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OcHOBHBIE pE3yJIbTaTHl PAOOTHI

IIpensaraercs HOBasi cTOXacTUYeCKasi IPOrHOCTUYECKAsT METOAUKA, B KOTOPOM
K03bbUIMEHTHI (MHTEHCUBHOCTU JIEMEHTAPHBIX IOTOKOB COOBITHIA)
BOCCTAHABJIMBAIOTCS 110 SKCIEPUMEHTAJIBLHBIM JaHHBIM HA OCHOBE
coorBeTcTBYIOIEH nuddepennmanbroit SEIRD momenu.

HpOI‘HO3 OCyHIeCTBJIAETCA C IIOMOIIBIO CTOXaCTUYECKOMN HyaCCOHOBCKOﬁ
MOJeJ/In, KOTOpad JaeT BO3MOXKHOCTh HCCJIe10BaTh d)nyKTyam/m U3yvaeMbIX
XapaKTEepUCTHUK, T.€. CTPOUTH COOTBETCTBYIOIITHUE JOBEPUTEJIBHBIEC NHTEPBAJIBI.

PazpaboranHasi METOAUKA MOXKET IIPUMEHATHCS B 3aJa4aX ¢ OYeHb OOJIBIION
Ha4vaJIbHOI 4YMCJIEHHOCTBIO.

DBrB1710 BBISIBJIEHO CyIEeCTBEHHOE BJIMSHUE Ha IIPOTHO3 BBEICHHS
MHKYOAI[MOHHOIO IEPHOAa OT WHMUIMPOBAHNA O HIOSIBJICHNAS CHMIITOMOB.
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MaremaTnyieckne MOJe/In

s aHaM3a TpeHa SMUIEMHOJIONNTYECKOTO IIPOIeCCa KOPOHABUPYCHOM
nHMEKINU B KOHKPETHOM I'OPOJIe UJIM PErHOHE B HACTOSIIIEE BPEMS aKTUBHO
NIpUMeEHsSIeTCS YUCJIEHHOe MOJIeJINPOBaHue, IpudeM MapamMeTpbl Mojesei
OLIEHUBAIOTCA IIyTeM YCBOEHUS U3BECTHBIX CTATUCTUYECKUX JaHHBIX O
KOJINYECTBE MH(MUIMPOBAHHBIX, YMEPIINUX U T.I,.

J1j1s1 9ECIIEHHOTO MOCTPOEHUS TPEHIA SMHUAEMHUOIOTIIECKOrO IPOLECCa
OOBIYHO UCIOIB3YIOTCs Jud depeHraIbHble MOJEIN, B KOTOPBIX
WHOUBULYYMBI Pa30UBaIOTCs Ha CPYIIILI UM THUIIBI: BOCIPUUMYUBLIE,
MHOUIUPOBAHHDIE, BBI3JOPOBEBIINE U T.J.

CootBercrByIomnme cucreMbl 1udPEePEHITNATBHLIX YPABHEHH IOy Ial0TCs U3
JIOKaJILHOTrO 6ajlaHca, uTO BIOJIHE OOOCHOBAHO B JIMHEHHOM BapHAaHTE 33Ja4H,
KOrJla I'PyINIbI He B3aUMO/ICHCTBYIOT, HO UCIIBITBIBAIOT IIPEBPAIleHus C
U3MEHEHUEeM THIIa.

BarkHOil 1eTasibio MOJeNIN SMUIEMUN SIBJISIIOTCS 3ala3/bIBaHus,
COOTBETCTBYIOIIME UHKYOAIIMOHHBIM [I€EPHOAAM, B OCHOBHOM MEKILY
nHGUIMPOBaHUEM U 3a60JICBAHUEM.
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3aech:

Huddepennmansuas SEIRD momers

B o sy (23010 | apSOEQN g,

}? — s - (22O 2£5OEON _ s ),
W= b ) - p10) ~ w10,

% — BI(t) + pE(t) — YR(D),

P — 1w

e { — BpeMd B CyTKax; T — JJIMHA JIATEHTHOI'O II€PUOJa

e S — BOCIIpUHUMYHNBLIE

e E — nepBuyHO MHMUIMPOBAHHBIE «GECCUMITOMHUKMI> (JIATEHTHBIE)

o | — uHdUIMPOBAHHBIE C CAMITOMAMH («CHUMITOMHHUKHAY )

e R— BbI3IOPOBEBIINE

e D — ymepiue
e N=S+FE+ I+ R+ D — Bca nonyssanust

Bamarorcs HauanbHBIE HanHble npH ¢ = to: S(to), E(to), I(to), R(to), D(to)-
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Ormpeienienne K03 HUIMEHTOB

B kauecTBe peasIbHBIX CTATUCTUYECKUX JAHHBIX PACCMATPUBAJIOCH YHCJIO BBISBJIEH-
HBIX 3a CYTKU MH(MOUIMPOBAHHBIX MH/IUBU/LYYMOB, BbBIYUC/IIEMOE 110 (hopMyIie

fi=ft:) =sE(ti-1)/c,
rie 4 — nomep jus (cm. paGory [1] 1).
st KOHKpeTHOI 3amaqn B [1] B3sTO!
B(to) =99, R(to) =24, S(to) = 2798047, I(to) = D(to) = O.

B [1] upu pemennn o6paTHO 3aja4n 110 peabHBIM 3HAYEHUAM fl B MHTEPBAJIE OT
23.03.20 mo 31.05.20 6610 mcnoab3oBano ¢ = 0.58.

Hamu 6b110 ncniosibzoBano 3uadenue ¢ = 0.51, koropoe maer 6ojiee TOYHOE CpeIHE-
KBaIpaTUYecKoe nMpubimkenre quddepeHnuaIbHOr0 PEMeHns K 9KCIIEPUMEHTAIb-
HBIM JaHHBIM { f;} B yKa3aHHOM HMHTepBaJe.

1[1] O. I. Krivorotko, S. I. Kabanikhin, N. Yu. Zyatkov, A. Yu. Prikhodko, N. M.
Prokhoshin, M. A. Shishlenin, Mathematical modeling and forecasting of COVID-19 in
Moscow and Novosibirsk region // Numerical Analysis and Applications, 2020, V13, N4, p.
332-348.
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HeﬂeCOO6paSHOCTb HCITIOJIb30BaHNA CTOXaCTHYICCKUX MO,H‘GJIGP'I

o [Ipu Hamuyum B3auMOJIEMCTBU, HAIIpUMED, HHMUIMPOBAHUS OOJIBHBIMH,
11€51eCO00Pa3HO HCIIOIL30BAHNE CTOXACTUIECKUX MOZEJEH.

o JIs1 5TOr0 BBOJUTCSI «E€CTECTBEHHOE» IIPEIIOJIOKEHUNA O TOM, YTO
peain3yeTcsl CIayJalHbIi MapKOBCKUN ITyaCCOHOBCKMII IIPOIIECC POXKIAECHUS U
rubesii ¢ IPEBPAILEHUSIMUA U B3aUMOJEACTBUEM T'DYIIIL.

o llHTepBajbl BpeMEHU MeXK/Iy COOBITUSIME IIPOILECCa IPE/II0JIATaI0TCS
9KCIIOHEHITNAJIBHO PaCIIPEeIeIEHHBIMHA.

e COOTBETCTBEHHO 9TOMY MOMEHTEI BPEMEHH COCTABJISIIOT TOUEIHBIC
IIyaCCOHOBCKHE IIOTOKHM C 3aJaHHBIMU MHTE€HCUBHOCTAMU, KOTOPbIE
U3MEHSIOTCS B MOMEHTBI B3aUMOJAEUCTBUN U NIPEBPAIIeHUN.

o CroxacTuyeckasi MOJEJb 1aeT BO3MOXKHOCTB HUCCJIEI0BAThH (DJIyKTYAIUU
U3ydYaeMbIX XapaKTEPUCTHK, T.e. CTPOUTH COOTBETCTBYIOIINE JIOBEPUTEIbHBIE
MHTEPBaJIbI.
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CootsercrByromas cucreme SEIRD croxacTuaeckasi IIyaCcCOHOBCKasl MOJEJDb OIIpe-
JeJisieTcst TabJInIeil SJIeMEeHTapHBIX COOBITHI U MHTEHCUBHOCTEH COOTBETCTBYIOIIUX

Croxacruueckas MOJEJIb

TOY€YIHDBIX IIYaCCOHOBCKHUX IIOTOKOB:

Tabmma 1

MUHTEHCUBHOCTHU

k cobbITUST
I E+ Ey))S
1| S=8-1,Ey:=Ep+1 (o JrCYE]E] * Eo)) )
ar =0.999,ap = 0.999
2 E=FE-1I:=1+1 x = 0.042
3 EFE=FE—-1,R:=R+1 p =0.952
I T =I-1,R=R+1 B8 =0.999
5 I:=1—-1,D:=D+1 = 0.0188
6 | Fp:=FEy—1,R:=R+1 po = 0.920
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PaﬂHKaﬂbHOG}@KOpeHHe pacdeToB

e MpbI nipeyiaraemM crocod paJuKaabHOIO YIIPOIIEHUsS YUCIEHHOTO
MO/JIEJIMPOBAHNS HA OCHOBE OO'bEIMHEHUs] DJIEMEHTAPHBIX IIyaCCOHOBCKUX
HOTOKOB, JalOIIUX TaK»Ke IIyaCCOHOBCKMII IIOTOK C CyMMapHON
HHTEHCUBHOCTBIO.

e B Takoil cToxacTu4ecKOi MOJEIN PACCMATPUBAETCS CTOXACTUYECKAS
9BOJIIOIUS BCEX MHJIUBHUJYYMOB C KOPPEKTHOI peasin3alifeil B3auMOIeCTBUN.

Ld KO3(b(bI/IL[I/IeHTBI MOJEJIN - THTCHCUBHOCTH 3JIEMEHTAPHBIX IIOTOKOB CO6I)ITI/II>’I -
BOCCTAHABJIUBAIOTCS TI0 SKCIIEPUMEHTAIbLHBIM JAHHBIM HA OCHOBE
coorBercTByolIei nuddepennmanproit SEIRD monenu.
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hdoﬂeﬂb © O6'be,ILI/IHeHI/Iel\’I QJIEMEHTAaPHBIX IIYaCCOHOBCKHUX IMOTOKOB
O6Go3zHauuMm cobbiTust yepe3 { Ay}, narencuBHOCTH depe3 {vy }, MOIOKUM

6
V= ka.
k=1

Peanuzanusi cTOXaCTUYECKON ITyaCCOHOBCKON MOJIESU OCYIIECTBIISIETCS CJIEILYIOIIUM
PEKYPPEHTHBIM CIIOCOOOM:

e [IycTs B MOMEHT ¢t IPOM3OIILIO dJIEMEHTAPHOE COOBITHE U OIPEIEeIUINCH
YHCJIEHHOCTH

S(t), E(t), I(t), R(t), D(t).

o Cuenyromee cobbITHE PEaN3yeTCst B MOMEHT BpeMeHu t + T, Tae T —
CllydaiiHasi BeIM9HHA, PACIPENEICHHAs SKCIOHEHINAIBHO C IapaMeTPOM
V =V(t), To ecTb

Ina
T=—""

v
roe o — CaydaiiHas BeJdYnHA, PACIpPeIe/IeHHAsS PABHOMEPHO B HHTEPBAJE
(0,1).

e Jlasee BHIOHMpPAETCS BAPUAHT SJIEMEHTAPHOIO COOLITHUS COIJIACHO
pacIpeiesIeHIIOo

Vg

v

9TO U OIpefesieT YUCJIEHHOCTU IPYII B MOMEHT ¢ + 7 Ha OCHOBe Tabsuisl 1.

P(Ag) =
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Puc.1. Yucsio BbISBIIEHHBIX OOJIBHBIX B CYTKH

IIpoBomuscs cpaBHUTEJbHBIH aHAIN3 AuddEepeHIHaJIbHO U CTOXACTUIECKUX MO-
neneit giusi HoBocubupcka B mepuon ¢ mapra mo uionb 2020 roma st MOIyJIsAIiun
obbemoMm 2 798 170 gestoBek.
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Puc.2. Yucso BeISIBJIEHHBIX OOJBHBIX B CYTKH (MOJIENb C
MHKYOAIIMOHHBIM [IEPUOJIOM )
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people a day

Puc.3. Bribopounbie rpadukn st myacCOHOBCKON MOJIETIH
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Puc.4. Beibopounbie rpadukn s MOJE/IN ¢ HHKYOAIIMOHHBIM IIEPUOIOM
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BriBogbr

Paspaborannas croxacTuaecKas MOIEb ABJISAETCA yHUBEPCAJIHHOW U MOXKET
MIPUMEHATHCS [UIsl aHAJII3a PACIPOCTPAHEHUS PA3IHIHbIX NH(MEKIIHIA.
CroxacTryeckasi MOJEb 06J/1a/1aeT OOJIBINON MMOKOCTBIO, XOPOIIeit
MIPOTHOCTUYECKON CIOCOOHOCTBIO M BBIMUCIUTEIHLHON SKOHOMUIHOCTBIO.
Cootercryromas guddepenruanbaas mogenab SEIRD moxker apdexTuno
NIPUMEHSATHCSA [IJIsT ONEHKU TIApaMETPOB CTOXACTUIECKONH MOIEN —
WHTEHCUBHOCTEH 3JIEMEHTAPHBIX IIOTOKOB COOBITHIA.

B croxacTrueckoil MOJEIN MOXKHO yUIHTHIBATH JOIOJHUTEIbHBIE

YIIpaBJIdmoIe CcoOBITUS U TPYIIIbI UHAUBUAYYMOB, CyII€CTBEHHO BJIUAIOIINE
Ha Pa3BUTHUE INMUIEMHUOJIOTTIECCKOT'O IIpoIecca.

14/15



Hpe,ZLJIO}KeHI/IH IO PAa3BUTUIO MaTEeMaTHUYIE€CKOTI'0O MOJIEC/IMPOBaHNsA B
MU IACMHNOJIOT N

C 1es1bIO OIEHKU PHCKOB U BBIPAOOTKU CI[EHAPUEB yCTOUYUBOIO PA3BUTH:

1. OpranunszoBars B Poccun MaciitaGHbBIN MEXIUCIUIIIIMHAPHBIA 1
MEXKBEJIOMCTBEHHBIN HAYYHBIA IPOEKT 110 MCCJIEJOBAHUIM B 00/1aCTH
MeIUIMHBI, KMMYHOJIOI'MU, BUPYCOJIOIUY U aHAJIN3a JUHAMUKHI
SMMIEMHOJIOTUIECKAX MPOIECCOB (He TOJBKO MaHIeMUH COVID—19) B
YCJIOBHUSIX U3MEHEHUN KJIMMaTa.

2. OGpaTuThCs C 3aIPOCOM Ha IIPEOCTABJICEHUE OAPOOHBIX
SMUAEMUOJIOTNIECKUX JTAHHBIX.

3. CunraTh KOMIIJIEKCHBIN YUCJIEHHBIN aHAJIN3 KIMMATUIECKUX WU
SMHUIEMUOJIOTHIECKUX IIPOIECCOB OJHUM U3 BaKHEHIINX HAIPABICHUN 1151
HOBBIX CYIIEPKOMIIBIOTEPHBIX IIEHTPOB.
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