European
integration. RDNAb estimates reconstruction and recovery needs at USD
587.7 billion over the next decade, while direct damage reached USD 195.1
billion by the end of 2025 [1]. Therefore, sectoral development should be
assessed through output, human, territorial, digital and circular capacity.

2. Methodology. The approach uses the authors' indicators [2]: lcdp =
Vcp/Pop and Icdpt = Vcp/Area, where Vep is construction output, Pop is
population and Area is territorial resource. These indicators measure
development intensity rather than absolute scale, which is important under
population displacement, territorial losses and regional security asymmetry.
The cluster-circular model integrates seven blocks: construction core,
innovation, financing, institutional coordination, circular resources,
territorial logistics and human capital.

3. Results. Authors' calculations based on Ukrainian statistical data,
Eurostat and RDNA5 show that Ukraine remains below the construction
development intensity of selected EU countries [1-3]. In 2025, the estimated
Icdp value for Ukraine is 0.39, compared with 1.16 for Poland, 1.33 for
Germany and 1.48 for Denmark. Scenario projections depend on activation
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of model blocks, external financing, BIM/Digital Twin adoption and circular
reuse. Recent research confirms the importance of collaborative ecosystems,
resource-efficient  practices, interoperability, data integration and
stakeholder coordination [4, 5].

Table 1. Scenario framework for Ukraine's construction sector to 2030

Parameter Pessimistic Realistic Optimistic
Icdp / Icdpt by 2030 0.45/0.40 0.65/0.58 0.85/0.78
Facility / blocks <40%; 1-2 40-70%; 3-5 >70%; 6-7
Digital and circular BIM <15%; BIM 30-50%; BIM >60%;
practices C&D <10% C&D 20-35% C&D >50%
Result by 2030 Partial recovery Grad_ual_ System|c_
modernization transformation

Source: developed by the authors based on [1-5].

4. Conclusions. The scientific contribution lies in combining the authors'
Icdp and lcdpt indicators with the seven-block cluster-circular model and
translating this framework into measurable scenarios for 2030. The realistic
scenario is the minimum policy benchmark for modernization, whereas the
optimistic scenario defines the target trajectory for systemic transformation.
Its achievement requires synchronized investment, digitalization, circular
procurement, regional cluster coordination and professional training.
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BUBIP KOH®IT'YPAIIIl IHBEPTOPHOI HIACUCTEMMU
PE3EPBHOI'O EJIEKTPOXUBJIEHHS HA OCHOBI
MOJAEJIOBAHHSA 3A HACTKOBOI'O HABAHTAKEHHSA
Ph.D., O. 3ryposenun, Dr.Sci., O. exyuma, Ph.D., 1. MaTymkiH,
Dr.Sci., A. 3anopo:xeunb
ITnemumym 3acanvroi enepeemuxu Hayionanonoi axademii nayk Ykpainu, Yxpaina

Anomauia. Pospobneno moodenv 015 NOpiGHAHHA KOH@i2ypayii iHeepmopHOi
niocucmemu pe3epero2o eekmpoicusients 3 bamapecio LiFePO4 enepeoemuicmio
15 kBm-200. Hopisuano ooun ineepmop 10.2 kBm ma 060m00ynvHi KoHpicypayii 3
insepmopamu no 5.5 kBm. Heeusnaueni napamempu émpam i 61aCHO20 CRONCUBAHHS
3a0ano dianazonamu, a ixuil eniue oyineno memooom Moume-Kapno. Adanmuene
NIOKTIOUEHHS OPY2020 MOOYIs 30LMbUIUI0 MEeOIAHHULL YAC Pe3eP8y8aAHHs KPUMUYHUX
Hasanmasicers Ha 3.30%.

Knrouoei cnosa: pesepsne enekmpodcueients, IHEEpmMOpHA niocucmema,
YaACmKO8e HABAHMANICEHHS, 6IACHe Cnodcusanus, akymynamop LiFePO4, uac
pe3epeyeants, ananiz HegUsHA4eHoCmi

Abstract. A model was developed to compare inverter subsystem configurations
for a backup power supply system with a 15 kWh LiFePO4 battery. One 10.2 kW
inverter and two-module configurations based on 5.5 kW inverters were compared.
Uncertain loss and self-consumption parameters were specified as ranges and
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evaluated by Monte Carlo simulation. Adaptive connection of the second module
increased median backup time for critical loads by 3.30%.

Keywords: backup power supply, inverter subsystem, partial-load operation,
self-consumption, LiFePO4 battery, backup time, uncertainty analysis

3a YacTKOBOTO HAaBaHTA)KEHHsI TPHBAIICTh aBTOHOMHOI pOOOTH CHCTEM
PE3EpPBHOTO EIEKTPOKUBIICHHS 3alIe)KUTh HE JIMIIE BiJ 3amacy eHeprii
akymymsatopHoi Oatapei ta KKJ[ imBepTopa, a ¥ Big Horo BIacHOTO
CIOXKMBaHHS, BTPAT NEPETBOPEHHS 1 CIIOKMBAHHS CHCTEMH OXOJOJKCHHS.
OckinbKy BUPOOHHKH IIEPEBa’KHO HABOJIATH JIMIIE MaKCHMalbHE 3HAYCHHS
KK/, st mopiBHSHHS KOH(Irypariii BAKOPHCTAaHO eMITipHYHI MOJIENTi BTpAT
[1, 2] Ta migxoom K0 KepyBaHHS MOAYJIBHUMHE IpKepeldaMu OesrepebiiiHoro
JKUBJIEHHS [3].

Hocmimkeno Tpu KoHbirypamii cuctemu 3 OGartapeero LiFePO4
HOMIHAJIBHOIO eHeproemHicTio 15 kBr-rom: omumn imBeprop 10.2 kBr
(xoHirypawist A), aBa iHBepTOpHI Moayni mo 5.5 kBt y Oe3nepepsHiit
napainenbHii poborti (koHQirypauis B) Ta oquH akTuBHHNA Moaysb 5.5 kBT
i3 MIKITIOYSHHSM JPYroro MiCis MEPeBHIICHHS HaBaHTaxeHHs 4.4 kBt
(xoHiryparmis C).

Jnst ommcy BTpaT iHBEPTOPIB BHUKOPHCTAHO EMITIPHYHY MOJENb 3
ypaxyBaHHSIM BTPAT XOJIOCTOTO XOAY, 3aJIS)KHUX BiJl HABAaHTAXXEHHS BTpAT i
CHOXKMBaHHS CHCTEMH OXOJIO/PKeHHsS. [yl 1BOMOIYIbHMX KOHGIrypamii
BPAaxOBaHO TAKOX CHOXHWBAHHA APYTOTO IHBEPTOPA B PEXKMUMI OUiKyBaHHS Ta
JIOZIaTKOBI BTPATH MapaenbHoi poOOTH i CHHXpOHi3aLil.

Ha ocHOBi Mopmemi BTpaT po3poOJIC€HO PO3PAaxXyHKOBY MOJENb IS
BH3HAYCHHS Yacy pe3epBYBaHHs 3a MpoQiieM HaBaHTAKEHHS Ta JOCTYITHO
eHeprieto Oarapei. Uepe3 BIACYTHICTh TOBHHX €KCIIEPUMEHTATLHUX
XapaKTepUCTHK HEBIOMI MapaMeTpy 3aJaBajiucs Aialla30HaMHu. MeToaoM
Mounrte-Kapio cdopmoBano 20 000 BumagkoBmx HaOOpiB MapaMmeTpiB i
BUKOHAHO PO3PaxyHKH JUIl TPHOX CIEHApiiB: KPUTHYHUX HABaHTaKCHb,
MepioANIHOT POOOTH TEIUIOBOIO HACOCA Ta BHUCOKOI MOTPEOM B TEILIOBIH
eHeprii (Tadum. 1).
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Tab6uuus 1. Po3paxyHkoBuil yac pe3epByBaHHA IJIs TOPIBHIOBaHUX KOH(Irypariit

Cuenapiii A,ron | B,ron | C, rox

Kpurnuni HaBaHTaKEHHS 10.48 | 10.23 | 10,82

Ilepiognuna pobora TeruoBoro Hacoca | 5.20 | 5.14 | 525

Bucoka notpe6a B TEIUIoBii eHepril 340 | 3.38 | 341

[Mocrilina mapanensHa po0OOTa JIBOX IHBEPTOPIB 3MEHIIYE MeliaHHY
TPUBANICTh PE3EPBHOIO JKUBJIECHHA B YCIX PO3IJSIHYTUX CLEHApisX.
AnantuBHa KoHGIrypauis Jae HaOUIBIIMI OPUPICT 33 KPUTHYHUX
HAaBaHTAKEHb, MEHIIMH 3a IMEepioJuYHOI poOOTH TEMIOBOTO HAcoca, a 3a
BHCOKOI TIOTpeOH B TEIUIOBiH e€Hepril BIIMIHHICTE MiX KOHQIrypamisMu €
HE3HAYHOIO.

OTpumMaHi pe3yNbTaTH MOKa3yIoTh, 10 BUOIp KOHQITypaIlii iHBepTOpHOL
IIiICKCTEMH 32 YaCTKOBOTO HABAaHTa)KCHHS BU3HAYAETHCA CITiBBIHOIICHHIM
BJIACHOTO CIIOKMBAHHS 1HBEPTOPIB 1 XapakTepoM HaBaHTa)keHHs. [locTiiiHa
napajeiabHa poOoTa ABOX MOJYJIB MPU3BOIUTH J0 MOJATKOBUX BTPAT, TOII
SK BIJKIIOYEHHs JPYroro MOAYyJs 3a MaJloro HaBaHTAKEHHS MOXKe
30UTBIINTA TPUBAIICTH PE3CPBHOTO JKUBJCHHS. 3alpOMOHOBAHMN ITiIXi
NPUAATHAN Ui TIONIEPEAHBOr0 BHOOPY KOH(Iryparii 3a HEMOBHHX JaHUX
BUPOOHMKA, TPOTE OCTATOYHHH BHOIp NOTpPedye eKCIepPUMEHTaIbHOIO
BHU3HAYCHHS BTPAT iHBEPTOPIB.
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ROBUST STEGANOSYSTEM AS THE FOUNDATION OF
INFORMATION SECURITY FOR MASS CONTROL CHANNELS
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CTIMKA CTETAHOCHUCTEMA SIK BA3UC IHOOPMALIMHOI
BE3ITEKH KAHAJIY YIIPABJIITHHSA
MASS
Dr.Sci., A. Ko6o3esa, K. Tpudonosa,
Ph.D., O. JIe6enena, Ph.D., B. 3opino
Ooecvruil HAYIOHATLHUL MOPCLKULL YHIGepcumem, YKpaina

Anomauia. Icmopuune Hexmy@aHHs KibDepbe3nekorw 6 MOPCuKill eany3i
CHPUYUHUIO KACKAO PYUHIGHUX amaK Ha ¢hnom i nopmu. Y cyuacHomy agmoHoMHOMY
cyononnaecmei  (MASS) 3axucm ingopmayii € Oasucom ocugyvocmi cucmem.
Ocobnuse micye nocioae cme2anocpaia 0 NPUX08YEAHHS KOMAHO YNPAGLIHHA &
YMOBaAX pealbHo20 uacy. Memoto pobomu € (hopMysanHs NOSGHOT cucmemu Kpumepiis
cmiiikocmi  cmezanocucmem  onsi MASS.  Pesynemamom  cmano  Haykoge
OOIPYHMYBAHHS ~ MemOO0A02iuHO20 — 6a3ucy  noOyooeu  BUCOKOWUBUOKICHUX
cmezanocucmem, — iHMeSPOBAHUX Y  OemepMiHO8aHi  Kibepizuuni  KOHmypu
VNPABNIHHA A8MOHOMHUM CYOHOM.

Knruosi cnosa: xibepbesnexa, Mopcvke agmoHoMHe CYOHO, CIMe2aHOCUCHeMd,
cmilikicms cme2anocucmemu, Kibep@isuuna cucmema

Abstract. Historical neglect of cybersecurity in the maritime sector has triggered
a cascade of devastating attacks on fleets and ports. In modern Maritime
Autonomous Surface Ships (MASS), information security serves as the baseline for
system survivability. Steganography occupies a special place for concealing control
commands under real-time conditions. The objective of this work is to establish a
comprehensive framework of robustness criteria for steganographic systems tailored
to MASS. The resulting contribution is the scientific substantiation of a
methodological basis for constructing high-speed steganographic systems integrated
into the deterministic cyber-physical control loops of autonomous vessels.
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Keywords: cybersecurity, maritime autonomous vessel, steganosystem,
steganosystem robustness, cyber-physical system

As the backbone of global logistics and world trade, the maritime
industry directly determines the geopolitical sovereignty, defense capability,
and national security of a state. This makes the fleet and transport
infrastructure critical strategic assets, upon whose uninterrupted operation
the stability of the entire country depends. Traditionally, the conservative
maritime industry relied exclusively on the navigational and physical safety
of vessels.

The rapid pace of shipping digitalization significantly outpaced the
implementation of cybersecurity measures, causing company management
to long view cybersecurity as merely an office-based IT issue detached from
actual maritime operational processes.

The objective of this work is to enable the design of a robust
steganographic system for use within the cyber-physical control system of
an autonomous vessel by establishing a framework of robustness criteria
that accounts for the specific detection vectors of a steganographic channel
in this application domain.

Let us consider the existing steganographic system robustness criteria in
greater detail [1]: resistance to detection of the fact of existence of hidden
information (Ka); resistance to extraction of the hidden information (Ky);
resistance to the imposition of false messages via the steganographic
channel (imitation resistance) (Ks); resistance to recovery of the
steganosystem's secret key (Ka); resistance to attacks against the embedded
message (Ks). Ensuring each of these criteria is critical for a steganographic
system within the MASS architecture. Detection robustness (K1) masks the
channel as legitimate traffic, preventing its targeted identification, blocking,
or tampering by an adversary.

Extraction robustness (K,) prevents the disclosure of critical commands
and the operator's intentions. Imitation robustness (Ks) prevents the injection
of false commands, which a fully autonomous vessel would unconditionally
execute in favor of the adversary. Key robustness (Kas) prevents the
compromise of the steganographic key, which would lead to full adversary
control over the system. Finally, attack robustness (Ks) protects control
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commands from destruction or distortion, preventing a fatal loss of vessel
controllability.

The specifics of applying steganographic systems in MASS lie in
operating within a strictly deterministic time-domain environment. Unlike in
classical steganography, deviations from regulated data transmission
intervals in MASS are flagged by monitoring systems as an anomaly.
Despite the presence of natural network jitter [2], its boundaries are strictly
limited. To avoid channel detection via traffic timing characteristics (rather
than content analysis), the additional latency introduced by steganographic
processing must strictly remain below the natural network jitter.

Thus, for a steganographic system used in the MASS architecture, an
additional specific robustness criterion is necessary, hereinafter denoted as
Ks, the chronometric robustness criterion: the ability of the steganographic
system to perform steganographic processing of an available container
within the defined time regulation of the technological process, such that
additional time overhead does not exceed the limits of natural network delay
fluctuations and does not create timing anomalies for monitoring systems.

In classical steganography, the selected container is prioritized, as its
structure determines throughput capacity and robustness to steganalysis.
Optimal selection of the container or its regions enables absolute robustness,
however, it requires additional time expenditure, which is unacceptable for
MASS.

An alternative is the Al generation of a container tailored to the
steganographic key and hidden information. However, it introduces the risk
of semantic distortions that easily reveal the synthetic origin of the content
and indirectly point to steganographic embedding. Such an attack on
semantic plausibility represents a fundamentally new threat vector,
stemming from the emergence of Al generation and the absence of semantic
analysis in classical steganalysis.

All of the above leads to the necessity of introducing another
steganographic system robustness criterion for its application as part of the
MASS information security system, the criterion of semantic robustness
(K7), defined as robustness to contextual analysis: the impossibility of
detecting the existence of a steganographic channel through the analysis of
the container/steganomessage conformity to the routine operational
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processes of the system utilizing the steganographic system, as well as to
natural physical phenomena (for digital images and digital video).

Thus, K¢ and Ky transform the implicit wvulnerabilities of a
steganographic system in MASS into explicit requirements for its design,
which is a necessary condition for creating a genuinely robust security
system for autonomous vessel control channels.
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Anomauia. 3anpononosano  iHmMeneKMyanbHy —cucmemy —Kepyeamus O
onmumizayii - pe2yn06aHHs. NOMOKIE NOPOJICHIX 6A2OHIE HA  NPOMUCIOBOMY
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nionpuemcmsi. Cucmema nOEOHYE MAMeMamuyti Memoou 00CIIOHNCeHHs onepayiu i3
CYHACHUMU  AN2OPUMMAMU  HEUPOHHUX Mepedc 0N NiOGUUeHHA epeKmugHocmi
nputinamms  piweHv. Bona minimisye excniyamayitini eumpamu, 6paxogyiouu
Mpusanicms MexHiuHo20 00CNY208Y8aHH, YAC NPOCMOIO 8 Yep3i Ha 00CIY208Y8aANHA
ma nepemiujeHHs 6a20HI6 Midic NYHKMAMU HABAHMAIICEHHS Ul PO3GAHMAIICEHHS, WO
3a6e3neuye NiOSUWeHHS. eheKmueHoCmi ma HAOIUHOCMI JI02ICMUYHUX Npoyecie
3GNIBHUYHUX Nepe6e3eHtb.

Knrouosi cnoea: sadaua npusHaueHHs, MAmeMamuyHi Memoou O0CTIONCeHHS
onepayiu, iHMeleKmyaIbHa CUcCmemMa, HepoHHI Mepedici, aneopummu onmumizayii

Abstract. An intelligent control system for optimizing the regulation of empty
wagon flows at an industrial enterprise is proposed. The system integrates
mathematical operations research methods with advanced neural network
algorithms to improve decision-making. It minimizes operational costs by
considering maintenance duration, waiting time in maintenance queues, and
transportation between loading and unloading locations, thereby enhancing the
overall efficiency and reliability of railway logistics operations.

Keywords: assignment problem, mathematical methods of operations research,
intelligent system, neural networks, optimization algorithms.

One of the most important tasks of operational work of railway transport
at an industrial enterprise is the rational use of empty wagons. By its nature,
this task is multi-criteria. The need for a more detailed and narrowly focused
study of the issue of ensuring the development of the enterprise through
logistics optimization remains relevant. Despite significant achievements in
the study of this issue, it is necessary to consider in more detail the issue of
the impact of optimizing the logistics system on the possibility of enterprise
development.

The commercialization of transportation puts forward additional
requirements for the plan for regulating the flow of empty wagons. The
purpose of the research is to develop an intelligent neural network
mathematical model, methods and algorithms for solving the problem of
optimal distribution of control tasks to fulfill service requirements in a
technological production system.

To achieve the goal, the tasks of studying the computational complexity
of the task distribution problem in an intelligent system with various
optimization criteria, developing neural network discrete and continuous
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mathematical models of task distribution in an intelligent control system,
developing neural network algorithms for solving the distribution problem,
investigating the parameters of the algorithms and developing
recommendations for their definition, and developing a software package
that implements the developed algorithm for solving the task distribution
problem in an intelligent control system were considered.

The service system of a technological enterprise is considered, consisting
of m service workstations of various productivity, which must be distributed
among n (n>>m) tasks to be performed. The time ti; of performing the z-th

task on the i-th computer (i=1,m, z :ﬁ) is known. As a result of the
distribution of tasks for each location, a queue of tasks is formed, the

execution time of which at the i-th service location is T, (i=1,m).

max {T 1,... T1} = min, 1)
13 .
HZ\PZ = min @)
j LI .
EZ:Z:('I’, —Tj)2 = min A3)
i=1 j=
i'l’i = min (4)

i=1

where Wz is the time elapsed from the moment the first task started
processing until the moment the z-th task finished processing

In this work, an analysis of criteria (1 - 4) was conducted from the point
of view of the computational complexity of the problem under
consideration, which can be reflected by the complexity classes of the task
of creating schedules with criteria (1 - 4), namely: criterion 1 - class of the
NP problem, criterion 2 - class of the P problem, criterion 3 - class of the NP
problem, criterion 4 - class of the P problem.
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Anomauia. Y cmammi npeocmagieno npaxmuuni numanHsa npoekmyeants ma
BNPOBAOINCEHHS 8e0-3ACMOCYHKY 0N MOOETIO8AHHA Md aHANIZY J102ICMUYHUX
npoyecig 3 GUKOPUCMANHAM MameMamuynux 3acobie mepesc Ilempi. Pospobaenuii
3ACMOCYHOK 00380I51€ NOOONAMU PO3PUE MIdHC QOPMATLHUM ananizom mepedsc Tlempi
ma npaKmudHUM MOOETIOBAHHAM IOZICMUYHUX NPOYECi8, HAdaloyu 6eb-cepedosuiye,
wo noeconye epagpiune pedacysanus, MOOENOBANHS, AHATIMUYHI MOMCIUBOCHI Md
eeoepaiuny gizyanizayito Ha yuiipogsiti mani. Po3pobreno xowmxkpemmi keticu, wjo
0eMOHCIPYIOMb NPAKMUYHY YIHHICMb ma QYHKYIOHAN pO3POOIEHO20 3ACHOCYHKY
07151 MOOEN0BAHH I02ICMUYHUX NPOYecie Ha ocHogi mepedic [lempi.

Knruosi cnosa: mepesci [lempi, mooenroeanns n02icmuyHux npoyecis, geo-
000amok 0151 MOOeN08aHHs Ha 0CHosi Mepedic [lempi, ananiz mepedc [lempi.

Abstract. The paper represents the practical issues of design and implementation

of a web application for logistics processes simulation and analysis using Petri nets
mathematical facilities. The developed application enables to bridge the gap
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between formal Petri net analysis and practical logistics modeling by providing a
web environment that combines graphical editing, simulation, analytical
capabilities, and geographic visualization. Specific case studies demonstrating the
practical value and functionality of the web application for Petri nets-based
modeling of logistic processes are elaborated and discussed.

Keywords: Petri nets, logistic processes modeling, web-application for Petri
nets-based simulation, Petri nets analysis.

In terms of the urgency of the research, based on the review of existing
Petri net software and related academic studies [1-5 and others], it was
proved the necessity to design the application aiming to bridge the gap
between mathematical Petri net analysis and logistics practical modeling by
providing a web environment that combines graphical editing, simulation,
analytical capabilities, and geographic visualization on the map. Therefore,
the purpose of the work is to highlight the practical issues of design and
implementation of a web-based application for logistics processes
simulation using Petri nets mathematical power.

The theoretical framework of the work is made the Petri nets theory
fundamentals, their properties analysis and their applicability to logistics
process modeling [4, 5 and others].

The stages and peculiarities of the authors’ application design and
development are highlighted. The functional and non-functional
requirements for the application are determined, which enabled to define its
architecture, interface, algorithmic and project solutions. It is designed
based on the typical three-layer architecture “client-server—database”. The
server side is built on the FastAPI framework in Python 3.x. HTTP request
processing is realized in synchronous mode using standard Python
functions. FastAPI provides automatic validation of input data based on
Pydantic schemes and auto-generation of interactive APl documentation
determined by the OpenAPI standard.

The client side is implemented in JavaScript based on the React.js library
with a component approach, supplemented by a specialized ReactFlow
library for building an interactive graphical Petri net editor. Data exchange
between the client and the server is carried out via REST API in JSON
format.
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Besides, there were elaborated and specific case studies underlining the
practical value and functionality of the said web application for Petri nets-
based simulation of logistic processes. It can be concluded that developed
application combines the formal analytical capabilities of Petri nets with
modern web technologies and interactive geographic visualization. The
application supports the complete lifecycle of logistics model development,
including graphical model creation, simulation, structural and behavioral
analysis, and visualization of logistics chains on digital maps. The practical
significance of the developed system arose from the possibility of its
implementation both in civilian applications (food logistics, pharmaceutical
supply chains, distribution networks etc.) and in the military domain
(modeling of supply of military units, routing of supply columns, risk
assessment in the supply chain). Therefore, the presented product is a self-
sufficient tool for exploring the properties of logistics networks without the
need to install specialized software. The held comparative evaluation of the
designed application with some existing systems, according to selected
features, important for real logistic tasks solving based on Petri nets
simulation and analysis, testifies that the core limitations of existing systems
are overcome.
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BOKCEJIBHE MOJEJIOBAHHS BIVIMBY HEPIBHOMIPHOI'O
PO3IIOALTY BOJTOKOH HA ITPYKHI BJIACTUBOCTI
BOJTOKHHUCTHUX KOMITIO3UTIB
B. Kuxapes, Ph.D., M. IllanoBanosa, Ph.D., C. Micilopa, Ph.D., O. Boaka
Hayionanvnuii mexuiunuil yHisepcumem « XapKiecoKuil NOLiMexHiuHull IHCImumympy,
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Anomauin. Y pobomi 00cioNCeHO 8NIUE HEPIBHOMIPHO20 PO3NOOITY 60JIOKOH HA
epexmuGHi  NPYICHI  61ACMUBOCI  8OJOKHUCMUX KOMRO3UMi. 3anpononosano
nioxio, w0 NOCOHYE BOKCelbHe MOOeNO8AHHS, — CIMOXACMUYHY — 2eHepayiio
MIKDOCMPYKIMYPU Ma MemooO CKIHYEHHUX eleMEHmMIE Ol YUCEeNbHOI 20MO2eHi3ayil.
Ilposedeno nopisnanus pecyisprux i cmoxacmuunux mooeneiu. Ompumani
pe3ynvmamu  niomeepoHCyromy, Wo HeOOHOPIOHICMb  PO3MAULYBAHHA  B0JOKOH
ICMOMHO 6NIUBAE HA ePEeKMUBHT MEXAHIUHI XAPAKMEPUCTUKY KOMNOZUMHO20
Mamepiany.

Knrwwuosi cnoea: eonoxmucmi KoMnosumu, OKcelbHe MOOENI08AHHS, Memoo
CKIHYEHHUX eeMenmi6, MIKpOCMPYKMypa, NPYICHI 61aCMUE0CI, 20MO2eHI3aYis.

Abstract. This paper investigates the influence of non-uniform fiber distribution
on the effective elastic properties of fiber-reinforced composites. A computational
approach combining voxel-based modeling, stochastic microstructure generation,
and finite element homogenization is proposed. Regular and stochastic
representative volume elements are compared. The results demonstrate that
microstructural heterogeneity significantly affects the effective mechanical
properties and should be considered in the numerical design and analysis of
composite materials.
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Cy4acHi BOJIOKHUCTI KOMITO3UTH IIMPOKO 3aCTOCOBYIOTHCS B aBiaIiiHIH,
aBTOMOOLTBHINA, OynmiBedbHIH Ta MamMHOOYMIBHIA Tramy3sx 3aBISKd
BHUCOKMM TIIOKa3HHKaM IUTOMOI MIIHOCTI, »OPCTKOCTI Ta Majiol Macu.
OpHUM 13 KIIIOYOBHX 3aBJaHb INPH NPOEKTYBaHHI TaKMX MarepialiB €
BU3HAYCHHS 1X e(PEKTUBHUX NPYXKHUX BIACTHBOCTEH. BUIBIIICTh iCHYIOUMX
Mojeneld MIKpoMeXaHiKi 0a3yloThCsi Ha NPHUITYLIEHHI NpPO peryJsipHe
po3TalllyBaHHs apMYIOYHX BOJIOKOH, TOJI SIK peajbHa MIKpOCTPYKTypa
KOMIIO3UTIB XapaKTepH3y€ThCs BHIIAJIKOBHM PO3MOALIOM BOJOKOH Ta
JIOKaJbHOI HeoxHopimHicTio [1]. IrHOpyBaHHSA mHX OCOOIMBOCTEH MOXKe
MIPU3BOANTU A0 MOXHMOOK TN Yac MPOTHO3YBAaHHS MEXaHIYHOI MOBENIHKA
MaTepiairy.

VY po0GoTi HOCHiAKEHO BIUIMB HEPIBHOMIPHOTO PO3MOALTY BOJIOKOH Ha
e(peKTUBHI  TPYXHI  BIACTHBOCTI  BOJIOKHHUCTHX  KOMIIO3HTIB i3
BHUKOPHCTAHHSAM BOKCEJIBHOTO MOIENtoBaHHs. Iy aHamizy chopMOBaHO
NpEeACTaBHUIIbKI  00'eMH Martepiany 3 peryjsipHUM KBaJpaTHUM Ta
CTOXaCTHYHUM PO3TALIYBaHHIM BOJIOKOH, MPEJCTaBlieHi Ha puc.1.

Pucynok 1. PerynspHe Ta cTOXaCTHYHE PO3TAIIYBAaHHS BOJIOKOH Yy
MPECTaBHULIBKOMY 00'eMi KOMITO3UIIIHOTO Martepiaiy.
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CroxacTW4Hi MOJEJ CTBOPIOBAIUCS LUIIXOM BHIIAJIKOBOTO 3MILICHHS
LEHTPIB BOJIOKOH 13 IOTPUMAaHHSM 33/1aHOT 00'€eMHOI YaCTKH apMyBaJbHOTO
Marepialy Ta BHUKIIOYEHHAM iX B3aeMHOro meperuHy. IloOynoBani
MIKpPOCTPYKTYpH OyJIM TepeTBOPEHI y BOKCENbHI CKiHUCHHO-EIEMEHTHI
MOJIeJIl, IO JJ03BOJIMJIO BUKOHATH YHCENbHY TOMOTEHI3allil0 Ta BHU3HAYUTH
e(eKTUBHI NPY)KHI XapaKTEPUCTUKH KOMITO3HTY.

JJis KiTBKICHOT OIIHKH HEOTHOPITHOCTI MIKPOCTPYKTYpH BHKOPHCTAHO
MeToau mudpoBoi 0OpoOKM 300pa’keHb, 32 JONOMOTOI SKHX BHU3HAUCHO
KOOpAWHATH UEHTPIB BOJOKOH 1 pO3PaxoOBaHO BiACTaHI M0 HAWOIMKUIMX
cycigiB. CTaTHCTHYHWHA aHANi3 OTPUMAaHHUX JaHUX IMIATBEPAUB CYTTEBY
HEOJHOPIMHICTP CTOXaCTHYHHX MOJENCH MOPIBHAHO 3 PETYJISIPHOIO
cTpyktypoto. IIpoBeneHe uyucesnbHE MOZENIOBaHHS  MOKAa3ajo, IO
BUIIAJJKOBUI XapakTep pO3TallyBaHHS BOJIOKOH BIUIMBAaE Ha e(eKTHBHI
MOy TPYKHOCTI Ta koedimientn IlyaccoHa, a TakoX NPH3BOIUTH IO
30UIBIIEHHST CTATHCTHYHOTO PO3KWAY MEXaHIYHHMX XapakTepuctuk. I[lpu
IbOMY CE€pelHi 3HAUeHHS MPY)KHUX MapameTpiB 3aJHUIIalOThCs OJU3bKUMHU
JI0 PEe3yJIbTAaTiB JJIsl PEryJsIpHOI MOJeNi, OJHAK CTOXAaCTHYHHUM Miaxin
3HaYHO TOYHINIE BimoOpakae peajJbHy CTPYKTYpy KOMITO3HIIHHOTO
MaTtepiary [2].

OTpumaHi pe3yabTaTH CBig4aTh NP0 JAOIIIBHICTE BHKOPHCTAHHS
BOKCEJIBHOTO MOJICIOBAHHS Ta CTOXacCTUYHMX IIPEACTaBHUIBKHUX 00'eMiB
i 9ac JOCHKCHHS BOJOKHHUCTHX KOMIIO3HTIB. 3aIlpOITIOHOBAHHMNA ITiIXiJT
3abe3nedye OUIBII JOCTOBIpHE IPOTHO3YBAaHHA C(QEKTHBHUX TMPYKHUX
BJIACTHBOCTEH 1 MoXke OyTH BHMKOPHCTaHMH I ONTUMI3alil CTPYKTypH
KOMITO3UIIIHHUX MaTepialiB Ta MiJBUIICHHS TOYHOCTI iX YHCEIHLHOTO
aHamizy.
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LAYOUT AND FRAME STRUCTURES OF THE HTTP PROTOCOL
IN ASYNCHRONOUS AJAX EXECUTIONS ACROSS VARIOUS
WEB FRAMEWORKS

N. Rudnikovall0009-0008-7057-4241] Dy Sci.. O. Barabash?2l0000-0003-1715-0761]
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute”’, Ukraine
EMAIL: 'rudnikova.n.s.-tvz51f@edu.kpi.ua, 2barabash-oleg@IIl.kpi.ua

CTPYKTYPHU MATEPIAJTY TA ®PEMMIB IIPOTOKOJIY HTTP B
ACHUHXPOHHHUX BUKOHAHHSX AJAX HA PI3BHUX BEB-
®PEMMBOPKAX
H. Pyanikosa, Dr.Sci., O. Bapa6am
Hayionanvnuii mexuiunuii ynisepcumem Yrpainu « Kuiscokuii nonimexniunui
incmumym imeni leopsi Cikopcbkoco», Yrpaiua,

Anomauisn. Y 00cnioscenni 00CioNHCyiomovcs CmpyKmypu @Qpetimie npomoxoy
HTTP ma acunxpouni wabnonu euxonanna AJAX y cyuachux eeO-@pelimsopkax.
HlInsixom cucmemamuyno2o ananizy 36opomnux euxnuxie Dash y peanizayisx Django
ma EXpress.js, docnioocenns poszensoae mexanismu POST-zanumis,  scummesi
yuknmu  HeOnoxywuoeo XHR  ma  cmpameeii  iniyianizayii  komnonenmis.
Memoodonociss  euKopucmogye HNOPIGHANbHUL  AHANI3 YUKTIE 3anum-ionosiov,
cepianizayito KOPUCHO20 HAGAHMAICEHHT MA aPXiMeKmypu, KepoaHi NOOIIMU.
Pesynomamu NnOKAa3zyioms, wo posyminua  @gpetimie  HTTP  na  pisnui
ingppacmpykmypu 00360156 3meHwumuy cnpuiinamy sampumxy na 40-60% 3ag0axu
ONMUMI308AHOMY BUKOHAHHIO 360POMHUX BUKIUKIE MA YAPAGIIHHIO JHCUMMESUM
yuknom. Pesyremamu cmeopwoms OCHO8Y 0Nl NPOEKMYAHHA ACUHXPOHHUX
6€0-3ACMOCYHKIE 31  30A1AHCO8AHOI0  NPOOYKMUBHICMIO A  KOPUCHYBAYLKUM
docgioom.

Kniouosi  cnosa: AIJAX-zanumu, ¢peimsopxk Dash, Django, HTTP-
npomoxon, Node.js, acunxponnuu JavaScript, ee6-apximexmypa

Abstract. The study investigates HTTP protocol frame structures and
asynchronous AJAX execution patterns across modern web frameworks. Through
systematic analysis of Dash callbacks in Django and Express.js implementations, the
research examines POST request mechanisms, non-blocking XHR lifecycles, and
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component initialization strategies. The methodology employs comparative
benchmarking of request-response cycles, payload serialization, and event-driven
architectures. Results demonstrate that infrastructure-level understanding of
HTTP frames enables 40-60% reduction in perceived latency through optimized
callback execution and lifecycle management. The findings establish a framework
for designing asynchronous web applications with balanced performance and user
experience.

Keywords: AJAX requests, Dash framework,Django, HTTP protocol, Node js,
asynchronous JavaScript, web architecture

YK 519.876:655.3:676.274

MATHEMATICAL MODELING OF THE FORMATION PROCESS
OF BRAILLE ELEMENTS ON PACKAGING BOARD
PhD, V. Mayik1[0000-0002-6650-2703]‘ PhD, L. Mayik2[0000-0001-8552-0942]’
Ph.D., B. Havrysh3[0000-0003-3213—9747]
Lviv Polytechnic National University, Ukraine
EMAIL: 'vol.mayik.2015@gmail.com, 2ludmyla.maik@gmail.com,
3dana.havrysh@gmail.com

MATEMATHUYHE MOJIEJITFOBAHHS ITPOLIECY
®OPMYBAHHS EJIEMEHTIB LIPU®TY BPAMJISA
HA MAKYBAJIBHUX KAPTOHAX
Ph.D., B. Maik, Ph.D., JI. Maik, Ph.D., B. TaBpum
Hayionanvnuii ynieepcumem «JIvsiscvka nonimexunixay, Yrpaina

Anomauia. Memorw OocniodcenHs € mamemamuyHe MOOeTOSAHHS Npoyecy
Gopmyeanns enemenma wpugmy bpatina na naxysanvnomy xapmoni. Ha ocnogi
EeKCNepUMEeHMANbHUX  00CHi0dCeHb NOOYO08AHO KEAOPAMUYHI  ANPOKCUMAYIUHT
3anexchocmi muny p = p(h) Ona xapmowuié pizHoi noeepxnegoi macu i3
BUKOPUCIAHHAM MeMOOY HAUMEHWUX K8AOpamie i 6Cmanosneno, wo Koegiyicnm
Odemepminayii R? nepebysac 6 meocax 0,92-0,998. Ha ocnosi ompumanux
pe3ynbmamia noby00sano yzazaivbreny mamemamuiny mooens npoyecy p = f(h,ms).

Knrwouosi cnoga: mamemamuuna Mmooenb, Memoo HAUMEHWUX Keaopamis,
JHIUHA IHmMepnonayis, noxubku, wpugm bpaiins, nakyeanvhuil Kapmon.

Abstract. The study aims to develop a mathematical model of the Braille dot
formation process on packaging paperboard. Based on experimental data, quadratic
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approximation functions of the form p = p(h) were obtained for paperboards with
different grammages using the least squares method. The coefficient of
determination (R?) ranged from 0.92 to 0.998. A generalized mathematical model, p
= f(h, m,), was developed.

Keywords: mathematical model, least squares method, linear interpolation,
errors, Braille script, packaging board.

Y  KOHTEKCTI BHUMOI MDKHApOJAHUX HOPMATUBHHUX JOKYMEHTIB
(cranmaptu ISO), €sponeiicekoro Corosy (ITocranosa €C 2004/27/EC) Ta
HaliOHAIBHHUX CTAHIApPTIB OKPEeMHUX KpaiH, 30KkpeMa i B YKpaiHi, TaKOBaHHA
OaratboX KaTeropiii ToBapiB (HampuKian, ¢apManeBTHIHOI MPOIYKIIii)
MOBUHHO MICTHTH OOOBSI3KOBE MapKyBaHHsA ImpudToMm bpaitna s
KOpHCTYBadiB 3 mopymeHHAMHA 30py [1, 2]. OcoOmuBy yBary y mboMmy
KOHTEKCTI TPHUIUIIETBCA SAKOCTI (OPMYBaHHA peNbeQHUX EICMCHTIB
wpudry Bpaiing Ha kapTOHHOMY NaKOBaHHI, Tak sSIK IpaBUJIbHE Ta HaliilHe
34MTyBaHHS iHpOpMallii Ge3mocepeIHO BIUIMBAE Ha OE3MeKy CIOXKUBaYiB, a
OJIHMM 13 KJIIOYOBHMX IapaMeTpiB, 110 BH3HAYA€ HAJIMHICTh TaKTHUIHLHOTO
3YUTyBaHHs iH(pOpMaIlii, € BUcoTa pesibeHOro enementa mpudty bpains.
IMpoBeneno mociimkeHHs Tnpouecy (OpMyBaHHS eleMeHTIB  mpudry
Bpaiins Ha MakyJaTypHOMY HekpeiiioBaHOMY KapToHi Ty MM cepeaHboi
MyXKOCTi. Y TIpoIieci TUCHEHHS] OCHOBHMMH TIapaMeTpaMHy, SKi BIIMBAIOTH
Ha BEIMYHMHY TEXHOJIOTIYHOTO THCKY, € BHCOTa DEIbEPHOTO eJIeMEHTa
mpudry Bpaiins h, MM, moBepxHeBa Maca KapTOHy ms, KI/M?; TOBIIMHA
KapTOHy Zz, MM; 00’€eMHa TyCTHHa KapTOHY p, I/CM’, TOMYy BHXIiJIHHM
rapamMeTpoM MaTeMaTHYHOI MOJIeNli € TEXHOJOTIYHMH THUCK (OpMyBaHHS
penbedHOTO enemenra: p = f (h, ms, z, p). OcKiabKM MK TapaMeTpaMu ms, Z
Ta p CIIOCTEPIraeTbcs BHUCOKHMHA piBeHb Kopeislii, To Oymm moOymoBaHi
KBaJIpaTUYHI ampoKcUMaIiiHi 3anexxHocti tumy p = p(h) mia xapToHiB
pi3HO{ MOBEpXHEBOI MacH i3 BUKOPUCTAHHIM METOly HAafMEHIIINX KBaJpaTiB
1 BCTaHOBJIEHO, 10 Koe(imieHT netepMinaiii R? mepedyBae B mexax 0,92 —
0,998.

Ha ocHOBiI pe3ynbTaTiB €KCIEepUMEHTAILHHUX JOCIIKEHb po3poliieHa
y3araJbHeHa MaTeMaTHYHa MOJEb, sKa MOXXe OYTH BHKOPHUCTaHa SK
IHCTPYMEHT ITPOTHO3YBAaHHs TEXHOJOTIYHOTO THCKY IiJ 4ac (GpopMyBaHHS
eneMeHTiB wWpnudTy Bpaiing Ha makyBaJbHUX KapTOHaX Pi3HOI MOBEPXHEBOT
MacH Ta JuIsd ONTHMIi3alii mapamMeTpiB Mporecy THCHEHHS.
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A CONCEPT OF USING GRAPH FORMAT OF INFORMATION
ORGANIZATION FOR CONDUCTING DISCOURSES
A. Sidielnikoval, Ph.D., N.Rudnichenkg?[0000-0002-7343-8076]
Odesa Polytechnic National University, Ukraine
EMAIL: 19482162 @stud.op.edu.ua, nickolay.rud@gmail.com

KOHIEIIISI BUKOPUCTAHHS 'PA®OBOI'O ®OPMATY
OPI'AHI3AIIII IH(DOPMAI_IIi JJISI MIPOBEJAEHHS JTUCKYPCIB
A. CinenbHikoBa, Ph.D., M. PyaniueHko
Hayionanvnuii ynisepcumem « Odecoka nonimexuixay, Yxpaina,

Anomauin. Busnaueno munogi euKopucmauHs piznux ¢popmamie opeawizayii
inghopmayii (DOI). [0enmupixosano YUHHUKY, WO GNIUBAIOMb HA NPOOYKMUGHICTb
ouckycii. Ilpoananizoeano é3aemodiio 2arona I'iwia ma ad hominem 3 piznumu @OL

Knruoei cnosa: ouckypc, opeanizayia inghopmayii, epaghixu

Abstract. Common usages for various formats of information organization are
defined. Factors with impact on a discussion’s productivity are identified.
Interactions of Gish gallop and ad hominem with various FIO are analyzed.

Keywords: discourse, information organization, graphs

Tpanuuitinumu @Ol B KOHTEKCTI AUCKYCIH € JaHIIOT (PO3MOBH, YaTH)
Ta aepeBo (komeHrtapi, Gopymu). Bei HaBeseHI MPUKIIaTU MAOTh €IEMEHTH
rpagosoro ®OI (mocrinanHs), ane iX 3aHaATO AKTHBHE BUKOPUCTAHHS YacTO
MIPU3BOINTH 10 MOCKJIATHEHHS HaBirallii po3MOBOIO.

Uucri ta HamiBrpagosi POl BHKOPHCTOBYIOTBCA SK 0a3u 3HaHB
(mokanpHi wiki mpoektiB [1], Obsidian [2]), ane ix mpsiMe BUKOPUCTAaHHS
JUI KOMYHIKallii He € mommpeHuM. J[0 MPUYMH MOXXKHA HABECTH BUCOKY

269


mailto:nickolay.rud@gmail.com

International Scientific and Practical Workshop
""Advanced Digital Technologies: Intelligent Systems, Modeling, and

Data-Driven Control" (ADT-ISMDDC-2026)
co-located with ICST-2026 X1V INTERNATIONAL SCIENTIFIC AND PRACTICAL
CONFERENCE

"Information Control Systems and Technologies - ICST-ODESA-2026""

cKiIaaHicTh opranizamii BiamosigHoro Ul y 90-x Ta 00-X, koum
CTaHAAPTU3YBAINCS PILICHHS A THIIOBUX KOMYHIKaliHHUX [03-KEHCiB;
noTpeOy BCTAHOBJICHHS JIOKAJIBHUX IPAaBWI CTPYKTypyBaHHs rpada uis
3a0e3nedeH sl No/anbIIoi HaBiraumii; copMoBaHy CTallicTh BUKOPUCTAHHS
rpadoux POl y pekOMEHIAIHUX CHCTeMax Ta 0a3ax 3HaHb, ¢ JaHWUN
(opmat GyJI0 ONTUMI30BaHO IS YUTAHHS Horo Mamuaamu [3]; Tomro. Brim,
rpagoi POl wMawTe TOTEHHIAT BHPIMICHHS psAAy NEPEmKoa 10
MIPOAYKTUBHUX TUCKYPCIB, 3 AKIMHU CTHKAIOTHCS TpaauIiitHi popmaTi.

MeToro poOOTH € IOCTIMKCHHS AacHeKTiB KOHIEHIli BHUKOPUCTAHHS
rpadoBoro Gopmary oprasizarii iHpopmarii 11 MpoBeACHHS TUCKYPCIB.

Jleski YMHHUKY, 10 BIUIMBAIOTh HA MPOXYKTUBHICTH IHCKYCIi:
PUTOpPHYHI HaBUYKH YYacHUKIB; iHQOPMOBaHICTh YYAaCHHKIB; JNOCTYITHUH
IHCTpyMEHTapili BAKOPUCTOBAHOTO MEJIyMy.

PuTtopuuHi TEXHIKM 4acTO BUKOPUCTOBYIOTHCS HEYCBiTOMICHO (ped), Ta
€ HamnpaBJICHUMH Ha «BHUIpAlD) y JUCKYCIii 3aMiCTh MOLIYKYy icTHHHU. Bapro
3a3HAUUTH, UI0 UIOHAWMEHII B JESIKHX BHUIIaJKax MOJXKHA CIIOCTepiraTu
OUEBH/IHY ONTHMI3aLito mij JaHirorosuit @OI.

Tak, ramon I'imma KOpHUCTyeThCSI 00’€MHICTIO JETAIFHOTO PO3IIISIAHHS
OKPEeMHX TEM, IEeperpyXylouH CITBOECIIHNKA IIBHIKOI 3TaAKOI0 Pty
MOJKJIMBO HETOYHHX TMPHKIAAIB UM apryMeHTiB. Y naHiroroBomy @Ol mina
B3aeMOJii 3 peIulikaMd pocTe 3 iX MaBHICTIO. B3aemomis 3 KOXHHM
€JIEMEHTOM CIHCKY apryMEHTIB MiJBHINY€ IiHY B3aeMOJil 3 iHIIMMH. Y
rpadoBomy DOI 119 TexHiKa HE € ePEKTHBHOIO, TOMY IO I[iHa B3a€MOIIi 3
PEIUTiKor0 pocTe 3 ii AMCTaHI€0 BiJ po3TallyBaHHS Ha rpadi OKpemoro
yYacHHKa MONijaory, a He ii ¢akrtuyroi masHocti. Ad hominem
HaTpaBICHUH Ha AWCKPEOUTALII0 PEIUTiK CIIBPO3MOBHHKA. Y BHIAAKY
naHIoxHoro @OI, SKIIo el MeTo Mae yCIiX, KOKHUH CIiBOSCITHUK Mae
MEepeIMBUTUCS CBOE BIJIHOLIGHHS JO HOro peruik, Lo € JIyxe
€HEeproMiCTKOIO 3aaaueto. SIKIo BiH HE Ma€ yCHiX, MiISTHKA JAHIIOTa 3 Horo
y4yacTio cra€ MycopHorw iHdopmamiero. Y rpadoBomMy QopmaTi KoKHa
OKpeMa peIlTika MOXKe OTPHUMAaTH MOBHOIIHHY OI[IHKY HE3aJeXHO Bij
aBTOPCTBA; KPiM TOTO, PEIUIIKM MOXYTh OYTH PECTPYKTYpOBaHi 3a BUIBHO
BU3HAYEHUMH TPHUHIMIIAMH — CHPOIIEHI apryMeHTH MOXYTb OyTH
BiJIOKpEMIICHI BiJl MiATBEP/UKCHUX, CYMOYpHUI BHKIAA MOl MOxe OyTH
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BUKJIQJIGHUH TTOCIIIIOBHO, KOMIUIEKCHE BiJJHOLICHHS OJUHUIL 3HAHHS MOXKE
OyTHu BiIOOpakeHO, CYTTEBO, MAIIOIO.

[HdopMoOBaHicTh y4aCHUKIB CTa€ MEHILIOI MPoOJIEMOI0, KOIU 10 Oy/b-
SIKOi JIUITHKK  JTUCKYCii MOXKe Tix’emHaThcs Oyab-XTo Oyab-komu. 3
tpaguuiiinumu @Ol mpobnema Bcrae 3 «OyIOb-KOJNM» B CHIY
BUILE3a3HAYCHOT JMHAMIKH POCTY LIHM IHTEPAKLii 3 AaBHIIIUMHU PEILTiKaMH.
Takok BapTO BpaxOBYBaTH 3afHATICTE INPOCTOPY PO3MOBH IOTOYHOIO
TEMOIO; BEJICHHS J[BOX IIJA-TEM 3a pa3 MOXIMBE y JEpeBONOIIOHUX
(dopmartax, ane y JaHIforax MPU3BOJUTH JHIIE O 3HWKEHHA e(DeKTHBHOCTI
oOMiHy iH(opMarmicro 3a oboma Temamu. TakoX, y BHIIQJAKY BHCOKOI
aKTHUBHOCTI 4YaTy HE BCi YYaCHHUKH MOXYTh O3HAHOMIIFOBATHCS 31 BciMa
pemtikamu. Kpim Toro, nesiki Temu (1070 i€0JI0TiH, €eKOHOMIKH, TOIO) €
3aHaITO 00’€MHHMMH Ta KOMIUIEKCHHUMH JJIsl IOBHOLIIHHOTO OOCYMXKEHHS Y
Tpamuiliitaux ¢opmarax. He-ekcrepTH 3a TeMOIO HE 3HAIOTh BCi€l KAPTHUHH,
IO MPHU3BOJUTH 0 MOJIETIIEHOTO PO3MOBCIO/IKEHHs Je3iHdopmarii. ko
SKach JyXe MPOAYKTHBHA JIMCKYCis Ha IpOCTOpax IHTEpHETY JIiHCHO
BinOymacs, ii myxe ckiIagHO 3HalTH Oe3 HAasBHOTO MPSIMOTO TTOCHJIAHHS JI0
Hel. Jesindopmanis Ta iHII BHIIEBKa3aHIi MOMEHTH CTBOPIOIOTH
CaMOBIIEBHEHUX HE-EKCIIEPTIB, SKi MPOJOBXKYIOTh IINKJI XHOHNX apTyMEHTIB.
B Toif ke wac, KoaMm 1[I XMOHI ApryMEHTH CIIPOCTOBYIOTHCS,
HEiHQOPMOBAHICTh  OCTAaTKy CIIUIBHOTH IIOAO IIhOTO  KOHKPETHOTO
CIPOCTYBaHHS IpPHU3BOMATH JAO TOro, IO Ti JK caMi apryMeHTH,
CHPOCTYBaHHS Ta MIMTAHHS BUCIIOBIIOIOTHCS 3HOBY 1 3HOBY.

Buxonsun 3 nux mpo0ieM, MOXKHa HaBECTH HACTYIMHI (YHKIIOHAIbHI
MoTpeOr KOMYHIKaIlidHOT CHUCTEMH, ONTHMI30BaHOI TiJ TPOBEIACHHSI
JOUCKypCiB: MeToAw iH(GOpPMYBAaHHS YYacHHKIB (CTBOpEHa peIulika Ta
aZipecoBaHa pEIUTIKa; HaBiramis TUCKYpcoM (IOIIyK, BiOKpEMJICHHS Ta
IHTEpaKIis 3 TeMaMu/TiATeMaMH/apryMeHTaMH); CTaliCTh Ta JIETKICTh
MONIYKy  BXe  3amucaHoi  iHQopmarii; CcOpTyBaHHS  peIUTIK 32
(YHKIIOHATPHAMH THUIIAMH Ta iX Bi3yanbHa imeHTH(DIKALIS;, MiHIMI3amis
Gap'epiB I iHTepakuUiil 3 cucremoro. Ha naHmit MOMeHT He icHye Menia-
mwiaropmy, sika 6 mokpusana Bei i Momentu. IcHye Obsidian, icHyroTsb
6a3u 3HaHb, ajle BOJIM ONTHMI30BaHI MiJl CTaTUYHE 30€peKEHHs NaHHX, a HE
Juckycii. ICHyrOTh comianpHi Mepexi 3 BUIBHHUMHU TOCHIAHHSIMH MiX
MIOCTaMH, ajl€ TaM € AaKTyaJbHUMH B)XX€ BKa3aHI CKIAIHICTh MOLIyKY

271



International Scientific and Practical Workshop
""Advanced Digital Technologies: Intelligent Systems, Modeling, and

Data-Driven Control" (ADT-ISMDDC-2026)
co-located with ICST-2026 X1V INTERNATIONAL SCIENTIFIC AND PRACTICAL
CONFERENCE

"Information Control Systems and Technologies - ICST-ODESA-2026""

KOHKPETHUX TIOCTiB, ILHMKJI XHOHMX apryMeHTIB Ta HaBiramiiiHa
HETOB'sI3aHICTh OKPEMUX JUCKYCIHl.

B pesysbraTi MOXKHa 3a3HaYMTH, IO BUKOpUcTaHHs rpadoBux POI ms
MDKJTIOJICBKHX KOMYHIKaIii € TEMOI0, BAPTOI0 MOAAIBIIOTO JOCIIIKESHHS.
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ASSESSING THE ATTAINABLE HEAD-ROOM OF EVENT-
TRIGGERED ROUTE RE-PLANNING IN DYNAMIC TRANSPORT
FLOWS
D.Tolkunoy![0009-0000-4670-1134]

Odesa Polytechnic National University, Ukraine
EMAIL: 5693362@as.op.edu.ua

OLIHIOBAHHSA JOCAXKHOI'O PESEPBY INOAIEBO-
KEPOBAHOI'O IEPEIINIAHYBAHHSA MAPHIPYTIB ¥
JAHAMIYHUX TPAHCIHHOPTHHUX ITIOTOKAX
A. TonkyHos
Hayionanenuii ynisepcumem «Oodecvka nonimexuixay, Yxpaina

Anomauia. Memoio pobomu € oyinI08aHHA 6NAUEY MOMEHNY NEPEenIaAHY8aAHHS
Mapuipymy Ha AKicmb Kepylouux piutens. 3anponoHo8ano 0iacHOCMUYHY 6epXHIO
MedACY, WO BUBHAYAE HAUKPAWUT OOCSAICHULL pe3yibmam 3a ikcoeanozo 6100xiceny
nepepaxyukie. Ha peanvnux oanux PeMS ma ERAS5 i3 napuumu Oogipuumu
iHmepeanamu 8CMaHoBIEHO 3HAUYIWULL pe3eps: i0eanbHull GUOIp MOMEHMIE SHUICYE
empamu mapwpymusayii na 36—42 eiocomku ma ckopouye uac noivomy na 21-31
X6UNUHY, MOOI K NPOCMI Mpucepu UKOPUCTIOBYIONb UlLe MATY 1020 YACTHKY.
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Kniouosi cnosa: xepyroui piwienis, nepeniany8anis Mapupymy, mpaHcnopmHi
NOMOKU, 00UUCTIOBATIbHUL O100XCEm, 8epXHA Medca, 008ipyi inmepeanu, Oe3ninommi
anapamu.

Abstract. The work assesses how the timing of route re-optimization affects
control decisions. A diagnostic upper bound defines the best result attainable at a
fixed re-planning budget. On real PeMS and ERAS5 data with paired confidence
intervals a significant head-room is established, since ideal timing lowers routing
regret by 36 to 42 percent and shortens flight time by 21 to 31 minutes, while simple
triggers capture only a small share.

Keywords: control decisions, route re-planning, transport flows, computational
budget, upper bound, confidence intervals, unmanned aerial vehicles.

Automated routing of dynamic transport flows relies on a chain of
control decisions that covers estimating the state of the environment,
computing a route and choosing when to revise it. The first two links are
studied in detail, whereas the third is usually fixed by convention and its
effect on routing quality is rarely measured. The question is practically
significant because every recomputation consumes computing resource,
communication bandwidth and energy.

To quantify this effect a diagnostic upper bound is proposed that, at a
fixed budget of recomputations, greedily selects the re-planning moments
minimising the realised routing cost. Because the bound consults the already
realised state of the environment, it is not a deployable strategy but an
estimate of the best attainable result. The head-room of a policy is defined
as the excess of its cost over this bound according to expression (1).

H(B) = Cpoh'cy(B) - Corac!e(B:] (1)
The study uses three open datasets. For ground flows the hourly PeMS
data and the five-minute PeMSD7 data with a real road-network adjacency
matrix are applied [1], [2]. For long-range flight the ERAS5 wind fields at the
250 hPa level are used [3], and the minimum-time route is built following
the Zermelo formulation [4]. The partitions are chronological, all parameters
are selected on the training part only, and significance is assessed by a
paired bootstrap.
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Table 1. Head-room of ideal re-planning moment selection at a matched budget

Domain Budget Periodic Upper Head-room [95% CI]
strategy bound

Ground flow | 0.7 % 12.75% 7.41% +5.34 [+4.22, +6.59] pp
Ground flow | 2.7% 6.69 % 4.07 % +2.62 [+2.17, +3.08] pp
UAV flight | 2 replans 1430 h 13.77h +31.4 [+20.8, +44.6] min
UAV flight | 5 replans 14.06 h 13.71h +21.1 [+11.9, +32.6] min

The results in Table 1 show that the head-room is significant in both
domains, since no confidence interval contains zero. For ground flows the
ideal choice of moments lowers routing regret by 36 to 42 percent relative to
the periodic strategy, and for long-range flight it shortens the time in the air
by 21 to 31 minutes. A substantial part of the loss is therefore caused not by
the quality of the forecast or of the optimizer but by the moment of
recomputation.

The distribution of this head-room across budgets is presented in Figure
1. The left panel shows that the curve of the upper bound lies markedly
below the periodic strategy over the whole range, while the gap narrows
slowly and is largest at the smallest budget. The right panel compares the
attainable head-room with the share actually captured by the trigger based
on the change of the environment field, and this share amounts to roughly
one sixth.

a periodic b —=- captured by trigger
12 =@~ near-oracle = 401 [ attainable head-room
2 £
o 10 E‘ 304
G >
2 o
@ @
=2
= =]
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Figure 1. Head-room of re-planning moment selection for ground flow (a) and for
UAV flight (b)
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A natural explanation for the difference between the domains appears to
be the periodicity of the environment, yet a controlled model did not
confirm this hypothesis. The advantage of the trigger did not vanish for a
purely periodic signal, since the trigger concentrates the limited
recomputations at moments of rapid change that a periodic signal also
contains. The limiting factor is the informativeness of the trigger signal, that
is its agreement with the cost of holding a stale plan [5].

The moment of re-planning is therefore an independent and measurable
source of control-decision quality, and the proposed upper bound provides a
reference for assessing practical strategies. Further research is directed at
building triggers that estimate the cost of a stale plan directly, and at
validating the results against genuine wind forecasts.
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OHIHKA TOYHOCTI MOAEJKOBAHHSA ITUHAMIYHUX
CUCTEM HA OCHOBI PAHXYBAHHS TIOXUBOK
O. Tarapun, A. UmeneBcbkuii, /1. @inin, 0. Cepoin
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Anomauia. B pobomi eupiuiyemvcs 3a0aya OYiHKU TMOYHOCMI MOOENH08AHHS
OUHAMIYHUX CUCEM HA OCHOBI PAHXCYBAHHA NOXubok. Ompumani pes3ynomamu
NIOMBEPOHCYIOMY, WO 3aNPONOHOBAHUL MEMOO 3MEHULYE 0OUUCTIOBATIbHI BUMPAMU,
3abesneuyiouu npu ybOMy HAOIIHY OYIHKY MOYHOCMI, Ma O00360J4€ eQeKMUGHO
npozHosysamu  noXubku peanizayii O0ns 3a0ay MOOENOBAHHA MA  KepySaHHs
OUHAMIYHUMU CUCTHEMAMU.

Knrouosi croea:. ioenmughixayis; HeniHitiHa OUHAMIKA, NONEPEOHE HAGUAHHSL,
WBUOKICIb HABYAHHS HEUPOHHUX MEPEXC.

Abstract. This paper addresses the problem of evaluating the accuracy of
dynamic system modeling based on error ranking. The results confirm that the
proposed method reduces computational costs while providing a reliable accuracy
assessment, and enables effective prediction of implementation errors for dynamic
system modeling and control problems.

Keywords: identification; nonlinear dynamics; pre-training; neural networks,
training speed:

Introduction

Performing calculations to ensure high-quality optimization of dynamic
system parameters according to various criteria and to organize effective
production and operational control is possible only by developing effective
methods for analyzing the operational processes and accuracy of complex
dynamic system structures that are being designed and developed [1, 2, 3].
The development of these methods gives rise to a complex set of scientific
problems, the solution of which requires a series of scientific studies [4].

The aim of this study is to develop a method for predicting the accuracy
of computational implementations of dynamic system models represented
by classes of differential and integral equations.

The error-based ranking method

The method can be presented as follows:

1. The class criterion is defined a priori. In other words, at the first
stage of the solution, it is necessary to a priori (conditionally) partition the
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initial set of matrices Z into m classes Q;, / = Lm_However, m should not
be chosen too small, since it is clear that the more classes are a priori
defined by the selected criterion, the higher the likelihood of obtaining
classes of “good” quality. Solving practical problems it is advisable to set m
= 10.

2. FTU(F), and the quality measure Co for each class Qj are defined as
J =1, m for the selected norms i ({ = 1,1). Regarding the computation of

F‘_"U(r), and Cjj, the following should be noted. It is advisable to use
numerical methods of analysis in the calculations, which necessitates
replacing the set of matrices Q;, J = Lm  with a finite subset Qin,
consisting of N representative matrices of the set Q;.

3.  Define the classes Q; ,/ = L™ for which Cij <Cio , where C, is the
minimum class quality estimate. We will assume that there are m; such
classes. Next, by appropriately modifying the class criterion, we partition

_5-$ =1m
the set Y.Q. into ™M= subsetsQ. 1= LM 1T TS guen
that"™s, = 7M1 holds.

4. Using cluster analysis methods, m classes are grouped based on a
specified distance function between classes and a class merging criterion.
The classes resulting from this grouping form subclasses. Solving test
problems shows that performing such a classification of the matrices Q;,
J =1, m gjlows for a more efficient estimates of the distribution function

llAx|l; by determining the class Q; to which a specific matrix A belongs and

constructing the distribution function of the values T!‘f"A 1"55"80"1.

Conclusion

A method is proposed for ranking errors in the implementation of
mathematical models of dynamic systems in modeling problems. Unlike the
application of the well-known sensitivity theory, the use of the proposed
analytical estimates in the form of inequalities should be considered
economical and sufficient for further analysis and decision-making
regarding the assessment of the accuracy of the obtained solution.
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JABOBHUMIPHI 306PA’KEHHS KBAAPATUUYHUX MO)IEJIEﬁ
BOJIBTEPPU OKOPYXOBOi CUCTEMU B JIATHOCTHYHUX
JOCJIIZKEHHSAX
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Anomauin. Memowo 0ocniodcennsi € GUBYEHHS GIACMUBOCMEU O0BOBUMIDHUX
306padicens Keadpamuunoi modeni Bonvmeppu oKyIOMOMOPHOI cucmemu J0OUHU.
byno npoarnanizogano 300pacicenus, wo MICMamMb YieHU Nepuiozo ma Opy2o2o
nopaoky nonioma Boavmeppu. [na  nobydosu npocmopy  03HAK,  AKUl
BUKOPUCTOBYEMBCSL 01 OIAZHOCMUKY 8MOMU THOOUHU, OVII0 3ACMOCO8AHO Gelislent-
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nepemeopentst. ¥ yiii po6omi nopieHIOIOMbCS MEMPUKU MOYHOCI KIACUDIKamopie
SVM ons npocmopie 03HaK, wo CKIA0AOMbCa 3 MOMeHmie eelignem-KoeQiyicnmis
Ha Opy2omy piHi 0eKOMNO3UYii.

Knrwuoei cnosa: ncuxogizionoziunuii  cmaH, OKYIOMOMOPHA — cucmema,
MoOentosants, noninomu Bonvmeppu, aiimpexine, mawiunne HA8YAHHA, 6elienem-
nepemeopeHHs..

Abstract. The purpose of this work is to investigate the properties of two-
dimensional images of the quadratic Volterra model of the human oculomotor
system. Images containing first- and second-order terms of the Volterra polynomial
were analyzed. Wavelet decomposition was used to construct a feature space, which
is used to diagnose person’s fatigue. This paper compares the performance metrics
of SVM classifiers for feature spaces consisting of wavelet coefficient moments at
second decomposition level.

Keywords: psychophysiological state, oculomotor system, modeling, Volterra
polynomials, eye tracking, machine learning, wavelet transform.

Today, eye tracking is successfully used in diagnostic applications, such
as assessing fatigue levels or disorders [1, 2, 3]. Eye-tracking-based
diagnostic tasks require the proper selection of features that are informative
for the task at issue. One way to derive a set of features for further machine
learning-based diagnosis is to model the human oculomotor system as a
nonlinear dynamic system. This study used a model of the oculomotor
system represented by a second-order Volterra polynomial. It accounts for
both the linear response of the system and its memory. Data from “input-
output” experiments using the Tobii Pro TX300 eye tracker were used to
construct it. A system identification method based on step test signals with
two different amplitudes was used. The signal consisted of a stimulus
(colored dot) on a white screen, which shifted to the right by a distance
corresponding to the amplitude. The experimental results made it possible to
construct a Volterra polynomial model using the least-squares method.

The transient response and the diagonal section of the quadratic transient
response were obtained for a set of 16 experiments: 8 in the morning,
corresponding to a low level of fatigue, and 8 in the evening, corresponding
to a high level. Images containing the system responses mentioned above
were analyzed. Square images were used to ensure sufficient accuracy. A
size of 1024 was chosen, a power of two, because in wavelet decomposition
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the side length of the square is halved at each level. The eye tracker used has
a sampling rate of 300 Hz, but to ensure compatibility with other devices,
spline interpolation using second-order B-splines was employed.

The images were subjected to second-level wavelet decomposition using
the Daubechies 8 wavelet [4], which is implemented as an orthogonal bank
of filters (low-pass and high-pass). At each level of decomposition, images
are obtained by applying filters in different combinations — namely, LL, LH,
HL, and HH — which correspond to different features.

To reduce dimensionality the moments of the distributions of wavelet
coefficients were used, namely mean, variance, skewness, kurtosis, and the
fifth central moment. The results are given in Table 1 and 2.

Table 1. Results for original dataset classification

Feature pair Accuracy F1-Score
L2_LH_mean & L1_LH_skew 0.8750 0.866667
L2_LH_skew & L1_LH_skew 0.8750 0.866667

L1 LH_skew & L1_LH_kurtosis 0.8125 0.808333
L1 LH_skew & L1 HH_mean 0.8125 0.808333
L2 LL_skew & L1 _LH_skew 0.8125 0.8
Table 2. Results for augmented dataset classification
Feature pair Accuracy F1-Score
L2 HH_mom5 & L1_LH_skew 0.9375 0.936881
L1 LH_skew & L1_LH_kurtosis 0.921875 0.921195
L2 _HH_skew & L1_LH_skew 0.921875 0.920044
L2 LL_skew & L1 LH_skew 0.90625 0.905509
L1 LH mean & L1 LH_mom5 0.90625 0.905258

The classifier metrics for feature pairs from the original datasets and the
augmented dataset, where 1%, 3%, and 5% white noise was added to the
features were compared. The results show that the first-order moments and
their skewness are the most significant. The maximum accuracy achieved
for the RBF-kernel SVM was approximately 0.875 for the original dataset
and 0.938 for the augmented dataset.
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Anomauia. Pozenanymo 3adauy npocno3yeanHs noKasHUKa MAzHimHoOi AKOCmi
KT10valueMax onsa oxpemux gpacmenmis pyou Ha KOHGEEPHILl JIHII cOPMY6aHHs 3a
ciMoma  O3HAKAMU  MASHIMOIHOYKYIUHO20 ma J1a3epHozo  cencopig. Il'amo
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peepeciunux mooeneti nopieuaHo 3a cxemoio GroupKFold (k = 20) 3
Hanawmyeannam  einepnapamempie  Optuna,  Kpumepiem  @Ppiomana  ma
anocmepioprumu mecmamu Hemeni 11 Binkokcona 3 nonpagxor [oama. XGBoost
docaz Hausuwoeo cepeonvbozo R? = 0,790 i cmamucmuuno 3Hauyuje nepesaicus
2pebenesy peapeciio, MOMy PEKOMEHOOBAHUI 00 6NPOBAOIHCEHHS.

Knrouosi cnosa: cencopre copmyeanHsi pyou, MASHIMOIHOYKYIUHUL CEHCOp,
peepecia 3 yaumenem, XGBoost, kpoc-sanioayis GroupKFold, kpumepiti @piomana.

Abstract. Five supervised regression models are compared for predicting the
magnetic quality indicator KT10valueMax of ore fragments on a conveyor-line
sorting system from seven features of two sensors. Generalisation was estimated by
GroupKFold (k = 20) with per-fold Optuna tuning; the score vectors were compared
by the Friedman test with Nemenyi and Wilcoxon—-Holm post-hoc tests. XGBoost
attained the highest mean R? (0.790), statistically outperformed Ridge regression
and is recommended for deployment.

Keywords: sensor-based ore sorting, magnetic induction sensor, supervised
regression, XGBoost, GroupKFold cross-validation, Friedman test.

Average ore grades keep falling, so the removal of waste rock before
comminution remains one of the few measures that reduce cost and
environmental load at once [1]. Sensor-based ore sorting performs this task
on single-piece conveyor lines, and multi-sensor fusion with machine
learning is regarded as the most promising route for complex ores [2]. The
choice of algorithm, however, is rarely justified statistically: performance
gaps on industrial sensor data are often smaller than sampling noise, and
selection by mean score alone is a recognised source of false conclusions
[3,4]. The aim of the study is therefore to compare five supervised
regression models — HistGradientBoosting (HGB), Random Forest (RF),
Extreme Gradient Boosting (XGBoost), Support Vector Regression (SVR)
and Ridge regression — under group-aware cross-validation and non-
parametric significance testing.

The data come from an industrial conveyor-line sorter with a magnetic
induction sensor and a laser scanner and comprise 4,161 measurements from
90 single-sided scans of 45 ore pieces of 14 batches. Seven predictors are
used: Volume, Area, MaxHeight, CenterDeviation, UsedCoilArea,
SensorTemp and SensorValueRAW. Volume and Area are approximations
obtained from a single top-down scan rather than direct measurements.
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Generalisation was estimated with GroupKFold at k = 20, with the scan
identifier as grouping variable, so no scan appeared on both sides of a split.
Imputation and standardisation were fitted on training partitions only, and
each model was tuned per fold by Optuna (100 trials). The per-fold R?
vectors were compared by the Friedman test (1):

12k m 5 m+1
XF = D (B -72) )
where k is the number of folds; m is the number of models; R; is the
mean rank of model j [4]. Rejection was followed by the Nemenyi test and
by pairwise Wilcoxon signed-rank tests with Holm correction (Table 1).
Table 1. Aggregate performance over 20 GroupKFold folds

Model Mean Std R? Min R? Mean Mean
R? RMSE rank
XGBoost 0.7900 0.2138 0.1595 9.32 2.00
RF 0.7768 0.2273 0.1030 10.37 2.70
SVR 0.7141 0.2371 0.1099 22.04 3.10
Ridge 0.6371 0.3336 | —0.3515 15.25 4.20
HGB 0.4288 1.4306 | —5.7159 11.77 3.05

XGBoost attained the highest mean R? and the lowest mean RMSE, with
RF close behind; Ridge remained competitive (0.6371), indicating a
substantial linear component in the mapping. Two folds failed and are
reported rather than removed: HGB reached R? = -5.716 in Fold 3 and SVR
RMSE = 224.49 in Fold 17, where held-out fragments lay outside the
training support.

The Friedman test rejected equal ranks, x*(4) = 20.32, p = 0.000432.
Nemenyi separated XGBoost from Ridge (p = 0.0001) and RF from Ridge
(p = 0.0227); after Holm correction only XGBoost—Ridge survived (p =
0.0027, p_Holm = 0.0271). At k = 10 Wilcoxon—Holm rejects no pair, since
the attainable p-values are too coarse [3,4].

Ensemble tree methods capture the non-additive interaction between
fragment geometry and electromagnetic response through recursive splits,
which explains their advantage over the linear baseline. XGBoost is
recommended for deployment, with RF as a robust alternative; superiority
was established statistically only against Ridge, and non-significant
differences must not be read as equivalence. The principal limitations are
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the approximate single-sided geometry and scan-level rather than piece-

level grouping.
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METOAOJIOI'IA NOBYAOBU HUPPOBOT'O ﬂBIﬁHHKA 10T
CUCTEMUA
€. epouna, Ph.D., I. llIninapesa
Ooecoruii nayionanvuui ynieepcumem im. 1.1 Meunuxosa, Ykpaina

Anomauia. Y pobomi npoananizo8ano cyvacHmi memooonozii nooyoosu
yugpposux ogitinuxie 10T-cucmem, suseneno npodremui micys ma c@opmynbo8aHo
K408l eumoeu. Memolo  Odocniddcenns €  po3pobka  YHIBepcaNbHO20
MemoooN02iuHo20 NiOX00y 00 noGY00su Yu@pogozo OeitiHuka iHopmayitinoi
cucmemu. Y  pesynomami  3anponoHoeano  IHHOBAYIUHY — ANbMEPHAMUEHY
Memooonozito no6yodosu yugposozo osiunuxa loT-cucmemu, sixa 6azyemovcs na
n'samuwaposomy npeocmagienni Oamux ma OyIa YCHIWHO NPOMECMO6aHd Ha
peanbHux NPUCMpOosIx.

Knrwouosi cnoga: 10T, 0T, yugposi ositinuxu, ingopmayitina cucmema,
PO3n0JiNena cucmema, CUHXPOHI3AYisl CMAHIB, AHANI3 OAHUX.
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Abstract. This paper analyzes current methodologies for building digital twins of
10T systems, identifies problem areas and formulates key requirements. The aim of
the study is to develop a universal methodological approach to building a digital
twin of an information system. As a result, an innovative alternative methodology for
building a digital twin of an IoT system is proposed, which is based on a five-layer
data representation and has been successfully tested on real devices.

Keywords: loT, IloT, digital twins, information system, distributed system, state
synchronization, data analysis

Po3BUTOK TEXHONOTIH Ta yCKIaJHEHHS NPOLECIB HA MiIIPHEMCTBAX
CHOHYKaroTh Oi3Hec 30iIbIlyBaTH BIPOBa/KEHHs Hudposizamii Ta
aBromatu3auii. KilloHoBMMHU TEXHOJIOTISIMU B JaHUX 33jauax craioTh [oT Ta
uudposi aBiiiHUKK [1].BnpoBajpkeHHs! MUX TEXHOJIOTIH pa3oM i3 IHIIUMHU
IHCTpyMEHTaMH JI03BOJIJIM BUPOOHMYMM KOMIIAHISIM CKOPOTHTH BUTPAaTH
Ha 5-30% Ta miaABHIIKUT OPOAYKTUBHICT Ha 5-40% [2].

Onnak, interpauis loT Ta noOynoBa UMPOBUX ABIHHHKIB € CKIIaJHOO
3aj1a4ero, OCKUIBKH MOTpedye CTBOPEHHS CHCTEMH, IO 3/1aTHAa: 00poOisTH
TeTepOreHHI JJaHi, OTPUMaHi 3 NMPHUCTPOiB; AUCTAHIIHHO KepyBaTH CTaHAMHU
MPUCTPOIB; 3a0e3medyBaTH MIBHIKAN Ta Oe3leYHHil OOMIH JaHUMH MiX
CHUCTEeMOIO H pealbHUMH TpHCTPOSIMH. CyTTeBHH PpO3BHTOK METOJIB
MAaIIMHHOTO HAaBYaHHS ¥ aHa3y JaHWX HaKJIA/JA€ JIOJAaTKOBI BIACTHUBOCTI,
Taki siIK: 0OpoOKa BEJIMKOro 00’€My [aHUX, B TOMY YHCII 1CTOPHYHHX;
30araueHHsl JlJaHMX KOHTEKCTOM BHKOHAaHHS B paMKax IpoueciB yciel
CHCTEMHU; BUIAJICHHS 3allyMJICHHUX i HEKOPEKTHHX JaHuX [3, 4].

KonnenTyanpHO iCHyI0Wi METOOJOTI] CTBOpEHHS HU(PPOBUX IBIHHUKIB
Ta iHGOPMAaLmiHHOI CHCTEMH MOKHA PO3JAITWTH Ha [IBI OCHOBHI KaTeropii:
apxiTeKTypu nn(pPOBUX IBIHHUKIB Ta MPOIEIypH MIPOEKTYBAHHS MUPPOBUX
JBIMHUKIB. B pe3ymbrari aHamily BHSBIEHO HACTYIHI IPOTAJIUHU:
BIZICYTHICTH YHI()iKOBaHUX YacTHH, 3 SIKMX Ma€ CKJIajaTucs iHdopmaniiina
cucreMa Ta UUQPOBI IBIHHUKK, OOMEKEHAa BIIOBIIHICTH 3a3HAYCHHUM
XapakTepucTukam; (POKyCyBaHHS Ha BHUpILIEHHS KOHKpPETHOI Oi3Hec-3anadi,
0 poOHTh MinXia HeMaciTaboBaHUM Ha iHI ramysi [5].

VY po6oTi 3arpoIIOHOBaHO HOBY METOOJIOTII0 CHCTEMH, IO ONPalbOBYE
mudpoBi IBIMHUKK 1 CKIaJaeTbcd 3 HACTYIHHX IIapiB: INap JaHUX
CepelloBHINa, Map JaHUX MUPPOBUX IBIHHUKIB, IIap 3B’SI3Ky MK IIapoM
JAHUX CEepelOBHIINA Ta IMAPOM JIAHUX ITUPPOBUX JABIHHUKIB, IIap KOHTPOIO
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JaHUX ¥ Imap 3B°SA3Ky MDK [IapoM LU(QPOBUX MABIHHHMKIB Ta IIApoOM
KOHTpOJIIO JaHuX. [IJIs1 KOXKHOTO IIapy OIMCaHa 30HA BiANOBIJaJbHOCTI Ta
KJIFOYOBI BJIACTHBOCTI, IO POOHMTH METOJOJIOTIIO YHIBEpCaJbHOIO JUIs
BUKOPHCTaHHS y pI3HOMAaHITHUX 3ajayax 13 BUKOPHCTaHHSIM pi3HOL
KoMOiHaIi TexHosorid. Jlns ompoOarii migxXoay CTBOPEHO CTEHA i3
BUKOPHUCTAHHAM KOHTposiepa Raspberry Pi 5, momyns pene Waveshare
Modbus RTU Relay (D) Ta nokansHOT0 KOMI I0TEPY, HA TKOMY PO3TOpHYTa
inpopmaniiina cucrema. Ilig gac TectyBaHHS 310paHO HACTYITHI METPHUKH:
00pobneHnx mofii Ha XBHWIMHY — 623.3 i3 cepemHBOIO OOPOOKOIO Bil
KiHEBOTO MPHUCTPOIO Mo iHTep(etica KopucTyBada y 98.2 MimiceKyHOH, IO
JI0Ka3ye poOOTOCIIPOMOIKHICTB 3aIIPOIIOHOBAHOI METOIOJIOTi.

BriM icHye moTpeba y cTraHAapTH3amii MiAXOMIB 10 IMIUIEMEHTAIil
MeToz0JI0Tii, (hopMyBaHHI YHi(IKOBAaHOTO TEXHOJOTIYHOTO CTEKY Ta CTEKY
crnenudikamiid, a TaKOX OUIBII IIMPOKE TECTYBaHHS 13 PO3IIUPEHOIO
KUJIBKICTIO METPHK JUIsl 1IeHTU(iKalii CTaOKUX MiCIb.
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A METHOD FOR CONSTRUCTING A STRATIFIED TEST SET OF
REAL-WORLD UML DIAGRAMS
V. Polishchuk[0009-0000-2161-4560]‘ PhD, V. Skidan[0000-0002-8358-9759]
Kyiv National University of Technologies and Design, Ukraine
EMAIL: knutd@knutd.edu.ua

METO/J MOBYAOBU CTPATU®IKOBAHOI'O TECTOBOI'O
HABOPY PEAJIBHUX UML-AIATPAM
B. Mouaiuryk, Ph.D., B.Ckinan
Kuiscoruii HayionanvHutl yHieepcumem mexHonozii ma ousauxy, Ykpaina

Anomauin. Oyinr06anHs MyIbMUMOOAIbHUX BEIUKUX MOGHUX Modenel y 3adaui
sionoenennss xkody PlantUML 3a 3o6pasicennsim nompebye mecmogoz2o nabopy
peanvhux oiazpam. 3anpononogano memoo no6yo0ogu maxozo Habopy 3 Kopnycy
BIOKPUMUX PENno3umopiis. GIOCIIO8AHHS BUPOOICCHUX 300padicerb, 0edyniiKayis 3a
HOPMANI308AHUM KOOOM, nepesipka muny oiazpamu napcepom, cmpamugikayis sa
CKIAOHICMIO 3 GI3YANbHOK  6ANI0AYIEl0 MA O00OMedNCeHHs HA  Peno3suUmopii.
Pesynvmamom € siomeoproganuil ioxkpumuii mecmosutl Haoip i3 1000 Oiacpam
KAAci6 i nocni008HOCMI.

Kniouosi cnosa: UML, PlantUML, emanonnuii na6ip, mecmosuii nabip,
MYTLMUMOOANbHI  GeNUKi  MOGHI  MOOel, cmpamugikoeana  6ubipka,
8I0MBOPIOBAHICIb.

Abstract. Evaluating multimodal large language models on image-to-PlantUML
reconstruction requires a benchmark of real diagrams. The paper presents a method
for constructing one from a mined corpus: filtering degenerate renders, normalized
deduplication, parser-based validation of type labels, visually validated complexity
stratification, and repository-disjoint sampling. The result is a reproducible, open
test set of 1,000 class and sequence diagrams.

Keywords: UML, PlantUML, benchmark, test set, multimodal large language
models, stratified sampling, reproducibility.

Multimodal large language models can generate PlantUML code from an
image of a UML diagram, but measuring how well they do it requires a
benchmark of real diagrams at a realistic scale. Published evaluations rest on
a few manually inspected examples [1], so the difficulty found in real
software projects is not represented. This work presents a method for
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constructing such a benchmark from a mined corpus. The case study is a test
set of 1,000 class and sequence diagrams, built from an open dataset of
143,427 PlantUML diagrams mined from open-source repositories [2].

In the corpus a multi-block source file splits into several diagrams that
share one blob identifier, so diagrams are keyed by source filename. A
diagram is eligible when the metadata marks it as a pure class or sequence
diagram, its structure was extracted without error, its source is not truncated,
it holds at most 50 elements, and its repository is known. These criteria yield
106,348 candidates. Three filters then remove diagrams whose rendered
image cannot serve as a faithful single-image input: sources that render to
more than one page (309), images clipped by the renderer (595), and images
with an aspect ratio above 8:1 (326). Near-duplicates differing only in
comments or whitespace are removed by hashing a normalized copy of each
source (2,018 class and 1,452 sequence diagrams). Finally, a type-agreement
filter keeps a diagram only when its corpus type label matches the type
determined by the PlantUML parser. It removes 128 class and 309 sequence
diagrams. The resulting pool of 68,331 class and 32,880 sequence diagrams
is therefore guaranteed to parse to the scored type.

The central design choice is the stratification variable for complexity.
The element count was rejected: for sequence diagrams the parser counts
only participants, and its quartiles of 3, 4 and 6 produce degenerate tiers. A
composite index over several size metrics was also rejected, because within
each type the candidate metrics are strongly collinear (Spearman p from
0.58 to 0.90), and the connection count is the least reliable corpus
annotation. The number of non-blank, non-comment source lines was
selected instead. It gives well-spread quartile tiers for both types. Because
the task input is an image, the tiers were additionally validated as monotonic
in visual complexity: the median rendered image area grows across the tiers
of both types (Table 1).

Table 1. Median rendered image area by complexity tier, megapixels

Tier Class Sequence
Q1 0.65 1.36
Q2 1.46 2.89
Q3 3.17 5.38
Q4 10.86 14.75
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The test set is a stratified random sample of 125 diagrams per tier and
type, drawn under a fixed seed, with at most five diagrams from any one
repository, so that no single project dominates a stratum. The benchmark is
published as the filename-key list together with the seed and the quartile
thresholds, so the exact set is reproducible from the corpus [3].

The method yields a reproducible, repository-disjoint benchmark
stratified by a validated complexity variable. None of its steps is specific to
UML.: the same pipeline applies to any corpus of rendered text-based
notation.
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Anomauia. Y 36imi po3enioaemvcs 6nposaodiHcenHs adanmueHo2o KepyeanHs 8
agmoMamu308anili.  YCmaHosyi  0aa  30UpaHMA  3AMKI8 13 BUKOPUCHMAHHAM
npocpamoseanux — aoeiunux — kowmponaepie  (Delta ~ma  Siemens).  3asoaxu
BUKOPUCIAHHIO OQHUX ) DPearvHOMY 4dci aoanmueHuili MoO0yav 3abesneyye
OuHaMiuHe KOpUSYBAHHA YACOSUX Napamempie eupobnuvozo yuxiy. Haeedeno
npuknaou niompumku ¢ cepedosuwgax WPLSoft i TIA Portal, a maxooc onucano
apximexkmypy peanizayii 3 GUKOPUCMAHHAM O000AMK08020 IHMENIEKMYAIbHO20
MOOY/I5i KepyBaHHSL.

Knrwuoei cnosa: ey3on 3amxa Oegepeil, MexHONO2IUHUL Npoyec, A0ANMuUeHe
KepyBamHs, MoOYib KepyeaHHs

Abstract. The report examines the implementation of adaptive control in an
automated lock assembly machine using programmable logic controllers (Delta and
Siemens). By utilizing real-time data, the adaptive module enables the dynamic
adjustment of timing parameters within the production cycle. Examples of WPLSoft
platform and TIA Portal support are presented, along with an implementation
architecture utilizing an additional intelligent control module.

Keywords: door lock assembly, technological process, adaptive control, control
module

Subject of the current study is an industrial unit for door locks
assembling, utilizing automated control via an industrial controller. The
primary goal to develop a technically efficient system adaptable to specific
conditions is achieved by examining the design principles of this type of
machinery, analyzing functionality based on the application, and evaluating
the capabilities of industrial controllers and network architecture.

The complex assembly process, including multiple operations, requires
technical means for parameters assessment and regulator pre-setting. The
implementation utilizes a Delta PLC (WPLSoft) and a Siemens S7-1200
(TIA Portal) within a door lock assembly machine. It comprises the
following major steps:

a start pulse triggers the extension of a pneumatic cylinder;

the time interval between sensors is measured and recorded,;

compensation is applied, and the result determines the timing for the
next cycle;

the logic is implemented using MOV, ADD, and TON functional
blocks.
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A production cycle with adaptive control relies on real-time sensor data
(position estimate sensors such as potentiometric, encoders, inductive or
optical) to dynamically adjust assembly parameters. The use of Raspberry Pi
controller as a primary sensor interface is provisioned to extend data
communication possibilities of the industrial PLC. The integration of
expansion modules for PLCs empowers system adjustment in accordance
with specific requirements without the need for full replacement of
components. As major software means the Delta WPLSoft environment and
Siemens TIA Portal may be used to experiment with different programing
strategies.
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IHTEJIEKTYAJIbHUM AHAJII3 TETEPOTEHHUX JAHUX Y
CUCTEMAX ITPOAKTHUBHOI'O YIIPABJITHHS
EHEPTOCHHOKNBAHHSM CMAPT-OB'EKTIB

Dr.Sci., O. Apcipiiit, Dr.Sci., B. Apcipiii?,
A. Baciabko?, I. KpanToscbkuii®
Hayionanvnuii ynisepcumem «Odecoka nonimexunixay, Yxpaina,
200ecvra depocasna axademis 6yoienuymea ma apximexmypu, Ykpaina

Anomauia. Jlocnioscenns posenadae kuacugikayilo eHepeemuuHux Ccmawuie
cmapm 00 ’€kmie  AK  IHMENeKMyanibHy CKIA008Y HPOAKMUBHO20 YNPAGIIHHA
eHepeocnocusanisim. B sxocmi ananizoeanozo damacemy euxopucmano BDG2,
saxutl cknadaemocst i3 60 000 00606ux 3anucié wo micmsame NOKA3U AIYUTLHUKIE Md
xapakmepucmuku 6y0igenb, a MAKOJNC NO200HI ma KaleHOapHi Oawi. 3a
pesynomamamu knacmepizayii 3a K-Means cgopmoeano mpu 6i0OHOCHI cmarnu
cnoocusants. Jlocniodceno modxcaugocmi mpvox 0azoeux Kuacugikamopie ma ix
ancamonroeanta Ha ocHogi Stacking wooo idenmuixayii cmanie cmapm 00 exkmis.
Haiikpawum pesynomamonm € snavenns Accuracy 64,58 %, Fl-mipa 66,21 %, AUC
83,43 %. Ompumani pezynomamu cgiouams npo NOMIpHy HPUOAMHICIL NIOX00Y Ol
ioenmucpixayii cmawuie cmapm o0 ’exmis.

Knwwuosi cnosa: inmenexmyanvHuili  ananiz  OaHux, 2emepoceHHi  OaHi,
NpoaxkmueHe YNpasniHHs eHepPROCNONCUBAHHAM, CcMapm-o0'ekm, Kiacugikayis,
ancambnesi mooeri.

Abstract. The study examines the classification of smart-object energy states as
an intelligent component of proactive energy consumption management. The BDG2
dataset comprised 60,000 daily records combining meter readings, building
characteristics, weather, and calendar data. K-Means produced three relative
consumption states. Three baseline classifiers and a Stacking ensemble were
evaluated. Stacking performed best, with 64.58% accuracy, a 66.21% F1-score, and
83.43% AUC, indicating moderate suitability for state identification.

Keywords: data mining, heterogeneous data, proactive energy consumption
management, smart object, classification, ensemble models.

Knacuuni cuctemMu KepyBaHHS OMTUTOM pearyroTh Ha Tapu(GHUN CHTHAT
abo xomanny oneparopa [1]. [IpoakTuBHa cxema motpedye OLIHUTH CTaH
OyniBmi mo BuGOpy Aii. J[ist mbOTO AaHHI MOKAa3iB JIYMIBHUKIB aHATI3YIOTh
pa3oM 13 TIOrOJI0I0, KalleHAapeM 1 XapakTepucTUKaMu o00'€kTa, Mo
BIMOBIZA€ TIPAKTHII MOJIEITIOBAHHS €HEPTOCIIOKMBAHHS 33 TAaHUMHU [2].

293



International Scientific and Practical Workshop
""Advanced Digital Technologies: Intelligent Systems, Modeling, and

Data-Driven Control" (ADT-ISMDDC-2026)
co-located with ICST-2026 X1V INTERNATIONAL SCIENTIFIC AND PRACTICAL
CONFERENCE

"Information Control Systems and Technologies - ICST-ODESA-2026""

Mera mochijpkeHHs Toisrae y po3poOIi miaxony 1o imeHTudixamii
SHEePreTUYHUX CTaHIB CMapT-00'€KTa, IO € OCHOBYIO Ul IIOJAJIBIIOTO
MIPOAKTUBHOTO YNPABISIHHAM €HEPrOCIOXHBaHHAM. EkcriepuMeHT oliHioe
KinacuQikaniiHUi KOMIIOHEHT, ajleé He 3HW)KEHHS BHUTpaT, KoMdopT um
JOTPUMaHHs OOMEXEHb MOTYKHOCTI MEPEexi.

Building Data Genome 2 micTuTh noroauHHi nasi 3a 2016 ta 2017 poku
urs ipubnmzHo 1600 OyaiBens i BocbMu THIB JMiuniabHUKIB [3]. [Toka3anHs
arperoBaHo A0 JOOOBHX CyM, MO€IHAHO 3 TIIOTOJOI0 Ta METAaIaHHMHU
OyxiBens 1 BimiOpano 60 000 3ammci. IIpormycku 3aMiHEHO MemiaHAMH,
YHCIIOBI O3HAKM MacmTaboBaHO, HOMIHAJBHI 3MiHHI 3aKOJJOBAaHO METOIOM
one-hot encoding.

Y 100oBOoMy BiKHI OOYMCIEHO CepeJHE 3HA4YCHHsS, CTaHIapTHE
BiZIXWJIEHHS, Koe(ilieHT Bapiauii, TpeHa, MiHIMyM i MakcumyM. Yepe3
BIZICYTHICTB minTBepkeHux MiTok K-Means [4] okpeMo 151 KOXKHOTO THITY
nmiuniapHuKa copmyBaB kimacu Low, Medium i High. I{i mceBmomitku
OIUCYIOTh IOJIOKEHHS 3aIlUCy B PO3IOJLNI €HEProHOCIs, a He KepyBaJbHY
niro. [ToroyHe mokazaHHs JIYWIBHUKA BHIYYEHO 3 O3HAK, II00 3MEHIIUTH
TPSIMAHN BUTIK HITBOBOT iH(pOpMAIIii.

[opiBHsHO JNOTiCTHYHY perpecito, miHiltHy SVM, Gaussian Naive Bayes,
Soft Voting Ta Stacking. ¥V Stacking norictuuHa perpecis 3BaKyBaia
mporHo3u 0azoBux woxpenei [5]. JucOamaHc KOpHTYBaBCS METOIOM
SMOTE, a sixicTb omiHeHO 3BakeHUMU Accuracy, F1-miporo Ta AUC.

Tab6auus 1. Pesynpratu knacudikarii copMoBaHNX eHEpreTHYHHX CTaHiB

Mopnean Accuracy, % Fl-mipa, % | AUC, %
JloricTuuna perpecist 63,57 65,03 82,42
SVM 63,43 64,82 81,94
Naive Bayes 53,08 49,98 71,12
Soft Voting 59,37 58,37 80,23
Stacking 64,58 66,21 83,43
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Haiikpanyi nokasHuku oTtpumano i Stacking, ane mepeBara Han
JMHIAHAMH MOJETSIMH HeBelMKa. HaiiOimbllle TOMWIIOK TpHUIagae Ha
Medium, mexi sikoro mepekpuBaroThess 3 Low 1 High. Omxe, mopeni
JEMOHCTPYIOTh IOMIpHY, a HE BHCOKY 3JaTHICTh BiJTBOPIOBaTH
nicesnomitku K-Means.

[Tixxin onucye eHepreTHYHUIl CTaH 3a ICTOPIEI0 CIOKMBAHHS, IIOT0J00
Ta BIACTUBOCTAMH OynmiBmi. BiH mnpumaTHHA I ZOCHiIKEHHS
ki1acu(ikamifHOi CKIagoBOI NPOAKTUBHOTO EHEPrOMEHEIKMEHTY, alie
e(pCeKTHBHICTF KEpyBaHHS CIiI TEPEeBIPATH OKpEeMO [UIS 3aJaHOTO
MIPOTHO3HOTO TOPU30HTY, TApUPiB, [iii Ta OOMEKECHD.
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IH@OPMAHIﬁHA CUCTEMA IJIsA OHTI/IMI3AI_[II71HOFO
MNPOEKTYBAHHSA TA OIIIHIOBAHHS BATATOBUMIPHUX
CUT'HAJIBHUX CY3IP’iB
Dr.Sci., A. Yyraii'?, Dr.Sci., I'. SlebkoB'?, K. BepereabHux?,

M. Illepouna’

Incmumym enepeemuynux mawut i cucmem im. A. Iliocopnoeo HAHY, Yxpaina,
2Xapxiecokuii nayionanbuuii exonomivnuil yuisepcumem  im. C. Kysneys, Ypaina,
$Xapriscvruii nayionansuuil ynisepcumem padioenekmponiu, Ykpaina

Anomauia. Cyuacui cucmemu 36 83Ky HOmMpedyons 3a8a00CMIUKUX CUSHATTbHUX
cy3ip’ie ma eghekmueno2o eukopucmanns 6a2amosumipHo2o npocmopy. Y pobomi
npeocmasneno inGopmayiuny cucmemy OAs ONMUMIZAYIUHO20 NPOEKMYBAHHA MA
OYiHIOBAHHA  OA2AMOBUMIDHUX —cueHanbHux cy3ip’ie. Cucmema 3abesneuye ix
eenepayilo, eeomempuynull ananiz, mooemosanusi AWGN-kanany, dexodysanus ma
oyinoganus SER. Excnepumenmu 015 4OMUPUSUMIDHUX | WeCMUBUMIDHUX CY3ip I8
niomeepounu it nNpaKmuyHy npUOAmMHicmb.

Knwwuosi cnosa: bacamosumipne cucnanvhe cy3ip’s, iHgopmayiiina cucmema,
2eomempuyne Hopmyeanna, NaKyeanns einepcghep, Cunmes CUSHAIbHOZ0 CY3ip s

Abstract. Modern communication systems require noise-resistant signal
constellations and efficient use of multidimensional signal spaces. This paper
presents an information system for optimization-based design and evaluation of
multidimensional signal constellations. The system supports constellation
generation, geometric analysis, AWGN channel simulation, decoding, and SER
evaluation. Experiments with four- and six-dimensional constellations confirm its
practical applicability.

Keywords: multidimensional signal constellation, information system, geometric
shaping, hypersphere packing, signal constellation synthesis

CyuacHi cHCTeMH 3B 3Ky XapaKTepHU3yIOThCS NOCTIHHUM ITiIBUIIEHHSIM
BHMOT JO HagiHHOCTI mepenaBaHHA iH(poOpMaIii, CcHeKTpambHOI Ta
eHepreTHIHO1 eeKTUBHOCTI. PO3BUTOK OaraTokaHAJIBHUX 1 OaraToHeCydux
cucTeM, a Takok TexHojorik 5G/6G  cTUMYNIOE  BHUKOPHCTaHHS
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0araToBUMIpHHX CHTHANBHHX mpocTopiB [1-2]. I'eomerpu4Ha CTpyKTypa
CUTHAJIBHOTO Cy3ip’st 0e3nocepeHbO BIUIMBAE HAa HMOBIPHICTH HMOMMIIKH,
e(eKTUBHICTh BHKOPUCTAHHS JOCTYITHOI'O MPOCTOPY Ta XapaKTEPUCTUKU
nepenaBanHs iHpopmanii. Tpaguuiitai MeToan MonyJsinii, 30kpema QAM i
PSK, BHMKOpHCTOBYIOTH Hamepel BH3HAueHI CTPYKTYPU CHUTHAJIBHHX
cy3ip’iB, sIKi He 3aBXXIM € ONTHUMAaIBHIMH JIsl 0araTOBUMIPHUX IPOCTOPIB i
KaHaJIB i3 JOAATKOBUMH aMIUITyIHIMHU Ta €HEPTETHIHUMH OOMEKCHHAMH.
OmHuM 13 TEpCIeKTHBHUX HANpsIMIB € TeoMeTpHdyHe (opMyBaHHA
CHUTHAJIBHUX Cy3ip’iB, 3a SKOro KOOpAWHATH CHTHAJIBHUX TOYOK
BHU3HAYAIOTHCS I[UIAXOM ONTHMi3amii. Y IbOMY BHMAJKy IMiJABUIICHHS
MiHIMaBHOI EeBKIIIOBOi BiICTaHI MiX TOYKAMH Ja€ 3MOTYy 3OiIBIIUTH
TrEeOMETPUYHMKA  3amac A0 IIOMWIKH JeKoayBaHHs. ['eoMmeTpuyHa
IHTepIpeTalis 3aaa4i JO3BOJISIE BCTAHOBHTH OC3MOCEPEIHIN 3B’SI30K Mik
CHUHTE30M CHUTHAJILHHX Cy3ip’iB 1 3aauero nakyBaHHs rinepcdep. CUrHanbHi
TOYKH PO3IJISIAFOTHCS SIK LIEHTPH OJHAKOBHMX HENEPEeTHMHHHX Timepcdep y
3ajaHiii OaraToBMMIpHiH obOsacti. Paniyc Takux rinepcdep BU3HAYAETHCS
MIHIMAJILHOO TOMYCTUMOKO BIJICTAHHIO MK CHTHAJIbHUMHU TOYKaMu. Takum
YHHOM, ONTUMI3AIHUN CHHTE3 Cy3ip’ss MOxe OyTH c(hOpMYIbOBAHHHA SK
3aada po3MilIeHHS HEMEepeTHHHUX Timepcdep i3 MaKCHMi3alier IXHBOTO
pazniyca 3a 3alaHuX OOMEXeHb Ha PO3MIp CUTHAJILHOTO HPOCTOPY, €HEPTio
Ta aMIDITYAY.

Jns peamizamii Takoro miaxomy po3poOieHo iH(opMaliiiHy cuctemy
ConsteOpt, sika 00’€Hye B OAHOMY NPOTPaMHOMY CEpEIOBHIII OCHOBHI
eTany JOCIIJUKeHHsT 0araTOBUMIPHHMX CUTHAJbHUX Cy3ip’iB. ApXiTekTypa
CHUCTEMH MAa€ MOJYJbHY CTPYKTYPY Ta BKIIIOYAE IiJICHCTEMH CHHTE3Y
cy3ip’iB, TeOMETPUYHOrO aHaji3y, MOJEIIOBAHHS KaHaly, JIeKOJyBaHHS,
OI[IHIOBAHHSI XapaKTEpUCTUK TepeAaBaHHs, Bidyamizalii Ta 30epexeHHs
pesynbrariB. Taka oprasizaiisi 3abe3medye TMOCTIIOBHUN TMeEpexin Bif
3aJaHHA TapaMeTpiB 3aadi 10 OTPHUMAaHHSI ONTHMi30BaHOI KOHQIryparii Ta
eKCIIEPUMEHTAIILHOT IepeBipKy i1 XapaKTepUCTHK.

OCHOBHUM OOYMCIIIOBAILHUM KOMIIOHEHTOM € MOIYJIb CHHTE3Y
cUrHajubHUX cy3ip’iB. KopucryBau 3amae  po3MIpHICTH CHUTHAJIBHOTO
IIPOCTOPY, KUTBbKICTH CHMBOJIB, aMIUIITYZHI Ta €HEpreTHYHi OOMEXEHHS,
cTparerito onTuMizamii Ta Kpurepii 30ixkHOCTi. Ekcnepumenranbhe
TMOCITI/DKEHHST TPOBEACHO JUIS YOTHPUBHMIPDHUX 1 MIECTHBUMIPHUX
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CUTHAJBHUX Cy3ip’iB, c(OpPMOBaHMX 3a JONOMOIOI0 JKaaiOHOro Ta
IHKPEMEHTAJIbHOTO ~ aNTOPUTMIB MakyBaHHsA rinepcdep. Jns  koxHOT
KOH(pirypaiii aBTOMaTHYHO OOYHCIIOBAIUCS MiHIMalbHA CBKJIIJOBA
BiJICTaHb, paliaJIbHUN PO3IIOALN, CIEKTP MOMApPHUX BiACTaHEH, CTPYKTypa
KOHTaKTIB Ta CHEpreTHYHI Xapakrepuctuku. [lepenaBanHs MoaenoBanocs B
AWGN-kaHa 3 BUKOPHCTaHHIM METONy HaiOmmk4oro cycima ta Monte
Carlo-monentoBanust 3a pisuux 3naueHb SNR. Po3pobGrena indopmaniiina
cucteMa  ConsteOpt  3a0e3medye  MOBHHH LUK JOCIIKCHHS
0araTOBUMIpHIX CHTHANBHUX CY3ip’iB - BiI 1X ONTHUMI3aliifHOTO CHHTE3Y Ta
TEOMETPUYHOTO aHAJi3y IO MOJCIIOBAHHS IIepelaBaHHs, NEKOTYBaHHS Ta
ouinroBanHs SER. MonyneHa CTpyKTypa CHCTEMH J03BOJISIE PO3LIMPIOBATH
1l HOBMH QJITOPUTMAaMHK OITUMI3allil, MOJCISIMUA KaHaIIB Ta iH(opMaIliiiHo-
TEOPETHYHUMHU  KpHTepismu. OTpuMaHi pe3yabTaTH MiATBEPAKYIOTH
JIOLJIbHICTh BUKOPHCTAaHHS 3allPOIIOHOBAHOI'O IIPOIPAMHOTO CEPEAOBHIIA
JUISL  JIOCHIJDKEHHST Ta TPOEKTYBAaHHA OaraTOBUMIPHMX  CUTHAJIbHUX
KOH(Irypartii y cy4acHuX cUcTeMax 3B’SI3KY.
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