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Pedepar:

1. Incepraliist € KOMIVIEKCHUM JTOCJIIKEHHSIM 3 MOJIEIIOBAHHS, pO3POOKU Ta 3aCTOCYBaHHS iHPOpMaLiliHOI
TEXHOJIOTii po3Mni3HaBaHHA rpadiyHoi iHpopmallii Ha OCHOBI HEMPOHHOI MepeXi. AKTyaJIbHICTb TEMU JOCIIiKEHHS
00YMOBJIIOETHCS (PAKTOPaMU BaXKJIMBOCTI pO3Mi3HaBaHHs rpadiyHoi iHpopMallii, IpakKTUYHOTrO 3aCTOCYBaHHS
TEOPETUYHUX OCHOB pO3Ii3HaBaHHs rpadiuHoi iHdopmallii Ha OCHOBI BUCOKOeEKTUBHUX pilleHb. Ha nanomy erami
PO3BUTKY ITPaKTUYHOT'O 3aCTOCYBaHHS TEOPETUYHNX OCHOB pO3Ii3HaBaHHs rpadivyHoi iHpopmalii 3anumaioTbest
HEBUPIllIEeHMMHU TPOGJIEMU: SIKICHOTO BUMIiJIEHHS KOHTYPiB; aBTOMaTU30BaHOT'O BUIiJIEHHS 00 €KTiB; BapiabeIbHOCTI
IIPOCTOPOBOTO PO3TalIyBaHHS OO'EKTIB Ta iX po3Mi3HaBaHHS; TPAKTUYHOTO 3aCTOCYBAHHS METOIOJIOTIYHUX
PO3p06OK B posnizHaBaHHI rpadivHoi indopmarii; skicHoi knacudikanii 06'ekTiB po3nizHaBaHHs. Po3nizHaBaHHS
Bi3yaJIbHUX 00pasiB € CyTTEBUM KOMIIOHEHTOM aBTOMAaTU30BaHUX Ta,/ab0 iHTeeKTyaJIbHUX CUCTEM YIIPaBJliHHS Ta
06po6ku iHdopmaliii. 3azayi, nos'a3aHi 3 inenTrdikauieio i Kacudikaliero 06 €KTiB Ta CUTHAJIIB HA OCHOBI
06MeXXEeHOT0 Habopy BIACTUBOCTEN, € aKTyaJIbHUMU B rajy3six, TakKuX sIK pOOOTOTEXHiKa, iHpopMaLifiHNil IOUIYK,

MOHITOPUHT i aHaJi3 Bi3yaJIbHUX JaHUX, & TAKOX Y AOCJIIPKEHHSX MITyYHOTO iHTeJIeKTy. AITOpUTMiuyHa 06poOKa Ta



ky1acudikallisi 300pa’keHb 3aCTOCOBYIOThCSI B CUCTEMAx O€3MeKU, KOHTPOJIIO JOCTYITy, BipTyasybHill peasbHOCTI Ta
indopMauifHUX MONIYKOBUX CUCTEMAX. Y 3B 43Ky 3 PO3IIMPEHHAM BUKOPUCTAHHS CUCTEM BipTyasibHOI PeaibHOCTi
Ta PO3BUTKOM T'e¥iM iHAYCTPIi, 8 TAKOXK y 3B 3Ky 3 TUM, 110 CTBOPEHHS TPUBUMIPHUX MOJIETIEN rependayae
[oIepeHe IePeTBOPEHHS IBOBUMIPHUX 300pPa>K€Hb, BUHMKAE [TATAHHS NIPO HEOOXiAHICTh €(EKTUBHOTO NPOLECY
nepetBopeHHs 2D 306paxens y 3D mogeni. Ynmany posb y BUPillleHHi 3a3HaY€HUX NIp06JieM HabyBae CTBOPEHHS
[IPOrpaMHUX KOMILJIEKCIB | MATEMAaTUYHOrO arnapary, 3aCHOBaHMX HA 3aCTOCYBaHHI HEIPOHHUX MEPEX, €KCIIEPTHUX
cucreM i kibepHeTuku. OcobsvBa yBara NpujiiJieHa ITYyYHUM HENPOHHUM MepeskaM (a0 IPOCTO HEMPOHHUM
Mepexkam) — 0O0UKCIIOBAIbBHUM CUCTEMAaM, 1[0 BYAThCS HA JAHUX CIIOCTEPEXEHD 3a JOIIOMOIOI0 IIPOLECY
onTUMi3allii, KoM MapaMmeTpu MOJieli iTepaTUBHO KOPUTYIOThCS, 11106 MiHIMi3yBaTH Pi3HULII0 MK ITPOTHO30BaHUM
pesynbTaToM i pakTUyHUM pe3ysbTaToM. HellpoHHI mepexi, i, 30KkpeMa, 3ropTKoBi HelipoHHi Mepeski (CNN-
convolutional neural network), m1poko BU3HaHi CBO€I0 e(PEKTUBHICTIO B aHai3i BidyasbHUX 300paxkeHb. CNN - 1je
KJ1aC MOJieJieil rInbOKOro HaBYaHHS, CHELiaIbHO 00aTHAHUX M1 MOJejiel TIMO0KOTO HaBYaHHS, CIIELiaIbHO
obsanHaHi 111 06po6ku 2D-300paskeHb. BOHM CKJIafjaloThCs 3 KiJIbKOX IIapiB HEBEIMKUX HEMPOHHUX KOJIEKIIil, M0
00pOOJISIIOTh YaCTUHY BXiJHOTO 300pa>KEHHS, SIKi Ha3MBAIOThCS PELIENITUBHUMH NMOJISIMU. Pe3ysibTaTh IUX KOJIeKLil
IIOTiM PO3MIIIYIOTBCS TaK, I[06 BOHYM HAKJIAIAIMCS OJIMH Ha OJIHOTO /1S KPalloro MpefCcTaBJleHHs BUXiIHOTO
300paskeHHS, 110 € Ki1040Boio ocobubicTio CNN. Kpim Toro, BoHu iHBapiaHTHi o0 nepexiany, TOOTO BOHM MaloTh
3/1aTHICTb ineHTHiKyBaTU 00'€KT K OJHAKOBUIA, KOJIU BiH 3'SIBJISIETHCS B Pi3HUX NogaHHsX. i pyHKuUii HamaoTh
CNN 3paTHicTb (piKCyBaTH CKIaJHI A6JI0HU B IPOCTOPOBIH i 4acOBil 06J1aCTSIX - ACIEKT, IKUI € KIIOYOBUM Y
3aBraHHi 3D-pexkoHcTpyKuii 3 2D-306paxkens. LIITy4Hi HEIIPOHHI MepeXi TaKOXX MalOTh IIEpeBary B 06pooLi
3alIyMJIEHUX, HETTIOBHUX 200 HEOJHO3HAYHUX JaHUX - CLieHapiil, IKWii 3a3BU4all 3yCTpivaeTbCs B 334a4ax 06poodKu
300pa’keHb. BOHM 31aTHI BUTArYBaTH 3HAUYIlli XapaKTEPUCTUKU HaBiTh i3 HEJOCKOHAIMX JaHUX (3allyMJIEHHS,
[IPOIIYCKY, Iy6IiKaTh, IPOTUPIvYs), 3abe3edyour TaKUM YMHOM HaliiiHiCTh po60oTH Mozerti. Ha nonatok mo 1poro,
HelpoHHI Mepexi, a Tounime CNN, MaloTb 3[1aTHICTh po3Mi3HaBaTy iepapxiyHi ma6aoHu B fanux. Hanpukiag, y
3aBJaHHSIX 00POOKM 300pa’keHb BOHU MOXYTb ileHTU(iKyBaTU Kpai Ta rpaflieHTH KOJIbOPiB HA HIDKYOMY PiBHI, a
(opMU 49U YaCTMHU 06'€KTa — HA BUIIOMY PiBHI. 1151 GpyHKIiOHA/NBbHICT Ma€e NEPIIOYEProBe 3HAYEHHS B TaKMX
3aBIAHHSX, K 3D-PEKOHCTPYKIis, SKi BUMAaraioTh, 06 MOIeJIb BUSIBIISITIA BUCOKOPIBHEBI OCOBJIMBOCTI Ta 3B'I3KU Y
2D-306pakeHHsX. [IpakTHyHa 3HAUUMICTh HAyKOBUX pe3yJibTaTiB. CipoekToBaHa B po6oTi 3acobamu CASE-
texHoJiorii ERwin iHgopMaliliHa TexHoorist po3nisHaBaHHS rpadiyHoi iHpopmallii Ha OCHOBI HEMPOHHOI MepeXxi,
pO3Mi3HaBaHHS KpecJieHb Ta TpaHc(opMallii 3 BU3HaYeHUMMH 30BHIIIHIMU BIJIMBaMU Ha Hei Ta B3aeMmofii nmpouecis
BCEpeAVHi CCTeMH A€ MOKJIMBICTb IPOrPaMHO peaslizyBaTy IPOrpaMHi 3aCTOCYHKH [1JIs1 PO3B’s13aHHS 3aBIlaHb
posmnizHaBaHHs rpadiyHoi iHdbopmallii Ha OCHOBI HEHPOHHOI MepexXi Ta mepeTBOpPeHHs iHhopMalifHUX MacUBIB i3
IBOBEKTOPHOTO NIPOCTOPY Y TPMBEKTOPHUI. PO3p006IIEH] alrOpUTMH Ta apxiTeKTypa IPOrPaMHOrO AOJATKY, SIKi
0a3yl0TbCsl Ha CTBOPEHiN Mogeni KinacudikaTopa rpadiyHux 306pakeHb Ha OCHOBI IIOKPUTTIB Kjacis Ta EK
MPUMITUBIB /1715 minBuieHHs edbekTuBHOCTI HaB4aHHSI CNN, 103B0JIsA10TS B 1,5-2 pa3u 3MEHIIUTYU O0YHUCTIOBAJIbHI
BUTpaTH Ha HaBuyaHHI CNN Ta 10 2 paziB 3MEHIINTH CyMapHY [10Xn6Ky HaB4aHHsI CNN, 1o 3a6e3nedye 3MeHIIEHHS
PECYpPCOEMHOCTI Ta NOXMOKY pO3Ii3HaBaHHs rpadivyHoi iHpopmallii Ha OCHOBI HEMPOHHOI MEepPEXi Ta MePETBOPEHHS

inopmaniitHNX MacHBIB i3 IBOBEKTOPHOIO IIPOCTOPY 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-TeXHiYHa) MPOMYKILiSl: TeXHOJIOT]; METOAHM, TEOPii, rinoTe3u
ConiasIbHO-€KOHOMIYHA CIIPSIMOBAHICTh:

OxopoHHi gokymeHTH Ha OIIIB:

BrnipoBazykeHHs pe3yJIbTaTiB AUCePTalii: BiposamkeHo

3B's130K 3 HAYKOBUMH TeMaMH: 01220001549

VI. BizomocTi Ipo HayKOBOr0 KePiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

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

2. Oleksandr Kharchenko

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

InenTudikarop ORCHID ID: 0000-0002-9255-9287

JopaTrkoBa inHdpopmamnist:

IloBHe HaiMEeHYBaHHSI IOPHUIHUYHOI OCOOH: [lepKaBHUII TOPrOBEIbHO-EKOHOMIYHUIA YHIBEPCUTET
Koz, 3a €TIPTIOY: 44470624

Micue3HaxoaKeHHS: ByJ. Kioro, 6yz. 19, Kuis, 02156, YkpaiHna



dopma BiracHOCTI: JlepxasHa
Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odiniliHuX OIIOHEHTIB Ta pELl€eH3€HTIiB
OdiuiiiHi OIOHEHTH
BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:

1. HazapkeBud Mapisg AnppiiBHa

2. Mariia Nazarkevych

KBasigikamis: g.1.1., npodecop, 21.05.01

InenTudirkarop ORCHID ID: 0000-0002-6528-9867

JopaTrkoBa inpopmanist:

IloBHe HaliMeHYBaHHSI IOPHUAUYHOI 0COOM: HaujonanbHuil yHiBepcuteT "JIbBiBCbKa MOTTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJs. CrenaHa banpepuy, 6yz. 12, JIbBis, 79013, YkpaiHa

dopma ByacHOCTI: [lepkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH i HAayKu YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. KikreB Mukosa OseKCaHIpOBUY

2. Mykola Kiktyev

KBasigikamnis: . . 1., gor., 05.13.07
InenTudikarop ORCHID ID: 0000-0001-7682-280X
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAUYHOI 0COOH: HaujoHanbHuil yHiBepCUTET Gi0pECYPCiB i

IPUPOZOKOPUCTYBaHHS YKpaiHu

Koz, 3a €IPITIOY: 00493706

Micue3Haxoa KeHHS: sy [epoiB O6oponu, 6yx. 15, Kuis, 03041, Vkpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu

InenTudikarop ROR:

PeuenseHTu

BaacHe IlpizBume Im's I10-6aThKOBI:



1. Tamaniit Bonogumup ®enoposuy

2. Volodymyr Hamalii

KBasigikanis: n.¢.-m.uH., npodecop, 01.04.03

InenTudikarop ORCHID ID: 0000-0001-7544-7470

JoparkoBa indopmamnist:

IToBHE HaﬁMeHYBaHHﬂ IOPUIUYHOL 0CO0H: Jlep>KaBHMII TOPrOBeJIbHO-€KOHOMIYHUIl YHiBEpCUTET
Kog 3a €APIIOY: 44470624

Micue3Haxo KeHHS: By Kioto, 6yz. 19, Kui, 02156, Ykpaina

dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBitiHHS: MinictrepcTBo oCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

BaacHe IlpizBume Im's I1o-6aTbKOBI:
1. BnaceHko Jligis OnekcangpisHa

2. Lidiia Vlasenko

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

I,quTmbiKaTop ORCHID ID: 0000-0002-2003-6313

JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOH: [lepKaBHUII TOPrOBEIbHO-€KOHOMIYHMIA YHIBEPCUTET
Kopg 3a €APIIOY: 44470624

Micue3Haxoa KeHHS: By Kioro, 6y. 19, Kuis, 02156, Vkpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi

BnacHe IlpizBume Im's I10-6aTbKOBI Pockrazika AHIpifi AHATONIOBIY
rOJIOBH pagu

BnacHe IlpizBuie Im's [10-6aTbKOBI Pockmazika AHZIpii AHATONIOBIY
rOJIOBYIOYOTO Ha 3acigaHHi

BignoBigasibHuUI 3a HiATOTOBKY KapnHa Xoposbcbka

00JIIKOBHX JJOKYMEHTIB

Peectpartop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




