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AnaHOTan NN

Paccmarpusaerca npocreiimas nocsie momeneit Masibryca u Pepx-
OJIBCTA 3-state Momens, obo3HavaeMasi B JUTEpaType abOpeBuaTypoii
SIR (S — Bocnpunmumskie, | — ¢ KIMHUIECKUME TTPOBIEHUAMI UH(DEK-
nuonHHOH Gosesnu, R — BBI3ZOpOBEBIHME), ¢ KOIDDOUITHEHTAME, 3aBU-
CAINMMH OT BPEMECHH. MO,ZLQ.HB COITOCTABJIACTCHA TEKYIIUM CTATUCTUYE-
CKUM JIAHHBIM, HAXOJSIITUMCS B CBODOJIHOM jtocTytie. HenzsecTHble ma-
paMeTpPbl MOJE/IN YIaCTCA HAUATH IyTeM MUHUMU3AIIUN HEBA3ZKHN ME2XKIY
Ope/icCKa3aHueM U JOCTYIIHOW CTaTUCTHUKOM.

1 Mogean MaabTyca n @epXmoJbCcTa

Bynem paccmaTpmBaTh MPOMCXOJINee KaK MOTOK CJAYIAfHBIX COOBI-
THH. DTO caMblil TPoCToi Toax0a. [IprHuMas BO BHUMaHNE BHUMAHNE
TOJIBKO BEPOATHOCTH €(t) 3apazkeHus (3a J€Hb) IUIIETCS ypDABHEHHE

Magbryca
dN (t)
— =€(t)N(t 1
=N (1) 1)
C peleHneM
t
Je(t)dt
N(t)=Nge? (2)
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JlnnamMuKa 3aparkenus JlunamMuka 3aparKeHust
B Mozenu Mambryca B Mozenn PepXioanbeTa

Vpasuenue PepxioyibCra yKe yIUTHIBACT OIPAHUYEHHOCTH 0OIIett

AN (1) N ()
T =aon (1-572). )

B KOTOPOM BEPOSTHOCTHL A00ABICHUS 3aPA3UBIIErOCHd YMEHBITASTCS 110
Mepe POCTa YHC/Ia 3apasKeHHBIX (M TepebOJIeBINNX ), ¢ PeIeHneM

YUCJICHHOCTH

K Ny
N(t) = ; (4)
— [e(t)dt
No+ (K —No)e ©

2 3-state (SIR) momesb

B mpocroit momenu |1, 2| MOXKHO OIPEIETUTH TPU COCTOSHNS: A: HEMH-
dunuposanubie («HOBUUKN» ), B: Goabwble, C: mepeboeBIne ¢ Iuc-
nexnoctamu coorsercreentno A(t), B(t), C(t). 1, coorBercTBeHHO, Be-
POSATHOCTH TIepexofia (3a JEHb): p12:BEPOSITHOCTD 3a00s1eTh U Pos Be-
POSITHOCTH BBLIEUUTHCS. DTO MEPEXOIBI MEXK, Ty COCTOSTHUSIMU. MOKHO
106aBUTH BEPOSITHOCTU Py POXKIEHUS W3 «HUOTKY/JIa» B HerH(MUIHU-
poBamubie u cMeptu P 3 HenH(MUIMPOBAHHBIX B «HUKYAa», Phg u3
nH(MUITUPOBAHHBIX B «HUKY/a» U P3o U3 nepebosIeBIuX B «HUKY/Ia».

OTH Ke MePex0bl U YPABHEHUSI MOTYT OBITh 3allMCAHBI HA A3bIKE
dbopMaIbHON XUMUYECKONH KHHETUKU

A+B% 2B 3aparkeHne, (5)
B BBI3JI0POBJIEHUE, (6)
R4 POZK IeHNE, (7)

A P—19, B Pg), c CMEPTD. (8)
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Puc. 1: /Imarpamma coctodguuii 3-state momen

WNwm coorBercrBytoT quddepeHnranbabie YpaBHEHUST

dilh(jt) = P01 — PlgA(t)B(t) - PlOA(t)7 (9)
di}gt) = PiaA(t) B(t) — PasB(t) — PayB(1), (10)
dccfiit) = P23B(t) - PBOC(t)‘ (11)

3 3amMmedanmns o mepeMeHHBIX Ko3(ddu-
IIIEHTaX

Moxxuo cdopmysimpoBaTh psj yTBep:xkaenuit. CoriacHO ypaBHEHUSIM
(9,10), ecnm A(tg) > 0 m B(to) > 0, 10 u B gasnbmeiimem upu ¢t > t
A(t) > 0, B(t) > 0. Ilycts amst mpocrorsl Py; = Pyg = Py = 0. Torma

1. g mobbix 3amaabix riaakux dyexmuit B(t) u C(t) cyme-
crByer ejuHcTBeHHast dyHKus Paz(t),1pu KOTOPOI BBLIOJIHSI-
erca (10).

dC(1)

Po3(t) = Bd(tt) ; (12)

2. Jna mobbix 3amaHubix Taagknx dysximmit A(t) nw B(t) cyme-
CTBYeT enuHCTBeHHast byHKuus Pjo(t),mpu KOTOPOI BBIMOJIHSI-
ercst (9).

dA(t)
Pyo(t) = 4

—+ Png(t)
ADB()

(13)

IlosroMmy, KaK HE CTPAHHO, 33,189 [OJATOHKH [O/] SKCIIEPUMEHTA b
HblE JlaHHble (CTaTUCTUKY ) He B TOM, 4T00bl pernTh ypaHerus (9-11),



a B TOM, 9T00B! HalTH P12(t) n Pa3(t). Ho B peanbrocTn dyukmmm A(t),
B(t), m C(t) He 3ajaHbl TIAJAKUMH, & W3BECTHBI TOJLKO B HEKOTOPBIX
TOYKAX U TO — C U3BECTHON HEONpeIeeHHOCThI0. MoXKHO, KOHETHO,
TJIAAKO alllIPOKCUMHUPOBATH WX, HO IKCTPAIIOJIANNA 3a IIpeaesbl Bpe-
MEHHOT'O JINAIIa30Ha, CTATUCTUKN CTAHOBUTCS COBCEM HEOIpEIeIeHHO.

MozkHO yKecTounTh 33139y, norpebosas, aTobbr dbyukimr P (t)
u Po3(t) ObLIM W3 3aJaHHOTO KJIACCA W, MOJB3YSCH 3aJ0KEHHOM B CTa-
TUCTUKE HEOPEIEIEHHOCTRIO, J0OMThC Hanboee mpaBmonog0bHOTO
BbIOOpa corsacHo Kputepuio (14). Hampuwmep, mMoxkHO mOTpebOBATH,
qTO6bI (byHKL[I/H/I 6])I.HI/I KYCOYHO-IIOJIMHOMUMAJIbHBIE, C 3a/IlaHHBIMW TOY-
KaM# BPEMEHU — I'DAHUIAMU KYCKOB, IIPU TOM ITHX TOYEK BPEMEHU
JOJIZKHO OLITL HEMHOTO.

4 CpaBHeHHE CO CTATHUCTUKOII

TTapameTrpsl MOzesn ONpeJIeIdOTCs B PE3yJibTaTe CDABHEHU CO CTa-
THCTHYIECKUMH JaHHBIME |9]. BBIIH IPUHSATHI CJIeIy IO TOTTY IIEHUST:
B CHJIy KPATKOCTU IIEPUOJA BJINAHNE HEKOTOPHIX (PaKTOPOB CUNTAETCH
HE3HAYNTE/IbHBIM, ITApaMeTphl npupaBHeHbl Hys0: Pyp = 0, Pg = 0,
P3y = 0. Ocrapuble TapaMeTPhbl HAXOJSATCS BAPUAIMEH 10 TOCTHKE-
HUs MUHUMYyMa Kpurepus O6su3octu. Onpejiensiorcs Takue KOHCTaH-
Toi: Besmunta nonysainun A(0), BeposTHOCTH Pog, Poy. BeposTHOCTD
sapaxennst Plg = «(t)/K CyuecrBeHHO 3aBHCHT OT BPEMEHH, I0O-
CKOJIBKY TPOBOJATCH M3BECTHBbIE OPTAaHU3AIOHHBIE MEPOIPUATHS, HO
OHa, WINETCH B BUE KYyCOYHO-TJIAKOI'O MHTEPIIOJUPYIOIIETO TOINHOMA
(3-ro mopsiZika), 3aJAHHOTO 3HAYCHUSAME B OTPEJICTCHHBIX y3/1aX, 9TH
SHAYEHUS W BAPbUPYIOTCs. BepoaTHOCTh BhI3moposaeHus Pog = [(t)
3aBUCHUT OT METOJUKU JIEUEHUs] U €€ M3MEeHEeHUsI.
Kpurepuii 6m30ctu

A7) — A;)? B(i) — B;)? C(i) — C;)?
%_Z(%m)+z(%@)+z(%@)'M)

%

Baeck i — nomep ans, A(i), B(i), C(i) — pacuernble Bennansbl, A;, B;,
C; — namssle cratucTuku. HavgaapHBle 3HaUEHWA IS CHCTEMBl ypaB-
wennit: A(ty) = K, B(ty) = 1, C(tg) = 0. Besimunnunr K u ty Takxke
BXOJIAT B UUCJIO BADBHPYEMBIX [1apaMeTPOB.

Pesynbrarsl MojenupoBanus npejcrasieds Ha rpadukax (Puc. 2
- Puc. 6). Jluausmu uzo6pazkensl rpadbuky OYHKINA, HA HAX HAJTO-
JKEHbI TOYKM 3HaYeHuit n3 crarucruku (Ha 19 mag 2020 r). OrkioHe-
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HUS PEAJHHON CTATUCTUKN OT PACUeTHOH, OTHEeCEHHBIe K PACUETHOMY
CPEJHEKBAIPATHIHOMY OTKJ/IOHEHUIO (PABHOMY KOPHIO KBaJPATHOMY
U3 PACYETHOrO 3HAUEHUs ) MpecTaBaeHbl Ha rpadukax (Puc. 7 - Puc.
11).

Crenyer 3aMeTUTh, YTO HaliJIEHHBI pa3Mep HOMYJIAIUA HE COBIIa-
JaeT C YUCJEHHOCTHIO Hacesnenus B permone. llo-Bummmomy, 310 3ch-
(beKTUBHBIN pa3Mep, ¢ YIeTOM CpeHEN abHOCTU BIAUSHUSA OTIIE/b-
HBIX JIitojell B gaHHOi cpege. OnbiT HAOIIOAEHUS B TEYEHUUM MHOIHX
JiHel obcdera MOKA3bIBAET, YTO STOT MapaMeTp CO BPEMEHEM PaCTeT.

5 O0cyxkaeHne pe3yJ/ibTaToOB

I'pacduku mMOKa3BIBAIOT, UTO B PACCMOTPEHHBIX PETHOHAX MAKCUMYM
CKOPOCTH POCTa YHCJIa DOJIbHBIX yIKe JaBHO MPOIiJIEH — & 9TO HATPY3Ka
Ha CKOPYIO IIOMOIIb U IPUEMHBIN ITOKON.

HOLITI/I Be3J¢e KOJIMYEeCTBO 60.HbeIX YKe HaXaAUuTCAd Ha MaKCUMYMe
WX OKOJIO HEro. ITO 03HAYAET, UTO HAIPY3Ka HA CTAIMOHADPHI TOXKE
JOCTUTACT MaKCUMyMa U JAJIBIIC 6y,1eT CHHUZKaTbhCA 3a CYE€T BBIIINMCKH
BBI3JOPOBEBIIINX.
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The simplest epidemic process model
We consider the simplest 3-state model after the Malthus and

Verhulst models, denoted in the literature by the abbreviation SIR (S

- susceptible, I - with clinical tests of an infectious disease, R -

recovered), with time-dependent coefficients. The model is mapped to
current statistics that are in the public domain. Unknown model
parameters can be found by minimizing the discrepancy between the

prediction and available statistics.
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