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Pedepar:

1. Incepralist € KOMIVIEKCHUM JIOCJIiIKEHHSIM 3 MOJIEJIIOBaHHS1, PO3POOKU Ta 3aCTOCYBaHHS iHpOpMaLifiHOI
TEXHOJIOTii po3MNi3HaBaHHA rpadiyHoi iHpopmallii Ha OCHOBI HEMPOHHOI MePEXi. AKTYyaIbHICTh TEMU JOCIiIKEHHS
006YMOBJIIO€ThCST (PAKTOPAMU BAXKJIMBOCTI po3Mi3HaBaHHS rpadivyHoi iHpopmallii, IpaKTUYHOTO 3aCTOCYBaHHS
TEOpPeTUYHUX OCHOB pPO3Ili3HaBaHHs rpadiuHoi iHpopmallii Ha 0CHOBI BucOKoedeKTUBHUX pilleHb. Ha gaHomy eramni
PO3BUTKY NIPAKTUYHOTO 3aCTOCYBAHHS TEOPETUYHUX OCHOB PO3Ii3HaBaHHS rpadidHoi iHpopmalii 3anumaoTbCs
HEBUPIilIEeHNMH TPOGIEMU: SIKICHOTO BUIiJIEHHS KOHTYPiB; aBTOMaTU30BaHOTO BUIiJIeHHSI 00 €KTiB; BapiabeIbHOCTI
IIPOCTOPOBOTO PO3TallyBaHHS OO'€KTIB Ta iX pO3Mi3HaBaHHS; IPAKTUYHOI'O 3aCTOCYBAHHS METOIOJIOTYHUX
pO3po6oK B po3mi3zHaBaHHi rpadiyHoi iHdopMaliii; skicHoi knacudikanii 06'eKTiB po3nizHaBaHHs. Po3mnizHaBaHHS
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06po6ku iHdopmaiiii. 3azadi, mos'a3aHi 3 inenTudikauieo i Kacudikarier 06 eKTiB Ta CUTHAJIIB HA OCHOBI
00MEe>KeHOTr0 Habopy BIACTUBOCTEN, € aKTyaJIbHUMU B Fayly3sx, TaKUX SIK pOOOTOTExHiKa, iHpOpMaLiiHNi TOIYK,
MOHITOPUHT i aHaJIi3 Bi3yasJbHUX JAHUX, 4 TAKOX Y JOCJIiIPKEHHSX WITyYHOTO iHTEIeKTy. AIrOpuTMiuHa 06pobKa Ta
ki1acudikauisg 300pakeHb 3aCTOCOBYIOThCSI B CUCTEMAX 0€3I1€KH, KOHTPOJIIO OOCTYILY, BipTyaJlbHiil peasbHOCTI Ta
iHhbOpMAaLiIHUX OIIYKOBUX CUCTEMAX. Y 3B 13Ky 3 PO3LIMPEHHSIM BUKOPUCTAHHS CUCTEM BIPTyasIbHOI PEabHOCTI
Ta PO3BUTKOM T'e¥iM iHAYCTPIi, a TAKOXK y 3B 3Ky 3 TUM, 110 CTBOPEHHS TPUBUMIPHUX MOJIETIEN rependayae
IoNepeHe IePeTBOPEHHS! IBOBUMiPHUX 300pa)K€Hb, BUHMKAE [TMTAHHS PO HEOOXiTHICTh €(PEKTUBHOTO NIpOLECy
nepetsopeHHs 2D 306paxens y 3D mopesi. Yumainy posib y BUPilI€HHI 3a3Ha4€HUX IP0o6jieM HabyBae CTBOPEHHS
IIPOrpaMHUX KOMIIJIEKCIB | MATEMAaTUYHOTO anapary, 3aCHOBAaHMX Ha 3aCTOCYBaHHI HEIPOHHUX MEPEX, €EKCIIEPTHUX
cucreM i KibepHeTuku. OcobsvBa yBara NpuyjiijieHa ITYy4YHUM HEPOHHUM MepeskaM (a0 IIPOCTO HEMPOHHUM
Mepexkam) — 064K CIIOBAIBHUM CUCTEMAaM, 1[0 BYAThCS HA JAHUX CIIOCTEPEXEHBD 32 JOIIOMOIOI0 IIPOLECY
OINTHMI3allii, KOJIM TapaMeTpy MOl iTepaTUBHO KOPUTYIOThCS, 100 MiHIMi3yBaTH Pi3HULIIO MK IPOTHO30BaHUM
pesynbTaToM i pakTUyHUM pe3ysbraToM. HellpoHHi Mepexi, i, 30KkpeMa, 3ropTKoBi HelipoHHi Mepeski (CNN-
convolutional neural network), m1poko BU3HaHi CBO€I0 ePEKTUBHICTIO B aHaNi3i BidyasbHUX 300paxkeHb. CNN - 1je
KJIac MoJjiesielt IIM60KOoro HaByaHHs, CrelianbHO 06J1afHaHUX [J1s1 MOZesiel I1IM60KOro HaBYaHHsl, CIeliaJlbHO
obnanmHaHi 1711 06po6Ku 2D-300paskeHb. BOHM CKJIafjaloThCs 3 KiJIbKOX IIapiB HEBETMKUX HEMPOHHUX KOJIEKIIiH, M0
00pOOGJISIIOTh YaCTUHY BXiHOTO 300pa>KEeHHS, SIKi Ha3MBAIOThCS PELIENITUBHUMH NMOJISIMU. Pe3yibTaTh IUX KOJIeKILil
IIOTiM PO3MIlIYIOTBCS TaK, I[06 BOHU HAKJIAAAJIACS OJMH Ha OJHOTO [1J1 KPalloro IpefCTaBIeHHs BUXiIHOrO
300paskeHHS, 110 € KiIo40Bo0 ocobusicTio CNN. Kpim Toro, BoHu iHBapiaHTHi 4o nepexiamy, TO6TO BOHM MalOTh
3/1aTHICTb ineHTHiKyBaTU 00’€KT K OIHAKOBUIA, KOJIU BiH 3'SIBJISIETHCS B Pi3HUX NogaHHsX. i pyHKuii HamaoTh
CNN 3paTHicTb (piKCyBaTH CKIaIHI Aa6JI0HU B IPOCTOPOBIH i 4acoBii 06J1aCTSIX - ACIEKT, KU € KIIOYOBUM Y
3aBraHHi 3D-pexkoHcTpyKuii 3 2D-306paxkens. LITy4Hi HEIIPOHHI MepesKi TaKOXX MalOThb IIepeBary B 06pooLi
3alIYMJIEHUX, HETIOBHUX 200 HEOTHO3HAYHUX JAHUX - CLIeHapiil, IKWii 3a3BU4all 3yCTpivaeThCs B 334a4ax 06poodKu
300pa’keHb. BOHM 31aTHI BUTAryBaTH 3Hauyllli XapaKTE€PUCTUKU HaBiTh i3 HEJOCKOHAIMX JaHUX (3aIIyMJIEHHS,
IIPOIIYCKH, Iy6JliKaTy, IPOTUPIdYsl), 3abe3ne4dyouy TaKUM YMHOM HafliliHiCTh po6oTu Mozeri. Ha nomatok 1o uporo,
HEeMPOHHI Mepexi, a TouHime CNN, MaloTh 31aTHICTb PO3Mi3HaBaTH iepapXxiuHi ma610HU B fanux. Hanpuknazn, y
3aBaHHSX 00POOKM 300paskeHb BOHU MOXYTb ieHTU(iKyBaTU Kpai Ta rpaflieHTH KOJIbOPiB Ha HIDKYOMY PiBHI, a
(opMU 4K YaCTMHU 06'€KTa — HA BUIIOMY PiBHI. 1151 GyHKIiOHANBHICT Ma€e NIE€PIIOYEProBe 3HAYEHHS B TaKMX
3aBIIAHHSX, K 3D-pEeKOHCTPYKILis, SIKi BUMAraioTh, 106 MOJIeJib BUSIBJISIJIa BUCOKOPIBHEBI OCOGIMBOCTI Ta 3B'SI3KU Y
2D-306pakeHHsX. [IpakTHyHa 3HAUMMICTh HAyKOBUX pe3yJibTaTiB. CripoekToBaHa B po6oTi 3acobamu CASE-
texHosorii ERwin iHdpopMatiiiiHa TexHoJsoris po3nidHaBaHHs rpadivyHoi iHpopmallii Ha OCHOBi HEMPOHHOI Mepexi,
poO3Mi3HaBaHHS KpecJjieHb Ta TpaHc@opMallii 3 BU3HaYeHUMH 30BHIIIHIMU BIJIMBAMU Ha Hei Ta B3aeMofii mpolieciB
BCEPEIVHI CUCTEMHU Ja€ MOXJIMBICTb TPOrPAMHO peaslizyBaTy IPOTPaMHi 3aCTOCYHKH [1J1 PO3B'SI3aHHSI 3aBJjaHb
posmnizHaBaHHs rpadiyHoi iHbopmallii Ha OCHOBI HEIPOHHOI MepeXi Ta mepeTBOPeHHs iHhOopMaIiiHUX MaCUBIB i3
IBOBEKTOPHOTO IIPOCTOPY Y TPMBEKTOPHUI. PO3p006sieHi afropuTMu Ta apxiTeKTypa IPOrpaMHOro AOJATKY, SIKi
6a3yl0TbCsl HAa CTBOPEHi Mopei kinacudikaTopa rpadiuHux 306paskeHb Ha OCHOBI IOKPUTTIB KiaciB Ta EK
MPUMITHBIB /1J1s minBuieHHs edbektuBHOCTI HaBYaHHS CNN, 103BOJIs10TS B 1,5-2 pa3u 3MEHIIUTYA O0YUCTIOBAJbHI
BUTpaTH Ha HaBuyaHHS CNN Ta 10 2 paziB 3MEHIIUTH CyMapHY [10Xn6Ky HaB4aHHs CNN, 1o 3a6e3nedye 3MeHIIEHHS
PECypPCOEMHOCTI Ta NOXMOKU po3Ii3HaBaHHs rpadivHoi iHpopmallii Ha OCHOBI HEMPOHHOI MepeXi Ta NepPETBOPEHHS

iHpOopMaLiiiHUX MACHBIB i3 JBOBEKTOPHOI'O TPOCTOPY Y TPUBEKTOPHUI.

2. The thesis is a comprehensive study on the modeling, development, and application of information technology
for graphic information recognition based on neural networks. The relevance of the research topic is determined
by the importance of recognizing graphical information and the practical application of the theoretical foundations
for recognizing graphical information based on highly effective solutions. At this stage of practical application
development, several unresolved issues remain in the theoretical foundations of graphical information recognition:
quality contour extraction; automated object extraction; variability in spatial placement and recognition of objects;
practical application of methodological developments in recognizing graphical information; and high-quality
classification of recognition objects. Visual image recognition is a crucial component of management and



information processing systems, automated systems, and decision-making systems. Tasks associated with
classifying and identifying objects, phenomena, and signals, characterized by a finite set of certain properties and
features, arise in fields such as robotics, information retrieval, monitoring and analysis of visual data, and artificial
intelligence research. Algorithmic processing and classification of images are applied in security systems, access
control and management, virtual reality systems, and information search systems. Moreover, with the broad
implementation of virtual reality systems and the development of the gaming industry, and considering that a 3D
model is initially created as its 2D version, an acute need arises for the rapid conversion of two-dimensional
images into three-dimensional models. A significant role in solving the mentioned problems is played by the
creation of software complexes and mathematical tools based on the application of neural networks, expert
systems, and cybernetics. Particular attention is given to artificial neural networks (or simply neural networks) -
computing systems that learn from observational data through an optimization process, wherein model
parameters are iteratively adjusted to minimize the difference between the predicted outcome and the actual
result. Neural networks, especially convolutional neural networks (CNN), are widely recognized for their
effectiveness in analyzing visual images. CNNs are a class of deep learning models specifically designed for
processing 2D images. They consist of multiple layers of small neuron collections that process parts of the input
image called receptive fields. The outputs from these collections are arranged so they overlap for a better
representation of the output image, a key feature of CNNs. Moreover, they are translation-invariant, meaning they
can identify an object as the same when it appears in different representations. These functions allow CNNs to
capture intricate patterns in spatial and temporal domains - a critical aspect in the task of 3D reconstruction from
2D images. Artificial neural networks also excel in processing noisy, incomplete, or ambiguous data - a scenario
commonly encountered in image processing tasks. They can extract significant features even from flawed data
(noise, missing values, duplicates, contradictions), ensuring the model's reliability. Additionally, neural networks,
specifically CNNs, can recognize hierarchical patterns in the data. For instance, in image processing tasks, they
might identify edges and color gradients at a lower level and shapes or parts of an object at a higher level. This
functionality is paramount in tasks like 3D reconstruction, which require the model to detect high-level features
and relationships in 2D images. Practical significance of the scientific results. The information technology for
recognizing graphical information based on neural networks, drawing recognition, and transformation, designed in
the study using CASE technology ERwin, considering external influences on it and the interaction of processes
within the system, provides the opportunity to implement software applications to solve tasks of graphical
information recognition based on neural networks and converting data from bi-vector space to tri-vector space.
The developed algorithms and software application architecture, grounded on the created model of graphical
image classifiers based on class coverages and elementary classifiers (EC) of primitives to enhance CNN training
efficiency, allow a 1.5-2 times reduction in computational costs for CNN training and up to a 2-fold decrease in the
overall training error of CNN. This ensures a reduction in resource intensity and error in recognizing graphical

information based on neural networks and transforming data from a bi-vector space to a tri-vector one.
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HayKOBa (HayKOBO—TeXHi‘{Ha) llpo,uyKI.(iH: TEXHOJIOTii; METOIU, TeOPii, rinoresu
ConiasibHO-€KOHOMIYHA CIPSIMOBAaHICTh:

OxopoHHi gokymeHTH Ha OIIIB:

BrnpoBaaKeHHS pe3yJIbTaTiB AHCEPTalii: BuposamkeHo

3B'A30K 3 HAYKOBHMH T€MaMH: 01220001549

VI. BizomocCTi Ipo HayKOBOr0 KepiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Xapuenko OnexkcaHnp AHATOIIOBUY

2. Oleksandr Kharchenko

KBasigikanis: k.r.u., nor,, 05.23.01

InenTudikarop ORCHID ID: 0000-0002-9255-9287
JoparkoBa inHdpopmamuist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: [lepKaBHUI TOPrOBEIbHO-€KOHOMIYHMIA YHIBEPCUTET



Kopg 3a €EAPIIOY: 44470624

Micue3Haxoa KeHHS: sy Kioro, 6yz. 19, Kuis, 02156, Ykpaina
dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu
InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETCHKUI

VII. BizomocTi npo odiliiHuX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OTIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. HazapkeBu4 Mapis AngpiiBHa

2. Mariia Nazarkevych

KBasigikanis: n.1.1., npodecop, 21.05.01

InenTudikarop ORCHID ID: 0000-0002-6528-9867

JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuil yHiBepcuTeT "JIbBIBCbKA OITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micuesnaxo,rm(eunﬂ: ByJ. CrenaHa bangepu, 6yz. 12, JIbsis, 79013, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH: YHIBEPCUTETCHKUI

Baacwue IlpizBume Im'a Ilo-6aTbKOBI:
1. KiktreB Mukosna OneKkcaHapoBrUY

2. Mykola Kiktyev

KBasigikanis: . . u., gor., 05.13.07
InenTudikarop ORCHID ID: 0000-0001-7682-280X
JoparkoBa iHpopmamist:

IloBHE HaliMEHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii yHiBEpCUTET 6iOpECYPCiB i

NPUPOIOKOPUCTYBaHHS YKpaiHu

Koz, 3a €IPIIOY: 00493706

Micue3HaxoaKeHHS: By ['epois O60ponu, 6y, 15, Kuis, 03041, Vkpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAayKu YKpaiHu



InenTudikarop ROR:

CeKTop HayKH: YHiBEepCUTETCHKUI

Penensentu

Baacwue IlpizBume Im's Ilo-6aTbKOBI:
1. Tamanit Bonogumup ®enopoBuy

2. Volodymyr Hamalii

KBasigikanis: n.¢.-m.u., mpodecop, 01.04.03

Inentudikarop ORCHID ID: 0000-0001-7544-7470

JonaTkoBa iHdopmalist:

IToBHE HaﬁMeHyBaHHﬂ IOPUIUYHOL 0CO0H: Jlep>kaBHUII TOPrOBEJIbHO-€KOHOMIYHUIl YHiBEPCUTET
Kopg 3a €APIIOY: 44470624

Micue3Haxoa KeHHS: By Kioro, 6yz. 19, Kuis, 02156, Ykpaina

dopma BracHOCTI: /lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETCHKUIL

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. Bnacenko Jligiss OsiekcaHapiBHa
2. Lidiia Vlasenko

KBasigikanis: k.r.u., gou,, 05.13.07

ImenTudikarop ORCHID ID: 0000-0002-2003-6313

JonaTkoBa iHdopmalist:

IToBHE HaﬁMeHyBaHHﬂ IOPUIHUYHOL 0CO0H: Jlep>kaBHUII TOPrOBEJIbHO-€KOHOMIYHUI YHiBEpCUTET
Kopg 3a €PIIOY: 44470624

Micue3Haxoa KeHHS: By Kioro, 6yz. 19, Kui, 02156, Ykpaina

dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBEpCUTETCHKUI

VIII. 3aKkJII04Hi BiZOMOCTi

Biacue Ipizumie Im'st [To-6aTbKOBI Pocknanka AHApi#t AHATOMROBIY

TOJIOBH pajgu



BaacHe IlpizBume Im's I10-6aTbKOBI Pockrazika AHzIpiii AHATOMIOBIY

TOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasibHUMH 3a HiATOTOBKY Kapuna Xoposbcbka

00JIiKOBUX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallilo HAayKOBOIi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




