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Pedepar/anoTanis:

1. Y pucepTauiiiHiil po60Ti BUpilIeHO HAYKOBO-TIPAKTUYHY 33[1a4y ONTHAMI3allii IpoLiecy BUSBIEHHS Ta JIOKasi3anii
6i0JIOTiYHMX 06’'E€KTIB Ha 300pasKeHHSIX HIJISIXOM PO3POO6JIEHHS Ta BAOCKOHAJIEHHS MOjiesieid, MeTOJIB i
iHopmaLiifHOI TEXHOJIOTii KOMITIOTEPHOTO 30pY. 3allpONIOHOBAHMY MiXi[ 3a06e3neyye NifBUIIeHHSI TOYHOCTI,
MIBUAKOZII Ta CTIKOCTi alirOpUTMiB O6POOKM MiKpOOiOIOTiYHMX Ta 6iOMEIUYHUX 300pa>KEHB, 1O O3BOJISIE
aBTOMAaTH3yBaTHU aHAaJi3 Bi3yaJIbHUX JAHUX, IOKPAIIUTHU SKICTb IiarTHOCTUKY Ta €(PEKTHUBHICTb AOCHITHUIBKIX
npouenyp. O6’eKToM OCTIiIKEeHHS! € ITpolec 06pobdKy (P POBUX 306pakeHb B 6ioiHOpMaLIifHUX CUCTEMAX.
[IpengMeTOM IOCIIKEHHS € METONIU, MoZeli Ta iHdpopMalliliHa TEXHOJIOTiSI 06pOoOKU LM(MPOBUX 300paKeEHD
6iosoriyHuX 06'€KTIB. MeTOI0 IMcepTaLliiftHOro AOCHiIKEHHs € PO3po6Ka Mojesell, MeToxiB Ta iHdpopmalifiHoi

TEXHOJIOTI] /1711 aBTOMAaTUYHOTO CTBOPEHHSI aHOTOBAaHMX HAOOPiB JAaHUX [IJISI BUSIBJIEHHS], JIOKaJi3allii Ta cermeHTatii



6iosoriyHNX 06'€KTIB HA 306pasKeHHIX MIKPOCKOIIIYHMX 3HIMKIB. [lucepraliliHa po60Ta CKIaaeTbCs i3 aHOTalLil
YKPaiHCBHKOIO Ta aHTJIiICbKOI0 MOBaMU, 3MICTY, BCTYIIy, YOTHPbOX PO3[IijiB, BUCHOBKIB, CIIUCKY IKepest iHdopmarii
Ta JOAATKIB. 32 pe3ysbTaTaMU JOCIiIP)KEHHS OTPUMAHO TaKi HAYKOBi Pe3yJIbTATU: - BIIEPIIE 3alIPOIIOHOBAHO MOJIEJb
aBTOMAaTHUYHOI aHOTallii MIKpOCKOIIIYHUX 300paKeHb, 10 6a3yeThCsl HA iHTerpallii METOIiB IONEpPegHbOI 06POOKH,
cerMeHTalii Ta geTekuii, ka, Ha BiIMiHY Bif icHyIounx Mmogesnei, popmye y3rojKeHe MpeJiCTaBleHHs 00'eKTiB y
BUIJISIZIi MAaCOK i 0OMeXXyBaJIbHUX PaMOK, 110 [103BOJIsI€ 3a0€3NeYUTH NPUIATHICTh JAaHUX [1J11 HaBYaHHS Mogesein
Pi3HUX THUIIB (AETEKLisl, CETMEHTALllisl); - BIEpIle PO3PO6IEHO METO/, OLiHIOBaHHS SIKOCTi aBTOMAaTUYHO aHOTOBAHUX
JaHUX Ha OCHOBi BUKOPUCTAHHS METPUK SIKOCTi MOJeJIel TJIMO0KOT0 HaBYaHHS, IKMH, Ha BiIMiHY Bifj TpaguLiiHux
nigxomniB Ko Basimauii po3miTky, nependayae HENpPSMY OLIIHKY Yepe3 pe3yJIbTaTy HaBYaHHS MOJiesiel, 0 03BOJIsIE
BMU3HAUUTYU NPUIATHICTh 3T€HEPOBAHUX JNAHUX [1JIs1 IPAKTUYHOTO BUKOPUCTAHHS; - YAOCKOHAJIEHO METO],
aBTOMAaTHUYHOTrO (POPMYBaHHS aHOTOBAHUX HAOOPIB aHMX 6i0JIOTiYHUX OO'EKTIB HA OCHOBI IO€IHAHHS KJIACUYHUX
METO/IiB CerMeHTallil 300paXkeHb i MozesIell IIIMO0KOro HaBYaHHS B €JMHOMY aJITOPUTMIYHOMY KOHBEEDI, SIKUA, Ha
BiIMiHY BiJl iCHyI0UMX METO[IiB, 3abe3Ieuye y3rojkeHe BUKOHAHHSI eTalliB BUAiIeHHs], Kjacudikalii Ta po3miTku
00'€KTiB, 1110 103BOJII€ 3MEHILIUTU 3aJIE€XXHICTb Bifj py4yHOi aHOTalii Ta NigBUIIUTYU €(PEKTUBHICTD i rOTOBKU
HaBYaJIbHUX BUOIPOK; - yJOCKOHAJIIEHO METOJ, CErMeHTallii 6i0s10riyHNX 06’eKTiB Ha OCHOBI MoaudiKalii apxiTekTypu
3rOPTKOBOI HEPOHHOI Mepexxi Tuty U-Net, skuil, Ha BigMiHy Bif KJIacH4YHOI MoAei, nependadae 3MeHLIEHHS
IJIMOMHYU MepexXi Ta BUKOPUCTaHHS KOMOiHOBaHOI QyHKIii BTpAT, 1110 [03BOJIsI€E 3HUBUTH 00UUCIIOBAJIbHY
CKJIA[IHICTb i IPMCKOPUTH NPOLIEC HABYAHHS 1Y 30€PEXKEHHI TOYHOCTI CerMeHTallii; - yIOCKOHaJIEHO METO],
JloKasi3auii 6i070riYHUX 06'€KTiB HAa 300PaKEHHSX HA OCHOBI BUKOPUCTAHHS CETMEHTALiIHUX MAaCOK Ta aJIfOPUTMIB
dopmMyBaHHSI 0OMEXYBaJIbHUX PAMOK, SIKWI, Ha BiIMIiHY Bifl iCHYI0UMX MeTO/iB JeTeKllii, BpaxoBye MOp(OJIOTriuHi
XapaKTePUCTUKU OO'EKTIB, L0 NO3BOJISIE MiABULIUTY TOUHICTb JIOKAJi3allil Ta 3MEHIIUTHU KiJIbKiCTh XMOHUX
CIIPallbOBYBaHb; —~ OTPUMAaJIM NIOJAJBIINI PO3BUTOK MOJIEJIi TA METOIY 3aCTOCYBaHHSI IJIMOOKOrO HaBYaHHS Y
3a/layax BUSBJIEHHS Ta Kiacudikauii 6io10rivHuX 06’eKTiB B yMOBaX 06MEKEHOI KiIbKOCTi pO3MiueHUX JaHUX, SIKi,
Ha BiIMiHY Bif, TpaguUiliHUX MiAX0MiB, 6a3yl0ThCS HA BUKOPUCTaHHI aBTOMAaTUYHO 3r€HEPOBAHMX HaBYaJIbHUX
BUOIpOK, 10 LO3BOJISIE 3a0€31eUNTH €(PEKTUBHE HAaBUAHHS MOJeJIe! Ta MiABULIUTH y3arajbHIOIOUY 3[aTHICTb.
[IpakTHyHe 3HaY€HHS] OTPMMaHUX Pe3YJbTaTiB MOJISIrae y po3pobLi METOiB, MOJeJIel Ta IPOrPAMHOTO
iHCTpyMeHTapio 1J1s1 aBTOMaTU3allii aHasi3y MiKpOCKOIIYHUX 300pakeHb 6i0JI0riYHUX 00’e€KTiB, 110 J03BOJISIE
CYTTEBO 3HU3UTU TPYAOMICTKICTb MiJITOTOBKU AAHUX Ta MiIBUIIUTY €PEKTUBHICTb MOOYAOBU CUCTEM
KOMITIOTEPHOTO 30pY B 6i0MeIUYHUX 3aCTOCYBaHHIX. 3a TEMOIO ucepTalii orny6siikoBaHo 18 HayKOBUX Mpallb, y
TOMY YMCJIi: 3 CTATTi y HAYKOBUX BUJIAHHSX, BKJIIIOYEHUX 10 [1epeliKy HayKOBUX (PAXOBUX BUAAHb YKpaiHM KaTeropii
B, 1 crarTi B HaykoBUX (paxOBUX BUJAHHSX YKpaiHW, sIKi BKJIIOUEH] 10 MDXKHAPOHOI HayKoMeTpru4Hoi 6a3u Web of
Science, 3 cTarTi, y BUJAHHSX, 1I0 BXOIATh O HAYKOMETPUUHOI 6a3u Scopus, 11 Te3 nonosifeit Ta Mmarepiasis
KOH(EPEHIIIN.

2. The dissertation addresses the relevant scientific and applied problem of optimizing the process of detection
and localization of biological objects in images through the development and improvement of models, methods,
and information technology based on computer vision. The proposed approach ensures increased accuracy, speed,
and robustness of algorithms for processing microbiological and biomedical images, enabling automation of visual
data analysis, improvement of diagnostic quality, and enhancement of research efficiency. The object of research is
the process of digital image processing in bioinformatics systems. The subject of research is methods, models, and
information technology for processing digital images of biological objects. The aim of the dissertation is to develop
models, methods, and information technology for the automatic generation of annotated datasets for detection,
localization, and segmentation of biological objects in microscopic images. The dissertation consists of an abstract
in Ukrainian and English, a table of contents, an introduction, four chapters, conclusions, a list of references, and
appendices. The study yielded the following scientific results: - for the first time, the model for the automatic
annotation of microscopic images has been proposed, based on the integration of preprocessing, segmentation,
and detection methods, which, unlike existing models, generates a coordinated representation of objects in the
form of masks and bounding boxes, ensuring the suitability of the data for training various types of models
(detection, segmentation); - for the first time, the method for evaluating the quality of automatically annotated



data based on deep learning model quality metrics has been developed; unlike traditional approaches to
annotation validation, this method involves indirect evaluation through model training results, allowing the
suitability of the generated data for practical use to be determined; - the method for the automatic generation of
annotated datasets of biological objects has been improved based on the combination of classical image
segmentation methods and deep learning models within a single algorithmic pipeline, which, unlike existing
methods, ensures the coordinated execution of the stages of object detection, classification, and labeling of
objects, thereby reducing reliance on manual annotation and improving the efficiency of training sample
preparation; - the method for segmenting biological objects has been improved by modifying the architecture of a
U-Net-type convolutional neural network; unlike the classical model, this approach reduces the network depth
and employs a combined loss function, thereby lowering computational complexity and accelerating the training
process while maintaining segmentation accuracy; - the method for localizing biological objects in images has
been improved based on the use of segmentation masks and bounding box generation algorithms, which, unlike
existing detection methods, takes into account the morphological characteristics of objects, thereby increasing
localization accuracy and reducing the number of false positives; - models and methods for applying deep learning
to the detection and classification of biological objects under conditions of limited labeled data have been further
developed; unlike traditional approaches, these are based on the use of automatically generated training samples,
which ensures effective model training and improves generalization ability. The practical significance of the results
lies in the development of methods, models, and software tools for automating the analysis of microscopic images
of biological objects, which significantly reduces the labor intensity of data preparation and improves the
efficiency of building computer vision systems for biomedical applications. Eighteen scientific papers have been
published on the topic of the dissertation, including: 3 articles in scientific journals included in the list of Category
B scientific journals in Ukraine, 1 article in Ukrainian scientific journals included in the international scientometric
database Web of Science, 3 articles in journals included in the Scopus scientometric database, and 11 abstracts of
presentations and conference proceedings.
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Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

BsacHe IIpizBuie Im'sa I1o-6aThKOBI:

1. Voosenko Ceprii 'puroposuy

2. Serhii H. Udovenko

KBasigikanis: 1. 1. u., npodecop, 05.13.03
Inentudikarop ORCID ID: 0000-0001-5945-8647

HoparkoBa iHdopmawuist: [Tpodins y Scopus:
https:/ /www.scopus.com /authid /detail.uri?authorld=55975679100; IIpodins y Google Scholar:
https:/ /scholar.google.com.ua/citations?user=8A47bZoAAAAJ&hl=uk

IloBHe HaiMEHYBaHHS IOPHIHYHOI 0COOM: XapKiBCbKMil HALLIOHAIBHUI EKOHOMIYHMIA YHIBEPCUTET iMeH]
CemeHa KysHens

Kog 3a €IPIIOY: 02071211

Micue3Haxoa>KeHHs: npocniekt Hayku, Xapkis, XapkiBcbkuii p-H., 61166, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

PeuenseHTu

Bsacue IlpizBuuie Im's I1o-6aThKOBI:

1. IlopmopoxHak Angpint OsekciioBuy

2. Andrii O. Podorozhniak

KBasigikanis: k.r.u., nouenr, 05.12.17
InenTudikarop ORCID ID: 0000-0002-6688-8407

JoparkoBa iHdpopmanist: https://www.scopus.com /authid /detail.uri?authorld=57202229410;
https:/ /www.webofscience.com /wos /author /record /909299;
https:/ /scholar.google.com.ua/citations?user=gbxjOTEAAAAJ&hl=uk

IloBHe HaliMEeHYBaHHSI IOPHUAUYHOI 0COOM: HaujoHanbHUil TEXHIYHNMIA YHIBEpCUTET "XapKiBChKUIA

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: Bys1. Kupnuyosa, Xapkis, XapKiBchkuil p-H., 61002, Vkpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAayKu YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. IImaTtko Onekcanap BitaniioBuy



2. Oleksandr Shmatko

KBasigikamis: . r. 1., gou., 01.05.02
InenTudirarop ORCID ID: 0000-0002-2426-900X

JoparkoBa iHdopmawuist: [Tpodins y Scopus:

https:/ /www.scopus.com/authid /detail.uri?authorld=6602623478; [Tpo¢ins y Google Scholar:
https:/ /scholar.google.com.ua/citations?user=Wyv6ESUAAAAJ&hI; TIpodins y WosS:

https: / /www.webofscience.com /wos /author /record /M-7366-2017

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# TEXHIYHUI YHiBepcUTeT "XapKiBChKUii

MOJIITEXHIYHNAN iIHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3Haxoa KeHHS: By Kupnuyosa, Xapkis, XapKiBCbKuii p-H., 61002, Ykpaina
dopma BiracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepCcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoOMOCTi

Biacue Ipizsumie Im'st [To-6aTbKOBI ®inarosa l'anna Cereniizna

TOJIOBH pajgu

Bnacue IpisBume Im'a [T0-6aTbKOBI dinarosa l'anna C€Brexisna

TOJIOBYIOYOTO Ha 3acCiiaHHi

BiznoBizassHHI 3a MiATOTOBKY Opuenko TeTsiHa AnarosiiBHa
00JIiKOBUX JOKYMEHTIB

PeeCTpaTop [Opuenko TersiHa AHaTosiiBHA

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZNOBiZaJIbHUM 32 peeCTpallilo HayKOBOi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




