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Global robust exponential stability of
interval cellular neural networks with time-varying delays

WU Li-gang, WANG Chang-hong, ZENG Qing-shuang
( Space Control and Inertial Technology Research Center, Harbin Institute of Technology, Harbin Heilongjiang 150001, China )

Abstract: The global robust exponential stability (GRES) of a class of interval cellular neural networks with time-
varying delays is studied in this paper. A transformation is made on original system by the Leibniz-Newton formula, an
analysis is also given to show that those two systems are equivalent. Based on the transformed model, applying Lyapunov-
Krasovskii stability theorem for functional differential equations and the linear matrix inequality (LMI) approach, some
delay-dependent criteria are respectively presented for the existence, uniqueness, and global robust exponential stability of
the equilibrium for the interval delayed neural networks. The criteria given here are less conservative than those provided
in the earlier references. Finally, numerical example is included to demonstrate the effectiveness and superiority of the
proposed results.
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1 ÚÚÚóóó(Introduction)
[� ²�ä(cellular neural networks, CNNs)g

1988cdChua ÚYang JÑ±5[1], d��õcp
��
2��ïÄ,¿¤õA^u&Ò?n!�ª£
O!·�ã�?nÚ)��5�ê�§�+�.�
´3<ó ²�ä��5�>´��O¢�¥,d
u&ÒDÑ�Ý�k�5,¦��äXÚ¥��m
¢�Ø�;�. ,	,3 ²�ä¥Ú\�m¢�ë
þ,k|u£Ä8I�ã�?n,£ÄÔN�Ý�(
½Ú�ª©a. ,
,�¢�Ú\��ä�­½5�
5
]Ô.�c,'u�¢[� ²�ä(DCNNs)­
½5�ïÄÉ�2��'5[2∼13].
,	,3�ä�M�¢y¥,	ÜÑ\6ÄÚX

Úëê6Ä�´Ø�;��. Ïd, k7�é�ä

?1°�­½5©Û,¦��äU3k	Ü6ÄÚ
ëê6Ä�3��¹e�±­½. l�C�©z5
w[11∼13],éDCNNs�°�­½5�©Û�é��,
AO´3�¦�ä�ê­½��ë��©z�k©

z[11]. Äud,É©z[10]�éu,�©ïÄ
�a
«m�C6Ä!C�¢[� ²�ä��Û°��

ê­½5¯K,��
'uTXÚ�Û°��ê­
½5��â. ù
�âé�O�5�CNNs>´äk
­����¿ÂÚ¢�¿Â.ÏLê�¢~y¢

¤�(Ø��15�`�5.
�©÷^XePÒµWTL«Ý
W �=�;

‖·‖L«Euclidean�ê. W > 0L«W �é¡�½

Ý
; λM(W )Úλm(W )©OL«Ý
W ���A

��Ú��A��.

ÂvFÏ: 2004−11−16;Â?UvFÏ: 2005−12−27.
Ä7�8: I[g,�ÆÄ7]Ï�8(69874008).
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2 XXXÚÚÚ£££ããã���OOO���óóó���(System description
and preliminaries)
«m�C6Ä!C�¢[� ²�ä�Ä�1

��de�G��§£ã:



dy(t)
dt

=−Cy(t)+Ag(y(t))+Bg(y(t−τ(t)))+u,

C+ = {C = diag(ci)|C 6 C 6 C̄, i.e.,
ci 6 ci 6 c̄i},

A+ = {A = (aij)n×n|A 6 A 6 Ā, i.e.,
aij 6 aij 6 āij},

B+ = {B = (bij)n×n|B 6 B 6 B̄, i.e.,
bij 6 bij 6 b̄ij},

yi(θ) = ϕi(θ), θ ∈ [−τ, 0] (i, j = 1, · · · , n). (1)

y(t) = [y1(t), y2(t), · · · , yn(t)]T� t�� ²�

�G��þ, C = diag(ci)n×n��½Ý
, A =
(aij)n×n´G��"Ý
, B = (bij)n×n´G

��¢�"Ý
, u = [u1, u2, · · · , un]T�~
ê	ÜÑ\�þ, τ(t)�XÚ�¢�÷v 0 6
τ(t) 6 τ < +∞, τ̇(t) 6 δ < 1, g(y(t)) =
[g1(y1(t)), g2(y2(t)), · · · , gn(yn(t))]T�ÑÑ�þ,
÷v±e^�µ

i) gi(yi)(i = 1, 2, · · · , n)�k.!üNØ~¼ê;

ii) 0 6 gi(ζ1)− gi(ζ2)
ζ1 − ζ2

6 Li, ∀ζ1 6= ζ2. (2)

b�XÚ(1)k��²ï: y∗, �?n¯K�
B, ÏLC�x(t) = y(t) − y∗, x(t − τ(t)) =
y(t − τ(t)) − y∗ò²ï: y∗=£��:, @o²
þãC�,XÚ(1)�.äk±e/ªµ
dx(t)

dt
= −Cx(t)+Af(x(t))+Bf(x(t−τ(t))). (3)

x(t) = [x1(t), x2(t), · · · , xn(t)]T�#�G��þ;
f(x(t))= [f1(x1(t)), f2(x2(t)), · · ·, fn(xn(t))]T¿�
fi(xi) = gi(xi + y∗i ) − gi(y∗i ); xi(θ) = φi(θ), θ ∈
[−τ, 0]�XÚÐ©^�.dª(2)�� fi(xi)÷v{

f2
i (ζi)6L2

i ζ
2
i , fi(0)=0 (i = 1, 2, · · · , n),

f2
i (ζi)6Liζifi(ζi), ∀ζi ∈ R.

(4)

Ïd,?ØXÚ(1)²ï: y∗�­½5¯Kò=z�

?ØXÚ(3)�:�­½5¯K.
?�Ú, �â©z[13]��{, ò�.(3)C�X

e/ª:
dx(t)

dt
=−(C0+ECΣCFC)x(t)+(A0 + EAΣAFA) ·

f(x(t))+(B0 + EBΣBFB)f(x(t−τ(t))).

(5)

Ù¥: C0 = (C + C̄)
/
2, A0 = (A + Ā)

/
2, B0 =

(B + B̄)
/
2. -HC=(C̄−C)

/
2 = diag(γi)n×n,HA =

(Ā−A)
/
2 = (αij)n×nÚHB = (B̄ −B)

/
2 =

(βij)n×n,K

EC = [
√

γ1e1, · · · , 0, 0,
√

γ1e2, · · · ,

0, · · · , 0, · · · ,
√

γnen]n×n2 ,

FC = [
√

γ1e1, · · · , 0, 0,
√

γ2e2, · · · ,

0, · · · , 0, · · · ,
√

γnen]Tn2×n,

EA = [
√

α11e1, · · · ,
√

α1ne1, · · · ,
√

αn1en, · · · ,
√

αnnen]n×n2 ,

FA = [
√

α11e1, · · · ,
√

α1nen, · · · ,
√

αn1e1, · · · ,
√

αnnen]Tn2×n,

EB = [
√

β11e1, · · · ,
√

β1ne1, · · · ,√
βn1en, · · · ,

√
βnnen]n×n2 ,

FB = [
√

β11e1, · · · ,
√

β1nen, · · · ,√
βn1e1, · · · ,

√
βnnen]Tn2×n,

Σ ∗=

{
Σ |Σ =diag (ε11, · · · , ε1n, · · · , εn1, · · · , εnn) ,

Σ ∈ Rn2×n2
, |εij|61 (i, j =1, 2, · · · , n).

þ¡�ª¥ ej�Ln�ü Ý
�1 j���þ.

½½½ÂÂÂ 1 e�3~ê k > 0ÚM > 1, ¦�÷
v

‖x(t)‖ 6 Me−kt sup
−τ6t60

n∑
i=1
|φi(t)|,

∀ t > 0, C ∈ C+, A ∈ A+, B ∈ B+,

@o¡XÚ(3)��:��Û°��ê­½�.
ÚÚÚnnn 1 éu ²�ÑÑ gi(yi)(i=1, 2,· · ·, n)

XJ÷v^� i)Ú ii),KXÚ(1)7�3²ï:.
ÚÚÚnnn 2 é?¿�þ a, b ∈ RnÚ?¿Ý
X >

0,±eØ�ª¤á:

2aTb 6 aTX−1a + bTXb. (6)
ÚÚÚnnn 3 �½äk·��ê�Ý
X = XT,

M , NÚR = RT,é?¿÷vFTF 6 R�F k

X + MFN + NTFTMT < 0,

�du�3��Iþλ > 0,¦�XeØ�ª¤á:

X + λMMT + λ−1NTRN < 0.

3 ÌÌÌ���(((ØØØ(Main results)
¡XeXÚ�ª(3)�ë�XÚµ

dx(t)
dt

=−C0x(t)+A0f(x(t))+B0f(x(t−τ(t))). (7)

±eÄk�ÑXÚ(7)��Û�ê­½^�µ
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


2kP−PC0−C0P Π12 0 PB0 C0LR 0 0 0
Π T

12 Π̄22 0 0 0 DB0 AT
0 LR 0

0 0 (δ−1)Q 0 0 0 0 BT
0 LR

BT
0 P 0 0 2k

(1−e2kτ )
R 0 0 0 0

RLC0 0 0 0 δ−1
4τ R 0 0 0

0 BT
0 D 0 0 0 2k

(1−e2kτ )
R 0 0

0 RLA0 0 0 0 0 δ−1
4τ R 0

0 0 RLB0 0 0 0 0 δ−1
4τ R




< 0, (8)

‖x(t)‖ 6 ‖φ‖ e−kt((λM(P ) + 2λM(DL) +
(e2kτ − 1)

2k
λM(LQL) +

2
1− δ

λM(R)λM(LL)×
τ

2k
[λM(C0C0) + λM(AT

0 A0)λM(LL) +

λM(BT
0 B0)λM(LL)])/λm(P ))

1
2 . (9)

½½½nnn 1 eë�XÚ(7)÷vª(4), L=diag Li

��3·��ê��½é¡Ý
P, Q, R,�½é
�Ý
D = diag(di > 0)Ú���¢~ê k,¦�
Xe�5Ý
Ø�ª(8)¤á, @oXÚ(7)��:
�Û�ê­½,¿�kª(9)¤á. Ù¥

Π̄22 := D(A0 + B0) + (A0 + B0)TD + e2kτQ.

yyy ÀJXeLyapunov-Krasovskii�¼:



V (t) = V1(t) + V2(t) + V3(t) + V4(t),

V1(t) = e2ktxT(t)Px(t),

V2(t) = 2e2kt
n∑

i=1
di

w xi(t)

0
fi(s)ds,

V3(t) = e2kτ
w t

t−τ(t)
e2ksfT(x(s))Qf(x(s))ds,

V4(t)=
2

1−δ

w 0

−τ(t)

w t

t+s
e2kθhT(x(θ))Rh(x(θ))dθds.

(10)
Ù¥: k>0, P >0, Q>0, R>0, D=diag(di >0).
|^Leibniz-Newtonúª,éi = 1, 2, · · · , nk

fi(xi(t−τ(t)))=fi(xi(t))−
w xi(t)

xi(t−τ(t))
ḟi(s)ds =

fi(xi(t))−
w t

t−τ(t)
ḟi(xi(s))ẋi(s)ds =

fi(xi(t))−
w t

t−τ(t)
f ′i(xi(s))ds. (11)

ùp ḟi(xi(s))=
dfi(xi(s))

dxi(s)
, f ′i(xi(s))=

dfi(xi(s))
ds

.

òª(11)�\(7)¥,¿-

h(x(t)) = f ′(x(t)) =

[ḟ1(x1(t))ẋ1(t), · · · , ḟn(xn(t))ẋn(t)]T,

K��±eë�XÚ(7)�C��.:
dx(t)

dt
+ B0

w t

t−τ(t)
f ′(x(s))ds =

−C0x(t) + (A0 + B0)f(x(t)). (12)

e¡ò`²ª(7)Ú(12)�d. du�§(12)�>È
©�¥¹kG��¢��©, ÏdTXÚÏ~�
¡�“¥á.”�¢XÚ, 3éùaXÚ�­½5
©Û�,AJ\�ÄXeÈ©�§�­½5:

x(t) + B0

w t

t−τ(t)
f(x(θ))dθ = 0. (13)

�§(13)�A�¼ê���

F (s) = det
[
I + B0

ḟ(ζ(s))
(
1− e−τ(t)s

)

s

]
. (14)

ùp ζ(s) ∈ [x(s)e−τ(t)s, x(s)], ḟ(ζ(s))���n ×
n��é�
�÷v0 6 ḟ(ζ(s)) 6 L. Øs = 0	,
¼ê(14)�":�e¡¼ê�":­Ü:

G(s) = det[sI + B0ḟ(ζ(s))(1− e−τ(t)s)] = snF (s).
(15)

Ïd,'�ª(12)Ú(7)�A�¼ê��XÚ(12)Ú
XÚ(7)�d,�=ë�XÚ(7)�­½5�duC
�XÚ(12)�­½5.
÷XÚ(12)�;,, ©O¦ÑV1(t), V2(t),

V3(t)ÚV4(t)é�m t��ê,�

V̇1(t) = 2ke2ktxT(t)Px(t) + 2e2ktxT(t)Pẋ(t) =

2ke2ktxT(t)Px(t)− 2e2ktxT(t)PC0x(t) +

2e2ktxT(t)P (A0 + B0)f(x(t))−
2e2ktxT(t)PB0

w t

t−τ(t)
h(x(s))ds, (16)

V̇2(t) = 4ke2kt
n∑

i=1
di

w xi(t)

0
fi(s)ds +

2e2ktfT(x(t))Dẋ(t) =

4ke2kt
n∑

i=1
di

w xi(t)

0
fi(s)ds−

2e2ktfT(x(t))DC0x(t)+
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2e2ktfT(x(t))D(A0 + B0)f(x(t))−
2e2ktfT(x(t))DB0

w t

t−τ(t)
h(x(s))ds. (17)

-ª(6)¥a=BT
0 Px(t), b=h(x(s)), X =e−2k(t+s)R,

A^Ún2,Kéª(16)¥�È©�k

−2e2ktxT(t)PB0

w t

t−τ(t)
h(x(s))ds 6

e2kt (e
2kτ − 1)

2k
xT(t)PB0R

−1B−1BT
0 Px(t) +

w t

t−τ(t)
e2kshT(x(s))Rh(x(s))ds. (18)

Ón,-ª (6)¥a = BT
0 Df(x(t)), b = h(x(s))Ú

X =e−2k(t+s)R,Kéª(17)¥�È©�k

−2e2ktfT(x(t))DB0

w t

t−τ(t)
h(x(s))ds 6

e2kt (e
2kτ − 1)

2k
fT(x(t))DB0R

−1BT
0 Df(x(t)) +

w t

t−τ(t)
e2kshT(x(s))Rh(x(s))ds. (19)

,	,

V̇3(t) =

e2k(t+τ)fT(x(t))Qf(x(t))− e2k(t+τ−τ(t)) ×
(1− τ̇(t))fT(x(t− τ(t)))Qf(x(t− τ(t))) 6
e2k(t+τ)fT(x(t))Qf(x(t))−
e2kt(1− δ)fT(x(t− τ(t)))Qf(x(t− τ(t))), (20)

V̇4(t) =
2τ(t)
1− δ

e2kthT(x(t))Rh(x(t))− 2(1− τ̇(t))
1− δ

·
w t

t−τ(t)
e2kshT(x(s))Rh(x(s))ds 6

2τ

1− δ
e2ktẋT(t)LTRLẋ(t)−

2
w t

t−τ(t)
e2kshT(x(s))Rh(x(s))ds =

2τ

1− δ
e2kt[−C0x(t) + A0f(x(t)) + B0f(x(t−

τ(t)))]TLTRL[−C0x(t)+A0f(x(t))+B0f(x(t−
τ(t)))]− 2

w t

t−τ(t)
e2kshT(x(s))Rh(x(s))ds. (21)

nÜª(16)∼(21),�

V̇ (t) = V̇1(t) + V̇2(t) + V̇3(t) + V̇4(t) 6
e2ktξT(t)Π ξ(t). (22)

Ù¥ ξ(t) := col {x(t), f(x(t)), f(x(t− τ(t)))} ,

Π :=




Π11 Π12 0
Π T

12 Π22 0
0 0 Π33


 , (23)

Π11 := 2kP − PC0 − C0P +
(e2kτ−1)

2k
PB0R

−1BT
0 P +

4τ

1−δ
C0LRLC0,

Π12 := P (A0 + B0) + 2kD − C0D,

Π22 := D(A0 + B0) + (A0 + B0)TD + e2kτQ +
(e2kτ−1)

2k
DB0R

−1BT
0 D+

4τ

1−δ
AT

0 LRLA0,

Π33 := −(1− δ)Q +
4τ

1− δ
BT

0 LRLB0.

|^SchurÖ�dª(8)íÑΠ < 0. Ï
l

ª(22)��é?¿ ξ(t) 6= 0k V̇ (t) < 0¤á. �
âoäÊìÅ­½5½n��XÚ(12)�Û­
½. d�d5��ë�XÚ(7)��Û­½. ,	
dV̇ (t) < 0���V (t) 6 V (0),


V (0) =

xT(0)Px(0) + 2
n∑

i=1
di

w xi(0)

0
fi(s)ds +

e2kτ
w 0

−τ(0)
e2ksfT(x(s))Qf(x(s))ds 6

λM(P ) ‖x(0)‖2 + 2
n∑

i=1
dixi(0)fi(xi(0)) +

λM(LQL)e2kτ ‖φ‖2
w 0

−τ(0)
e2ksds +

2λM(R)
1− δ

×
n∑

i=1

w 0

−τ(0)

w 0

s
e2kθḟ2

i (xi(θ))ẋ2
i (θ)dθds 6

{λM(P ) + 2λM(DL) +
(e2kτ − 1)

2k
λM(LQL) +

2λM(R)
1− δ

λM(LL)
τ

2k
[λM(C0C0) + λM(LL)×

(λM(AT
0 A0) + λM(BT

0 B0))]}‖φ‖2. (24)

Ù¥‖φ‖ = sup
−τ6θ60

‖x(θ)‖. ,	

V (t) > e2ktλm(P ) ‖x(t)‖2 . (25)

Ïd, d e2ktλm(P ) ‖x(t)‖2 6 V (t) 6V (0)�íÑ
ª(9). ?�Ú�â�ê­½�½Â��XÚ(12)
��Û�ê­½,XÚ(7)���Û�ê­½.
y..
e¡½nò�Ä�äëê�Ø(½5,�ÑX

Ú(5)��Û°��ê­½5^�.
½½½nnn 2 eXÚ(5)÷vª(4), L = diag(Li >

0)��3·��ê��½é¡Ý
P, Q, R,�½
é�Ý
D =diag di Ú�¢~êk, εi(i=1, 2, · · ·,
5), ¦��5Ý
Ø�ª(26)¤á, @oéu?¿
��äëêC∈C+, A∈A+, B∈B+, XÚ(5)��:
�Û°��ê­½,¿�kª(27)¤á.
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


Π̄11 Π12 0 PB0 C0LR 0 0 0 F̃T
C PẼA 0 0 0 γ1 0 0

Π T
12 Π̄22 0 0 0 DB0 AT

0LR 0 F̃T
C DẼA F̃T

B F̃T
B 0 0 γ3 0

0 0 (δ−1)Q 0 0 0 0 BT
0LR 0 0 0 0 F̃T

B 0 0 0
BT

0P 0 0 γ5 0 0 0 0 0 0 F̃T
B 0 0 0 0 0

RLC0 0 0 0 γ6 0 0 0 −F̃CLR 0 0 0 0 0 0 0
0 BT

0D 0 0 0 γ5 0 0 0 0 0 F̃T
B 0 0 0 0

0 RLA0 0 0 0 0 γ6 0 0 RLẼA 0 0 0 0 0 0
0 0 RLB0 0 0 0 0 γ6 0 0 0 0 0 0 0 ε5RLẼB

F̃C F̃C 0 0 −RLF̃T
C 0 0 0 −ε1I 0 0 0 0 0 0 0

ẼT
AP ẼT

AD 0 0 0 0 ẼT
ALR 0 0 −ε2I 0 0 0 0 0 0

0 F̃B 0 F̃B 0 0 0 0 0 0 −ε3I 0 0 0 0 0
0 F̃B 0 0 0 F̃B 0 0 0 0 0 −ε4I 0 0 0 0
0 0 F̃B 0 0 0 0 0 0 0 0 0 −ε5I 0 0 0

γT
1 0 0 0 0 0 0 0 0 0 0 0 0 −γ2 0 0
0 γT

3 0 0 0 0 0 0 0 0 0 0 0 0 −γ4 0
0 0 0 0 0 0 0 ε5Ẽ

T
BLR 0 0 0 0 0 0 0 −ε5I




<0,

(26)
‖x(t)‖ 6
‖φ‖ e−kt((λM(P ) + 2λM(DL) +
(e2kτ − 1)

2k
λM(LQL) +

2
1− δ

λM(R)λM(LL)×
τ

2k
[λM(C̄C̄) + λM(ATA)λM(LL) +

λM(BTB)λM(LL)])/λm(P ))
1
2 . (27)

Ù¥:

Π̄11 := 2kP − PC0 − C0P,

γ1 := [ε1PẼC ε3PẼB ],

γ2 := diag(ε1I, ε3I),

γ3 := [ε2F̃
T
A ε4DẼB ],

γ4 := diag(ε2I, ε4I),

γ5 =
2k

1−e2kτ
R, γ6 =

δ − 1
4τ

R,

ẼA = diag(

√
n∑

j=1
α1j ,

√
n∑

j=1
α2j , · · · ,

√
n∑

j=1
αnj),

ẼB = diag(

√
n∑

j=1
β1j ,

√
n∑

j=1
β2j , · · · ,

√
n∑

j=1
βnj),

ẼC = F̃C = diag(
√

γ1,
√

γ2, · · · ,
√

γn),

F̃A = diag(

√
n∑

i=1
αi1,

√
n∑

i=1
αi2, · · · ,

√
n∑

i=1
αin),

F̃B = diag(

√
n∑

i=1
βi1,

√
n∑

i=1
βi2, · · · ,

√
n∑

i=1
βin),

λM(ATA) = sup
A∈A+

λM(ATA),

λM(BTB) = sup
B∈B+

λM(BTB).

yyy ½n2�ÏLÚn3��d½n1��, �
u�Ì,ùpØ2Kã.

4 êêê���~~~fff(Numerical example)
�ÄXÚ(1)¿®�

C =

[
0.3 0
0 1.7

]
, C̄ =

[
0.7 0
0 2.3

]
,

A =

[
−1.2 0.2
−0.4 −5.2

]
, Ā =

[
−0.8 0.6

0 −4.8

]
,

B =

[
−2.1 −1.1

0.9 −0.6

]
, B̄ =

[
−1.9 −0.9

1.1 −0.4

]
.

Ïd,�O�Ñ

C0 =

[
0.5 0
0 2

]
, A0 =

[
−1 0.4
−0.2 −5

]
,

B0 =

[
−2 −1

1 −0.5

]
, HC =

[
0.2 0
0 0.3

]
,

HA =

[
0.2 0.2
0 0.2

]
,HB =

[
0.1 0.1
0.1 0.1

]
,

ẼC = F̃C = diag(
√

0.2,
√

0.3),

ẼA = diag(
√

0.4,
√

0.2), ẼB = diag(
√

0.2,
√

0.2),

F̃A = diag(
√

0.2,
√

0.4), F̃B = diag(
√

0.2,
√

0.2).
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�ÑÑ¼ê�gi(y) = 0.5(|y + 1| − |y − 1|) (i =
1, 2), w,÷v^�(2)�L1 = L2 = 1. τ(t) =
0.5 sin2 t, Ïd τ = δ = 0.5. - k = 0.5, ÏL
MATLAB Jø�LMI óä�)�5Ý
Ø�
ª(26)��

P =

[
0.0467 0.0024
0.0024 0.0318

]
, Q =

[
0.0233 0.0997
0.0997 0.4295

]
,

R =

[
0.0749 0.0196
0.0196 0.0383

]
, D =

[
0.1760 0
0 0.3955

]
,

εi = 1 (i = 1, 2, · · · , 5).

d¤�)P, Q, R, D��½5��þã®�XÚ

�Û°��ê­½.
Ó��XÚ,^©z[12]Jø�­½�â(©¥

�½n1)5�½Ù­½5. ÏLO�,�

B∗ = B0, B∗ = HB, µi = 1 (i = 1, 2),

r = min
i

[
ci
µi

]
= min

i
[ci] = 0.3.

d 2r − 1 = −0.4 < 0��Ø÷v^�.Ïd`é
uÓ��XÚ,©z[12]Jø�­½�âØU÷v
^�,
�©���(ØU�yÙ­½,¤±�©
�Ñ�­½^�äk����Å5.
5 (((ØØØ(Conclusion)
�©Äk|^Leibniz-Newtonúª��éXÚ

¥�G��¢ÑÑ�?1O�, ��
�d�C
��.. Äud�., A^Lyapunov-Krasovskii­
½5½nÚ�5Ý
Ø�ª�{í�
�ä�

Û°��ê­½��¢�'�¿©^�, ¤�
^�þ±�5Ý
Ø�ª�/ª�Ñ, ±B/Ï
uLMIóä�O�¦). ÏLê�¢~ò�©¤
�(J�c<(J?1'�, '�w«
�©(
J��15�`�5. d	,�©��{��±A
^�?Ø�E,�XÚXHopfieldÚV�é�P
Á�ä(BAM)��.
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