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MigKPINIIeHHAM

2. Modelling of epidemic spread forecasting by methods of moving cellular automata and reinforcement learning

Pedepar:

1. Inceprauis NpuCBsY€Ha MOJEJIOBAHHIO [IOMVPEHHS €TifeMill 32 JOIIOMOTr0K0 MaTEMATUYHUX MOJIETIEN,
KJIITUHHYX aBTOMATiB Ta METOiB HaBYaHH4 3 MiIKPinyIeHHSIM. [IpoBeIeHO IeTaJbHUM aHali3 OCHOBHUX HAYKOBUX
Ipaip Ta iCHYI0YMX MaTEMaTUYHUX MOZEJEeN eMifleMioIoriYyHMX IIPOLIECiB 3 METOIO BUSIBJIEHHS iX IlepeBar Ta
HEeJOJIKiB. 3M1iICHEHO aHaJli3 Hai61IbLI MOIIMPEHOr0 IIPOrPAMHOrO 3a6€3Me4YEHHS [J151 MOJEJII0OBaHHS
eI1iZIeMiOoJIOTiYHUX [TPOLIECiB, HaBeIeHO [IPUKJIal BUKOPUCTaHHS. PO3p061eHO HOBI aJIrTOPUTMU ITPOTHO3YBaHHS
IVHaMiKM iH(peKUiMHUX 3aXBOPIOBaHb PYXOMUMU KJIITUHHUMHU aBTOMAaTaMU, 1110 6a3yIOThCsl HA METOAAaX ITYyYHOTO
iHTesIeKTy, 30KpeMa MalIMHHOTO HaBYaHHs Ta BPaxyBaHHS IPOCTOPOBO-4YaCOBOI IMHAMIKM NPOTiKaHHS XBOPOOU.
s ontyMisanii cTparerii coLiasbHOIO UCTAHLIIOBAHHS 3alIPONIOHOBAHO Moaenb SIHRD 3 BUKOpuCTaHHIM
anroputmy Advantage Actor-Critic (A2C) Ta SEIR mogens 3 BukopuctaHHsam Deep Q-Learning (DQN), mo 103BoJise



ajanTyBaTH IMOJIITUKY areHTa 10 3MiH y cepenoBulli. [IpoBeeHo cepilo eKCIIEPUMEHTIB, 110 Mg TBEPAUIN
ePeKTUBHICTb [TOEJHAHHS MaTeMaTUYHOIO Ta iIMITAL[iiHOTO MOJIEJII0BaHHSI [1JIs [IPOTHO3YBAaHHS elifeMil i
BU3HA4YEHHS ONTMMAJbHUX 3aX0JIiB CTPMMYBaHHS. 37iiCHEHO IIPOLEC PO3POOKHU, apXITEKTYPHOTO IPOEKTYBaHHS,
TECTYBaHHSI Ta PO3TOPTaHHS BEO-I0JATKY [JIs1 MOJEJIIOBAHHS IIOIIMPEHHS iH(PEKLil, SKUI J03BOJIsIE KOPUCTYBa4aM
3aIrycKaTy YUCesIbHI CUMYJIsLii, 3MiHIOBATH TapaMeTPU MOZEJ Ta aHAJi3yBaTU pe3yJbTaTU y 3py4HOMY rpadidyHOMY
dopmari. OTpuMaHi BUCHOBKY MOXYTb OyTH BUKOPUCTaHI [1J1s1 BILOCKOHAJIEHHS! CTPaTeTill pearyBaHHs Ha NaHIeMii

Ta ONTHUMI3alii 3aX0/iB TPOMaZCbKOT0 300POB’sl.

2. The dissertation is devoted to modeling the spread of epidemics using mathematical models, cellular automata,
and reinforcement learning methods. A detailed analysis of the main scientific works and existing mathematical
models of epidemiological processes was carried out in order to identify their advantages and disadvantages. An
analysis of the most common software for modeling epidemiological processes was carried out, examples of use
were given. New algorithms for predicting the dynamics of infectious diseases using mobile cellular automata were
developed, based on artificial intelligence methods, in particular machine learning and taking into account the
spatio-temporal dynamics of the disease. To optimize the social distancing strategy, the SIHRD model using the
Advantage Actor-Critic (A2C) algorithm and the SEIR model using Deep Q-Learning (DQN) were proposed, which
allows adapting the agent's policy to changes in the environment. A series of experiments were conducted that
confirmed the effectiveness of combining mathematical and simulation modeling for predicting epidemics and
determining optimal containment measures. The process of developing, architecturally designing, testing, and
deploying a web application for modeling the spread of infections has been completed, allowing users to run
numerical simulations, change model parameters, and analyze results in a convenient graphical format. The
findings can be used to improve pandemic response strategies and optimize public health interventions.
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