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Abstract

This paper is concerned with the exponential stability problem for uncertain neu-

tral systems with mixed time-varying delays and nonlinear perturbations. Some new

stability criteria dependent on time delay are derived in terms of linear matrix in-

equalities (LMIs). The proposed method is based on the new Lyapunov-Krasovskii

functionals involving lower and upper bounds of interval time-varying delays and Im-

proved Free-Weighting Matrices approach (IFWM), and is applicable to the case that

the lower bound of discrete delay is not zero. Two numerical examples are provided

to show the effectiveness of the proposed method.
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1. 0�

¥áXÚ®3<�)�Æ!©Ù�äÚ9��L§�Nõ¢Só§¥��
2�A^"8c§

¥áXÚ�ìC­½5¯K��
2�ïÄ§¿��
´a¤J [1] [2] [3] [4] [5]"�±wÑ§�¢

Ú��56Ä  ¬��¥áXÚ5UC�½Ø­½"Ïd§äk·Ü�C�¢Ú��56Ä�

¥á.XÚ­½5¯K¤�Cc5�ïÄ9:"Ù¥§Ý
©)�{Úgd\�Ý
�{´ïÄ

ìC­½5�Ì��{"

Ó¥áXÚ�ìC­½5(J�'§Ù�ê­½5�â��"~X§ÄuoäÌìÅ�¼�

{Ú�5Ý
Ø�ª§©z [6]ïÄ
�5�¢XÚ��¢�'�ê­½5§�©¥vk�ÄXÚ

�Ø(½5"©z [7]�é�ØC�¢��/§|^Ý
Ø�ªïÄ
Ø(½�¢XÚ��ê­½

5"©z [8]|^È©Ø�ªE|ïÄ
äk��56Ä�¥á.XÚ�°��ê­½5¯K",


§©z [9]3¦)oäÌìÅ�¼�êþ.�§ÏLÚ\gd�Ý
�{U?
©z [8]�(J§

ü$
(J��Å5"~X§õê©zÏ~òh(t)ζT (t)XS−1
1 XT ζ(t)Ú(h−h(t))ζT (t)Y S−1

1 Y T ζ(t)
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ùü�*��hζT (t)XS−1
1 XT ζ(t) ÚhζT (t)Y S−1

1 Y T ζ(t), ¿vk�Ä§��m�'X(¯¢þ§

h = (h − h(t)) + h(t))§ù��?n�{ò¬é­½5(J�)�½��Å5"©z [10]JÑ
�

C�¢XÚ­½5�gd�Ý
�{§��
�¢XÚ��¢�'^�"T�{�Ä
oäÌì

Å¼ê�©¥�?Ûk^�§¿y²
Ùé���¢.�U?"Ïd§ÄuU?�gd�Ý
{

���56Ä¥á.XÚ��ê­½5¯KE��?�ÚïÄ"

2. ý�Ún

�Ä�aäk·Ü�C�¢Ú��56Ä�¥á.XÚµ{
ẋ(t) = Ax(t) +Bx(t− h(t)) + Cẋ(t− τ(t)) + f1(x(t), t) + f2(x(t− h(t)), t) + f3(ẋ(t− τ(t)), t),

x(θ) = φ(θ), ẋ(θ) = ϕ(θ), ∀θ ∈ [−max(h2, τ), 0],

(1)

Ù¥§x(t) ∈ Rn ´G�Cþ, A,B,C ∈ Rn×n ´äkÜ·�ê�~êÝ
"h(t), τ(t) ©O´

�ClÑ�¢Ú¥á�¢§¿�÷ve�^�µ

0 ≤ h1 ≤ h(t) ≤ h2, ḣ(t) ≤ hd, (2)

0 ≤ τ(t) ≤ τ, τ̇(t) ≤ τd < 1, (3)

h1, h2, τ, hd, τd´~ê. φ(θ), ϕ(θ)´3[−max(h2, τ), 0]þëY���Ð©^�¼ê"f1(x(t), t), f2(x(t−
h(t), t), f3(ẋ(t− τ(t)), t)´�����56Ä§�÷vµf1(0, t) = 0, f2(0, t) = 0, f3(0, t) = 0Ú

‖ f1(x(t), t) ‖≤ α ‖ x(t) ‖,
‖ f2(x(t− h(t)), t) ‖≤ β ‖ x(t− h(t)) ‖,
‖ f3(ẋ(t− τ(t)), t) ‖≤ γ ‖ ẋ(t− τ(t)) ‖ .

(4)

?�Ú§^�(4)���µ
fT1 (x(t), t)f1(x(t), t) ≤ α2xT (t)x(t),

fT2 (x(t− h(t)), t)f2(x(t− h(t)), t) ≤ β2xT (t− h(t))x(t− h(t)),

fT3 (ẋ(t− τ(t)), t)f3(ẋ(t− τ(t)), t) ≤ γ2ẋT (t− τ(t))ẋ(t− τ(t)).

(5)

Ù¥α ≥ 0, β ≥ 0Úγ ≥ 0 ´®�~ê"�
Lã�B§·�½Âf1 := f1(x(t), t), f2 := f2(x(t −
h(t)), t)Úf3 = f3(ẋ(t− τ(t)), t).

�fD : C([−τ, 0],Rn)→ Rn ½Â�Dxt = x(t)− Cx(t− τ).

½Â1 [11]. eàg�©�§Dxt = 0, t ≥ 0, x0 = ψ ∈ {φ ∈ C([−τ, 0] : Dφ = 0)} �")´��
ìC­½�§K¡�fD ´­½�"

½Â2 [9]. eIþε > 0 Úγ > 1 ¦�‖ x(t) ‖≤ γe−εt | µ |h, Ù¥§| µ |h=

sup−h≤ s≤ 0

√
‖ φ(s) ‖2 + ‖ ϕ(s) ‖2§K¡XÚ(1)±P~Çε �ê­½"
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3. Ì�(Ø

½n1. ®�h2 ≥ h1 ≥ 0, τ ≥ 0, hd Úτd, XJ�3�½Ý
P > 0, R1 > 0, R2 > 0, R3 > 0, Q >

0, S1 > 0, S2 > 0, Z1 > 0, Z2 > 0,M > 0, U ≥ 0, V ≥ 0,W ≥ 0 ÚÜ·�êÝ
X1, X2, Y1, Y2, L1 §

±9εj ≥ 0(j = 1, 2, 3) ¦�e�é¡�5Ý
Ø�ª¤áµ(
U X1

∗ Z1

)
≥ 0, (6)

(
V L1

∗ Z2

)
≥ 0, (7)

(
W Y2

∗ M

)
≥ 0, (8)

(
W X2

∗ M

)
≥ 0, (9)

(
U + V Y1

∗ Z1 + Z2

)
≥ 0, (10)


Ξ ΓTQ h2ΓTZ1 (h2 − h1)ΓTZ2 τΓTM

−Q 0 0 0

∗ −h2Z1 0 0

∗ ∗ −(h2 − h1)Z2 0

∗ ∗ ∗ −τM

 < 0, (11)

KXÚ(1)�ê­½§Ù¥§

Ξ = Ξ1 + Ξ2 + ΞT2 + h2U + (h2 − h1)V + τW,

Ξ1 =



Ξ11 PB 0 0 PC 0 0 P P P

Ξ22 0 0 0 0 0 0 0 0

∗ −e−2εh1R2 0 0 0 0 0 0 0

∗ ∗ −e−2εh2R3 0 0 0 0 0 0

∗ ∗ ∗ Ξ55 0 0 0 0 0

∗ ∗ ∗ ∗ Ξ66 0 0 0 0

∗ ∗ ∗ ∗ ∗ −S2e
−2ετ 0 0 0

∗ ∗ ∗ ∗ ∗ ∗ −ε1I 0 0

∗ ∗ ∗ ∗ ∗ ∗ ∗ −ε2I 0

∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ −ε3I


,

Ξ11 = 2εP + PA+ATP +R1 +R2 +R3 + S1 + S2 + ε1α
2I,

Ξ22 = −(1− hd)R1e
−2εh2 + ε2β

2I,

Ξ55 = −(1− τd)Qe−2ετ + ε3γ
2I,

Ξ66 = −(1− τd)S1e
−2ετ ,

Ξ2 = (X1 +X2,−X1 + Y1 − L1, L1,−Y1, 0,−X2 + Y2,−Y2, 0, 0, 0),

Γ = (A,B, 0, 0, C, 0, 0, I, I, I).
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y². éXÚ(1)§�EXeoäÊìÅ�¼µ

V (t) = V1(t) + V2(t) + V3(t) + V4(t) + V5(t), (12)

Ù¥§

V1(t) = e2εtxT (t)Px(t), (13)

V2(t) =

∫ t

t−h(t)

e2εsxT (s)R1x(s)ds+

∫ t

t−h1

e2εsxT (s)R2x(s)ds

+

∫ t

t−h2

e2εsxT (s)R3x(s)ds, (14)

V3(t) =

∫ t

t−τ(t)

e2εsxT (s)S1x(s)ds+

∫ t

t−τ
e2εsxT (s)S2x(s)ds, (15)

V4(t) =

∫ t

t−τ(t)

e2εsẋT (s)Qẋ(s)ds, (16)

V5(t) =

∫ 0

−h2

∫ t

t+θ

e2εsẋT (s)Z1ẋ(s)dsdθ +

∫ −h1

−h2

∫ t

t+θ

e2εsẋT (s)Z2ẋ(s)dsdθ

+

∫ 0

−τ

∫ t

t+θ

e2εsẋT (s)Mẋ(s)dsdθ, (17)

�P = P T > 0, R1 = RT1 > 0, R2 = RT2 > 0, R3 = RT3 > 0, S1 = ST1 > 0, S2 = ST2 > 0, Q = QT >

0, Z1 = ZT1 > 0, Z2 = ZT2 > 0 ±9M = MT > 0 ´�½Ý
"

O�V (t) ÷XÚ(1)��ê�µ

V̇1(t) = e2εt
[
xT (t)(2εP + PA+ATP )x(t) + xT (t)2PBx(t− h(t)) + xT (t)2PCẋ(t− τ(t))

+xT (t)2Pf1 + xT (t)2Pf2 + xT (t)2Pf3

]
,

V̇2(t) ≤ e2εt
[
xT (t)(R1 +R2 +R3)x(t)− (1− hd)e−2εh2xT (t− h(t))R1x(t− h(t))

−e−2εh1xT (t− h1)R2x(t− h1)− e−2εh2xT (t− h2)R3x(t− h2)
]
,

V̇3(t) ≤ e2εt
[
xT (t)(S1 + S2)x(t)− (1− τd)e−2ετxT (t− τ(t))S1x(t− τ(t))

−e−2ετxT (t− τ)S2x(t− τ)
]
,

V̇4(t) ≤ e2εt
[
ẋT (t)Qẋ(t)− (1− τd)e−2ετ ẋT (t− τ(t))Qẋ(t− τ(t))

]
,

V̇5(t) = e2εt
[
ẋT (t)

(
h2Z1 + (h2 − h1)Z2 + τM

)
ẋ(t)−

∫ t−h(t)

t−h2

e2ε(s−t)ẋT (s)Z1ẋ(s)ds

−
∫ t

t−h(t)

e2ε(s−t)ẋT (s)Z1ẋ(s)ds−
∫ t−h(t)

t−h2

e2ε(s−t)ẋT (s)Z2ẋ(s)ds−∫ t−h1

t−h(t)

e2ε(s−t)ẋT (s)Z2ẋ(s)ds−
∫ t−τ(t)

t−τ
e2ε(s−t)ẋT (s)Mẋ(s)ds

−
∫ t
t−τ(t) e

2ε(s−t)ẋT (s)Mẋ(s)ds
]
.
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é?ÛIþs ∈ [t− h2, t], [t− h2, t− h1] Ú[t− τ, t]§·���µ

e−2εh2 ≤ e2ε(s−t) ≤ 1.

e−2εh2 ≤ e2ε(s−t) ≤ e−2εh1 ≤ 1.

e−2ετ ≤ e2ε(s−t) ≤ 1.

(18)

¤±

V̇5(t) ≤ e2εt
[
ẋT (t)

(
h2Z1 + (h2 − h1)Z2 + τM

)
ẋ(t)− e−2εh2

∫ t−h(t)

t−h2

ẋT (s)Z1ẋ(s)ds

−e−2εh2

∫ t

t−h(t)

ẋT (s)Z1ẋ(s)ds− e−2εh2

∫ t−h(t)

t−h2

ẋT (s)Z2ẋ(s)ds

−e−2εh2

∫ t−h1

t−h(t)

ẋT (s)Z2ẋ(s)ds− e−2ετ

∫ t−τ(t)

t−τ
ẋT (s)Mẋ(s)ds

−e−2ετ
∫ t
t−τ(t) ẋ

T (s)Mẋ(s)ds
]
.

(19)

é?¿¢Ý
Xi, Yi, (i = 1, 2), L1, U ≥ 0, V ≥ 0,W ≥ 0§dÚî4ÙZ]úª�e��§¤

á:

ρ1(t) = 2e2εtζT (t)X1

[
x(t)− x(t− h(t))−

∫ t

t−h(t)

ẋ(s)ds
]

= 0, (20)

ρ2(t) = 2e2εtζT (t)Y1

[
x(t− h(t))− x(t− h2)−

∫ t−h(t)

t−h2

ẋ(s)ds
]

= 0, (21)

ρ3(t) = 2e2εtζT (t)L1

[
x(t− h1)− x(t− h(t))−

∫ t−h1

t−h(t)

ẋ(s)ds
]

= 0, (22)

ρ4(t) = 2e2εtζT (t)X2

[
x(t)− x(t− τ(t))−

∫ t

t−τ(t)

ẋ(s)ds
]

= 0, (23)

ρ5(t) = 2e2εtζT (t)Y2

[
x(t− τ(t))− x(t− τ)−

∫ t−τ(t)

t−τ
ẋ(s)ds

]
= 0, (24)

ρ6(t) = e2εt
[
h2ζ

T (t)Uζ(t)−
∫ t−h(t)

t−h2

ζT (t)Uζ(t)ds−
∫ t

t−h(t)

ζT (t)Uζ(t)ds
]

= 0, (25)

ρ7(t) = e2εt
[
(h2 − h1)ζT (t)V ζ(t)−

∫ t−h(t)

t−h2

ζT (t)V ζ(t)ds−
∫ t−h1

t−h(t)

ζT (t)V ζ(t)ds
]

= 0, (26)

ρ8(t) = e2εt
[
τζT (t)Wζ(t)−

∫ t−τ(t)

t−τ
ζT (t)Wζ(t)ds−

∫ t

t−τ(t)

ζT (t)Wζ(t)ds
]

= 0, (27)

Ù¥§

ζT (t) = [xT (t), xT (t− h(t)), xT (t− h1), xT (t− h2), ẋT (t− τ(t)), xT (t− τ(t)), xT (t− τ), fT1 , f
T
2 , f

T
3 ].
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é?¿Iþε1 > 0, ε2 > 0 Úε3 > 0§·�?�Ú��µ
ε1

(
α2xT (t)x(t)− fT1 (x(t), t)f1(x(t), t)

)
≥ 0,

ε2

(
β2xT (t− h(t))x(t− h(t))− fT2 (x(t− h(t)), t)f2(x(t− h(t)), t)

)
≥ 0,

ε3

(
γ2ẋT (t− τ(t))ẋ(t− τ(t))− fT3 (ẋ(t− τ(t)), t)f3(ẋ(t− τ(t)), t)

)
≥ 0.

(28)

éÜ(18)-(28)§��µ

V̇ (t) ≤ V̇1(t) + V̇2(t) + V̇3(t) + V̇4(t) + V̇5(t) + e2εt
(
ε1α

2xT (t)x(t)− ε1f
T
1 f1

+ε2β
2xT (t− h(t))x(t− h(t))− ε2f

T
2 f2 + ε3γ

2ẋT (t− τ(t))ẋ(t− τ(t))− ε3f
T
3 f3

)
+ρ1(t) + ρ2(t) + ρ3(t) + ρ4(t) + ρ5(t) + ρ6(t) + ρ7(t) + ρ8(t)

≤ e2εt

(
(xT (t)(2εp+ PA+ATP +R1 +R2 +R3 + S1 + S2 + ε1α

2I)x(t)

+xT (t)(PB +BTP )x(t− h(t)) + xT (t)(PC + CTP )ẋ(t− τ(t))

+xT (t− h(t))
(
−(1− hd)R1e

−2εh2 + ε2β
2I
)
x(t− h(t))− xT (t− h1)R2e

−2εh1x(t− h1)

−xT (t− h2)R3e
−2εh2x(t− h2)− xT (t− τ(t))(1− τd)S1e

−2ετx(t− τ(t))

−xT (t− τ)S2e
−2ετx(t− τ) + ẋT (t− τ(t))

(
−(1− τd)Qe−2ετ + ε3γ

2I
)
ẋ(t− τ(t))

+xT (t)(2P )f1 + xT (t)(2P )f2 + xT (t)(2P )f3 − ε1f
T
1 f1 − ε2f

T
2 f2 − ε3f

T
3 f3

+ẋT (t)
(
Q+ h2Z1 + (h2 − h1)Z2 + τM

)
ẋ(t)

−e−2εh2

∫ t−h(t)

t−h2

ẋT (s)Z1ẋ(s)ds

−e−2εh2

∫ t

t−h(t)

ẋT (s)Z1ẋ(s)ds− e−2εh2

∫ t−h(t)

t−h2

ẋT (s)Z2ẋ(s)ds

−e−2εh2

∫ t−h1

t−h(t)

ẋT (s)Z2ẋ(s)ds− e−2ετ

∫ t−τ(t)

t−τ
ẋT (s)Mẋ(s)ds

−e−2ετ
∫ t
t−τ(t) ẋ

T (s)Mẋ(s)ds+ 2ζT (t)X1

[
x(t)− x(t− h(t))−

∫ t
t−h(t) ẋ(s)ds

]
+2ζT (t)Y1

[
x(t− h(t))− x(t− h2)−

∫ t−h(t)

t−h2
ẋ(s)ds

]
+2ζT (t)L1

[
x(t− h1)− x(t− h(t))−

∫ t−h1

t−h(t) ẋ(s)ds
]

+2ζT (t)X2

[
x(t)− x(t− τ(t))−

∫ t
t−τ(t) ẋ(s)ds

]
+2ζT (t)Y2

[
x(t− τ(t))− x(t− τ)−

∫ t−τ(t)

t−τ ẋ(s)ds
]

+h2ζ
T (t)Uζ(t)−

∫ t−h(t)

t−h2
ζT (t)Uζ(t)ds−

∫ t
t−h(t) ζ

T (t)Uζ(t)ds

+(h2 − h1)ζT (t)V ζ(t)−
∫ t−h(t)

t−h2
ζT (t)V ζ(t)ds−

∫ t−h1

t−h(t) ζ
T (t)V ζ(t)ds

+τζT (t)Wζ(t)−
∫ t−τ(t)

t−τ ζT (t)Wζ(t)ds−
∫ t
t−τ(t) ζ

T (t)Wζ(t)ds

)

(29)
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≤ e2εtζT (t)

(
Ξ1 + Ξ2 + ΞT2 + h2U + (h2 − h1)V + τW + ΓTQΓ + +h2ΓTZ1Γ

+(h2 − h1)ΓTZ2Γ + τΓTMΓ

)
ζ(t).

−e2ε(t−h2)

∫ t−h(t)

t−h2

(
ζT (t) ẋT (s)

)( U + V Y1

Z1 + Z2

)(
ζ(t)

ẋ(s)

)
ds

−e2ε(t−h2)

∫ t

t−h(t)

(
ζT (t) ẋT (s)

)( U X1

Z1

)(
ζ(t)

ẋ(s)

)
ds

−e2ε(t−h2)

∫ t−h1

t−h(t)

(
ζT (t) ẋT (s)

)( V L1

Z2

)(
ζ(t)

ẋ(s)

)
ds

−e2ε(t−τ)

∫ t−τ(t)

t−τ

(
ζT (t) ẋT (s)

)( W Y2

M

)(
ζ(t)

ẋ(s)

)
ds

−e2ε(t−τ)

∫ t

t−τ(t)

(
ζT (t) ẋT (s)

)( W X2

M

)(
ζ(t)

ẋ(s)

)
ds

(30)

XJΠ < 0, (6)-(11) ¤á§@oV̇ (t) ≤ e2εtζT (t)Πζ(t) < 0. Ù¥§

Π = Ξ1 + Ξ2 + ΞT2 + h2U + (h2 − h1)V + τW + ΓTQΓ + +h2ΓTZ1Γ + (h2 − h1)ΓTZ2Γ + τΓTMΓ.

XJ�fD´­½�§��3é¡�½Ý
P > 0, R1 > 0, R2 > 0, R3 > 0, Q > 0, S1 > 0, S2 >

0, Z1 > 0, Z2 > 0,M > 0, U ≥ 0, V ≥ 0,W ≥ 0 ÚIþε1 ≥ 0, ε2 ≥ 0, ε3 ≥ 0 ¦��5Ý
Ø�

ª(6)-(11)¤á§@oXÚ(1)´ìC­½�"

Ï�V̇ (t) < 0, =oäÊìÅ�¼(12) ´üNeü�§@oé?¿t ∈ [h1, h2]§ØJ��µ

e2εtλmin(P ) ‖ x(t) ‖2 ≤ V (t) ≤ V (h1) ≤ V (0) ≤ λ | µ |2h (31)

Ù¥§λ = max{λmax(P ), h2λmax(R1), h1λmax(R2), h2λmax(R3), τλmax(S1), τλmax(S2), τλmax(Q),

h2λmax(Z1), (h2 − h1)2λmax(Z2), τ2λmax(M)} Ú½Â2¥�Ñ�| µ |h"¤±§

‖ x(t) ‖ ≤ γe−εt | µ |h (32)

Ù¥γ =
√
λ/λmin(P ) ≥ 1” Ïd§XÚ(1)´±P~Çε °��ê­½�"

51. XJε = 0§@o½n13lÑ�¢e.Ø�"�^�eòz�ìC­½5OK"XJC = 0

Úf3(ẋ(t− τ(t)), t) = 0§�©¥�½n1òòz�©z [10]¥��'½n§?�Ú`²½n1�­½

5�O�{äk�½�`�5"

52. 3©z [9]¥§Ø�ª

∫ t

t−h(t)

ζT (t)X1V
−1

1 XT
1 ζ(t)ds ≤ hζT (t)X1V

−1
1 XT

1 ζ(t) Ú

∫ t−h(t)

t−h
ζT (t)Y1Z

−1
1 Y T

1 ζ(t)ds ≤ hζT (t)Y1Z
−1
1 Y T

1 ζ(t) ^u¼��¢�6�ìC­½5OK",
§

d©z¥vk?�Ú�Äh(t) Úh − h(t) �m�'X"�
~�(J��Å5§·�3½n1¥Ú

\
ρ6(t), ρ7(t) Úρ8(t)§¿�3ρ6(t)¥òÝ
h2U ©)�h(t)U Ú(h2 − h(t))U"
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4. ê��ý

~1. �Ä©z [3]¥�¥áXÚµ

A =

(
−1.2 0.1

−0.1 −1

)
, B =

(
−0.6 0.7

−1 −0.8

)
, C =

(
c 0

0 c

)
,

fT1 (x(t), t)f1(x(t), t) ≤ α2xT (t)x(t),

fT2 (x(t− h(t)), t)f2(x(t− h(t)), t) ≤ β2xT (t− h(t))x(t− h(t)),

fT3 (ẋ(t− τ(t)), t)f3(ẋ(t− τ(t)), t) ≤ γ2ẋT (t− τ(t))ẋ(t− τ(t)),

�c = 0.1, α ≥ 0, β ≥ 0, γ ≥ 0. éuβ = 0.1, τ = 1, τd = 0, hd = 0.5, h1 = 0, ε = 0, α = 0 Úα = 0.1,

L 1�Ñ
ØÓ�γ�e���¢h2"ù
êâL²§Äu�©�­½5�O�{���(J�`

u©z [2] [3] [4] [5]¥�(J§¿����¢h2¬�Xα½γ�O\
~�"

Table 1. Maximum upper bound of h2 with different values of α and γ

L 1. 3ØÓ�α Úγeh2 ���þ.

α = 0 α = 0.1
γ 0 0.1 0.2 0.3 γ 0 0.1 0.2 0.3

[2] 0.9488 0.7695 0.6087 0.4667 [2] 0.8408 0.6841 0.5420 0.4144
[3] 0.9839 0.8024 0.6392 0.4941 [3] 0.8752 0.7166 0.5727 0.4438
[4] 1.4886 1.2437 0.9921 0.7367 [4] 1.3244 1.0901 0.8475 0.6300
[5] 1.6325 1.3386 1.0816 0.8563 [5] 1.4440 1.1950 0.9734 0.7760
½n1 1.9744 1.6317 1.3073 1.0001 ½n1 1.7591 1.4451 1.1414 0.8616

5. (Ø

�é�k·Ü�C�¢Ú��56Ä�Ø(½¥á.XÚ§�©Ì�ïÄÙ�ê­½5�½

�{"Ú\gd�Ý
�{¦)oäÊìÅ�¼�ê�þ."Äu�5Ý
Ø�ª§��
�
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�
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