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1. Incepraniiina po60Ta IPUCBIY€HA BUPIIEHHIO BAXJIMBO]I Ta aKTyaJIbHOI HAYKOBO-TIPUKJIALHO] 3a1ay4i -
BI,OCKOHAJIEHHSI PEUTPEICUHIOBOTO METOY abepoMeTpii OKa MIISIXOM 3aCTOCYBAaHHS METO/IiB MAlTMHHOTO
HaBYaHHS, 30KpeMa IITYYHUX HEMPOHHUX MEPEX, 3311718 MiIBULIEHHS NOro TOYHOCTI. [lucepTanifiHe TOCIiIKeHH
CKJIaJIaeThCsl 31 BCTYIy Ta IT'SITU PO3[iJIiB, SIKi BiloOpakaloTh Ta O6IPYHTOBYIOTh OCHOBHI pe3ysbTaT poboTH. Y
BCTYIIi OGI'PYHTOBAHO aKTyaJIbHICTb AUCEPTALINHOI POGOTH, BUCBITJIEHO 3B'SI30K pOOOTU 3 HAYKOBMMU IIpOrpamamy,
manamu ta temamu HJIP KIII im. Irops Cikopcebkoro. Ilepmmit po3aisi NpUCBsYeHO PO3IJIsiy PEUTPENCUHTIOBOTO
MeToJly abepoMeTpii OKa JIIoAMHY, Ooro oOMeXeHb Ta IepeBar. Y Apyromy po3fiji ornucaHo po3podKy MEeTOLy JJis
re’epauii opTarbMOJIOriYHUX A0EPOMETPUYHUX JJAHUX Y BUIJIAI HA00PiB KoedilieHTiB LlepHike i3 3acTocyBaHHSIM
reHepaTMBHO-3MarajabHOi HeMpoHHOI Mepexi. TpeTiil po3zin micTuth B co6i onuc mogudikaii metomy

peiTpercuHroBoi abepomeTpii 17151 0HOYaCHOTO CKaHyBaHHS JeKiJIbKOX TOYOK 3iHMIi MIJIIXOM OZHOYACHOTO



3aCBiYyBaHHA JEKIJIbKOX BUIIPOMIHIOBAYiB. Y YETBEPTOMY PO3[iJli IPELCTABIEHO ONUC ONTUYHOI CUCTEMMU JJIS1
peaJtizauii 3arponoHoOBaHoi HelpoMepeskHOiI Mopudikalii peTpeiICHHIOBOro MeTOAY, IIPUKJIaZ, IePBUHHO]
00pOOKH JaHUX, CII0CI0 PO3PaxyHKY IIEPIIOTo HAbGIVDKEHHS 1J1s1 BU3HAY€HHs abepalliil 3a J0IIOMOTro0 HEPOHHOI
MEPEeXi, a TaKOXK OIMC areHTy Ta CEPEOBUILA HABYaHHS 3 MiAKPIIJIEHHSIM, IPU3HAYEHOTO IJIs1 yTOUHEHHSI
pesysbTaTib. [T'aTril po3aia MiCTUTB B COOi ONMC METOMY Ha OCHOBI IITY4YHOI HEMPOHHOI MEPEXXi 17151 HAZIPO3AiNbHOI
3/1aTHOCTI BUKPHUBJIEHb XBUJILOBOTO PPOHTY. Y IHUCepTalliiiHiil pobOTi OTpUMaHO HACTYIIHI HOBi HAYKOBi pe3ybTaTu
JocaipxeHHs: 1) HabyB nonasibmoro po3BUTKy PERTPENCUHIOBUI MeTo, abepomeTpii oka 1uisixoM moaudikariii i3
3aCTOCYBAaHHSM HEPOHHUX MEPEX Ha Pi3HUX eTanax QyHKUIOHYBaHHS METOZY: Neplie HAOIVDKEHHS BUSHAUYEHHS
XapaKTepUCTHUK abepalliil, yTOYHEHHsI pe3yJIbTaTy Ta OLiiHKa abepaliiii BUIIMX NOPSAKIB. 3a OLiHKaMU B CUMYJISLL],
TOYHICTb IIPU BU3HA4YEHHI e(OKyCy MifBUILEHO HA 25% IOPIBHSHO 3 icHylouuM abepoMeTpoM iTrace y BUIaKy
BUKPUBJIEHb 300paXKEHHSI Ha IeTEKTOPI He Oinbie Hixx 0.1 3a BincranHio JXKakkapa. Takox 3arponoHoBaHa
mopnudikaris m03BoJIs€ 3HU3UTU BUMOTH [10 OIITUYHOI CHCTeMU, HeOOXinHOI g peanizauii nmpunany,
NPULIBUAMINATY NIPOLEC BUMiIPIOBAaHHS IJISIXOM OJIHOYACHOTO CKaHyBaHHS, a TAKOXX Ha/la€ MOXKJIMBICTD
IIPOTHO3YBaTU 3HaU4€HHS KoeilieHTiB llepHike BUCOKUX NOPSAKIB HA OCHOBI KoedillieHTiB abepaliii HIbKIMX
NOPSIKIB (py anpokcumalii koedilieHTiB 6 Ta 7 MOPsIAKiB TOXUO6KA CTAHOBUTD He Gisble 4% 32 METPUKOIO
SMAPE). 2) Ha6y10 opabioro po3BUTKY reHepyBaHHS abepOMETPUYHUX JIAaHUX Y BUIJISIAI BEKTOPiB KoedilieHTiB
LepHike. lle BOCATHYTO IISIXOM 3aCTOCYBaHHS PO3PO6JIEHO] B paMKax POOOTH reHePaTUBHO-3MarajbHoi
HEVPOHHOI Mepexi. Po3pobyienuit MeToA NpUIATHUI 0 CUHTEe3a JAHUX, L0 MAIOTh PO3IOLLI, CXOXKUM 3
HaBy4al4o0I0 BU6ipKo1o (Bizcrans Opemure nopisHIoe 0.7), i SKi 0IHOYACHO He € KOIi€lo peaJbHUX IPUMipHUKIB (92%
32 METPUKOIO TBOPYOCTI) Ta MIPUMIPHUKHU SIKUX € Pi3HOMAHITHUMMU (3HA4€HHS BiJITIOBIIHOI METPUKY JOpPiBHIOE 3.64,
ONTUMAaJIbHUM € 3Ha4eHH4 3.83). 3) 3anponoHoBaHo MoAuQikallilo peRTPeNCUHIOBOTO METOLLy a0€pPOMETPIi 1714
OJJHOYACHOTO CKaHYBaHHS JEKiJIbKOX 3IHMYHMX KOOPAMHAT i3 3aCTOCYBAaHHSIM MAaCHUBY JIA3€PHUX BUITPOMIHIOBAUiB.
PesynbTaToM 3acTocyBaHHS Moaudikallii € 3MeHIIeHHs OBIpYOTro iHTepBasty, o IO3UTUBHO BILJIMBAE Ha
NIPELM3iHICTD: HAIPUKJIAL, IPU CKaHYBaHHI OQHOYACHO 16 3iHMYHMX KOOPAUHAT JOBIpYMiA iHTEpBaJl 3MEHIIYETLCS
B 4.4 pa3u 17151 4acoBoro 6omKkeTy abepomerpa iTrace. OTpMMaHO IPaKTUYHI pe3ybTaTy JOCiIXEHB: 1)
Po3pobseHa gociigHa peasisalis Mojesi polecy BUMipIOBaHb /1J1s1 3aIIPOIIOHOBAHOI HelipomepeskHoi Moaudikarii
peiTpelicuHroBoro Metosy abepomeTpii oka B cepefoBulli Zemax. 2) Po3po6sieHa HelipoHHa Mepexka 1jist
BU3Hau€HHS KoeilieHTiB llepHike XBUIbOBOrO (PPOHTY IO CUTHATYpaXx CBITJIOBUX IIJIIM HAa (POTOLETEKTOPAX [AJIS
HellpoMmepeskHoi Moauddikalii meTony peiTpeiicuHroBoi abepometpii. 3) Po3pob6sieHa nporpama-areHT HaB4YaHHS 3
nipkpimenssam (merog Deep Q-Network) nig yTouHeHHs nepiioro HabvKeHHs ITPU BU3HaYeHHi KoedilieHTiB
Llepnike. 4) Po3po6sieHa reHepaTUBHO-3MarajbHa HEPOHHA Mepeska JJ1s1 reHepallii abepoMeTpUYHUX JaHUX. D)
Po3pob6seHa HellpoHHA Mepeska [J1s1 IPOrHO3yBaHHA KoedilieHTiB LiepHike BUIINMX MOPSIKIB HA OCHOBI 3HAaY€Hb
KoedilieHTiB HIKIMX NOPSIKiB. 6) i mogudikanii meTozny i3 MacMBOM J1a3epHUX BUIIPOMiHIOBaYiB pO3p06IeHO
xiiacudikauifiHy HePOHHY MePeXXy 171 BCTAHOBJIEHHS BiJIIIOBiIHOCTEN MiX IPOMEHSIMU CKaHyBaHHS Ta
BiIOMTKaMU Ha CiTKiBLj. 7) Pe3ynbTraTty gucepTaliflHUX NOCHiIKeHb BUKOPUCTaHI SIK MaTepiaau Npy NiroToBLi Ta
BUKJIQ/IAHHI KyPCY JIEKLIHUX 1 IPAaKTUYHUX 3aHSATh (KOMITIOTEPHOTO MPAKTUKYMY) 3 fucuumiiny “OcHoBU
HepOMEePEe>KHUX TeXHOJIOTIN” Ta BUKJIAZaHHI KYPCy JIeKLiMHUX i 1ab0paTOPHUX 3aHATh 3 TUCLUILIIHY “CucTeMU
KOMITIOTEPHOTO0 30py” APYroro (MaricTepchbKoro) piBHsi BULOi OCBIiTU crienjjianbHOCTI 172 «EnekTpoHHi KoMmyHikalii Ta
pagzioTexHika» oCBiTHbO-TIpodeciiiHoi porpamu «IHpopmaliiHO-06YNCII0BaJIbHI 3aC00U PafioeIeKTPOHHUX
CHUCTEM», III0 3aCBiJYE€HO BiAMIOBIIHUM aKTOM.

2. The dissertation is dedicated to addressing a significant and timely scientific-applied problem—enhancing the
ray-tracing aberrometry method for the human eye by incorporating machine learning techniques, particularly
artificial neural networks, to improve its accuracy. The dissertation consists of an introduction and five chapters
that present and substantiate the key findings of the research. The introduction outlines the relevance of the
dissertation, its connection to scientific programs, plans, and research topics at Igor Sikorsky Kyiv Polytechnic
Institute. Chapter 1 examines the ray-tracing aberrometry method for the human eye, discussing its limitations
and advantages. Chapter 2 describes the development of a method for generating ophthalmic aberrometric data as
Zernike coefficient sets using a generative adversarial neural network. Chapter 3 details the modification of the



ray-tracing aberrometry method to enable simultaneous scanning of multiple pupil points through multi-emitter
illumination. Chapter 4 presents the optical system designed to implement the proposed neural network-based
modification of the ray-tracing method, including data preprocessing, a first-approximation approach to
aberration determination via neural networks, and a reinforcement learning agent and training environment for
refining results. Chapter 5 introduces a neural network-based approach for super-resolution estimation of
wavefront distortions. The dissertation yields the following novel scientific results: 1) The ray-tracing aberrometry
method has been further developed through modifications incorporating neural networks at various operational
stages: initial approximation of aberration characteristics, result refinement, and higher-order aberration
estimation. Simulations indicate a 25% improvement in defocus accuracy compared to the iTrace aberrometer
when image distortions on the detector do not exceed 0.1in Jaccard distance. The proposed modification also
reduces the optical system requirements, accelerates measurement by enabling simultaneous scanning, and allows
prediction of higher-order Zernike coefficients based on lower-order aberration coefficients (with a 4% error for
6th- and 7th-order coefficients using SMAPE metric). 2) The generation of aberrometric data as Zernike coefficient
vectors has been further refined through the developed generative adversarial neural network. The method is
capable of synthesizing data distributions similar to the training set (Frechet distance of 0.7) while ensuring
uniqueness (92% creativity metric) and diversity (metric value of 3.64, with an optimal value of 3.83). 3) A
modification of the ray-tracing aberrometry method has been proposed for simultaneous scanning of multiple
pupil coordinates using an array of laser emitters. This modification reduces confidence intervals, improving
precision—for instance, scanning 16 pupil coordinates simultaneously decreases the confidence interval by a factor
of 4.4 under the time budget constraints of the iTrace aberrometer. The dissertation also provides practical
research outcomes: 1) An experimental implementation of the measurement model for the proposed neural-
network-based ray-tracing aberrometry modification in Zemax. 2) A neural network designed to determine
wavefront Zernike coefficients from light spot signatures on photodetectors for the ray-tracing aberrometry
method. 3) A reinforcement learning agent (Deep Q-Network) for refining the first approximation in Zernike
coefficient determination. 4) A generative adversarial neural network for generating aberrometric data. 5) A neural
network for predicting higher-order Zernike coefficients based on lower-order coefficient values. 6) A
classification neural network for the laser emitter array modification, enabling correspondence between scanning
beams and retinal imprints. 7) The findings have been incorporated into the development and delivery of lecture
courses and practical sessions (computer workshops) for the subject “Fundamentals of Neural Network
Technologies” and lecture and laboratory courses on “Computer Vision Systems” at the second (master’s) level of
higher education in the specialty 172 “Electronic Communications and Radio Engineering” within the educational-
professional program “Information-Computational Means of Radioelectronic Systems,” as documented by an
official act.
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VIII. 3akr04Hi BimoMocTi

BiiacHe IIpi3Buie Im'sa I1o-6aTbKOBI Yux Irop I'enpixoBud
TOJIOBH pagu

ByiacHe IlpizBumie Im's I1o-6aThKOBI Yux Irop I'enpixosuy
rOJIOBYIOYOTO Ha 3acCifiaHHi

BigmoBigasbHUH 32 MiATOTOBKY SIpomenko Makcum OsieKCaHApOBUY

00JIIKOBHX JOKYMEHTIB

PeecTtpartop YkpIHTEI

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLilo HayKoBOi IOpuenko TeTsHa AHaToiiBHA

OisIJIbHOCTI




