
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 3 (2012) 038901

ÄÄÄuuu$$$���ÝÝÝ


������AAA���������EEE,,,���äääVVV���···bbbÓÓÓÚÚÚ*

ùÂ1)2) �,�1)†

1) ( �ënó�Æ>f&E�>íó§ÆÜ, �ë 116024 )

2) ( �h��Æ�>f�&Eó§Æ�, �w 835000 )

( 2011 c 4 � 18 FÂ�; 2011 c 5 � 31 FÂ�?Uv )

�®éE,�äV�ÓÚI�V�(:êþ9V�(:êþ�ÍÜrÝ�'X?1
ïÄ, ,¯�O�V
�(:êþE´�5�E,�ä¡�����¯K. ïÄuy
E,�äÍÜÝ
Ìf
���4~5Æ, dd
JÑ
¯�O�E,�äV�(:êþ��{, �«
ØÓ�V�üÑ�V�(:êþ�m�'X. ê��ýw«

3ÃIÝ�äÚ�.�äþn«ØÓ�V�üÑe, V�(:ê�Ìf
��A���Cz5Æ; ���Ñ

��3ÃIÝ�äþæ^�ÅÀJ(:üÑ�V�ÓÚ¢~.
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1 Ú ó

L����c5, E,�ä3êÆ!Ôn!
)Ô!O�ÅÚ�¬�Æ�Æ�?1
2��ï
Ä [1−5]. gÔnÆ[ Huygens uy!3Ó�îùþ
�ü�¨ÅìÑyÓÚ{Ä�y�, <�éÓÚ�
@£3Øä�\. 8U, ÓÚ3-1XÚ!��á
�ÚÏ&XÚ�+�åX���^. E,�äþ
¤k(:�ÓÚ´�«�~ÊH��y�, §
®¤�E,�äïÄ���9:. �äÓÚkéõ
ØÓ�aO, k�~��ð�ÓÚ!�ÓÚ!ÝK
ÓÚ�2ÂÓÚ [6−13]. <�3z�!:þÑV\
����ì?1ð�ÓÚ�ïÄ®²¼�Nõ(
J [14−21]. duE,�ä�(:êþé�, �3z
�(:Ñ\þ��ì´Øy¢�, ��vk7�.
3E,�ä¥�À��Ü©(:\±��¦�ä
þ�z��(:ÓÚ��{¡�V�ÓÚ (pinning
synchronization). ùa�{{ü�¢^, É��5�
õ�'5, ¿®²��NõïÄ¤J [22−27].

©z [22] y²
��ÍÜrÝv
�, �IV
���(:Ò�±¢yÓÚ. ©z [23] �Ñ
$
�Ý
���A���ÍÜrÝ�'X, ¿uy


|^$�Ý
���A��±�äV�ÓÚ�y
�. ©z [24], [25] ©O�Ñ
3��5Äå¼ê÷
v Lipschitz ^�½eü5^�e, I�V�õ��
(:�(Ø. ©z [22], [25] �ék��ä�V�Ó
Ú?1
ïÄ.

·�©Û
V�ÓÚ�$�Ý
��A��
�'X, �Ñ
ÍÜÝ
^SÌf
���A��
4~�5Æ, |^d(JJÑ
¯�¦)V�(:
ê��{. 3����ý¢�¥, �Ñ
ØÓE,
�äÿÀ9ØÓ�V�üÑeV�(:ê�ÍÜ
Ý
Ìf
��A���'X, ��Ñ
��3Ã
IÝ�äþ�ÅÀ�V�(:�V�ÓÚ¢~. T
�{�A½E,�äÀJ·��V�üÑ�Jø
����â.

2 Ä:�£

�Äd N ��Ó(:�¤�E,�ä, Ù¥
z�(:´�� n �ÄåXÚ [23]:

ẋi(t) =f(xi(t)) + σ
N∑

j=1

gijΓxj(t),
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(i = 1, 2, · · · , N), (1)

Ù¥ xi(t) = (xi1(t), xi2(t), · · · , xin(t))T ∈ Rn �
1 i �(:�G��þ; f : Rn → Rn ´���
�51w¼ê; σ ´�äÍÜrÝ; Γ ∈ Rn×n �
��SÜÍÜÝ
; G = (gij) ∈ RN×N ´ÍÜÝ

, L«�ä�ÿÀ(�, Ù��½Â�: XJl(
: j �(: i(i 6= j) �3ó�, @o gij = 1; ÄK,
gij = 0. ,	, b� G ÷vÑÑÍÜ^�

gii = −
N∑

j=1
j 6=i

gij = −
N∑

j=1
j 6=i

gji, (i = 1, 2, · · · , N), (2)

i 6= j, gij > 0 L«(: i � j �m�p�^rÝ�
��Ýþ, �© gij = 1 ´b�(:m�p�^�
rÝ�Ó.

� s(t) ∈ Rn ´���á(:�G��þ, ÷
v

ṡ(t) = f(s(t)), (3)

s(t) �U´��²ï:!±Ï;�!O±Ï;�,
$�´·báÚf. XJ� t → ∞ �, k

x1(t) → x2(t) → · · · → xN (t) → s(t), (4)

Ò¡E,�ä (1) ���� (ìC) ÓÚ.
�(:G��þ�ëì:����ÓÚØ�,

P�
ei(t) = xi(t) − s(t). (5)

3�©�¡O�V�(:ê�, I�¦Ñ��
� n �ÄåXÚ f k'�~ê, =÷vXe^�
� ω. ��3�K~ê ω Ú�½Ý
 Γ ∈ Rn×n, é
u?¿� x, y ∈ Rn, k

(x−y)T[f(x)−f(y)] 6 ω(x−y)TΓ (x−y), (6)

Ò¡ f ÷veü5^�.
e¡, ·��Ñü�Ún, ±By²(Ø�¦

^.
ÚÚÚnnn 1[28] �5Ø�ª (LMI)

Q =

 A B

BHC

 < 0

�due¡�^���:
1) A <0, � C − BHA−1B <0,
2) C <0, � A − BC−1BH < 0,
Ù¥ A = AH(AH ´ A ��Ý=�), C =

CH, ‘<’ � S, Ý
 X < 0 L« X ´K½Ý
.
TÚn�Ñ
3�½^�e�½p�Ý
�K½
5�du�½$�Ý
�K½5�'�(Ø, ´J
Ñ¯�O�V�(:ê�{��â��.

ÚÚÚnnn 2[29] �Ý
 E, F , E +f Ñ´ n � Her-
mite Ý
, ÙA��©O´ λ1 6 λ2 6 · · · 6 λn,
µ1 6 µ2 6 · · · 6 µn Ú ξ1 6 ξ2 6 · · · 6 ξn. @
o λi + µ1 6 ξi 6 λi + µn, 1 6 i 6 n.

3 Äu$�ÍÜÝ
��A���E
,�äV�ÓÚ

3.1 ÃÃÃ���EEE,,,���äääVVV���ÓÓÓÚÚÚ

·�k�ÄÃ�E,�ä�V�ÓÚ�¹. �
E,�ä (1) �ÍÜÝ
 G ´Ø���é¡Ý

 (Ø��Ý
´�éA�E,�ä´ëÏ�, =
Ø�3�á(:). V\��ì ui(t) ��V�E,
�ä:

ẋi(t) = f(xi(t)) + σ

N∑
j=1

gijΓxj(t) + ui(t),

(i = 1, 2, . . . , l), (7)

ẋi(t) = f(xi(t)) + σ

N∑
j=1

gijΓxj(t),

(i = l + 1, l + 2, . . . , N), (8)

Ù¥

ui(t) = −σdiΓ (xi(t) − s(t)) ∈ Rn, i = 1, 2, · · · , l,

(9)
´�� n ���ì, di > 0 ��½���Ïf.

(7) Ú (8) ª©O~� (3) ª, �ÓÚØ��©
�§:

ėi(t) = f(xi(t)) − f(s(t)) + σ
N∑

j=1

gijΓxj(t)

−σdiΓ (xi(t) − s(t)),

(i = 1, 2, · · · , l), (10)

ėi(t) = f(xi(t)) − f(s(t)) + σ
N∑

j=1

gijΓxj(t),

(i = l + 1, l + 2, · · · , N). (11)

e¡±(Ø 1 �/ª�ÑþãV����Ó
ÚOK. T(Ø´©z [17] �AÏ�¹, �?Ø�
B�ÑÙy².

((( ØØØ 1 � f ÷ v e ü 5 ^ �, � ωIN +
σ(G − D) � K ½ Ý 
 �, Ã � V � E , � ä
Ó Ú, � Ù Ó Ú ) � Û ì ?  ½. Ù ¥ D =
diag(d1, · · · , dl, 0, · · · , 0), IN � N �ü Ý
.
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� Lyapunov ¼ê�

V (t) =
1
2

N∑
i=1

ei(t)Tei(t), (12)

÷;��©�:

V̇ (t) =
N∑

i=1

ei(t)Tėi(t)

=
N∑

i=1

ei(t)T[f(xi(t)) − f(s(t))]

+σ
N∑

i=1

N∑
j=1

gijei(t)TΓej(t)

−σ
l∑

i=1

diei(t)TΓei(t)

6
N∑

i=1

ωei(t)TΓei(t)

+σ

N∑
i=1

N∑
j=1

gijei(t)T Γej(t)

−σ

l∑
i=1

diei(t)TΓei(t)

= ei(t)T[(ωIN + σ(G − D)) ⊗ Γ ]

×ei(t), (13)

Ù¥ ⊗ ´ Kronecker È (Kronecker product), e(t) =
(e1(t),
e2(t), · · · , eN (t))T. Ï� Γ ´�½Ý
, ¤±��
=� ωIN +σ(G−D) �K½Ý
�, (ωIN +σ(G−
D)) ⊗ Γ ´K½�. d Lyapunov ½5½n, y²
d(Ø.

� ωIN + σ(G − D) =

 A B

BTC

, A =

ωIl + σ(G̃ − D̃), Il ´ l �ü Ý
, G̃ Ú D̃ ©
O� G Ú D � l �^SÌf
. C = ωIN−l +
σG[l + 1, l + 1]. ω ´� f k'�~ê, �·�/À
� σ Ú di ¦ A − BC−1BH ´K½�, ¤±dÚ
n 1, ωIN + σ(G−D) K½Ò�du C K½. ù�
Ò�±�Ä$�Ý
 C �K½55ïÄE,�ä
�V�ÓÚ.

��ÑÏLO�$�ÍÜÝ
��A��¯
�¦)V�(:ê��âÚ�{, k�Ñe¡�(
Ø 2.

(((ØØØ 2 � G �þãÃ�E,�ä�ÍÜÝ


, G[l, l] ´ G � N − l + 1 �Ìf
.

G[l, l] =


gll gll+1 · · · glN

gl+1l gl+1l+1 · · · gl+1N

· · · · · · · · · · · ·

gNl gNl+1 · · · gNN

 , (14)

K G �Ìf
� G[1, 1],G[2, 2], · · · ,G[N,N ] �
��A����4~S�, = 0 = λmax(G[1, 1]) >

λmax(G[2, 2]) > · · · > λmax(G[N,N ]).
� E = G[l, l] � N − l + 1 �
, Ø�� l 6

N − 1.

F =


−gll −gll+1 · · · −glN

−gl+1l 0 · · · 0

· · · · · · · · · · · ·

−gNl 0 · · · 0

 ,

F �1�1Ú1��´ G[l, l] �1�1Ú1��
���ê, Ùme�� (N − l) × (N − l) � 0 Ý

. w,

E + F =


0 0 · · · 0

0 gl+1l+1 · · · gl+1N

· · · · · · · · · · · ·

0 gNl+1 · · · gNN

 .

¿� E, F , E + F �A��©O´ λ1 6 λ2 6
· · · 6 λN−l+1, µ1 6 µ2 6 · · · 6 µN−l+1 Ú ξ1 6
ξ2 6 · · · 6 ξN−l+1. Ø J w Ñ E + F � A �
� ξ1, ξ2, · · · , ξN−l � G[l + 1, l + 1] � A � �,
 ξN−l+1=0.

e ¡ ¦ F � A � �. P p = GT
l Gl =

g2
ll+1+g2

ll+2+· · ·+g2
lN ,GT

l = (gll+1, gll+2, · · · , glN ).
� p > 0, F � � 0 A � � ÷ v e � � §:
µ2 + gllµ − p = 0, (G Ø � �, gll < 0). ¤
± µ1 = (−gll −

√
g2

ll + 4p)/2 < 0, µN−l+1 =
(−gll +

√
g2

ll + 4p)/2 > 0, Ù{� N − l − 1 �A
��þ� 0. � p = 0, k µN−l+1 = −gll > 0, Ù{
� N − l �A��þ� 0. o�, k µ1 6 0 6 · · · 0 6
µN−l+1. dÚn 2 �: λ1 + µi 6 ξi 6 λN−l+1 + µi,
¤ ± � 1 6 i 6 N − l �,ξi 6 λN−l+1, l 
k max{ξi}

16i6N−l

6 λN−l+1. = G[l + 1, l + 1] � �

� A � � � u � u G[l, l] � � � A � �, l 
k 0 = λmax(G[1, 1]) > λmax(G[2, 2]) > · · · >
λmax(G[N,N ]). Ï� G[1, 1] k�� 0 A��, Ù
¦A��þ�K, G[2, 2] �¤kA��þ�K, ¤
±k λmax(G[1, 1]) > λmax(G[2, 2]). (Øy..

038901-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 3 (2012) 038901

lþ¡�y²L§�±wÑ, � l > 1 �,
G[l + 1, l + 1] þ�K½�, ¤±o�±À� σ ��,
¦ C = ωIN−l + σG[l + 1, l + 1] �K½. =��V
�(:ê l > 1 Ò�±¢yÓÚ.

e¡, ·�(Üþã©ÛÚ(Ø 2 �(Ø, �
Ñ¯�O�V�(:ê��âÚ�{"

ω �®�, � σλmax(G[l + 1, l + 1]) < −ω,
½ λmax(G[l + 1, l + 1]) < −ω/σ �, C �K½,
ù�V�XÚÓÚ, �V��(:ê� l. d(
Ø 2, G �Ìf
� G[1, 1],G[2, 2], · · · ,G[N,N ]
���A���4~S�, = 0 = λmax(G[1, 1]) >

λmax(G[2, 2]) > · · · > λmax(G[N,N ]). ¤ ±,
λmax(G[l + j, l + j]) 6 λmax(G[l + 1, l + 1]) <

−ω/σ , j > 1. =V�(:ê�u l �V�XÚ
ÓÚ.

e ¡ � Ä −ω/σ � ½ � � ¹ e, ¦ Ñ
V Ú ( : ê � e �. Ï � G � Ì f 

� G[1, 1],G[2, 2], · · · ,G[N,N ] ���A��´
�g4~, ¤±·��±¦^ò��é{¦Ñ
1�� λmax(G[l + 1, l + 1]) < −ω/σ � l. Ø�
�Ð©��«m� [l1, l2], �â λmax(G[l1, l1]) 6
λmax(G[(l1 + l2)/2, (l1 + l2)/2]) 6 λmax(G[l2, l2]),
?1ò��é. ¦p�Ý
�A���d´ép�,
ù��{�±�Ì~�O�A��gê, ¤±T
�{é�ä5� N �~��´ék��.

é Ó � � E , � ä, � ä ! : ? Ò ^ S Ø
Ó (b�Uì(:l���?Ò^S�ï�ä�
ÍÜÝ
) ¤éA�ÍÜÝ
ØÓ, ÒkØÓ�Ì
f
���A��S�, �´§�E�Ìþã�4
~5Æ. XJ��ÅÀ�V�(:, @oÒI�ò
�ä(:�Å?Ò, Uì?Ò^S�ïÍÜÝ
,
,�Ò�±¦^þã�{¦V�(:êþ. XJ�
À��Ýê(:?1V�, Ò�ò�ä(:UìÝ
êl���^S�g?Ò, 2US�ïÍÜÝ
?
1¦). �,��±�âÙ¦üÑ¢�V�, ¿¦
ÑV�(:ê.

3.2 kkk������äääVVV���ÓÓÓÚÚÚ

ék�E,�ä�V��¹, E,�ä (1)
éA�ÍÜÝ
 G Ò´�é¡Ý
. V\��
ì ui(t) ��V�E,�ä/ªÓ (7),(8) Ú (9) ª.
ÓÚØ�/ªÓ (10) Ú (11) ª. �Ã�E,�äØ
Ó�´ G ´�é¡Ý
.

e¡k�Ñ(Ø 3, ±Bk�E,�ä�V�
ÓÚ©Û.

(((ØØØ 3 éþã�V�k�E,�ä, � f

÷veü5^�, XJ ωIN + σ(Ḡ − D) �K½
Ý
, @ok�V�E,�äÓÚ, �ÙÓÚ)�
Ûì?½. Ù¥ Ḡ = (G + GT)/2(é¡Ý
),
D = diag(d1, · · · , dl, 0, · · · , 0), IN � N �ü Ý

.

� Lyapunov ¼ê�

V (t) =
1
2

N∑
i=1

ei(t)Tei(t), (15)

÷;��©�:

V̇ (t) =
N∑

i=1

ei(t)Tėi(t)

=
N∑

i=1

ei(t)T[f(xi(t)) − f(s(t))]

+σ
N∑

i=1

N∑
j=1

gijei(t)TΓej(t)

−σ

l∑
i=1

diei(t)TΓei(t)

6
N∑

i=1

ωei(t)TΓei(t)

+σ

N∑
i=1

N∑
j=1

gijei(t)TΓej(t)

−σ

l∑
i=1

diei(t)TΓei(t)

= ei(t)T[(ωIN − σD + σ(G + GT)/2)

⊗Γ ]ei(t)

= ei(t)T[(ωIN + σ(Ḡ − D)) ⊗ Γ ]

× ei(t), (16)

Ï� Γ ´�½Ý
, ¤±��=� ωIN +σ(Ḡ−D)
´K½Ý
� (ωIN + σ(Ḡ − D)) ⊗ Γ ´K½�.
¤±(Ø¤á.

·�E,�±ÏLO�$�Ý
 (= Ḡ �Ì
f
) ���A��5©ÛÙÓÚ9½5. �

ωIN + σ(Ḡ − D) =

 A B

BT C

 ,

A = ωIl + σ( ˜̄G − D̃),

Il ´ l �ü Ý
, ˜̄G Ú D̃ ©O� Ḡ Ú D � l �
^SÌf
,C = ωIN−l + σḠ[l + 1, l + 1]. Ón, d
Ún 1, ωIN + σ(Ḡ − D) K½Ý
Ò�du C K
½Ý
.
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�
�Ñ¦^$�Ý
��A��©ÛÓÚ
��â, �Ñ�A�(Ø 4.

((( ØØØ 4 � Ḡ � þ ã ½ Â, Ḡ[l, l] ´ Ḡ

� N − l + 1 �Ìf
.

Ḡ[l, l] =


ḡll ḡll+1 · · · ḡlN

ḡl+1l ḡl+1l+1 · · · ḡl+1N

· · · · · · · · ·

ḡNl ḡNl+1 · · · ḡNN

 , (17)

K Ḡ � Ì f 
 � Ḡ[1, 1], Ḡ[2, 2], · · · , Ḡ[N,N ]
� � � A � � 4 ~, = λ̄max(Ḡ[1, 1]) >
λ̄max(Ḡ[2, 2]) > · · · > λ̄max(Ḡ[N,N ]).

� Ē = Ḡ[l, l],

F̄ =


−ḡll −ḡll+1 · · · −ḡlN

−ḡl+1l 0 · · · 0

· · ·

−ḡNl 0 · · · 0

 ,

Ē + F̄ =


0 0 · · · 0

0 ḡl+1l+1 · · · ḡl+1N

· · · · · · · · · · · ·

0 ḡNl+1 · · · ḡNN

 ,

Ē, F̄ , Ē + F̄ �A��©O´ λ̄1 6 λ̄2 6 · · · 6
λ̄N−l+1, µ̄1 6 µ̄2 6 · · · 6 µ̄N−l+1 Ú ξ̄1 6 ξ̄2 6
· · · 6 ξ̄N−l+1.

y²L§Óþ, lÑ. ���ü:`².
1) Ḡ vkØ���^�,ḡll Ú ḡ2

ll+1 + ḡ2
ll+2 +

· · · + ḡ2
lN �UÓ�� 0, ù� F̄ �¤kA��þ

� 0; ,�«�¹´ ḡll < 0,  ḡ2
ll+1 + ḡ2

ll+2 + · · · +
ḡ2

lN ≥ 0, ù� µ1 6 0 6 · · · 0 6 µN−l+1, dÚ
n 2 ��: λ̄max(Ḡ[1, 1]) > λ̄max(Ḡ[2, 2]) > · · · >
λ̄max(Ḡ[N,N ]).

2) Ḡ ���A��Ø�½� 0. Ï�, ék�
�ä5`, λ̄max(Ḡ[N,N ]) Ø�½�u 0, =V�E
,�äØ�½ÓÚ. ��3 λ̄max(Ḡ[j, j]) < 0 �,
1 6 j 6 N , Ò�±¦^þã�ò��é{¦)V
�(:ê.

4 ê��ý

��yV��{��J, ·��Ñn��ý¢

~. 3¢~¥þÀ� LüXÚ [30] ��·b��XÚ.
¢Sþ, Ø
 LüXÚ÷veü5^�	, Lorenz X
Ú [31], Chen XÚ [32] Úé¼>´ (Chua’s circuit)[33]

�·bXÚþ÷veü5^�.
·�k©O�Ñ3ÃIÝ�äÚ�.�

äþ, æ^ÀJ�Ýê(:!�ÅÀ�(:Ú�
Ýê(:V�üÑe�V�(:ê�ÙéA�
Ìf
��A���'X. ^©z [34] ��{,
� N = 500, m0 = m = 5, � E Ã I Ý � ä;
N = 500, m = 4, p = 0.7 (ëVÇ), �E�
.�ä. ,�, �gO�V�(:ê l 9éA
� λmax(G[l, l]) ��ã 1 Úã 2.

ã 1 ÃIÝ�äV�(:ê�ÙéA�Ìf
��A���
Czã

ã 2 �.�äV�(:ê�ÙéA�Ìf
��A���
Czã

ÃIÝ�äþ�ÅÀ�V�(:�ÓÚê�
�ý¢�. ��ïÃIÝ�ä�(:ê N , m0 Ú m

��Óþ.
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ã 3 (a), (b), (c) ©O�Ø�©þ ei1, ei2, ei3 �üzª³, 1 6 i 6 500

Lü·bXÚXe:

ẋi = f(xi)⇔


ẋi1 = 36(xi2−xi1),

ẋi2 = −xi1xi3+20xi2,

ẋi3 = xi1xi2−3xi3,

1 6 i 6 500. (18)

® � � 3 M1 = 25, M2 = 30, M3 = 45,
|xij | 6 Mj , |sj | 6 Mj , 1 6 i 6 500, 1 6 j 6 3[18].
- Γ = diag(2, 3, 1).

eT
i [f(xi) − f(s)] 6

(
−36 +

36 + M3

2ρ
+ η

M2

2

)
e2
i1

+
(

20 + ρ
36 + M3

2

)
e2
i2

+
(
−3 +

M2

2η

)
e2
i3,

- ρ = 0.7120, η = 0.7781, �(
−36 +

36 + M3

2ρ
+ η

M2

2

)
e2
i1

+
(

20 + ρ
36 + M3

2
)e2

i2 + (−3 +
M2

2η

)
e2
i3

6 16.2787(2e2
i1 + 3e2

i2 + e2
i3),

eT
i [f(xi) − f(s)] 6 16.2787eT

i Γei, (19)

ùp� ω = 16.2787.
�ÍÜrÝ σ = 10, Ï −ω/σ = −1.62787,

Uì¯�O��{¦Ñ λmax(G[l + 1, l + 1]) <

−1.62787 � 1 � � l = 94. = V � ( : � 94
�, V � X Ú Ó Ú. ^ o � Runge-Kutta { ¦ )
� © � §, À J Ð � X e: xi1 = 4 + 0.5 × i,
xi2 = 5 + 0.5× i, xi3 = 6 + 0.5× i; s(0) = (4, 5, 6).
� di = 1.7, 1 6 i 6 l, ¦þã� A − BC−1BH �
K½Ý
. ã 3 �Ñ
ÓÚØ�©þüzª³.

lã 1 �±wÑ, À�V�(:ê�uo(:
ê� 50%�m�, À��Ýê?1V��J�Ð,
Ùg´�ÅÀ�üÑ. ã 2 �Ñ��.�äV�
üÑ�ÃIÝ�ä¥�éA�V�üÑk�q�
5Æ. �´, 3ÀJ�Ýê(:?1V��, ÃIÝ
�ä�äk`³, =üöþ��ÓÚ�^��ÃI
Ý�äI�V��(:ê��. ¢Sþ, 3�ä¤
UJø�ÍÜrÝ#N���S, V�(:ê8~
~��u�ä�(:oê.

,	, 3ÃIÝ�äþ�V�ÓÚê��ý�
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¡, ·�ÀJ�Ýê(:?1V��, ��
ê�
�ý¢�. 3Ù¦^��Ó��¹e, ÀJ�Ýê
(:?1V��, l = 26 �=�¢yÓÚ. ÓÚØ
�©þüzª³ãlÑ.

5 o (

�©©Û
E,�äV�ÓÚ=z¤O�$
�Ìf
��A��¯K�L§, �Ñ
|^$�
Ìf
���A��4~�5ÆÚ?1¯�¦)
��âÚ�{. éÃ�E,�ä, ��V�(:�
u�u 1, Ò�±¦E,�ä¢yÓÚ. ¯¢þ,
Jøv
��ÍÜrÝ´Øy¢�. lnØ©ÛL
§��±wÑ, 3¦��5Äå¼ê÷veü5^

��L§¥, Ø�ª���¬E¤O�Ñ�(:ê
'¢S(:êõ. lù«¿Âþ`, é��(½�
XÚ°(/¦ÑI�V�õ��(:¿�é�,
¯�¦Ñ��¦þ��V�(:e�3nØÚ
A^�¡���. ék�E,�ä, �ä�ÍÜ
Ý
´Øé¡�, �´, 3©ÛÙÓÚ½5�, �
±r§=z¤,��é¡Ý
5©Û, ¿�Ñé¡
Ý
�ü�Ìf
��A���3Kê�, ��±
¦^¯�¦)�{. k�E,�ä�V�¯K'Ã
�E,�ä�E,, X=
k�E,�ä�±¢y
V�ÓÚ�¯K´8��?�Ú&?�. lcü�
ê��ý(Juy, ØÓE,�äÿÀ9ØÓ�V
�üÑ�ÀJV�(:ê8�'X, �±�A½X
ÚÀJ·��V�üÑ�Jø����â.
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Pinning chaotic synchronization in complex networks
on maximum eigenvalue of low order matrix∗
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Abstract
In this paper, we find the decreasing law of maximum eigenvalue of the principal sub-matrix for coupling matrix, propose a

method of calculating quickly pinning nodes in complex networks, and reveal the relation between the pinning strategy and the number
pinning nodes. Numerical simulations show the trends of evolution under the conditions of three pinning strategies in a scale-free
network and a small world, and the effectiveness of the pinning synchronization by selecting pining nodes randomly in a scale-free
network.
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