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B oT0#f cTaThe OBIAA MCIOAB30BaHaA APOOHO-AMGM@EPEHIIMAABHAST MOAEAD (PU3U-
YEeCKUX IIPOILIECCOB C HACHIMEHWEM AASI ONUCAHUS AWHAMUKK AETAABHBIX KCXO-
AoB mHpekmuuz COVID-19. MaTeMaTr4ecKoe ONMMCAHWE MOAEAUM AAETCS WHTETPO-
AuddepeHITnaAbEBIM YpaBEEHNEeM PUKKaTH ¢ IPOM3BOAHON APOOHOTO IIEPEeMEHHOI'0
nopsiaka Tumna 'epacumoBa-KanyTo. Takoe onmcanume O3BOASIET YIUTHIBATE 3D (EK-
THI HACHIIIEHNS ¥ IAMSITH B AnHaMuKe pacupoctpateruss COVID-19 cpepu Hacene-
HUSA. 3AeCh 93PDEKT HACHIMIEHNS 3aKAIOYAETCSI B BEIXOAE Ha IIAATO YUCAa 3abones-
WX ¥ YMEPUIWX, YTO YKa3LIBAET Ha CTAOMAM3ANWIO AWHAMUKYU PACIPOCTPAHEHUS
COVID-19. 9dderT nmaMsTy 3aKAIOYAETCS B TOM, YTO CUMIITOMbBI NH(MEKITNY ¥ 3apa-
JKEHHBIX IIPOSIBASIIOTCS HE Cpasy, a C HEKOTOPOU 3apep KKoi#i. B cTaThbe mccaepyioTcs
AAHHBIE HaOAIOAEHWH IO HOBBIM CAYYasiM 3apa’keHUsi X ODIIEMY YUCAY CMePTEHN B
meprop, 3a 2.5 roaa (¢ mMapTa no ceHTsi6ps 2022 r) B Poccuiickoit Pepeparuu u Pec-
nybauke Y3bexkucran. Aanree B paboTe yTOUHSIIOTCS IIapaMeTPEl MOAEAY Ha OCHOBE
HUCCAEAYEMEIX AAHHEIX 0 pAmHamMuke COVID-19. C moMOIIbI0 YTOYHEHHON MOAEAK
AENAETCS IIPEABAPUTEADHEINM IIPOTHO3 Ha CAEAYIOIIE IIOATOAA C IIOCAEAYIOIIEN IIPO-
Bepkoi#i. [lokasano xopolee cornacue Me>XAY MOAEABHBIMU KPUBBIMY ¥ KPUBBIMU
AAHHBIX 110 obmmemy dmcay cmepreir or COVID-19.
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BBeaenne

Henmnetinoe auddepeniizarbroe ypaBHeHE PUKKATH IpPEACTaBASET OOABINION WH-
TEpeC CpeAMl MCCAEAOBATEAEN B PA3AMYHBIX ObOAACTIX 3HaHWA. Hampumep, B pu3MKe
ypaBHeHNEe PUKKAaTKH BO3HUKAET KaK PEIEHNE HEKOTOPHLIX YPABHEHWHM MaTeMaTUYeCKOR
¢usuku ocae npeobpaszoBaHuit [1], B 9KOHOMUKE AAST MOAEAUPOBAHUST BOAATUABHOCTH
Ha (PUHAHCOBOM DBIHKE [2], B AOCTATOYHO AaKTYaAbHON HAa CETOAHSIIIHWN AEHL HAyKe
SMUAEMUONOTHY — B JACTHOCTH, UCIOAB3YETCSI aBTOPaMU [3] AASL IIOCTPOEHUST AOTUCTH-
YEeCKUX MOAEAEH 3SMUAEMUU C IIEABIO OIPEAEAEHUSI BPEMEHM BBIXOAA HA HACBIIIEHUS
(mraro).

M3BecTHO, 4TO ypaBHEHNE PUKKATH XOPOIIO ONKUCHEIBAET IIPOIECCH], KOTOPBIE ITOAYY-
HSTIOTCSI AOTUCTUYIECKOMY 3aKOHY [4, 5| ¥ 9T IIPOoIieccH MBI 6yAEM Ha3EIBaTh IIPOIECCAMU
HachImmeHusi. [IpolieccEl ¢ HachIMeHneM MOTYT 06AaAATh CBOMCTBAMY HACAEACTBEHHOCTH
(maMsiT;), KOTOpbIE YKA3BIBAIOT HA IPUIUMHHO-CAEACTBEHHYIO CBSI3b B WX AMHAMUKE. B
YaCTHOCTH, B AMHAMUKE PACIPOCTPAHEHUS SMUAEMUN 3PEPEKT HACAEACTBEHHOCTH MO-
JKET 3aKAIOYATBCS B TOM, YTO CUMIITOMEI 3aDOAEBAHUSI IIPOSIBASIIOTCS C 3aAEPIKKOM.
C TOYKM 3pEeHUs MATEMATAKY 3P(PEKTHI IaMSITA MOXKHO OIMCATDb C IIOMOIIbIO NHTETPO-
AU ePEHIMANBHBIX YPAaBHEHUY C PA3HOCTHLIMU SAPAMU, KOTOPhIE HA3BIBAIOTCS (PYHK-
nusamu namsaTy [6]. OnpepeneHre MYHKIUY IaMSITH SIBASIETCS BayKHOHM 3apadeir. OpHa-
KO B CHAY TOTO, YTO B OKPY>KaIOIEN HAC CPEAE PACIPOCTPAHEHBI CTEIEHHEBIE 3aKOHBI,
TO MMEET ONPEAEAEHHBIH CMBICA CYATATh (PYHKIWIO ITaMSITH CTEIEHHON. Tako# IIOA-
XOA, TIIPUBOAUT HAC K XOPOIIO PaspaboTaHHOMY MaTeMaTHYECKOMY allapaTy APOOHOTO
ucuncaerus [7]-[11].

B paborax aBTopoB [12]-[15] 6bIAa IpPeANO>KEHA MaTeMATHIECKasT MOAEAbB, IIOCTPO-
€HHAsI Ha YPaBHEHUU PUKKATHU C HEIMOCTOSTHHBIMU KO3(P(PUIIMEHTAMY U C IIPOU3BOAHOMN
APOOHOTO IIepeMEHHOr'0 IIOpsiAKa Tua [epacumoBa-KamyTo. B aTux paboTax mpoBo-
AUTCSI YUCAEHHEBIM aHAaAW3 MOAEAU, a TaK’Ke ee IPUMEHEeHWE K 3apadaM KUCCAEAOBAHUS
AVHAMUKK COAHEYHOM aKTUBHOCTK ¥ HAKOIIAEHUSI PAAOHA B HAKONIUTEABLHON KaMepe. B
HACTOSIINEM HCCAEAOBAHUY MATEMATUIECKAST MOAEADL IIPUMEHSIETCS AAS U3YYEHUST AU-
Hamuky pacupocrparenuss COVID-19 (COronaVlIrus Disease 2019): yTo4YHsIIOTCS Tapa-
METPEI MOAEAY C YUETOM AAHHBIX O CMEPTEABHBIX MCXOAAX 3aboneBaHusi B Poccuiickoit
Depepanuu u Peciybamke Y36eKuCTaH, a TaK>Xe IIPEAAATAETCS HEKOTOPBIA IIPOTHO3
PaCIPOCTPAHEHNUST TAaHAEMUM.

ITocTranoBka 3a1a91

PaccmoTrpum 3apagy Komm aast ApobHOTO ypaBHEHUS PUKKaTH C IepeEMEHHBIMYU KO-
3¢ PuUImeHTaMu BHIAA:

1 Jt (o)
M1 —a(t)) Jo (t—o)¥

do=—a(tyuw’(t) +b(thu(t)+c(t),  u(0)=uyp, (1)

rae u(t) € C2[0,T] — HemsBecTHAsT (DYHKIUS PEIIEHNUS, 1y — N3BECTHAS 3aAAHHAS KOH-
cranTa, t € [0, T] — TeKylllee BpeMsi SKCIIEPUMEHTA, | — 0obIlee BpeMsi MOAEAMPOBAHUSI,
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a(t), b(t), c(t) — HeKoTOpbIe dyHKIMY HempepslBHOro Buaa, «(t) € C'(0,1) — mokasa-
TeAb IIPOM3BOAHOM APOOHOrO IIEPEMEHHOIO MOPSIAKA.
l'amMma-dyukIus Ditnepa I'(.) B (1) umeeT BUA:

Mx)= J e 1 dt, x € C:R(x) > 0.
0

Bapaua Kommwm (1) u #CHOAB3yeMBI#l Aanee YACAEHHBIA CIOCOD peIIeHwusi, OBIAK II0-
APobHO u3ydeHHI B paborax [12]-[15].

Metoauka ducjaeHHoro pemeHnsd 1mo IFDS

B cuay Toro, uro 3apada Komu (1) HeaumneitHa, TO MBI OYAEM HCIIOAB30BATH METOABL
KOHEYHO-PA3HOCTHBIX cxeM [14, 17, 18]. AAst 9TOro IpoBeAEM AUCKPEeTH3AIuio 3aaa4n (1)
B AuddepeHITnaAbHOR ITocTaHOBKe. PasaeauM Ha N paBHOYAAAEHHBIX Y3A0B CETKHU OT-
pesok [0,T] ¢ marom amckpermsamuu h = T/N. Toraa u(t) € C2[0,T] — HemsBecTHas
PYHKIIMS pelleHusI, Ha KOHEYHON CETKe, IePeHAET B CBOM CETOYHLIM aHaAor U(ti) uAM
ui, rae i = 1,...,N. Tarum >xe 0bpa3oM U HempepsIBHAS TAaaKast pyHKImS 0 < «(t) < 1
mepedpéT B «(ti) mAm o4, 9TO BepHO U AAS a(t),b(t),c(t).

ApobHYI0 IPOM3BOAHYIO IEPEMEHHOrO Iopsiznka l'epacmmoBa-Kamyro B (1) caesa,
6yaeM allpOKCHMUPOBATh coraAacHo pabore [19]. [loppobOHEIN BEIBOA MOYKHO HaifliTH B
cratbe [12], rae mccaepOBaH BONPOC IOPSIAKA ANMIPOKCUMAINU APOOHOTO OIEpaTopa.
ITepexoauM oT (1) K AMCKpeTHOMY aHaaory, TAe C — u3BeCTHasT KOHCTAHTA:

i-1
AiZw}(ui,j—u;ijq)+aiui2—biui—ci:O, lZ],,N
j=0
P S S )
F(Z — 0(1) )

B pabore [12, P. 9], uccaep0BaHEBI BOIIPOCHI CXOAMMOCTH Z ycTofumBocTy IFDS anst
AuckpeTHO# 3apaun Komu (2). [Tokasano uro IFDS 6e3ycA0BHO ycToRYIMBA, U CXOASITCS
C TIOPSIAKOM TOYHOCTH PaBHBIM (2 — &). B KauecTBe MeTopa perneHus (2) UCIOAB3YETCS
uTepanuoHHBIN MeToa HbroToHa.

IIpeanochliiKn K MOJZEJINPOBAHUIO IIPOIIECCA C HACBIIIEHNEM
COVID-19, ¢ nmomoinpio JpobHOTrO ypaBHeHnss Pukkarn

MaremaTudeckast MopeAb (1) mpuMmeHsiaach aBTopaMu B pabore [20] anst m3yde-
Hus pArHaMuKE pacupoctpaierus COVID-19 Ha ocHOBe AaHHBIX HAOAIOAEHUN O HOBBIX
CAYYasiX 3apa’keHus X obleM 4YwmcAe 3apa’k€HHBIX B Poccuiickoit Pepeparuu u Pec-
nybauke Y3bekucran. [lokasaHo 9TO IpK ONTUMAABHBEIX IIapaMeETPax MOAEAM, IIOAY-
YEeHHBIX IIPX CPABHEHUHU C IOAHBIMU HAOAIOAAEMBIMU AAHHBIMY STHUX IIPOIECCOB, OBIAM
COOTBETCTBEHHO IIOAYYEHBI XOPOIIKE MOAEABHBIE PE3YABTATEL. DTO AAAO IIPEAIIOCHIAKY
K IIPOTHO3WPOBAHMIO IIPOIlECCa HOBEIX CAydaeB 3apakeHusi COVID-19, 4To 9acTWYHO
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IIOATBEP>KAAETCSI B cTaThe [15]. OpHAKO CAEAYET OTMETHUTD, YTO aBTOPHI HE YIUTHIBAAK
BCeX (PaKTOPOB, CIIOCOOHEIX IIOBAMATH HAa M3MEHEHUE YUCAA CAYHUAEB 3apa>keHus. Mo-
A€Ab OIIUCHIBAET TPEHABI: II0 HOBBIM CAyYasIM 3apasKeHUs, X II0 ODIIEMY KOAUIECTBY
3apa’KeHHBIX, Kak B Poccuiickoit Pepeparum, Tak u B Pecnybauke Y3bekucras [20].

B sTOM mccaepOBaHWM, IPOBOAUTCS MaTEMaTHUECKOEe MOAEAUPOBAHUE IIOCAEACTBUMN
mudunupoanus COVID-19, crpomTcss MaTeMaTudeckasi MOAeAb (1) mocaeAcTBmit
COVID-19 BBIpa>KeHHEIX B CMEPTEABHEIX HCXOAAX 3Toro 3aboneBanus. Kak u B [20]
MBI IIPEAAATaeM OTHOCUTEABHO NPOCTYIO MAaTEMATHYIECKYI0 MOAEADL (1) CBsI3aHHYIO C
AUHaAMUKOM pacupocTrpanenus mampemum COVID-19, xoropas ocHoBaHa Ha ApobHOM
ypaBHEHUY PUKKATHU IO CAEAYIOUINM IPUYMHAM:

e ypaBHEHWE PUKKaTW, KaK II0Ka3aHO B [5]|, MOXKeT AATh XOPOIIUE PE3YABTATHI AAST
OIIMICaHUS IIPOIECCOB, IOAUMHSIIOMMUXCS AOTUCTAIECKOMY 3aKOHY, UTO CIIPaBEANU-
BO AAS pacupocTpanerus suumaemuu COVID-19;

e IIepeMEHHLIZ IIOPSAOK APOOHOM IIPOM3BOAHOM ITIO3BOASIT YUeCTh 3P (PEKT IIeEpeMeH-
HOH IIaMSTH ¥ €0 BAUSHVE Ha AWHAMUYIECKUR IIPOIlecc.

Tax>ke HeOOXOANMO OTMETUTD, ITO U3 0630pHLIX paboT [21]-[24] mo pAauHOM TeMaTuKe
MO>XHO CAEAATH BBIBOABL:

® pacCMaTpPHBAEMbIE MATEMATUIECKAE MOAEAU CAOXKHEBI M C TOUKU 3PEHUS YUCAEH-
HOT'O aATOPUTMA, ¥ CAOKHEBEI B KOMIIBIOTEPHON pearrn3aIlny;

e MaAO CPAaBHEHUI PE3YABTATOB MOAEAU C HAOAIOAAEMBIMM AAHHBIMU IIO PaCIIpo-
crparenuio snupemuu COVID-19.

Wcxopst 3 BEINIE CKA3aHHOT'O, MOXXKHO CAEAATDH BBIBOA, O TOM, YTO MAaTEMAaTUUECKas
MOA€EAD (1) MOKeT OBITH IPUMEHEHA K MOAEAMPOBAHUIO IIPOIECca AMHAMUKY PACIIPO-
crpanenus snupeMur COVID-19. YTouHeHrEe TapaMeTpoB MoaeAH (1) ¢ moMOIIbo AaH-
HBIX II0 CMePTHOCTH OT 3nupaemMuy COVID-19 mo3BOAUTE CTPOUTH IPOTHO3HL.

Jlannable o cay4vasMm 3apaxkenust or COVID-19

Tak >ke KaK X AQHHEBIE [I0 HOBBIM CAYYasiM 3apa’keHusi B uccaepoBaHuu [20], B Ha-
CTOSIIEN CTAaTbe MCXOAHBIE HabaropeHuss o cmepTHOcT oT COVID-19 B Poccuiickoit
Depeparuu (puc. 1,2) u Peciybauke V3bexkucTan (puc. 3,4) OBIAU B3SITHL U3 OTKPLITOTO
ucToyHUKa [25], mpepocTaBasiemoro mpoekToM «Our World in Datas mpm mopaepsxke
CSSE (Center for Systems Science and Engineering) B Johns Hopkins University. 9Ta
oburepoCcTyIHAS WHGOPMAIUS IOCTYIAET W3 TAKUX MCTOYHWKOB, KaK HAIMOHAABHBIE
areHTCTBA ¥ IIPABUTEABCTBA IIO BCEMY MEUPY. AaHHBIE 3TOrO IIPOEKTA IIPYU COAEHCTBUM
JHU OBHOBASIIOTCSI pa3 B CyTKY U HaXOASTCS B OTKPEITOM AOCTYIIE.
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Puc. 1. AauHBIe HabAtopeHUE 32 897 AHel 1O HOBBIM caydasMm cMmepTu or COVID-19 B

Poccuu 3a nepmop ¢ 19 mapta 2020 rr mo 1 cerTsiops 2022 rr. ¢ maroMm 1 AeHb
[Figure 1. Observation data for 897 days of new deaths from COVID-19 in Russia for
the period from March 19, 2020 to September 1, 2022. in increments of 1 day]
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[Figure 2. Observational data for 897 days of total COVID-19 deaths in Russia from
March 19, 2020 to September 1, 2022 in increments of 1 day]|
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Puc. 3. Aaunnle HabaropeHu 3a 889 aHel 10 HOBBIM caydasMm cMmepTu or COVID-19 B
Y3bexucrane 3a nepuoa, ¢ 27 mapta 2020 rr no 1 cenTsbpst 2022 rr. ¢ marom 1
AEHB

[Figure 3. Observation data for 889 days of new deaths from COVID-19 in Uzbekistan
for the period from March 27, 2020 to September 1, 2022. in increments of 1 day]
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Puc. 4. NauHBIe HabAtopeHUE 3a 889 aHelr 1o obmeMy uucay cmepreit or COVID-19 B
Y3bexucrane 3a nepuoa, ¢ 27 mapta 2020 rr no 1 cerTsbpst 2022 rr. ¢ marom 1
AEHb

[Figure 4. Observation data for 889 days on the total num of deaths from COVID-19

in Uzbekistan, from March 27, 2020 to September 1, 2022 in increments of 1 day]|

OKCIepuMeHTaAbHBIE AQHHBIE, & TAK)KE PE3YABTATHI, IIOAYIEHHBIE B XOAE IUCAEHHO-
'O MOAEAVPOBAHUSI, OTPAXKAIOT KOAUYIECTBO CMEPTEADHBIX UCXOAOB. DT AAHHBIE AOATK-
HBI OBITH COTAACOBAHEI, a 3HAYUT 00e3pa3MepeHE!, AAST YET'O IPOBOAUTCS HOPMaAU3AIIS
BCEX AQHHBIX Ha MaKCHMYM.

I/ICHOJIBBYGMOG IIporpamMmMHoe obecneueHue

AAsT pemreHusi BceX 3aAad BO3HUKAIOIINX IPY MOAEAMPOBaHUM B paborax [20, 15]
KCIIOAB30BaACS Pa3paboTaHHBIA aBTOPOM IIPOTUPAMMHBIN KOMIIAEKC, IIPEACTaBAEHHBIN
IIOAB30BaTEABCKON bubamoTeroit «FDREexty anst cpeAbl CHMBOABLHOM MAaTEMATUKU
MAPLE 2021.

B macrosimem uccaepOBaHUU, ANSI IIPOBEAECHUSI MOAEAMPOBAHUS AMHAMUYIECKOI'O IIPO-
1ecca: obpaboTKM AAHHBIX, YUCAEHHOTO PEINEHUS MOAEABLHON 3apady ¥ BU3yaAU3a-
LUK PE3YALTATOB, OBIA paspaboranH mporpamMubI KoMmmnAekc «FDRE 3.0» Ha sa3bIke
MATLAB, a Bce pe3yAbTaThI IOAYYEHBI C €70 IIOMOIIIBIO.

Aauubiii mporpaMMmubI  KoMuaekc FDRE 3.0 saBasierca obobmenuem upaei
«FDREexty peanmsoBaHHBIX paHee AAsi [20], 9TO BEIPA’KEHO B CAEAYIOIIUX KAYECTBAX
IIPOrPaMMHOT'O KOMIIAEKCA!

e OOABIIENl YHUBEPCAABHOCTH — KaK IIPU PaboTe TOABKO C 9KCIEPUMEHTANABHLIMU
AAQHHBIMY, TaK X TOABKO C MOAEABIO MAY COBMECTHO;

e 3aMeTHOrO yAobCTBa — AODaBAEHUST HOBBIX BapUalliit MOAEAU U SKCIEPUMEHTANAD-
HBIX AQHHBIX, AASI IIOCAEAYIONIel ITporpaMMHEOl 0b6paboTky;

e Ha IIOPSAKM BO3POCIIEH CKOPOCTX PaboTEI — TaK KakK CTaAO BO3MOKHO IIOAHOCTBIO
yiiTu B (2) OT CUMBOABHEBIX BBIYACAEHUH.
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ITapamMmerpbl 1 pe3yJabTaTbl MOAEJINPOBAHUS JMHAMUKNA
cmeptHOocT oTr COVID-19

HoBbie ciayyan cmepreii or nHdgekiuu B Poccuiickoii denepaiium

Vcmmoab3yeMble ITapaMeTPBl MOAEAMPOBAHUST PACCYUTHIBAANCE TP PA3AMYHBLIX Ba-
pUaIusSIX 3HAYEeHWH ITapaMeTpOB MOAEAWPOBAHUSI, U3 KOTOPHIX BEIOMpaasach Hauboaee
ITOAXOASIIIAST KOMOMHAIMS IT0 MAKCUMAABHEIM KO3 UIIMEHTaM: KOppeAsinuy [lupcoHa
(Cor) [26] urm aerepmumammu (R?) [27, 28], ¢ HOPMUPOBAHHBIMY AQHHBIME HaBAIOAE-
Huit. TakuMm obpasoM, ompeperuM AAsi (1) HewsBecTHbIE (PYHKIINY UAYM KOHCTAHTH a(t),
b(t), c(t) m x(t) Ha OCHOBE M3BECTHLIX HOPMUPOBAHHBIX AAHHEIX HAOAIOAEHUN TaK:

N=713, T=713, u(0)=0.00081833,

2 2
a(t) =0.8 sin (7.225 %) +0.2, b(t)=0.05, c(t)= % <sin <5.969 %)) ,

2
aft) =0.25 sin (1.963 %) +0.5 (sin (10.053 %)) +0.25. (3)

V3 puc. 5 BUAHO 9TO IoA0OpaHHEIE TepebopoM ITapaMeTpsl (3), A0 AYIIINX Ko3dhdu-
LIMEHTOB KOPPEASIIAY U ACTEPMUHAIIAY, a TaK K€ XOPOIIEro BU3YaABHOI'O COOTBETCTBUS
MOAEABHBIX KPUBBIX AASI (1), MOTYT AaBaTh HEKOTOPOE NPUOAUIKEHHOE IPEACTABACHNE
O IIOCAEACTBUSIX WH(MEKIUN, BEIPa’KEeHHON B IIMKAWYHOCTH IIPOIlECCa, B CAEACTBUU IIO-
SIBA€HUS HOBBIX IITAMMOB BUPYCA.
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Puc. 5. HoBrle caygau cmeptu or COVID-19 B Poccuu 3a HeCKOABKO IIepuop0B C 19
MapTa 2020 IT: a) HOPMUPOBAHHBIE AaHHBIE HabAIoAeHUE 1o 1 mMapra 2022 rr.
3a 713 aHell; b) pe3yAbTaTEI MOAEAUPOBAHUS IIpoliecca ¢ momornsio (1) mpu (3)
mo pamHBIM (a), Tae: RZ =0.78, Cor = 0.89

[Figure 5. New deaths from COVID-19 in Russia for several periods since March 19,

2020: a) normalized observational data up to March 1, 2022 for 713 days; b) results of

process simulation using (1) at (3) according to data (a), where: R? =0.78, Cor = 0.89)

Teneph >Ke IPOBEAEM IIPOTHO3MPOBAHUE IIpoIecca Ha moaropa (184 ams) Bmepea,
OCHOBEIBAasICh Ha MopeAm (1).
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AAs1 9ero, ¢ MOMOILIBIO IPOIPAMMHOTO KOMIIAEKCA, IIEPEONPEAEAUM ITapaMeTpE (3)
TaKuM obpasoM:

N=897, T=897, u(0)=0.00081833,

2
a(t) = 0.8 sin (9.0903 %) +0.2,  b(t)=0.05,

2
c(t) = % (sin <7.509 %)) ,

2
x(t) = 0.25 sin (2.4702 %) 405 <sin (12.647 %)) +0.25. (4)

(1m). (main res), Approx 1 [n-D] RUS, {Nerm.),

+3 ——e (2m), {main res), Predict 1 [n-D] RUS, (Nerm.), d ;
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Puc. 6. HoBrle caygau cmeptu or COVID-19 B Poccuu 3a HeCKOABKO IIepuop0B ¢ 19
MapTa 2020 IT: C) HOPMUPOBAaHHbLIE AAHHBIE HabaoaeHUHE 1o 1 cenTsibpss 2022
rr. 3a 897 aHeilt; d) MopeAMpOBaHUE PA3BUTHUS Iporecca ¢ moMoursio (1) mpu (4)
o pamneM (c), rae: R? =0.39, Cor = 0.67

[Figure 6. New deaths from COVID-19 in Russia for several periods since March 19,

2020: c) normalized observational data up to September 1, 2022. for 897 days; d)

simulation of the development of the process using (1) at (4) according to data (c),

where: R? =0.39, Cor = 0.67]

Ha puc. 6 mpoBeAEHO IIPOrHO3MPOBAHUE U €r0 IPOBepKa. [loaydenurbi Ha (puc. 6)
PE3yABTAT MOAEAUPOBAHUS, IPUHIIUNINAABHO COBIIAAAET C Pe3yAbTaTaMu u3 [20, 15| ans
MOAEAVPOBAHMSI AUHAMUKY HOBBIX CAydaeB 3apakerusi Bupycom COVID-19. Yto oxu-
AAEMO, BEAD NETAABHBIE MCXOABI IPK MAHAEMUM, KaK HU IPUCKOPOHO, SBASIFOTCSI 3aKO-
HOMEpPHBIM cAepcTBreM. OpAHAKO TaK>Xe, BEPOSITHO He OBIAM YUTEHBI MHOTHME (PaKTOPHI,
CIIOCOOHBIE TOBAMSTH HA U3MEHEHUE YKUCAA TAKUX CAYIAEB.

Ob1ee unciio cmepreit ot nHdekuu B Poccuiickoit @enepanun

V3 pamHBIX HabaiopeHUME puc. 2 mo obmiemy uucay cmepreir or COVID-19 B Poc-
CHM, MOKHO IIPEAIIONOKUTE UTO M3MEHEHWE 3TOr'0 IIapaMeTpa, ero IOABEM U IIaAeHUE,
IIPOMCXOASIT IO KPUBOH, OYeHb 6AM3KOHM K OOOBIIEHHON AOTHCTHYIECKOH KpuBoi [4], u
3TOT IIPOIleCC HeAMHeeH. Tak>ke U3 PUC. 1 U 2, IOCTPOEHHBIX AASI AQHHBIX Ha OAHOM
BPEMEHHOM IIPOMEIKYTKE BHAHO, YTO B IIEPMOA IIPUMepPHO ¢ 16 deBpans mo 27 aupens
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2022 IT. KOAMYECTBO HOBBEIX CAYYaeB CMEPTEN MMeeT SBHYIO TEHAEHIINIO K CHUJKEHUIO.
Ha puc. 2 pnst obiiero gucaa cMepTeR K KOHITY 9TOr'O IIEPMOAA U AAAEE, OTPA3UTCS KaK
BBIXOA Ha "maaro'"mccaepyeMoro amHamMmyeckoro mporecca COVID-19. Toraa MBI Mo-
JKEM OIIPEAEAUTDH ITapaMeTPhl MOAeAU (1) Ha OCHOBe M3BECTHEIX AQHHBIX PUC. 2 IIOYUTH
3a Becb Iepmop (B 2 ropa) pAo 1 mapra 2022 rr., mo obuieMy 9YHCAY CMEPTeit, HO yiKe
HOPMUPOBAHHBIX, AASI OIIMCAHUS IIPOIECCA TaK:

N =713, T=713, u(0) = 2.655e—06,
t t 2
a(t) =0.1, b(t) =0.05 T (sin <1 5 T —0.99)) ,

2
¢(t) =0.164 %+o.262 (sin (2.67 %—0.3)) ,

2
aft) =0.25 % (sin (1.5 %—0.1)) . (5)

PesyabTaThl MOAAUPOBaHYS IPUBEAEHBI Ha PUC. 7.

1 T T T T T T T
(1m}), (main res), Approx 1 [t-D] RUS, (Norm.),
0.8 (1d), (data norm), (2020.3.19) - (2022.3.1). (Norm.),
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Puc. 7. Obmee uucao cmepreir or COVID-19, B Poccuu 3a HECKOABKO IIEPHOAOB C 19
Mapra 2020 IT: a) HOpM. AaHHBIe I0 1 MapTa 2022 rT. 3a 713 pAHEH; b) pe3yAbTaTHL
MOAeAmpoBanust ¢ moMorsio (1) mpu (5) mo pammeM (a), rae: RZ =0.85, Cor =
0.98

[Figure 7. Total num deaths from COVID-19, in Russia for several periods since March

19, 2020: a) normalized observational data up to March 1, 2022 for 713 days; b) results

of simulation using (1) at (5) according to data (a), where: R? = 0.85, Cor = 0.98]

ITocae gero mepeomnpeaeauM IapaMeTpsl (5) AASI IPOrHO3a:
N=2897, T=897, u(0)=2.655¢— 06,

2
a(t)=0.1,  b(t)=0.062 % (sin (1.887 %—0.99» ,

2
¢(t) = 0.207 $+o.262 (sin (3.359 %—o.s)) ,
0 =0314 & (sin(1887 £ 01)) (6)
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Puc. 8. Obmee umcro cmepreit or COVID-19, B Poccru 3a HECKOABKO IIepHOAOB C 19
MapTa 2020 rr: ) HOpM. AaHHBIE 10 1 ceHTsi6pst 2022 rr. 3a 897 amed; d) Mo-
AEAUPOBaHNE Pa3BUTHUS IIpoliecca ¢ moMompio (1) mpu (6) mo pamHBIM (C), TAE:
R?2=0.93, Cor =0.97

[Figure 8. Total num deaths from COVID-19, in Russia for several periods since

March 19, 2020: c¢) normalized observational data up to September 1, 2022. for 897
days; d) simulation of the development of the process using (1) at (6) according to
data (c), where: R? = 0.93, Cor = 0.97]

B urore Ha puc. 8 BUAUM UTO, 3aN0KEHHEIE B MOAEAD (1) ¢ mapameTrpamu (5) Ipea-
TIONAOYKEHUSI O "BBEIXOAE Ha IIAATO"TIOATBEPAUAUCE, TEM PAKTOM, YTO PACUETHASI KPUBASI
IIPEANOSKEHHON MOAEAU C YUETOM HACBIIIEHUS PUC. 8d XOPOIIO COTAACYETCS C AAHHBIMU
o obmemy uucay cMmepTeir or COVID-19 3a mpormo3upyeMblii mepuoa A0 1 ceHTsiOpst
2022 rr.

HoBrbie ciayyan cmepreii or nHdekiuu B Pecirybsmke Y306eknucran

AnanormusbIM 06pasoM, coraacHo (3) mapaMeTpaM AAST MOAEAEH 1o AaHHBIM B Poc-
CUICKOM dpeAepaluu, OMPEAEANM ONTUMAAbHBIE TAPAMETPhI MOAEAMPOBAHUS AAsT Pec-
nybauky Y36ekucras. Toraa ompepeauM AAs (1) HemsBecTHBIE (DYHKIIMY UAY KOHCTAH-
el a(t), b(t), c(t) u «(t) Ha OCHOBe M3BECTHHEIX HOPMUPOBAHHLIX AAHHBIX HAOAIOAEHUN
TaK:

N=705, T=705, w(0)=0.11111,
2
a(t) =0.8 (sin (9.111 %)) 402, b(t) =0.05,

2.2 2
c(t) = 0.4 w (sin (5.942 %+o.z)> ,

2
a(t) =0.25 sin (2.475 %) +0.5 <sin (11.092 %)) +0.25. (7)
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Puc. 9. HoBrle cayuau cmeptz or COVID-19 B V3berucTane 3a HECKOABKO IIEPUOAOB
c 27 mapra 2020 rr: a) HOpM. AaHHBIe o 1 Mapra 2022 rr. 3a 705 aAHed; b)
Pe3yABTAaTH MOAEAUpOBaHUS momompio (1) mpu (7) mo aamEEIM (a), rae: RZ =
0.07, Cor =0.53

[Figure 9. New deaths from COVID-19 in Uzbekistan for several periods since March

27, 2020: a) normalized observational data up to March 1, 2022 for 705 days; b) results

simulation using (1) at (7) according to data (a), where: R* = 0.07, Cor = 0.53]

AHanoruuso mepeompeaeAnM mapameTpsl (7), AAsT IPOTHO3KPOBAHUS IIPOIeCcca Ha
moaropa (184 amst) Bmepea:

N=2889, T=889, u(0)=0.11111,

2
at) =0.8 (sin (11.489 %)) 102,  b(t)=0.05,

2
c(t) = 0.4 % (sin (7.493 $+o.z)> ,

2
a(t) =0.25 sin (3.122 %) +0.5 <sin (13.987 %)) +0.25. (8)

O61ee unciio cmepreit ot nHdekum B Pecirybiimke Y30eKucraH

Anst pamuBIX 10 Peciybauke Vsbexucran Ha (puc. 1 u 2) ¢ 24 despans 2022 rr.
KOAMYECTBO HOBBIX CAy4YaeB OAU3KO K HYAIO, IO KpaliHell Mepe corAacHO [25] AaHHBIM
9TOT'O IIPOEKTAa. TOTAa MOKHO CKa3aThb UTO, MMEIOTCS aHAAOTUYHBLIE TEHAEHIIUN K CHU-
JKEHUIO YUCAA HOBBIX CAYYaeB CMepPTeH 10 MHQEKIINU.

Caeays TeM Ke HAESIM O BO3SMOYKHOM OYAyIIeM "BBIXOAE Ha IAATO UTO U B (5) ompe-
AEAVM IapaMeTpel MoAeAr (1) Ha OCHOBE M3BECTHBIX AAHHBIX (pHC. 4) IIOYTH 3a BECh
mepuop, (B 2 ropa) Ao 1 mapra 2022 rr. mo obuieMy YHCAY CMepTel, HO y>Ke HOPMUPO-
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Puc. 10. HoBrle cayuam mo cmeptrHOocT or COVID-19 B V3berucrane 3a HECKOABLKO
1eprop0B ¢ 27 MapTa 2020 rT: ¢) HOpM. AaHHEIE IO 1 ceHTs6pst 2022 rr. 3a 889
AHelt (¢ 3 mapra 2022 rr., IO MMEIOIIAMCS AAHHBIM, HET HOBBIX CAyd4aeB); d)
MOAEAUPOBaHUe Pa3BUTHUs Ipoliecca ¢ momorrpio (1) npu (8) mo pamuBIM (C),
rae: R2 =0.03, Cor =0.51

[Figure 10. New deaths from COVID-19 in Uzbekistan for several periods since March

27, 2020: ¢) normalized observational data up to September 1, 2022. for 889 days

(since March 3, 2022, no new cases reported); d) simulation of the development of the

process using (1) at (8) according to data (c), where: R? = 0.03, Cor = 0.51]

BaHHBIX, AAS OIIMCaHUs IIPOIIECCa TaK:

N =705, T=705, u(0) =0.00061125,

t t 2
a(t) =0.1, b(t)=0.2 T (sin <1.25 T —0.99)) ,

2
c(t) =0.2625 %+O.1425 (sin (5.1703 %—0.3)) y

2
aft) =0.25 % (sin (1.5 %—0.1)) . (9)

Taxk >xe IIPOBEAEM IIPOTHO3UPOBAHUE U €TO IIPOBEPKY:

N=889, T=889, u(0)=0.00061125,

2
a(t)=0.1,  b(t)=0252 % (sin (1.576 %—0.99» ,

2
c(t) =0.331 %+O.1425 (sin (6.519 %—0.3)) ,

0315 £ (sin (1891 L_01))
a(t)=0.3 T(sm(. T~ )) (10)
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Puc. 11. Obmee qucao cmepreir or COVID-19, B V3bekucTane 3a HECKOABKO IIEPUOAOB
c 27 mapra 2020 rr: a) HOpM. AaHHBIEe o 1 Mapra 2022 rr. 3a 705 AHel; b)
PE3yABTATE MOAEANPOBAHMS C ToMomsio (1) mpu (9) mo pammEmM (a), Tae: R? =
0.82, Cor =0.95

[Figure 11. Total num deaths from COVID-19, in Uzbekistan for several periods since

March 27, 2020: a) normalized data up to March 1, 2022 for 705 days; b) results of
simulation using (1) at (9) according to data (a), where: R? = 0.82, Cor = 0.95]
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Puc. 12. Obmee gucao cmepreir or COVID-19, B V3bekucTane 3a HECKOABKO IIEPHOAOB
c 27 mapTa 2020 rr: c) HOPM. AaHHEIE 10 1 ceHTs6pst 2022 rT. 3a 889 ameit; d)
MOAEAUPOBaHME Pa3BUTUsI mporiecca ¢ momornsio (1) npu (10) mo aparzBM (C),
rae: RZ2=0.72, Cor =0.93
[Figure 12. Total num deaths from COVID-19, in Uzbekistan for several periods since
March 27, 2020: c) normalized observational data up to September 1, 2022. for 889
days; d) simulation of the development of the process using (1) at (10) according to
data (c), where: R =0.72, Cor = 0.93]

SakJiroueHue

[IpepnrosxkeH MaTeMaTHYeECKAsT MOAEAL Ha OCHOBE APOOHOrO ypaBHeHUS PukkaTu c
mpom3BOAHOM Tuma ['epacuMoBa — KalyTo ¥ HEMOCTOSHHBIMY KO3(QPUIIUEHTAMHA AAST
MOAEAUPOBAHUS ANHAMUYIECKUX IIPOIECCOB C 3PEKTOM HACKIMIEHNS U TaMsaTu. Vccae-
AOBaHa AMHAMUKa CMepTHOCTU OT 3apaxeHust COVID-19 B HECKOABKUX CTPaHaxX MUpPA.

[TapameTpel IIpepnaraeMoi MaTeMaTUUYECKOR MOAEAV ONTMMAABHO IIOAOOpaHBI Ha
OCHOBE CPaBHEHUS C HOPMUPOBAHHLIMY SKCIEPUMEHTANDHBIMY AQHHBIMY 3TOT'O IIPOIlec-
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ca. [JokasaHo, YTO IIPU OIITHMAABHOM BEIOOPE COOTBETCTBYIOIIUX IIaPAMETPOB MOAEAU-
poBaumst: «(t) m a(t),b(t),c(t) pacuyeTHBle KPHUBBIE XOPOILIO COTAACYIOTCS C AAHHBIMU
HabOAIOAEHUH AAST OBIIEro YMcAa AETAABHBIX MCXOAOB.

B urTore mokasaHO XOPOIIIEe COOTBETCTBME MOAEABLHBIX KPUBBIX U AAHHBIX IIO 0O-
meMy gucAy cmepreir or COVID-19, 94To HOATBEP>XAQET IPEAIOAOKEHNE O HAAUIUU
3 (PEeKTOB HACHIIIIEHNSI B AUHAMUYECKOM IIPOIIECCE PACIPOCTPAHEHUST 3a00AeBaHUS.

Koukypupyoiue nHrepecbl. ABTOPHI 3aIBASIOT 06 OTCYTCTBUY KOHMAUKTA WH-
TEPEeCOB B OTHOIIEHUY aBTOPCTBA U IIyOAMKAITUN.

ABTOpPCKMIA BKJIaJ M OTBETCTBEHHOCTH. BCe aBTOPHI BHECAU CBOM BKA3A B 3Ty
CTaTbio. ABTOPEI HECYT IOAHYIO OTBETCTBEHHOCTDH 32 IIPEAOCTABAEHVE OKOHYATEABHOMN
BepCUYX CTAThbu B IedyaTh. OKOHYATEABHBIN BapMAaHT PYKOIUCKA OBIA OAODpPEH BCEMU aB-
TOPaMU.
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In this article, a fractional differential model of physical processes with saturation
was used to describe the dynamics of lethal outcomes of COVID-19 infection. The
mathematical description of the model is given by the integro-differential Riccati
equation with a derivative of a fractional variable order of the Gerasimov-Caputo
type. This description makes it possible to take into account the effects of saturation
and memory in the dynamics of the spread of COVID-19 among the population.
Here, the saturation effect consists in reaching a plateau in the number of cases and
deaths, which indicates the stabilization of the dynamics of the spread of COVID-
19. The memory effect is that the symptoms of infection in infected people do
not appear immediately, but with some delay. The article examines observational
data on new cases of infection and the total number of deaths over a period of
2.5 years (from March to September 2022) in the Russian Federation and the
Republic of Uzbekistan. Further, the parameters of the model are refined based on
the studied data on the dynamics of COVID-19. With the help of the refined model,
a preliminary forecast for the next six months is made with subsequent verification.
Good agreement is shown between the model curves and the data curves for the
total number of deaths from COVID-19.
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