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!(", ℰ) " = {1, 2, …, N}
1 ℰ ⊂ " × "

(i, j) ∈ ℰ ( j, i) ∈ ℰ (i, j) !
L M

L
#i = { j ∈ " | (i, j) ∈ ℰ, j ≠ i}
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! !
1

!̄
0, 1, 2, …, N !

!̄ $ = [ai j] ∈ RN × N

! ai j = 1 (i, j) ∈ ! ai j = 0
L bi

bi = 1 L
bi = 0 % !

L |#i|
! ℒ = % − $

H = ℒ + ℬ ℬ
b1, b2, …, bN

1
L i = 1, 2, …, N

ẋi(t) = A0xi(t) + f i(xi(t)) + b̄ui(t),
yi(t) = Cxi(t),

A0 =

0 1 ⋯ 0
⋮ ⋮ ⋱ ⋮
0 0 ⋯ 1
0 0 ⋯ 0

,

b̄ =

0
⋮
0
1

,

C = (1, 0, …, 0),

xi(t) = (x1
i(t), x2

i(t), …, xn
i (t))T ∈ Rn L

ui(t) ∈ R L
f i(xi(t)) = ( f 1

i(xi(t)), f 2
i(xi(t)), …, f n

i (xi(t)))T

f m
i (xi(t)) = f m

i (x1
i(t), x2

i(t), …, xm
i (t)), m = 1, 2, …, n yi(t)

Rn

ẋ0(t) = A0x
0(t) + f 0(x0(t)),

y0(t) = Cx0(t),

x0(t) = (x1
0(t), x2

0(t), …, xn
0(t))T ∈ Rn

f 0(x0(t)) = ( f 1
0(x0(t)), f 2

0(x0(t)), …, f n
0(x0(t)))T

f m
0 (x0(t)) = f m

0 (x1
0(t), x2

0(t), …, xm
0 (t))

y0(t)
 
5HPDUN����

ẋ = Fx + gu

yi(t) y0(t)
tk

tk + τk {tk}, k = 1, 2, …, ∞
limk → ∞ tk = ∞ τk ⩾ 0

yi(tk) y0(tk) τk
[tk − 1, tk)

0 < Tmin ⩽ tk − tk − 1 = Tk ⩽ Tmax k = 1, 2, …, ∞ Tk

N Tmin = min{Tk}
Tmax = max{Tk} τ τk

τk ⩽ τ τ < Tmin
tk

ẋi(t) = A0xi(t) + f i(xi(t)) + b̄ui(t),
yi(t) = Cxi(tk), i = 1, 2, …, N,
t ∈ [tk + τk, tk + 1 + τk + 1), k ⩾ 0,
xi(tk + 1 + τk + 1) = limt → (tk + 1 + τk + 1)−

xi(t),

ẋ0(t) = A0x
0(t) + f 0(x0(t)),

y0(t) = Cx0(tk),
t ∈ [tk + τk, tk + 1 + τk + 1), k ⩾ 0,
x0(tk + 1 + τk + 1) = limt → (tk + 1 + τk + 1)−

x0(t) .

ẋ̂i(t) = A0x̂i(t) + Mae1
i(tk)

+ f i(x̂i(t)) + b̄ui(t),
ẋ̂

0(t) = A0x̂
0(t) + Mae1

0(tk) + f 0(x̂0(t)),
x̂i(tk + 1 + τk + 1) = limt → (tk + 1 + τk + 1)−

x̂i(t),

x̂0(tk + 1 + τk + 1) = limt → (tk + 1 + τk + 1)−
x̂0(t),

ui(t) = − KW ∑ j ∈ Ni ai j(x̂i(t) − x̂ j(t))

+bi(x̂i(t) − x̂0(t)) ,
t ∈ [tk + τk, tk + 1 + τk + 1), k ⩾ 0,

x̂i(t) = (x̂1
i(t), x̂2

i(t), …, x̂n
i (t))T

e1
i(tk) = x1

i(tk) − x̂1
i(tk), i = 1, 2, …, N x̂0(t) = (x̂1

0(t), x̂2
0(t), …, x̂n

0(t))T

e1
0(tk) = x1

0(tk) − x̂1
0(tk) W = diag(ln, ln − 1, …, l)T l ⩾ 1

M = diag(l, l2, …, ln) f i(x̂i(t)) = ( f 1
i(x̂i(t))

f 2
i(x̂i(t)), …, f n

i (x̂i(t)))T, i = 0, 1, …, N f m
i (x̂i(t)) = f m

i (x̂1
i(t)

x̂2
i(t), …, x̂m

i (t)) m = 1, 2, …, n K ∈ R1 × n a = (a1, a2, …, an)T
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lim
t → (tk + 1 + τk + 1)− xi(t) = lim

t → (tk + 1 + τk + 1)+ xi(t),

lim
t → (tk + 1 + τk + 1)− x̂i(t) = lim

t → (tk + 1 + τk + 1)+ x̂i(t) .

xi(t), x̂i(t)
[tk + τk, tk + 1 + τk + 1), k = 0, 1, 2, …, ∞ xi(t), x̂i(t)

[t0, ∞) e1
i(tk) = x1

i(tk) − x̂1
i(tk)

{e1
i(t)}, i = 0, 1, …, N

[t0, ∞)
 
'HILQLWLRQ� �� >��@�� x1

i(t) = x0
i x̂1

i(t) = x̂0
i i = 0, 1, …, N

t ∈ [t0 − Tmax − τ, t0]

∥ x̂1
i(t) − x̂1

0(t) ∥ ⩽ e−λ(t − t0)φ( ∥ x̂0
i ∥ , ∥ x̂0

0 ∥ )
∥ x̂1

i(t) − x1
i(t) ∥ ⩽ e−λ(t − t0)φ( ∥ x̂0

i ∥ , ∥ x0
i ∥ ) x0

i x̂0
i

λ > 0 φ:R+ → R+

ui(t), i = 1, 2, …, N

limt → ∞ | yi(t) − y0(t) | = 0, i = 1, 2, …, N

 
$VVXPSWLRQ���� !
 
/HPPD���>��@�� ℒ !

1N = (1, 1, …, 1)T ∈ ℛN

ℒ ℒ
!

 
/HPPD� �� >��@�� G ∈ Rn × n

γ > 0 ω: [0, γ] → Rn

∫
0

γ
ω(s) ds

T
G ∫

0

γ
ω(s) ds ⩽ γ ∫

0

γ
ω(s)TGω(s) ds

 
$VVXPSWLRQ���� f i(x1(t), x2(t), …, xm(t))

f i(y1(t), y2(t), …, ym(t)), m = 1, 2, …, n
[t0, ∞)

f i(x1(t), x2(t), …, xm(t))
− f i(y1(t), y2(t), …, ym(t))

⩽ lm
i ( | x1(t) − y1(t) | + | x2(t) − y2(t)|
+⋯ + | xm(t) − ym(t) | ),

lm
i > 0

 

[t0, ∞)
[tk + τk, tk + 1 + τk + 1), k ⩾ 0

ėi(t) = A0ei(t) − Mae1
i(tk) + f i~

, i = 1, 2, …, N,

ė0(t) = A0e
0(t) − Mae1

0(tk) + f 0~
,

ei(t) = xi(t) − x̂i(t) f i~
= f i(xi(t)) − f i(x̂i(t)), i = 0, 1, …, N

εi(t) = (ε1
i(t), ε2

i(t), …, εn
i (t))T εm

i (t) = em
i (t)/lm − 1

i = 0, 1, …, N, m = 1, 2, …, n

ε̇i(t) = lA0εi(t) − laε1
i(tk) + g~i, i = 1, 2, …, N,

ε̇0(t) = lA0ε
0(t) − laε1

0(tk) + g~0,

ε1
i(tk) = x1

i(tk) − x̂1
i(tk) = e1

i(tk) g~i = (g~1
i , g~2

i , …, g~n
i )T

g~m
i = f~m

i /lm − 1 i = 0, 1, …, N
zi(t) = (z1

i(t), z2
i(t), …, zn

i (t))T zm
i (t) = (x̂m

i (t) − x̂m
0 (t))/lm − 1

i = 1, 2, …, N

żi(t) = lA0zi(t) + la(ε1
i(tk) − ε1

0(tk)) + ḡi + b̄
ln − 1 ui(t),

ḡi = (ḡ1
i , ḡ2

i , …, ḡn
i )T ḡm

i = f̄ m
i /lm − 1

f̄ m
i = f m

i (x̂i(t)) − f m
0 (x̂0(t))

ε(t) = ((ε0(t))T, (ε1(t))T, …, (εN(t))T)T

ε1(tk) = (ε1
0(tk), ε1

1(tk), …, ε1
N(tk))T, i = 0, 1, …, N

ε̇(t) = l(IN + 1 ⊗ A0)ε(t) − lε1(tk) ⊗ a + g~,

g~ = ((g~0)T, (g~1)T, …, (g~N)T)T IN + 1
(N + 1) × (N + 1)

z(t) = ((z1(t))T, (z2(t))T, …, (zN(t))T)T

ż(t) = l(IN ⊗ A0)z(t) + l(η1(tk) − 1N ⊗ ε1
0(tk)) ⊗ a

+ḡ + u ⊗ b̄
ln − 1 ,

η1(tk) = (ε1
1(tk), ε1

2(tk), …, ε1
N(tk))T

ḡ = ((ḡ1)T, (ḡ2)T, …, (ḡN)T)T u = (u1(t), u2(t)…, uN(t))T IN
N × N
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3 4

D1
TP + PD1 ⩽ − r1I,

A0
TQ + QA0 − 2λHKTK ⩽ − r2I, K = b̄TQ

O
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l > max 1, l1,
4n Nl1λ̄P

r1
,

4n Nl1λ̄Q
r2

,

Tmax + τ ⩽ 1
c3l

, Tmin − τ > c2
c1 − c2

1
c1l

,

r1, r2

c1 = min r1

8λ̄P
, r2

8λ̄Q
, c2 = κ1

c3
2 ,

κ1 =
λ̄P

2

r1λP
(12nā1 + 8nā1c3

2),

c3 > max 4,
12nλ̄P

2 ā1

r1
+ c1,

κ1 + 1
c1

, κ1 + κ1
2 + 4c1

3κ1

2c1
2 ,

a1 = max ai
2 , l1 = max lm

i ,

D1 =

−a1 1 ⋯ 0
⋮ ⋮ ⋱ ⋮

−an − 1 0 ⋯ 1
−an 0 ⋯ 0

,

λ̄P = λmax(P) λP = λmin(P) λ̄Q = λmax(Q) λQ = λmin(Q)
λmax( ⋅ ) λmin( ⋅ )

 
3URRI��

VP = ε(t)T(IN + 1 ⊗ P)ε(t),

VQ = z(t)T(IN ⊗ Q)z(t) .

VP VQ

W

V̇P = lε(t)T[IN + 1 ⊗ (D1
TP + PD1)]ε(t)

+2ε(t)T(IN + 1 ⊗ P)g~

+2lε(t)T(IN + 1 ⊗ P)
× [(ε1(t) − ε1(tk)) ⊗ a],

V̇Q = − lz(t)T[(H ⊗ b̄K)T(IN ⊗ Q)
+(IN ⊗ Q)(H ⊗ b̄K)]z(t)
+lz(t)T[(IN ⊗ A0)T(IN ⊗ Q)
+(IN ⊗ Q)(IN ⊗ A0)]z(t)
+2lz(t)T(IN ⊗ Q)[η1(tk)
−1N ⊗ ε1

0(tk)] ⊗ a

+2z(t)T(IN ⊗ Q)ḡ,

ε1(t) = (ε1
0(t), ε1

1(t), …, ε1
N(t))T

+
6

SHST = Λ = diag{λH
1 , λH

2 , …, λH
N},

λH
1 , λH

2 , …, λH
N 1 + λH

+ K = b̄TQ

−lz(t)T[(H ⊗ b̄K)T(IN ⊗ Q)
+(IN ⊗ Q)(H ⊗ b̄K)]z(t)

= − lz(t)T[(STΛS ⊗ b̄K)T(IN ⊗ Q)
+(IN ⊗ Q)(STΛS ⊗ b̄K)]z(t)

= − lz(t)T(ST ⊗ In)[(Λ ⊗ b̄K)T(IN ⊗ Q)
+(IN ⊗ Q)(Λ ⊗ b̄K)](S ⊗ In)z(t)

= − lz(t)T(ST ⊗ In)[(Λ ⊗ b̄b̄TQ)T(IN ⊗ Q)
+(IN ⊗ Q)(Λ ⊗ b̄b̄TQ)](S ⊗ In)z(t)

= − 2lz(t)T(ST ⊗ In)(Λ ⊗ QTb̄b̄TQ)(S ⊗ In)z(t)
⩽ − 2lz(t)T(IN ⊗ λHQTb̄b̄TQ)z(t) .

V̇Q ⩽ lz(t)T{IN ⊗ [A0
TQ + QA0

−2λHQTb̄b̄TQ]}z(t)
+2lz(t)T(IN ⊗ Q)
× [η1(tk) − 1N ⊗ ε1

0(tk)] ⊗ a

+2z(t)T(IN ⊗ Q)ḡ .

lε(t)T[IN + 1 ⊗ (D1
TP + PD1)]ε(t) ⩽ − r1lε(t)Tε(t),

lz(t)T{IN ⊗ [A0
TQ + QA0 − 2λHQTb̄b̄TQ]}z(t)

⩽ −r2lz(t)Tz(t) .

2aTb ⩽ aTXa + bTX−1b

2lε(t)T(IN + 1 ⊗ P)[(ε1(t) − ε1(tk)) ⊗ a]

⩽ 1
4r1lε(t)Tε(t) + 4nlā1λ̄P

2 (ε1(t) − ε1(tk))T

(ε1(t) − ε1(tk))/r1,

2lz(t)T(IN ⊗ Q)(ε̄1(tk) − 1N ⊗ ε1
0(tk)) ⊗ a

⩽ 1
4r2lz(t)Tz(t) + 4nlā1λ̄Q

2 (ε̄1(tk)

−1N ⊗ ε1
0(tk))T(ε̄1(tk) − 1N ⊗ ε1

0(tk))/r2

⩽ 1
4r2lz(t)Tz(t) + 8nlā1λ̄Q

2 ε(tk)Tε(tk)/r2 .

2ε(t)T(IN + 1 ⊗ P)g~ ⩽ 2n Nl1λ̄Pε(t)Tε(t),

2z(t)T(IN ⊗ Q)ḡ ⩽ 2n Nl1λ̄Qz(t)Tz(t) .
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|ε1
i(t) − ε1

i(tk)|2

⩽ (t − tk)∫
tk

t
| ε̇1

i(s) |2 ds

= (t − tk)∫
tk

t
lε2

i(s) − la1ε1
i(tk) + f 1

~ i

l0

2

ds

⩽ 3l2(t − tk)∫
tk

t
[ε2

i(s)2 + a1
2ε1

i(tk)2 + l2

l2 ε1
i(s)2] ds

⩽ 3l2(t − tk)2ā1ε1
i(tk)2

+3l2(t − tk)∫
tk

t
[ε1

i(s)2 + ε2
i(s)2] ds,

i = 0, 1, …, N,

(ε1(t) − ε1(tk))T(ε1(t) − ε1(tk))
⩽ 3l2(t − tk)2ā1ε1(tk)Tε1(tk)

+3l2(t − tk)∫
tk

t
[ε1(s)Tε1(s)

+ε2(s)Tε2(s)] ds .

V̇P ⩽ − 3
4r1l + 2n Nl1λ̄P ε(t)Tε(t)

+
12nā1

2l3λ̄P
2 (t − tk)2ε1(tk)Tε1(tk)

r1

+
12nā1l

3λ̄P
2 (t − tk)

r1
∫

tk

t
[ε1(s)Tε1(s)

+ε2(s)Tε2(s)] ds,

V̇Q ⩽ − 3
4r2l + 2n Nl1λ̄Q z(t)Tz(t)

+8nlā1λ̄Q
2 ε(tk)Tε(tk)/r2 .

VR = ∫
t − Tmax − τ

t ∫
ρ

t
[ε(s)Tε(s) + z(s)Tz(s)] ds dρ .

VR ⩽ (Tmax + τ)∫
t − Tmax − τ

t
[ε(s)Tε(s) + z(s)Tz(s)] ds .

VR

V̇R = (Tmax + τ)[ε(t)Tε(t) + z(t)Tz(t)]

−∫
t − Tmax − τ

t
[ε(s)Tε(s) + z(s)Tz(s)] ds .

V(t) = VP + VQ + l2VR

V̇(t) ⩽ − 3
4r1l + 2n Nl1λ̄P + (Tmax + τ)l2 ε(t)Tε(t)

+ − 3
4r2l + 2n Nl1λ̄Q + (Tmax + τ)l2 z(t)Tz(t)

+
12nā1

2l3λ̄P
2 (t − tk)2

r1
+

8nλ̄Q
2 ā1l

r2
ε(tk)Tε(tk)

+
12nā1l

3λ̄P
2 (t − tk)

r1
− l2

× ∫
t − Tmax − τ

t
[ε(s)Tε(s) + z(s)Tz(s)] ds,

⩽ − 1
4r1 − (Tmax + τ)l lε(t)Tε(t)

× − 1
4r2 − (Tmax + τ)l lzT(t)z(t)

+
12nā1

2l3λ̄P
2 (t − tk)2

r1
+

8nλ̄Q
2 ā1l

r2
ε(tk)Tε(tk)

+
12nā1l

3λ̄P
2 (t − tk)

r1
− l2

× ∫
t − Tmax − τ

t
[ε(s)Tε(s) + z(s)Tz(s)] ds,

⩽ − 1
λ̄P

1
4r1 − (Tmax + τ)l lVP(t)

× − 1
λ̄Q

1
4r2 − (Tmax + τ)l lVQ(t)

+ 1
λP

12nλ̄P
2 l3ā1(t − tk)2

r1
+

8nλ̄Q
2 ā1l

r2
VP(tk)

+
(12nλ̄P

2 l3ā1(t − tk)/r1) − l2

Tmax + τ VR(t) .

l > max 1, l1,
4n Nl1λ̄P

r1
,

4n Nl1λ̄Q
r2

, Tmax + τ < 1
c3l

,

V̇(t) ⩽ − 1
λ̄P

r1
4 − 1

c3
lVP(t) − 1

λ̄Q

r2
4 − 1

c3
lVQ(t)

+ 1
λPc3

2
12nλ̄P

2 ā1

r1
+

8nλ̄Q
2 ā1c3

2

r2
lVP(tk)

+
12nλ̄P

2 ā1

r1
− c3 l3VR(t) .

c3 > max 8
r1

, 8
r2

,
12nλ̄P

2 ā1

r1
+ c1,

κ1 + 1
c1

, κ1 + κ1
2 + 4c1

3κ1

2c1
2 ,

c1 ⩽ min r1

8λ̄P
, r2

8λ̄Q
, c2 = κ1

c3
2 ,

V̇(t) ⩽ − c1lVP(t) − c1lVQ(t) − c1l
3VR(t) + c2lVP(tk)

⩽ − c1lV(t) + c2lV(tk) .

ec1lt
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ec1lt d
dt V(t) + ec1ltc1ltV(t) ⩽ ec1ltc2lV(tk) .

tk + τk W

V(t) ⩽ e−c1l(t − tk − τk)V(tk + τk) + c2
c1

V(tk)

− c2
c1

e−c1l(t − tk − τk)V(tk) .

ε(t) z(t) [t0, ∞)

V(tk + 1 + τk + 1) ⩽ e−c1l(Tk + 1 + τk + 1 − τk)V(tk + τk) + c2
c1

V(tk)

− c2
c1

e−c1l(Tk + 1 + τk + 1 − τk)V(tk),

V(tk + 1) ⩽ e−c1l(Tk + 1 − τk)V(tk + τk) + c2
c1

V(tk)

− c2
c1

e−c1l(Tk + 1 − τk)V(tk) .

V(tk + 1 + τk + 1) + ρ1V(tk + 1)
⩽ (e−c1l(Tk + 1 + τk + 1 − τk) + ρ1e

−c1l(Tk + 1 − τk))V(tk + τk)

+ c2
c1

[1 + ρ1 − e−c1l(Tk + 1 − τk)(e−c1lτk + 1 + ρ1)]V(tk),

ρ1

c2 = κ1/c3
2 c3 > κ1/c1

c1 > κ1/c3 = c2c3 > 8c2 c2/c1 < 1/8
Tmin − τ > c2/(c1(c1 − c2)l) > 0 ρ1 > 0

η1 = max
k ⩾ 0

c2
c1ρ1

[1 + ρ1 − e−c1l(Tk + 1 − τk)(e−c1lτk + 1 + ρ1)]

< 1,

η2 = max
k ⩾ 0 {ρ1e

−c1l(Tk + 1 − τk) + e−c1l(Tk + 1 + τk + 1 − τk)} < 1.

η = max {η1, η2} 0 < η < 1

V(tk + 1 + τk + 1) + ρ1V(tk + 1) ⩽ η[V(tk + τk) + ρ1V(tk)] .

V(tk + τk) + ρ1V(tk) ⩽ ηk[V(t0 + τ0) + ρ1V(t0)] .

0 < η < 1
{V(tk + τk) + ρ1V(tk)}

V(t) ⩽ V(tk + τk) + ρ1V(tk) ⩽ ηk[V(t0 + τ0)
+ρ1V(t0)], t ∈ [tk + τk, tk + 1 + τk + 1) .

t > t0 + τ0 k ⩾ 0
t ∈ [tk + τk, tk + 1 + τk + 1)
((t − t0 − τ0)/(Tmax + τ)) − 1 ⩽ k

V(t) ⩽ η((t − t0 − τ0)/(Tmax + τ)) − 1

× [V(t0 + τ0) + ρ1V(t0)]
= e(t /(Tmax + τ))lnηη((−t0 − τ0)/(Tmax + τ)) − 1

× [V(t0 + τ0) + ρ1V(t0)] .

   □

 
&RUROODU\����

P, Q
O

τ < 1
ρ2l

1
c3

− 1
c4

,

Tmax < 1
c3l

− 1
ρ2l

1
c3

− 1
c4

,

Tmin > 1
c4l

+ 1
ρ2l

1
c3

− 1
c4

,

ρ2 > 2, c4 = (((c1 − c2)c1)/c2), c1, c2, c3 κ1

 
3URRI�� c3 > ((κ1 + κ1

2 + 4c1
3κ1)/2c1

2)
c1

2c3
2 − c3κ1 − c1κ1 > 0

c3 < ((c1(c1c3
2 − κ1))/κ1) = c1((c1/c2) − 1) = c4

(1/c3 − 1/c4) > 0 c2/c1 < 1/8 c4 > 0

   □
 
5HPDUN����

ai, P, Q

6WHS���
+ +
λH

6WHS� �� ai
3 λ̄P, λP

4 λ̄Q, λQ K = b̄TQ
O

6WHS��� c1 ρ2 > 2 c3

c3 > max 4,
12nλ̄P

2 ā1

r1
+ c1,

κ1 + 1
c1

, κ1 + κ1
2 + 4c1

3κ1

2c1
2 ,

c2 c4

 

ẋ1
0(t) = x2

0(t) + l0cos(t)x1
0(t),

ẋ2
0(t) = x3

0(t) + l0cos(t)x2
0(t),

ẋ3
0(t) = l0(sin(t)x2

0(t) + 2cos(t)x3
0(t)),

,(7�&RQWURO�7KHRU\�$SSO���������9RO�����,VV�����SS���������
��7KH�,QVWLWXWLRQ�RI�(QJLQHHULQJ�DQG�7HFKQRORJ\�����

���



ẋ1
i(t) = x2

i(t) + l0cos(t)x1
i(t),

ẋ2
i(t) = x3

i(t) + l0cos(t)x2
i(t),

ẋ3
i(t) = ui + l0(sin(t)x2

i(t) + 2cos(t)x3
i(t)),

O

ẋ̂1
0(t) = x̂2

0(t) + la1e1
0(tk) + l0cos(t)x̂1

0(t),

ẋ̂2
0(t) = x̂3

0(t) + l2a2e1
0(tk) + l0cos(t)x̂2

0(t),

ẋ̂3
0(t) = l3a3e1

0(tk) + l0(sin(t)x̂2
0(t) + 2cos(t)x̂3

0(t)),

ẋ̂1
i(t) = x̂2

i(t) + la1e1
i(tk) + l0cos(t)x̂1

i(t),

ẋ̂2
i(t) = x̂3

i(t) + l2a2e1
i(tk) + l0cos(t)x̂2

i(t),

ẋ̂3
i(t) = ui + l3a3e1

i(tk) + l0(sin(t)x̂2
i(t) + 2cos(t)x̂3

i(t)),

ui(t) = − KW ∑ j ∈ Ni ai j(x̂i(t) − x̂ j(t))

+bi(x̂i(t) − x̂0(t)) ,

W = diag(l3, l2, l)T

H = ℒ + ℬ λ̄H = 2.618 λH = 0.382
a = (a1, a2, a3) = (4, 4, 4)

P > 0
λ̄P = 7.0042, λP = 0.2291

Q =
2.4841 2.5853 1.1440
2.5853 5.2780 2.8419
1.1440 2.8419 2.9577

,

K = b̄TQ = (1.1440, 2.8419, 2.9577)
λ̄Q = 8.4858, λQ = 0.6646  

x0 = [1.5, 2.6, 0.82, 3, 1.31, 3.27, 3.44, 3.74,
2.25, 0.42, 1.14, 4.57, 0.76, 4.12, 2.69]T

x̂0 = [3.13, 1.46, 2.16, 0.07, 4.92, 0.84,
0.53, 1.86, 0.99, 2.45, 1.69, 4.76]T .

l0 = 0.1, l = 1.5 Tk
τk Tk = 0.01s τk = 0.001s

em
i (t) = xm

i (t) − x̂m
i (t), m = 1, 2, 3, i = 1, 2, 3, 4

x̄1
i(t) = x1

i(t) − x1
0(t), i = 1, 2, 3, 4

 
5HPDUN� ���

&DVH���

&DVH���

&DVH� ��

  &RQQHFWHG�JUDSK

  6WDWH�HVWLPDWLRQ�HUURU

  2XWSXW�HUURU
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