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Pedepar:

1. ¥ ranysi uudposoi nartosorii, sika CTPIMKO PO3BMBA€ETHCSI, aBTOMATHU30BAHUM aHai3 LiIbHUX CIAIB
ricronaToJioriyHux 306paxeHs (WSI) cTaB Hapi’KHUM KaMeHeM, 110 NOeHYE NIepeloBi raysi, Taki Ik KOMITI0TEpHE
6aueHHs, MalIMHHE HaBYaHHS, IJIMOOKe HaBYaHHS Ta KiiHiyHa iHpopMmaTuka. [luceprallis pucBsyeHa po3poolii
HOBOTO METO[y Ta OOYMCIIIOBAIbHOTO (GPEMBOPKY, CIIPSIMOBAHOTO Ha TIOKPALEHHS NIiarHOCTUKYU MEJIAaHOMU ~
KPUTWUYHOI 06J1aCTi B OHKOJIOTii Yepe3 BUCOKUIM MeTaCcTaTUYHUI MMOTEeHIlial MeJIAHOMU Ta 3HAYHUII I106aJIbHUAM
TArap 1 300poB’a. BCTyn migKpecsioe KpUTUYHE 3HaUY€HHS LIbOTO AOCJIIPKEHHS B KOHTEKCTi CTPiIMKOTO
posimrpeHHs LnpoBOi NaTOJIOrii Ta HarajabHOI IOTPe6Y B IEPELOBUX AiarTHOCTUYHUX iHCTPYMEHTAX 111 60pOTHOM
3 MeslaHoMo10. OCHOBHA MeTa I0JIsirae B pO3po61ii MyIbTUMOIaIbHOI iHpOopMaLiifHOI TeXHOIOrii, SKa oKpalye
IiaTHOCTHKY METACTa3iB MeJIAHOMU 32 JOIIOMOI0I0 HOBUX BUCOKOIIPOJIYKTUBHUX, IHTEPIIPETOBAHUX
064KCII0BaIbHUX QPEMMBOPKIB 17151 €(PEKTUBHOI N0NIepeaHbOI 06POOKH, 6araToOMacIITaOHOrO aHaJIi3y O3HAK,
MYJIPTUMOJIAJIbBHOTO 00'€IHAaHHS JAHUX Ta IPO30POro NPUNHATTS pileHb. O6'€KT JOCIiIPKEHHS - IPOLLeC

rH,iEll"HOCTI/IKI/I M€JIaHOMMU Ta ITPOTHO3YBAHHS ii MeTacTaTUYHOTO l'IOTeH]_LiaJIy 3 BUKOPUCTAaHHAM 00YMCITIOBAJIbBHUX



METO/IiB, 3aCTOCOBaHUX 10 WSI, reHOMHUX IPOQiiB Ta KIiHIYHUX METAJaHUX Yy PaMKax MepeloBUX iHpOopMaLiiHUX
cucreM. [IpenMeT IOCTiKeHHS - IIepeoBa OOUKCIIIOBaIbHA CUCTEMA, 1110 BKIIIOYAE MapajesibHy IoNepesHIo
00pOOKY JaHuX, 6araTomMaciiTabHi HEMPOHHI MepexKi, MyJIbTUMOZAJIbHE IJIM00Ke HaBYaHHS Ta iHTepIIPEeTOBaHi
aHcambresi knacudikaropu. I[lepmuiil po3fin okpecioe TpaHcpopMaliiHy TpaeKTopito uugpoBoi naToJiorii Ta ii
KPUTHYHY POJIb y IPOCYBAHHI 1iaTHOCTUKYU MEJIAaHOMHU, 3 (POKYCOM Ha BUSIBJIEHHI METACTaTUYHOTO IIPOTrPECYBAHHSI.
Po3pin po3’sicHI0€ BUKJIMKY TIOTIEPeIHbOr0 00POOJIEHHS], 30KpeMa O0YUCIIIOBaIbHY cKilagHicTe WSI riranikcenbHOro
MaciTaby Ta Hee(peKTUBHICTb iCHYIOUMX iHCTPYMEHTIB, sk OpenSlide. Bin ninkpecmoe norexuian 11, 3okpema
3TOPTKOBUX HENPOHHUX MepexX (CNNS), 1151 yMOKIIMBIIEHHS! MyJIbTUMOJQIBHYX [IiaTHOCTUYHUX (PPENMBOPKIB, SIKi
BUPIIIYIOTh OOMEXEHHS YHIMOJAMbHUX MinxXoiB. [Ipyruil po3zis BCTAaHOBJIIOE TEOPETUYHUI T METOLO0JIOTIYHUN
(perMBOPK [1J15 [TOKpalleHHs AiarHOCTUKY MeJIAaHOMH 4epe3 IepeioBi 00unCloBabHi napagurmu. Bin nocuimkye
apxitekrypu CPU ta GPU, Bukopucrosyoun OpenMP ta CUDA pj1s e(eKTUBHOI NapaseibHOI 00podKy, Ta
IIPOIOHYE NapajesbHUl KOHBEEP NONEPESHbOr0 0OPO6IEHHS JaHUX, 0 BKIIOYA€E JUHAMIYHE IJIaHyBaHHS 3aBJJaHb
Ta oNTHUMi3alito pecypciB. HoBa 6araToBumipHa HelipOHHA Mepesxa, 110 BUKOPUCTOBYE PO3LIMPEHi 3TOPTKU Ta
MEXaHi3MHU 3JIUTTSI O3HAK, BBOOUTHCS [J1s1 BpaxXyBaHHS CIIEKTPY MOP(OJIOTiYHMX XapaKTepucTuk. Po3zin po3subae
MyJIbTUMOJIAJIbHU MiAXiz I7IM60KOoro HaB4aHHs, o iHTerpye WSI, kiliHiYHI MeTaziaHi Ta rTeHOMHI J1aHi yepes
MeXaHi3MU yBaru Ta BU00yToOK 6iomapkepiB. [JomaTKOBO BiH [IpefCcTaBIsIe iHTEPIIPETYBaJIbHUIN MYJIbTUMOIJIbHUM
cTekoBaHMI ancambiieBuil ppeiimBopk (IMSEF-Melanoma), sikuii mokpaliye f1ialHOCTUYHY IIPO30PiCTh Yepes
rpafieHTHY Bi3yasiisalilo Ta MeTa-HaB4aHH4. TPEeTiil pO3[iJ 30CEpPeKyeThCs Ha IPOEKTYBAHHI Ta ONTUMIi3aLii
aJITOPUTMIB i HEIPOHHUX MEPEX 114 AiarHOCTUKY MEJIaHOMU. BiH BBOOWTL NapasesibHuil aJlfOPUTM IIOIEPESHbOTO
00p006JIeHHSI TaHUX 3 MapasieIbHOI0 TeHepallielo NMaT4yiB Ta HopMasi3alli€o J1s1 mifIBUIeHHs 004N CII0BaIbHOI
edekTuBHOCTI. TexHiky 6araToMaciITabHOro BUy4€HHS O3HAK, 110 BKJIIOYAIOTh PO3MIKPEH] 3rOPTKU Ta MEXaHI3MHU
yBarv KaHajliB/TIpoCTOpPY, po3pobJieHi A1l onTuMisanii AiarHoCTUYHOI TouHOCTi. CTpaTteris 37UTTS
MyJIbTUMOJIAJIPHUX JaHUX iHTerpye WSI, mporuosu riambruHy MyxJIMHU Ta KIIiHIYHI MeTaiaHi, 3 TOKpaleHHIM
inTepnperoBaHocTi yepe3 3HaueHHs1 SHAP (SHapley Additive exPlanations) ta Grad-CAM++ Bigyasnizauii. YeTBepTuii
PO3[is IpeficTaBiIsge IPAaKTUYHY peaisallilo Ta KIiHiYHy Bajlifallilo 3aponoHOBaHoi iH(popMalifiHOI TEHOJIOTI,
KOHCOJIiZIyI0uM €KCIIepUMEHTAJIbHI pe3yJIbTaTu AJis AeMoHcTpalii ii epexTuBHOCTI. HaykoBa HOBU3HA po60TH
II0JIsIra€e y HOBOMY IapajiesibHOMY (PpeiMBOPKY IToIepeHbOro o6pobiieHHs aJ1st WSI, 110 iHTerpye napasnesibHy
06po6Ky, npuckopeHHs1 GPU Ta aganTuBHy QinbTpallilo 300paskeHb; HOBiil 6araToMacIlTabHil HEMPOHHIN Mepexi 3
PO3IIMPEHMMU 3rOPTKAMU Ta MEXaHi3MaMU yBarv; MeTOli MyJIbTUMOIAJIBHOTO TTIMO0KOTO HaBUaHHS [1J1s
IiarHOCTHKY METACTa3iB MeJIAaHOMU; iHTepPIIPEeTyBaJIbHOMY MYJIbTMOJIaJIbHOMY CTEKOBAaHOMY aHCaMOJIEBOMY
xinacudikaropi IMSEF-Melanoma, mo kom6inye SHAP Ta Grad-CAM++ 1j1s1 HaZlaHHs1 TPO30PUX, CTALiHO-

aJanTUBHUX iarHOCTUYHUX iHCAUTIB.

2. In the rapidly developing field of digital pathology, automated whole-slide analysis of histopathological images
(WSI) has become a cornerstone, combining cutting-edge fields such as computer vision, machine learning, deep
learning, and clinical informatics. The thesis is devoted to the development of a new method and computational
framework that integrates WSI, tumor depth predictions, and clinical metadata, aimed at improving melanoma
diagnosis. The main goal is to develop a multimodal information technology that improves the diagnosis of
melanoma metastases using new high-performance, interpretable computational frameworks for efficient
preprocessing, multiscale feature analysis, multimodal data fusion, and transparent decision-making. The object of
the study is the process of diagnosing melanoma and predicting its metastatic potential using computational
methods applied to WSI, genomic profiles, and clinical metadata within advanced information systems. The subject
of the study is an advanced computing system that includes parallel data preprocessing, multiscale neural
networks, multimodal deep learning, and interpretable ensemble classifiers. The first chapter outlines the
transformative trajectory of digital pathology and its critical role in advancing melanoma diagnostics, with a focus
on detecting metastatic progression. The chapter explains the challenges of preprocessing, including the
computational complexity of gigapixel-scale WSI and the inefficiencies of existing tools like OpenSlide. It
highlights the potential of Al, particularly convolutional neural networks (CNNs), to enable multimodal diagnostic
frameworks that address the limitations of unimodal approaches. The second chapter establishes the theoretical



and methodological foundations for improving melanoma diagnosis. It explores CPU and GPU architectures, using
OpenMP and CUDA for efficient parallel processing, and proposes a parallel data preprocessing pipeline that
includes dynamic task scheduling and resource optimization. A novel multidimensional neural network using
extended convolutions and feature fusion mechanisms is introduced to account for a spectrum of morphological
features. The section develops a multimodal deep learning approach that integrates WSI, clinical metadata, and
genomic data through attention mechanisms and biomarker mining. Additionally, it presents an interpretive
multimodal stacked ensemble framework (IMSEF-Melanoma) that improves diagnostic transparency through
gradient visualization and meta-learning. The third chapter focuses on the design and optimization of algorithms
and neural networks for melanoma diagnosis. It introduces a parallel data preprocessing algorithm with parallel
patch generation and normalization to improve computational efficiency. Multiscale feature extraction techniques,
including extended convolutions and channel /space attention mechanisms, are designed to optimize diagnostic
accuracy. A multimodal data fusion strategy integrates WSI, tumor depth predictions, and clinical metadata, with
improved interpretability through SHAP (SHapley Additive exPlanations) values and Grad-CAM++ visualization. The
fourth chapter presents the practical implementation and clinical validation of the proposed information
technology, consolidating experimental results to demonstrate its effectiveness. The scientific novelty of the work
lies in a new parallel preprocessing framework for WSI that integrates parallel processing, GPU acceleration, and
adaptive image filtering; a new multiscale neural network with extended convolutions and attention mechanisms; a
multimodal deep learning method for diagnosing melanoma metastases; and an interpretative multimodal stacked
ensemble classifier IMSEF-Melanoma.
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