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Pedepar:

1. Y puceprauiiiziil po60Ti BUpilIEHO HAYKOBO-TIPAKTUYHE 3aBAAaHHS PO3POOKM METOMIB Ta iHpOpMaLiliHUX
TEXHOJIOTI! J1JIs1 aBTOMAaTUYHOTO BUSIBJIEHHS 1 KJlacuiKalil TUITOBUX MIKPOAE()EKTIB Ha MJIOCKUX I3€PKaIbHUX
noBepxHsx ([3I1)3a ix MoHOXpOMHUMU iHTepdepeHLiiiHuMy KapTuHami (IK), oTpuMaHnMU 3 BUKOPUCTaHHSIM
Mikpointepdepomertpa JlinHika (MJI). O6’ekT mocnimkenHs - 306paskeHHs IK mmockux [1311, oTpumani 3a
noromoroio MJL. T[IpenMeT fOCTiI)KeHHs — MOZeli, METOAU Ta iHPpOpMalliliHi TeXHOJIOTii BUSIBJIEHHS Ta
knacudikanii gedexriB Ha 1311 3a 306paskeHHsamu ix IK. Mera i 3ayavi mocmimskeHHST — po3po6bKa Mojiesieid, MeTOJIiB
11 inopmalifiHoi TeXHOJIOTi 711 aBTOMaTUYHOTO BUSIBJIEHHS i Kiacudikaliii TunoBux MikpoaedeKTiB niaockux J3I1
3a MOHOXpoMHUMH 1K, oTpuManumu 3 BUKOpUCTaHHIM MJL. ¥V BCTyIi OGIPYHTOBaHO aKTyasIbHICTh TEMU
IycepTaliiHoI po60TH, 3a3HAY€EHO ii 3B'SI30K 3 HAYKOBUMHU TEMaMU, C(POPMYJIbOBAHO METY, 3azaui i 1ii

IOCJIiI)KeHHSI, BUBHAUYEHO 00'€KT, TpeJMeT i MeTO1 JOCJIiJKEHHS, [I0Ka3aHO HOBU3HY i IPaKTUYHEe 3HAUYEeHHS



OTPMMAaHUX Pe3yJIbTATiB i BAKOPUCTAHHS, 0COOMCTUI BHECOK 3[100yBaya, arpobaliilo pe3ysbTaTiB JOCTIIKEeHHS Ta ix
BUCBITJIEHHS y ITy6stikauisax. [IpuBeseHo BifoMOCTi II0J0 CTPYKTYpU Ta 00CAry nucepTaniiHoi pobortu. Y I posmisni
[IPOBENIEHO aHaJli3 3a4a4i aBTOMaTU3allii JiarHOCTUKHU SKOCTi [IOBEPXOHb Y BUCOKOTOYHUX ONITUYHUX CUCTEMAX.
BusHaueHo 0co6aMBOCTI iHTEpdEPEHIIiIIHOI 1iarHOCTHUKY, HaBeJIeHO MPUKJIagy 0OMeXeHb TPaTULiTHUX METOIiB
anaizy IK 3a mBuKicTIO ¥ TOuHicTIO. [IpOoaHanizoBaHo MiAXoau 40 3aCTOCYBAaHHS [MTMOOKOrO HaBYaHHS IJ1s1
00p06KY 300pakeHb i 0OIPyHTOBaHO BUOip MeTH i 3aay poboTu. Y Il po3gini mpoaHanizoBaHO ONTUYHY cxemy MJI
Ta npotiec popmyBaHHs 306pakeHHs IK B itoro nosi 3opy. [To6ymosaHo maTematryHi mogeri IK, sKi BpaxoByloThb
OCHOBHI napameTpu MJI i 103BOJISIOTh PO3PaxOBYBAaTU PO3MNO/AiJ iHTEHCUBHOCTI CBiTJIa B KOXKHIN TOY1li 300pa>kX€HHS
3a 33aHo10 Tornorpadieio NOBEPXHi, 0 LOCiAKyeTbcsl. Ha 0CHOBI Liiei Mopesi CTBOPEHO MPOrpaMHUI MOJLYJIb [1JIsI
reHepatii 306paxeHs cuHTeTnyHux IK. V 11l po3nini mpoBeneHo aHami3 0cObIUBOCTEN peanbHUX J3ePKaJTbHUX
IIJIOCKMX [TIOBEPXOHD i3 MiKpogedekramu. Po3pobseHo ¢piznyHO 06IpyHTOBAaHI MaTeMaTUYHi MoieJli Tonorpadii
peanicTUYHUX MIKPOMOAPSINUH Ta BM'ATUH. CTBOPEHO NIPOrPaMHUI MOZYJIb /1J1 FeHepallil CHAHTeTUYHUAX KapT BUCOT
IIOBEPXOHb 3 fedexraMu. Lli kKapTu nonaThCs Ha BXi, MOLyJisd reHepallii inTepdepeHLiiHNX KapTUH 1J1s1
OTPUMaHHS BiATIOBITHUX iHTEpdEPEHLINTHUX 300paskeHb. B pe3ysbTati 6ys10 CQOPMOBAHO CUHTETUYHY HaBYaJIbHY
BUOIPKY [17151 IOJA/IbIIOTO TPEHYBAHHSI HEIPOMEPEKeBUX MOjleseil aHali3y iHTepdepeHLiltHIX 300pakeHb. Y
YeTBEPTOMY PO3JiJi pO3IJIsIHYyTO cydacHi nigxonu no kuacudikauii nedexTiB moBepxoHb 3a 306pakeHHamu 1K i3
3aCTOCYBAaHHSIM METO/IiB IJIMOOKOro HaByaHHs. OOIPyHTOBAHO TEOPETUYHI OCHOBU BUKOPUCTAHHS 3rOPTKOBUX
HEVPOHHUX MEPEX IJ1s1 aHali3y iHTeppepeHLiliHMX 300pakeHb. AANTOBaHy apXiTekTypy MobileNetV2 ns
ksacu@ikauii qedexTiB 32 YOTUPMa KJlacaMu i3 BIIPOBAIKEHHIM TexHoJorii fine-tuning, GlobalAveragePooling2D,
Dense-mapiB i3 BatchNormalization, Dropout Ta Softmax. 3acTocoBaHo TexHiku ayrmeHTallii JaHux i soft voting
IS IiABULIEHHS CTiMKOCTI Mogesi. [IpoBeieHO HaBYaHHS i Bajlifjalilo MOZeJli Ha CUHTETUYHUX JAHUX, a TAKOX ii
IIePEeBipKy Ha PeaJIbHUX 300PKEHHSIX, MO JO3BOJIMIIO OLiHUTY TPAKTUYHY €(EKTUBHICTb 3alIPOIIOHOBAHOI
indopmaniitHoi TexHosorii. Y BUCHOBKax HaBe[,eHO OCHOBHI pe3yJsbTaTy AUCepTaliliHOI poOOTH 110110 BUPIlIEHHS
[TIOCTaBJIEHNX HAYKOBUX 331124 AOCIIPKEHHS. 3a pe3yIbTaTaMU JOCJiIKEHHSI OTPUMAHO TaKi HayKOBi pe3yJIbTaTH:
OOI'PYHTOBAHO HEOOXIIHICTh aBTOMATH3ALil AiarHOCTUKU MIKPOAE(PEKTIB 117151 BUCOKOTOUHUX ONTUYHUX CUCTEM,
IIPOAHAJi30BaHO OOMEXKEHHS TPaAULIiiHUX MeTOoiB 06po6ku IK. Po3pobieHo marematuyny mozeds IK B nosii 3opy
MJI, o BpaxoBye napameTpu MikpoiHTepdepomeTpa Ta Tonorpadiio noBepxHi 3paska; peaslizoBaHO IIpOrpaMHe
3a0€e31e4eHHs JJ1s1 CUHTEe3Y BiJlIOBiAHMX 300pakeHb. CTBOPEHO MaTeMaTU4Hi MOZEJ Ta aITOPUTMU CUHTE3Y
penbedy mnockux [I3I1 i3 Tunosumu MikpogedeKkTamy; peanizoBaHo BiilOBiIHe MporpaMHe 3a06e3redeHHs As
re’epaiii CHHTETUYHHUX KapT BUCOT. 3TeHEepPOBAaHO 36a71aHCOBAaHy CHHTETUYHY HaBYaJIbHY BUOipKy 306pakeHs IK,
1110 OXOILJIIO€ BCi pO3IJISIHYTI TUIIOBI MiKpozedeKTH, a TakoK (isuyHO OOIPYHTOBAHI Bapiallii 3HaueHb iX napamMeTpiB
i mapameTpiB inTEpdepomeTpa. AZanToBaHo apxiTekTypy MobileNetV2 nys ananisy s3o6paxens 1K, mo 103Boanio
BUPIINTH 3a7a4y Kinacudikauii Tunosux mikpogedexTis Ha nnockux J3I1. Po3pob6sieno iHpopMalliiiHy TeXHOIOTi0
IJIs1 BUSIBJIEHHS Ta Kyacudikarilii TumoBux MikpojiedekTiB nmiaockux J3[1 meTogaMu MalinHHOTO HaBYaHHS,
0COOJIMBICTIO SIKOI € BUKOPUCTAaHHSI CUHTETUYHOI HaB4YaJIbHOI BUGIPKY /1711 TPEHYBaHHS HellpoMepexi. Pesyabratu
pobotu BrpoBamkeHo y HIIP ta HaB4yanbHOMY npouneci kKapeapu KMATL HTY «XI1I». 3anponoHoBaHi MeTonu i
iHdopmaniitHa TEXHOJIOTiS MO>KHA BIIPOBAIKyBau B CUCTEMHU KOHTPOJIIO SIKOCTI ONITUYHUX KOMIIOHEHTIB i CIIpUsTU
[OJIQ/IBIIUM JIOCTIIKEHHSIM ¥ cdepi aBTomMaTu3alii AiarHoCTUKM edekTiB. Kito4oBi coBa: riMboKe HaBYaHHS,
MalllMHHE HaBYaHHS, iHTep@epeHLiliHa KapTrHA, MikpogedekTy, mikpointeppepomertp JliHHiKa, Knacudikaris
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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