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PE3HOME

AKxtyanbHocTb. [IDOrHO3POBAHME PACNPOCTPAHEHUS HOBO KOPOHABUPYCHOM MHbekunn (COVID-19) umeeT BaXXHOE 3Ha4eHne Ans NPUHATUS
CBOEBPEMEHHBIX CUCTEMHbIX NPOGIUNIAKTUHECKUX U NPOTUBOINUAEMUYECKNX MEP KaK Ha PeruoHanbHOM, TaK W Ha (hefiepasibHOM YPOBHE
C LIeNbH CHUKeHUs 3a60/1eBaEMOCTY 1 CMEPTHOCTH.

Lenb: pazpaboTaTb MOAENb KPATKOCPO4HOI0 NPOrHO3MPOBAHMS 3apaXKeHHbIX 1 ymepLumnx ot COVID-19 B Poccuiickoi ®eaepauunn.
Marepnan n merogpi. [laHHble 1015 06y4eHns Mofenu cobpasl ¢ noptana CTonkopoHasupyc.pd v pecypca YHusepcuteta [pkoHca XonkuHca.
OHa BKIt0YaeT 13 NMPU3HAKOB ANs OLEHKM AWHAMUKN 3aDaXEHUs W NETanbHOCTM, a TaKXe CKOPOCTM WX MPMPOCTA B PasHbIX CTpaHax
1 OTAENbHbIX pernoHax Poccuiickoit eaepaunn. Moaenb 06y4eHa MeTo40M rpaaneHTHoro 6yctunra CatBoost u exxeHeBHO nepeobyyaeTcs
Ha 0OHOBJIEHHBIX JAHHbIX.

Pe3ynbtarsl. Co3aaHa MOAENb KPaTKOCPOYHOT0 NPeAcKa3aHus Ynucna 3apaeHHolx 1 ymepunx ot COVID-19 Ha nepuopa o 14 aHeit. OueHka
TOYHOCTI MOJENN C Y4eTOM OLUMOKM NPeAcKasaHus B NpoLieHTax (aurn. mean absolute percentage error, MAPE) coctasnset ot 2,3% 10 24%
ans 85 pernoHoB Poccui. okasaHo MpenmyLLecTBO MeTofa MalumHHoro o6ydeHust GatBoost nepen nuHeiiHOM perpeccueii Ha npumepe
BEJIMYNHBI CPEAHEKBAAPaTUYHOI OWN6KKM (aHrn. root mean square error, RMSE). Moaenb nokasbiBaeT MeHbLUYIO OLUNOKY N1 PEr1MoHOB
C 60MbLLIOW YNCNEHHOCTbH HACENEHUS, YEM AN MEHee HaCeneHHbIX 061acTen.

3akmoyenne. Mofenb MOXeT ObITb UCMOSIb30BaHA HE TOMbKO A1 NPOrHO3UPOBaHMSA NaHLEMWUU HOBOI KOPOHABUPYCHOM UHEKLMM, HO
1 ANst KOHTPONS 1 OLIeHKN pacnpocTpaHeHns 3a60neBannid U3 rpynmbl HOBbIX UHPEKLIMIA HA 3Tanax X BOSHUKHOBEHNSA, NKa 3a60/71€BaeMOCTH
1 nepuoja ctabunusauun.

KNH4EBBIE CJI0BA
VICKYCCTBEHHbI MHTENNEKT, MALWMHHOE 06y4eHMe, rPaANeHTHbIA BYCTIUHT, SNNAEMNONOTMYECKNA NporHo3, naHaemus COVID-19.
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SUMMARY

Background. Prediction of the new coronavirus infection (COVID-19) spread is important to take timely measures and initiate systemic
preventive and anti-epidemic actions both at the regional and state levels to reduce morbidity and mortality.

Objective: to develop a model for short-term forecasting of COVID-19 cases and deaths in the Russian Federation.

Material and methods. The data for the model training were collected from the Stopcoronavirus.rf and Johns Hopkins University portals.
Itincluded 13 features to assess the infection dynamics and mortality, as well as the rate of morbidity and mortality in different countries and
certain regions of the Russian Federation. The model was trained by the CatBoost gradient boosting method and retrained daily with updated
data.

Results. The forecast model of COVID-19 cases and deaths for the period of up to 14 days was created. The mean absolute percentage error
(MAPE) estimate of the model’s accuracy ranged from 2.3% to 24% for 85 regions of the Russian Federation. The advantage of the CatBoost
machine learning method over linear regression was shown using the example of the root mean square error (RMSE) value. The model
showed less error for regions with a large population than for less populated ones.

Conclusion. The model can be used not only to predict the pandemic of the novel coronavirus infection but also to control and assess the
spread of diseases from the group of new infections at their emergence, peak incidence, and stabilization period.
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BBEJEHWE / INTRODUCTION

B ycnoBmsx naHmemun HOBOW KOPOHABUPYCHOM MHEEKLNN
(COVID-19) knto4eBO 3afa4en ABNSETCA HEAONYLLEHNE KPUTUYECKON
neperpy3kn CUCTeMbl 34PABOOXPAHEHMS 3a CYET IKCMOHEHLNATLHOMO
W Henpeacka3yemoro pocTa rocnuTanu3auum 60MbHbIX W, Kak Chef-
CTBME, MACLUTA6HOr0 YBENMYEHNS 3aNPOCOB Ha NCMONb30BaHME Orpa-
HUYEHHbIX MeAULUHCKUX pecypcoB [1-6]. BaXHOCTb JaHHOW 3ajayu

YPOBHAX HEOOXOAMM TOYHbIV NPOTHO3 PACNPOCTPAHEHNUS UHEEKLNN.
lNokazatensMu Ansg NporHo3MPoBaHMS ¢ NO3nLKUN 3MEKTUBHBIX NPO-
TUBO3NUAEMUYECKUX MEp ABNAIOTCS:

— MPOTrHO3 YNCNa 3aPAXKEHHDIX;

— MPOrHO3 YNUCNA YMEepLUKX;

— NPOrHO3 CKOPOCTU Pa3BUTUA NUZEMUY;

— MPOrHO3 HArpy3Ku Ha MeNULIMHCKME OpraHu3aLmum.

AKLIEHTMPYETCA Ha BbICLLEM FOCYAAPCTBEHHOM YpoBHe. Moayepknsa-
eTCcA Heo6X04MMOCTb MPOrHO3a NaHAeMuu HOBOW KOPOHABMPYCHON
NHEKLMN, B 0OCOBEHHOCTU B KPaTKOCPOYHOM MEPUOAE, C Henpepbls-
HbIM 06HOB/IEHMEM AAHHbIX NMPOrHO3a B PEXMME PeanbHOro BPEMEHU
NCXOAS U3 00BbEKTUBHO CKALbIBAIOLLECS 06CTAHOBKM B pernoHax [7].

[lns onpeaeneHns puckoB CKOpocTW pacnpocTpaHeHns COVID-19,
ONTUMANbHOrO pacrnpefeneHns PecypcoB, MPUHATAA YNpaBneHye-
CKMX peLleHunii Ha (heaepanbHOM, PErioHanbHOM U MyHULUUNANbHOM

lMpu NpOrHO3MPOBaHUM MAHLEMUM BAXKHO Y4UTbIBATb PErvoHasib-
Hble OCOBEHHOCTU — YWUCNEHHOCTb HACESIeHUS W ero Mi0THOCTb, KO-
TOPbIE HANPSMYIO BANAKOT HA CKOPOCTb PACMPOCTPAHEHNS UHADEKLMM
1 CMEPTHOCTb OT 3a60/1eBaHMs, a TaKXe FOTOBHOCTb PErMoHanbHoi
CUCTEMbl 3[PABOOXPAHEHNS 06ECNe4nTb CBOEBPEMEHHYIO U MOJSHO-
LIEHHYI0 NOMOLLb HaCeneHunto.

TexHONorum NCKyCCTBEHHOr0 WHTESNIeKTa, B TOM YMCNe MaLLUHHOE
06y4eHue, ABNAIOTCA OAHUM W3 MEPCNeKTUBHBIX HanpasfieHni Ans
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OCHOBHbIE MOMEHTbI

Y10 yxe u3BecTHo 06 3Toii TEME?

» C 2019 r. no Hactosiwee Bpems COVID-19 pacnpocTpaHseTcs u MyTupy-
€T, IMEET CNOXHO NpeSCcka3biBaeMble BOJIHbI MOAbEMA 3a60/1eBaEMOCTH

» llcnonb3yemble Mofenu Ans NPOrHO3WMPOBAHWS PACMPOCTPAHEHNS WH-
thekunit no Tuny SEIR He BK/KOYAlOT 0CO6EHHOCTEI CTPaH 1 OrpaHnyn-
TeNbHbIX Mep, TaKXXe UM C0XHO paboTaTb C MHOroo6pasvem LITamMmoB
113-3a PasNNYHbIX KO3 PULMEHTOB CMEPTHOCTU 1 3260/1€BAEMOCTH, YTO
BAVSIET Ha NPeLCKa3aTenbHy TO4HOCTb. Mogenu, NoCTPOEHHbIE NpY Mo-
MOLLUM MALUMHHOTO 06Y4eHNs, He MMEKT 3TUX OrPaHWYEHWUA U NOTEH-
LManbHO 06/1aJaK0T Ny4LUEA MPOrHOCTUYECKON TOYHOCTbLIO

> llccnepoBanus NpeAckasaHus TeYeHns WHGEKLMOHHOrO mpouecca He-
MHOFO4MCIEHHBI, @ KOMMEKCHbIA NOAXOA K MPOrHO3MpOBaHMIO (3a6one-
BAEMOCTb, CMEPTHOCTb, PErMOHANbHAS 0CO6EHHOCTI) MPUMEHANCS PeaKOo

Y10 HOBOrO AAET CTaThAi?

»> 03TanHo 1 feTansbHO OMUCAHO CO3LaHNe MOAENU MALIMHHOMO 06Yy4eHust
nns npepckasaqus tedeHnst COVID-19 ¢ ToroBbIM NCNoMb30BaHEM METO-
na CatBoost ans oLeHKn 3a601eBaeMOoCTI 1 NIETANbHOCTN N0 peroHam PO

» Mogenb KOMMIEKCHO OLEHUBAET Pa3nnyHble MPOrHOCTUYECKME MpU-
3HAKW, UCMONb3YS He TOMbKO ANHAMUKY 3a6051eBaEMOCTU U CMEPTHO-
CTW, HO 11 AemMOrpacn4eckne xapakTepucTkn MecTHOCTH

> [l0KazaHa BO3MOXHOCTb OLEHKM TEXHONOMMU MALLMHHOTO 06y4eHns Ans
KpaTKOCPO4HOr0 MPOrHO3MPOBAHWS Pa3BUTUA COOBITUIA, CBA3AHHBIX
¢ COVID-19

Kak 3T0 MOXEeT NOBUATb HA KIMHUYECKYH NPAKTUKY B 0603pumom byayLiem?

» brnarozfaps noCTPOEHUIO MOZENN NPY NOMOLLY MALUMHHOTO 00Y4eHUst HeT
Heob6xoAnmMocTi B nogoope KoapduumneHToB Ans AuddepeHumanbHbIX
YPaBHEHWI, a HeobxoAnMa UL UCTOPUS KOMMYECTBA 3a60neBLLNX. ITO
N03BOMSAET NOAYYUTL BbICTPLIA 1 TOYHbIA KPATKOCPOYHbIA NPOrHO3 Teye-
HIS MHKDEKLIMOHHOrO npoLiecca

> [peAcTaBneHHbI anroputM CrnocobeH OLEeHWBaTb TPEeHAbl Te4eHus
COVID-19 Kak B Lienom, TaK 1 OTAENbHO ANs KaXA0ro pernoHa PO

» Mogenb MOXET ObITb UCMONb30BaHA HE TONLKO ANs NPOrHO3MpOBaHUs
nasgemun COVID-19, HO 1 Ans KOHTPONA U OLIEHKW pacnpocTpaHeHns
3a60J1€BaHNIA U3 TPYNMbl HOBbIX UHEKUNIA HA 3Tanax WX BO3HUKHOBE-
HUS, N1Ka 3a6071€BAEMOCTY 1 Neproja ctabunusaunm

npeankunn 3a60neBaHnii 1 MOCTPOEHNUS NPOTrHO30B, B TOM 4MCIe
4epe3 pas3paboTky U cO3haHue NPOrHOCTUYecKux mopenen [8—11].
B HacToslee Bpems B MUpe HakonneH 60NbLWON OMbIT CO3A4aHNA
pasnuyHbIX NpeankTuBHbIX Moaenen ana COVID-19. ccnenosatenu,
pelsaiolme 3Ty 3ajavy, UCMOMb30BanM L1 NPOrHO3UPOBAHMSA pac-
NPOCTPaHEHNs 3NMAEMUM MHOFOKPATHO NMPOBEPEHHbIE MOAENW UNu
)K€ C03[aBanit HOBble MOLENN W anrOpUTMbl HA OCHOBE Pa3fNYHbIX
MaTemMaTu4ecknx NoAxoa0B..

B npoBefeHHbIX MacluTabHbIX uccnepoBaHusx [12-16] 6bina
ycnewHo ucnonb3oBaHa mogenb SEIR (aurn. Susceptible, Exposed,
Infected, Recovered) — UHCTPYMEHT 19 NPOrHO3UPOBAHMS 3NMAEMNI
1 NPUMEHeHNs NpoTuBoanuaemmyeckux mep. Mogenuposanue SEIR
OCYLLECTBASAETCA C WUCMONb30BaHWEM AU depeHunanbHbIX ypaBHe-
HUA, N 0N KDKOOW U3 YeTblpex rpynn Hacenexus (npegpacnono-
XXEHHblE, BUPYCOHOCUTENM, GOMbHbIE, BbI3AOPOBEBLUNE) CO3[AKTCA
bopmynbl pacyeTa nepexoaa U3 OAHONM rpynnbl B Apyryto. Mofo6HbIN
NOSXOA MOXHO WCMONb30BaTh ANA NPeAcKasaHns pasBuUTUA 3apaxe-
HWIA Ha MONYNALMOHHOM YPOBHE, HANPUMEP AN CTPaHbl B LIEIOM, HO
C €ro NoOMOLLbI0 J0BOJIbHO CMOXHO OLEHUTb 3(PMEKTUBHOCTb OrPaHU-
YNTENbHbLIX Mep AN PErMOHOB C HEGOMbLUOI YNCNEHHOCTBH) HAcene-
HUS. BmecTe ¢ TeM Ans Takon HeJOCTaTO4HO U3Y4eHHON 60/1e3HM, KakK
COVID-19, HekoTOpble 3Ha4YMMble NepPeMeHHble HEU3BECTHbI UAN Ma-
NIOM3BECTHbI, MO3TOMY WX OLEHKA Ha HA4yalbHOM 3Tane MOXET npuBe-
CTW K poCTy own6oK moaenu. B uccneposanum G. Pandey et al. 6binu

What is already known about the subject?

» From 2019 to the present day, COVID-19 is spreading and mutating, and
it is difficult to predict waves of an increase in morbidity

» The SEIR type models used to predict the spread of infections do not in-
clude the specifics of countries and restrictive measures, and it is difficult
for them to work with a variety of strains either due to different mortality
and morbidity rates, which affects the predictive accuracy. Models built
using machine learning do not have these limitations and potentially have
better predictive accuracy

> Studies on the prediction of the infectious process are few, and an inte-
grated approach to forecasting (morbidity, mortality, regional character-
istics) had rarely been used

What are the new findings?

» The creation of a machine learning model for predicting the course of
COVID-19is described in stages and in detail, with the final use of CatBoost
method for assessing morbidity and mortality in the regions of the RF

» The model comprehensively evaluates various prognostic signs using
not only the dynamics of morbidity and mortality, but also demograph-
ic characteristics of the area

» The possibility of evaluating machine learning technology was shown for
short-term forecasting of the development of events related to COVID-19

How might it impact the clinical practice in the foreseeable future?

» Thanks to building a model using machine learning, there is no need to
select coefficients for differential equations. Only a history of the number
of cases is needed. This makes it possible to predict the course of the
infectious process in the short term quickly and accurately

» The presented algorithm can evaluate the trends of COVID-19 course both
as a whole and separately for each region of the RF

» The model can be used not only to predict the COVID-19 incidence, but
also to control and assess the spread of diseases from the group of new
infections at the stages of their emergence, peak incidence, and
stabilization period

NoNyYeHbl 3HA4EHNA CpeJHeKBaPaTUYHONM NorapudoMmYecKoii oLLmnG-
Kkun (aHrn. root mean squared logarithmic error, RMSLE) B cpaBHeHuu
¢ (haktuyeckummn paHHbimu: ans SEIR — 1,52, ana nonuHomuanb-
Hol perpeccun — 1,75 [17]. B paboTe pocCMACKMX uccnegosatenei
A.B. ArewykunHa v ap. ncnonb3osanacb WHTepakTusHas SEIR-mogens
1 NPOLEMOHCTPUPOBAH YCMELUHbIA ONbIT €e NPUMEHEHUS ANS npej-
CKazaHWs 3nNMaeMnonoruyeckon cutyaumm no GOVID-19 B Poctos-
CKOW 0611. HA CEMHaaLaTh Tbicsyax 3abonesLunx [18].

B pa6ore D. Fanelli n F. Piazzab ncnonb3osaH aHanor mogenu SEIR

— mogenb SIRD (aurn. Susceptible, Infectious, Recovered, Deceased)

Ha A epeHLanbHbIX YpaBHEHNSX AN NpefckasaHns KonmyecTsa
NPeAPacnoNOXeHHbIX, 3aPAXEHHbIX, BbI3[LOPOBEBLUNX U YMEPLUNX
B UCCNELOBaHHOI nonynauuu. [JaHHas Mojenb no3BonsieT onpefne-
NATb 06LLYI0 TEHAGHLMIO PacnpOCTPaHeHUs 60NE3HM, HO A8 OTAEMb-
HO B34TOr0 Neproja NoKasblBaeT HeYCTOMYMBbIE pe3ynbrathl [13].

Ha ocHOBe JaHHbIX 3a6011eBaeMOCTN Hacenenns Kurtas nccnegosa-
Tenu Z. Yang et al. [19] ycnewHo nepeo6yyunu mogenb SEIR u co-
3[anu BTOPYKD MOENb Ha OCHOBE METoAa [OMroi KpaTtkoCpO4YHOM
namsatu (aurn. long short-term memory, LSTM), KoTopblii ucnonb3yet
PEKYPPEHTHYIO HEMPOHHYKO CeTb [ MPOrHO3MPOBAHWA YuUCna 3apa-
XKeHHbIX. OTnn4NTeNbHOM 0co6eHHoCcTbi0 LSTM no cpasHeHuto ¢ SEIR
IBNAETCA OTCYTCTBME HEOOXOAMMOCTI CTPOUTL AndpepeHLnanbHble
YPaBHEHUSA, HO MOJENb NOKa3ana HecTabunbHOCTb W COXHA B UHTEP-
npeTauun.

www.pharmacoeconomics.ru

FARMAKOEKONOMIKA. Modern Pharmacoeconomics and Pharmacoepidemiology. 2021; Vol. 14 (3)


http://www.pharmacoeconomics.ru

OpurruHanbHbie MyOJIMKaALIUU

QApNRO3ROTONIRY

[lna nporHosuposauus snugemun B Hbto-Mopke 6bina paspa-
60TaHa MOJeNb C WCMOMb30BaHUEM METOL0B 3KCMOHEHLNANIbHOI0
CrNaXunBaHUs, KoTopas KpaTkocpoyHo, 1o 10 AHei, npenckasbiBaet
pacnpocTtpaHeHne COVID-19, a Takxxe [aeT MPOrHO3 NO 3apaXKeHHbIM
B Nepnoj 3aBepLUeHNs NaHAeMuun, KOraa CyLecTBEHHO 3aMeanseTcs
NPUPOCT HOBbIX cy4aes [20].

B pabotax poccuiickux astopos [.B. Menuk-TyceitHosa v gp. [21]
NPeACTaBNeHbl MOAEGNN NIMHENHON perpeccun Ans NpefckasaHns Ko-
NNYeCTBA NeTaNbHbIX UCXOLOB OT HOBOW KOPOHABUPYCHOM MHDEKLNN
Ha npumepe OAHOr0 pervoHa. [Ans NpeauKuuu HYucna 3apaKeHHbIX
[22] B pasnuyHbIx pernonax Poccuitckon ®epepauun (PD) ucnonb-
30BaH MeTOA rpagueHTHoro 6yctuHra CatBoost [23] ¢ RMSLE 0,37,
4YTO [aeT BOSMOXHOCTb NPUMEHEHUS JAHHOr0 MeTofa 06y4eHus Ans
COCTaBNeHUs YCTONYNBBIX MPOrHO30B.

Peaynbratbl NpUBEAEHHbIX WCCMELOBAHWUA [EMOHCTPUPYIOT BO3-
MOXHOCTb UCMOMb30BaHMS MALLNHHOMO 06y4eHUs Ans npeackasaHus
KONN4eCTBA 3aPAXKEHHbIX N CMepTenbHbIX cnydaes ot COVD-19 no oT-
JeNbHbIM PErNOHaM 1 CTPAHaM B KPATKOCPOYHOM Mepuose.

MATEPWAN N METO[1bl / MATERIAL AND METHODS

WccnenoBaHue oxBaTtbiBaeT nepuof pacnpoctpaHenus COVID-19
¢ 03.02.2020 r. (Ha4ano npeacTaBAeHUs AAHHbIX OT UCTOYHMKOB). CBe-
JIEHNS 0 KONNYeCTBE 3apaXKeHHbIX 1 ymepLunx ot COVID-19 cobpaHbl
no 85 pernoHam P® ¢ noprtana CronkopoHasupyc.pd [24] (npu-
Mepbl npuBefeHbl B Tabnuuax 1, 2). NHdopmauus no 178 crpaHam

(manee — Apyrue cTpaHbl) MonyyeHa M3 nyoGsiM4HbIX OTHETOB YHUBEP-
cureta [hkonca XonkuHca (GLUA) [25]. B Ha6op AaHHbIX Gbinu BKNHO-
YeHbl Aemorpadomyeckie napameTpbl: 06L4as YUCMEHHOCTb Hacene-
HWS, YUCNIEHHOCTb FOPOACKOr0 HACeneHus W MAOTHOCTb HACeNeHus
[26]. LocToBepHbIX CBELEHW 06 NCMONb30BAHUM 3ALLNUTHBIX MACOK
11 YPOBHE CaMoM30/IALMMN HARAEHO He 6bINno.

[ns kaxgoro n3 108 aHen 6binn paccyuTaHbl Ae 6a30Bble Xapak-
TEPUCTUKN: KONMYECTBO HOBbIX 3aPaXKEHHbIX U YMEPLIUX U CKOPOCTb
NpUpoCTa 3apaXeHHbIX 1 yMepLuux. Konn4ectBo HOBbIX 3apaXKEHHbIX
N# i-ro fHa (roe f — Homep AHs HayuHas ¢ 03.02.2020 . (/ = 0)) Bbl4mc-
NANN KaK pa3HOCTb MeXAY YNCIOM 3apaXKEHHbIX 32 AeHb i 11 YACIOM
3apaXeHHbIX 3a feHb / — 1 (i MuHyc 1). CKOpoCTb MpUpocTa HOBbIX
3aPXEHHbIX ANs /-r0 AHA PAcCYMTbIBANN Kak Pa3HOCTb MEX.Ay 4nc-
JIOM HOBbIX 3apaXXEHHbIX 3a [1eHb / 1 YACIIOM HOBbIX 3aPAXEHHbIX 3a
JeHb i — 1. Takxe ObInn BbIYUCIEHbI CRIEAYOLLIME NapaMeTpbl: Konnye-
CTBO [IHE/ Nocne nepeoro 3apaXkeHns u Konm4ecTso gHeii nocne 107
(n=0,1,2,3, 4, 5) 3apaxeHnii B peroHe. AHaNorN4HbIM 06pa3om
ObINN paccYMTaHbl XapaKTePUCTKN Ang ymepLuux. [TonHoe onncaHue
NIaHHbIX COAEePXNTCA B Tabnuue 3.

[TonyyeHHbIA Habop ANs NepBUMYHOr0 06y4eHMs cogepxxan 45 npu-
3HAKOB W JaHHble no 108 gHAM HabNOAeHUsS AN BCeX pernoHoB PO
1 Apyrux ctpaH — Bcero 36 056 3anuceii. Bce nons 6binu nponora-
pUGMMPOBaHbI C LENbl0 YMEHbLUEHUS CTaHLAPTHOTO OTKIIOHEHUS.
KonuyecTBo HOBbIX 3apaXXEHHbIX 1 YMEPLUUX B A€Hb / ObiNN B3ATH
B Ka4yecTBe METOK. TecTOoBbIil HaBOp COCTOSAN W3 YeTbIpeX NoCNegHUX
OHeiA, BCce oCTanbHbIe 6blN BKMKOYEHbI B TPEHUPOBOYHBIIA.

Ta6nuua 1. Cratuctuyeckne napametpbl 3apaxeHnit SARS-CoV-2 Ha npumepe YeTbipex pernoHoB Poccuiickon ®enepaunn (aaHHble 3a nepuog ¢ 03.02.2020 r. no 17.06.2020 r.)
Table 1. Statistical parameters of disease cases of SARS-CoV-2 in four regions of the Russian Federation (data for the period of 03.02.2020-17.06.2020)

Konunyectso CpepHuit
N . CranpaptHoe
M3MepeHui (aHm), MakcumanbHoe Cpentee eXefHEeBHbIA
. OTK/OHEHMeE /
PeruoH / Region n / Number of KONu4ecTBo, n / KONIU4ECTBO, N / npupoct, n /
. . Standard
measurements Maximal number,n | Mean number, n Mean daily L
. deviation
(days), n increase, n
Mocksa / Moscow 108 6703 1760 2016 1684
Cark-TerepGypr / 108 541 216 206 150
Saint Petersburg
Pecny6nuka Kapenus /
Republic of Karelia 108 60 14 1 15
fImano-HeHeLKnit aBTOHOMHbIN
okpyr / Yamalo-Nenets 108 248 66 46 67
Autonomous District

Tabnuua 2. CtatucTuyeckne napametpbl ymepnx ot COVID-19 Ha npumepe 4eTbipex pernoHos Poccuiickoit ®eaepaunn (fanHble 3a nepuop ¢ 03.02.2020 r. no 17.06.2020 r.)

Table 2. Statistical parameters of the lethal cases from COVID-19 in four regions of the Russian Federation (data for the period of 03.02.2020-17.06.2020)

Konuyectso Cpepuuit
N . CraHpaptHoe
U3MepeHui (aHn), MakcumanbHoe CpegnHee €XeHEBHbII
. OTK/NOHEHue /
PeruoH / Region n / Number of KOJIMYecTBo, n / KOJIMYecTBo, n / npupoct, n /
. . Standard
measurements Maximal number,n | Mean number, n Mean daily L
" deviation
(days), n increase, n
Mocksa / Moscow 108 78 32,00 33,01 25,00
Caskr-Terepoypr / 108 57 12,00 7,05 16,00
Saint Petersburg
Pecnyonuka Kapenus / 108 1 0,02 0,02 0,15
Republic of Karelia
Simano-HeHewuKnin aBTOHOMHbI
okpyr / Yamalo-Nenets 108 4 0,45 0,27 0,91
Autonomous District
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Tabnuuya 3 (Hayano). CTaTucT4ECKME XapakTePUCTUKIA MOJY4EHHOrO HABoPa AaHHbIX

Table 3 (beginning). Statistical characteristics of the obtained set of data

No
n/n/
No.

Mokasatenb / Parameter

CpepHee
3HaveHue /
Mean value

CranpapTHoe
OTKNOHEHue /
Standard
deviation

MuHumanbHoe
3HayeHue /
Minimal value

MakcumanbHoe
3HaYexue /
Maximal value

3ran /
Stage

Konm4ecTBO 3apaxeHHbIX 3a feHb / — 1
Number of cases per Day /-1

4502,88

20516,9

289 140

Konm4ecTBO HOBbIX 3apaXEHHbIX 32 [EHb /
Number of new disease cases per Day i

121,61

785,63

25615

Konm4ecTBO HOBbIX 3apaXKeHHbIX 32 AeHb [ — 1
Number of new disease cases per Day /-1

119,02

776,6

25615

CKOpOCTb MPUPOCTA HOBBIX 3APXKEHHbIX 32
JeHb /-1

The rate of increase in new disease cases per
Day /-1

1,69

891,43

45315

KonnyecTBO HOBbIX 3aPaXKEHHbIX 32 [1eHb / — 2
Number of new disease cases per Day / — 2

116,39

768,29

25615

CKOpOCTb MPMPOCTA HOBbIX 3aPAXKEHHbIX 32
JIeHb | — 2

The rate of increase in new disease cases per
Day /-2

1,44

890,02

45315

KonnyecTBO HOBbIX 3apaXKEHHbIX 32 [ieHb / — 3
Number of new disease cases per Day i — 3

114,03

763,02

25615

CKOpOCTb NMPMPOCTA HOBbIX 3aPaXEHHbIX 32
JeHb [ —3

The rate of increase in new disease cases per
Dayi-3

1,45

889,36

45315

Konn4ecTBo HOBbIX 3apaXKEHHbIX 32 feHb / — 4
Number of new disease cases per Day / - 4

111,65

756,13

25615

10

CKOpOCTb MPUPOCTA HOBBIX 3APKEHHbIX 32
JeHb i —4

The rate of increase in new disease cases per
Day /-4

1,61

889,02

45315

1

Konm4ecTBO HOBbIX 3apaXKEHHbIX 32 eHb [ — 5
Number of new disease cases per Day /-5

109,11

747,33

25615

12

CKOpOCTb MPMPOCTA HOBbIX 3aPXEHHbIX 32
JeHb /-5

The rate of increase in new disease cases per
Dayi-5

1,47

888,62

45315

13

KonnyecTBO HOBbIX 3apPaXKEHHbIX 32 [1eHb / — 6
Number of new disease cases per Day i — 6

106,71

740,64

25615

14

CKOpOCTb MPUPOCTA HOBbIX 3aPAXKEHHbIX 32
JieHb i — 6

The rate of increase in new disease cases per
Dayi-6

1,44

888,48

45315

15

[lHeit nocne 1 3apaXKeHHOT0 B pernoHe
Days after 1 disease case in the region

4418

25,21

107

16

[Hen nocne 10 3apaXeHHbIX B PernoHe
Days after 10 disease cases in the region

44,18

25,21

107

17

[neit nocne 100 3apaxxeHHbIX B PernoHe
Days after 100 disease cases in the region

42,97

25,46

103

18

[Heit nocne 1000 3apaxXeHHbIX B pernoHe
Days after 1,000 disease cases in the region

42,31

25,63

103

19

[Hen nocne 10 000 3apaXKeHHbIX B PErmoHe
Days after 10,000 disease cases in the region

41,57

25,8

103

20

[reit nocne 100 000 3apaxXeHHbIX B pernoHe
Days after 100,000 disease cases in the region

41,13

25,94

103
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Ta6nuya 3 (npogomxeHne). CTaTUCTUHECKNE XapaKTepUCTIKN NONYYeHHOro Habopa AaHHbIX

Table 3 (continuation). Statistical characteristics of the obtained set of data

CranpaptHoe
No Cpepnee MunumanbHoe | MakcumanbHoe
OTKJIOHEHHE / dran /
n/n/ Moka3satenb / Parameter 3HayeHue / 3HayeHue / 3HaveHue /
Standard L . Stage
No. Mean value L Minimal value Maximal value
deviation

91 Konn4ectso ymepLUnX 3a AeHb - 1 280,32 2117.08 0 40 883 4
Number of lethal cases per Day j -1

99 KonmyecTBO HOBbIX YMEPLLNX 3a netb i 6.65 64.5 0 4119 4
Number of new lethal cases per Day i

23 KonmyecTBO HOBbIX YMEpLLX 3a Reb i - 1 6.59 64.15 0 4119 4
Number of new lethal cases per Day / — 1
CkopoCTb MpKUpoCcTa HOBbIX yMEPLUKX 32 AeHb
i-1

24 The rate of increase in new lethal cases per 0,04 61,33 0 5162 4
Day /-1

25 KonnyecTso HOBbIX yMepLUKX 3a nem_; -2 6.5 63,97 0 4419 4
Number of new lethal cases per Day /-2
CKopOoCTb NPUPOCTa HOBbIX yMEPLUKX 32 AeHb
i-2

2 The rate of increase in new lethal cases per 001 61,3 0 5162 4
Dayi-2

97 KonmyecTBO HOBbIX YMEPLLNX 3a Retb /- 3 6.43 63.89 0 4419 4
Number of new lethal cases per Day / — 3
CkopoCTb MpUpPOCTa HOBBIX yMEPLUKX 32 AeHb
i-3

28 The rate of increase in new lethal cases per 0,02 61,28 0 5162 4
Dayi-3

29 Konnyectso HOBbIX yMepLUKX 3a nem_; i-4 6.36 63.75 0 4419 4
Number of new lethal cases per Day / — 4
CKOpOCTb NPUPOCTa HOBBIX YMEPLUKX 32 AeHb
i-4

30 The rate of increase in new lethal cases per 0,03 61,26 0 5162 4
Dayi-4

31 KonmyecTBO HOBbIX YMEpLUNX 3a ReHb /- 5 6.07 63,5 0 4419 4
Number of new lethal cases per Day /-5
CkopoCTb MPUPOCTa HOBBIX yMEPLUKX 32 AeHb
i-5

82 The rate of increase in new lethal cases per 0,03 61,24 0 5162 4
Dayi-5

33 KonmyecTBo HOBbIX yMepLLNX 3a ReHb /- 6 6.18 63,3 0 4419 4
Number of new lethal cases per Day i — 6
CKopoCTb NpUpPOCTa HOBBIX YMEPLUKX 32 AeHb
i-6

34 The rate of increase in new lethal cases per 0,03 61,23 0 5162 4
Dayi-6
[lHei nocne 1 ymepLuero B pernoHe

35 Days after the 1 lethal case in the region 44,18 25,21 0 107 4
[nein nocne 10 ymepLumx B pernoHe

36 Days after the 10 lethal cases in the region 30,26 27,45 0 87 4
[Heit nocne 100 ymepLunx B pernoxe

87 Days after the 100 lethal cases in the region 23,05 25,87 0 87 4
[IHeir nocne 1000 ymepLumnx B pernoHe

38 Days after the 1,000 lethal cases in the region 18,83 24,14 0 87 4
[Heii nocne 10 000 ymepLunx B permoxe

39 | Days after the 10,000 lethal cases in the 16,28 22,94 0 87 4
region

DGAPMAKOIKOHOMUKA. CospemenHas ®apmakoakoHommnka u ®apmakoanuaemuonorus. 2021; Tom 14, Ne 3

www.pharmacoeconomics.ru



http://www.pharmacoeconomics.ru

Original articles

frmakoekononika

Tabnuuya 3 (okoH4aHue). CTaTUCTUYECKME XapaKTePUCTUKMN NONYHEHHOTO Ha6opa AaHHbIX

Table 3 (end). Statistical characteristics of the obtained set of data

CranpapTHoe
No CpepHee Munumanbioe | MakcumanbHoe
OTKNOHEHue / Jran /
n/n/ Moka3zarenb / Parameter 3HayeHue / 3HayeHue / 3Hayenme /
Standard . . Stage
No. Mean value . Minimal value Maximal value
deviation
[Hen nocne 100 000 ymepLunx B pernoHe
40 | Days after the 100,000 lethal cases in the 14,42 21,99 0 87 4
region
41 | Hacenenne pervoka 14567 844,01 | 70000 000 801 1380000000 | 3
Population in the region
49 | TOPOACKoe Hacenenve, % 63,12 16,51 15 100 3
Urban population, %
2
43 | TnOTHOCTb HaceneHus Ha k- 233,79 1443,05 0 26337 3
Density of population per km
44 [Heit ¢ nepsorq 3ap§>KeHHOro 6516 252 1 108 4
Days after the first disease case

Tpumeyanne. i — Homep aHA HaymHas ¢ 03.02.2020 r. (i = 0) n 3akaH4uBas 17.06.2020 r. (i=108), i — 1 — 04uH AeHb [0 [HS iy i — 2 — ABA AHA A0 AHA [ N T.4.
Note. i — number of the day starting from 03.02.2020 (i = 0) and ending on 17.06.2020 (i=108); i — 1 — one day before day i; i — 2 — two days before day i etc.

[Ona peweHns 3agadm 6ol UCMONb30BaH METOL MALLUHHOMO 06y4e-
HNS — rpaguneHTHbIA BycTuHr CatBoost. OH Noka3biBaeT CONOCTaBUMbIE
C ApyruMun MeToLamu pesynbratbl npu paboTe ¢ BPEMEHHbIMU pALamMm
[26, 27]. Takxe 6bina NPOTECTMPOBAHA MOJENb NUHENHON perpeccui,
HO ee OWKBKa Ha TECTOBbIX JAHHbIX OKa3anacb 3HAYUTENbHO 6OJbLUe
(Tabn. 4), n03TOMY B JaNbHeMLLEM OHA He paccMaTpuBanach.

Tabnuua 4. CpefHekBazpaTnyHas owWMOKa MOAENM HA TECTOBbIX JaHHbIX NPU PasniyHbIX Habopax NPU3HAKOB Ans 06y4eHns

Ha6op faHHbIX (M. Tabn. 3) co3naBancs npy NOMOLLM OLEHKM Ha
MOAenu B yeTbipe atanma. OueHKa nMpoxoauna nocpeacTBOM CpaBHe-
HUS OLUINOKN NpeficKa3aHns KONNYeCcTBA HOBbIX 3apPaXKeHHbIX: YMEeHb-
LUEHMe OLUNOKI Ha 3TOM 3aJade TaKXKe YMEHbLLAJIO ee Ha ClefyHoLLe.
B kayecTBe Mepbl Obia BbiOpaHa cpejHeKBaapaTuyHas owmnbka Moae-

nn (aHrn. root mean square error, RMSE).

Table 4. Root mean square error of the model on test data in different sets of parameters for education

RMSE npu
npejcKasaHuy HoOBOro
Konuyectso
Jdran/ | Mopgenb / | npu3HaKoB / KOMH4ecTBa
XapakTepuctuka npusHakos / Characteristic of parameters 3apaXeHHbIX /
Stage Model Number of . -
RMSE during prediction
parameters
of new number
of cases
Konn4ecTBO 3apaxeHHbIX 3a NpejblayLwmnil IeHb o pernoHam PO
1 CatBoost ! Number of disease cases during the previous day in the regions of the RF 90,07
KonunyecTBo 3apaxeHHbIX 3a NpefblayLimnid JeHb no pernoHam PO u no
ApYrM cTpaHam
2 CatBoost 1 Number of disease cases during the previous day in the regions of the RF 69,09
and other countries
KonunyecTBo 3apaxeHHbIX 32 npefblayLWmnii JeHb no pernoHam PO n gpyrum
CTpaHam 1 jaHHble 0 PernoHe
8 CatBoost 4 Number of disease cases during the previous day in the regions of the RF 67,54
and other countries and the data on the region
Konn4ecTBO 3apaXeHHbIX 3a NpeablayLLmnil AeHb N0 pernoHam PO u gpyrum
CTpaHam, JaHHble O PernoHe 1 faHHbIe 06 USMEHEHUN KONNYecTsa
3apaXKeHHbIX
4 CatBoost 24 Number of disease cases during the previous day in the regions of the RF 33,04
and other countries, the data on the region, and the data on the changes in
the number of cases
Konn4ecTBO 3apaXeHHbIX 3a NpeablayLmnid AeHb No pernoHam PO u gpyrum
JInHenHas CTpaHam, AaHHble O PernoHe U faHHble 06 USMEHEHUN KONNYecTBa
4 perpeccus 24 3apAXKEHHbIX 30438
Linear Number of disease cases during the previous day in the regions of the RF ’
regression and other countries, the data on the region, and the data on the changes in
the number of cases

Tpumeyanne. RVISE (aHrn. root mean square error) — cpeAHekBafpaTnyHas olumnbka mogenu; CatBoost — rpagnentHbii 6ycTurr;, PO — Poccuiickas ®egepaums.

Note. RMSE - root mean square error; CatBoost — gradient boosting; RF — Russian Federation.
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QApNRO3ROTONIRY

Ha nepsom atane ncnonb3oBan OAWH NPU3HAK — KONMYECTBO 3a-
PAXEHHbIX 32 NPOLLNbIA feHb, 4T0 npuBeno k RMSE 90,07. Ha sBTopom
aTane NpPUMEHANN NepBbIi NPU3HAK M JaHHbIE N0 OPYrUM CTpaHam
n nonysunun RMSE 69,09. Ha Tpetbem aTane ucnonb3oBanu nHOp-
MaLMo O YUCIIEHHOCTW PernoHoB PO n apyrix cTpaH — 370 NO3BOMM-
no poctib RMSE 67,54. Ha 4eTBepTOM 3Tane fo6aBuaun cneaytoLme
XapaKTepPUCTUKW: JHW NOCre NepBOro 3apaxeHHoro, aHu nocne 107
(n=0,1,2, 3,4, 5) 3apaxeHnii B pernoHe, KOJIM4eCTBO HOBbLIX 3apa-
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XKEHHbIX 151 AHSA / — N 1 CKOPOCTb NPMPOCTA HOBbIX 3aPaXKEHHbIX N1
ausi—n(n=1,2,3,4,5,6,7). Takum o6pazom, RMSE ymeHbLUnNach
00 33,04 (cm. Tabn. 4).

[TonyyeHHbI HABOP [aHHLIX UCMOMb30BAAN B UTOrOBOW MOZENN
AN NPOrH03NPOBaHUs KONNYECTBA HOBbIX 3apaXKeHHbIX. MpeackasaH-
Hble METKI 3KCMOHEHLMPOBANCHL AN U36aBneHns oT norapudma. Pe-
3yNbTaThl NPOrHO3a YNCA 3apAXEHHbIX NPEACTaBeHbl Ha PUCYHKeE 1.

[lns nporHo3a konmyecTsa ymepLunx 6bina NOCTPOeHa BTOpast MO-
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PucyHok 1. MporHo3 yucna 3apaxeHHblx SARS-CoV-2 Ha nepuog 7 fHei npu UCnonb30BaHn 24 NPU3HAKOB: YACN0 3aPaXKEHHbIX 3@ NPOLUAbIA feHb (10rapuMUpoBaHHoe),
N3MEHEHNE eXeAHEBHOr0 Y1CNa 3apXEHHbIX 32 7 AHEN (M0rapuMUpOBaHHOE), UI3MEHEHME CKOPOCTM eXeHEBHOr0 Y1Ca 3apaXXeHHbIX 3a 7 AHEN (10rapuMnpoBaHHoe),
nepnog nocne nosisnexHns B pernoxe nepsbix (1, 10, 100, 1000, 10 000) 3apax<eHHbIX, 06LLas YACNEHHOCTb HACENEHUSA, NAIOTHOCTb HACENEHUS, MPOLLEHT FOPOLCKOr0 HACENeHUs:
a—pans Mocksbl; b — ans CankT-NeTtepbypra; ¢ — ans Pecny6nuku Kapenuu; d — ans gmano-HeHewLkoro aBTOHOMHOTO OKpyra.

100 gHel AeMOHCTPUPYEMOro nepruoja ucnonb30oBanuch B 06y4eHNN, 7 AHel — Ans COCTaBEHNS NPOrHo3a

Figure 1. Prognosis on the number of disease cases with SARS-CoV-2 for 7 days based on 24 features: number of disease cases on the previous day (in logarithmic form), changes in
the daily number of disease cases during 7 days (in logarithmic form), changes in the rate of daily increase in the disease cases during 7 days (in logarithmic form), a period after the
appearance of the first disease cases in the region (1, 10, 100, 1,000, 10,000), total population, population density, percent of urban population:

a-—for Moscow; b —for Saint Petersburg; ¢ — for the Republic of Karelia; d — for Yamalo-Nenets Autonomous District.

100 days of the demonstrated period were used in training, 7 days — for prognosis
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Konu4ectBo ymepwmx, n / Number of lethal cases, n

KonuyectBo ymepumx, n / Number of lethal cases, n

nenb. OHa BKIIOYAeT BCE Te Xe npuaHaki u3 Taémaubl 3, Ho tonbko  PE3YJITATbI W OBCY)XX/AEHWUE / RESULTS AND DISCUSSION

no ymepLumm. IToru nporHo3npoBaHns Yncna ymepLumx nokasaHb! Ha

PUCYHKE 2. MeTpukn MoLenM NporHo3a Konnu4ecTBa 3apaXeHHbIX 1 yMepLUnX
Pesynbtatbl NpOrHO3MPOBaHUA MOMY4YEHHOA MOAENU ObiNW Oue- AN Pasfu4HbIX N0 YUCNEHHOCTU HaceneHus peruoHos PO npep-

HEHbl C MOMOLLbIO [BYX CTATUCTUYECKUX METPUK, NMPUMEHUMbIX Ans  CTaBneHbl B Tabnuue 5. Mogenb nokasbiBaeT MeHbLLUYH OLWUGKY Ans

aHanusa BpemeHHbIx psaoB: RMSE u cpeaHsas abcontoTHas owmbka  PerMoHOB ¢ 60MbLUE NAOTHOCTbI) HACENEHUs, YeM N1 MeHee Hace-

npejckasaHus MOAeNu B NpoLeHTax (aHrn. mean absolute percentage  NeHHbIX 0651acTeil. BO3MOXHO, 3T0 NPOUCXOAUT M3-3a BbIGPOCOB, KO-

error, MAPE). TOPbIE CNOXHbI B NMPEACKa3aHNAX.
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PucyHok 2. TIporHo3 4yncna ymepLunx Ha nepuog 7 JHen npu ncnonb30BaHni 24 NpU3HaK0oB: YACN0 YMEPLUMX 32 NPOLUbIA feHb (10rapuMUPOBAHHOE), UISMEHEHIE eXXEAHEBHOMO
4ncna ymepLumx 3a 7 AHen (norapuMmnpoBaHHoE), M3MEHEHNE CKOPOCTM eXeJHEBHOTO YMCNa YMepLUNX 3a 7 [Hell (noraputMMpOBaHHOE), NEPUOZ NOCNE NOABEHNS B PErNoHe
nepsbix (1,10, 100, 1000, 10 000) ymepLunx, 06L4as YACNEHHOCTb HACENEHNSA, NNOTHOCTb HACENEHIS, NPOLEHT FOPOSCKOr0 HACENeHNs:

a-—ansa Mocksbl; b — ans CankT-lMetep6ypra; ¢ — ans PocToBckoii 0651.; d — ans Huxeropoackoil 061.

100 gHen 4eMOHCTPUPYEMOro Nepruosa Ncnonb3oBanuch B 06y4eHnn, 7 JHel — Ans COCTaBeHNs NporHosa

Figure 2. Prognosis on the number of lethal cases for 7 days based on a 24-feature model: number of lethal cases for the previous day (in logarithmic form), changes in the daily
number of lethal cases for 7 days (in logarithmic form), changes in the increase in the daily rate of lethal cases for 7 days (in logarithmic form), a period after the appearance of the
first lethal cases in the region (1, 10, 100, 1,000, 10,000), total population, population density, percent of urban population:

a-for Moscow; b —for Saint Petersburg, ¢ — for Rostov Region; d — for Nizhny Novgorod Region.

100 days of the demonstrated period were used in training, 7 days — for prognosis
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Tabnuua 5. OueHka pesynstatoB Modenu Ha ocHose MeTpuk MAPE n RMSE Ha npumepe oT1AenbHbIx pernoHos Poccuiickoi ®epepauum

Table 5. The evaluation of the modelled results based on MAPE and RMSE metrics in selected regions of the Russian Federation

YucneHHoctb Yucno MAPE MAPE RMSE RMSE
HaceneHus Ha 3apaXeHHbIX DOrH03a nporHosa nporuosa nporiosa
Havano 2020 r., | Ha 14.07.2020 ., P KOnuyecTBa KONMyecTBsa
KONMYecTBa KONMYecTBa
Perwon / Region ThbIC. Yyen. / TbIC. 4en. / 3aDaXKEHHBIX, % / ymepumx, % / 3apaxeHHbix / | ymepLumx /
Population in the Number of i P RMSE RMSE
. . MAPE prognosis MAPE prognosis . .
beginning of disease cases on the number of | on the number of prognosis on prognosis on
2020, thousand | as of 14.07.2020, | . o o the number of | the number of
disease cases, % | lethal cases, % .
people thousand people disease cases | lethal cases
Mocksa / Moscow 12 692 209,7 7,54 3,72 169 12
Caskr-Terep6ypr / 5393 213 4,78 7,67 817 27
Saint Petersburg
Pecnyonuka Kapenus / 615 0,87 20,32 0 46 0,0019
Republic of Karelia
Simano-HeHeukun
aBTOHOMKbIT OKPYT / 544 3,6 11,28 2,62 207 0,04
Yamalo-Nenets
Autonomous District
fipocnasckas 06n. / 1253 42 13,34 3,60 58 0,26
Yaroslavl Region
PA3anckas 001/ 1109 46 12,56 4,08 80 0,025
Ryazan Region
Hosocubupckas obn. / 2798 15 15,29 7.95 41 0,093
Novosibirsk Region
YeyeHckas Pecnybnuka /
g 1477 4,6 11,01 3,19 59 0,015
Chechen Republic

Npnumeyanne. MAPE (aHrn. mean absolute percentage error) — oLLn6ka npeAckasanus mogen B npoyentax, RMSE (aHrn. root mean square error) — cpeaHeKBaapaTniHas oLwmoKa.

Note. MAPE — mean absolute percentage error; RMSE — root mean square error.

Tabnuua 6. Konnyectso pernoHos Poccuitckoit defepauum ¢ pasnu4HbiMin metpukamn MAPE

Table 6. The number of regions of the Russian Federation with different MAPE metrics

3nayenue MAPE / MAPE value Konuuectso pernovos / Number of regions
MeHee 5% / Less than 5% 7
01 5% [0 meHee 10% / From 5% to less than 10% 21
01 10% po meHee 15% / From 10% to less than 15% 24
15% n 6onee / 15% or more 33

Tpumeyanne. MAPE (aHrn. mean absolute percentage error) — owmnbka npeAckasanns MoLesu B MpoyeHTax.

Note. MAPE — mean absolute percentage error.

Metpuku MAPE ans oueHKM TOYHOCTW paboTbl Mogenu no 52 pe-
rnoHam P® coctasnstoT 0T 5% [0 15% (Tabn. 6) u ot 15% [0 24%
Ans 0CTaNibHbIX PErnoHoB. Takum 06pa3om, MOAENb NMOKa3bIBAET Bbl-
COKOE CXOACTBO MPOTHO3HbIX 3HAYEHUA C (DAKTUYECKUMU LaHHbIMMI
Ans 60/bLWIMHCTBA pernoHos PO [28].

TakKe NpOrHOCTMYECKMe MoZenu Obi OLEHEHbI HA AAHHbIX MO
3aPXEHHBIM 1 YMEPLUUM, NOYyYeHHbIX 3a MoHb—aBryct 2020 r. (8o
BPEMS OTMEHbl KapaHTUHHbIX Mep). B Tabnuue 7 npeactasneHsbl pe-
3ynbTathl Ha ocHoBe MeTpuk MAPE, RMSE Ha npumepe Tex xe pe-
TMOHOB W BUAHO, YTO MX TOYHOCTb HE CTana HWKe N0 CPaBHEHMI
C JaHHbIMK B Tabnuue 5.

Mocne BCTpamBaHWs B NNAT(OPMY MPOrHOSHOW aHANUTMKK
Webiomed.Analytics mofenb exefHeBHO nepeoby4aercs Ha 06HOB-
NEHHbIX aHHbIX. Ha pucyHke 3 npueefeHbl rpadpuki pacnpocTpaHe-
HWUS KOPOHaBMpyCHOW MHdekunn B Mockse n CaHkT-MeTpebypre B Te-
YeHWe BCEro nepuosa c MOMeHTa Hayana naHaemun.

MeTpuKM NporHo3a KonmM4ecTBa 3apaXKeHHbIX 32 BECb Nepuog na-

nemun COVID-19 coctasunu 21,73 n 345,37 ana MAPE n RMSE co-
OTBETCTBEHHO.

Kpome TOro, 6biM OTAENbHO W3Y4eHbl NMepUOAbl TaK Ha3biBae-
MbIX BOJTH — 6bICTPOrO poCTa yncna 3a60neBWwmMX 1 NocneaytoLLe-
ro 3a HAM cnaga 3a60/1eBaeMocTi. B TPEHNPOBOYHbIA HA60P Obln
BK/H0YEHbI AlaHHble BCEX AHEN BOJHbI, 32 UCKITHOYEHNEM NOCHEAHUX
Tpex, B TECTOBbIA — [aHHbIe MOCNeAHWUX Tpex AHel. [aTbl Haya-
na pocTa M cnaja BONMH onpeensannce no rpaduky ans Mockebl.
[ata Havana oTcyeta — 03.02.2020 r. Pe3ynbraThbl NpefCTaBEHbI
Ha pUCYHKax 4 n 5.

3AKJTHOYEHME / CONCLUSION

Takum 06pa3om, Hamu pa3paboTaHa KpaTKOCPOYHasA MoJeNb npes-
CKa3aHNs 3apaKeHHbIX u ymeplunx ot COVID-19 Ha nepuoa ao 14
AHen. OueHka ToyHocTn mogenn no MAPE coctasnsieT oT 2,3% 10
24% pns 85 pernoHos P®. [TokazaHo npeumyLLecTBO MeTOAa MaLLNH-
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Tabnuua 7. OueHka pesynstatos Mofenin Ha ocHose MeTpuk MAPE n RMSE B oTaenbHbIX pernoHax Poceuiickor ®efiepauum Bo BpeMs 0TMEHbI KapPaHTUHHBIX MEpONpUATIi

Table 7. The evaluation of the modeled results based on MAPE and RMSE metrics in selected regions of the Russian Federation during the cancellation of quarantine measures

Yucno 3apaxenHblx | MAPE nporHo3a MAPE nporHo3a RMSE nporHo3a RMSE nporHo3a
Ha 04.09.2020 r., KONM4ecTsa KOnn4ecTsa KONn4ecTsa KOnn4yecTsa
Perwon / Region Toic. yen. / Number | 3apaxenHbix, % / ymepuumx, % / 3apaxeHHbIX / ymepumx /
g of disease cases as | MAPE prognosis on | MAPE prognosis on | RMSE prognosis on | RMSE prognosis on
of 04.09.2020, the number of the number of lethal the number of the number of lethal

thousand people disease cases, % cases, % disease cases cases
Mocksa / Moscow 220,1 6,85 3,83 161 2,99
CaHkt-leTepbypr / Saint 23,7 581 8.40 97 5.66
Petersburg
Pecnybnuka Kapenus / 12 16,99 324 7 0,03
Republic of Karelia
fimano-HeHeuknii
ABTOHOMHBbI OKpYr / 41 1247 3.45 7 047
Yamalo-Nenets
Autonomous District
flpocnasckas loﬁn. / 47 14,11 422 8 0,50
Yaroslavl Region
Pﬂ3§HCKaﬂ 06n. / Ryazan 5.1 19,40 4,84 8 0.23
Region
Hosocubupckas 06n. / 17 13,48 3,81 5 0,09
Novosibirsk Region
YeyeHckas Pecnybnuka /
Chechen Republic 58 11,22 10,27 7 0,40

Npumeyanne. MAPE (anrn. mean absolute percentage error) — olumbka npeackasaqus Mogenu B npoventax; RMSE (aHrn. root mean square error) — cpeAHeKBaAPATUIHAS OLLINOKA.

Note. MAPE — mean absolute percentage error; RMSE — root mean square error.
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PucyHok 3. PacnpocTpaHeHue KOpOHaBUPYCHOM MHCDEKLNN 33 BECb MCCNEAYEeMbI NepuoA (NocneaHne 4Ba nuka — TexHnyeckas owmnbka, cef3aHHas ¢ paboTon ckpunta,
COOMPAIOLLIEr0 faHHbIe):

a-—8 Mockse; b — B CankT-leTepbypre

Figure 3. The spread of coronavirus infection during the studied period (the last two peaks — technical error associated with the operation of the script that collects the data):

a—in Moscow; b —in Saint Petersburg
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PucyHok 4. MonyyeHHas n npefckasanHas 3a6onesaemoctb COVID-19 ans «nepBoi» BonHbl nangemun (nepsbie 100 cyT ¢ AaTbl HaYana otcyeTa). MeTpuku owmnbkm ans atoro
nepuoaa coctasunu: MAPE 34,24 n RMSE 72,70:
a—ans Mocksbl; b — ans CankT-NeTep6ypra; ¢ — ans Pecny6nuku Kapenuu; d — ans gmano-HeHewLKoro aBTOHOMHOT0 OKpyra.

MAPE (aHrn. mean absolute percentage error) — owm6ka npeackasaxus mogenu B npoueHtax; RMSE (aurn. root mean square error) — cpeaHeKBaapaTnyHas owmnoka

Figure 4. The obtained and predicted morbidity rate with COVID-19 for the “first” wave of pandemic (first 10 days from the date of the starting point). Metrics of the error for this
period were MAPE 34.24 and RMSE 72.70:
a—for Moscow; b - for Saint Petersburg; c- for the Republic of Karelia; d — Yamalo-Nenets Autonomous District.
MAPE — mean absolute percentage error; RMSE — root mean square error

Horo 06y4eHns CatBoost nepes NUHEAHOM perpeccuen Ha npumepe

Bennin

Co3faHHas MOfeNb peann3oBaHa B BUAe BEO-NPUNOXKEHUS B pam-

Hbl owmn6KN RMSE.

Kax nnatopmbl NPOrHO3HOW aHanutukm Webiomed ang cuctembl

30paBoOXpaHeHns.. [laHHble Ha nnatchopme eXeIHEBHO aBTOMATUYe-
CKW 0GHOBJISIKOTCS, MOMb30BATENb MOXET BbIGPaTh UHTEPECYHOLLMIA pe-
TMOH M MOCTPOUTB MPOTHO3 MO KONMYECTBY 3aPAXKEHHbIX UMW YMEPLLKX.

Pa3p

1 YMEPLUUX MOXXET ObITb UCMOJb30BaHA He TOJSIbKO ANs NPOrHo3nupoBsa-

ab60TaHHaa MofeNb MPOrHO3UPOBAHUA YUCNA  3APAKEHHbIX

HWS NAHAEMUU HOBO KOPOHABUPYCHON UHDEKLMN, HO U 7St KOHTPONS
11 OLLEHKI pacnpoCTpaHeHns 3a60MeBaHuii U3 rpynnbl HOBbIX MHKEKLNIA

Ha 3Tanax WX BO3HWUKHOBEHWS, MiKa 3a60eBaeMoCTi 1 nepuoaa Cra-
6unusaunu. PerynspHblii MOHUTOPUHT NPW NOMOLLM AAaHHOW MOZenu
MO3BOMUT ONEpaTUBHO OLEHWBATb 3NWAEMWUONIOTMYECKYIO CUTYaLMO
1 NpeanpuHUMaTh 060CHOBAHHbIE YNPaBieHYeCcKne PeLleHns ans npe-
JO0TBPALLEHNS U KYNUPOBaHMs PacnpOCTPaHeHNs MHAEKLN.

[TepcnekTuBbl fJanbHENLLEro COBEPLLEHCTBOBAHUS MOAENN BUASATCA
B MHTErpaLmmn cyLecTByoLwnx B PO MeanUMHCKNX MHEOpMaLMOHHbIX
CUCTEM Ha efMHOI nnatpopme Ang cbopa 06e3nnYeHHbIX 6uomMean-
LIMHCKMX aHHbIX, YTO NO3BOANO 6bl Y4NTbIBATb 0COOEHHOCTM 340P0-
BbS MALMEHTOB 11 TEM CaMbiM MOBbILLAT NPOrHOCTUYECKYIO TOYHOCTb
MoJenu.
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PucyHok 5. MonyyeHHas 1 npefcka3aHHas 3a6onesaemocts COVID-19 ans nepuoga 350 AHel ¢ HaYana naHAeMum, BKIKOHAKOLLEro ABE BOSTHbI W NNATO MeX Ay HUMU. MeTpuku

owmnbkmu ans atoro nepuoga coctasunu: MAPE 24,99 n RMSE 372,53:

a-— ans MockBbl; b — ans CankT-TMetep6ypra; ¢ — ans Pecny6nuku Kapenuu; d — gns imano-HeHewLkoro aBTOHOMHOI0 0Kpyra.
MAPE (aHrn. mean absolute percentage error) — owm6ka npeackasanus mogenu B npouentax; RMSE (anrn. root mean square error) — cpegHekBaapaTnyHas owmoka

Figure 5. The obtained and predicted morbidity rate with COVID-19 for 350 days from the beginning of pandemics that included two waves and plateau between them. Metrics for this

period were MAPE 24.99 and RMSE 372.53:

a—for Moscow; b - for Saint Petershurg; ¢ — for the Republic of Karelia; d — Yamalo-Nenets Autonomous District.

MAPE - mean absolute percentage error; RMSE — root mean square error
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