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o~tu}�¢>p7a�d�r�tuwMp7}~t_�¤��d0}Æzuw
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� z#o¡d>w
o¡t_}!w�t^�^d�³·tuw
d�p;zuo~±��¥�\d0}7x¤t^�^xyr>´$�a�d>}~d'p~a
d�o¡d>w
o¡t_}Æp;zuo~±fo7z{cA����d>oBp~a
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}~t^r�d�o~oB�x¤p~a&zi�8d>}~x�t^�ftu§ 0.01
o0®B`�a�d0wÆ¢

p~a�dAp;zuo~±¶o~d0w
�
oip~a�dÃ}7d>o~v��¤p
y(k)

p~t�p7a�d�r�t_wMp~}7tu���¤d>}it+µ_d0}ip~a
d&w�d�pq'tu}7±¯³
C = 80

��x p;o7´�®�`�a�dÃ�^d>��zHm¿�8d0pq�d>d0w«p~a�d
o~zucA���¤x�w��£p~x�cAd�z{w
��p~a
d�¬_v
d0v�x�w��£p~x�cAd�x�o�o~d�p�p7t

9 · 10−4 o>®

� zÇr�tuwMp7}~t_�¤��d0}iw�t^�^dª³·t_w�dAp7z_o¡±Ç�¾d0µ_d0wMp��^}~x�µud>w8´¦�a�d0}7d=p~a�dÃr0tuwMp~}7tu���¤d>}sp;zuo~±Y¢¥d>z_r;a¿p7x¤cAdAx p�}7d>r0d0x�µud�oiz�§·};z{cAd£§·}~t_c
p~a�d�o~d0w8o¡t_}>¢�r0tucA��v^p7d>o�p7a�d�r�t_w_p7}~t_�@tuv^p7��v^pso~x¤�_w
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u(k)
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��o¡d>w
��o�x¤p�p7t=p7a�dfz_r©p~v8z+p~t_}>®U`�a
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�
x p;o7´ixyofo~d�p�p7t
5 · 10−4 o0®ª¹
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��x�cA���¤d>cAd0wMp~d���z_r0r0tu};�^x¤w
��p~tAp7a�d#§·tu����t+�x¤w��£d>¬Mv
z{p~x�tuw
o*)

u(k) = P (k) + D(k),

P (k) = 1.5 · (r(k) − y(k)),

D(k) = 3.5 · 10−5 · D(k − 1) + 5.25 · (y(k − 1) − y(k)),

�a�d0}7d
r(k)

¢
p~a�d�}7d�§·d>}~d>w
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�Çp~tªp7a�d���z{p7z¿}~d�r�d0x�µud��«x¤w²p7a�d
r�t_w_p7}~t_�¤��d0}� oU§·};z{cAdu®U`�a
d#��d0�yzHmÃ�8d0pq�d>d0w�p~a
di}7d>r0d0�^p7x¤t_w�tu§$p7a�d#§·};z{cAd�z{w
��p~a�d�z_r©p7v
z+p7x¤t_w�xyo

5 · 10−4 o0®

� p~a�dix�w_p7d0}~§·d0}7x¤w
��w�t^�^d=³¨tuw�dsp7z_o¡±£�Bp~x�c£d0�¾��}~x�µud>w8´¼�_d0w�d>}7z{p~d>o¼p~a�d#�^xyoqp7v�}~�
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U
¢_z�};z{w
��tuc�p7}7z{ÂÃr�oqp7}~d�z{c x�o»x p7d0};z+p~x�µud>�¤m=zu���^d��Av�wMp~x��
p7a�d

�¤tMzu��t{§$p~a�d�w�t^�^d#�\d>r0tucAd>o�a�x��ua
d0}�p~a8z{w
U
®U`�a�d��\d0}7x¤t^��t{§$d�zur;a�p~};z+ÂÃr#oqp7}~d�z{c*xyo�o~d�p�z+p�};z{w
�^t_cÚzur>r�t_}7�^x�w��fp~t

p~a�dfv�w�x¤§·tu}7c �yzH x�wÇp~a�d=o¡d0p
{0.01, 0.02, 0.05, 0.1, 0.5}

¢uz{w8��p7a�d�wnv�c=�8d>}st{§¼��z{p7zA�nmMp~d>o�p7zu±ud>o�zÃ}7zuw
�^tucÚµHzu�¤v
d
x¤w�p7a�d�x¤wMp7d0}7µHzu�

[1, 8]
®
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`�a�d'v�w�x¤p¼oqp7d0��}7d>o~�8t_w
o~dUt{§^p7a�d'o~m^oqp7d0c*³·x�wft_v�}$o~x�cfv��yz+p7x¤t_w¥¢Hx §
t < 0

¢
r(t) = 0

d0�yo¡d
r(t) = 1

´@xyoÆv
o~d>���x p7a�p~a
d�t+µ_d0};o¡a�tntup
O
¢�p7a�d»o~d�p¡p7�¤x�w���p7x¤cAd

Tsettling

zuw
�ip~a
d
IAE

³·��wMp~d>�u};z{�{tu§_p7a�d�¹s�
o~tu��v^p~dUc&zu�uw�x¤p~v
��d¼ÀU}~}7tu}©´Yzuo@p~a�d��8d>}¡§·t_}~c&z{w8r�d!cAd�p~}7xyr0o>®
��wÇp7a�x�osoqp7v
�^mu¢

IAE =
∫ Tsim

0
|e(t)| dt

¢
�a
d0}7d
Tsim = 0.5

o�xyo�p~a
d��^v�};z+p~x�tuwÇtu§$p7a�dfo~x¤c=v���z{p~x�tuw¥¢8z{w
��p~a
d�o¡d0p¡p~��x�w��&p~x�cAd
Tsettling

xyo'p~a�d#p7x¤cAd�}7d>¬Mv�x�}~d��Ã§·t_}�p~a�d�o~m^oqp7d0c*p7tÃo¡d0p¡p~��d��x¤p~a�x�w
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1.155

p7t
1.085

¢n�a�x��¤d
Tsettling

��}~t_�
o�§·}~t_c
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0.5
®
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