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Biosafety, Biosecurity and Biorisk Management — Biobe3neka, 6i03axvcT Ta ynpasniHHa 6iopuankamm

BIOSAFETY, BIOSECURITY AND BIORISK MANAGEMENT —
BIOBE3INEKA, BIOSAXUCT TA YINPABJ1IHHA BIOPU3UKAMU



Infectious Diseases — IHdeKLiiHI 3aXBOpOBaHHS Ntoaen

# 272. Simulation of the COVID-19 Epidemic Process: Investigation of a Deterministic Approach and a Machine Learning Model
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Introduction. Emergent infection COVID-19 is characterized by rapid spread around the world, lack of effective specific treatment and insufficient
history to study its dynamics. The aim of the study is to compare classical approaches, and machine learning methods for COVID-19 modeling. The
study was carried out within the framework of the NFGU project 2020.02/0404.

Methods. As part of the study, an extended classical SIR-model was built. The model describes the dynamics of susceptible (S), infected (I),
recovered (R) and fatal outcomes (F) in a given population. A machine learning model based on linear regression (LR) was built. For the pilot study,
data on cases of COVID-19 in Ukraine provided by the Public Health Center of the Ministry of Health of Ukraine were used. The average relative error
is used as a metric for the adequacy of the models.

Results. Based on both models, the predictive dynamics of COVID-19 in Ukraine for confirmed cases, recovered cases, and deaths for 15 days was
built. The accuracy of the SIR-model was 96.72%, 98.93%, and 99.3% for confirmed, recovered, and fatal outcomes, respectively. The accuracy of
the LR-model was 98.85%, 99.97%, and 98.71% for confirmed, recovered, and fatal outcomes, respectively.

Conclusions. The accuracy of the LR-model is higher, but it does not allow one to analyze the factors influencing the dynamics of the epidemic
process. On the other hand, the SIR-model makes it possible to carry out experiments to determine the degree of informativeness of the factors
influencing the spread of infectious diseases. The disadvantage of the classical approach is the difficulty in building a model and the need for a
complete restructuring of systems of differential equations with changes in the nature of the spread of disease (virulence, contagiousness, etc.).
Therefore, a promising area of research is combined approaches that improve the accuracy of deterministic models by verifying their results on
machine learning models. Such models will simultaneously achieve high accuracy and identify factors that affect the epidemic process. Their
introduction into national health systems will allow the implementation of effective control measures to reduce the epidemic incidence of COVID-19
in certain areas.

Key words: epidemic model, COVID-19, SIR-model, Linear Regression model, machine learning.

# 272. MogentoBaHHS enigeMiuyHoro npouecy COVID-19: gocnimxeHHs AeTepMiHOBaHOro nigxoay Ta MoAesni MalUlMHHOIO HaBYaHHSA
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Bcryn. EmepmxeHTHa iHdbekuis COVID-19 xapaKTepusyeTbCs LUBMAKUM PO3MOBCIOAXEHHAM CBiTOM, BIACYTHICTIO edeKTMBHOro cneumdiyHoro
NiKyBaHHSA Ta HEAOCTATHLO ICTOPIEI0 ANA AOCNIMKEHHS ii AMHAMIKN. MeTOK AOCNIIKEHHS € NOPIBHAHHS KTACUYHWUX NiAXOAIB Ta METOAIB MALLMHHOIO
HaBYaHHA Ans MogentoBaHHa COVID-19. [locnipKeHHs BUKOHAHE B pamkax npoekty HOAY 2020.02/0404.

MeTtoamn. Y pamkax AocnimkeHHs nobyaoBaHO po3WwMpeHy KnacuyHy moaenb SIR. Mogenb onucye avHaMiky cnpuiHaTnmeux (S), iHdikoBaHux (1),
TUX, XT0 oay>xas (R) Ta netanbHux Bunaakis (F) y BU3HaYeHin nonynsuii. MobyaoBaHo Moaenb MalUMHHOMO HAaBYaHHS!, 3aCHOBaHY Ha NiHilHil perpecii.
[ins ekcnepuMeHTanbHOro A0CNIAXEHHS BUKOPUCTaHO AaHi npo sunaakm COVID-19 B YkpaiHi, HaaaHi LleHTpom rpomaacekoro 3a0pos’s MO3 YkpaiHu.
Y AKOCTi METPUKU aAEKBATHOCTI MoZesel 3aCTOCOBAHO CEPEAHIO BiAHOCHY MOMUIIKY.

Pe3ynbTaTu. Ha 3acagax o6ox Mogenei nobynoBaHo NporHo3Hy aAvHamiky COVID-19 B YkpaiHi ans nigTeepaKeHux BUNAAKiB, TUX, XTO BUAYXaB Ta
neTanbHUX BMNAAKiB Ha 15 AHiB. TOYHICTL AeTepMiHOBaHOI Moaeni cknana 96,72%, 98,93% Ta 99,3% Ans niagTBepakeHux, TUX, XTO OAyXaB Ta
NEeTanbHNX BUNaAKiB BiAnosiaHO. TOYHICTL Moaeni NiHinMHoT perpecii cknana 98,85%, 99,97% Ta 98,71% ans niaTBepaXeHuX, TUX, XTO OAyXaB Ta
neTanbHUX BUNAaAKis BiANOBIAHO.

BucHoBKM. TouHiCTb Mogeni NiHiHOI perpecii Bula, ane BoHa He Aa€ MOXIMBOCTI MpoaHanisyBaty (akTopu, WO BMAMBalOTb Ha AMHAMIKY
enigeMiyHoro npouecy. 3 iHwWoro 60Ky, AeTEPMIHOBaHWIA MiaxiA A03BOMSIE MPOBOAUTM E€KCMIEPUMEHTU 3 BM3HAYEHHSI CTYNEHIO iHPOPMaTUBHOCTI
bakToOpiB, LIO BMIMBAOTb HA PO3MOBCIOMKEHHS H(EKLIMHOT 3aXBOPOBaHOCTI. HeaonikoM KnacuuHoro miaxoay € CkiaaHicTb y nobyzosi Mogeni Ta
HeobxigHicTb NoBHOI Nepebynosn cncteM avdepeHLUianbHMX PiBHAHb NP 3MiHaX Y XapakTepi po3MOBCIOMKEHHS 3aXBOPIOBAHOCTI (BipYNEHTHOCTI,
KOHTario3HocTi, Towo). ToMy, NepcnekTMBHUM HanpsIMOM AOCHIAKEHb € KOMBIHOBaHI Miaxoau, WO A03BOMSTL MiABULLMTY TOYHICTb AETEPMiIHOBaHMX
BYACHO BUABNATM (akTopW, SKi BNINBAIOTb Ha enigemiuHuii npouec. IX BNpOBamKEHHS Y HaUiOHabHI CUCTEMW OXOPOHM 3[0POB'S A03BOMUTb
BNPOBaXXyBaTN BYACHI Ta ePEeKTMBHI KOHTPOMbHI 3aX0AM ANS 3HWXKEHHS eniAeMivyHOoi 3axBopoBaHOCTi Ha COVID-19 Ha BU3HAYeHWX TEepUTOPIsiX.

KnrouoBi cnosa: enigemiyHa Moaens, COVID-19, mogenb SIR, Mozesnb NiHiMHOI perpecii, MaluMHHE HaBYaHHSI.
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