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CpaBHUTEJBbHBIA AaHAJIM3 METO0B
UMHUTALMOHHOT0 MOJAEJTUPOBAHUS

AnHoTanusi: OJHUM M3 BaXKHBIX NPUIOKEHUH METOJ0B UMHUTALMOHHOTO MOJEIMPOBAHUS
ABJISICTCS MPOTHO3UPOBAHME PACHPOCTPAHEHHUs SMUJEeMHUYECKHX 3abosieBaHuil. B aToll obnmactu
HaxXoJIT NPUMEHEHHE CUCTEMHO-AMHAMMYECKUN M areHTHbId noaxonabl. Ilapamurma cucremHo-
JUHAMMYECKOTO0 MMUTALMOHHOIO MOJEJIMPOBAHUS 3aKIIYaeTCs B TOM, YTO JUId HCCIENyeMOM
CHCTEMBI CTPOSITCA rpadudecKre quarpaMMBbl CBSI3€H M III00aTbHBIX BIUSHHUNA OJHUX MMapaMeTpoB Ha
npyrue Bo BpeMeHu. Co3/1aHHas Ha OCHOBE 3TUX AUarpamMMm MOJENIb UMUTHPYETCS Ha KOMIIBIOTEDE.
Takoil BuA MozaenupoBaHus Oojiee BceX JPYruX IapajurM MO3BOJIIET NPOHUKHYTh B CYTh
MPOUCXOJAIIET0 B CHCTEME U BBISABUTH NPUYMHHO-CIEICTBEHHBIE CBA3M MEXIYy OOBEKTaMH U
ABJIEHUSMU. llenpl0 areHTHOro MOJENMPOBAaHUS SIBISETCS TOIY4YEHHE MpeJICTaBIeHUs 00 ATHX
rno0anbHBIX MpaBWiaX, OOIIEM TIOBEIEHUM CUCTEMbI, HCXOJIsi M3 MPEaNoyoKeHUuil 00
MHIUBUAYAIbHOM, YaCTHOM IOBEJCHUH €€ OTAEIbHBIX aKTUBHBIX OOBEKTOB U B3aUMOJICHCTBUU ITHX
00BbEKTOB B cucteme. TakuM 00pa3oM, CHUCTEMHO-IMHAMMYECKHE M areHTHbIE MOJeNu
pacnpocTpaHeHUs dMUJEMHUECKUX 3a00I€BaHUI UMEIOT B3aUMOIOTOIHSIOINE CBOMCTBA, B CBS3H C
4eM, 3aa4a COBMECTHOIO MCIIOIb30BaHUS ATHX KJIACCOB MOJEJIEH I MPOTHO3UPOBAHUS TUHAMUKHU
SNUAEMUYECKUX CHCTEM SBIIETCS aKTyalbHOM U TpeOyeT BCECTOPOHHEr0 CpPaBHEHMSI MX
XapaKTepUCTHK U CBOMCTB. B kauecTBe nmpumepa paccMaTrpuBaluch ABe peannsanuu npocro SEIR
MOJIETIM PACIPOCTPAHEHUS SMUJAEMHYECKOro 3a00JIeBaHUs - TPUIINA, B CpeAe HMMHUTALUOHHOIO
MojienupoBanus Anylogic Bepcun 5.

KaroueBnie cJI0Ba: Mmuranmonnoe MO/JIETTUPOBAHHE; CUCTEMHO-TMHAMUYECKOE
MOJIETMPOBAaHUE; AareHTHOE MOJEIMpOBaHUe; HMMHUTauuMoHHass Mozaenb; SEIR mopens; rpumnm;
snuaeMust; tuddepeHIanbHble ypaBHEHUS; TUHAMUUYEcKre cBoiicTBa; AnyLogic.
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Comparative analysis of simulation techniques

Abstract: One of the important applications of simulation techniques is to predict the spread
of epidemic diseases. In this area are used system- dynamic and agent-based approaches. Paradigm
system- dynamic simulation is that for the investigated systems are based graphical charts relations
and global effects of some parameters on the other in time. Created on the basis of these diagrams
model simulated on a computer. This type of modeling more than any other paradigm provides insights
into what is happening in the system and to identify causal relationships between objects and
phenomena. The purpose of agent-based modeling is to obtain a global understanding of these rules,
the general behavior of the system, based on assumptions about the individual, the private behavior of
its individual active objects, and the interaction of these objects in the system. Thus, the system
dynamics and agent-based models spread of epidemic diseases have complementary properties, and
therefore, the problem of sharing these classes of models to predict the dynamics of the epidemic
systems is urgent and requires a comprehensive comparison of their characteristics and properties. As
an example, consider two simple implementation of the propagation model SEIR epidemic disease -
influenza simulation environment Anylogic version 5.

Keywords: Simulation, system dynamics modeling, agent-based modeling, simulation model;
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OIIHI/IM N3 BaXHbBIX HpI/IHO)KeHI/Iﬁ MCTOAOB HUMHUTAIWMOHHOTO MOJCIUPOBAHUA SABJIACTCA
IIPOrHO3UPOBAHUE PACIIPOCTPAHCHUA OJSIMACMUYCCKUX 3a0oneBanuii. B »Toli obOmacth HaxoasiaT
IMPUMCHCHUC CI/ICTGMHO-I[I/IHaMI/I‘-IeCKI/Iﬁ U areHTHBIN HOAXOJBI.

[Mapagurma  cucremHo-guHamudeckoro  (CJI)  MMHUTAIMOHHOTO  MOJEIHMPOBAHUS,
npeiokenHas . ®oppecrepom B 1950-¢ [1-4] 3akimrouaeTcst B TOM, 4TO ISl HCCIACTYEMOM CHCTEMBI
cTposTcs rpaduyecKre AuarpaMMbl CBsI3€i U rI100aTbHBIX BIMSHAN OJHUX MApaMETPOB Ha IPYTHE BO
Bpemenu. Co3jaHHas Ha OCHOBE 3THX JUarpamMM MOJelib UMUTHPYETCsl Ha KoMIbloTepe. Takol B
MOJICIMPOBaHMs 0oJiee BCEX APYIHX MapaJurM IMO3BOJSET NPOHUKHYTh B CYTh NPOUCXOSIIETO B
CHCTEME W BBIIBUTH IPUYMHHO-CIIEJCTBEHHBIC CBS3M MEXAY OOBbEKTaMH M sBICHUSAMHU. OIHAKO
napameTrpudeckass — uicHTuuKanus — geranusupoBaHHbiXx  CJl-Mopmenedt  pacmpocTpaHEHUs
AMUJEMUYECKUX 3a00JICBaHUH MPEICTaBIIeT TpyAHOCTH [6-10].

ATreHTHOe MoJenupoBaHine — OTHOocHTeNbHO HOBoe (1990-e-2000-e rr.) HampaBjeHHE B
MMUTAIIIOHHOM MOJISIIMPOBAHHUH, KOTOPOE HMCIIONB3YeTCs JUISl UCCIIEIOBAHUS JEIICHTPATH30BAHHBIX
CUCTEeM, JAMHAMUKA (DYHKIMOHHPOBAHUS KOTOPBIX OINpeAeNseTcss He T0o0albHBIMU MpaBUIAMH U
3aKOHaMU (Kak B APYTHX MapagurMax MOACIUPOBaHUS), a HA00OPOT, III00aIbHBIC MTPABUIIA U 3aKOHBI
SBIIAIOTCS PE3yJAbTaTOM WHAMBHUAYAJbHOM aKTHMBHOCTM 4YJeHOB rpynmbl. Llenpio areHTHoro
MOJICTTUPOBAHUS SIBJISICTCS TIOJMYyYEHHUE MPEACTaBICHUS 00 AITHX TJIO0AJBHBIX NpaBHIAX, OOIIEM
MOBE/ICHUU CHCTEMbI, UCXOJS M3 MPEANONIOKEHUH 00 WHAMBUAYAIbHOM, YaCTHOM MOBEJCHUU €€
OT/CIbHBIX aKTUBHBIX O0OBEKTOB M B3aUMOJICHCTBHU 3THX 00bekTOB B cucteme [3,4,10].

Takum 06p330M, CUCTCMHO-AMHAMHUYCCKHEC W AarCHTHBIC MOZACIMU PaCIpOCTPAHCHUS
SIMHUACMHUYCCKHUX 3a00JIeBaHU HMEIOT B3aMMOJOIIOJTHAIIUC CBOﬁCTBa, B CBA3HM C 4Y€M, 3ajJaydya
COBMCCTHOI'O HMCIIOJIB30BaHHUsA JTHX KJIACCOB MO,Z[CJ'ICI‘/'I JI1 IIPOTHO3UPOBAHUA JHHAMHUKHU
OIMUACMHUYCCKHUX CHCTEM SBIIACTCA aKTyaanoﬁ n TpCGyGT BCECTOPOHHETO CpPaBHCHUA HUX
XapaKTCPUCTHUK U CBOMCTB.

B kauecTBe npuMepa paccMaTpuBaIuCh JBe peanusaiuu npoctoit SEIR moxenu (Susceptible—
Exposed- Infected-Removed model) pacnpocrpanenus snuaeMudeckoro 3a60Ja¢BaHus - TPHIINA, B
cpelie IMUTALMOHHOTO MoieupoBanus Anylogic Bepcuu 5.

Ha puc.1 npescraBieHa cTpyKTypa cuCTeMHO-AnHaMuueckas SEIR Monens pacnpoctpaHeHus
rpumnma [3].

Susceptible ""---._-..l_nfectious Recovered

infection_rate = Emergence rate Recovery_rate

Puc. 1. Cmpykmypa cucmemHo-0uHamu4ecko Mooeiu pacnpocmpanenust Snudemuu

I/ICHOJ'IB3yCMBIe 0003HaYCHUS B MOJCIIN NPCACTABJIICHBI B Tabm.1.
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Taoanma 1

O003Ha4YeHUA MOIeJIU PACTIPOCTPAHEHHUS IUAEMUM

CumBoa

Onucanune

Susceptible (S)

310pPOBBIE JIIOJIU, BOCIIPUMMYMBBIEC K TPHUIIILY

Exposed (E)

moau, 3a0ojieBaHME Y KOTOPBIX HAXOIUTCS B HHKYOAl[MOHHOM
nepuoje

Infectious (1)

MH(EKINOHHBIE O0JIbHBIC

Recovered (R)

nepe6oneBmHe T'pUIIIIOM JIFO/H, boiee K HEMY HC BOCIIPUHUMYHUBBIC

infection_rate (B)
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Emergence rate (n)
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monen

Recovery_rate (o)
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Cpez[H;m MMPOJOJKUTCIIbHOCTD 0os1e3HU

JluHaMMKa MOJIEIIH, CTPYKTypa KOTOPOH IMpEeACTaBlIeHa Ha pHC.l, OMHCHIBAeTCS CIEAYIOIIEH
cucreMoit anreOpo-nuddepeHnalIbHbIX YpaBHEHUI:
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HauasnbHbie 3HaueHus napamerpos skcnepumenTta [5]: N =1000;S=N-1;E=1;c=5;e=
0.8;i=0.25;v=0.05; ¢ =0.06 ; =15 ; T = 15. B Hayajie 3KCIIEpHMEHTA OJMH YCIIOBEK SABJISETCS
nH(puIMpoBaHHEIM. Ecnu BocipunM4uBeIi (S) 4enoBek cTONKHYICS ¢ nHbumupoBanubM (E), To o
C BEPOATHOCTBIO (¢ CTAaHOBUTCA MHGUIIMPOBaHHBIM. 13 cocTosinus nnduuuposannsiii (E) B cocrosinue
nHpekonHbi (I) yeroBek mepexonuT depes3 BpeMs T, a yepe3 BpeMsi | HEepexoauT B COCTOSHHE
3nopoBoro (R).

I'pad nepexomo st areaTHoi SEIR Momenu pactpocTpaHeHus TpHIIa MPEICTaBICH Ha PUC.

All others
Susceptible

Infection

Y

Exposed é CO,ItaCt E

Emergence

Patient 0

Restart

Y

Infectio ntact |

Recovery

Y

Recovered

Puc. 2. I'pag nepexooos ons azenmnoii SEIR mooenu pacnpocmpanenus epunna
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Ha puc.3 npeacrapiiensl pe3yiibTaThl 3kcriepumenta ¢ CJI-mozenblo.
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Puc. 3. Pezynomamul sxcnepumenma ¢ C/[-mooenvio

Yucno BOCIpHUUMUUBBIX (S) cTpeMUTCs K HyIr0 1 foctruraeT paaosecus B t = 100 mpu N =100

u Bt =150 mpu N =1000.
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Ha puc.4 npeacrasneHsl pe3yibTaThl SKCIIEPUMEHTA C aTEHTHON MOJEIBIO.
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Puc. 4. Pe3ynomamol 5KCnepumeHma ¢ a2eHmHou MoOebio

JlaHHbIe, IPE/ICTABICHHBIC HA PUC.4 CBUIECTEIBCTBYIOT O TOM, YTO YUCIIO BOCHPUUMYHBBIX (S)
nocturaet paHoBecus B t = 200 mpu N =100 u B t = 150 npu N =1000, a He cTpeMuUTCs K HYI0. OTO
OOBSICHACTCS T€M, YTO HE BCE BOCIIPUMMYHUBBIC 3200JIEBAIOT B TEUEHUH SIHIEMHUYECKOTO TpoIiecca,
4TO B OOJIBIIIEH CTENICHN COOTBETCTBYET CTATUCTUYECKUM TAaHHBIM [5].

Taxkum 06pa30M, CpaBHI/ITeJ'II)HHﬁ AHAJIN3 CTATUYCCKUX U JTUHAMHUYCCKUX XapPaKTCPUCTUK IBYX
peanmaunﬁ SEIR MOZCIIN paClIpOCTPAHCHUS SITUACMUYCCKOT'O 3a00JIeBaHUS — rpuiinia, 1moxkasai To,
4TO C YBCIMYCHHEM 4YHCJIa ar€HTOB IMOBCICHHC arceHTHOM MOACIN HpI/I6J'II/I)KaCTC$I K aHaJJOTHIHOU
CI/ICTCMHO',[[I/IHaMI/I‘-ICCKOI\/'I. O,[[HaKO Ipu  3TOM BO3pPACTAIOT Tpe6OBaHI/I${ K BBbIYUCIUTCIIbHBIM
MOIIHOCTSM, O6CJ'IY)KI/IBaIOHII/IM OKCICPUMCHTBI C MOJICJIBIO, YTO JACIACT aKTyaJIbHBIMU pa3pa60TI<1/1 B
obmactu BBICOKOITPONU3BOAUTCIIbHBIX peanmaum?l ArCHTHBIX UMHUTAIIMOHHBIX MO)ICJ'ICI\/’I.
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