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x(k + 1) =A(⊗)x(k) + f
(
k, x(τ); τ = k, k − 1, · · · , k − l

)
�
=A(⊗)x(k) + f(k, xk) (1)

eU

x(k + 1) =A(⊗)x(k) +
l∑

h=1

Ah(⊗)x(k − h) + f
(
k, x(τ); τ = k, k − 1, · · · , k − l

)

�
=A(⊗)x(k) +

l∑
h=1

Ah(⊗)x(k − h) + f(k, xk) (2)
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�� k ∈ Z (Z A
����T), l Ac��
����x ∈ Rn, f : Z×
C → Rn, C A�r� {−l,−l+1, · · · , 0}� Rn 
m���
TL
xk ∈ C, xk = xk(r) =
x(k + r) (r = −l,−l + 1, · · · , 0); A(⊗) =

(
aij(⊗)

)
U Ak(⊗) =

(
a
(h)
ij (⊗)

)
(h = 1, 2, · · · , l) A

n × n k�
��
w����
�����Lc
V
pij ≤ aij(⊗) ≤ qij , p

(h)
ij ≤ a

(h)
ij (⊗) ≤ q

(h)
ij ,

pij , qij , p
(h)
ij , q

(h)
ij Ad���� f(k, 0) ≡ 0, f 
����bq�FrP��

Bt�F	�
P�t
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zRXP�t
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x(k + 1) = A(⊗)x(k), x(0) = x0


F�X
 [4] ��z	RXP�t
K�

x(k + 1) = A(⊗)x(k) + f
(
k, x(k)

)
, x(0) = x0
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"tK� (1), (2), 3 P = (pij)n×n, Q = (qij)n×n, Ph = (p(h)
ij )n×n, Qh = (q(h)

ij )n×n

(h = 1, 2, · · · , l), N(P,Q) =
{
A : A = (aij)n×n, pij ≤ aij ≤ qij , i, j = 1, 2, · · · , n}

, N(Ph,
Qh) =

{
Ah : Ah = (a(h)

ij )n×n, p
(h)
ij ≤ a

(h)
ij ≤ q

(h)
ij , i, j = 1, 2, · · · , n}

(h = 1, 2, · · · , l).
N(P,Q) U N(Ph, Qh) n4A-Zk��

"# 1 .E"/g
 A ∈ N(P,Q), 	�'(K�
x(k + 1) = Ax(k) + f(k, xk) (3)
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() 1[5] 4 A A n × n k�
5 A 
66g r(A) < 1, ,"/g+�
 n 7"4

k� Y , k�)* AT BA−B = −Y r7cb B (B fA"4�), 8.E Y A*�
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x(k + 1) = F
(
k, x(τ); τ = k, k − 1, · · · , k − l)

�
= F (k, xk), (4)

�� F : Z × C → Rn, F (k, 0) ≡ 0.
() 2 Y4 u, v : R+ → R+ xZ (R+ = [0,+∞)), <:;<=X
 u(0) = v(0) =

0; w1, w2 : R+ → R+ xZ
 w2(0) = 0, = s > 0 	
 w1(s) > 0, w2(s) < s. .E>1G
� V : Z × Rn → R+, >/

(i) u
(|x|) ≤ V (k, x) ≤ v

(|x|)(∀ k ∈ Z, ∀x ∈ Rn);

(ii) >1 H > 0, = ‖xk‖ = max
−l≤r≤0

∣∣x(k + r)
∣∣ ≤ H 	


∆V(4)

(
k, x(k)

) ≤ G
[
V

(
k, x(k)

)
, max
−l≤r≤0

V
(
k + r, x(k + r)

)]
,

�� G : R+ × R+ → R xZ
= s > 0 	
 G(s, s) = −w1(s), = q ≥ s 	
 G(s, q) ≤
w2(q − s), ,K� (4) 
�bc$5fF��

+ 2 G� V (k, x) aK� (4) 
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∆V(4)

(
k, x(k)

)
= V

(
k + 1, x(k + 1)

) − V
(
k, x(k)

)
.

() 3 5G� u, v, w1, w2, G .ju 2 �4
84 lim
s→+∞u(s) = +∞. .E>1G�
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V : Z × Rn → R+, >/
(i) u

(|x|) ≤ v(k, x) ≤ v
(|x|)(∀ k ∈ Z, ∀x ∈ Rn);

(ii) ∆V(4)

(
k, x(k)

) ≤ G
[
V

(
k, x(k)

)
, max
−l≤r≤0

V
(
k + r, x(k + r)

)]
,
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3 789:
"tK� (1) UK� (2), 3 M = (mij)n×n, Mh = (m(h)

ij )n×n (h = 1, 2, · · · , l), mij =

max
{|pij|, |qij |

}
, m

(h)
ij = max

{|p(h)
ij |, |q(h)

ij |}, i, j = 1, 2, · · · , n.
") 1 5 r(M) < 1, 8

∣∣f(k, ϕ)
∣∣ = o

(‖ϕ‖) " k c$�w (
(k, ϕ) ∈ Z × C

)
, ,P�
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�bc$5fF� (r(M) �\ M 
66g).
; /3 A = (aij)n×n ∈ N(P,Q), L26PK� (3) 
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�
q [1] 
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 r(A) ≤ r(M) < 1. +Al�Dju 1, 3 Y = I (I A n 7;B

�), ,>17c
*�k� B, >/ AT BA − B = −Y = −I.
3 V (k, x) = xT Bx

(
(k, x) ∈ Z × Rn). p λ1, λ2 (/�\ B 
.T�.89,-


, λ1 > 0, λ2 > 0, λ1|x|2 = λ1x
T x ≤ xT Bx ≤ λ2x

T x = λ2|x|2 (∀x ∈ Rn).

∆V(3)

(
k, x(k)

)
= −xT (k)x(k) + 2xT (k)AT Bf(k, xk) + fT (k, xk)Bf(k, xk).

s
∣∣f(k, xk)
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∆V(3)

(
k, x(k)

) ≤− 3
4(1 + λ2)

V
(
k, x(k)

)
+

1
2(1 + λ2)

max
−l≤r≤0

V
(
k + r, x(k + r)

)

=G
[
V

(
k, x(k)

)
, max
−l≤r≤0

V
(
k + r, x(k + r)

)]
,

�� G(s, q) = − 3s
4(1+λ2)

+ q
2(1+λ2)

(s ≥ 0, q ≥ 0). �eqju 2 �K� (3) 
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(k, ϕ) ∈ Z × C
)
, 8>1 n -*� r1, r2, · · · , rn, _#
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qijrj
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( n∑
i,j=1

m2
ij)

1
2 +

l∑
h=1

[ n∑
i,j=1

(m(h)
ij )2

] 1
2

< 1, 8
∣∣f(k, ϕ)
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(k, ϕ) ∈ Z × C
)
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") 4 "tK� (2), .E>1 β0 > 0, _#
∣∣f(k, ϕ)

∣∣ ≤ β0‖ϕ‖ " k c$�w(
(k, ϕ) ∈ Z × C

)
, 8

( n∑
i,j=1

m2
ij

) 1
2

+
l∑

h=1

[ n∑
i,j=1

(m(h)
ij )2

] 1
2

+ β0 < 1,

,K� (2) 
�b
jc$5fF��
+ 4 �u 3 J�u 4 (/}Cz [4] 
�u 2 J�u 4.
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