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PaccmaTpuBaeTcs mporecc pacnpocTpaHeHUss BUPYCHOH MH(EKIuH B OHOJIOTHYECKO MOMYISIIUH TpU
3aJ]aHHBIX TapaMeTpax BUPYJICHTHOCTH BHPYCa U KOMMYHHUKAaTHBHOCTH COCTaBIISIONIMX MOIYJISIIAYU C HC-
MOJIb30BAHUEM METOJa UIMUTAI[MOHHOTO MOJENNPOBAHMUSI, I03BOJISIONIETO PACCMOTPETh MPOLECC B AMHA-
MUKE Ha BBICOKOM YPOBHE AeTalu3aluu.

KaioueBble ciaoBa: Mojneny OHONOTMYECKHX IIPOLECCOB, UMUTALIMOHHOE MOJICIMPOBAHUE, CHCTEMHas
JIMHAMWKA, areHTHOE MOJICTIMPOBAHNE, BUPYJICHTHOCTh BUPYCA, JJATCHTHBIN IEPHOL.

The process of viral infection spread in the biological population is considered at the given virus viru-
lence and communication parameters using the simulation method, which allows to consider the process
in dynamics at a high level of detail.

Keywords: models of biological processes, simulation modeling, system dynamics, agent modeling, viru-
lence of the virus, latent period.

BBenenne. B xozne uccrnenoBaHusi CIOXKHBIX CHCTEM W3 Pa3IMYHBIX MPEAMETHBIX oOnacteit
JIOBOJIBHO YaCTO HMCHOJIb3YETCSI METOJ MMHUTAIMOHHOrOo MojaenupoBanus [1]. [Ipu pemenun xoH-
KpPETHBIX 3a7lad MHXKEHEPY-MPAKTUKY O0OBIYHO TpeOyeTcsi BHIOpaTh MPOrpaMMHYIO Cpely, peaau3y-
IOIYIO QITOPUTM UMHUTALIMOHHOTO MOJICJIMPOBAHUS, U TPAMOTHO MCIOJIb30BaTh €€ MPH MOUCKE pe-
meHus1. IcKkyccTBOM MOCTPOEHUST MOZENIEH MOYKHO OBJIAJIETh TOJBKO B pe3yJbTaTe€ MHOIOYHUCIIECH-
HOM npakTuku [2]. [To3TOMy aKTyalbHBIM SIBISIETCA UCCIEAOBAHUE BO3MOXKHOCTEU Pa3IMYHBIX BU-
JI0OB MOJIEJIMPOBAHUS, BBISIBJICHHE UX OCOOCHHOCTEH M HEIOCTATKOB MPHU M3YUYEHUU CIOKHBIX CH-
CTEM Ha pa3JIMYHBbIX YPOBHSX JeTainu3auuu. B craThe M3naraercs ONbIT MOCTPOCHUS UMHUTALMOH-
HBIX MOJIEJICH paclpoCTpaHeHHsI BUPYCHON MH(MEKITUN B 3aKPHITON MOMYJISIINH.

Jlist peanuzaii UMUTALMOHHON MOJIENM MCIIOJIb30Balach MHOTOMOAXOAHAS CUCTEMHAs JTU-
HaMHKa U cuctema moxaenupoBanus AnylLogic [3]. CuctemHas quHaMUKa Kak MOAXOJ MO3BOJISET
MOJIYYUTh O0IIIee MPeCTaBlIeHHuEe 00 UCCIeTyeMOM O0BEKTe 3a cueT abcTparupoBanus. B oTnuynu
OT JAHHOTO MOJIX0/1a, KOTOPHIH, B CBOIO OY€pe/ib, ABJsAETCS HanbOosee abCTPaKTHBIM 10 OTHOILIEHUIO
K OCTaJbHBIM, IJJaBHOE JOCTOMHCTBO areHTHOI'O0 MOJEIUPOBAHUS 3aKIIOYAETCS B aKIICHTUPOBAHUU
BHMMAaHUSl Ha WHIUBUIYAJIbHBIX YYaCTHMKAaX CHUCTEMbl. B JaHHOM THIlIE MOJEIMPOBAHUS CHAadaja
CO3/1al0TCsI areHTHhI. J[JIs1 ATOro YKa3bIBAIOTCS MapaMeTphbl aKTHUBHBIX OOBEKTOB, U 33J]a€TCsl CIICHA-
puii ux npeiictBuid. [locie 3Toro onpeaensitoTcst CBSI3U, KOTOPbIE XapaKTEPU3YIOT MOBEICHUE arcH-
TOB JPYT OTHOCHTENBHO Apyra. TakuM oOpa3oM, co3aaeTcs OKpYyKarolas cpea | 3alycKaeTcs ca-
MO MoJenupoBaHue. HakoHel, MO)KHO MCIIOJI30BaTh U1 MHOTOMOAXOJHOE HMHUTALIMOHHOE MOJIEIIH-
poBaHue. Y 3TOr0 METOJ1a U BOBCE HET HEJOCTATKOB 0 CPABHEHUIO ¢ OcTanbHBIMU. Kak cienyer u3
Ha3BaHMsI, €T0 CYTh 3aKJIIOYAETCS B KOMOMHALIMU JYYIIMX CTOPOH Ka)XJAOrO U3 METOJOB, a TaKXKe
KOMITIEHCAIIMN WX CIa0bIX CTOpPOH. VIMEHHO MOATOMY MJii MOJEIHPOBAHHUS TAKOTO CIIOKHOTO H
HEOJIHO3HAYHOI'O Mpoliecca KaK paclpoCTpaHEHHE BUPYCHOM MHGEKIMH Hanbojee MOIXOISIINM
SIBJISIETCS] METOJT MHOTOITOJIXOTHOTO MOJIETUPOBAHUSI.

OcHOBO# pa3pabOTKH MPOrpaMMHOTO OOECII€UYeHHs, OMMCAHHOTO B CTaThe, OblIa BHIOpaHa
MOJIeNb pacrpocTpanenus BupycHoi uHpekmu SEIRD, koTopas, B cBoo ouepenpb, Oblia ocTpoe-
Ha Ha ctannapTHoi moxenu SIR. I[Tocneansis mocTpoeHa Ha 6a3e MaTeMaTUYECKOW MOJIEIH, OTHUCHI-
BaloIlell CUCTEMHYIO TUHAMHKY SIBJICHUS, BOZHUKAIOIIETO MPU BHEAPEHUH OJHOTO MH(DHUIIMPOBaH-
HOT'O Y€JIOBEKA B MOJIHOCTHIO BOCHPUMMUYHUBYIO TTonyssinuio [4]. B MaremaTudyeckoil 3nuaeMuoo-
TMH OHA M3BECTHA Kak Mojenb Kepmaka-MakkeHIprka uiam 0a3oBasi MaTeMaTH4eckast MoJienb. He-
CMOTpS Ha CBOIO TIPOCTOTY M MIPO3PAYHOCTH PaboThI ¢ 6a30Boi Moaenbio SIR, oueBUIHBIM SIBIISICT-
csl TOT (PaKT, 9TO CYHIECTBYIOT O0JIee TOYHBIE MOJIETH, KOTOPBIC HA JETAIbHOM YPOBHE OMHCHIBAIOT
MIPOUCXOASAIINE TTPOIIECCHI M MOBBINIAIOT TOYHOCThH Pe3yibTaToB MojeaupoBanus. Mojaens SEIRD,
takxke kKak U SIR, cumynupyer pacnpocTpaHeHHe BUPYCHON MHGEKIUU B 3aKPHITON MOMYIISALUH.
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OCHOBHBIM OTJIMYMEM SBISIETCA TO, YTO JAaHHAs MOJENb TAKXKE YYUTHIBACT HAJIMYUE WHAUBUIYY-
MOB, HaXOJSIIIUXCA B JIATSHTHOM IepHojie O0JIE3HH, a TAK)Ke KOJIMUYECTBO JIOACH MOTHOIINX OT BU-
pyca. Madopmarus, moayyaemast U3 3TOM MOJIEIN, KpaliHe Ba)KHA, IIOCKOJIbKY OIPEACIUTh KOJude-
CTBO JIATEHTHBIX MEPEHOCUMKOB BHUPYCa B YCIOBUSAX PEATHHOTO MHPA MPAKTUYECKH HEBO3MOXKHO,
MOCKOJIBKY 0COOM B JIATEHTHOM WJIM MHKYOAIIMOHHOM Tepuojie 00JIe3HN HE MOKa3bIBalOT HUKAKUX
CHUMIITOMOB, a, CJIEZIOBAaTENbHO, SIBIAIOTCS YIPO30i HE TOJIBKO JJIs ce0sl, HO U JIIsl OCTAJIbHBIX.
Haxkonern, umeercss BO3MOXXHOCTh CO34aTh ONTHMM3ALMOHHYIO MOJIENb, KOTOpas MaKCHMallb-
HO TMOBBIIIAET TOYHOCTH MPOTHO3UPOBAHUS PACIPOCTPAHEHUS] BUPYCHOM MH(PEKITUH.
B crarbe naercs ¢popmansHoe onucanue moxaenu SEIRD, mpuBoautcs BapuaHT e€ peanmsa-
K B cucteMe AnylLogic U aHaIM3UPYIOTCA MOTy4YEHHBbIE PE3yIbTaThl, IEMOHCTpUpYIOLIHE €€ 3(]-
(EeKTUBHOCTB U IPEJCKa3aTeIbHbIE BO3MOKHOCTH.
®opmanu3anus o0bekTa ucciaenosanus. Cornacno moaenu SEIRD uccnenyemas nonmymnsinus
JIETTUTCS Ha 5 Tpynm (B 3aBUCKMOCTH OT CBOETO OTHOIIIEHHS K 00JIE3HH ): BOCTIpUMMUUBEIE (Susceptible),
narentHbie (Exposed), nadumnmposannsie (Infected), Berznoposesnme (Recovered), morn6mme (Dead).
OTa MOJIeNb OTJIMYAETCS] OT MOAOOHBIX TEM, UTO MO3BOJISIET YUUTHIBATh, @ CJICIOBATENbHO, U aHAIN3H-
pOBaTh BO3MOKHOCTB [I€PEIauu BUPYyca OT JIATEHTHOTO IEPEHOCYHUKA K BOCIPUHMYUBOMY.
YroObl onpenenuTh YUCIO 3apakeHHBIX Ha 33JaHHOM BPEMEHHOM HMHTEpBaje, Ha/l0 UMETh
TPU BEPOSITHOCTH, & UMEHHO: BEPOSITHOCTh KOHTaKTa MEX/y JIBYMsl HHAMBUIAMH (0), BEPOSITHOCTh
3apakeHMsI IPU KOHTAKTE JJATEHTHOTO C BOCIIPUUMYHBBIM (1) U BEpOATHOCTh 3apakeHUs IpU KOH-
TaKTe MHPUIUPOBAHHOTO C BOCTIPUUMYHBBIM ([32).
WHorna B MoJie BMECTO 0 MPUMEHAIOT 1/n, T1ie n — obiiee KOJIM4ecTBO 00BEKTOB MOMYJIs-
M. DTO O3HA4aeT, YTO Ui JHOOOTro BBIOPAHHOIO IMCKPETHOTO MPOMEXKYTKAa BPEMEHHU Kaxas
0c0o0b BCTYMaeT B KOHTAKT C OJHOM ciay4aitHOW 0coObt0 B momymsuuu. OIHAKO B HAIIEM HCCIIE0-
BaHUM 3Ta BEPOSTHOCTh BapbUPYETCs B 3a/laHHBIX Ipeaenax. B To ke Bpems 1 o6o3HavyaeT 6uoso-
TMYECKU K03()(DUIIMEHT BUPYIEHTHOCTH JaHHOTO BO30YIUTENs B JIATEHTHOM cTajuu 3a00J1eBaHMs,
a 2 o0o3HauaeT OGMoJIOrHUECKUil KO3()(HUIIMEHT BUPYIEHTHOCTH TaHHOTO BO30YAUTENS B OTKPHITOM
craguu. OTcro/1a ¥ BBITEKAET cieayromias Gopmyiia
V=a*(S*E*B +S*1*p,)-C, (1)
NpeAHa3HaueHHas U1 pacdeTa CKOpocTH pacmupoctpaHeHus (V) BUPYCHOM HHQPEKIHH C y4EeTOM
JATEHTHBIX TEPEHOCYHKOB, TAe S — BOCHpUUMUUBBEIEC, | — mHOuUIMpoBanHsle, E — nareHTHbIE,
C — nomnoyiHEeHUE MOMYISIIH.
3anaB BpeMs repexojia 00JIe3HH U3 JaTEHTHOH CTaJuH B OTKPHITYIO (0), moiyyaem Gopmyiy,
npeJHa3sHaueHHYIO 7S pacueTa CKOPOCTH Nepexo/1a HHPEKIMH B OTKPHITYIO CTAIUIO:
V=E/o. (2)
Nudurmuposannsie (I) nznmeuynBaroTCs ¢ 3a1aHHOW BEPOSATHOCTHIO (Y), KOTOPYIO B HEKOTOPBIX
CIly4asix pacCMaTpUBAIOT B KadecTBe (PyHKIMH oOpatHOU mmutenbHOocTH 3aboneBanus (T). Tlox
STHM MOJpa3yMeBaeTcs, YTO B Cllydae, Korjaa 3a0ojeBaHue MpOTEeKAaeT Helento, WH(OUIMPOBaHHAS
0c00b B HEKOTOPBIH I€Hb MOYKET U3JICUUTHCS C BEPOSTHOCTHIO ¥ = 1/7. Takum obpazom, Gpopmya,
npeaHa3HaueHHAs U1 pacdyeTa CKOPOCTH BBI3ZOPOBICHUSI OOBEKTOB B MOMYJISIIMY, TPUHUMACT BH]L
V=I/T. (3)
Wudunmposannsie (I) ymupaior ¢ 3a1aHHON BepOsATHOCTHIO (0), KOTOpas B JTaHHOM CiIydae
paccMaTpuBaeTcs Kak cTaTndeckas rnepeMeHHas. Takum oOpas3oM, ¢popmyria, MpeIHa3HaueHHAas! IS
pacuera CKOpPOCTHU BBI3IOPOBIICHUSI OOBEKTOB B MOIYJISALIUH, IPHHUMAET BU/I:
V=0/1I. 4)
CTouT OTMETUTH, YTO JaHHAs MOJIENb HE SBIIAETCS BCEOOBEMIIIOIIEH, TaK KaKk B HEH HE y4H-
THIBAETCSI MHOXECTBO PA3JIMYHBIX (PAKTOPOB, TAKUX KaK POXKAECHUE, IMMYHUTET, OOJIBIIOE YHCIIO
Pa3NUYHBIX COOBITHH, TaKMX KaK BBEJCHUE KapaHTHHA WU CO3JIaHHE M NPHUMEHEHHE BaKIMHBI.
Taxoke mpeanonaraercs, YT0 UMEET MECTO TOMOTEHHOE CMEIICHHE, MTOCKOIbKY KaXKIbIi OOBEKT HC-
ClIeyeMOH MOMYJISIMA UMEeT OJUHAKOBbIE HIAHCHI B3aMMOJICHCTBOBAThH C JIOOBIM JPYTUM OOBEK-
TOM U3 3TOM ke monyssiuu. Uto KacaeTcs BUpyca, MOAEIb MPEANoaracT OTCYyTCTBUE JaTEHTHBIX
NIEPUOJIOB WIIM TIEPUOJIOB TIOKOS, a TaKKe OTCYTCTBHE BEPOSTHOCTH BUPYCHOH mytarmu. Pacmpo-
CTpaHeHHEe WH(PEKIUOHHOTO 3a00JIeBaHMS MPOUCXOJUT Yepe3 KOHTAKT BOCTIPUMMYHUBBIX ¢ WHPHUIIH-
POBaHHBIMH, a BBI3/I0POBEBILHUE ITEPECTAIOT PACIIPOCTPAHATH OOJIE3Hb.
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Kak u B Mogenu SIR, Mmogens SEIRD Takke cBoauTCs K penieHuro 3aaauu Koim, HO Ha 3TOT
pa3 He Ul Tpex a s HATH JudQepeHIMaIbHbIX YPaBHEHHH MEPBOr0 MOPsIKa ¢ HEM3BECTHBIMU
S(t), E(t), I(t), R(t), D(t) m naganpasiMu ycnoBusimu: S(0) = TotalPopulation, E(0) = InitialSickl,
1(0) = InitialSick2, R(0)=0, D(0)=0. Petienns naHHBIX ypaBHEHHI UCTIOIB30BAIHUCH MPH pa3pabOTKe MOJIEIH.

NmutanmonHasi Moje/b pacipocTpaHeHusi BUPYCcHOH HH(peknuu. CTpyKTypHas cxema Mo-
nemu SEIRD, noctpoennas B cucreme AnylLogic, npeacrasnena Ha pucynke 1. Ha Bxox nmocrymaior
CIIEAYIOIIHE ITEpEMEHHbBIE: N — HaYalbHasl YMCICHHOCTD MOMYJIALNH (CTaTHUecKas epeMeHHas, 3aja-
BaeMas IoJIb30BaresieM, n3HadaibHO umeet 3HaueHne 1000); o — mepemMeHHasl, MoKa3bIBaoIast KOJIu-
9YeCTBO OOBEKTOB, C KOTOPHIMU KOHTAKTUPYET 3apakKeHHBIH MHIUBUI, J1 — BEPOSATHOCTD 3apaKCHUS
3I0pOBOM 0COOM TPH €€ KOHTAKTE C JIATSHTHOW 3apa)KEHHOM; J2 — BEPOSITHOCTh 3apPayKEHUS 3I0POBOI
0co0u Tpu e€ KOHTAKTE C 3apaKEHHON B OTKPBITOM CTafuu; O — MPOJOJIKUTEIBHOCTD JATEHTHOT'O Tie-
puona 00J1e3HU; Y — MPOJOHKUTEILHOCT OOJIE3HU TOCIIe 3apaKeHUs, 0 — BEPOSATHOCTH JIETATBHOTO
nucxoaa y 3m0poBoit ocoowm; InitialSick]l — xKonmMYecTBO JATEHTHBIX 3apaKCHHBIX OCOOEH, IMomaaaro-
IUX B MOMYJISIIAIO U3 3I0POBBIX JrojeH. InitialSick2 — KOMYEeCTBO OTKPBITHIX 3apayKEHHBIX 0COOEH,
MOTIA/IAIONINX B TIOMYJSIIIUIO M3 340pOBhIX ocobeit. SusceptibleChange — 4rcIeHHOCTH MOTIOTHEHUS
MOTYJISILIUY, CTaTUYecKasl IepeMeHHasl, 3aJjaBaeMasi I0JIb30BATEIIEM.
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Pucynox 1 — Ctpykrypa mogmenu SEIRD pacripoctpaneHuss BUPYCHON MHGMEKITIHI

B xone peanmszammu mMopenu ObUIM HCIONIB30BaHbl HakomuTenu. E — 3apaxeHHble ocolw,
HaxXo/dIIMecs B JaTEHTHOM ctaguu 3a0oneBaHus. HauanpHOoe 3HaU€HHE HAKOMMTENS 3a/1aeTcs ye-
pe3 InitialSickl. I — 3apaxeHHBIE 0COOM, HAXOIAIIMECS B OTKPBITOW cTaauu 3aboneBanus. Havams-
HOE 3HaueHHMe HakomuTens 3axaercs uepes InitialSick2. S — 3mopoBbie 0coOu, BOCIpUUMYHBBIE K
3apakeHHo. HauanpHoe 3HaueHue HakonuTelns 3a1aeTcd kKak n-InitialSick1-E. R — oco6u, nepedo-
JIEBIINE BUPYCOM (BBI3IOPOBEBIIKE).

B peanuzoBaHHOI MOjEIM HE M3BECTHO, HACKOJIBKO UMMYHHUTET OCOOM HCCIEIyeMOU MOIly-
JSIIMU CTIOCOOEH €ro 3alUIlaTh, U MO3TOMY CIIEJIaHO JOMYIIEHHE O TOM, YTO BbI3JOPOBEBIINN 00B-
eKT MONYJISIKU OoJiee He BOCTIPUMMYUB K BUPYCY.

D — ocobu, He cnpaBUBIIMECS C BUPYCOM (YMepIIHue), KOTOpbIe O0bIIe HE MPUHUMAIOT y4a-
CTHS B MOJEJIMPOBAHHH.

JUig opraHu3alMyd MMHUTALUOHHBIX 3KCIEPUMEHTOB HCIIOJIB30BAJIUCH CIEAYIOLIUE TOTOKU:
ExposedRate — mOTOK, BRIXOASIINN W3 HAKOMUTENS S U BXOAAIMi B Hakomutenb E (paccuuthiBai-
cs o popmyrne 1); InfectiousRate — moTok, BeIxomsMil U3 HakonuTeNss E v BXOIAIINIT B HAKOMH-
tenb | (paccuntsiBancs no popmyne 2); RecoveredRate — moroxk, Bexoasmmii u3 Hakonurens | u
BXOJAIIMN B HakonuTesb R (paccuutsiBasics no gopmyne 3); DeadRate — moTok, BeIXOIAIIMNA U3
Hakonurtens | 1 Bxomsmuii B Hakorutenb D (paccuuteiBaics mo ¢gopmyse 4).

NMutanmonHoe moaeanpoBanue pacnpocrpanenusi supyca COVID-19. [locrpoennas Mo-
nens SEIRD Obina ucnonb3oBaHa st MOACITUPOBAHMS TIPOIIECCa PACIIPOCTPAHEHUSI BUPYCHON MH(EK-
i COVID-19. Ilpu npoBeneHny IMUTAITMOHHBIX YKCIIEPUMEHTOB (PUCYHOK 2) OBLITH BBIOPAHBI CPE/I-
HECTaTUCTUYECKHE MTapaMeTphl, TOTyYEHHBIE C UCIIOIb30BaHUEM JaHHbBIX, TOCTYIHBIX B ceTH [5].
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Pucynok 2 — IIpoBeseHre IMUTAITMOHHBIX SKCIEPUMEHTOB ¢ Moaenbio SEIRD

Hns uccnenoBanms pacnpoctpaneHus Bupyca COVID-19 Ob11 BbIOpaH BpeMEHHOU MMPOMEXKY-
TOK, B TEYCHUU KOTOPOTO pa3BuBajiach BUpycHas uHpekuus, t = 300 nueil. beumn 3amansl cienyro-
mme mapamerpel: 0 =6, y=7, InitialSickl =327, InitialSick2 =289, n=9,4*10"6, B1=0,2,
B2=0,1,0a=6,0=0,1.

[Tocne MomenupoBaHus Cpa3y CTAaHOBUTCS SICHBIM TOT (pakKT, YTO MapaMeTphl ObUIM BHIOPAHBI HE
COBCEM YyAauHO (PUCYHOK 3a), TOCKOJIbKY MOETh MOKa3aia OOBIION MPOIIEHT YMEPIITUX JTFOICH.

Janee Obu1 mpoBedEH KaTUOPOBOUHBIM SKCHEPUMEHT C HCIHOJb30BAHUEM BCTPOCHHBIX
cpenctB AnyLogic. [l Hero ObLTH OMpEEICHbI KPUTEPUHM ONTUMHU3AINN, HACTPOCHBI W3MEHSE-
MbI€ [TapaMeTpbl U IPUMEHEHbBI METObl ONITUMHU3ALIUH.

C yderoMm mogoOpaHHBIX MapaMETPOB MO JaHHbIC HAONIOECHUs ObLTH CHOPMUPOBAHEI Clie-
JIyIOIME TapaMeTpbl MonenupoBanus: o6 =3; y=6; InitialSickl =327, InitialSick2 =289,
n=9,4*10"6, B1= 0,045, 2=0,02, a =5, 6 =0,01.

Monens nokasana, 4to 3a 120 nueit mepe0osieno U moaydymsino UMMYHHTET 72 % HaceneHus,
He 6oueno 15 %, 6omeno 6 % B maTrenTHOM craguu U 7 % B aktuBHOH craguu. Ha 300 nens Momens
MoKasasa, YTO BOCIIPUUMYMBBIX JIOJEH cTano 26 %, moaei ¢ uMMyHUTETOM — 62 %, B JJaTEHTHON
cranguu — 6 % u B akTHBHOU cTaauu — 5 % (pucyHok 30).

{b.000,000

||p.000,000

000,000

4,000,000

12,000,000

0

50 100 150 200 250 30 o 0 =0 L %0 %0
@ Bocnpuimuvesie k 3apakeno | B narenTHoR cragwm 3aparerna (@) B akTHBHOM CTanuM 3apaKeHiA LES k5 B A o < @ Baerol cranym sapakcris
@ 5u300p0seswe Moy @ iepuwie nogy @ Bussoposesuve oy @ Yiepune o
Pucynok 3a — Pe3ynbsTaTsl MOAenTupoOBaHus, Pucynok 30 — Pe3ynbraTel MogeTpoBaHuUS,

IMOJYYCHHBIC C HAYaAJIbHBIMU UCXOAHBIMU JAaHHBIMU NOJIYYCHHBIC B PE3YJIbTATC ONTUMU3AIUN MOJACIIN
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B 1nienom, mporso3 ¢ 3TuM# JaHHBIMH OY€Hb OJIM30K K MpaBJie, OAHAKO B JOJTOCPOYHOMN Mep-
CHEKTHBE U OH HE CIIPABUTCS C YCIEIIHBIM TPOTHO30M.

3akimrouenue. Mogens SEIRD mMoxkeT ciyXKUTh OCHOBOW JIsI MaT€eMaTHYECKOr0 MOJEIUPO-
BaHUs OOJIBIIOTO YHCTA IMHUASMUN U MaHAeMUl WH(QEKIHOHHBIX 3a0oneBaHui. VIMUTAIIMOHHBIC
SKCHEPUMEHTHI C MOCTPOEHHOW MOJIENBIO TO3BOJIAT PELIWTh THIOBBIE 33a4yd MOJCIUPOBAHHUS, a
MMEHHO: TIOCTPOUTH MPOTHO3bI PACIIPOCTPAHCHUE BUPYCHON MH(EKIUU I 3aJaHHBIX TTapaMeTPOB
BUPYJECHTHOCTH BUPYCAa U KOMMYHUKATHBHOCTH COCTABJISIONIMX MOIMYJISALMHU; OMNPEACNIUTh MHapa-
METpPBI MOJIETTH, TIPU KOTOPBIX PACIIPOCTPAHCHHUE BUPYCHONW MH(EKIIUN CHUKACTCS; IIPOBECTH CPaB-
HUTENBHBIN aHanu3 (10 BEIOpAHHOMY KPUTEPHIO) BApUAHTOB PACIPOCTPAHEHUsI BUPYCHON HMH(]EK-
[IUU TIPY PA3IMYHBIX MEpPax, CHUKAIOIINX Tepeady BUPYCHONU WH(EKIIUH.
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