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Heus. [TocTpoenne Moaenu pacnpocTpaHeHust HHPEKIIMU B BUE PEILIETKH CTOXaCTHYECKUX
KJIETOYHBIX aBTOMATOB, B KOTOPOM MOTYT CyIIECTBOBATh HETPUBUAIBHbBIE TUHAMHYECKNE PEKIMBI;
HCCIIEJOBAHNE €€ TUHAMUKH U COMOCTABIICEHUE C MOJEIBIO CPEAHETO NOoJsA. MeTo/. YNCIeHHOe
MOJIETTMPOBAHMS KBaIPATHOM peIIeTKH KIETOYHBIX aBTOMATOB 110 MeToxy MonTe-Kap:ro,
TEOPETUUECKOE U YHCIEHHOE UCCIIeIOBaHNE YCTPOHCTBA (ha30BOTO MIPOCTPAHCTBA CUCTEMBI
OOBIKHOBEHHBIX JU(QepeHnanbHbIX ypaBHEHUH Moienu cpenHero nois. Pesyabrarsl. [loctpoena
MouduuupoBanHas SIRS-Monens pacnpocTpaHeHus SMUIEMHHA B BUIE PEIIETKH CTOXaCTHUECKUX
KJIETOYHBIX aBTOMAaTOB. B Mozenu ucnonp3yercsi [MHAMUYECKOE PEryINpOBaHUE YUCIEHHOCTH
HACEeJIeHUs ¢ OTPaHMYCHHEM MaKCUMAIILHOTO YKCIia 0CO0eH TOMYJISIIMY U BIHSIHUEM 3a00JIeBaHus Ha
mporeccsl Bocnpou3BoAcTBa. OOHAPYKEHO, UTO B 3aBUCHMOCTH OT YIPABJIAIOIIMX [IAPaMETPOB OHA
JEMOHCTPHPYET YeThIpe pa3HbIX YCTAHOBUBIINXCS pPeXKUMa: (a) BRIMUPaHUE TOMYJISAINH, (0)
CTaLlMOHAPHBIN X011 32a00J1eBaHus, (B) MOJHOE H3JIEUEHUE NOMYJISIINMU U (T) CaMOIOIePKUBAIOILHECS
KoJieOaHus Yrcia HHOUITUPOBAHHBIX, COITPOBOXKTAIOIIHECS KOJICOaHUIMHU 00MIEH YHCIICHHOCTH
nomynsinuy. [locneanuil peskum mposiBisieTcst BOJIM3U IPaHULIbI 30HBI TIOJHOTO W3JICYEHHUS U
XapakTepu3yeTcs HeperyIIpHbIMU KOJe0aHUAMH YHCiIa 3a00JI€BIINX C BEIPAXKEHHOH [1epHOINYeCcKOn
cocrapistomie. [lokasano, 4To mpu NEpUOANYECKOM N3MEHEHUH NTapaMeTPOB MOJIENb
JEMOHCTPUPYET 3allyMJICHHbIE IEPUOJNUECKIE WIN KBa3ulepruoandeckue koaedanus. Odcy:xkaeHue.
[ToBeneHue Mojienu KIETOUYHBIX aBTOMATOB B 1I€JIOM COOTBETCTBYET MOJIEIH CPETHETO MOJIs, OTHAKO
HUMEIOTCS KaK KOJIMUECTBEHHBIC, TaK M KaUeCTBEHHbIE pacxokaeHus. KonnuecTBeHHBIE PaCX0KICHUS
3aKITI0YAl0TCS B HEOOIBIIOM CMEIICHHN 3HAUCHHUN CpeTHEH KOHIIEHTpAIMK 3a00JIEBIINX 0cO0eH
OTHOCHUTEJILHO TEOPETUYECKU NPEACKA3aHHBIX BEINYHH. PacXoXkKeHNs CYIIECTBEHHO YMEHBIIAIOTCS,
€CJIM B TIOITYJISALIMY PUCYTCTBYET CHIIbHAS MUTPAAA 0COO€H, 4TO MOKHO OOBSICHUTH OOJbIIeH
OJTHOPOJIHOCTBIO MOMYJISIIMY B 3TOM ciiydae. B oTnnune ot ypaBHEHUi cpeiHero nois MOAEIb
KJIETOYHBIX aBTOMAaTOB IEMOHCTPUPYET HEOOXOAUMOCTh OTJIMYHOTO OT HyJIsA IIOpora 3a00J1eBaeMOCTH
IUIs TIOAJISp KaHusl SMTUAEMUH, a TaKKe Halnaue KoebarenbpHoro pexuma. [Ipeanonaraemas npuauHa
KOJIEOaHUI KpPOETCs B BEPOSITHOCTHOM XapaKTepe paboThl KIIETOYHBIX aBTOMATOB, YTO IPUBOIUT K
CITly4aiiHbIM (DITYKTYyalusiM, KOTOPBIE MOTYT YCHUIIMBAThCS, TIOZOOHO TOMY, KaK 3TO MIPOUCXOIHT B
BO30YANMBIX CUCTEMAaX, HAXOAALIUXCS O] 1€HCTBUEM BHEIIHETO HCTOYHUKA IIIyMa.

Krrouegvie cnosa: SIRS-monens, pemieTky KJI€TOYHBIX aBTOMATOB, MOMYJIALMOHHAS JUHAMUKA.



Obpasey yumuposanus: 1ladynun A.B. SIRS-mozens pacrpocTpaneHust HHPEKIH C
JTMHAMUYECKHM PEeTyJIHPOBaHUEM YHCICHHOCTH TOMYJISIHN: VccienoBaHne MEeTo1oM
BEPOSITHOCTHBIX KIIETOUHBIX aBToMaToB // M3B. By3oB. [TH/I. 2019. T. 27, No 2. C. 5-20.
https://doi.org/10.18500/0869-6632-2019-27-2-5-20

SIRS-model with dynamic regulation of the population:
Probabilistic cellular automata approach

A.V. Shabunin

Saratov State University
83, Astrakhanskaya str., 410012 Saratov, Russia
E-mail: shabuninav@info.sgu.ru
Received 14.12.2018, accepted for publication 26.02.2019

Aim. Construction a model of infection spread in the form of a lattice of stochastic cellular automata
which can demonstrate nontrivial oscillating regimes; investigation of its dynamics and comparison
with the mean-field model. Method. Numerical simulation of the square lattice of cellular automata
by the Monte Carlo approach, theoretical and numerical study of the structure of the phase space of its
mean-field model. Results. A modified SIRS-model of epidemic propagation has been proposed in the
form of a lattice of stochastic cellular automata. It uses dynamic regulation of the population with
limit on the maximum number of individuals and takes into account the influence of the disease on
reproduction processes. The study has discovered that, depending on the control parameters, the
model demonstrates four different steady-state regimes: (a) total dying of the population, (b)
stationary course of the disease, (c) complete recovery of the deases and (d) self-sustaining
fluctuations of the infected, which accompanied by fluctuations of the population. The last regime is
manifested near the border of the zone of complete recovery and is characterized by irregular bursts in
the number of ill with a clearly distinguishable periodic component. At periodic modulation of the
parameters the model demonstrates noisy periodic or quasi-periodic oscillations. Discussion. In
general, the cellular automata model behaves similarly to the mean field equations, however there are
quantitative and qualitative differences.The first ones consist in small shifts in the average
concentrations compared to theoretically predicted values. These shifts are significantly reduced when
individuals in the population can migrate. This effect can be explained by the greater homogeneity of
populations in this case. The qualitative difference is that, the model of cellular automata
demonstrates the effects, which are absent in the mean-field equations: a threshold of ill individuals
necessary for the epidemic spread, and the oscillatory regime. A suggested cause of the last effect is
the probabilistic nature of cellular automata, which lead to random fluctuations of the concentrations.
The last ones can be amplified just as it happens in excitable systems under external noise.
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