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1. Y nuceprauiiiziil po60Ti BUpilllIeHO HAYKOBO-TIPAaKTUYHE 3aBAaHHS PO3POOJIEHHS Ta LOCiIP)KeHHS MeTOMiB
riopuaHOTO MOJEJIOBaHHS eMileMiYHUX MPOoleciB Ha OCHOBI Ipo60BUX SIR-piBHSHE i3 HElipoMepeskeBOI0
ineHTHpiKaLieo YacO3MiHHUX MapaMeTpiB. 3alpPONOHOBAaHUM MiAXiA NoegHye (PisndHy iHTEpIPETOBaHICTh
MEXaHICTUYHUX MOJiesIel, MOXJINBICTb BpaXyBaHHs e(eKTiB Mam’sTi 32 JOIIOMOr0I0 APO60BUX IuQepeHIiasbHIX
PiBHSIHB Ta aaNTUBHICTh MAIMHHOTO HaBYaHHS IIPY POOOTI 3 peasbHUMU 3aulymaeHnMu janumu COVID-19.
OO6’eKT foCiTKeHHs — MIPOoLlecy MOMUPEHHS iHPEKIiNHUX 3aXBOPIOBaHb 3 €DEKTaMu IaM’aTi Ta HECTal[ioHApHUMU
napameTtpamu nepegadi. [IpenmeT nocinkeHHs — MaTeMaTUYHi MOJIeJli, aJITOPUTMU Ta METOIY TiOPHUIHOTO

MOJIEJTIOBAaHHS Ha OCHOBI Ipo60BuX SIR-piBHSHB i3 HElipoMepeskeBOI0 apaMeTpu3saiiiero. MeTow poboTu €



PO3pO6IIEHHS] METOIiB TIOPUIHOTO MOJIE/IIOBAHHS €MileMiYHMX [TPOLEeCiB, 110 OEAHYIOTh MEXaHICTUIHE
MOJeJIIOBaHHS 3 alalITUBHOIO IIapaMeTpHU3allielo Ha OCHOBI JaHUX. Y BCTYIi OGI'PYHTOBAHO aKTyaJIbHICTh TEMU,
cpopMyIbOBAHO METY, 337a4i, 00’EKT i IpeIMET NOCiI)KeHHS], BU3HAU€HO HAayKOBY HOBU3HY, IPAaKTUYHE 3HAYEHHS],
HaBeJIEHO BiJOMOCTI IIPO anpoballilo pe3yJbTaTiB, MyoJIiKallii Ta CTPYKTYpY AUCepTaljii. Y nepmomy po3zimni
BUKOHAHO aHaJIi3 Cy4aCHUX IiIXOMiB 10 MOJEJIOBAHHS €IileMiYHuMX IIpoLecis, po3rysinyTo mogei SIR i SEIR,

I po6OBi MOZEJIi, METOAM YMCEJILHOI'O PO3B'sI3aHHS, aHaJli3y YyTJIMBOCTI, MAIIMHHOIO HaBYaHH Ta (Pi3uYHO-
iHpopmoOBaHi HEMPOHHI MepexXi. BU3BHauYeHO OCHOBHI HayKOBi IPOGJIEMH, IO CTATIM OCHOBOIO OJAJBIINAX
IOCJIiIKEeHb. Y IPYyromMy po3[isii po3pobsieHo MaTeMaTUYHy NOoCcTaHOBKY FSIR-mopneni 3 noxinHoto Kamnyro,
IIOBEZIEHO ii OCHOBHI BJIaCTMBOCTI Ta p€asi30BaHO aJIfOPUTM YKCEJILHOTO iHTETPyBaHHS Ha OCHOBI METOLY
Anamca-bamdopra-MynTona. [IpoBeseHo napameTpuyHUI aHali3 BIUIMBY [OPSIIKY OPOOOBOI IOXiHOI,
KoeilieHTiB nepezadyi i BUIy4EHH Ta I0YaTKOBUX YMOB Ha JJMHAMIKY emifieMii. ¥ TpeTboMy po3pii
3aMpOIOHOBAHO ribpuany apxirektypy FSIR+ML ni4 inentudikauii yacosaminaux napamerpis o(t) Ta o(t), po3po6aeHo
mogeni MLP i PINN, BUKOHaHO ix CUHTeTU4HY Bepudikallilo Ta 3alIpOIIOHOBAHO [IBOETAIIHY CTPATEril0 HaBYaHHS, 110
[oeHye NolepeHe HaBYaHHS HellpomMepexki 3 (pi3nyHO-iHPOPMOBAaHMM JOHABYAHHSIM. Y Y€TBEPTOMY PO3LiJi
po3pobiieHi Mozeni anpo6oBaHo Ha peanbHUX gaHux COVID-19 nng Himewunnwy, Itanii Ta Ykpainu. ITo6ynoBaHo
iepapxiro 3 I'sITH MOZEeiel Pi3HOi CKIIATHOCTi Ta BUKOHAHO iX MOPiBHSIBHUI aHani3. [TokazaHo, mo jJokanbHi FSIR-
PINN-Mmozesni 3a6e3neuytoTh Halikpalle CIiBBiJHOLIEHHS TOYHOCTI, CTilIKOCTi Ta iIHTEpPIPETOBAHOCTI. Y II'SITOMY
po31iii mpoBeneHo aHaii3 yyTauBocTi PINN-Mozesneil 1o CTpyKTypHUX, iHpOpMaLiiHUX i CTOXaCTUYHUX (PAKTOPIB.
Ha ocHosi 118 excniepumeHTanbHAX KOHQIrypaniii BU3Ha4Y€HO ONTUMAaJIbHI HaJIAIITyBaHHS MOZeJel Ta
cpopMyIbOBAaHO pPEKOMEH ALl 111010 IX 3aCTOCYBaHHS [I0 peayIbHUX elifeMiYHMUX 4acoBUX PsAiB. 3a pe3yabTaTaMu
IOCJiIKEHHS: OOIPYHTOBAHO JIOLiIbHICTh BUKOPUCTaHHS Ipo60BUX SIR-Mopesnei A1 onucy enigeMiyHux
IIPOLIeCiB; pO3pO0JEHO MaTEMaTUYHY [TOCTaHOBKY FSIR-Mozeni Ta anroputu ii yncesnbHOI peasisaliii; BAKOHaHO
napaMeTpUYHUM aHasi3 BIUIMBY e(eKTiB am’sTi; 3alIpOrIoOHOBaHO ribpunHy apxitektypy FSIR+MLP /PINN i
IBOETAIHY CTpaTerilo HaBYaHHSI; IPOBEI€HO NIOPIiBHSJIbHE IOCIII>KEHHS ITSITU MOJieJlell Ha pPeajlbHUX JaHuX
COVID-19; BUKOHAHO aHaJli3 YyTJIMBOCTI MOJeell Ta c(POPMYJIbOBAHO IPAKTUYHI PEKOMEH allii 010 BUOOPY
apxiTeKkTypu ¥ rineprnapamMetpis. [IpakTidHe 3Ha4eHHS POOOTH IOJISITa€ Y MOXKJIMBOCTI BUKOPUCTAaHHS OTPUMAHUX
PEe3yJIbTATIB [JI1 CUCTEM ETiIeMiOJIOTIYHOTO MOHITOPUHIY, PETPOCIIEKTUBHOTO aHAJIi3y €MiJeMiYHNX XBUJIb,
OLIiHIOBaHHS YaCO3MiHHUX IIapaMeTpiB Nepegadi, 100y10BY CLIEHApPHUX [IPOTHO3iB, a TAKOXX y HaBYaJbHOMY IIpOLieCi
Ta MOJAJbIINX NOCIIKEHHSIX 3 MAaTEMAaTUYHOTO MOJEJIIOBaHHS, aHasli3y JaHuX i QpisnuHO-iHPOPMOBAHOTO

MaIIMHHOTI'O HaBYaHHS.

2. The dissertation addresses the scientific and practical problem of developing and investigating hybrid methods
for epidemic process modeling based on fractional SIR equations with neural network identification of time-
varying parameters. The proposed approach combines the physical interpretability of mechanistic models, the
ability of fractional differential equations to capture memory effects, and the adaptability of machine learning
methods when working with real-world noisy COVID-19 data. The object of the research is the spread of infectious
diseases characterized by memory effects and non-stationary transmission parameters. The subject of the
research comprises mathematical models, algorithms, and computational methods for hybrid epidemic modeling
based on fractional SIR equations with neural network parameterization. The aim of the study is to develop hybrid
modeling methods that combine mechanistic epidemic models with data-driven adaptive parameterization. The
introduction substantiates the relevance of the research topic, formulates the aim and objectives, defines the
object and subject of the study, presents the scientific novelty and practical significance of the obtained results,
and provides information on the author's contribution, publications, and the structure of the dissertation. Chapter
1 presents a review of contemporary approaches to epidemic modeling, including classical SIR and SEIR models,
fractional-order models, numerical solution methods, sensitivity analysis, machine learning techniques, and
physics-informed neural networks. Based on this review, the key research gaps that motivated the dissertation are
identified. Chapter 2 develops the mathematical formulation of the fractional SIR (FSIR) model with the Caputo
derivative, proves its fundamental properties, and implements a numerical integration algorithm based on the
Adams-Bashforth-Moulton method. A parametric analysis is conducted to investigate the influence of the



fractional-order parameter, transmission and recovery rates, and initial conditions on epidemic dynamics. Chapter
3 proposes a hybrid FSIR+ML framework for identifying time-varying transmission and recovery parameters o(t) and
o(t). MLP- and PINN-based architectures are developed and validated on synthetic data, and a two-stage training
strategy combining neural network pre-training with physics-informed fine-tuning is proposed. Chapter 4 applies
the developed models to real COVID-19 data from Germany, Italy, and Ukraine. A hierarchy of five models with
increasing complexity is constructed and systematically compared. The results demonstrate that local FSIR-PINN
models provide the best balance between prediction accuracy, robustness, and interpretability. Chapter 5 presents
a comprehensive sensitivity analysis of PINN models with respect to structural, informational, and stochastic
factors. Based on 118 experimental configurations, optimal model settings are identified, and practical
recommendations for applying hybrid models to real epidemic time series are formulated. The main scientific
results include the justification for using fractional SIR models to describe epidemic processes with memory
effects, the development of the mathematical formulation of the FSIR model and its numerical solution algorithm, a
systematic analysis of memory effects on epidemic dynamics, the development of a hybrid FSIR+MLP /PINN
architecture and a two-stage training strategy, a comparative evaluation of five epidemic models using real
COVID-19 data, and a sensitivity analysis leading to practical recommendations for selecting model architectures
and hyperparameters. The practical significance of the research lies in the applicability of the proposed methods
to epidemiological surveillance systems, retrospective analysis of epidemic waves, estimation of time-varying
transmission parameters, and scenario forecasting. The developed methods may also be used in education and
future research in computer science, mathematical modeling, data analysis, and physics-informed machine
learning.
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Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZmoMOCTi

BaacHe IlpizBuie Im's [10-6aTbKOBI T'aymysa Onexciit AnatoifioBud
TOJIOBH paju

Bnacue IlpizBuie Im's [10-6aTbKOBI T'aymysa Onexciit Anarosifiosuy
rOJIOBYIOYOTO Ha 3acCiiaHHi

BigmoBizansHMIL 32 HiATOTOBKY Kapnienko Haranig BsayecnasiBHa
00JIIKOBHX JOKYMEHTIB

Peecrpa'rop Opuenko TersiHa AHaToJIiBHA



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




