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1. Incepraist Ha 3000YTTSI HAYKOBOTO CTyIIeHs fokTropa ¢inocodii 3a cnenianphicTio 121 - IH>KeHepist nporpamHoOro
3abe3nevyeHHs 3 ranysi 3HaHb 12 - IHdpopmauiiiHi TexHosorii. - Hauionanpuuil TexHiyHUN YHiBEpcUTeT YKpaiHu
«KuiBcbkuii [onitexniyauii InctutyT imeHi Iropst Cikopebkoro», Kuis, 2025. Jlucepraniiina po60Ta NIprUCBsueHa
po3pobui meToay kiacudikauii MeguIHNX 300pakeHb, 110 CIIPSIMOBAHMI HA YHUKHEHHS 3MiHU TOIOJIOTi]
3TOPTKOBOi HEMPOHHOI MEPEXKI IIPY NOJaBaHHI HOBYX KJIACIB, J0O3BOJISIIOYM 3HU3UTU HAKJIA[HI BUTPATH 4acy Ha ix

MigTPUMKY, Ta METOZly OpraHizallii 064ncieHs 3a JONOMOTrOI0 ITOTOKIB POOIT, sKMM O6yaye rpad MOTOKY Iif yac #oro



BUKOHAHHSI, YUM MiHiMi3ye 4ac Ha BIPOBAIKEHHS 3MiH y cUCTeMy. BuacHa po3po6Ka Ta JOCTYIIHICTb 3aC0O6iB
TeCTyBaHHS Ha iHQeKIIiIHi 3aXBOpIOBaHHS € QyHIaMEeHTaJIbHUM KOMIIOHEHTOM KOHTPOJIIO HAJl eMlifeMisIMu Ta
IIaHJEeMiSIMU Ha KOJKHOMY €Talli II0IINPEeHHsI XBOPOOU. YIlepepKyBalbHa po3po0Ka iHCTPYMEHTIB BUSIBJIEHHS
3aXBOPIOBaHb, @ TAKOXK MOUIYK MiIXOLiB [ IPMCKOPEHHS iX OTPUMAaHHS Ta BIPOBAIKEHHS € BAXJIUBUM [1JI4
KOHTPOJIIO HaJl ernifgemMisimMu B MaioyTHboMY. OIHUM 3i ClIOCO6iB BUKOHAHHSI IialHOCTUKY € aHaJli3 MeIUYHNX
300paskeHb 3a IOTIOMOTOI0 3TOPTKOBUX HEMPOHHUX Mepesk. OMIHAK, Taka Kiacudikallisi IpU3BOAUTH 10 HEOOXiAHOCTI
y 3MiHi TonoJiorii MoJiesli NpU BUHUKHEHHI IOTpeby y 0JaBaHHI HOBUX KiaciB. lle 06Me>KeHHsT MOKHA NI0[10J1aTh
yepes3 BUKOPUCTAHHS TPOMDKHUX JAaHUX — BKJIQIEHUX NPECTaBJIEHb, 1110 T€EHEPYBAaTUMYThHCSI HEUPOHHOIO
Mepexelo, Ta BUKOHaHHS Kilacudikalii 3a HUMM. BaXkJIMBUM aclieKTOM 3aCO0y [1Jis IiarHOCTUKYU € IBUIKICTh
ajanTanii cucTeMu 0 IOSIBU HOBUX 3aXBOPIOBaHb. OCKiJIBKY [TOTOKU POOIT 103BOJISIOTh iHKAICYJII0BATA OKPEMI
eTanu o6pobKU JaHUX Ta FHYYKO 3MiHIOBATHU iX MOCJIiJOBHICTb 6€3 BTPY4YaHHS B KOJ CUCTEMHU, IX BUKOPUCTAHHS
3HAYHO 3MEHIIY€ YacC Ta CKJIATHICTh BIPOBaIyKeHHs 3MiH. I[IOTOKM pObiT € BIOPSAIKOBAaHUMU CTPYKTYPOBAaHUMU
IIpeJCTaBIeHHSIMU 6araTOKPOKOBUX 00UYUCIIOBAIbHUX 337a4. ICHYIOUI cUCTeMU KepyBaHHS [IOTOKaMU pOOiT
BMMAaraloTb CTaTUYHOT'O BU3HAYEHHS rpady OTOKY POOIT pO3POOHUKOM CUCTEMHU, 110 YIIOBiNIbHIOE BHECEHHS 3MiH.
OpHuM 3i coCcO6iB BUPIIIEHHS JaHOI IPOOJIEMU € IMHAMIYHE CTBOPEHHS Ta OOUMCJIEHHS IIOTOKIB POOIT BUXOI YU 3
HaJAaHVX JaHUX Ta iIHCTPYMEHTIB 17151 iX 0Op0oOKHU i IepeTBOpeHHs. MeToo nucepraliliHOi po60TH € 3MEHILIEHHS
yacy aanTallii nporpamHoro 3abe3nedyeHHs aHalizy MeIUYHUX 300paKeHb IJ1s1 IialrHOCTUKY Ha OCHOBI aJIFTOPUTMIB
MAaIIMHHOTO HaBYaHHS. [17151 JOCSATHEHHSI MeTU NTPOBENEHO aHali3 3aCO0iB Ta METOZIB 1iarHOCTUKY 3aXBOPIOBAHb 32
IOTIOMOTO0 Kacu@ikalii 3HiMKiB KOMITIOTEPHOI ToMorpadii. Po3riisiHyTo crocobu iHTerpanii HepOHHUX MepeX y
IIporpamHe 3a6e3rnedyeHHs Ta O0IPyHTOBAaHO BUKOPUCTAHHSI IIOTOKIB po6iT. [IpoBeieHo OPiBHAIBHUIN aHai3
Cy4aCHHUX CUCTEM KepPyBaHHS I0TOKaMU PobiT. 3alIpoNoHOBAaHO MoaudiKallilo iCHyI04u0i HEIPOHHOI Mepexi 115
o6yI0BU BKJIQJIEHUX [IPEICTaBJIE€Hb Ta JOBEIEHO MOXKJIUBICTD 1OJIaBaHHS HOBUX KJIacCiB 6€3 iCTOTHOI BTpaTu
TOYHOCTI. PO3p06s1€eHO MaTeMaTUYHYy MOJeJIb JJ1s1 OOpaxyHKy 4acy Ha [106ynoBy Kiacudikatopa Ta HaBeLleHO
YMOBH, 110 BU3HAYAIOTh 0r0 €(PeKTUBHICTb. 3alIpONIOHOBAHO METO], J11 JMHaMiyHOi o6y 0B rpady IOTOKY pooiT
Iif 9ac 0oro BUKOHAHHS, SIKUH [103BOJIsI€ YHUKHYTH HEOOXiHOCTi y IOr0 CTAaTUYHOMY BM3HA4Y€HHi BPY4HY.
Po3pobieHo monesnb 06paxyHKy Yacy BUKOHAHHS IIOTOKY po6iT. [IokazaHo, 1o 4acom poO0TH alropuTMy MOKHA
3HEXTYBATU BiJHOCHO 4acy Ha KOPUCHi 064ucieHHs. Po3pobsieHo cucTeMy KepyBaHHS IIOTOKaMU POOiT, 1110
peastidye 3anipollOHOBaHUI MeTo. JloBelieHO ii MpakTUYHY 3aCTOCOBHICTb. PO3p06s1eHO MaTEMAaTUYHY MOJIEJIb
OIIiHKM 4Yacy Ha OOYZOBY ITOTOKIB POGIT 3a 3alIpOIIOHOBAHMM METOAOM Ta HaBeJIeHO YMOBH, 110 BU3HAYAIOTh MeXi
eeKTUBHOCTI 10T0 BUKOPUCTAaHHS. BUKOHAHO MTPOEKTYBaHHS Ta peasizallilo IIPOrpaMHoro 3abe3nedeHHs aHaizy
306pakenb KT 11 [iarHOCTUKY 3aXBOPIOBaHb. PesybTaTy, OTpMMaHi y AUCEPTaLiiHOMY AOCIiIPKEHH], MICTSTh
HayKOBY HOBU3HY: - BIIEPILE 3alIPOIIOHOBAHO METOJ, AMHAMIYHOIO KOHCTPYIOBAHHS MIOTOKIB POGIT mif 4ac ix
BMKOHAaHHS, SIKUH BiJIpi3HSETHCS Bii HASBHMX aBTOMATUYHOIO ITIOGYZ0BOIO rpady BUKOHAHHS, 110 JO3BOJISIE
BUKJIIOYMTH €Tall BU3HAYEHHS CTaTUYHOTO [TOTOKY POOIT Ta 3MEHIINUTY Yac Ha BIIPOBAPKEHHS 3MiH y IIporpamHe
3a0€3Me4YeHHS; - Y OCKOHAJIIEHO MeTo, kiacudikallii 306pakeHb IIISIXOM BUKOPUCTaHHS BKJIAJIEHUX NIPECTAaBJIEHD,
11O 103BOJISI€ NOAABAaHHS HOBUX KJIACiB 6€3 3MiHM TOIOJIOTiI HEMPOHHOI MEPEXI; - YIOCKOHAJIEHO MAaTEMATUYHY
MOJeJIb 11 OL[iHKY Yacy ajanTalii IporpaMHoOro 3adesnedeHHs! kinacudikanii 306paskeHp MmIIsIXxoM BpaxXyBaHHS
CKJIaJIOBUX Yacy mopudikanii knacudikaropa ta nodygoBu rpady noToKy poobiT, 1110 Aa€ MOXKIMBICTb IOPiBHIOBATH
IIBAJIKOCTI BIIPOBAIKEHHS 3MiH y IpOrpaMHe 3a6e3Me4eHHs Ta 37iliCHIOBaTA OOIPYHTOBAHUI1 BUOIp METOLIB Ta
apxiTekTypHuUx pimeHs. Po3po6ieHi B nucepralii mporpaMHi 3aco61 MOXYTb BUKOPACTOBYBAaTUCH K OKPEMO
(CKIIP, 13 ananizy 3HimMKiB KT 17151 1iarHOCTUKM) Tak i B CKJIaAi iHIMX cucTeM (Halpukiaz, siK CKIagoBi CUCTEM
IiATPUMKU PUMHSTTS pillleHb). Pe3yabTaTy MPOBEJEeHUX NOCiAKeHb O0yJI0 OIy6s1iKOBaHO Y 9 HAYKOBUX IIpaLsX, 3
KX 4 y paxoBMX HAayKOBUX XypHasax Kareropii «b», 1 y >kypHaili, 0 iHIeKCY€eTbCsI HAYyKOMETPUYHOIO 633010

IaHUX Scopus, 4 y MaTepiasax Mi’XKHAaPOJHUX HAYKOBO-TIPAKTUYHUX KOH(EpeHLil.

2. Thesis for the degree of Doctor of Philosophy in specialty 121 - Software Engineering of knowledge field 12 -
Information Technologies. — National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”,
Kyiv, 2025. The dissertation focuses on developing a medical image classification method aimed at avoiding
changes in convolutional neural network topology when adding new classes, thus reducing the time overhead for



their support, and a workflow-based computation organization method that constructs the pipeline graph during
execution, thereby minimizing the time required for system modifications.The timely development and availability
of infectious disease testing tools is a fundamental component of epidemic and pandemic control at every stage of
disease spread. Proactive development of disease detection tools, as well as finding approaches to accelerate their
acquisition and implementation, is essential for control of future epidemics. One approach to diagnosis involves
analyzing medical images using convolutional neural networks. However, such classification necessitates changes
in model topology when new classes need to be added. This limitation can be overcome through the use of
intermediate data - embeddings generated by the neural network - and performing classification based on them.
An important aspect of diagnostic tools is the speed at which the system can adapt to emerging diseases. Since
workflows allow encapsulation of individual data processing stages and flexible alteration of their execution
sequence without system code intervention, their use significantly reduces the time and complexity of
implementing changes. Workflows are ordered, structured representations of multi-step computational tasks.
Existing workflow management systems require static workflow graph definitions by system developers. The
existence of these static definitions slows down the implementation of changes. One solution to this problem is
dynamic creation and computation of workflows based on provided data and tools for their processing and
transformation. The aim of the thesis is to reduce the adaptation time of machine learning based software for
medical image analysis for diagnostics. To achieve the aim, tools and methods for disease diagnosis through
classification of computed tomography images were analyzed and existing workflow management systems were
examined. Methods of integrating neural networks into software are considered and the use of workflows is
justified. A comparative analysis of modern workflow management systems is conducted. A modification of an
existing neural network for generating embeddings is proposed and the possibility of adding new classes without
significant accuracy loss is demonstrated. A mathematical model for calculating classifier construction time is
developed and conditions determining its efficiency are presented.A method for the dynamic construction of a
workflow graph during its execution is proposed, which allows avoiding the need for its static manual definition. A
model for calculating the execution time of the workflow is developed. Through simulation modeling, it is
demonstrated that the algorithm's runtime overhead is negligible compared to useful computation time. A
workflow management system that implements the proposed algorithm has been developed, and its practical
applicability is proven. A mathematical model for estimating workflow construction time using the proposed
method is developed, and conditions determining its effectiveness boundaries are presented. A CT image analysis
software for disease diagnosis is designed and developed. The results obtained in the dissertation research contain
scientific novelty: - for the first time, a method for the dynamic construction of workflows during their execution
has been proposed, which is characterized by the automatic construction of the execution graph and allows to
avoid the stage of manually defining a static workflow, and thus reduces the time for implementing changes in
software; - an image analysis method was improved by using embeddings, which enables the addition of new
classes without modifying neural network topology; - mathematical model for estimating image classification
software adaptation time was improved by incorporating classifier modification and workflow graph construction
time components, enabling comparison of software modification implementation speeds and facilitating informed
selection of methods and architectural solutions. The results of the research conducted were published in 9
scientific papers, of which 4 were in professional scientific journals, 1 was in a journal indexed by Scopus, and 4
were in the materials of international scientific and practical conferences.
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Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Myxin Bagum €BreHitoBny

2. Vadym Y. Mukhin

KBasigikamis: 1. 1. n., npodecop, 05.13.05
I,ILeHTI/Iq)iKaTop ORCHID ID: 0000-0002-1206-9131
JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0M: HarionanbHuil TexHiuyHMi yHiBepcuTeT YKpainu "KuiBchKuii

MOJIITEXHIYHMI IHCTUTYT imMeHi Irops Cikopcpkoro”
Kopg 3a €IPIIOY: 02070921
Micue3HaxoaKeHHS: npocnekTt bepecreiicekuit, 6y, 37, Kuis, 03056, Ykpaina

dopma BaacHOCTI:



Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

CeKTOop HayKH: YHIBEPCUTETCHKUI

VIII. 3akar04Hi BimoMocTi
BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

TrOJIOBH pagu

BiiacHe IIpizBuie Im'sa ITo-6aTbKOBi

rOJIOBYIOYOrO Ha 3aCifiaHHi

BigmoBigasbHUH 3a MiATOTOBKY

00JIIKOBHX JJOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallilo HayKOBOi

OisSIIBHOCTI

Xapikos Enyapn B'stueciaBoBud

XKapikos Enyapg B'suecnaBosuy

CMinsgHeup Qenip AHIpiiOBUY

VKpIHTEI

FOpuenko Tetsna AHaTosiiBHA



