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Pedepar:

1. Y pucepTauiiiHiii po60Ti BUpilIeHO HAYyKOBO-TIPAKTUYHE 3aBJAHHS PO3POOKU METO/IB Ta iHOpMaLIiiHUX
TEXHOJIOTI! [J1s1 aBTOMaTUYHOTO BUSIBJIEHHS 1 Kyacu@ikaii TMmoBUx MikpoedeKTiB Ha MI0CKUX A3ePKaJbHUX
noBepxHsx ([13[1)3a ix MOHOXpOoMHUMM iHTepdepeHLiiiHuMU KapTiHaMHU (IK), OTpuMaHUMU 3 BUKOPUCTaHHSIM
MmikpoinTepdepomerpa JlinHika (MJI). O6’ekT nocimkenns — 306paxkenHs IK ninockux [I3I1, orprmani 3a
noromoroo MJL. IIpenMeT mOCTimKeHHs — Mofesli, METOAU Ta iHPOPMalIiifiHi TEXHOJIOTIi BUSBIEHHS Ta
kinacudikauii gedextiB Ha 131 3a 306paskeHHsaMu ix IK. Mera i 3ayayi mocaigkeHHs — po3pobKa Mojiesneil, MeTOoIiB

11 inpopMalifiHOI TEXHOJIOTII [ aBTOMATUYHOrO BUSIBJIEHHS i Kylacudikallii TUIOBUX MiKpoZe@eKTiB mnockux J3ll



3a MOHOXpoMHUMH IK, oTpuManumu 3 BUKOpUCTaHHIM MJL. ¥V BCTyIi OGIPYHTOBAaHO aKTyaJIbHICTh TEMU
IycepTauifiHoi po6OTH, 3a3Ha4Y€HO ii 3B’130K 3 HAYKOBUMU TeMaMu, CPOPMYIbOBAHO METY, 3a7ayi i 11iji
IOCJIiI)KeHHS], BUBHAUYEHO 00'€KT, IPpeJMET i METOLIM JOCIIiJKEHHS, [I0Ka3aHO HOBU3HY i IPaKTUYHE 3HAUYE€HHS
OTPUMAaHUX PEe3YJIbTATIB | BUKOPUCTAHHS, 0COOMCTUM BHECOK 30,00yBaya, anpodaliilo pe3ysbTaTiB JOCTiIKEHHS Ta ix
BUCBITJIEHHS y Iy6:ikauisx. [IpuBeieHo BiJOMOCTI OJ0 CTPYKTYpU Ta 06cAry qucepraniitHoi po6oru. ¥V 1 po3zini
IIPOBENIEHO aHaJli3 3a4a4i aBTOMATU3Aallii JiarHOCTUKHU SKOCTi IOBEPXOHb Y BUCOKOTOYHUX ONITUYHUX CUCTEMAX.
BusHaueHo 0co6aMBOCTI iHTEpdepeHIifiHOI 1iarHOCTHKY, HaBeJleHO MPUKJIagy oOMeXeHb TPaTUullitHUX METOIiB
ananizy IK 3a mBuaKicTIO ¥ TOUHICTIO. [IpoaHanizoBaHo MigXxoay 40 3aCTOCYBaHHS IJIMOOKOTO HaBYaHHS JJIs
00p0o6KY 300paskeHb i 0OIPyHTOBAHO BUOip MeTH i 3aay pobotu. Y II po3zini mpoaHanizoBaHO ONTUYHY cxemy MJI
Ta npotiec popmysaHHs 306pakeHHs IK B itoro nosi 3opy. [TobynosaHo maTematrnyHi mogesi IK, ki BpaxoByioTh
OCHOBHi napameTpu MJI i 03BOJISIIOTh PO3PAXOBYBATHU PO3IO/iJ iIHTEHCUBHOCTI CBiT/Ia B KOXKHIN TOULli 300pakKeHHS
3a 334aHo10 Tornorpadieio NOBEPXHi, IO LOCTiAKyeTbcsl. Ha OCHOBI Liei Mopesi CTBOPEHO MPOrpaMHUI MOJLYJIb J1JISI
reHepartii 306paxkens cuHTeTnyHux IK. V 11l po3nini mpoBeeHo aHai3 0COBIUBOCTEN peanbHUX J3€PKaTbHUX
IIJIOCKMX ITIOBEPXOHB i3 Mikpogedekramu. Po3pobseHo ¢piznyHO 06IpyHTOBaHI MaTeMaTUYHi MoieJli Tonorpadii
peanicTUYHUX MIKPONOAPSIIMH Ta BM'ATUH. CTBOPEHO NIPOrPaMHUI MOZYJIb /11 FeHepallil CAHTeTUMHUX KapT BUCOT
IIOBEPXOHb 3 nedexramu. Lli kKapTu onaThCs Ha BXif, MOLyJid reHepallii inTepdepeHLiiHNX KapTUH IJ1s1
OTPUMAaHHS BiAIOBiTHUX iHTepdEPeHLiTHUX 300paskeHb. B pe3ysbTati 6ys10 CGOPMOBAHO CUHTETUYHY HaBYaJIbHY
BUOIPKY 7151 IO AJIbIIOr0 TPEHYBAaHHS HEMPOMEPEXKEBUX MOZeJIel aHaslizy iHTepdepeHLiTHUX 300paKeHb. Y
4eTBEPTOMY PO3JiJii pO3IJsIHYyTO cydacHi nigxonu no knacudikauii nedexTiB moBepxoHb 3a 306pakeHHamu 1K i3
3aCTOCYBaHHSIM METO/IiB IJIMOOKOro HaByaHHs. OOIPyHTOBAHO TEOPETUYHI OCHOBU BUKOPUCTAHHS 3rOPTKOBUX
HEVPOHHUX MEPEX 151 aHali3y iHTeppepeHLiliHMX 300pakeHb. AANTOBaHy apxiTeKTypy MobileNetV2 ns
kiacugikauii qedexTiB 32 YOTUPMa KJlacaMu i3 BIIPOBAIKEHHSIM TexHoJorii fine-tuning, GlobalAveragePooling2D,
Dense-mapiB i3 BatchNormalization, Dropout Ta Softmax. 3acTocoBaHo TexHiku ayrmeHTallii faHux i soft voting
ILJIS IiABULIEHHS CTiMKOCTI Mmogei. [IpoBeneHO HaBYaHHS i Bajifjalilo MOl Ha CUHTETUYHUX JaHUX, a TAKOX il
IIepeBipKy Ha PeajIbHUX 300PaKEHHSIX, 10 JO3BOJIMIIO OLiHUTU ITPAKTUYHY €(EKTUBHICTb 3alIPOIIOHOBAHOI
iHdopmaliitHoi TexHOoIOorii. Y BUCHOBKaX HaBeI€HO OCHOBHI pe3yJ/IbTaTH JucepTaliiiHOi po60TH 1010 BUPIIIEHHS
[IOCTaBJIEHNX HAYKOBUX 3371a4 AOCIIIPKEHHS. 3a pe3ybTaTaMU JOCJiIKEHHSI OTPUMAHO TaKi HayKOBi pe3yJIbTaTH:
OOI'PYHTOBAaHO HEOOXIIHICTh aBTOMATU3AaLi{ AiarHOCTUKU MiKpOAE(EKTIB 117151 BUCOKOTOUHUX ONTUYHUX CUCTEM,
IIPOAHAJi30BaHO OOMEXKEHHS TPaAULIiiHIX MeTOoiB 06po6ku IK. Po3pobsieHo maTremaTuyHy mozess IK B nosii 3opy
MJI, mo BpaxoBye napameTpu MikpoinTepdepomeTpa Ta Torniorpadiio noBepxHi 3pa3ka; peansizoBaHo MIpOrpaMHe
3a0e31e4yeHHs JJj1s1 CUHTe3Y BiJlIOBigHMX 300pakeHb. CTBOPEHO MaTeMaTU4Hi MOZEJi Ta aITOPUTMU CUHTE3Y
penbedy mnockux J3I1 i3 Tunosumu MikpoaedeKkTamy; peanisoBaHo BiAIOBiHe TPpOrpaMHe 3a0€3Ne4eHHs IJ1s1
reHepaltlii CHHTETUYHUX KapT BUCOT. 3reHEPOBAHO 30aJIaHCOBAHY CUHTETUYHY HaBYaJIbHY BUOipKy 306paxeHs IK,
1110 OXOIJIIOE BCi pO3IJISIHYTI TUIOBI MiKpozedekTH, a TakoK (i3uyHO OOIPyHTOBAHI Bapiallii 3HaueHb iX napameTpiB
i napameTpis iHTepdepomeTpa. AnanToBaHO apxiTeKTypy MobileNetV2 nys ananisy 3o6paxens IK, mo n03Bosuso
BUPIIINTH 33724y Kiacudikalii TMMoBUx MikpogeQeKTiB Ha m1ockux J3Il. Po3pobieHo inpopMaliiiHy TEXHOJIOTIIO
IIJIsT BUSIBJIEHHS Ta Kyacudikariii TumoBux MikpojiedekTiB nmiaockux J3[1 MmeTogaMu MallMHHOTO HaBYaHHS,
OCOOJIMBICTIO SIKOi € BUKOPUCTAaHHS CUHTETUYHOI HaBYa/IbHOI BUGIPKY /1711 TPEHYBaHHS Hellpomepexi. PesyabraTu
pobotu BrposamkeHo y HIIP ta naByasbHOMy npoueci kapeapu KMATI HTY «XI1I». 3anponoHoBaHi MeTonu i
iH(popMaLliiiHa TEXHOJIOTiSI MO>KHA BIIPOBAPKyBau B CUCTEMHU KOHTPOJIIO SIKOCTi ONITUYHUX KOMIIOHEHTIB i CIIpUATH
[OAJIBIINM JIOCTIIKEHHSIM ¥ cdepi aBTomMaTH3alii fiarHocTuku fedekTiB. Kio4oBsi coBa: riuboke HaB4aHHS,
MalllMHHE HaBYaHHS, iHTep@epeHLiliHa KapTrHa, MikpogedekTy, mikpointeppepometp JliHHiKa, Knacuikaris
nedeKTiB, KOMITIOTEpHUIA 3ip.

2. The thesis solves the scientific and practical task of developing methods and information technologies for the
automatic detection and classification of typical microdefects on flat mirror surfaces (FMS) based on their
monochrome interference patterns (IP) obtained using a Linnik microinterferometer (ML). The object of study is
the IR images of flat surfaces obtained with the help of ML. The subject of study is models, methods and
information technologies for detecting and classifying defects on flat surfaces based on their IR images. The aim



and objectives of the study are to develop models, methods and information technology for automatic detection
and classification of typical microdefects in flat-plate RS using monochrome IR images obtained with the help of
ML. The introduction substantiates the relevance of the topic of the dissertation, indicates its connection with
scientific topics, formulates the purpose, objectives and goals of the study, defines the object, subject and methods
of the study, shows the novelty and practical significance of the results obtained and their use, the personal
contribution of the applicant, the testing of the research results and their Information is provided on the structure
and scope of the dissertation. Section I analyses the problem of automating the diagnostics of surface quality in
high-precision optical systems. The approaches to the application of deep learning for image processing are
analysed and the choice of the goal and objectives of the work is justified. Section II analyses the optical scheme of
the ML and the process of forming an IR image in its field of view. Mathematical models of IR are constructed that
take into account the main parameters of the ML and allow calculating the distribution of light intensity at each
point of the image according to the given topography of the surface under study. On the basis of this model, a
software module for generating synthetic IR images was created. Chapter III analyses the features of real mirror
flat surfaces with microdefects. Physically grounded mathematical models of the topography of realistic
microscratches and dents were developed. A software module was created to generate synthetic height maps of
surfaces with defects. These maps are fed to the input of the interference pattern generation module to obtain the
corresponding interference images. As a result, a synthetic training set was formed for further training of neural
network models for interference image analysis. Section 4 discusses modern approaches to classifying surface
defects from IR images using deep learning methods. The theoretical foundations of using convolutional neural
networks for the analysis of interference images are substantiated. The MobileNetV2 architecture was adapted to
classify defects into four classes using fine-tuning, GlobalAveragePooling2D, Dense-layers with
BatchNormalisation, Dropout and Softmax technologies. Data augmentation and soft voting techniques were
applied to improve model stability. The conclusions present the main results of the dissertation work on solving
the scientific tasks of the study. The following scientific results were obtained: the need to automate the diagnosis
of microdefects for high-precision optical systems was substantiated, the limitations of traditional methods of IR
processing were analysed. A mathematical model of IR in the ML field of view was developed, taking into account
the parameters of the microinterferometer and the topography of the sample surface; software for synthesising
the corresponding images was implemented. Mathematical models and algorithms for synthesising the relief of flat
SEMs with typical microdefects were created; the corresponding software for generating synthetic DEMs was
implemented. A balanced synthetic training sample of IR images was generated, covering all the considered typical
microdefects, as well as physically justified variations of their parameters and interferometer parameters. The
MobileNetV2 architecture was adapted for analysing infrared images, which made it possible to solve the problem
of classifying typical microdefects on flat-plate switchgear. An information technology for detecting and
classifying typical microdefects in flat-type relays using machine learning methods was developed, with a special
feature of using a synthetic training sample to train a neural network. The results of the work have been
implemented in the research and educational process of the Department of CMAD of NTU "KhPI". The proposed
methods and information technology can be implemented in quality control systems for optical components and
contribute to further research in the field of automation of defect diagnosis.Keywords: deep learning, machine

learning, interference pattern, microdefects, Linnik microinterferometer, defect classification, computer vision.
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VIII. 3aKkJII04Hi BiZoMOCTi
Biacse IlpizBume Im'st [Io-6aTbKOBI Jio6umk Jleouin Muxaiinosuy

TOJIOBH paju

Bnacue IpizBume Im's [10-6aTbKOBI Jlio6unk Jleonis Muxaunosuy

rOJIOBYIOYOTO Ha 3acigaHHi



BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpaTop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 3a peECTpallil0 HAyKOBOIi

OisIIBHOCTI

Kapnienko Harasis BsyecnagiBHa

VKpIHTEI

FOpuenko TetsHa AHaTosiiBHA



