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Abstract:Inthispaper,westudytheoutersynchronizationbetweenthedrivenetworkandtheresponsenetworkwithtime-
varyingdelays.Byemployinglinearmatrixinequalities(LMI)andLyapunovfunctionalmethod,somenewsufficientcon-
ditionsensuringtheoutersynchronizationbetweentwocomplexnetworksareobtained.Theoutersynchronizationbetween
thedrivenetworkandtheresponsenetworkisachievedifoneofthefollowingconditionsissatisfied:1)0≤τ

·(t)≤σ<1,

Mi>0,Si >0,
Ui(t) λicMiΓ
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<0,i=2,…,N;2)τ· (t)≤0,τ(t)≤τ,0<τ< ¥ ,Mk >0,Sk >0,
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<0,k=2,…,N.Finally,anumericalexampleisprovidedtoillustratetheeffi-

ciencyofthederivedresults.
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Introduction
Overthepastonedecade,dynamicalbehaviorsofcomplexnetworkshaveattractedagreatdealofatten-

tioninvarietyoffields,suchascommunicationnetworks,foodwebs,internet,WorldWideWeb,socialnet-
works,metabolicnetworks,powergridnetworks,biology,physics,mathematics,engineeringandsoon[1-5].
Inparticular,thesynchronizationisoneofthemostsignificantandinterestingdynamicalpropertiesofthe
complexnetworks.

Recently,outersynchronizationbetweentwocoupledcomplexdynamicalnetworkshaveattractedmore
andmoreattention.Researchesonoutersynchronizationofnetworkshavethestrongimportanceandpotential
applicationsinourlife.Forexample,inordertoknowmoreaboutthecommunicationoftheinfectiousdisea-
ses,suchasMadCows,AIDSandSARS,betweenanimalsandthehumanbeings,itisrequiredtwodifferent

* Received:09-25-2012  Accepted:11-07-2012

Foundation:NationalScienceFoundationofChina(No.10971240);KeyProjectofChineseEducationMinistry(No.212138);NaturalScience

FoundationofChongqing(No.CSTC2011BB0117);FoundationofScienceandTechnologyProjectofChongqingEducationCom-
mission(No.KJ120630)

Firstauthorbiography:TANGHong-an,male,researchinterestincludesanalysisandcontrolofsystems,E-mail:156270101@qq.com;Corre-

spondingauthor:YANGZhi-chun,E-mail:13640522216@126.com
收稿日期:2012-09-25  修回日期:2012-11-07  网络出版时间:2013-07-20 19:23
资助项目:国家自然科学基金(No.10971240);教育部科技重点项目(No.212138);重庆科委自然科学基金 (No.CSTC2011BB0117);重庆

教委科技项目(No.KJ120630)

作者简介:唐宏安,男,硕士研究生,研究方向为系统分析与控制,E-mail:156270101@qq.com;通讯作者:杨志春,E-mail:13640522216@

126.com
网络出版地址:http://www.cnki.net/kcms/detail/50.1165.N.20130720.1923.201304.59_009.html



networkstodistinguishanimalsfromthehumanbeings;investigatingtheinteractionsofproteinnetworkand
genenetworkmaydiscloseevolutionprocessinsystemsbiology[6].Thesemeanthattostudythedynamicsbe-
tweentwocouplednetworksisnecessaryandimportant.Li,SunandKurthsfirstlystudiedthesynchronization
betweentwocomplexnetworkswhichiscalled“outersynchronization”[7].Theystudiedtheoutersynchroniza-
tionbetweentwocomplexdynamicalnetworkshavingthesamecouplingstructureandthedifferentcoupling
strength.Tangetal.investigatedthetheoreticalanalysisofsynchronizationbetweentwocomplexnetworks
withnonidenticaltopologicalstructures[8].Bydesigningeffectiveadaptivecontrollers,theyachievesynchroni-
zationbetweentwocomplexnetworks.Boththecasesofidenticalandnonidenticalnetworktopologicalstruc-
tureswereconsideredandseveralusefulcriteriaforsynchronizationweregiven.Wuetal.investigatedtheout-
ersynchronizationbetweentwonetworkswithdifferentcouplingstructuresandalsoprovidedthecontrollaw
toachieveoutersynchronizationbasedonBarbalat’slemma[9].Lietal.consideredthesynchronizationbetween
twodiscrete-timenetworkswhichhavethesameconnectiontopologiesandderivedanalyticallyasufficientcon-
ditionforachievingthisoutersynchronization[10].OnthebasisofLyapunovfunctionapproach,Li,etal.
provedthatfornetworkswithbalancedstructuretopology,outersynchronizationcanbeasymptotically
reachedbyusingarbitrarycouplingstrength[11].Thesynchronizationproblemofcomplexnetworkshasbeen
oneofthefocuspointsinmanyresearchandapplicationfields.Inaddition,timedelayscommonlyexistinvari-
ouscomplexdynamicalnetworksduetothefiniteinformationtransmissionandprocessingspeedsamongthe
networknodes,andsomeoftimedelayscannotbeignored.

Moreover,thedelaysarefrequentlyvariedwithtimeandtheelementsofeachnodehavethesametime-va-
ryingdelays.Unfortunately,thereareveryfewresultsdevelopedinthisdirection.

Motivatedbytheabovediscussions,theobjectiveofthisarticleistostudytheoutersynchronizationbe-
tweentwocomplexnetworkswithtime-varyingcouplingdelays.Sufficientconditionsensuringtheoutersyn-
chronizationforcomplexnetworksassociatedwithtime-varyingdelaysareobtainedbyLMIandLyapunov
functionalmethod.Therestofthisarticleisorganizedasfollows.Westudythedrive-responsecomplexdy-
namicalnetworkmodelsandsomeusefulpreliminariesaregiveninSection2.Severaloutersynchronizationcri-
teriaareestablishedinSection3.InSection4,anumericalexampleisgiventoillustratethetheoreticalre-
sults.

1Modelandpreliminaries
Inthispaper,weconsiderthedrivingnetworkintheform

x·i(t)=g(xi(t))+c∑
N

j=1aijΓxj(t-τ(t)) (1)

andtheresponsenetworkas

y
·
i(t)=g(yi(t))+ H-∂g

(xi)
∂x

æ

è
ç

ö

ø
÷

i
[yi(t)-xi(t)]+c∑

N

j=1aijΓyj(t-τ(t)) (2)

wherei=1,2,…,N,xi(t)=(xi1(t),xi2(t),…,xin(t))Τ∈Rn,yi(t)=(yi1(t),yi2(t),…,yin(t))Τ∈Rnisthe
statevariableofnodeiandNisthenumberofthenetworknodes,xi(t-τ(t))=(xi1(t-τ(t)),xi2(t-τ(t)),
…,xin(t-τ(t)))Τ,yi(t-τ(t))=(yi1(t-τ(t)),yi2(t-τ(t)),…,yin(t-τ(t)))Τ,τ(t)isthetime-varyingdelays
with0≤τ(t)≤τ.ThematrixHisanarbitraryconstantHurwitzone(amatrixwithnegativerealparteigenval-
ues).g(·):Rn→Rnisacontinuouslydifferentiablefunctionwhichdeterminesthedynamicalbehaviorofthe
nodes.c>0isthecouplingstrengthofthenetwork.Γ∈Rn×nisaconstant0-1matrixlinkingcoupledvaria-
bles.A=(aij)N×Nrepresentthecouplingconfigurationsofbothnetworks.

Beforestatingourmainresults,wegivesomedenotations,definitionsandlemmas.
LetRndenotethen-dimensionalEuclideanspaceandRn×mbethespaceofn×mrealmatrices.P>0(P<0)

meansmatrixPissymmetricalandpositive(negative)definite,P≥0(P≤0)meansmatrixPissymmetrical
andsemi-positive(semi-negative)definite.

Definition1 Network(1)andnetwork(2)aresaidtoachieveoutersynchronizationif
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lim
t→+¥

‖yi(t)-xi(t)‖=0,i=1,2,…,N (3)

Definition2[12] Aissaidtobeanreduciblematrix,ifthereexistapermutationmatrixP,suchthatA=

PΤ B C
0

é
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û
ú
úD
P.

IfthereisnosuchamatrixP,then,wesaidAisanirreduciblematrix.
Lemma1 SupposethatA=(Aij)N×Nisarealsymmetricandirreduciblematrix,whereAij≥0(i≠j),Aii =

-∑
N

j=1,j≠iAij .Then,i)0isaneigenvalueofmatrixAwithmultiplicity1andassociatedwitheigenvector
(1,1,…,1)Τ;ii)alltheothereigenvaluesofAarereal-valuedandarestrictlynegative;iii)thereexistsaor-
thogonalmatrix,Φ=(φ1,φ2,…,φN)suchthatAΤφi=λiφi,i=1,2,…,N,whereλiaretheeigenvaluesofA.

ItiswellknownthattheLinearMatrixInequality(LMI)isanimportanttoolforstudyingthebehaviorof
dynamicalsystems.WealsogivethefollowinglemmasonLMI.

Lemma2[13] TheLMI
Q(x) S(x)
SΤ(x) R(x
é

ë
ê
ê

ù

û
ú
ú)>0

,whereQ(x)=QΤ(x),R(x)=RΤ(x),andS(x)dependsaffine-

lyonx,isequivalenttoR(x)>0,Q(x)-S(x)R-1(x)SΤ(x)>0.
Lemma3[14] Assumethatcontinuousfunctionsa:Ω→Rna,b:Ω→RnbandU∈Rna×nb,whereaninterval

Ω⊂R.Then,forgiven matricesX∈Rna×na;Y∈Rna×nb andZ∈Rnb×nb,thefollowinginequalityholds

2∫
Ω

aΤ(μ)Ub(μ)dμ≤∫
Ω
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b(μ
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2Mainresults
Togivesomesynchronizationcriteria,wealwaysassumethefollows.
(H1) Thenetwork(1)isconnectedinthesensethattherearenoisolatedclusters,thatis,A=(aij)n×n

isanirreduciblematrix,whereaijisdefinedasfollows:ifthereisaconnectionbetweennodeiandnodej(j≠
i),thenaij=aji=1;otherwise,aij=aji=0(j≠i),andthediagonalelementsofmatrixAaredefinedbyaii=

-∑
N

j=1,j≠iaij,i=1,2,…,N.

Clearly,Aisarealsymmetricandirreduciblematrix.ByLemma1,wealsosupposethat
(H2) λi,i=1,2,…,NaretheeigenvaluesofAand0=λ1>λ2≥λ3≥…≥λN.

Theorem1 Let(H1)and(H2)holdand0≤τ·(t)≤σ<1.IfthereexistmatricesMi>0,Si>0,suchthat
Ui λicMiΓ

λicΓΤMi -(1-σ)S
é
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ê
ê

ù

û

ú
ú

i
<0,i=2,…,N (4)

WhereUi=MiH+HΤMi+Si,thentheoutersynchronizationbetweenthedrivenetwork(1)andtheresponse
one(2)isachieved.

Proof Lettingei=yi-xi,i=1,2,…N,andlinearizingtheerrorsystemaroundxi,weget

e·i(t)=Hei(t)+c∑N
j=1aijΓej(t-τ(t)),i=1,2,…,N (5)

Equation(5)canbewrittenas
e·(t)=He(t)+cΓe(t-τ(t))AΤ (6)

Lete(t)=(e1(t),e2(t),…,eN(t))∈Rn×Nande(t-τ(t))= e1(t-τ(t)),e2(t-τ(t)),…,eN(t-τ(t[ ])).
AccordingtoLemma1,thereexistsaorthogonalmatrixΦ=(φ1,φ2,…,φN)∈RN×NsuchthatAΤΦ=ΦΛ

withΛ=diag(λ1,λ2,…,λN).Takeanonsingulartransform
e(t)Φ=δ(t)=(δ1(t),δ2(t),…,δN(t))∈Rn×N (7)

From(7),wehavethefollowingmatrixequation:δ
·
(t)=Hδ(t)+cΓδ(t-τ(t))Λ,whereδ(t-τ(t))=

δ1(t-τ(t)),δ2(t-τ(t)),…,δN(t-τ(t[ ])),thatis

δ
·
i(t)=Hδi(t)+cλiΓδi(t-τ(t)),i=1,2,…,N (8)

Thus,theoutersynchronizationbetweenthedrivenetwork(1)andtheresponseone(2)isequivalentto
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stabilityofthezerosolutionofsystem(8).Ourobjectiveistogiventhestabilityoftheoriginoftheerrornet-
work(8),i.e.,lim

t→¥
‖ei(t)‖=0.Notethatλ1=0correspondstothesynchronizationofthesystemstates(3).

Thenthedrivenetwork(1)andtheresponsenetwork(2)withtime-varyingdelaysachievetheoutersynchro-
nizationifthefollowingN-1piecesofn-dimensionallineartime-varyingdelayeddifferentialequationsareas-
ymptoticallystable.

δ
·
i(t)=Hδi(t)+cλiΓδi(t-τ(t)),i=2,3,…,N (9)

Inthefollowing,weshallprovethatsystem(9)areasymptoticallystable.SelectLyapunovfunctionals

V(δi(t))=δΤ
i(t)Miδi(t)+∫

t

t-τ(t)
δΤ

i(u)Siδi(u)du (10)

ThederivativeofV(δi(t))alongthesolutionoftheith(i=2,…,N)equationinsystem(9)is

V
·
(δi(t))=δ

·
Τ
i(t)Miδi(t)+δΤi(t)Miδ

·
i(t)+δΤi(t)Siδi(t)-(1-τ

·(t))δΤi(t-τ(t))Siδi(t-τ(t))=
δΤi(t)Uiδi(t)+2δΤi(t)λicMiΓδi(t-τ(t))-(1-τ

·(t))δΤi(t-τ(t))Siδi(t-τ(t))≤δΤi(t)Uiδi(t)+
2δΤi(t)λicMiΓδi(t-τ(t))-(1-σ)δΤi(t-τ(t))Siδi(t-τ(t))=
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Lettingfi(t)=
δi(t)

-λicS-1
i ΓΤMi

1-σ δi(t)+δi(t-τ(t
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∈R2n,wehave
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fi(t)≤

δΤi(t)Ui+
λ2ic2MiΓS-1

i ΓΤMi
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σ δi(t)

FromtheSchurcomplements(Lemma2),theLMI(4)isequivalenttoUi+
λ2ic2MiΓS-1

i ΓΤMi

1-σ <0.

Thus,wehaveV
·
(δi(t))isnegativedefinite.AccordingtoLyapunovstabilitytheory,weknowthatsys-

tems(9)isasymptoticallystable.So,wehavetheoutersynchronizationbetweenthedrivenetwork(1)and
theresponseone(2)withtime-varyingdelays.Theproofiscompleted.

LettingMi=M,Si=S,i=2,3,…,NinTheorem1,wehave
Corollary1 Let(H1)and(H2)holdand0≤τ

·(t)≤σ<1.Ifthereexisttwopositive-definitematricesM,
S>0suchthat

MH+HΤM+S λNcMΓ
λNcΓΤM -(1-σ)

é

ë

ê
ê

ù

û

ú
úS
<0 (11)

thentheoutersynchronizationbetweenthedrivenetwork(1)andtheresponseone(2)isachieved.
InTheorem1,replacingtheconstantmatricesMibyM(t)andSibySandnotingthatthereisanaddition-

altermδi
Τ(t)M

·
(t)δi(t)inV

·
(δi(t)),weeasilyobtainthefollows.

Corollary2 Let(H1)and(H2)holdand0≤τ
·(t)≤σ<1.Ifthereexistaconstantε>0andamatrixS>

0,suchthatthefollowingRiccatiequation

M·(t)+U(t)+λ
2
Nc2M(t)ΓS-1ΓΤM(t)

1-σ +εI=0 (12)

hasapositive-definiteandsymmetricsolutionM(t)>0,t∈[t0,¥),thentheoutersynchronizationbetweenthe
drivenetwork(1)andtheresponseone(2)isachieved.

Itisnotedthatthederivativeofthetime-varyingdelaysisn’talwaysnon-negativeintherealworld.Inthe
following,weconsiderthederivativeofthetime-varyingdelaysisnon-positivesituation.

Theorem2 Let(H1)and(H2)hold.Assumethatτ·(t)≤0andτ(t)≤τforsome0<τ<¥.Ifthereexist
commonmatricesMk>0,Sk>0,Xk,YkandZksuchthat
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Uk λkcMkΓ-Yk τHΤZk

λkcΓΤMk-YΤ
k -Sk τλkcΓΤZk
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where
Xk Yk

YΤ
k Z
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k
≥0 (14)

andUk=MkH+HΤMk+τXk+Yk+YΤ
k+Skfork=2,3,…,N,thentheoutersynchronizationbetweenthedrive

network(1)andtheresponseone(2)isachieved.
Proof Forthekthsubsystemof(9),definethefollowingLyapunovfunctional

Vk(δk(t))=Vk1+Vk2+Vk3 (15)

whereVk1=δΤk(t)Mkδk(t),Vk2=∫
0

-τ(t)∫
t

t+φ
δ
·
Τ
k(μ)Zkδ

·
k(μ)dμdφ,Vk3=∫

t

t-τ(t)
δΤ

k(μ)Skδk(μ)dμ.

Thekth(k=2,…,N)equationinsystem(9)canbewrittenas

δ
·
k(t)=(H+λkcΓ)δk(t)-λkcΓ∫

t

t-τ(t)
δ
·
k(μ)dμ (16)

Thus,thederivativeofVk1satisfies

V
·
k1=δΤ

k(t)[Mk(H+λkcΓ)+(H+λkcΓ)ΤMk]δk(t)-2δΤ
k(t)cλkMkΓ∫

t

t-τ(t)
δ
·
k(μ)dμ

Definea(·),b(·),andUinLemma3asa(μ)∶=δk(t),b(μ)∶=δ
·
k(μ),andU=MkcλkΓforτ(t)≤τ.Combi-

ningLemma3andLMI(14),weget

V
·
k1 ≤δΤ

k(t)[Mk(H+λkcΓ)+(H+λkcΓ)ΤMk+τXk]δk(t)+2δΤ
k(t)(Yk-λkcMkΓ)∫

t

t-τ(t)
δ
·
k(μ)dμ+

∫
t

t-τ(t)
δ
·
Τ
k(μ)Zkδ

·
k(μ)dμ≤δΤ

k(t)(MkH +HΤMk+τXk+Yk+YΤ
k)δk(t)+2δΤ

k(t)(λkcMkΓ-Yk)δk(t-τ(t))+

∫
t

t-τ(t)
δ
·
Τ
k(μ)Zkδ

·
k(μ)dμ

Moreover V
·
k2=τ·(t)∫

t

t-τ(t)
δ
·
Τ
k(μ)Zkδ

·
k(μ)dμ+τ(t)δ

·
Τ
k(μ)Zkδ

·
k(μ)-∫

t

t-τ(t)
δ
·
Τ
k(μ)Zkδ

·
k(μ)dμ≤

(τ·(t)-1)∫
t

t-τ(t)
δ
·
Τ
k(μ)Zkδ

·
k(μ)dμ+τ[Hδk(t)+λkcΓδk(t-τ(t))]ΤZk[Hδk(t)+λkcΓδk(t-τ(t))]

V
·
k3=δΤ

k(t)Skδk(t)-(1-τ·(t))δΤ
k(t-τ(t))Skδk(t-τ(t))

Lettingζ(t)=
δk(t)

δk(t-τ(t
é

ë

ê
ê

ù

û

ú
ú))∈R2n,wehavethederivativeofVkisV

·
k=V

·
k1+V

·
k2+V

·
k3≤ζΤ(t)

A B
BΤ

é
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ù

û
ú
úCζ(t),

whereA:=Uk+τHΤZkH,B:=λkcMkΓ-Yk+τHΤZkλkcΓ,C:=-Sk+τλ2kc2ΓΤZkΓ.

ItfollowsfromLemma2that(13)isequivalenttothefollowinginequality:
A B
BΤ

é

ë
ê
ê

ù

û
ú
úC
<0.Therefore,V

·
kis

negativedefinite.UsingLyapunovstabilitytheory,weconcludethatsystem(9)isasymptoticallystable.This
completestheproof.

InTheorem2,wechooseLyapunovfunctionalsasfollows
Vk(δk(t))=Vk1+Vk2+Vk3 (17)

whereVk1=δΤ
k(t)Mδk(t),Vk2=∫

0

-τ(t)∫
t

t+φ
δ
·
Τ
k(μ)Zδ

·
k(μ)dμdφ,Vk3=∫

t

t-τ(t)
δΤ

k(μ)Sδk(μ)dμ,wherek=2,…,N .

Then,weeasilyobtain
Corollary3 Supposethatthetime-varyingdelayτ

·(t)≤0andτ(t)≤τforsome0<τ<¥.Ifthereexist
commonmatricesM>0,S>0,M,YandZsuchthat

Q λkcMΓ-Y τHΤZ
λicΓΤM-YΤ -S τλicΓΤZ

τZH τλicZΓ -τ

é

ë

ê
ê
êê

ù

û

ú
ú
úúZ
<0 (18)
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where
X Y
YΤ

é

ë
ê
ê

ù

û
ú
úZ
≥0 (19)

andQ=MH+HΤM+τX+Y+YΤ+Sfork=2,3,…,N,thentheoutersynchronizationbetweenthedrivenet-
work(1)andtheresponseone(2)isachieved.

3Example
Inthissection,anumericalexampleisusedtoshowtheeffectivenessoftheproposedsynchronizationcri-

teriaderivedintheSection3.
Example1 Considera3-nodesthedrivingnetwork(1)andtherespondingnetwork(2).TheHurwitz

matrixisH=diag(-6,-7,-8),andtheeigenvaluesofAareλ1=0,λ2=-1,λ3=-3.Thecouplingconfigu-

rationsmatrixofbothnetworkswiththreenodesinthiscaseisgivenbyA=
-2 1 1
1 -1 0

é

ë

ê
ê
êê

ù

û

ú
ú
úú1 0 -1
.Weassume

thatthematrixΓisgivenbyΓ=
1 0 0
0 1 0
0 0 

é

ë

ê
ê
êê

ù

û

ú
ú
úú1
.

Inthefollowing,weanalyzetheoutersynchronizationbetweenthedrivenetwork(1)andtheresponseone
(2)fortwocaseindifferentcouplingstrengthparametercandtime-varyingdelayfunctionτ(t).

Case1:c=0.2andτ(t)=3-14e
-t.

InTheorem1,conditions(H1),(H2)aresatisfiedand0≤τ·(t)=14e
-t≤14=σfort≥0.Furthermore

,

wecanchecktheLMI(4)withM2=
2 0 0
0 6 0
é

ë

ê
ê
êê

ù
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ú
ú
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ú
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é
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ù

û

ú
ú
úú0 0 -37.6
,U3=

-2 0 0
0 -9 0

é

ë

ê
ê
êê

ù

û

ú
ú
úú0 0 -19
.

FromTheorem1,weseethatthedrivenetwork(1)andtheresponsenetwork(2)achievetheoutersyn-
chronization.

Case2:c=0.3andτ(t)= 6
t+8.

InTheorem2,conditions(H1),(H2)aresatisfiedandτ·(t)=- 6
(t+8)2≤0

,τ(t)≤0.75=τfort≥0.Fur-

thermore,wecanchecktheLMI(13)withM2=
2 0 0
0 6 0
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,Z3 =

1.5 0 0
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,U2 =
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.
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FromTheorem2,weseethatthedrivenetwork(1)andtheresponsenetwork(2)achievetheoutersyn-
chronization.

Intheaboveexample,sincetimedelaysaretime-varyingandwetakedifferentmatrixparameters,ourcri-
teriaarefiexibleandeasilyverifiedbyLMIToolboxinMatlab.

4Conclusion
Inthispaper,theoutersynchronizationbetweentwocoupledcomplexnetworkswithtime-varyingdelays

wereconsidered.Weinvestigatedthecasethatthetopologystructurearefrequentlyvariedwithtime.Several
theoremswithregardtojudgingtheoutersynchronizationbetweentwocomplexnetworkshavebeenobtained.
Atlast,anumericalexampleisgiventoillustratethetheoreticalresults.
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具有时变时滞的两个复杂动态网络间的外同步

唐宏安1,杨志春1,王金亮2

(1.重庆师范大学 数学学院,重庆401331;2.北京航空航天大学 自动化科学与电气工程学院,北京100191)

摘要:本文讨论了一类具有时变时滞的驱动-响应网络的外同步问题。以线性矩阵不等式(LMI)和Lyapunov泛函方法,获得了该两个

复杂动态网络间达到外同步的判据。即当系统参数满足下列条件之一:即当(1)0≤τ·(t)≤σ<1,Mi>0,Si>0,
Ui(t) λicMiΓ

λicΓΤMi -(1-σ)S
é

ë
êê

ù

û
úú

i
<

0,i=2,…,N;(2)τ·(t)≤0,τ(t)≤τ,0<τ<¥,Mk>0,Sk>0,
Uk λkcMkΓ-Yk τHΤZk

λkcΓΤMk-YΤ
k -Sk τλkcΓΤZk

τZkH τλkcZkΓ -τZ

é

ë

ê
ê
ê

ù

û

ú
ú
ú

k

<0,k=2,…,N,则驱动-

响应网络达到外同步。最后用数值例子验证了结论的有效性。
关键词:复杂网络;外同步;时变时滞;Lyapunov泛函
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