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Pedepar/anoTamis:

1. lucepranifina po6oTa nmpucBsYeHa po3poobili Moesiel i MeTOoiB MigBUIeHHST e(peKTUBHOCTI aHCaMOJIeBOi
xiacudikauii 306pakeHb Ha OCHOBI CTeKiHI'y HelpoHHUX Mepex (HM) ni1s 3acTocyBaHb 3 HEBEJIMKMMU PO3MipaMu
300pakeHb Ta OOMEKEHVMM HaBYaJIbHUMU BUOipKaMu. MeTo po60TH € MiBUIIEHHS SIKOCTI Kiacudikanii ta/abo
3MEHILIEHHS 00CsTy OOUMCIIEHb IIpY aHcam61eBil kiacudikauii 306paxkeHs 3i ctekinrom HM misixom po3po6ku
BiZIMOBIIHUX HEPOMEPEKEeBUX Mofesiel i MeToiB. Jyisl MOCSITHEHHSI MeTU PO3B’sI3aHO Taki 3aBHaHHs: - [IpoBectu
aHali3 nigxoiB aHcambs1eBoi kacudikallii 306pakeHb, 0 3a0€3MeYy0Th MiJBUIIEHE CIiBBiAHOLIEHHS SIKOCTI Ta
06cAry 00UnCIeHb B YMOBAax HA3bKOI PO3[iIbHOI 3MaTHOCTI 1 AediuuTy nqaHux. - PO3po6uTy MOAEsb Mepuoro
cTymeHs: aHcambiieBoro kiacudikaropa 3i crexkinrom HM Ta MmeTo[ Bu3Ha4YeHHs {i CTPyKTypHO-TIapaMeTPUIHUX
03Hak. - Po3pobuTy Mofiesb Ipyroro CTyneHs ancambseBoro kiaacudikaropa 3i crekinrom HM. - Jocainutu
3aCTOCYBaHHS PO3pO0JIEHUX MOJiesied i MmeToay 1J1s Kiaacuikalii 300paskeHb B aBTOHOMHUX POOOTOTEXHIYHUX
KoMIIeKkcax. O6'eKT JOCIiIPKEeHHS — ITpoliec aHcaMmb61eBoi kiacudikallii 306pakeHb B yMOBaX HU3bKOI pO3ibHOL

31aTHOCTI Ta JediluTy HaBYaJbHUX JaHuX. [IpegmeT JocipKeHHs — Mogenli 1 MeToy aHcambs1eBoi kiacudikarii



300paXkeHb 3i CTEKIHTOM HEMPOHHUX MePeX. Pe3ysibTaTi IPYHTYIOTbCS HA TEOPil HEMPOHHUX MEPEsK, MaTPULIb,
IMOBIpHOCTE! i MaTeMaTUYHOI CTATUCTUKY, & TAKOXK METOJaX JIiHifHOI anrebpy Ta QyHKIIOHATBHOTO aHAai3y
(Teopis anpokcuMaliii Ta po3kiafaHHa y psau). Ha ocHOBI fociiskeHb po3B’s13aHO HayKOBE 3aBJJaHHS: — PO3POOKa
MOJIeJli Ta MEeTO/ly HapOIllyBaHHS KiJIbKOCTi HelipoMepek Ha NepuIoMy CTyIeHi B aHcambeBux KiacudikaTopax 3i
crekinrom HM; - po3BUTOK Mofiesielt 06’eJHaHHS pe3yJIbTaTiB 6a30BUX MEPEK Ha IPYrOMy CTyIeHi knacudikaropa.
HaykoBa HOBM3Ha OTPUMAaHUX Pe3yJIbTaTiB: 1. BIOCKOHANIEHO MOJI€JIb IEPLIOTO CTYIIEHS aHCaMOJIEBOTO
kiacugikaropa 3i crekinrom HM f1J151 HU3bKOPO3AiIbHMX 300paskeHb 3a feiluTy AaHUX MIISIXOM JOJIaBaHHS [0
6a30BuUX Ki1acu@ikaTopiB iXHiX KJIIOHIB, HaBU€HUX Ha BUOipKax, CpOPMOBAHNUX 32 BU3HAUEHUMHU OIlEpaTOpamMu
IIEPETBOPEHHS. 2. Brieplie 3aporoOHOBaHO METO/], BUBHAYEHHS CTPYKTYPHO-TIapaMeTPUYHMX O3HAK MOZEi
IIepIIOro CTyIIEeHs aHCaMOJIl0 Ha OCHOBI OIllepaTopiB IOBOPOTY Ta LIMKJIIYHOTO 3CYBY BXiIIHUX 300pakeHb. 3. Briepiie
3anponoHoBano mogenb HM MLP-KAN, siKa Biflpi3HSI€TbCA Bifj KJIACUYHOTO MEPLENTPOHA 3aMiHOIO IIEPLIOTO
IpUXOBaHOro mapy Ha mwap Kosmoroposa-ApHonbia (KAN). Lie yMOX/INBUAIO OAHOYACHE HAaBYAHHS (PYHKILi
aKTUBAllii Ta Bar, CKOPOTUBIIM KiJIbKiCTh HaBYaJIbHUX MMapaMeTpiB 3i 36epeskeHHSIM TOYHOCTI. 4. BIocKkoHaneHo
MOJeJIb IPYTOTro CTYyIEeHsl aHcaMbieBOro kiacudikaropa uuisixom 3amini MLP Ha aganToBany mozenb MLP-KAN 3
ypaxyBaHHSM crieln @ik BUXiZHOrO BEKTOPA O3HAK [1€PHIOTo CTYIEHS, 10 3MEHIINIIO 004YUCIII0BAJIbHI BUTPATHU 6€3
BTpaTu SKOCTi. Po6oTa BukoHaHa 3rinHo 3 imaHom HIIP HY «Opeceka nositexHika» 3a rpanTom HOIY N2 131/0161
«BrkoprCcTaHHS WTYYHOrO IHTEJIEKTY /AJ1s i BUILEHHS SIKOCTi BUSBHAYEHHS BUOYXOBUX IIPUCTPOiB
MYJIbTUCEHCOPHUM APOHOM-MiHomyKadyem» Ta HIP N2723-43 «Po3pobKa iHTeIeKTyaJIbHUX CEHCOPIB
IUCTaHLIMHOTO KOMILJIEKCHOTO MOHITOPMHTIY Aerpajanii rpyHTiB IOBOEHHUX TEPUTOPi». [IpakTuyHe 3HaYEeHHSA
pesysnbTaTiB nossirae y: 1. IligsummenHi axocTi kiacudikalii y cucremax peajabHOro 4acy 3 06MesKeHUMU
00YHMCIIIOBAJIbBHUMU PECypcaMu ¥ HaBYaJIbHUMU BUGIpKaMU. 2. 3MeHIIeHH] 06CAry HaB4aJlbHUX BarOBUX
Koe(ilieHTiB y monesix cTekinry HM 3i 36epeskeHHsIM TOYHOCTI. 3. CTBOPEHHI apxiTeKTyp 3 BUCOKUM piBHEM
napasesizarii o6ynceHs 11 06pobku 300pakeHb y peaslbHOMY daci. Aipo6aliist Ta BIIpoBai>KeHHsI: Pe3yibTaTu
BIIPOBa>KeHo y 13 MyJipTHCEHCOPHOro ApoHa-MiHomykaya (rpant HOZIY N2 131/0161, nosigka N2 1009 /64-07 Bix
11.06.2026), y po3pobkax HIP N2 723-43 3 nucTaHLiiHOrO MOHITOPUHTIY Aerpafauii I'pyHTiB (mosigka N2 1009 /64-07
Biz 11.06.2026), a TakoX B ocBiTHbOMY Tponeci HY «Opecrpka nonitexHika» (mosigka N2 1008 /64-07 Bix 11.06.2026).
[Ty6mixanii: 3a MaTepiasaMu JOCTiIKeHHs OIy0JIikoBaHO 8 HAyKOBUX ITpalp: 6 ctareil (2 y $paxoBUX BULAHHSIX
kareropii «b», 4 y nepionnyHMX BUJAHHAIX YKpaiHy, 10 iHAEKCYIOThCS y SCopus) Ta 2 Te3U [O0NO0Binel Ha
MiXKHApOJHUX KOH(epeHLisx (Scopus).

2. The dissertation is devoted to the development of models and methods for improving the efficiency of ensemble
image classification based on the stacking of neural networks (NN) for applications with small image sizes and
limited training datasets. The aim of the work is to improve classification quality and /or reduce the volume of
computations in ensemble image classification with NN stacking by developing corresponding neural network
models and methods. To achieve this aim, the following tasks were solved: - Analyze approaches to ensemble
image classification that provide an increased ratio of classification quality to computational volume under
conditions of low image resolution and data deficit. - Develop a first-stage model of an ensemble classifier with NN
stacking and a method for determining its structural-parametric features. - Develop a second-stage model of an
ensemble classifier with NN stacking. - Investigate the application of the developed models and method for image
classification in autonomous robotic complexes. Object of research - the process of ensemble image classification
under conditions of low image resolution and a deficit of training data. Subject of research - models and methods
of ensemble image classification with the stacking of neural networks. The findings are grounded in neural
network theory, matrix theory, probability theory and mathematical statistics, computational methods of linear
algebra, and functional analysis (approximation theory and series expansion of functions). Based on the research,
the following scientific task has been solved: - developing a model and method to scale the number of neural
networks at the first stage of ensemble classifiers with NN stacking; - advancing models for combining primary
network outputs at the second stage of the classifier. Scientific novelty of the obtained results: 1. The first-stage
model of an ensemble classifier with NN stacking for low-resolution images under data deficit was improved by
supplementing basic classifiers with their clones trained on samples generated via defined transformation



operators. 2. For the first time, a method was proposed to determine the structural-parametric features of the
first-stage ensemble model based on rotation and cyclic shift operators applied to input images. 3. For the first
time, the MLP-KAN neural network model was proposed, which differs from the multilayer perceptron by
replacing the first hidden layer with a Kolmogorov-Arnold (KAN) layer. This enabled simultaneous learning of
activation functions and neuron weights, reducing the number of trainable parameters while maintaining
accuracy. 4. The second-stage model of the ensemble classifier was improved by replacing the MLP with an
adapted MLP-KAN model tailored to the first-stage output feature vector, reducing computational costs without
compromising quality. The work was carried out in accordance with the R&D plan of National University "Odesa
Polytechnic” under NRFU grant No. 131/0161 "Use of artificial intelligence to improve the quality of explosive device
detection by a multisensor mine-detecting drone" and R&D project No. 723-43 "Development of intelligent sensors
for remote complex monitoring of soil degradation in post-war territories". Practical significance of the results: 1.
Improving classification quality in real-time systems constrained by limited computing power and training
samples. 2. Reducing trainable weight parameters in NN stacking architectures while preserving accuracy. 3.
Developing data-processing architectures with high parallelization capability for real-time image processing.
Approbation and implementation: Results were implemented in the software of a mine-detecting drone (NRFU
grant No. 131/0161, implementation certificate No. 1009 /64-07 dated June 11, 2026), in theoretical developments
under R&D project No. 723-43 on remote soil degradation monitoring (certificate No. 1009 /64-07 dated June 11,
2026), and in the educational process of National University "Odesa Polytechnic" (certificate No. 1008 /64-07 dated
June 11, 2026). Publications: The research findings are published in 8 scientific works: 6 journal articles (2 in
category "B" peer-reviewed journals of Ukraine, 4 in Ukrainian journals indexed in Scopus) and 2 conference
abstracts indexed in Scopus.
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