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1. Mogeni i METOAM CTOXaCTUYHOI ONITUMI3allil Ta KEPYBaHHS y MaTEMaTUYHIN €MileMiooTil

2. Models and methods of stochastic optimization and control in mathematical epidemiology

Pedepar:

1. luceprarniiina po6oTa nmpucBsyeHa po3pooiii HOBUX MAaTEMAaTUUYHUX METOIiB CTOXaCTUYHOI ONTHUMi3allii,
OTITMMAJIbHOTO KEPYBaHHS Ta MAaTEMaTUYHOTO MOJIEJIIOBaHHS [Jis MIATPUMKU elifeMiosoriyHoi 6e3nexu Kpainu.
OCHOBHUMH 3aBAAHHSIMU JucepTalifHOi poOOTH € po3p0oOKa HOBUX CTOXaCTUYHUX MOJesiell PO3IIOBCIOIKEHHS
enigeMiil Ta Mogudikalis icHylounx Mojeselt; po3podka MaTeMaTUYHUX METOLIB [JIsl IOLIYKY OITUMAIbHUX OLIiHOK
HEBiJJOMUX [TapaMeTPiB 3alIPOIIOHOBAHMX MOJEJIEN IPOTHO3YBAaHHS eNifleMill; pO3poO6Ka METOMIB 3HAXOIKEHHSI
ONTUMAaJIbHUX CTPATeriil BakLyHalii; po3podKa IporpaMHuX peasizaliil po3po6aeHrK MoZesiel Ta METOIiB OLIiHOK
HEBiJOMUX [ITapaMeTpiB Ta POBEJEHHS iX TeCTyBaHHS; pO3pOOKa aJIrOPUTMIUHO-TIPOrPaMHUX 3aCO0IB 1151
3HAXOIKEHHS ONTMMAaJIbHUX CTPATETiM BaKLMHAILli, OLliHKa SIKOCTi MOJi€JIEN 3a JOIIOMOIOI0 PeaIbHOI CTaTUCTUKU
3aXBOPIOBAaHb Ta MPOBEIEHHA IX TECTyBaHHS. Teopid i METOIM CTOXAaCTUYHOI ONTUMI3allii, KepyBaHHS Ta

MOJIEJIIOBAHHS € NOTY>)KHMMH iHCTPYMEHTaMHU, SIKi MalOTh BEJIMYE3HUI MTOTEHIIia [711 BUPILIEHHS 11101 HU3KU



[IPUKJIATHYX 3aBaHb. BOHM HAaJlalOTh 3MOTy PO3B'SI3yBaTU MPO6JIeMY, SIKi BAHMKAIOTh B yMOBAaX HEJOCTATHBOI
indopmauii Ta migBUILIEHOrO PUBUKY, & TAKOXK CIIPUSIOTh e(PEeKTUBHOMY yIIPaBJliHHIO CKIagHUMU cucTeMamu. Ceper
IJMX 3aCTOCYyBaHb OCOOJIMBE MiClle BiIBOJUThCS ITpobaeMaMm enifieMiuHoi 6e3nexku. 30aTHiCTb ependadaTu
PO3BUTOK €MiJeMiYHUX ITPOLECIB, OLIHIOBATH iXHi PU3UKU Ta MIYKATH ONTVMMAJIbHI PilllEHHS CTa€ KPUTUYHO
Ba)KJIMBOIO Y Cy4aCHOMY CBiTi. Tomy, 151 €(peKTUBHOTO YIPABJIiHHS LIUMU BUKJIMKAMU, HEOOXiTHO PO3POOIISTH HOBI
CTOXaCTWUYHI METOIY Ta MOJiEJIi, 110 3yMOBJIIO€ aKTyaJIbHICTh fIrcepTaliiiHoi poboTu. HaykoBa HOBU3HA pOOOTH
IoJI1sirae B po3poOlii Ta LOCiIKeHH] npobaeMy MiHiMizauii QyHKIii 30MTKIB 32 1OIIOMOTOI0 TUCKPETHUX
CTOXAaCTUYHUX MOJEJIEN eMifeMioJIorii, MOIYKy CTpaTerii JIiKyBaHHS, 110 LOCATalOTh IEBHOTO KOMIIPOMICY MK
BUTpaTaMU Ha JIIKyBaHHS Ta 30UTKaMHU Bif| emifeMii; 3acTocyBaHHi JUCKPETHOI CTOXaCTUYHOI MOJei
IIPOTHO3YBaHHSI elifieMill, 1110 BpaXxOBYIOTb 3MiHM PiBHS iH(PEKLIMHOCTI 3 pO3BUTKOM 3aXBOPIOBAHHS LIJIIXOM
BMKOPHMCTAHHSI OLiHK/A METOJ0OM MaKCHAMaJbHOI BipOTiHOCTi 6a30BOr0 PeNpOAyKLifHOIO YMCIa; pO3poOLi
€MifeMioIoriYHUX MOZEIEN, 0 JO3BOJIAIOTL IPOTHO3YBATU BIUIUB HAa IMHAMIKY IPOLIECY PO3INOBCIOIKEHHS
XBOpOOY 0O6ME3KYBaJIbHUX 3aXO0/IiB 10 IOro KOHTPOJI0; Monudikauii Binomoi nerepminoBanoi mogeri tumy SEIR 3
IOJAHUM CTOXaCTMYHUM OiIMM HIyMOM [1JIs1 BpaXyBaHHs BUIIQAKOBUX 30yPEHb; PO3B’s13aHHI 33424/ 3HAXOIKEHHS
ONTMMAaJIbHUX CTPATETIN BaKIMHAllii 3 BUKOPUCTAHHSM CTOXaCTUYHOTO MPUHIMITY MAKCUMYMY 17151 CTOXaCTUYHUX
IAHAMIYHUX CUCTEM; YIOCKOHAJIEHHI METOMiB aCUMIITOTAYHOI TEOPIii CTaTUCTUYHOTO OLiHIOBAaHHS Ta
MaTeMaTU4YHOI'O MOJEJIOBAHHS JJ1s1 BUPILIEHHS JesKUX aKTyaJbHUX IPO6JIeM MaTeMaTUYHO] eMNifieMiosIorii;
[OJAJIBIIOMY PO3BUTKY METO/IiB OITUMAJIbHOTO CTOXaCTUYHOTO KEPYBAHHS 711 CUCTEM MAaT€MaTUYHOI

€MiJIeMioJIorii, [0 ONUCYIOThCS CUCTEMAMU CTOXACTUYHUX MU EPEHLiaTbHUX PiBHSHD.

2. The goal of the dissertation is the development of new mathematical methods of stochastic optimization,
optimal control and mathematical modeling to support the epidemiological security of the country. The main tasks
of the dissertation work are the development of new stochastic models of the spread of epidemics and the
modification of existing models; development of mathematical methods for finding optimal estimates of unknown
parameters of proposed epidemic forecasting models; development of methods for finding optimal vaccination
strategies; development of software implementations of developed models and methods of estimation of unknown
parameters and their testing; development of algorithmic and software tools for finding optimal vaccination
strategies, assessment of the quality of models using real disease statistics and their testing. The theory and
methods of stochastic optimization, control, and modeling are powerful tools that have enormous potential for
solving a number of applied problems. They make it possible to solve problems that arise in conditions of
insufficient information and increased risk, and also contribute to the effective management of complex systems.
Among these applications, the problems of epidemic safety are of particular interest. The ability to predict the
development of epidemic processes, assess their risks and find optimal solutions is becoming critically important
in today's world. Therefore, to effectively manage these challenges, it is necessary to develop new stochastic
methods and models, which determines the relevance of the dissertation. The scientific novelty of the work
consists in the development and research of the problem of minimizing the loss function using discrete stochastic
models of epidemiology, finding treatment strategies that achieve a certain compromise between treatment costs
and epidemic losses; application of a discrete stochastic model of forecasting epidemics, taking into account
changes in the level of infectivity with the development of the disease by using the maximum likelihood estimation
of the basic reproductive number; development of epidemiological models that allow predicting the impact on the
dynamics of the process of spreading the disease of restrictive measures to control it; modifications of the well-
known deterministic SEIR-type model with added stochastic white noise to account for random disturbances;
solving the problem of finding optimal vaccination strategies using the stochastic maximum principle for
stochastic dynamic systems; improvement of methods of the asymptotic theory of statistical evaluation and
mathematical modeling to solve some actual problems of mathematical epidemiology; further development of
methods of optimal stochastic control for systems of mathematical epidemiology described by systems of
stochastic differential equations.

Jep>kaBHHH peecTpauiiiHuii Homep [iP: 0122U200267, 0121U109630



IIpiopuTeTHHH HanpsIM PO3BUTKY HayKH i TeXHIKHU: OyHnamMeHTasbHI HAyKOBI HOCIIIPKEHHS 3 HANGIIbII
BRXJIMBUX IIPOGJIEM PO3BUTKY HAYKOBO-TEXHIYHOIO, COLIiaJIbHO-€KOHOMIUHOr0, CyCHiIbHO-TIOJiTUYHOTO,
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