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Mogenn smuungeMuit

Bsenenune

MopenupoBanue SMUAEMAN UMEET TEJIU:
B U3Yy4YeHUd MEXaHU3MOB PacCIPOCTPAHEHU: SIUIEMUIL;
B IPE/ICKA3aHNsS HAIPABICHUH PaCIpOCTpaHeHnsT O0Ie3Het;

N CO3JlaHUSA CTpaTEeruil KOHTPOJIS.



SIR-Moemb

S(t) — susceptible, kosm4ecTBo 3710poBBIX (ele He GOJIEBINNX) B
MOMEHT BPDeMeHH t;

I(t) — infected, xosuuecTB0 GOIBHBIX B MOMEHT BPEMEHU t;

R(t) — recovered, KOJMIECTBO UMMYHUTETHBIX K GOJIE3HN (HATIPAMED,
TAKUX, KOTOPBIE y2Ke [epeboJiein) B MOMEHT BPEMEHH t.

IIycte obmee kosmaecTBo yesnoBek N ukcupoBaHO

N = S(t) + I(t) + R(t).



SIR-Moemb

Mogenb
S—>T—->R

OIIICBHIBACTCA YPaBHECHUAMM:

@
dt
dI
= BSI — A1 1
" BSI —~ (1)
dR _
dt
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[ — BEpOSTHOCTH 3aPA3UTHCHA 3J0POBOMY IIPU KOHTAKTE C OOJIBHBIM;

~ — JI0JI BBI3JIOPOBEBINUX /yMepIHUX OT 6ose3nu ( % — cpenHee
BPEMsI BBI3JIOPABJICHNUS]).



SIR-MoIe/Ib ¢ POXKIAEMOCTBIO I CMEPTHOCTBIO
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M — J0JIA POKITAEMOCTH, paBHad J10J1€ €CTEeCCTBEHHO CMEPTHOCTH
HaCeJICHUI.



SIS-Moe/Th ¢ POKIaEMOCTHIO 1 CMEPTHOCTHIO

Mopnein
S—>7T—-S8
OIIChIBaCTCA YypPaBHEHUAMM:
dS
e —BSI+ p(N —S) ++1
dI (3)
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SIR-MoIe/Ib ¢ POXKIAEMOCTBIO I CMEPTHOCTBIO
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SIR-MoIe/Ib ¢ POXKIAEMOCTBIO I CMEPTHOCTBIO
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IToBenenue suugeMuii B Me3MaCIITAGHBIX CETIX



SIR-Mo/1e/1b ¢ POXKIaeMOCTBIO 1 CMEPTHOCTBHIO

Severity of an Epidemic

(initial immunity level: 90%)
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SIR-Mo/1e/1b ¢ POXKIaeMOCTBIO 1 CMEPTHOCTBHIO

Epidemic and Endemic Phases

(of an infectious disease)
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SIS u SIR-momenm

Henocrarku

m B quddepeHimaibHbIX ypaBHEHUSIX [IPEJIITIOIATAETCS, ITO
60oJIbHBIE /3/I0POBBIE / IMMYHUTETHBIE PABHOMEPHO PACIPEE/IeHbI
110 IIPOCTPAHCTBY.



SIR-moj1e16 B rpade

IIycte ecth rpad, BepImmHbl KOTOPOTO — JIt0H, pedpa — KOHTAKTHI
MEZK/Ty JIIOJbMU.
Bepiunbsr numeror MeTKn:

S — JeJIoBEK 3/10POB;
I — gemoBek 6osem;
R — genosek mmMmyHeH.
Torma SIR-momens B rpade peaansyercst CaeayonuM 00pa3oM:
Bribupaem Bepruny. Ecan ee metka I, renepupyem ciydaitnoe
qucio x € (0,1);
Ecmm x < ¢, To HOBasg MeTKa BepmmHBI — R;

MNuage BeIOpaeM ciaydaiiHyio BepiinHy-coce/l. Ecim ee meTka S,
TO MEHsEeM ee Ha I;

TloBTOpSITH, IMOKa CYIIECTBYIOT BEPIIUHBI C METKOM S u I.

3nech BeposiTHOCTH 3apaxkenus: § = (1 —¢)/c



Buabr rpados

I'pad "Mup Tecen"

Ompeneienue

T'pad "Mup recen" (masenbKuil Mup) — pasHOBUAHOCTH Ipada,
KOTOPBIIl UMEET CJIEIyIONIee CBOMCTBO: €CJIU B3ATh JIBE IPOU3BOJIbHDIE
BEPUINHBI & U b, TO OHU ¢ GOJIBINON BEPOATHOCTHIO HE ABJISIIOTCH
CMEXKHBIMH, OJTHAKO OJ[HA JOCTUKAMA U3 JIPYTON II0CPEJICTBOM
HEGOJIBIIOr0 KOJINYIECTBA NIEPEXO0B 9epe3 JApyrue BepIIHHbL.

A umeHHO: ceTh, B KOTOPO TUIMYHOE paccTosiHre L Mexk Tty J1ByMsi
[IPOU3BOJIBHO BHIOPAHHBIMHU BEPIIMHBIMI PACTET ITPOIIOPIIHOHAIHHO
JiorapudMy OT Yucja BepruH N, TaKuM 00pa3oM:

L xlogN



Buabr rpados

I'pad "Mup Tecen"

CnydaiHbIid rpadgy &
CpefHAA CTENEHL BEPIUMHLI = 1,417
CpegHaA ANWHA KpaTyanLlero myTH =
2.109.

KoadpdpmumenT knactepu3aumn = 0.167

MNpumep rpaha «Mup Tecex:s, =
BbifieNeHbl BEPLUWHEI — Xabbl.
CpefHAA cTeneHdb BEpLIWHLL = 1,917
CpefHAA ANWHA KpaTyaiLwero myTi =
1.803.

KoadpdpuumenT knactepuzauumn = 0.522

IloBenenue aMuUAEeMUl B Me3MACHITABHBIX CETAX



Buabr rpados

I'pad "Mup Tecen"

leneparus rpada "Mup tecen" ¢ nmomombio Mozenu Basbia u
Crporara:
Regular Small-world Random




Buabr rpados

I'pad "Mup Tecen"

ITpumepnr:
m rpad TesredbOHHBIX 3BOHKOB;
B CeTb UHTEPHET;

B CeTh, I'/I€ BEPINUHBI — I'€HbI, CBA3U — B3aUMHO€ BJINAHNEC I'€HOB.



Buabr rpados

Besmacmirabunas cetb

Ompeieienue

Beamacmrabnas ceth — rpad, B KOTOPOM CTEIEHU BEPITUH
pacIpeieJieHbl TI0 CTEITEHHOMY 3aKOHY, TO €CTh:

P(k) ~ k7

P(k) — mons Bepun crenenu k;
2 < v < 3 — mapameTp.



Buabr rpados

Besmacmrabuasi cetb

I'paduk pacupenesienust fjist 6e3MaciTabHBIX U CIyJIallHBIX CeTeil:

pk)

P(k) — monst BepmuH crenenu k.



Buabr rpados

Besmacmrabuasi cetb

(a) Random network (b) Scale-free network



Buabr rpados

Besmacmrabuasi cetb

IIpumepsr:
® rpad> aBUAIIEPETIETOB;
m ccoitok B WWW,
m rpad PUHAHCOBBIX OMEPAITUL.

m rpad COABTOPOB CTaTEl.



SIR B rpacde "Mup recen"

B pabore [2| k cremepuposanromy rpady "Mup Tecen" mpumenena
mozens SIR:

Epidemics and percolation in small-world networks

Cristopher Moore'? and M. E. J. Newman!
Santa Fe Institute, 1399 Hyde Park Road, Santa Fe, New Merico 87501
* Depariments of Computer Science and Physics, University of New Mexzico, Aluquerque, New Mezico 87131

We study some simple models of disease transmission on small-world networks, in which either
the probability of infection by a disease or the probability of its transmission is varied, or both.
The resulting models display epidemic behavior when the infection or transmission probability rises
above the threshold for site or bond percolation on the network, and we give exact solutions for
the position of this threshold in a variety of cases. We confirm our analytic results by numerical
simulation.

L INTRODUCTION They solved this model for the one-dimensional small-

world graph, and the solution was later generalized to

It has long been recognized that the structure of social ~ higher dimensions [9] and to finite-sized lattices [10]. In-
networks plays an important role in the dynamics of dis-  [ection with 100% efficiency is not a particularly realistic
ease propagation. Networks showing the “smallworld”  model however, even for spectacularly virulent discases
effect [1.2], where the number of “degrees of separation”  like Ebola fever, so Newman and Watts also suggested
using a site percolation model for disease spreading in

between any two members of a given population is small
which some fraction p of the population are cousidered

by comparison with the size of the population itself, show . : ation
much faster disease propagation than, for instance, sim-  susceptible to the disease, and an initial outbreak can
ple diffusion models on regular lattices. spread only as far as the limits of the connected cluster

Mileram [3] was ane of the first tn noint ot the exis. ol susceptible individuals in which it first strikes. An

BoIBox: CylecTByeT KPUTUIECKOE 3HAYEHHE BEPOITHOCTU 3aparkeHust ey
B < Ber — G0JIE3HB yMUpaET;

B > Ber — 6OIE3Hb CTAOMIM3UPYETCH.



SIR B rpacde "Mup recen"
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SIR B rpade "Besmacmrabnast cetn"

B pabore [3] x cremepupoBanHOit Ge3macTabHON CeTH IIPUMEHeHa,
mozens SIR:

Epidemic outbreaks in complex heterogeneous networks

Yamir Moreno*, Romualdo Pastor-Satorras' and Alessandro Vespignani®

* The Abdus Selam International Centre for Theoretical Physies, P.O. Bor 586, 34100 Trieste,
Italy
{ Departament de Fisica i Enginyeria Nuclear, Universitat Politécnica de Catalunya

Campus Novd, Modul B4, 0803 Barcelona, Spain

(February 1, 2008)

Abstract

We present a detailed analytical and mumerical study for the spreading
of infections in complex population networks with acquired immunity. We
show that the large connectivity fluctuations usually found in these networks
strengthen considerably the incidence of epidemic outbreaks. Scale-free net-
works, which are characterized by diverging connectivity fluctuations, exhibit

o Tard af an anidemie Hhrachald and alwave chow o fnita frantion of infactad —

2 [cond-mat.stat-mech] 30 Jul 2001

Beisoj: npu Jt00b1x S 60J1€3Hb CTAOMINBUPYETCS.



[IpocTpancrsentbie sdpdexTol SIS B Oe3maciTabHOM
rpade

B pabore [4] mozens SIS npumensiercs k 6e3amacimraGHOMy rpady,
BIIMCAHHOMY B €KJIMJOBO IIPOCTPAHCTBO:

G phical effects on epidemic spreading in scale-free networks

Xin-Jian Xu,' Wen-Xu Wang,* Tao Zhou," and Guanrong Chen'*
*Department of Electronic Engineering, City University of Hong Kong,
& Tat Chee Avenue, Kowloon, Hong Kong SAR, China
*Nonlinear Science Center and Department of Modern Physics,
University of Science and Technology of China, Hefei Anhui 230026, Ching
(Dated: February 2, 2008)

Many real networks are embedded in a metric space: the interactions among individuals depend on their

spatal distances and usually take place among their nearet neighbors. In tis paper, we introduce a modified

f ble (SIS) model to study ical effects on the spread of diseases by assuming

thatthe probability nfz healthy individual infected by an infectious one is inversely proportional to the Euclidean

distance between them. It is found that geography plays a more important role than hubs in disease spreading:
the more geographically constrained the network s, the more highly the epidemic prevails.

PACS numbers: 89.75.He, 87.23.Ge, 05.70.Ln, B7.19.Xx

Accurately modelling epidemic spreading is an important
topic in understanding the impact of diseases and the develop- w0, w
ment of effective strategies for their control and containment
[1]. The classical mathematical approach for describing dis- " o
ease spreading either ignores the population structure or treats
population as distributed in a uniform medium. However, it
‘has been argued in the past few years that many social, bi-
alogical, and communication systems possess two universal
characters, the small-world effect [2] and the scale-free prop-
erty [3], which can be described by complex networks whose
nodes represent indivicuals and links represent the interac-
tions among them [4]. In view of the wide occurrence of com-
plex networks in nature, it is interesting to study the effects of

Pik)
Pk)

w{ 1=25 @

L [physics.soc-ph] 30 Jun 2006

IloBenenue aMUAEeMUl B Me3MACHITABHBIX CETAX



IIpocrpancrsennbie addexTo SIS B 6e3maciiTabnoMm
rpade

W nest:
pacCTOsTHIE MEeXKy JIFOJbMU UI'PAeT OOJIBIILYI0 POJIb B
PacipoCTpaHeHuU SUUJJIEeMUM.
Peanmzarusi:
m Crenepupyem Ge3maciiTabublii rpad;

m CupoermupyeMm rpad Ha ILIOCKOCTH METOIOM MUHUMU3AINN OOIIeit
JITUHBI pebdep;

m [IycTs BeposiTHOCTD 3aparkeHnsi OOPATHO ITPOIIOPIIMOHAIBHA
PaCTOAHUIO:

1

o~ —, =1,2.
BJ df} «

m Sanycrum Mozesb SIS Ha Takom rpade.



[IpocTpancrsentbie sdpdexTol SIS B Oe3maciTabHOM
rpade

Pesynbrar:

Ipu so6om B(«r) snumeMust He yMUPAET MOJTHOCTHIO, HO
CcTabUIn3upyeTcs;

YeM cuibHee JIOKAJIN30BaHa, CETh B OPOCTPaHCTBE, TEM 6OJH;>H_IyIO
9acTh HACEJIEHUS 3aBOEBLIET DOJIE3Hb.
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