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Abstract: In the active vibration control system with acceleration sensors, a continuous disturbance-accommodating
time-delayed controller using output acceleration feedback is proposed by means of integral transformation and pole dis-
placement with state-derivative for the vibration systems. This controller can effectively suppress the forced vibration
response suffering from a class of excitations satisfying a polynomial differential equation with input time-delay. The de-
veloped continuous time-delayed feedback controller is validated by the computer simulation which is particularly focused
to the control of the forced vibration response of a cantilever beam with piezoelectric actuator and acceleration sensor.
Simulation results demonstrate that the proposed controller can effectively reduce the forced vibration response of the
intelligent cantilever beam under sinusoidal excitation with any time-delay. Compared with the continuous disturbance-
accommodating controller with acceleration feedback without time-delay, this controller has better stability and control
effects.

Key words: active vibration control; time delay; acceleration feedback; continuous disturbance-accommodating con-
troller; pole placement with state-derivative; generalized Moore-Penrose inverse theory

1 ÚÚÚóóó(Introduction)
3ÃõÉ½�Äó§¥ÃX�Å�1�¤É{ü

/ª�º1[1]!EÍ°�ó§�+�¥ÌÅÚÚ^÷

�-�å3EÍE$��±Y-yÚÅL1Ö[2]�,
	å�^m�õ�ª�©�§½�5�©�§|5

£ã. XÚ3	åe¬�)»�5��Ä,I�\±
k�³�.ÄuØ¹	å�G��m�O���ìÃ
X4:��{!�5�gN!ì (linear quadratic
regulator, LQR)��!'~–È©–�©(proportional-

integral-differential, PID)���,du��ì�OL
§��Ä	å�K�,J±k�³�É½-ye��
Ä.�k3�.£ãÚ��ì�OL§¥�Ä	-y
�K�,¦�¤�O���ìäk�p�°�5Ú|
Z6Uå,âUk�³�ùaXÚ��Ä�A.�é
da�ÄXÚ, JohnsonQu70c�±ÊU(���
��µ,JÑ
½~	6g·A��(disturbance ac-
commodating control, DAC)�5N!ì�O�{[3],
¿ÅÚí2�¹õCþ�½~	6XÚ����O
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¥�[4–5]. �d�{3õCþ��XÚ�O�,éuX
Û£ãXÚ¿¢y§ªz?nþE�3��õ�¯

K.�Hand3DAC�Ä:þÚ\G�*ÿìÚ	-
y*ÿì,�OÑ�Ä	å�G��"��ì,k�
³�
µÓ�p�^�º1Úå��Ä[1].
±þ��ì�Oþ´ÄuÑÑ&Ò� £/�Ý

&Ò�¤�O���ì. �3¯õ�Äÿ�XÚ¥,
ÃX3>Å��³�[6]!ÊU(�~�[7]�XÚ¥æ

8��&Òõ�\�Ý&Ò,eæ^±þ�{?1�
�,I�²Lê�È©¼� £/�Ý&Ò,2d$Ï
ÈÅì½wÄÈÅì�Øê�È©¥¹k��6!ª

³�[8]. 3¹D(�XÚ¥,�²ù�X��¡L§,
EJ±¼���°(� £Ú�Ý&Ò[9]. Ïd,3
�O�Ä	-yK����ì�,�Ð��{´��
|^ÑÑ\�Ý&Ò5�O��ì,Q�±��ê�
È©�5�\ÈØ�,q�±{z��ì�OÚ½.
8cÄu\�Ý�"����{,XSpencer, Su-
hardjlÚDyke�JÑ\�Ý�"���{[10–12],±
9AbdelazizA^G��ê�"g�,JÑ\�Ý�"
��ì�O�{[13–14]þ��Ä	-y�K�.
,	,3�ÄÌÄ��4�£´�&ÒDÑL§

¥,l&Òæ8!��ì$�!&ÒÈÅ!&Ò=�!
DÑ��Äì°Ä,dL§Ø�;�/�3�¢y�,
�¢®¤����O¥7L�Ä�Ï�.S��Äu
ÑÑG��ê�g�,(ÜÈ©C�{,©O¢y

ëYÚlÑ/ª��¢\�Ý�"��ì�O[15–17],
¿ÏL©Û�¢é¹T��ì�4�XÚ�ÄåÆ

A5�K�,�ÌÄ|^�¢Jø
nØÄ:. ,,
T�{��Ä	å�K�,EØ·^u¹	å�É�
XÚ.

�
)û\�ÝÑÑ��¢É½�ÄXÚ�ÌÄ

��¯K,�©Äk�Ñ�a�^õ�ª�©�§£
ã�	-y�^�Ø>�Uù�¢É½�ÄXÚ�

ÄåÆ£ã9�¹\�ÝÑÑ�G��§£ã. �é
Ta�¢É½�ÄXÚ,JÑ�«·AëY	6��
¢\�Ý�"��ì�O�{(continuous disturbance
accommodating controller with time-delayed accelera-
tion feedback, CDAC–TDAFC).æ^T��ì��Ø
>�Uù��Ä,�ý��(JL²,d��ìU3
?¿Ñ\�¢ek�³��Uù�±YÉ½�Ä�

A.�Ø�Ä�¢�·AëY	6�\�Ý�"�
�ì(continuous disturbance accommodating controller
with acceleration feedback, CDAC–AFC)�',T��
ìk�Ð�½59���J.

2 ÉÉÉ½½½���ÄÄÄXXXÚÚÚ���GGG������§§§(The controlled
vibration system and the corresponding state
equation)
�Ä�Uù�î��Ä¯K,òØ>>b¡Êb

uã1¤«�xa1�xa2?Úxa3�xa4?,©O^5�
\��åÚ	-y. �Ñù�}�C/9.¡7¥5
¶=Ä.þ�K�,òÙ½Â�Bernoulli-Eulerù. �
Ù�Ý�lb,�Ù¶���x¶, x¶��:�3ù�

�½à,ïáã1¤«��IX.Pù3x?�î�¡

È�A(x),ù�þ!á��¾ù. ^w(x, t)L«�I
�x��¡¥5¶3��t�î� £, m(x, t)©OL
«ü �Ýùþ©Ù���åÝ.

ã 1 Ø>�Uù

Fig. 1 Intelligent beam with piezoelectric patches

Äuî.–Ëã|�î��ÄnØ,�ÄØ>>b
��Äì�n,æ^3g�^��Ä¼ê�Galerkin
�{5lÑ�§[18]

w(x, t) =
N∑

i=1

βi(x)qi(t), (1)

¼��Uùã1��Ä�§�



(Mb+Ma)q̈(t)+Cbq̇(t)+(Kb+Ka)q(t) =
Ja1u(t− τ) + Ja2f(t),
q(0) = q0, q̇(0) = q1,

(2)

Ù¥: f(t)�XÚÉ��	-y; u(t− τ)�¹�¢�
��Ñ\; Mb, Kb�ù�o�þ!fÝÝ
; Ma,
Ka�Ø>�Äì�o�þ!fÝÝ
; Cb�ù�o

{ZÝ
; Ja1, Ja2©O�o��åÝ
Úo	åÝ


,dXeü�Ý
Uk���ª|C¤:



[Mb]k,l = ρbtbwb

w l

0
βl(x)βk(x)dx,

[Kb]k,l = EbJb

w l

0
β′′l(x)β′′k(x)dx,

[Ma]k,l = [Ma1]k,l + [Ma2]k,l =

ρatawa(
w xa2

xa1

βl(x)βk(x)dx+w xa4

xa3

βl(x)βk(x)dx),

[Ka]k,l = [Ka1]k,l + [Ka2]k,l =

1
3
waEaa3(

w xa2

xa1

β′′l(x)β′′k(x)dx+
w xa4

xa3

β′′l(x)β′′k(x)dx),

[Ja1]k =
1
2
Eawa (tb+ta) d31

w xa2

xa1

β′′k(x)dx,

[Ja2]k =
1
2
Eawa (tb+ta) d31

w xa4

xa3

β′′k(x)dx.

(3)
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ª¥: βl(x), βk(x)�B�^��¼ê,L�ª�©z
[18]; Eb, Jb, ρb, tb, wb�ù��5�þ!.5Ý!�

Ý!þÝ�°Ý; Ea, Ja, ρa, ta, wa, d31�Ø>�Äì

��5�þ!.5Ý!�Ý!þÝ!°Ý�>ÖØ>~

ê;

Jb =
t3bwb

12
, a3 = (

tb
2

+ ta)3 − t3b
8

.

Äu���me�HankerÛÉ�nØ,�òp�
�Ä�§ü�,¿��G��§�{

ẋ(t) = Ax(t) + Bu(t− τ) + Df(t),
yx(t) = Cẋ(t).

(4)

3d,¡XÚ(4)�XXÚ.

b½	-y÷vXeõ�ª�©/ª:
dρf(t)

dtρ
+ βρ

dρ−1f(t)
dtρ−1

+ βρ−1

dρ−2f(t)
dtρ−2

+

· · ·+ β1f(t) = 0. (5)

ù«-y/ª�^G��§£ã�



f(t) = Θw(t),
ẇ(t) = Fw(t),
w (0) = w0,

(6)

Ù¥:

F =




0 1 0 · · · 0
0 0 1 · · · 0
...

...
...

...
0 0 0 · · · 1
−β1 −β2 −β3 · · · −βρ




.

�Ý
FÚΘäkØÓ/ª�,�£ã¢Só§¥õ
«/ª�	-y,X:

1) ��-y: F = 0, Θ = 1.

2) �·º1:

F =

[
0 1
0 0

]
, Θ = [1 0], w(0) = 0.

3) ºåµÓÅ:

JTΩ̇ = QA −QE, λ =
RTΩ
W

,

QA =
1
2
ρARTCq(λ, ϕ)W 2.

4) �u-yf(t) = A sin(ωt),Ù÷võ�ª�
©�§f̈(t) + ω2f(t) = 0,éA�G��§Ý
�

F =

[
0 1
−ω2 0

]
, Θ = [α 0], w(0) =

[
0
ω

]
.

5) õª{�-yU\

p(x, t) = (
m∑

k=1

Pck
cos(ωkt) + Psk

sin(ωkt)),

éA�G��§�

F =




0 0 · · · 0 −ω1 0 · · · 0
0 0 · · · 0 0 −ω2 · · · 0
...

...
...

...
...

...
0 0 · · · 0 0 0 · · · −ωm

ω1 0 · · · 0 0 0 · · · 0
0 ω2 · · · 0 0 0 · · · 0
...

...
...

...
...

...
0 0 · · · ωm 0 0 · · · 0




,

Θ = [F1 F2 · · · Fm]T,

Fi = [fci,1 fci,2 · · · fci,m
fsi,1 fsi,2 · · · fsi,m

].

ª(6)��£ãÙ¦/ª�	-y/ª,3dÒØ��
�Ñ.
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OOO(Design method of the continuous distur-
bance accommodating controller with time-
delayed acceleration feedback)
CDAC–TDAFC��åI�ä�3��¡�õU:

1)³�XÚ±YÉ½�Ä�A; 2)*ÿìÑ\&Ò�
\�Ý&Ò; 3)3?¿Ñ\�¢e��ìk�.

ò��¢XÚ(4)���å�U��



ẋ(t) = Ax(t) + Bux (t− τ)+
Buf(t) + Df(t),

yx(t) = Cẋ(t),
(7)

Ù¥: ux(t− τ)^5��XÚ�gdP~�Ä,
uf(t)^5�O��	-yg·A-����å. ��
ìux(t− τ)¥�&Ò5gu$ÏÈÅ��\�Ý&
Ò,du$ÏÈÅ¬�XÚÚ\Ñ\�¢,3d��
å�O��Ä�¢�K�,uf(t)ÃI�Ä�¢�K
�.Äuª(7),æ^È©C�{

z(t) = x(t) +
w t

t−τ
e−A(s−t)e−AτBux(s)ds, (8)

�òÙ=��Ã�¢XÚ{
ż(t) = Az(t) + BAux(t) + Buf(t) + Df(t),
yz(t) = Cż(t),

(9)

Ù¥ª(9){¡�ZXÚ.dª(8)�

ż(t) = ẋ(t) + A
w t

t−τ
e−A(s−t)e−AτBux(s)ds +

e−AτBux(t)−Bux(t− τ). (10)

dª(9)12ª�ZXÚ�ÑÑ&Ò���

yz(t) =

yx(t)+C(A
w t

t−τ
e−A(s−t)e−AτBux(s)ds +

e−AτBux(t)−Bux(t− τ)). (11)
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�EÃ�¢XÚ(9)�*ÿì�



˙̂z(t) = Aẑ(t) + Df̂(t) + KZ (yz − ŷz)+
BAux(t) + Buf(t),

ŷz = C ˙̂z(t),
ẑ (0) = 0.

(12)

�E	-y*ÿì�



f̂(t) = Θŵ(t),
˙̂w(t) = F ŵ(t) + KD(yz − ŷz),
w(0) = 0.

(13)

½Â�OØ��

ē(t) =

[
ēz(t)
ēw(t)

]
=

[
z(t)− ẑ(t)
w(t)− ŵ(t)

]
. (14)

dª(6)(9)(12)–(13)�

˙̄e(t) =

[
ż(t)− ˙̂z(t)
ẇ(t)− ˙̂w(t)

]
=

[
Az(t) + BAux(t) + Buf(t) + Df(t)−M

Fw(t)− F ŵ(t)−KD (yz(t)− ŷz(t))

]
=

[
A DΘ

0 F

]
ē(t)−

[
KZ

KD

]
[C 0 ] ˙̄e(t) =

Āē(t)− K̄C̄ ˙̄e(t), (15)

Ù¥

M = Aẑ(t) + BAux(t) + Buf(t) +

Df̂(t) + KZ(yz(t)− ŷz(t)).

-

Ā=

[
A DΘ

0 F

]
, K̄ =

[
KZ

KD

]
, C =[C 0 ], (16)

K

˙̄e(t) = Āē(t)− K̄C̄ ˙̄e(t). (17)

Äuª(17),�æ^© [13]�Ñ�G��ê�"
4:��{,ÏLòØ�G��§(17)�4:���
Ü·� �,5¼�ª¥�K̄,l�©O��G�
*ÿì(12)Ú	å*ÿì(13)¥��"OÃÝ
KZ

ÚKD.

G��ê4:��{(pole placement with state-
derivative feedback control, PP–SDFC)£ãXe:

���{{{ 1(PP–SDFC)[13] �Ä��õÑ\õÑÑ

�ØCXÚẋ(t)=Ax(t) + Bu(t),eXÚA ∈ Rn×n

�ÛÉ, B ∈ Rn×m�÷�, B = [b1 b2 · · · bm],�
3�"��u(t) = −Kẋ(t),¦�4�XÚ

ẋ(t) = Acx(t), Ac = (In + BK)−1A

äkÏ"�"A��{λ1}, · · · , {λm},Ù¥{λj} =
{λj

1 , λ
j
2 , · · · , λj

µj },Ù��L§Xe: 4�XÚÝ


Ac�Frobenius5�.�£ã�

AF = T−1
F AcTF =




A 0 · · · 0
0 B · · · 0
...

...
...

0 0 · · · C




,

Ù¥:

A =

[
0µ1−1,1Iµ1−1

− d1

]
, B =

[
0µ2−1,1Iµ2−1

− d2

]
,

C =

[
0µm−1,1Iµm−1

− dm

]
,

dj = {dj
0 , d

j
1 , · · · , dj

µj−1}�Xe1j|A��§|:

Dj(s) = (s− λj
1)(s− λj

2) · · · (s− λj
µj
− 1) =

sµj + dj
µj−1s

µj−1 + · · ·+ dj
1s + dj

0, j = 1, · · · , m

�Xê. ��üÑ\XÚ=m = 1�,b½����
XÚäkA��λi, i = 1, · · · , n,K�"OÃÝ
�

£ã�K = det(A)/
n∏

i=1

λi · q̃n,Ù¥:

q̃0 = eT
n(AR̄)−1, q̃i = q̃i−1(A− λiIn),

R̄=[b1 Ab1 · · · Aµ1−1b1 bm Abm · · · Aµ1−1bm, ].

��õÑ\XÚ=m > 1�,

K = −







q̄1

...
q̄m


A−1B




−1




µ1∏
i=1

(
1
λ1

i

)q̂1
µ1

...
µm∏
i=1

(
1

λm
i

)q̂m
µm




,

Ù¥: q̄j = eT
rj

R̄−1, rj =
j∑

k=1

µk, q̂j
0 = eT

rj
(AR̄)−1,

q̂j
i = q̂j

i−1(A− λj
iIn), j = 1, · · · ,m, i = 1, · · · , µj .

í�L§�©z [13].

d�{1,���Ø�XÚ�=�XÚ{
˙̄e(t) = ĀTē(t) + CTu(t),

u(t) = −K̄T ˙̄e(t)
(18)

�4:,¦�Ý
(In + CTK̄T)−1ĀTäkÏ"�4

:,l���"OÃÝ
K̄,q=�XÚ4:��
XÚ4:�Ó,dd�ÏL��XÚ(18)�4:�Ï
"� �,?dª(16)¦�KD, KZ. �Ä	-y�
��Æ�O�Xe/ª:{

ux(t) = −Gzẑ(t),
uf(t) = Gfŵ(t),

(19)

Ù¥uxÚuf©O�*ÿG��"��åÚ*ÿ	-

y�"��å. òª(19)9ª(13)�\ª(9)11ª�

ż(t)=(A−BAGz)z(t)+(BGf +DΘ)w(t). (20)

�(A,BA)��,�^Xe�`���g����"
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OÃÝ
Gz. ½Â8I¼ê

J =
w ∞

0
(ẑTQẑ + uTRu)dt, (21)

3XeG��åe:

˙̂z(t) = Aẑ(t) + BAux(t), (22)

ÏL¦)�êRiccati�§

ATP + PA + PBABT
AP T + Q = 0, (23)

���`G��"

uz(t) = −Gzẑ(t), (24)

Ù¥

Gz = R−1BT
AP . (25)

3d��Æe,gd�Ä¯�P~. 2ÏL�O�"
OÃÝ
Gf÷v

err = BGf + D → 0 (26)

5�Ø½~f	-yå�K�,l¦���É½�
ÄÉ�³�.�^2ÂMoore-Penrose_nØ5¦)
ª(26)�����ê)�

Gf = −B+DΘ = − (
BT(BBT)−1

)
DΘ. (27)

òª(27)�\ª(26),��Ø�2–�ê�

‖err‖2 = ‖BGf + DΘ‖2 → 0. (28)

dª(27)���XÚ���å�{
ux(t− τ) = −Gzẑ(t− τ),
uf(t) = Gfŵ(t).

(29)

ò��å(29)�\��¢XÚ(7),�,�÷vª(28)
�,��åuf(t)�Ð�	å-�. ��ì�O6§�
äNL§�ã2.

ã 2 CDAC–TDAFC�6§ã

Fig. 2 Flow chart of CDAC–TDAFC.

CDAC–TDAFC�OL§Xe:

������ììì 1(CDAC–TDAFC��ì�O)

1) ò�¢XÚ=��Ã�¢XÚ:ò��¢X
ÚU��ª(7),æ^È©C�(8),�ò¹	-y�
�¢XÚ(7)=��Ã�¢XÚ(9);

2) �E*ÿì: �EÃ�¢XÚ(9)�*ÿì�
ª(12);�E	-y(6)�*ÿì�ª(13),ÏLG�
�ê4:��{¼�ü*ÿì��"OÃÝ
KZ

ÚKD;

3) ¼�*ÿìÑ\: Äuª(10),dXÚÑÑyx

¼�Ã�¢XÚ(9)�ÑÑyz;

4) �OÃ�¢XÚ��å: d�`�"g�¼
��`G��"(24),dª(27)¼�	-y�"OÃ
Ý
,dd��ZXÚ���å(19);

5) �O�¢XÚ��å: �ÄXÚ�¢,dZX

Ú��å(19)��XXÚ���å(29). �¤��
ì�O.

d��ì1¥£ã�CDAC–TDAFCL§,�±
wÑ:ÏL\\��å(29),�©O³�É�XÚ�
]�gdP~�Ä��É½�Ä,?�³�É
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½�ÄXÚ�A;d�¢?n�ª(8)–(9)��,T
��ì3�OL§¥�Ä
�¢�K�;d*ÿì
Ñ\&Ò(12)–(13)��,T��ì±\�ÝÑ\�
*ÿì�Ä:&Ò,�±�Ý! £&Ò�Ñ\&
Ò���ì�OL§(�ã3)�',�Ñ�ê�È©
¼��Ý�\�Ý�9��6�ª³��L§(�
ã3J�Ü©½ã4),�¢yc¡¤J��CDAC–
TDAFCI�¢y�3�õU.

ã 3 ¹k�Ý� £��*ÿì�O6§ã
Fig. 3 Flow chart of observer design with velocity

and displacement

ã 4 ¹k\�Ý�*ÿì�O6§ã

Fig. 4 Flow chart of observer design with acceleration

4 ���ýýý(Simulation)
Ø>�U]:ùã1�ëê�L1.

L 1 Ø>á�9^:ù�AÛÚá�ëê
Table 1 Geometric and material parameters of can-

tilever beam and piezoelectric actuators
Ø>�Äì(PZT–8) ùëê

d31/(m·V) 6.04× 10−9 Eb/GPa 70

Ea/GPa 51.5 ρb/(kg·m−3) 2700

la/mm 30 lb/mm 500

wa/mm 16 wb/mm 35

ta/mm 1 tb/mm 1.5

xa1/mm 5

xa2/mm 35

xs/mm 475

]:ù3�Äì2?É���u	-yf(t) =
40 sin(ω1t),Ù¥ω1 = 25.1169 (rad · s−1)��Uù
�11��k�ªÇ.3õ��¢þe,æ^CDAC–
TDAFC?1��.|^G��ê4:��{¦��
"OÃÝ
KZÚKD�,Ï"A��−2± 5i�−1
± 25i;|^LQR¦Gz�,

Q = diag{[1e + 5 1e + 5]}, R = 0.1.

ÏLXe�ý(J?�Ú�yCDAC–TDAFä�
�3�õU9���J.,	,�
`²��ì�O
L§¥�Ä�¢��5,òCDAC–TDAFC¥�
Ä�¢��OL§�K(äNL§�ã5),æ^Ø�
Ä�¢�·AëY	6�\�Ý�"���ì�O

�{��Ó�Ø>^:ù.

ã 5 CDAC–AFC�6§ã

Fig. 5 Flow chart of CDAC–AFC
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a) CDAC–TDAFC���J,�ã6–9.

ã 6 τ = 0.125 s��CDAC–TDAFC���J

Fig. 6 CDAC–TDAFC control effects with τ = 0.125 s

ã 7 �τ = 0.25 s��CDAC–TDAFC���J

Fig. 7 CDAC–TDAFC control effects with τ = 0.25 s

ã 8 �τ = 1 s��CDAC–TDAFC���J

Fig. 8 CDAC–TDAFC control effects with τ = 1 s

ã 9 �τ = 2 s��CDAC–TDAFC���J

Fig. 9 CDAC–TDAFC control effects with τ = 2 s

dã6–9��,ÏLõ«ØÓ���¢þe��
��J�±�y,Ø+´����¢þ,�´��
��¢þ, CDAC–TDAFC����JÑ�Ð,qd
u��ì�O�cÚ\	å*ÿì,�¦���É
½�Ä�AÅìP~�",dd�yT�{�k�
59`�5.

b) CDAC–AFC���J,�ã10–13.

���XÚ¥�3Ñ\�¢,���ì�OL
§¥Ø�Ä�¢��ÿ,æ^CDAC–AFC�{��
Ó�Ø>]:ù,3�Ó��¢þe,�CDAC–
TDAFC�'�, CDAC–AFC����Jk¤eü
(ã10–12�ã7–9'�),$�ÑyØ½G�(ã13
�ã6'�),$�����¢Ñ¬K�XÚ�½
5. dd��,e��XÚ�3�¢,��ì�OL
§¥�Ä�¢K�´7��.

ã 10 �τ = 0.25 s��CDAC–AFC���J

Fig. 10 CDAC–AFC control effects with τ = 0.25 s
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ã 11 �τ = 1 s��CDAC–AFC���J

Fig. 11 CDAC–AFC control effects with τ = 1 s

ã 12 �τ = 2 s��CDAC–AFC���J

Fig. 12 CDAC–AFC control effects with τ = 2 s

ã 13 �τ = 0.125 s��CDAC–AFC���J

Fig. 13 CDAC–AFC control effects with τ = 0.125 s

5 (((ØØØ(Conclusions)
ÏLò��å©�¹�¢�^u³�]��Ä

��¢��åÚØ¹�¢�^u�	6g·A-�

���å,æ^DAC�Og´,A^ëYÈ©C�
�{,(ÜG��ê�"4:��{,�OÑëY
/ª��Ä	å��¢\�Ý�"��ì,d��
ìkXe3�A::

1) æ^DAC�Og´,�k�³�É�XÚ±
YÉ½�Ä�A;

2) *ÿì¥�Ø���£ã\�Ý�ÑÑG�
�ê�,æ^G��ê�"�4:��{¦��"
OÃÝ
,l�;�d\�Ýê�È©¼� £
½�Ý��¡L§;

3) �ÄXÚÑ\�¢�K�,�;�Ø�Ä�
¢�UÚå���ì��5Ueü½É�XÚØ

½�¯K,���ì���JØÉ�¢���K�,
l{z
��ì�OL§,ÿ°
��ì�A^
��.

òd�{A^��Uù�É½�ÄXÚ¥,�
ý(JL²,d�{Uk�/³�ÙÉ½�Ä�A.
T�{`³²w,��Y�¢��y9A^C½

Ä:.
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