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Abstract

Impulsive systems, as a type of hybrid system, can be combined with logical dynamic

systems to study systems with logic selective impulsive effects. Due to the fact that the

power system consists of impulsive effects and logical operations, they are more general

and complex hybrid systems. By using the semi-tensor product method of matrices,
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the logical function is transformed into an equivalent algebraic form, making the study

of such impulsive systems possible. This article mainly uses the semi tensor product

method of matrices to combine impulsive systems with logical dynamic systems.
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1. Úó

3²;��©�§nØ¥, ·�²~b�ÔN�$ÄG�´�X�mCz
ëYCz�. �3

y¢­.¥, Nõ¯Ô�uÐCzL§~~3á6��mSÉ�Z6, ¦XÚG�;�â,�UC,

duCz�m  �~á, ÙâC½a�L§�±À�3,��]mu)� [1]. �ù��«É]�

Z6�üCL§ [2]3��+�Ñ�3, ·�rù«y�¡��óÀy�, äkóÀy��ù
XÚ

ØUü�DÚ�ëYXÚ½ü�DÚ�lÑXÚÒU)û� [3]. �
ï��¿©�ÄóÀ�Aé

XÚ�K�, ·���/ÏóÀ�©�§5�xXÚG�3üCL§¥�Cz5Æ [4]. ùa^óÀ

�©�§£ã�XÚ~~�¡�óÀÄ�XÚ½öóÀXÚ [5, 6], A^uNõ+�, X²L��X

Ú!^���XÚ. Ó�Ü6Ä�XÚ´ÆSXÚ)ÔÆ. §d�|lÑ�Ü6Cþ|¤, z�Ü6

CþdÙ�A�Ü6¼êO�. ��XÚ�Ü6G�dþ�gz�Cþ�Ü6G��# [7]. 3CA

c¥k�þ�©zòóÀXÚÚÜ6Ä�XÚ�(Ü, òÜ6Ä�XÚ�G���óÀ�ÀJ, �

©·��ÄòÜ6Ä�XÚ�ÑÑ��óÀ&Ò�=�, ^Ý
��ÜþÈ��{òü�XÚÜ¿,

/¤��#.�·ÜXÚ.

2. ý��£

·��Äù���XÚ 
ẋ(t) = f(x(t)), t 6= tk,

x(t) = Iη(t)(x(t−)), k ∈ Z+,

x(0) = x0,

(1)
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Ù¥ x(t) ∈ Rn L«XÚG�. ·�b�XÚ (1) �)´mëY�. f : Rn → Rn, ¿�é

u¤k t ∈ R0
+ Ñk f(0) = 0. b�� t ≥ t0 �¼ê f ÷vXÚ (1) �)��Û�35Ú�

�5��
·�^�. � n → ∞ �óÀS� {tk}k∈Z+
÷v 0 ≤ t0 < t1 < · · · < tk → +∞.

η(t) : R+ → DN := {0, 1, ..., N − 1}´Ü6Ä�XÚ�ÑÑ:σ(tk+1) = g(σ(tk))

η(tk) = h(σ(tk))
(2)

¿� Iη(t) : Rn → Rn´��ëY�¼ê÷v Iη(t) = 0� x = 0.

½Â1. � A = (aij) ∈ Rm×n Ú B = (bij) ∈ Rp×q. K

A⊗ B =


a11B a12B · · · a1nB
...

...
...

am1B am2B · · · amnB


�¡�Ý
 AÚ B�ÜþÈ.

½Â2. � A ∈ Rm×n Ú B ∈ Rp×q, K

An B = (A⊗ Iα/n)(B ⊗ Iα/p)

�¡�Ý
 A, B��ÜþÈ, Ù¥ α� n� p���ú�ê.

éu?¿�þx ∈ Rn, ·�½Âxk = xn xn · · ·n x︸ ︷︷ ︸
k

. 3dÄ:þ, ��Ü6¼ê h : Dl2 → D2

�±=z���N�: ∆2l → ∆2, Ù¥ ∆2 = {δ12 , δ22}.
Ún1. � h(q1, . . . , ql) ���Ü6¼ê, 3�þ/ªe, h : ∆2l → ∆2, �3���(�Ý


H ∈ L2×2l , ¦�

h(q1, . . . , ql) = Hq1q2 · · · ql := H nl
i=1 qi.

½Â3. ¼êW : [t0 − h,∞)× Rn → R0
+ áu ν0 , XJ

1) W 3 [tn−1, tn)× Rn, n ∈ Z+ þëY¿� lim(t,u)→(t−n ,v)
W (t, u) = W (t−n , v)�3;

2) W (t, x)é x´÷vÛÜ Lipschitz¿�W (t, 0) ≡ 0.

Ún2. � X Ú Y ©O� n�Úm����þ. Kk

W[n,m]XY = Y X.

Ù¥W[n,m] = [Im ⊗ δ1n Im ⊗ δ2n . . . Im ⊗ δnn ]´��Ý
,

Ún3. éu?¿ x ∈ Rn, y ∈ Rn Új ∈ Z≥2, Kk

xjyj = [

j−1∏
s=1

W[nj−smj−s,n]](xy)j
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Ún4. éu?¿ x ∈ ∆n, kx2 = Mr,nx, Ù¥Mr,n = Diag{δ1n, δ2n, ...δnn} ´ü�Ý
.

Ún5. éu?¿X ∈ ∆n ÚY ∈ ∆n, kD[n,m]XY = X, Ù¥D[n,m] := (1Tm⊗ In)W[n,m] ´�Ý
.

Ún6. b�Aj , j = 1, 2, ...,m ´�X�Ý
§@oé?¿ x ∈ Rn, ω ∈ ∆m k

[A1x, ..., Amx] n ω = [A1, ..., Am] n ω n x.

Ún7. é?¿x ∈ Rn, ω ∈ ∆m, k‖ω n x‖ = ‖xn ω‖ = ‖x‖.

3. Ì�SN

Äk·�½Â

G(x(t−k )) := [IN−1(x(t−k )) IN−2(x(t−k )) . . . I0(x(t−k ))].

ÏLÚn, �é?¿η(t), kIη(t) = 0, Kk

Iη(t)(x) =

∞∑
p=1

1

p!
DpIη(t)(0) n xp.

Ïd, N´��

G(x(t−k )) :=

∞∑
p=1

1

p!
[DpIN−1(0) n (x(t−k ))p . . . DpI0(0) n (x(t−k ))p].

·�½Â σ(tk)Ú η(tk)��þ/ª� ω(tk) = δm−σm Ú λ(tk) = δ
N−η(tk)
N . ÏLÚn, �±��

G(x(t−k )) n λ(tk) =
∞∑
p=1

1

p!
[DpIN−1(0) n (x(t−k ))p . . . DpI0(0) n (x(t−k ))p] n λ(tk)

=
∞∑
p=1

1

p!
DpG(0) n λ(tk) n x(t−k )p

(3)

Ù¥DpG(0) = [DpIN−1(0) . . . DpI0(0)]. ÏdXÚ(1) ÚXÚ(2) �±�d/Lã�
ẋ(t) = f(x(t)), t 6= tk,

x(t) =
∑∞

p=1
1
p!
DpG(0) n λ(tk) n x(t−k )p, k ∈ Z+,

x(0) = x0,

(4)

Ú 
ω(tk+1) = Lg(ω(tk))

λ(tk) = Lh(ω(tk)).
(5)
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½Â

ξ(t) :=

ω(tk−1) n x(t), t ∈ (tk−1, tk),

ω(tk) n x(tk), t = tk.
(6)

Ïd, � t 6= tk, ξ̇(t) = f(ξ(t)). � t = tk,

ξ(tk) =ω(tk) n x(tk)

=Lgω(tk−1) n
∞∑
p=1

1

p!
DpG(0) n λ(tk) n (x(t−k ))p

=
∞∑
p=1

1

p!
Lgω(tk−1)D

pG(0) n λ(tk) n (x(t−k ))p

=
∞∑
p=1

1

p!
Lgω(tk−1)D

pG(0) n LhLgω(tk−1) n (x(tk))
p

=
∞∑
p=1

1

p!
LgW[N2np,m]D

pG(0) n LhLg(ω(tk−1))
2 n (x(tk))

p

=

∞∑
p=1

1

p!
LgW[N2np,m]D

pG(0) n LhLgM[r,m]ω(tk−1) n (x(tk))
p

(7)

éup = 1, kω(tk−1) n (x(tk))
p = ω(tk−1) n (x(t−k )) = ξ(t−k ). éup ≥ 2, k

ω(tk−1) n (x(tk))
p =Dp−1

[m,m]ω(tk−1)
p n x(t−k )p

=Dp−1
[m,m](

p−1∏
s=0

W[np−smp−s,n]ξ
p(t−k )

(8)

½Â

Γ1 := LgW[N2n,m]DG(0)LhLgM[r,m]. (9)

� p ≥ 2,

Γp := LgW[N2np,m]DG(0)LhLgM[r,m]D
p−1
[m,m](

p−1∏
s=0

W[np−smp−s,n]). (10)

Γ(ξ(t−k )) :=
∞∑
p=1

1

p!
Γpξ

p(t−k ). (11)

Ïd, XÚ(1)�±=�¤±e#XÚµ
ẋ(t) = Ax(t), t 6= tk,

x(t) = Dη(t)x(t−), t = tk, k ∈ Z+,

x(0) = x0,

(12)
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Ù¥ AÚ Dη(t)´~êÝ
. �½Â

G(x(t−k )) := [DN−1x(t−k ) DN−2x(t−k ) . . . D0x(t−k )] (13)

Ú

D := [DN−1 DN−2 . . . D0] (14)

XÚ(12)�±�¤ 
ξ̇(t) = Aξ(t), t 6= tk,

x(t) = Λ(t)ξ(t−), t = tk, k ∈ Z+,

ξ(0) ∈ ∆m nRn,

(15)

Ù¥Λ := LgW[N2n,m]DLhLgM[r,m].

4. o(

L�·�  �ïÄÜ6Ä�XÚ½öóÀXÚ, 3�©¥·�òÜ6Ä�XÚÚóÀXÚ�

(Ü, òÜ6Ä�XÚ�ÑÑ��óÀ�ÀJ, ÏLÝ
��ÜþÈ��{, ����#.�·ÜX

Ú, �5·��±ïÄTXÚ��«5�, 'Xµ­½5��.
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