O06 ypaBHEeHUSX BUPYCHOI JMHAMUKN

COVID-19

J1. B. Anexcees!

PaccMmoTpena mpocteiimas cucreMa ypaBHEHUIT BUPDYCHOM JIMHAMIU-
ku ([1]). ITomyueHo aHajmTHYECKOe pellleHHe cucTeMbl. TakKe 1oJry-
qeHbI (DOPMYJIBI TMKOBOIT BUPYCHOI HATPY3KH W BPEMEHA JTOCTUKEHUS
MaKCUMAaJbHOTO M 0e30ITacHOr0 3HAYMEHN BHPYCHON HATPY3KH.

KuroueBbie cioBa: mguddepennuanabubie ypabHenus, Jlorka-
Bosasreppa, COVID-19.

1. BBenenne

B nmanmoit pabore paccMaTpuBaeTCs MPOCTENITast CHCTEeMa YPABHEHU BUPYC-
Hoit muaamuku. [lojydeHo anaauTrdeckoe perreHne cucteMbl. Takke moJry-
YEHBbI (I)OpMyJ'[bI BpeMeHU JOCTUKEHUA 1 BEeJIMINHDBI MaKCHUMaJbHOMI BI/IpycHOfI
HArpy3KU.

Aprop BbIpaxkaer Oiiarogapaoctsb c.H.c. A.B. I'ajnarernko u C.A. Hepcu-
CSIHY 3a TIOCTAHOBKY 3aJa9¥ U MOMOIIE B pabore.

UccnenoBanre BBINOJHEHO NPU  MOIJEPXKKE MeXK uCIUIIMHAPHON
HayIHO-00pa30BaTeIbHOMN MTKOJIBI MOCKOBCKOTO yHIBEpCcuTeTa « MO3r, KOrHu-
TUBHBIE CUCTEMbI, UCKYCCTBEHHBI MHTEJLIEKT»

2. OcHoBHBIe TIOHATHUS U (POPMYJIUPOBKA Pe3yJIbTaTa

BBeseM 0CHOBHBIE OIpeIeIeHNS.

ITycrs F(t) — moJist He 3aparKeHHBIX KJIETOK 110 OTHOINIEHHMIO K HadaJlb-
HOMY MOMEHTY BpeMmeHH t = tg, Takum obpazom F'(0) = 1. ITycrs V(t) —
KOJINYECTBO BUPUOHOB (BUPYCHAsl HAIPY3Ka) B MOMEHT BpeMenu t. B pabore
[1] npuBosuTCst caeyionias Mo/ieb BUPYCHON JIMHAMUKH
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3nech S obozHAUaET KOIDDUIIMEHT CKOPOCTH PACIPOCTPAHEHUsT NH(EK-
AU, 7Y — CKOPOCTh PEILIMKAIMI BUPYCa B 3aParKEHHOM KJIETKH, § — CKOPOCTh
rubesin 3aparKeHHBIX KJIETOK.

3aMeTnM, UTO CHCTEeMa SIBJISIETCSl PeJIyINPOBAHHON BEPCHel CHUCTEMBI
Jlorku-BosbTeppa, T.K. B IEPBOM YPaBHEHUN OTCYTCTBYeT WieH ¢ a-F'. Benen-
CTBHE 5TOI'0 PeIeHUs He SIBJISTIOTCST TEPUOTUICCKITMU.
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Puc. 1. Tunuaabiil BUI pelIeHnst CHCTEMBI

TunwaHblil BUJ peleHusl CUCTeMbl IOoKa3aH Ha puc. 1. O4YeBHIHO, 9TO
F' moHOTOHHO yOBIBaET, MMOCKOJIBKY IIPaBas IacThb [IEPBOTO YPABHEHUsT MEHbD-
nre HyJst. V' MOHOTOHHO BodpacraeT Ha (to; tmax, JOCTHIAET MAKCHMAJIBHOIO
3HAYEHUST Vinax TPU T = tmax, U YOBIBAET NIPU £ > tpayx. DTO ClIEyET U3 YObI-
BaHug F' u TOro, 4ro 3HaK % coBnagaer co suakoMm vF — §. Heobxomumo
OTMETHUTD, UTO HA IPAKTUKE BCEIJIa BBHIIIOJHEHO HEPABEHCTBO Y > 6.

711 9TOI MOMIeNTN Oy IeHb! CIIeyIONIne Pe3yIbTaThI:

JIemma 1. B w1060t momernm epemeru t pewerue cucmemus (1) ydosaemeo-
DAEM COOMHOULEHUIO

V(t)— Vo = glnF(t) + 11— F(t))

B



lokazaTesbCcTBO
Paccmorpum nunamudeckuiit musapuanT cucreMbl Jlorka-Bosbrepa SV —
0In F + ~F = const. Haiinem koncranty u3 ycsosuit V(0) = Vp, noayunm
F0) =1 = C = Vp + ~ Ioacrasisiss KOHCTAHTY IOJIy4YUM YTBEPXKJIEHUE
JIEMMBL. O

Teopema 1. Cucmema (1) obaadaem caedyrowum nepevim UHMEZPAAOM

dV
/dt+/ 5 —~ = const, (2)
5-V- (1 + Wi (—ef(V‘VO)““TS))
2de semev Pynruyuy Jlambepma svbupaemes k = —1 daa ywacmros, 20e V

sospacmaem u k = 0 das ywacmros yoweanus V.

Jloka3zaTeabCcTBO
Crenas 3ameny f =1In F,v = InV, noxyaum

fro=—pe"

v =~ef —4.
[Tpomuddepennupyem Bropoe ypasHeHne n nojacrasuM f' n3 mepsoro: v” =
—Be’(v'+4). Cnenaem 3ameny p(v) = v, rormav” = p'-p: p'p = —Be? (140 /p)
PasensieM nepeMennble u npounrerpupyem: | pﬁif?/p = —p [ e'dv+ C; Pas-
nemam na §: —(p/6+1)+In(p/d+1) = 5e¥+Cs. lloTennunpyem 1 JIOMHOKIM
Ha -1: —(p/d 4+ 1) - e~ W/0+D) = _eB/0e"+C2 316 pripazkenme MpEHAIIEKIT

[—1/e,0), mOCKONIBKY JIeBasi YacTh HpHHUMAaeT 3Hadenus Ha [—1/e;+00), a
paBasi YacTh - orpunarenabHa. IIpumerum dyukimuo Jlambepra

—(p/S+1) =Wy (_eﬁ/aeu@)

W —dyukuus umeer ase Bersu Ha [—1/e; 0), 3aMeTum, 4To JieBasi 4aCTh MEHb-
e -1 IpH MOJIOXKUATEIbHBIX P U OoJIbIe -1 — Ipu oTpUIaTeIbHBIX. Bribupa-
em W_; ma yuacrke, ryie V' Bospactaer, u Wy — rme ybniBaetr. Buipasum u
nogcrasum p = (In V')

Vv’ v
A 1 _ B/ée"+Co
v = (1w () @
Haxomum  xomcranty Co m3 yenosus p(0) = v — 6 momy-
anm Co = —v/d + lnvy/d — B/6 - Vi Tlogcrasum B (3): VVI =

S(-1-w (—eﬂ/5eu+_7/5+ln'7/5_6/5"/0)) VIpocTuM 7 pa3/ieinM IIepeMeH-

HBIE: = dt Uurerpupyst 0be 9acTu, MOIyIUM

5\/(,1,W(,7/56B/5(V7V0)7w/6))
nepBblit mHTErpas (2). O



Caencrsue 1. Obosnavum ¢ = § —In ¥, Makcumarvras eesununa supyc-
HOU HA2PY3KU Pa6HA Vimax = Vo + % (¢ — 1) u docmuzaemea 3a epems

—_

o
ns

dz
Z—€Z+q+ﬁ/5'VO

tmax =

SO
o\

CraencrBue 2. Besonachas geauvuna supycnot nazpysku Vi docmueaemcsa

30 8PEMA
Zp

th =t +1/ dz
h — Ulmax 5 Z—ez—|—q—|—ﬁ/5'vb’

2(}6 Zh = ln ‘WO(_e/B/(s(Vh_VO)_q”
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About COVID-19 viral dynamics equations
Alekseev D.V.

The simplest system of viral dynamics equations ( cite covid)
was studied. An analytical solution to the system was derived. Also,
formulas for peak viral load and times for reaching the maximum and
safe values of viral load were derived. Keywords: differential equations,

Lotka-Volterra, COVID-19
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