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AKmyasnbHOCMb

[WHaMMKa HOBbIX C/lyyaeB 3apa)K€HUs KOPOHaBMpPYCOM B KpacHOAPCKOM Kpae
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Llenb

[lporHo3MpoBaHUe BO3MOXHOIO
PACNPOCTPaHEHMA HOBOW KOPOHaBUPYCHOU MHPEKUUU
(COVID-19) Ha Tepputopmm . KpacHoApcka w
KpacHOApCKOro KpaAa C npUMeHeHnem
MaTeEMaTU4YECKOro Moae/IMpPoOBaHUA.
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Abstract
We model the COVIDL1Y coronavirus epidemic in China. We use early reported case data to
predict the cumulative number of reported cases to a final size. The key features of our model are
the timing of implementation of major public policies restricting social movement, the identification
and isolation of unreported cases, and the impact of asymptomatic infectious cases.

1 Introduction

Many mathematical models of the COVID-19 coronavirus epidemic in China have been developed,
and some of these are listed in our references [4] [T] [@ 10 11} 12 13 [14] 15]. We develop here a

model describine this epidemic. focused on the effects of the Chinese sovernment imposed public policies
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Figure 1: Compartments and flow chart of the model.

Table 1: Parameters of the model.
Symbol Interpretation
to Time at which the epidemic started
So Number of susceptible at time g
Io Number of asymptomatic infectious at time tp
Ug Number of unreported symptomatic infectious at time tg
7(t) Transmission rate at time ¢
1/v Average time during which asymptomatic infectious are asymptomatic
I Fraction of asymptomatic infectious that become reported symptomatic infectious
vy = fu Rate at which asymptomatic infectious become reported symptomatic
vo=(1—f)v Rate at which asymptomatic infectious become unreported symptomatic
1/n Average time symptomatic infectious have symptoms 3
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Cumulative reported cases CR(t) = X1 eXp(th) — X3, t > 1o
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3adayu

1. Onpepenntb Hambonee onNTUMaA/ZIbHble «YPOBEHbL»
HeobXoAMMbIX OrpaHUYUTENIbHbIX MEP U Bpems UX
BBeJEeHMA C Y4YeTOM BO3MOMKHOCTEN CUCTEMbI
3PaBOOXPAHEHUA.

2. CI'IpOI'HO3VIpOBaTb ANHAMWRY Pa3BUTUA NaHAEMUN B
YCN1O0BUAX NOCTOAHHOM dKTYa/In3aunm LAOaHHbIX 06
YPOBHE 3aboneBaemocTu U BBEAEHHDbIX
OorpaHN4YnTEeIbHbLIX MEDP.



MoodenuposaHue pacnpocmpaHeHUA
COVID-19 Ha meppumopuu 2. KpacHoApcKa

Table 1
Estimated Mean Values of 2, from Data.

Disease outbreak and location Ry

Reference

Smallpox in Indian subcont. (1968—73)
Poliomyelitis in Europe (1955—-60) 6
Measles in Ghana (1960—68)
SARS epidemic in (2002—03) Amun. nHeem.3.5
1918 Spanish influenza in Geneva

Spring wave 1.5

Fall wave 3.8
H2N2 influenza pandemic in US (1957) 1.68
H1N1 influenza in South Africa (2009) 1.33

450cna

14.5 Kopeb

Anderson and May (1991)
Anderson and May (1991)
Anderson and May (1991)
Gumel et al. (2004)

Chowell, Ammon, Hengartner, and Hyman (2006)
Chowell et al. (2006)

Longini, Halloran, Nizam, and Yang (2004)

White, Archer, and Pagano (2013)

Ebola in Guinea (2014) 1.51 Althaus (2014)
Zika in South America (2015—16) 2.06 Gao et al. (2016)
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ModenuposaHue pacrnpocmpaHeHus

COVID-19 Ha meppumopuu 2. KpacHoApcKa
Omcymcmeue KapaHmMuHHbIX meponpusasmuu
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1. YncneHHOCTb HaceneHua, Kotopoe nepeboneer 3a Becb nepuog, naHaemmnn — 710 000
4yenoBek.

2. YncneHHocTb HaceneHus, kotopoe byaet 6oneTb B MOMEHT NuKa naHaemun — 234 380
4yenoBek.

3. [leHb, Ha KOTOPbIN HACTYNUT MUK NaHgemum — 53 cyTKN. 5



ModenuposaHue pacrnpocmpaHeHus

COVID-19 Ha meppumopuu 2. KpacHoAapcKa
Ha 23.03.2020

Konuuectso yenosek, nepebonesmnx
3a BeCb nepuoa, naHaAeMum
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Mod6op uHMeHcUBHOCMU 02PAHUYUMENbHbIX

mep Ha meppumopuu 2. KpacHoapcka
Ha 23.03.2020

.ﬂ.EHb BO3HUMKHOBEHWA MNMWKaA OT

YucneHHoCTb 60ME0WMX B MOMEHT NUKa

MOMEHTA MNepeoro 34 boneswero

HecTkocTb
KapaHTHHA

JeHb BBeJeHUA KapaHTWHa

9

37

HecThoCcTb
KapaHTWUHa

JleHb BBEleHWA KapaHTWHa
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0,35

| 0,40
0,45 19733| 19732 19737 19792| 20031| |0,45 347 309 272] 233 195
0,50 35927| 36911 36937 36975 37155 [0,50 251 225 203 180 158
0,55 55309| 55282 55247 55299 55504 [0,55 198 181 165 150 135
0,60 73606] 73614 73601 73630 73779 [0,60 166 154 143 132 1n
0,65 142| 136 127] 119 111
0,70 1271 121] 114 108 102
0,75 114 110 105 101 96
0,80 103] 101 97 95 9
0,85 96 94 91 89 88
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Mod6op uHMeHcUBHOCMU 02PAHUYUMENbHbIX
mep Ha meppumopuu 2. KpacHoapcka

Ha 23.03.2020

HecThocTb J[leHb BBEAEHWUA KAPAHTUHA

HapaHTHWHa 9 16 23 30 37
0,10 1,000000 0,990606 0,980039 0,969699 0,959773 CAMLIKOM ME/IEHHOE HAKOMIEHNE
0,15 0,999223 0,991411 0,979940 0,974810 0,966626 KONNEKTUBHOO MMMYHUTETA
0,20 1,001709 0,998643 0,987305 0,976219 0,968109
0,25 1,015396 1,006355 0,995249 0,983828 0,976507
0,30 1,034563 1,030698 1,019007 1,008214 0,999928
0,35 1,375863 1,237413 C/IMLIKOM [ONTUIA 3NUANPOLLECC
0,40 0,608118 0,735223 Haubonee onmumansHoe coomHouleHue
0,45 0,677230 0,727531 0,782966 0,834161, 0,894973 mexcdy yucnom sabonesuiux u
0,50 0,901795 0,947011 0,976236 1,009474 1,041904 dnumensHocmeio anudnpoyecca
0,55 1,089473 1,115619 1,136645 1,157654 1,180733
0,60 1,243108 1,259935 1,276083 1,293619 1,309631 O4eHb BONLLLIOE YUCO
0,65 1,382798 1,390463 1,405576 1,417977 1,429451 3a60/1eBLMX, CHCTEM2
0,70 1,505265 3/1paBOOXPAHEHUSA HE CNPABUTCA C
0,75 NMOTOKOM MNaLWUEHTOB
0,80
0,85
0,90
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Yucao 60AbHLI

Yuem usmeHsaowelica ¥xecmkocmu
88e0€eHHbIX 02paHU4YUMEnNbHbLIX mMmep
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Infective amount

JduHamuKa noomeepxcoeHHbIX 601bHbIX
HAa OOHHbIU MOMEHM
CpasHeHue ¢ moodenoio

[MporHos3 oT 15.05.2020 [TporHos3 o1 01.06.2020

Fi=0.48850; F2=0.42200; RZ=0.62313; R, =0.9505

Rf=0.43833; R§=o.42295; R§=0.960; R§“=0.96903
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Mpu nporHose ot 15.05.2020 noasuaca U3rmb nporHosnupyemom KpuBowm B CTOPOHY
ctabunmsaymmn. OgHako, npu nporHose 01.06.2020 gaHHOro uU3rnba y>ke HeT, a AMHaAMMKaA
ONATb BEPHYNACb K 3KCMNOHEeHUMANbHOMY POCTY



JduHamuKa noomeepxcoeHHbIX 601bHbIX

HAa OOHHbLIU MOMEHM
CpasHeHue ¢ moodenoio Ha 04.12.2020
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3aKnro4YeHue

«YpoeeHb» 02paHuU4yumMesnibHbIX Mep, KOTopble Heobxoanumo

6blnO BBECTM HA TEpPpUTOPUN T.

(CHM»KeHue KoHTaKToB Ha 60-70%).

KpacHoAapcka — 0,3-0,4

Bpema BBegeHuUA orpaHuuutenbHbix mep — 9-30 paeHb oT
Hayana naHaemumn (GakTUYeckmim MOMeHT BBeeHuma — 14

OEeHb).

Pe3ynbTaTbl NPOrHO3MPOBAHMUA:

MNpeAacKkasaHue
NpeAacKkasaHue Ha 04.12.2020 | PeanbHble AaHHble
Ha 23.03.2020 | (KpacHosapckui (KpacHoapckui
(r. KpacHosApCcK) Kpail) Kpai)
Konuuecmeo 6oneroujux 6300 6678 6723
«8 NUK» naHoemuu, 4yes
Bpemsa HacmynneHusa 300 237 240
«nuKa» naHoemuu, cym (10.01.2021) (06.11.2020)

(09.11.2020)




