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1. Incepraist Ha 3M06YTTSI HAYKOBOTO CTyIEHS LOKTOpa ¢inocodii 3a crnenianpHicTio 121 - IH>keHepis nporpaMHOro
3abe3nevyeHHs 3 ranysi 3HaHb 12 - [Hdopmauiidi TexHosorii. — Hauionanbuuil TexHiyHu YHiBepcuTeT YKpaiHu
«KuiBcekuii [NositexHiynuil InctutyT imeHi Iropst Cikopebkoro», Kuis, 2025. [JuceprauiiiHa poboTa pUcCBsideHa
po3pob1i MeTony knacudikaii MeguuHUX 300paskeHb, M0 CIIPSIMOBAHUIN Ha YHUKHEHHS 3MiHU TOIOJIOTII
3TOPTKOBOI HEMPOHHOI MEPEXKi IPU [NOJlaBaHHI HOBUX KJIACIB, JO3BOJISIIOYM 3HU3UTU HAKJIA[HI BUTPATH 4acy Ha ixX
HiATPUMKY, T2 METO/Yy OpraHisallii 064ncyieHb 3a JOMOMOTOI0 ITIOTOKIB pOOiIT, KU 6yaye rpad MOTOKY IiJ] yac oro
BMKOHAHHSI, YMM MiHiMi3ye Yac Ha BIIPOBAJKE€HHS 3MiH y cucTeMy. BuacHa po3po6ka Ta IOCTYIIHICTb 3aC0O0iB
TeCTYBaHHSI Ha iH(eKIii1Hi 3aXBOPIOBaHHS € QyHIAMEHTaJbHAM KOMIIOHEHTOM KOHTPOJIIO HaJl eMileMisIMU Ta

[IaHJeMiSIMU Ha KOJKHOMY €Talli II0IKNPEeHHsI XBOPOoOU. YIepeyKyBajibHa po3p0o0Ka iIHCTPYMEHTIB BUSIBJIEHHS



3aXBOPIOBaHb, & TAKOXK MOIIYK ITiTXOIiB AJ1s1 TPUCKOPEHHS iX OTPUMAaHHS Ta BIPOBA/I>)KEHHS € BOKJIUBUM 151
KOHTPOJIIO HaJ ernifgemMisimMu B MaioyTHbOMY. OIHUM 3i CIIOCO6iB BUKOHAHHSI 1ialrHOCTUKY € aHaJli3 MeIUYHUX
300paskeHb 3a IOTIOMOTOI0 3TOPTKOBUX HEUPOHHUX Mepesk. OJIHaK, Taka kiacudikallisi IpU3BOAUTH 10 HEOOXiAHOCTI
y 3MiHi TonoJiorii MoieJli NpU BUHUKHEHHI IOTpeby y 10JaBaHHI HOBUX KJIacCiB. lle 06MeKeHHST MOKHA MI010JIaTH
yepes3 BUKOPUCTAHHS TPOMDKHUX JAaHUX — BKJIQIEHUX NPECTABJIEHb, 1110 TEHEPYBAaTUMYThHCSI HEUPOHHOIO
Mepeskelo, Ta BUKOHaHHS Kinacudikanii 3a HuUMu. BaxxyinBum acniekTom 3aco0y [1Jisl 4iarHOCTUKYU € IBUIKICTh
ajanTalii CuCTEMH [0 NOSIBU HOBUX 3aXBOPIOBaHb. OCKIiJIBKY TOTOKU POOIT 103BOJISIOTh iHKAICYJII0BATA OKPEMI
eTany o6poOKY JaHUX Ta FHYYKO 3MiHIOBATH iX IOCTiOBHICTh 6€3 BTPYYaHHS B KOJI CUCTEMHU, IX BUKOPUCTAHHS
3HAYHO 3MEHIIYE Yac Ta CKIATHICTh BIpOBamyKeHHs 3MiH. I[ToTOKM pobiT € BIOPSIKOBAaHUMU CTPYKTYPOBaHUMU
IIpeJCTaBIeHHSIMU 6araTOKPOKOBUX 00UYUCIIOBAIbHUX 337a4. ICHYI0Ui CUCTEeMU KepyBaHHS [IOTOKaMU POOIT
BMMAraloTb CTaTUYHOT'O BU3HAYEHHS Ipady NOTOKY POOIT pO3POOHUKOM CUCTEMHU, 11O YIIOBiIbHIOE BHECEHHSI 3MiH.
OpHuM 3i cIOCO6iB BUpIIIEHHS JaHOI IPO6JIeMH € IMHAMIYHE CTBOPEHHS Ta OOUMCJIEHHS IIOTOKIB POGIT BUXOIAYIU 3
HaJaHUX JaHUX Ta iIHCTPYMEHTIB 17151 ix 0OpOoOKHU i IepeTBOpPeHHs. MeToo gucepTaliiiHOi po6OTH € 3MEHIIEHHS
yacy aanTallii nporpamHoro 3abes3nedyeHHs aHaizy MeIUYHUX 300paKeHb 151 IialrHOCTUKYU Ha OCHOBI aJIFTOPUTMIB
MaIIMHHOTO HaBYaHHS. [y JOCATHEHHS METU [IPOBEeJIeHO aHaJli3 3acobiB Ta METOIiB 1iarHOCTUKY 3aXBOPIOBaHb 32
mornomororo knacudikarii 3HiMKIB KomI'ioTepHoi Tomorpadii. Po3risiHyTo criocobu iHTerparii HepOHHUX MEPEX y
IIporpamHe 3a6e31e4yeHHs Ta O0IPyHTOBAaHO BUKOPUCTAHHS IIOTOKIB po6iT. [IpoBeieHO [OPiBHSAIbHUI aHai3
Cy4aCHHUX CHCTEM KePYBaHHS IOTOKaMU PoO6iT. 3alIpONOHOBAHO MoaudiKallilo iCHYI040l HEIPOHHOI Mepexi 1J1s
no6y10BY BKJIAAEHUX IIPEICTaBJIeHb Ta IOBEIEHO MOXKJINBICTD 4OJIaBaHHS HOBUX KJaciB 6e3 icTOTHOI BTpaTtu
TOYHOCTI. PO3p06s1€HO MaTeMaTUYHY MOJIeJIb JJ1s1 OOpaxyHKy yacy Ha [100yoBy Kiacudikatopa Ta HaBeJleHO
YMOBH, 110 BU3HAYAIOTh 0r0 €(PEKTUBHICTb. 3alIpONIOHOBAHO METO], /11 JMHAMIYHOi 06y0BYU rpady MOTOKY pOoOiT
1iz 9ac oro BUKOHAHHS, SIKUH 103BOJISIE YHUKHYTH HEOOXiTHOCTi y IOr0 CTAaTUYHOMY BU3HAYEeHHi Bpy4YHY.
Po3pobseHo Monesb 00paxyHKy Yacy BUKOHaHHS IIOTOKY po6iT. [lokazaHo, 110 4acom poOOTH airOPUTMY MOKHA
3HEXTYBATU BiJHOCHO 4acy Ha KOPUCHi 064ucieHHs. Po3pobsieHo cucTeMy KepyBaHHS IIOTOKaMU POOiT, 1110
peastidye 3alIpOIIOHOBaHUI MeTO. JloBeIeHO ii MpaKTUYHY 3aCTOCOBHICTb. PO3p06s1€eHO MaTEMAaTUYHY MOJIEJIb
OIIiHKM 4Yacy Ha OOYZOBY ITOTOKIB pOOIT 3a 3alIpOIIOHOBAHMM METOAOM Ta HaBeJeHO YMOBH, 1110 BU3HAYAIOTh MeXi
eeKTUBHOCTI 10r0 BUKOPUCTaHHS. BUKOHAaHO MTPOEKTYBaHHS Ta peajizallilo IIPOrpaMHOro 3abe3nedyeHHs aHalizy
306paxenb KT A1 iarHOCTUKY 3aXBOPIOBaHb. Pe3ybTaTy, OTpMMaHi y AUCEPTaLiiHOMY AOCIiIPKEHH], MICTSTh
HayKOBY HOBU3HY: - BIIEPIIIE 3a[IPONIOHOBAHO METOJ, IMHAMIYHOTO KOHCTPYIOBAHHS IIOTOKIB POOIT mif, yac ix
BMKOHAHHS, SIKUH BiJIpi3HSIETHCS Bi HASBHMX aBTOMATUYHOIO II0GYZ0BOIO rpady BUKOHAHHS, 110 JO3BOJISIE
BUKJIIOYMTH €Tall BU3HAYEHHS CTAaTUYHOTO [TOTOKY POOIT Ta 3MEHIINUTY Yac Ha BIIPOBAPKEHHS 3MiH y IIpOorpamHe
3a0€3Me4eHHs; - YIOCKOHAJIEHO MeTo, Kiacudikallii 306pakeHb LUISIXOM BUKOPUCTAaHHS BKJIJIEHUX NIPEICTABIIEHD,
110 [103BOJISE IOAABAHHS HOBUX KJIaciB 6€3 3MiHU TOIOJIOTii HEMPOHHOI MepeXi; - yIOCKOHAJIEHO MAaTEMaTUYHY
MoOZeJb [IJIs1 OLIIHKM Yacy afjanTalii mporpaMHoOro 3abesneyeHHs knacudikallii 306paxkeHb HIISIXOM BpaxXyBaHHS
CKJIaJIOBUX Yacy mopudikanii knacudikaropa ta nodygoBu rpady noToKy pooOiT, 110 Aa€ MOKIMBICTb IOPiBHIOBATH
IIBUAKOCTI BIIPOBA/IKEHHS 3MiH y ITpOrpaMHe 3a06e3MeyeHHs Ta 3[iliCHIOBaTY OOrPYHTOBAHMIA BUOIP METO/IB Ta
apxiTeKTypHUX pileHb. Po3po6sieHi B gucepraliii mporpaMHi 3acO61 MOXKYTh BUKOPUCTOBYBATHCH SIK OKDEMO
(CKIIP, 13 ananizy 3HimMKiB KT 17151 1iarHOCTUKM) TaK i B CKJaAi iHIIMX cucTeM (Halpukiaz, siK CKIagoBi CUCTEM
NiATPUMKU IPUMHSTTS pillleHb). Pe3yabTaTy MPOBEEHUX NOCiIKEeHb O0yJI0 OMy6sIiKOBaHO Y 9 HAaYKOBUX IpaLsX, 3
AKUX 4 y (ax0oBUX HayKOBUX KypHasax Kareropii «b», 1y >kypHai, mo iHgeKCyeTbCsl HAYKOMETPUYHOIO 633010

IaHUX Scopus, 4 y MaTepiasax Mi>KHaPOJHUX HAyKOBO-TIPAaKTUYHUX KOH(EPEeHLIil.

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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noJliTexXHiyHMi iHCTUTYT iMeHi Irops Cikopcekoro”
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Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VIII. 3aki04Hi BimoMocTi
BaacHe IlpizBume Im'a ITo-6aTbKOBI Kapixos Enyapn Bsriecnasosuy

TOJIOBH pajgu



Biacue IIpizBume Im's [10-6aTbKOBI Kapikos Enyapn B'ayecnaBosuy
TOJIOBYIOYOTO Ha 3acCiiaHHi
BignmoBizansHMIL 32 HiATOTOBKY Cminsenp Qenip AHzpiiioBuy

00JIiKOBUX JOKYMEHTIB

PeectpaTop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peEeCTpallilo HAayKOBOIi IOpuenko TeTsHa AHatosiiBHA

OisSIIBHOCTI




