
���������	��
�

�������������������������� "!$#&%�%('*),+(-(-(-��/./021�3546'*7�'
8 '9#,:�#	;<),'>=�021�%�?�1�@A;<1B02'90C;<1�DE#F'>@G3<16;23<)�#(7�'*)(@�1�H

I JLKNMPO I Q KSRTO I U
V K�MPO

I
W K
RTO (- KSR�XZY6ORAK
R�[�X ��\ R�X ��-(- O I]^_KNMPO `aK�MPO

# Ocb )A0C;<) Q K
RTOedgf 1 Yih -kjl:_16;<1�3<D,'>@k#(321e'>@nmN?�@�7�'*)(@k1o:_' YGp 1�3Gq�?�#&=*'�r	#&=*)(3<'�:�1�= p #&35#&D,16;<32) f '>=s02'*0P;21�DE#3<16;<32)A#&7�'*)(@�#	;2)ut1s#(02'>@A;2)(;2'94�#(DF1�@A;21s0C;5#&v�'*=*1(wv Oxb )A0C;<) Q K
RTOyd +z1 Y{d +&-kjA:�16;21�32D,'*@k#&3<1l=S| 1�3<32)�321l#"3<1�%('*D,1 J	}GKNMPO 46)�323<'90 p )(@k:�1�@A;21l#(=>=S| # p�p =*'94�#&7�'>)�@�1�4�)(@A;21�D p )�3<#&�@�1�#,:_1�'�021�%�?�1�@A;<'�0P1�%(@k#(=>'SH~32'>mN1�3<'>D,1�@�;<) ^_K�MPO�d + X��&M 1s:_'90C;<?�32v�)uV KNMPO/d ��-�w4 Oxb )A0C;<) Y�d +(-�jk:_'9021�%(@�#&3<1BqA?k#(=>'>;<#&;2'*r	#&D,1�@A;21s'*=�:�'*#(%(35#&D,DE#F:�'����_qA?�'90C;�:�1�=*=*#FmN?�@k7�'*)(@�1 W KSRTO wl�{#&=946)�=*#(321�1�0<#	;2;<#	�D,1�@A;<1s=*# p )�02'*7�'*)(@�1s����:_1�=>=S| #�0P'*@A;2)(;2),r(1�3P;<'*4�#&=*1(wy��@k:�'>rL'9:_?k#&3<1(j�0P1z1�0P'90P;2)(@k)kj_=*1z'>@A;<1�350P1�7�'*)(@�'�4�)(@G'>=�0P1�D,'*#�02021B321�#&=*1@�1�%�#&;2'*r()kw: Oxb )A0C;<) Q K
RTOFd�f 1 Y�d +(-�j~;235#(4�46'9#&3<1cqA?k#&=*'>;<#	;<'>r	#(DF1�@A;21c'*={=>?�)�%()�:_1�=*=>1�3<#�:_'946'�:_1�=�02'*0P;21�D,#e321�;23<)�#(7�'*)(@k#&;2)�#&=r	#&3<'9#&3<1�:_1�= p #(3<#(DF1�;23<) f wy��3<#�4�46'9#&3<1x�2qA?k#&=*'>;<#	;<'>r	#(DF1�@A;21��F'�=*?�)�%(��'�:�1�=*=>1s35#(:_'946'�02'9# p 1�3 f�h -E45�k1 p 1�3 f�� -0<# p 1�@k:�)G45�k1,02?�=*=
| #(0<021F3<1�#(=>1xt1 p 3<1�021�@A;21,?�@�02)(=*) p ?�@A;2)�:_'/:�'>35#&DE#&7�'>)�@�1(wc�{#(=*4�)(=9#&3<1"1�02#&;P;<#(D,1�@A;21G� O '*=/461�@A;23<)0P;21�=>=9#s:_1�%�=>'�#(02'>@A;<)&;2'�����1�+ O '*=kr	#(=>)�321�:_' f #s46?�'�46)�323<'*0 p )(@k:_1�=9#s46)�@k:_'*7�'*)(@�1�:_'�D,'>@�'*D,)s;21�D p )�:�'�#(0<021�0P;<#&D,1�@�;<)p 1�3�'*=�02'*0P;21�D,#F3<16;<32)A#&7�'*)(@�#	;2)�w1 Oxb )A0C;<) Q K
RTOyd �(jA;235#(4�46'9#&3<1lqA?k#&=*'>;<#	;<'>r	#(DF1�@A;21�'>=�4�)(@A;2)�32@�)":_1�=*=>1�35#(:_'946'a:_1�=�02'90C;<1�DE#�3<16;<32)A#&7�'>)�@k#	;<)z#&=�r	#&3<'*#(321�:_1�=p #(3<#(D,16;23<) Y�h -�wy�{#&=946)�=*#(321�'>=�r	#(=>)�321�:_' Y #B46?�'�46)(3<3<'*0 p )�@k:_1{=*#B4�)(@k:_'*7�'*)(@k1�:�'�D,'>@�'*D,)B;21�D p )z:_'k#�02021�0P;<#(D,1�@A;2)�wm O 8 '�46)(@�0P'9:_1�3<'�'>=�0P1�%(?�1�@�;<1s0P'90C;<1�DE#F321�;23<)�#(7�'*)(@k#&;2)kH
I JLKNMPO I f I J(���<�R I]^LK�MPO `aK�MPO

� 16;<1�3<DF'*@k#(321B'*=�r	#&=*)(3<1s:_1�=�%�?k#(:k#&%(@k) f ;5#&=*1z:�#F%�#&35#&@A;<'>3<1�#(=�02'*0P;21�D,#,3<16;<32)A#&7�'>)�@k#	;<)�?�@�DE#&3<%('*@�1s:_'�#(D p '>1�7�7�#��� d  �w
% OeK
� #(4�)(=>;<#&;2'*r() Olb )�0P;2) Y�d +&-u1 Q KSRTOld �KN��R�X +(- O j�;235#(4�4�'*#(321o�2qA?k#(=>'>;<#&;2'*rT#(D,1�@A;21��u'*=y46)(@A;<)(3<@�)c:_1�=>=*1,3<#�:_'*4�' :_1�=02'*0P;21�DE#c3<16;<32)A#&7�'*)(@�#	;2)�#&= r	#&3<'*#(321F:_1�= p #&35#&D,16;<32) �¡h -�;21�@k1�@k:_) p 3<1�021�@A;21E45��1 p 1�3 �id -x' p )(=*'y:_1�=y02'*0P;21�DE#3<16;<32)A#&7�'*)(@�#	;2)F0P)�@�)kH�¢�£ d¥¤ ��-k¦¨§_��1�¢ [6© � dª¤ +_¦ \&«�«�¬o­A®�¦¨+&® � w

�



�"�������	��


��{�c���������_�����(����!�)_:_1�@k#"���� F!$#(%(%('*)E+&-(-�-z�/¯�'*0 p )A0C;<1# Oc° | 1�q�?�#&7�'*)(@k1�4�#&35#	;P;<1�3<'*0P;2'94�#F:_1�=�0P'90P;21�DE#F3<16;23<)�#(7�'*)(@k#&;2)ut1�=9#,0P1�%(?�1�@A;21
� X  (- f�KSR/XZY6ORAK
R [ X ��\ R/X ��-(- O d - ± R � X ��\ R [ X¡K ��-�- X  (- foO2R/X  (- f²Y{d -

° #F4�)(3<32'90 p )�@k:_1�@A;<1l;5#&v�1�=*=*#,:_'�¯�)(?_;<��t1
� � K ��-�- X  (- foO ± � h -+ ��\  &- fªY ± ��\ h -� ��\ K ��-�- X  &- foO�¤  (- f²Y ± ��\ K + X�f�O~¤³fªYlh --  &- f²Y ± fªY�h -�yr	#(=>)�32'�:_' f´p 1�3�'aqA?k#&=*'�'>=a02'*0P;21�DE#z3<16;23<)�#(7�'*)(@k#&;2)Et1B#(02'*@�;<)&;<'*4�#&D,1�@A;21�0C;5#&v�'*=>1B02)(@�)Fq�?k1�=*=>'a45��1�321�@k:_)�@�) p )�02'µ;<'>rL';<?_;P;<'�%(=*'a1�=*1�D,1�@�;<'�:_1�=>=9# p 32'*DE#,46)(=*)(@k@k#":�1�=*=*#F;5#&v�1�=*=*#,:_'�¯�)(?_;<��H

f¶Y�h -�· � + XnK ��\ ¤³Y6OPf¸h -8 '�:_'*0P;2'*@�%�?�)(@�)E:_?k1B4�#(02'
H
� O - �iY�� ��\ ± f�h -
+ O Y�h ��\ ± - �if�� � +Y�¤ ��\ d¡f³¹ K � O

v O�º #(=>1�=*#$02)	rL3<# p�p )�02'>7�'>)�@�1E:_1�%�=>'{16»�16;2;2'Swe��={%(35#(:_'*@�)$:_'�#&D p '*1�7�7�# ^ £ d +�@k)(@��k#e@�1�0<0P?k@�16»�16;2;2)o02?�=*=
| 1�3<3<)(3<1u#3<1�%�'>D,1 J } KNMPO '*@$qA?k#&@A;<)E'>=�0P'90C;<1�DE# Q KSRTO W K
RTO t1z:_'�;<' p )$�(w ° | 1�3<3<)(3<1B#,3<1�%�'>D,1z:_)	rL?_;<)u#&=*=*#,35#&D p # ^ [ d¼�(M t1s'>=021�%�?�1�@A;21�H J [ d �fu½ · f ½ d +(- ± J } KNMPO�d -k¦>�T ��=�4�)(@A;23<'*v�?_;2),:_1�=�:_'90C;<?�32v�)u02'�4�#&=946)�=*#"@�1�=�D,)L:�),021�%�?�1�@A;<1(H
J � d ��-l=*'*D�C¾B¿ ¤ W K
RTO� X Q K
RTO W KSR�O dª¤ ��-+ dª¤  

À ?�'*@k:_'�0P'a�k#,45��1 J	}GKNMPO�d -�¦*�� ¤  d²¤ «�¦ ÁA 4 Oxb 1�3 Y�d +&-�j_=9#"mN?�@�7�'>)�@�1z:_'a;<3<#�0CmN1�32'*D,1�@A;2) W K
RTO r	#&=*1
W KSR�O�d  &- K
R�X +&- ORAK
R [ X ��\ R/X ��-(- O��=�46)(3<3<'*0 p )�@k:_1�@�;<1$:_'9#&%(35#&D,DE#³:_'��l�_q�?k'*0P;et1$D,)A0C;<3<#&;2)�'*@ � '*%kw��(w¥��=B:_'*#(%(35#&D,DE#³:_'��l�LqA?�'90P; p 3<1�021�@A;<#³?k@#�0P'*@A;2)&;<)"r�1�32;2'94�#(=>1B'*@ � � d ��-(-(-��-(- K �+&- ¤ ��\��-�- O/d¥¤ �����- d²¤ �(¦*�.�0P'90C;<1e?�@�| '*@A;21�35021�7�'*)(@k1e� £ 46)�@¡'*=B021�D,'9#(0<0P1e@�1�%A#	;2'*r()Z45��1 p ?�t)�1�02021�3<1�m�#(4�'>=*D,1�@A;21�'*@k:_'*rA'9:_?k#&;<#Z?_;2'*=*'>7�7�#&@�:_)�'3<'*02?�=>;<#&;2' :�#&=*=S| #(@k#&=*'*02'~:_' 0C;5#&v�'*=>'>;Tt#x02r()(=>;<#�#&= p ?�@A;<)x# O w 8 )A0C;<'µ;<?�1�@�:_) Yzd +&-�'*@ K � O 02' :_16;<1�3<D,'>@k#�'*= D,#(32%�'>@k1":_'#(D p '>1�7�7�# � ��:_1�=�0P'90C;<1�DE#F1s:�#EqA?�1�0P;2)E02'a32'94�#Tr	# p )�'�=
| '*@�;<1�350P1�7�'*)(@�1s� £ 46)(@x'*=�0P1�D,'*#�02021�@k1�%�#&;2'*r()

� � d � ++&- ¤ ��\ d Á ± � £ d²¤ ���� d²¤ �Á d²¤ -�¦*��+( 
° | '*@A;21�35021�7�'*)(@k1�4�)(@x'>=�021�D,'9#(0<0P1B@�1�%�#&;2'*r(),#TrArL'*1�@�1B#&=*=9# p ?�=*0<#&7�'>)�@�1�Â £ dÄÃ  &-(- d ��- Ã  _w: Ox° | 1�q�?�#&7�'*)(@k1�4�#&35#	;P;<1�3<'*0P;2'94�#F:_1�=�0P'90P;21�DE#F3<16;23<)�#(7�'*)(@k#&;2)ut1

� X  &- f�KSR/X�Y�ORAK
R [ X ��\ R/X ��-(- O d -° | #(@k:�#&D,1�@�;<)c:_1�=�=*?�)�%()c:_1�=>=*1�35#(:�'*4�'�:_1�=�02'90C;<1�DE#u3<16;<32)A#&7�'*)(@�#	;2) p 1�3 Ysd +&-c#&=�rT#(32'9#&3<1�:_1�= p #&35#&D,16;<32) fÅh -t1�DF)A0C;<3<#&;2)u'*@ � '*%kwa+_w ° | #&@k:�#(D,1�@A;2)x:_1�=�=>?k)(%()�:_1�=*=>1F35#(:_'946' fÆ� -$t1"D,)�0P;235#	;2)E'*@ � '*%kw � w�� p )�=>' :_' p #(3P;<1�@�7�#
+



−1.5 −1 −0.5 0 0.5
−1

−0.5

0

0.5
diagramma di Nyquist

 6.8

 8.2

 10

 12

 15
 18  22 27 39

� '>%�?�35#c��H � '9#&%�3<#(DFDE#F:_'��l�LqA?�'90P;l:_1�=*=*#"mN?�@k7�'*)(@�1z:_'�;<3<#�0CmN1�32'*D,1�@A;2) W KSR�O w

−25 −20 −15 −10 −5 0 5
−15

−10

−5

0

5

10

15
luogo delle radici

� '>%�?�35#,+�H ° ?�)�%(),:_1�=*=>1s35#(:�'*4�'�:_1�=�02'90C;<1�DE#F321�;23<)�#&7�'>)�@k#	;<) p 1�3 Y�d +&-"1z#&=ar	#&3<'*#(321B:_1�= p #&35#&D,1�;23<) f�h -�w

�



−40 −35 −30 −25 −20 −15 −10 −5 0 5 10
−20

−15

−10

−5

0

5

10

15

20
luogo delle radici

� '>%�?�35# � H ° ?�)�%(),:_1�=*=>1s35#(:�'*4�'�:_1�=�02'90C;<1�DE#F321�;23<)�#&7�'>)�@k#	;<) p 1�3 Y�d +&-"1z#&=ar	#&3<'*#(321B:_1�= p #&35#&D,1�;23<) f�� -�w
:_1�=�=*?�)(%�)c:_1�=>=*1z35#(:_'946'�0P)�@�)s¢ £ d -�jA¢ [�© � dÇ¤ Ál¬³­A\�w���=�=*?�)�%()u:_1�=>=*1�35#(:_'946' p 3<1�021�@A;<#E:_?k1"#(02'*@�;<)&;<'�r(1�3P;<'*4�#&=*'
w���=4�1�@A;23<)F0P;21�=>=9#E���":_1�%(=*'�#(02'>@A;2)(;2'a'*@xmN?�@�7�'*)(@k1z:_' Y t1B'>=�021�%�?�1�@A;21�H

��� d KSY�¤ ��\ O+ ÈÈÈÈ �SÉ [ ¿ d +° #e46)�@k:_'*7�'*)(@�1�:_'�DF'*@�'*D,)$;21�D p )³:_'�#(0<0P1�0C;5#&D,1�@A;2) p 1�3"'*=�0P'90C;<1�DE#�3<16;<32)A#&7�'*)(@�#	;2)$02'{�k# p 1�3 fÊh -oqA?k#&@k:�);<?_;P;<1�1�;23<1B=>1�35#(:_'946'a02)(@�)F#&=*=>'*@�1�#&;21�w���=�r	#&=*)(3<1�� ¿ :_1�=*=9#"4�)(3<32'90 p )(@�:_1�@A;21 p #&32;21�321�#&=*1�02'a:_16;<1�3<D,'>@k#"?_;<'>=*'>7�7�#(@k:_)F'>=;<1�)(3<1�DE#F:_1�=�vk#&3<'*4�1�@A;23<)kH � ¿ d �� K ¢ £ X ¢ [ X ¢ � O/d¥¤ ��\���=�4�)(3<32'90 p )�@k:_1�@A;<1�r	#&=*)(3<1B:_' f 0P'a)(;P;<'>1�@�1s@�1�=�0P1�%(?�1�@�;<1BDF)_:_)�H
fËd²¤ RAK
R [ X ��\ R/X ��-(- O &- KSR�XZY6O ÈÈÈÈ � É�Ì�Í d � ��-(«+(+� K
��Y ¤ ��\ O ÈÈÈÈ �
É [ ¿ d -�¦ � � �  1 Ox° | 1�q�?�#&7�'*)(@k1�4�#&35#	;P;<1�3<'*0P;2'94�#F:_1�=�0P'90P;21�DE#F3<16;23<)�#(7�'*)(@k#&;2)ut1

� X  &- KSR�XZY6ORAK
R [ X ��\ R/X ��-(- O d -��3<#�0CmN)�32DE#(@k:_)�=S| 1�qA?k#&7�'>)�@�1B'>@GD,)_:_)E:�#FD,16;P;<1�3<1s'>@G1�rA'9:_1�@�7�#F'*= p #&35#&D,1�;23<) Y 0P'a)(;P;<'>1�@�1(H
� X  (- YRAK
R [ X ��\ R/X �� &- O d -° 1�35#(:�'*4�'�0P)�@�)kH ¢ £ d -k· ¢ [6© � dª¤ Ál¬ Ã \&« ¤ �� (- dª¤ Á�¬�®k¦ +A§6­° | #(@k:�#&D,1�@�;<)u:_1�=�46)�@�;<)(3<@�)u:_1�=>=*1z35#(:_'946'�#(=�r	#&3<'9#&3<1z:_1�= p #&35#&D,16;<32) YBh -xt1sD,)�0P;235#	;2)E'*@ � '*%kwk«�w���=�=*?�)(%�)u:_1�=*=>135#(:_'946' p 321�0P1�@�;5#z;<321z#�0P'*@A;2)(;2'�'>=�46?�'�4�1�@A;23<)E0C;<1�=*=*#xt1
� � dª¤ ��\� d¥¤  �¦ ���(�

° #F4�)(@k:�'>7�'>)�@�1s:_'�D,'>@k'>D,)F;21�D p )u:_'�#�02021�0P;<#(D,1�@A;2),0P'��k#,q�?�#&@k:_)F;<?_;P;<1s1B;23<1�=*1s35#(:_'946'�02)(@�),#&=*=*'>@�1�#	;<1(H
� ¿ d �� K ¢ £ X ¢ [ X ¢ � O/d¥¤ ��\���=�4�)(3<32'90 p )�@k:_1�@A;<1�r	#&=*)(3<1B:_' Y 0P'�)(;P;<'>1�@�1B@�1�=�021�%�?�1�@A;<1�D,)_:_)�H

Y�d²¤ RAK
R [ X ��\ R�X �� &- O &- ÈÈÈÈ � É�Ì�Í d ®�¦ ® � +
«



−10 −8 −6 −4 −2 0 2
−15

−10

−5

0

5

10

15
luogo delle radici

� '*%(?�35#F«kH ° ?k)(%()E:_1�=>=*1B3<#�:_'946'�:_1�=�0P'90P;21�DE#F3<16;23<)�#(7�'*)(@k#&;2) p 1�3 Q K
RTOyd ��1s#(=�r	#&3<'*#(321B:_1�= p #&35#&D,16;<32) Y�h -�w
m OG° | '*@A;21�35021�7�'*)(@k1�4�)(@x'>=�021�D,'9#(0<0P1B@�1�%�#&;2'*r(),0P'a�k#EqA?k#(@k:_)F=*#Fm�#�0P1s:_1�=�02'*0P;21�D,#Fr	#&=*1 ¤�Î H

¤ Î + ¤ Â ¿ M ¿ dª¤�Î ± Â ¿ d Î+ M ¿ d Î \��D p )(@�1�@k:_)E#&=�02'90C;<1�DE#F'>=�DE#(32%�'>@�1B:_'am�#�0P1Br�)(=*?_;2)ÈÈÈÈ fªJ ���<�R ÈÈÈÈ � É�ÏPÐ�Í d
�� � d � ± fÂ ¿ d

� 
02'a)&;2;2'*1�@�1 f´d Â ¿ d Î� -

% Ocb )A0C;<) Y�d +(-F1 Q K
RTOyd �K���R�X +(- O j�=S| 1�qA?k#&7�'>)�@�1B4�#&35#	;2;21�32'90C;<'*4�#ct1�=9#E0P1�%(?�1�@A;21(H
� X  &- K
R/X +&- ORAKN��R{X +&- O6K
R [ X ��\ R�X ��-(- O d -b )�@�1�@k:�)"'*@G1�rL'*:�1�@�7�#"'*= p #(3<#(D,16;23<) � 02'�)&;2;2'*1�@�1�H

� X ��R [ K
R [ X ��\ R/X ��-(- O+&- RAKSR [ X ��\ R/X ��-(- O�X  (- KSR/X +(- O d -° | #(@k:�#&D,1�@�;<)F:�1�=�4�)(@A;2)�32@�),:_1�=>=*1s3<#�:_'946'�#&=ar	#(32'9#&3<1�:�1�= p #(3<#(DF1�;23<) ��h -�t1BDF)A0C;<3<#&;2)F'>@ � '*%kw� �w

 



−20 −15 −10 −5 0 5
−15

−10

−5

0

5

10

15
luogo delle radici

� '*%(?k3<#, _H���)�@�;<)(3<@�),:_1�=*=>1s35#(:�'*4�'�:�1�=�02'*0P;21�DE#"3<16;<32)A#&7�'>)�@k#	;<)"#&=ar	#(32'9#&3<1�:�1�= p #(3<#(D,16;23<) ��h -�w

\



ÑA�"�������	��
�
��{�c���������_��������ÒG��!$)L:�1�@k#"���� F!$#(%(%�'>)E+&-�-(-�� � )�D,#(@k:_1s��1�)(3<'945��1
b 1�3l4�'*#�024�?�@�)u:_1�'�021�%�?�1�@A;2'�;21�0C;B0P1�%(@k#(321z4�)(@�?�@k#c463<)L4�16;2;<#E=*1�#	»�1�3<DE#&7�'>)�@�'�45��1"0P'�32'>;21�@�%()�@�)E%('*?k0P;21(w�Ó�=946?�@�'�;21�0C;0P)�@�)E0P1�%(?�'>;2'�:�# p 'Pt?G#	»�1�3<DE#&7�'*)(@k'a%('*?k0C;<1B1z0P'�4�)(@k02'*:�1�35#&@�),0P? p 1�3<#&;2'�qA?k#&@�:_)Eq�?k1�0P;21sr(1�@�%()�@�)"4�)(@A;235#(0<021�%(@�#	;21l;2?_;2;21�w�(w���@³46)�323<'*0 p )(@k:_1�@�7�#c:_' ?�@ p )�=>)xD�?�=>;2' p =*)x:�' )(35:_'>@k1,Ô�:_1�=>=S| 1�qA?k#&7�'>)�@�1F4�#&35#	;2;21�3<'90C;<'*4�#$� XÕf W K
RTO�d -�j�'>=~=*?�)(%�):_1�=>=*1�3<#�:_'*4�'a:_' W K
RTO/dnÖ�K
RTO2× Q K
RTOyp 321�0P1�@A;<#z=9#F46)(@�Øk?�1�@k7�#F:_'�?�@�@L?�D,1�32) ^ :_'�35#&D,' p #&3<'�# KNÙ�dÛÚL^	Ü VAÝ_Þ Ö�K
RTOàß já$diÚL^	Ü VAÝ_Þ Q K
RTOàßNO Hâ ^sd¡Ùâ ^sd¡á�¤�Ùã ^sd Ôâ ^sd +yÔ+_w���=�0P'90P;21�DE# W KSRTO jy02? p�p )�0P;2)e#Gm�#�0P1�D,'>@�'*DE#�1 p 32'*r()$:_'{7�1�32'Sj~�k#$?k@�:_'*#(%(35#&D,DE#�:_'�ä�)_:_1�:_1�=*=>1x#&D p '*1�7�7�1c45��1'*@A;21�35021�4�#B=S| #(0<0P1l#�%(?k#�:�#&%�@�)s?�@�'>;<#(32'*)z@�1�= p ?�@A;2)"4�1�@A;235#&=*1l:_'�?�@E;<3<#&;P;<)"# p 1�@k:�1�@�7�#s�C+_w~å�@k#"0C;<'>DE#�:�1�=�D,#(32%�'>@k1:_'�m�#(021 ��æ :_1�=�0P'90P;21�DE#xt1B=9#F021�%�?�1�@A;<1â � æ³çéè[ã ��æ ç -â � æ³ç ¤ è [� w�ål@k#�0P;2'*DE#�:�1�=*=*#l=*#(32%���1�7�7�#�:_'Lvk#(@k:�#lÂ~ê�:_'L?�@F0P'90C;<1�DE#�321�;23<)�#&7�'>)�@k#	;<)�#Tr(1�@�;<1 W K
RTO 02?�=L3<#(DF)�:_'*321�;P;2)�1�ë K
RTOyd �02?�=a35#&D,)E:_'�3<16;23<)�#(7�'*)(@�1�t1ã Â~êF;5#&=*1B45�k1cì W K ­&Â ê O ì d �â Â ê ;5#&=*1B45�k1cì W K ­&Â ê O ì d¼Ã +â Â~êF;5#&=*1B45�k1cì W K ­&Â ê O ì d £í [«kw���=�:�'*#(%(35#&D,DE#�:_'��l'*45�k)(=90�:_1�=�02'90C;<1�DE# W K ­(Â O/dïî � K�f 4�)�0P;<#&@A;<1 p )�02'>;2'*rT# O t1(Hâ ?�@k#,3<16;P;5#F)(3<'>7�7�)(@A;5#&=*1ã ?�@k#,3<16;P;5#Fr(1�32;2'94�#(=>1â ?�@k#E46?k32r	# _w�ål@G02'90C;<1�DE#F=>'*@�1�#(321s0P;<#(v�'>=*1B'>@k%(3<1�0<0P)F=>'*D,'µ;5#	;<)&�à?k024�'µ;5#F=>'*D,'µ;5#	;<#xt1s#(@k45��1s0C;5#&v�'*=*1B#�0P'*@A;2)(;2'94�#&D,1�@�;<1ã 0P1�D p 321â 0P)�=>)E021�'*=�02'*0P;21�DE#�t1B#"m�#�0P1BD,'>@k'>DE#â 0P)�=>)E021�;<?_;P;<'�'�02?�)�' p )�=>'���#&@�@�),D,)(=>;21 p =*'*4�'µ;	t#"?k@�'µ;5#&3<'*#\�w��l1�=*=
| # p�p =>'94�#(7�'*)(@�1,:_1�=�463<'µ;<1�3<'>)G:_'/¯�)�?_;2��j�=*1F35#(:�'*4�'y:_1�=*=
| 1�qA?k#(7�'*)(@�1E#(?k0P'*=*'*#(32'9#c45��1u02' )&;2;2'*1�@�1EqA?k#(@k:_)G?�@k#x3<'>%A#'*@A;21�35#,:_1�=*=9#�;5#&v�1�=*=*#,:_'�¯�)(?_;<��0P'�#(@�@L?�=*=*#â 0P)�@�)F;2?_;2;21z35#(:_'946'a# p #(3P;<1B321�#&=*1�@L?�=*=*#ã 0P)�@�),3<#�:_'*4�'�#&@k45�k1B:�1�=*=
| 1�qA?k#(7�'*)(@�1s4�#(3<#&;P;<1�3<'*0P;2'94�#":_' p #(3P;<1�@�7�#ã 0P)�@�),3<#�:_'*4�'�0P'*D,D,16;23<'945��1B32'90 p 16;2;2)u#(=>=S| )�32'*%('*@�1B:_1�= p '*#(@�)E46)(D p =*1�0<02)

§



§Lw���=�4�32'>;21�32'*),:_'����_qA?�'90C;�@k1�=*=*#,02?k#"mN)(3<D,# p 'Pt?G%(1�@�1�35#&=*1ã t1B?�@�463<'µ;<1�3<'>)F@�1�4�1�0<02#(32'*)F1z0P?_ðu4�'>1�@�;<1â 0P'�# p�p =*'*4�#,0P)�=>),#&'�02'90C;<1�D,'�#Fm�#(021BDF'*@�'*DE#â 0P'�# p�p =*'*4�#,#&@k45��1s#,02'*0P;21�DF'�@�)(@x=>'*@�1�#&3<'Á�w���=~46)�@�;<)(3<@�)c:_1�=>=*1�35#(:�'*4�'�0P;2?k:�'*#c=>1,46?�3<r(1":_1�0<463<'µ;2;21F:�#&=*=>1"3<#�:_'946'~:_1�=*=
| 1�qA?k#(7�'*)(@�1"4�#&35#	;2;21�32'90C;<'*4�#u#&=�r	#&3<'*#(321 K :�#x-#(=>=S| '*@_ñk@k'µ;<) Oâ :_'�?�@�qA?k#&=*?�@kqA?�1 p #&35#&D,16;<32)F:_1�=�%�?k#(:k#&%(@k)F:_'�#(@�1�=*=*)ã :_'�?�@�qA?k#&=*?�@kqA?�1 p #&35#&D,16;<32)F45��1s1�@A;235#"=>'*@�1�#(32D,1�@�;<1B@�1�=*=
| 1�qA?k#(7�'*)(@�1s4�#&35#	;P;<1�3<'*0P;2'94�#â :_1�=*=>1z02)(=*1s46)A0C;5#&@A;2'�:_'�;21�D p )E321�=*#&;2'*r(1B#(:�?�@ p )�=>)E)E#�:c?�@k)F7�1�3<)®�w���=>?�)�%(��'�#(:x!ò1�:��²4�)�0P;<#(@�;<' p )A0202)(@k)"1�02021�3<1s:_16ñk@k'µ;<'â 0P)�=>)E02?�'�:_'9#&%�3<#(DFD,' p )(=9#&3<'ã #&@k45��1s02?�'�:_'9#&%�3<#(D,DF'a:_'���'945��)(=90â #&@k45��1s02?�'�:_'9#&%�3<#(D,DF'a:_'�ä�)_:_1��-�w�ål@x3<'>;<#&35:_) p ?�3<) W K
RTO/dÕJ ��ó Í � p )A0C;<),'>@G3<16;23<)�#(7�'*)(@�1�@�1�%A#	;<'>r	#,0P?x?�@G%(?�#(:�#(%(@�) fã t1s0C;5#&v�'*=>1 p 1�3l:�'�- �if�� �â t1s0C;5#&v�'*=>1 p 1�3l:�'�- �if��ZM ¿â t1s0C;5#&v�'*=>1 p 1�3l:�'�- �if�� £ó Íâ t1s0C;5#&v�'*=>1 p 1�3l:�'�- �if�� èó Í�(�(w�ål@G02'90C;<1�DE#,:_'a;2' p )��B45�k'>?k02),'>@G3<16;<32)A#&7�'*)(@k1l?�@�'>;<#(32'9#F@�1�%A#	;<'>r	#ã �k#,?�@G%(?k#�:�#&%�@�)"0P;<#&;2'946),?�@�'>;<#(32'*)â �k#,?�@G%(?k#�:�#&%�@�)"0P;<#&;2'946),D,'>@k)(3<1B:�'y�â �k#,?�@G%(?k#�:�#&%�@�)"0P;<#&;2'946),DE#&%�%('*)(3<1�:_'/���+_w���@uv�#(021�#&= p 3<'>@k4�' p '>)F:_1�=�D,)L:�1�=*=>)"'>@A;21�32@k)kj p 1�3�@�1�?_;235#&=*'*7�7�#(321 K 46)�@u1�3<32)�321�@L?�=*=*)"#z3<1�%�'>D,1 O ?�@cD,)_:_)"'>@u'*@�%�321�0202)4�)(3<32'90 p )(@�:_1�@A;21�#(:E?�@ p )�=>)F:_) pkp '>)F@�1�=>=S| )�32'*%('*@�1�)_4�46)(3<3<1l45��1l@k1�=�%(?k#�:�#&%�@�)�:a| #&@k1�=*=>)F:_1�=a02'*0P;21�D,#�321�;23<)�#(7�'*)(@k#&;2)â 0P'9# p 321�0P1�@A;21s#&=*D,1�@�),?�@ p )(=*)F@k1�=*=
| )(3<'>%�'>@k1â 0P'9#&@�) p 3<1�021�@A;<'�#&=*DF1�@�)F;23<1 p )�=>'�@k1�=*=
| )(3<'>%�'>@k1ã 0P'9#&@�) p 3<1�021�@A;<'�#&=*DF1�@�)E:_?�1 p )(=*'�@�1�=>=S| )�32'*%('*@�1� � w 8 1 'A46)L16ðu4�'>1�@�;<'(:_1�=>=S| 1�qA?k#&7�'>)�@�1y4�#(3<#&;P;21�32'90P;2'94�#�:_'&?�@z02'90C;<1�DE#�321�;23<)�#(7�'*)(@k#&;2)�0P)�@�){;2?_;2;2' p )A0P'>;2'*rL'
jT#&=*=>)�3<#�t1 p )�0<0P'*v�'*=>1#&»�1�32DE#&3<1B45��1B'>=�02'90C;<1�DE#F321�;23<)�#&7�'>)�@k#	;<)â t1s0C;5#&v�'*=>1ã p ?�t)E1�0<021�3<1�0P;<#(v�'>=*1ã p ?�t)E1�0<021�3<1�'*@k0P;<#&vk'>=*1

Á



ô�õ ����ö õ �&�	�N������÷��zÑA�"�������	��
�
��{�c���������_��������Òg�/!�)_:_1�@k#F���	§"!$#&%�%('*)���®(®(®z��./021�3546'*7�'
8 '*#,:�#&;2),'*=�0P1�%(?�1�@A;21s0P'90P;21�DE#F'*@x3<16;<32)A#&7�'>)�@�1(H

Q KSRTO W KSRTO II] II I
ø

U
]

ù
^_KNMPO JLK�MPO VL£ KNMPO `aKNMPO

V [ K�MPO
�(w b )A0C;<)kH

Q KSR�Oyd¡f · W KSR�O�d K ��- ¤ + RTOK
R�X + O6K
�lX ® RTO
:_1�;21�32D,'*@k#&3<1 p 1�3�q�?�#&=*'arT#(=>)�32'�:�1�= p #(3<#(D,16;23<) f '*=�02'*0P;21�D,#F3<16;<32)A#&7�'*)(@�#	;2)ct1s#(02'>@A;<)&;2'94�#(D,1�@A;21B0C;5#&v�'*=*1(w+_w � 16;<1�3<DF'*@k#(321 p 1�3FqA?k#(=>'�r	#&=*)(3<'�:_1�= p #&35#&D,16;<32) fúh -o0P'��k#e?�@�1�323<)(3<1c#$3<1�%�'>D,1³ì J	}GKNMPO ì � -�¦*��qA?k#(@k:_)o02?�=02'*0P;21�DE#F#(%('9024�)(@�)"'�:_'90C;<?�3<v�'�46)A0C;5#&@A;2'�V_£ K�MPO/dÕ� jkV [ KNMPO�d  F1�:�'*=�32'>mN1�3<'*DF1�@A;2)E#F%(35#(:_'*@�) ^LK�MPO/d +_w� w � '*021�%�@k#&3<1lqA?k#(=>'>;<#&;2'*rT#(D,1�@A;21�'>=�:_'9#&%�3<#(DFDE# p )(=9#&3<1�:�'��l�_q�?k'*0P;�:�1�=*=*#zmN?�@�7�'*)(@k1 W KSR�O w��{#&=946)�=*#(321�1�02#&;P;5#&D,1�@A;21�=>1'*@A;21�35021�7�'*)(@k'�4�)(@G=S| #�02021�3<1�#(=>1�w«kw���3<#�4�4�'*#(321�q�?�#&=*'µ;5#	;2'*r	#&D,1�@A;<1s'�:_'*#(%(35#&D,D,'�#(02'>@A;<)&;2'946'a:_'�ä�)_:_1z:�1�=*=>1s#&D p '*1�7�7�1B1z:_1�=>=*1Bm�#(02'�:_1�=*=9#�mN?k@�7�'*)(@�1 W KSRTO w _w���3<#�4�4�'*#(321EqA?k#&=*'>;<#	;<'>r	#(DF1�@A;21E'*=/=*?�)(%�)$:_1�=*=>1c3<#�:_'*4�'/:_1�={02'*0P;21�DE# W K
RTO 3<16;<32)A#&7�'*)(@�#	;2)G#&=�r	#&3<'*#(321E:_1�= p #(3<#(DF1�;23<)f¸h -�j�4�#(=*4�)(=9#&@k:�)"1�02#&;P;<#(D,1�@A;21�H
K # O�° # p )�02'>7�'>)�@�1�:�1�' p ?k@�;<'�:_'�:�'>35#&DE#&7�'>)�@�1B:_1�=�=*?�)�%(),:_1�=*=>1s35#(:�'*4�'
wK v Ox° 1s'*@�;<1�350P1�7�'*)(@�'a4�)(@G=
| #(0<021�'*D,D,#(%('*@k#&3<'*)kwK 4 O ��=�r	#&=*)(3<1B:�' f #F4�?�'�46)�323<'90 p )(@k:�1�'*=aD,'>@k'>D,),;21�D p )u:_'�#(0<0P1�0C;5#&D,1�@A;2)�w\�w b )A0C;<) Q KSR�OydûK � XuükRTO j	;<3<#�4�4�'*#(321{q�?�#&=*'µ;5#	;2'*r	#&D,1�@A;<1{'*=k4�)(@A;2)�32@�)�:_1�=*=*1{35#(:�'*4�'�:_1�=*=*#�mN?�@k7�'*)(@�1 Q KSR�O W K
RTO #&=_r	#(32'9#&3<1:_1�= p #&35#&D,16;<32) üGh -�w � 1�;21�32D,'*@k#&3<1�02)(=*)$�2qA?k#(=>'>;<#&;2'*r	#&D,1�@A;21��s=9# p )�02'>7�'>)�@�1�:_'�1�r�1�@A;2?�#&=*' p ?k@�;<'a:_'a:_'>35#&DE#(7�'*)(@�1�w

®



ý � õ�þ � õ ��ö
�(w ° | 1�q�?�#&7�'*)(@k1�4�#&35#	;P;<1�3<'*0P;2'94�#F:_1�=�0P'90P;21�DE#F3<16;23<)�#(7�'*)(@k#&;2)ut1® R [ XnK +_� ¤ + f�OPR{X \ X ��- f�d -��= 02'*0P;21�D,#$t1"#�0P'*@A;2)(;2'94�#&D,1�@�;<1�0P;<#&vk'>=*1F021";2?_;2;2'~1�;<321F' 46)L16ðu4�'>1�@�;<'�:�1�=*=
| 1�qA?k#(7�'*)(@�1F4�#&35#	;2;21�32'90C;<'*4�#u02)(@�) p )A0P'>;2'*rL'
j4�'>)kt1 p 1�3 ¤ \��- �Zf�� +_�+ ± ¤ -�¦ \ �if¸� ��-�¦¨ d¡f ¹��=�r	#(=>)�321B:_'aÂ ¹ 4�)(3<32'90 p )(@�:_1�@A;21B# f ¹ r	#(=>1

Â ¹ dûÿ \ X ��- f ¹® d Ã ���(�� dÕ� ¦  ���+
+_w � #³?�@ p ?�@A;2)�:_'lrA'90P;<#�:_1�=>=S| 1�323<)(3<1G#o3<1�%�'>D,1�j/'l:_'90P;2?�3<v�'lV £ 1$V [ #(%('9024�)(@�)�'*@ p #&35#&=*=>1�=>)³#&=�3<'>mN1�3<'>D,1�@A;<) ^_K�MPO w° | 1�323<)(3<1�#F3<1�%('*D,1s46)(D p =*1�0<02'>r�) J	}GKNMPO 02'�)(;P;2'*1�@k1z:�#&=*=*#"mN)�32D"?�=*#

J	}GKNMPO/d ^�¤ VL£ ¤ V [� X�f�� :_)	r(1 f��sd =*'>D�C¾B¿ f W K
RTOydnf  �8 )A0C;<'µ;<?�1�@�:_)E0P'�)(;P;<'>1�@�1
ì J	}GKNMPO ì d ÈÈÈÈ + ¤³�B¤  � X�f���

ÈÈÈÈ � -k¦>� ± ��Á�- � ì �lX  f ì
:�#,4�?�' f¸h �	§(§ dÕ�  _¦ «

� w���=a:_'9#&%�3<#(DFDE#z:�'��l�_q�?k'*0P;�:�1�=a0P'90P;21�DE#ct1lD,)A0C;<3<#&;2)z'*@ � '*%kw_\�w~��=a:_'9#&%(35#&D,DE# p #(3P;<1�:k#&= p ?�@A;2),� ¿ d �� d �(¦ \(\(\�\

−0.5 0 0.5 1 1.5 2
−1

−0.8

−0.6

−0.4

−0.2

0

0.2
diagramma di Nyquist

 0.0056
 0.01
 0.015

 0.022
 0.027
 0.033
 0.039

 0.047

 0.056

 0.068

 0.082

 0.1

 0.12

 0.15

 0.18

 0.22

 0.27 0.33
 0.39

 0.47

 0.56

 0.68

 0.82

 1

 1.2

 1.5

 1.8

 2.2

 2.7
 3.3

 4.7

� '>%�?�3<#F\�H � '9#&%(35#&D,DE#F:_'����_qA?�'90C;l:�1�=*=*#"mN?�@�7�'>)�@�1 W K
RTO:_1�=>=S| #(0<0P1y3<1�#(=>1/1 p )('L0P'AD�?k)	r(1yr�1�350P)�=S| )(3<'>%�'>@�1�0Cm�#�02#(@k:_)l4�)(D p =*1�0<0P'*r	#&D,1�@A;21�:_' � è[ w ° | '>@A;<1�350P1�7�'*)(@�1/4�)(@z'*=L0P1�DF'9#(0<021@�1�%�#&;2'*r(),0P'a�k#,'*@�46)�323<'*0 p )(@k:_1�@�7�#":_1�=*=9# p ?�=*0<#&7�'>)�@�1�Â ¹ dn� ¦¨ _��+z@�1�= p ?�@A;2)
� ¹ dª¤ �f ¹ dª¤ ++_� d²¤ -k¦ -�®� (+«kw��{:_'*#(%(35#&D,D,'�#(02'>@A;<)&;2'946'�:�'�ä{)L:�1B02)(@k)"D,)�0P;235#	;<'a'>@ � '*%kw�§_w���=�%(?k#�:�#&%�@�)"0P;<#&;2'946)E:_1�=�0P'90C;<1�DE#�t1
W K - Oyd  « d �(¦ \(\�\(\ d «k¦ « � §�:_v

��-



10
−2

10
−1

10
0

10
1

10
2

−60

−40

−20

0

20

                                                                                                                 rad/sec

   
   

   
   

   
   

   
   

   
   

   
db

ampiezza

10
−2

10
−1

10
0

10
1

10
2

−300

−200

−100

0

                                                                                                                 rad/sec

   
   

   
   

   
   

   
   

   
   

gr
ad

i

fase

� '*%(?k3<#u§LH � '*#(%(35#&D,D,'�#(02'>@A;<)&;2'946'�:�'�ä{)L:�1B:�1�=*=*#"mN?�@�7�'>)�@�1 W K
RTO

−2 0 2 4 6 8 10 12 14
−8

−6

−4

−2

0

2

4

6

8
luogo delle radici

� '>%�?�35#FÁkH ° ?�)�%()E:_1�=*=*1�35#(:�'*4�'�:_1�=*=*#"mN?�@k7�'*)(@�1 W KSR�O #&=ar	#&3<'*#(321B:_1�= p #&35#&D,1�;23<) f�h -kw

�(�



 _w b 1�3�:_'9021�%(@�#&3<1/'*=_=>?�)�%()�:_1�=*=>1�35#(:_'946'�t1{) p�p )(32;2?k@�) p )(32;<#(321�=
| 1�qA?k#(7�'*)(@�1�4�#(3<#&;P;<1�3<'*0P;2'94�#l@�1�=*=*#�@�1�=>=9#�mN)�32DE# p )�=>'��T7�1�3<'
H
� ¤³f +® KSR�¤  OK
R�X + O6K
R{X £� O° | #(@k:�#&D,1�@�;<)xqA?k#(=>'>;<#&;2'*r()x:_1�= =*?�)(%�)x:�1�=*=>1,35#(:_'946' #&= r	#(32'9#&3<1":_1�= p #&35#&D,1�;23<) f h -et1FDF)A0C;<3<#&;2)x'>@ � '>%�w�Á�w"��@qA?�1�0C;<),4�#(02)"'*=�=*?�)(%�)F:�1�=*=>1s35#(:_'946'�:�1�0<463<'>r�1�?�@�#E46'*3<4�)(@_mN1�321�@�7�#F461�@�;<3<#&;<#�� £ d  F:_'�35#&%�%('*)

� d
	 K � £ ¤ ¢ £ O�K � £ ¤ ¢ [ Oyd ÿ K  X + O�K  X �� Oyd ÿ ����+� d \k¦>���
�{:_?�1 p ?�@A;<'�:_'�:_'*35#&DE#&7�'>)�@�1�02)(@k),qA?�'*@k:_' p )A0P'*7�'*)(@k#&;2'a'*@

V_£ © [ d  �¬ ÿ ����+� d  �¬�\�¦*�(� d�� ¤ �(¦*�(��(��¦>���
° 1/'*@�;<1�350P1�7�'*)(@�'L46)�@z=S| #�02021/'*D,D,#(%('*@k#&3<'*)l0P'L�k#(@�@�)�'>@F46)(3<3<'*0 p )�@k:_1�@�7�#�:�1�=Lr	#&=*)(3<1 f´dÕf ¹ d ��-�¦¨ �#&=*=9# p ?�=90<#&7�'*)(@k1Â ¹ d¡� ¦¨ _�T+_w��=�D,'>@�'*D,)�;<1�D p )F:_'a#�02021�0P;<#(DF1�@A;2)�02'���#z'*@�46)�323<'90 p )(@k:�1�7�#s:�1�= p ?�@A;2),:_'�:_'*3<#(D,#(7�'*)(@�1l@�1�%A#	;2'*r()"VL£ dª¤ �(¦*�(��w���=4�)(3<32'90 p )(@�:_16;<1�r	#&=*)(3<1B:_' f 0P'�4�#&=946)�=*#F46)�D,1B021�%�?�1

f £ d �W K
RTO ÈÈÈÈ � É ��
�� d ���¦ ®�\&« d -k¦  (-(®
\�w b 1�3c0C;<?k:_'9#&3<1�1$'*=B46)(@A;<)(3<@�)�:_1�=*=*1e35#(:_'946'l#(=�r	#(32'9#&3<1$:_1�= p #&35#&D,1�;23<) üÇh -�)_4�4�)(3<321G;<3<#�0CmN)�32DE#(321G=S| 1�q�?�#&7�'*)(@k14�#&35#	;P;<1�3<'*0P;2'94�#�@�1�=�DF)_:_)u021�%�?�1�@A;<1

� X K � X�ükRTO6K ��- ¤ + RTOK
R�X + O6K
�lX ® R�O d - ± � X ükRAK ��- ¤ + RTOK
R�X + O6K
�lX ® R�O�X ��- ¤ + R d -./rA'9:_1�@�7�'9#&@k:�)"' p )(=*'�1B%(=*'�7�1�3<'�:_1�=*=*#F@L?�)	r	#"mN?�@�7�'>)�@�1s0P'�)(;P;<'>1�@�1
� ¤ + ükRAKSR�¤  O® R [ X ��® R{X ��\ d - ± � ¤ + ükRAKSR�¤  O® KSR{X �(¦ -� (\ O [ X -�¦ Á���«�\ [ d -° | #(@k:�#&D,1�@�;<)FqA?k#(=>'>;<#&;2'*r()E:_1�=�46)�@�;<)(3<@�)":�1�=*=>1s35#(:_'946'�#(=ar	#&3<'*#(321B:_1�= p #&35#&D,16;<32) üxh -xt1BD,)�0P;235#	;<)"'*@ � '*%kw�®kw

−3 −2 −1 0 1 2 3 4 5 6
−2

−1.5

−1

−0.5

0

0.5

1

1.5

2
luogo delle radici

� '>%�?�35#"®kH���)(@A;2)�32@�),:_1�=>=*1B3<#�:_'*4�'�#&=ar	#&3<'9#&3<1�:_1�= p #(3<#(DF1�;23<) üGh -�w

��+



������������������� �"!#����$&%'�(��)*��+-,/.�0�132�4'56, 7�89.�5;:*:*<=0>7(?@?*?6,BAC0*DE5;4F1G2CH#2�0;IJ<=KML32N 2MIOK�<P5@QRK�S34'0-132�</QR2�:*S32�4UTJ<VTJ2�QWTOQR2�:@4F5;IJ2XK�0*4YS'4'5>KZIJ0UK�2ZTRT[5&\P2X5;]�2MIJDE5@^�<=0*43<_KML32�QR<VIJ<`TJ2�43:*0*430-:@<=S'QWTJ2*aYbc\PKZS'4'<BTJ2�QWT9QR0@4'0QR2Z:*S'<`TJ<#1'56d3<WeS>5;]�2ZIJDE5;^�<=0*43<f:@<PS3QWTJ2g2gQR<fKZ0*4'QR<P1G2ZI[5@430OQRS'd�2ZI[5�TJ<#hUSF5;4F1G09hUS'2�QWTJ2jik2�4':@0*4309K�0*4UTRI[5;QRQR2�:*4'5;TJ2gTJS3TRTJ2*a7*ajlj2�\=\nm 5@d3d'\=<=K(5@^�<=0@4'2C1G2�\FKZIJ<`TJ2ZIJ<=0�13<3op0@S3TJLrqU\=2 I[5@13<=K�<�1G2�\=\nm 2�h�S'5@^�<=0@4'2C5;S'QR<=\=<P5;IJ<P5�K[L'2 QR<F0;TRTJ<=2�4'2phUSF5@4'130CS34F5jIJ<=:k5s<=4UTJ2ZI[5g132�\=\P5T[5@t�2�\=\P5O13<�oc0*SGTJL�QR<f5@4'4�S3\P\P5ã QR0@4'09I[5@13<=K�<f5@4'K[L'2s1G2�\=\nm 2�h�S'5@^�<=0@4'2sK(5;I[5�TRTJ2ZIJ<=QWTJ<=K(5O13<rdF5�IRTJ2�4'^(5u QR0@4'09TJSGTRTJ2jI[5*1G<PKZ<#56d'5;IRTJ2CIJ2(5;\=2�4�S3\P\P5ã QR0@4'09I[5@13<=K�<rQR<PDODO2MTRIJ<PK[L'2pIJ<PQRd�2MTRTJ0O5@\=\nm 0@IJ<=:*<=4'2v132Z\fd3<w5;4'09KZ0*DOd'\=2�QRQR0x ajyj4XQR<PQWTJ2ZDE5913<�TJ<=d�0�7gK[L'<=S'QR06<P4XIJ2ZTRIJ0k5;^�<=0*4'2sS34'<`T[5;IJ<P56432�:k5�TJ<Pi@5u L'56S'4X:*S'5*1'5;:*430OQWT[5;TJ<=K�0ODO<=4'0;IJ2g13<�7u L'56S'4X:*S'5*1'5;:*430OQWT[5;TJ<=K�0ODE5@:@:*<=0@IJ2s1G<z7ã L'56S'4X:*S'5*1'5;:*430OQWT[5;TJ<=K�0OS'43<`T[5;IJ<=0{ ajyj4"IJ<=T[5�I[1309d3S3IJ09|6}�~;�����k�����sd�0@QWTJ09<=4�IJ2ZTRIJ0k5;^�<=0*432�432�:k5�TJ<=i*56QRS�S'4�:@SF5@1'5@:@4'0O�u e2gQWT[5;t'<=\=2sd�2ZIchUSF5@\=S34FhUS'2Ci@5@\=0;IJ2s13<r�u e2gQWT[5;t'<=\=2sd�2ZIchUSF5@\=S34FhUS'2Ci@5@\=0;IJ2gd�0*QR<`TJ<=ik0O13<f�����ã e2g<=43QWT[5@t'<=\=2sd�2ZI i@5@\=0@IJ<#13<r��QRS3�OK�<=2�4UTJ2�DO2Z4�TJ2j2�\=2�i*5�TJ<� aj�/\=S'0@:*L3<�5*1�.�2(1�l�KZ0*QWT[5@4UTJ<rd�0*QRQR0@4'0O2�QRQR2ZIJ2�1G2Z�F43<=TJ<u QR0@\=0OQRS'<f13<P5@:;I[5@DODO<rd�0*\P5;IJ<ã 5;4'K[L'2gQRS3<#1G<w5;:@I[5;DODO<f1G<flp<=KML30*\=Qu 5;4'K[L'2gQRS3<#1G<w5;:@I[5;DODO<f1G<#�B0�132� ajyj4XQR<PQWTJ2ZDE56\=<P432(5;IJ2�|6}�~��_5(ik2�4UTJ2jQR0@\=0"d�0@\=<fQR2�DOd3\=<PKZ<�qGTJS3TRTJ<�d�0@QR<P^Z<P0@4F5�TJ<�QRS'\=\nm 5@QRQR2�<PDODE5;:*<=4F5�IJ<=0Xe2u <=43QWT[5@t'<=\=2ã QR2ZDOd'\=<=K�2�DO2�4UTJ2CQWT[5;t'<=\=2u QWT[5;t'<=\=2s<P43:@IJ2�QRQR0O\=<=DO<`T[5;TJ06,BS'QRKZ<=T[5v\P<=DO<`T[5;T[5� a N 2ZIX5(ik2ZIJ2�2ZIRIJ0;IJ2&5-IJ2�:*<=DO2�4�S3\P\=0�5&��IJ0*4UTJ2�1G2�\pQR2Z:*4F5;\=2-1G< <P43:@IJ2�QRQR0��v}�~;�"��� Í�W� <P\c:*S'5*135@:*430�13<c5@432�\=\=0�132�\cQR<=QWTJ2�DE5IJ2ZTRIJ0k5;^�<=0*4'5;TJ0u 1G2�ik2g5(ik2MIJ2s5@\=DO2�4'06S'4�d�0@\=094'2�\=\nm 0@IJ<=:*<=432ã 1G2�ik2g5(ik2MIJ2s5@\=DO2�4'0913S'2jd�0*\=<f432�\=\nm 0;IJ<=:*<=4'2u 1G2�ik2g5(ik2MIJ2gS'4F5�K�0*QWT[5;4UTJ2v1G<�ik2�\=0UK�<`T[5O�O ��'4'<`T[58�ajyj4-QR<PQWTJ2ZDE5>13<=4F5;DO<PKZ0�|6}�~��s5(ik2Z4�TJ2O<Bd�0*\=</2E:@\P<B^�2ZIJ<Bd�0*QR<=^�<=0*4'5;TJ<V<=4�DO0�130�5@\`TJ2ZIJ4'0>QRS3\=\�m 5;QRQR2"IJ2(5;\=2*qzd3IJ2�QR2�4UT[5�S34¡\=S'0@:*0132�\=\=2CI[5*1G<=K�<ã K[L'2gd�2MIc�¢�£�6QR<r2�ik0@\Pi*2CTJS3TRTJ06QRS3\=\�m 5;QRQR2�IJ2(5;\=2ã K[L'2gd�2MIc�¢¤£�6QR<r2�ik0@\Pi*2CTJS3TRTJ06QRS3\=\�m 5;QRQR2�IJ2(5;\=2u K[L'2gd3S�e0v2�ik0*\=ik2MIJ2s5@4'K[L'2C5@\�1G<���S'0;IJ<�1G2�\=\�m 5;QRQR2sIJ2�5@\=2¥ ag¦G<P5@430>§©¨9�ª|6}P«k�k�C2(1©§Y¬��­DE5�®�¯6° |6}P«;±V��° q�IJ<=QRd�2ZTRTJ<=i*5;DO2�4UTJ2*qr<P\z:*S'5*135@:*430>QWT[5;TJ<=K�0�26<P\zi@5@\=0@IJ2ODE5;QRQR<PDO0�132�\�DO0�1GS'\=0132�\=\P59��S34'^�<=0*43291G<fIJ<=QRd�0*QWT[5"5;IJDO0@4'<=K(5"132�\fQR<PQWTJ2ZDE5E\=<=4'2�5;IJ26QWT[5;t'<=\=2O|6}�~��Mac��\�d3<=K�K�0X13<fIJ<=QR0@4F5@43^(5X§ � 132Z\#QR<=QWTJ2�DE5"|6}�~��se2132Z�'4'<`TJ06KZ0*DO2CQR2�:@S'2u § � �²§ ¬ã § � �
³ �³ Íu § � �µ´ §Y¬M§-¨?Gaj��\r13<P5;:@I[5@DODE5vd�0*\P5;IJ2>¶·K�0*DOd3\P2MTJ0*¸E13<�S34F5v��S'4'^Z<P0@4'2s¹9}�~��V13<�TJ<=d�0 x 1G2�ik2C2ZQRQR2ZIJ2�¶�K[L'<=S'QR0@¸E5@\=\nm <=4G�F4'<`TJ0u KZ0*4�S34F56K�<`IJK�0@43��2ZIJ2�4'^�59d�2ZIJK�0@IJQJ59<=4XQR2�4'QR0E5;4�TJ<=0;I[5;IJ<=0OKML32CdF5�IRTJ2s1'59¹9}P«k� � �/2s5�IRIJ<Pi@56<=4�¹9}P«k�*ºB�u KZ0*4�S34F56K�<`IJK�0@43��2ZIJ2�4'^�59d�2ZIJK�0@IJQJ59<=4XQR2�4'QR0E5;4�TJ<=0;I[5;IJ<=0OKML32CdF5�IRTJ2s1'59¹9}P«k� º �_2C5;IRIJ<=i*59<=4�¹9}P«k� � �ã KZ0*4�S34F56K�<`IJK�0@43��2ZIJ2�4'^�59d�2ZIJK�0@IJQJ59<=4XQR2�4'QR0O0;I[5;IJ<=0OKML32CdF5�IRTJ2s1'59¹9}P«k� � �V2s5�IRIJ<Pi@56<=4�¹9}P«k�*ºB�u KZ0*4�S34F56K�<`IJK�0@43��2ZIJ2�4'^�59d�2ZIJK�0@IJQJ59<=4XQR2�4'QR0O0;I[5;IJ<=0OKML32CdF5�IRTJ2s1'59¹9}P«k� º �_2C5;IRIJ<=i*5v<P4�¹9}P«k� � �7(��agyj4'5EQWTJ<=DE5E132Z\P\P5E\P5;IJ:*L32�^�^(5X13<�t'5@4'1'56±z»"13<�S34&QR<=QWTJ2�DE59IJ2ZTRIJ0*5@^�<=0@4F5;TJ0�5�i*2�4UTJ26|6}�~�� QRS'\�I[5@DO0"1G<=IJ2MTRTJ0X2v¼¡}�~��_�¾½-QRS'\I[5@DO0613<�IJ2ZTRIJ0k5;^�<=0*4'29e2u ±�»6T[5@\=2gKML32O° |6}P«;±z»���°@�¿7u ±�»6T[5@\=2gKML32O° |6}P«;±z»���°@�µ½
� �



ã ±�»6T[5@\=2gKML32O° |6}P«;±z»���°@� ¬À7*7@ag��\GK�0*4UTJ0;IJ4'0g1G2�\=\P2_I[5@13<=K�<'QWTJS'13<P5j\=2 K�S3IJi*2_132�QRKMIJ<=TRTJ2c135@\=\=2 I[5@13<=K�<3132�\=\nm 2(hUSF5;^�<=0*4'2cK(5�I[5;TRTJ2ZIJ<=QWTJ<=K(5s5@\3i*5�IJ<w5�IJ2g}�1'5C�g5;\=\�m <=43�'4'<`TJ0U�u 1G<fS34�hUSF5;\=S'4FhUS32jdF5�I[5@DO2ZTRIJ09132�\�:*S'5*135@:*430E13<f5@432�\=\P0ã 1G<fS34�hUSF5;\=S'4FhUS32jdF5�I[5@DO2ZTRIJ06KML32C2�4UTRI[56\=<=4'2(5�IJDO2�4UTJ2C4'2�\=\nm 2(hUSF5;^�<=0*4'2sK(5�I[5;TRTJ2ZIJ<=QWTJ<=K(5u 1G2�\=\=2�QR0@\=2gK�0*QWT[5;4�TJ<#13<�TJ2�DOd�0�IJ2�\P5;TJ<=ik2�5*1"S'4�d�0@\=0O0O5*1"S'4'06^�2ZIJ07 x aglj0;TJ0"<=\�1G<w5;:@I[5;DODE5Ed�0@\P5;IJ2O1G2�\=\w5O��S34'^�<=0@4'2O|6}�~��Mq�SGTJ<P\=<=^�^(5;4F1G0X<�\=S'0@:*L3<�5*1-.ÁK�0@QWT[5@4UTJ2"e2��n5@KZ<P\=2O1G2ZTJ2ZIJDO<=4F5�IJ2v<�QR2Z:*S'2Z4�TJ<dF5�I[5@DO2ZTRIJ<r132Z\fQR<=QWTJ2�DE5vIJ2MTRIJ0k5@^Z<P0@4F5�TJ0�| ¨ }�~;��� Â�Ã �RÄ¬ º Â�Ã �WÄ@Åã <=\fd'<=K�K�0O1G<rIJ<=QR0@4F5@43^(5O§ � 13<f|C¨k}�~��ã \P59\P5;IJ:@L'2�^Z^(5O13<rtF5;4F1'5g±z»91G<�| ¨ }�~��u <=\rTJ2�DOd�06QR<f5@QRQR2�QWT[5;DO2�4UTJ06Æ�Ç91G<�| ¨ }�~;�7 { asÈzm 2ZIRIJ0;IJ2>5�IJ2Z:*<=DO2��U}�ÉY�v1G2�\_QR<=QWTJ2�DE5©|6}�~��9� Ê� Ã � º ¬ Ä d�0@QWTJ0©<=4�IJ2ZTRIJ0k5;^�<=0*4'2>S34'<`T[5;IJ<P5�4'2�:*5;TJ<=i@5-hUSF5;4F1G0&<=4Y<=4':@IJ2ZQRQR0£e2d3IJ2�QR2Z4�TJ2jS'4F5�I[5@DOdF5�S'43<=T[5�IJ<P56Ë3}�ÌR���ÍÌpe2u �U}�ÉY���¾7ã �U}�ÉY��� ¬Êu �U}�ÉY��� ¬Î7 � a�¦G<P597fÏ&�Ð|6}�~������g\�m 2(hUS'5@^�<=0*432CK(5�I[5;TRTJ2ZIJ<=QWTJ<=K(561G<FS'4EQR<=QWTJ2�DE5gIJ2ZTRIJ0k5;^�<=0*4'5;TJ03aBÈr2pI[5*1G<=K�<FTRIJ<=d'\=2C1G2�\FK�0;IRIJ<PQRd�0@4F1G2�4UTJ2j\=S'0@:*0132�\=\=2CI[5*1G<=K�<�5;\fi@5;IJ<P5;IJ2s1G2�\rdF5;I[5;DO2ZTRIJ09��QR0@4'09TJS3TRTJ2j2CQR0*\=2s\=2gQR0*\=S'^�<=0@4'<u 1G2�\=\nm 2�h�S'5@^�<=0@4'2�Ñ � Â�Ã �RÄÑ �W� �²�u 1G2�\rQR<PQWTJ2ZDE5913<r2(hUSF5;^�<=0*4'< Å 7BÏ��¾|6}�~����²��qVÑ � Â�Ã �RÄÑ ��� ���ã 1G2�\rQR<PQWTJ2ZDE5913<r2(hUSF5;^�<=0*4'< Å 7BÏ��¾|6}�~����²��qVÑZÂ�Ã �RÄÑ � ���GqVÑ � Â�Ã �WÄÑ �W� ���

��«



ÒÔÓ�Õ�Ö/×_Ó�Ø;Ø@Ù�ÚÜÛ-Ö/Ó�ÝßÞ6ÖVÙ;àsÙµáâäãCåçæEè[éfãëêCêªåíìpîCîCèZãÜêBïCïjðÔñ²òÍó�ôBõrözèM÷Bè
7*ag¦G<P59135;TJ09<=\rQR<PQWTJ2ZDE5913<fø�<=:3ar7*qFKZ0*4�ù6�Íúc��7(�Ga

~/Ï�ù~BÏ�ú �~k}�~zÏ�7(�Z}�~/Ï { �I I I I],
û }�ÌR� �U}�ÌJ� ü�}�ÌJ�

ø�<P:@S3I[5X7@a/¦G<=QWTJ2�DE5v<=4�IJ2MTRIJ0k5@^Z<P0@4'2*a7@a 5²¦�<�1G2ZTJ2ZIJDO<=4'<�<=\#\=S'0@:*0E1G2�\=\P2gI[5@13<=K�<�1G2�\rQR<PQWTJ2ZDE595@\fi*5�IJ<w5�IJ2�132�\rdF5�I[5@DO2ZTRIJ0O�©a_¦G<�TRI[5@K�KZ<#<=\#\=S'0@:*0OQR<P59d�2ZIp�Á�£�9QR<P5d�2MIj��¤£�Gq'132ZTJ2MIJDO<P4'5@4'1306KZ0*4�2�QJ5�TRTJ2�^�^(59<=\rK�2�4UTRIJ091G2�\=\P59QWTJ2�\=\w5O1G<#5;QR<=4�TJ0;TJ<f2g<rd'S34UTJ<�13<f13<`I[5@DE5;^�<=0*4'2s1G2�\r\PS30*:@03a7*a tÐ¦�<_132MTJ2ZIJDO<=4'<zd�2ZI9hUS'5@\=<Vi@5@\=0@IJ<_1G<V�ë<P\/QR<PQWTJ2ZDE5�<P4¡IJ2MTRIJ0k5@^Z<P0@4'2&e2XQWT[5;t'<=\=2*a©¦G</K�5@\=K�0*\=<=4'0&<=4'0@\=TRIJ2"K�0@4Y2ZQJ5;TRTJ2�^�^�5&\=2<=4UTJ2ZIJQR2�^Z<P0@4'<#132�\r\=S'0*:@0OK�0*4�\�m 5;QRQR2�<=DODE5;:*<=4F5�IJ<P0g«;±pa7@a KYAj2ZTJ2ZIJDO<=4F5�IJ29<=\Bi@5@\=0@IJ2E1G<z�ýd�2MIsK�S'<z<=\BQR<=QWTJ2�DE5"<P4-IJ2ZTRIJ0k5;^�<=0*4'2OL'5�S'4&2ZIRIJ0;IJ2X5EIJ2�:*<=DO2E��þ9�­�Gÿ { d�2ZI�<=4':;IJ2�QRQR0�5I[5;DOdF5 û }�ÌJ�����Gÿ � ÌMax ag¦G<�d�0@4':k5�qG4'2�\�QR<=QWTJ2�DE5�13<�ø�<=:Gar7@qGù9�����[� ��7*azAC2MTJ2ZIJDO<=4F5;IJ2c<=\�i*5;\=0@IJ2g1G2�\Fd�0*\=0vúp<=4EDO0�130v13<�5(ik2MIJ2jS'4E2ZIRIJ0;IJ2g5gIJ2�:*<=DO2��þp����ÿP7Cd�2ZIc<P43:@IJ2�QRQR0E5v:@I[5*1G<=4'0 û }�ÌR�z��7@a{ ag¦G<��n5;K�K�<P59IJ<`��2ZIJ<=DO2�4UTJ0O5;\P\P5Oø�<=:3a x
�6}�~�� �}�~BÏ�7(� ÎI I II ] ü�}�ÌJ�

,û }�ÌR�
ø�<P:@S3I[5 x Å ¦G<=QWTJ2�DE5v<=4�IJ2MTRIJ0k5@^Z<P0@4'2*a{ a 5²¦�<�d�0*43:k5��6}�~��z��7@a�AC2ZTJ2ZIJDO<=4F5�IJ2p<=\r13<P5;:@I[5@DODE5s1G<Fl��3hUS'<=QWT_1G<�|6}�~��MqG5@4'5@\=<=^�^(5@4'130@4'2C\P5vQWT[5;t'<=\=<`T;e5vS'4'5gik0*\`T[5sd�0*QWTJ0<=\fQR<PQWTJ2ZDE56<=4XIJ2ZTRIJ0*5@^�<=0*432sS'4'<`T[5�IJ<w5�a{ a t��V5;\=K�0*\P5;IJ2v<=\fDE5�IJ:*<=4'2s1G<f5;DOd'<=2�^�^�5O§���132�\rQR<=QWTJ2�DE5O|6}�~��V132M�F4'<`TJ065@\#dGIJ2�K�2(1G2�4UTJ2Cd'S34UTJ0 { a 5�a{ a K N 0@QWTJ0>�6}�~��c���©q#132Z�'4'<`IJ26<=\�i@5@\=0@IJ2O1G<�� <=4-DO0�1G0XK[L'2v\w5"K�0*d3d'<P5�1G<�d�0*\=<z130@DO<P4'5@4UTJ<�132Z\�QR<PQWTJ2ZDE5"IJ2ZTRIJ0*5@^�<=0*4'5;TJ05;t't3<w59d'5;IRTJ2jIJ2�5@\=2sdF5;IJ<f59��a � a� ag¦G<��n5;K�K�<P59IJ<`��2ZIJ<=DO2�4UTJ0O5;\P\P5Oø�<=:3a x a� a 5 N 0@QWTJ0E�6}�~����¿}�~BÏ�ù3�Mq'132ZTJ2MIJDO<P4'5;IJ2C<=\fK�0*4UTJ0@IJ430O132Z\P\=2CI[5@13<=K�<�1G2�\rQR<PQWTJ2ZDE595@\ri*5�IJ<P5;IJ2�132�\rdF5�I[5@DO2ZTRIJ0vù�q'K(5;\=K�0*\P5@4'130KZ0*4�2�QJ5�TRTJ2�^�^(59<=\fK�2�4UTRIJ091G2�\=\w59QWTJ2Z\P\P5O1G<f5;QR<=4�TJ0;TJ<#2g<rd'S34�TJ<�1G<#1G<`I[5@DE5@^Z<P0@4'2*a� a t¾Aj2ZTJ2ZIJDO<=4F5�IJ2gd�2ZIchUSF5@\=<ri*5;\=0@IJ<f13<rù"<=\rQR<=QWTJ2�DE56<=4�IJ2ZTRIJ0*5@^�<=0*432gIJ<PQRS3\`T[59QWT[5@t'<=\=2*a

�� 



lj0@DO2 ÅÒÔÓ�Õ�Ö/×_Ó�Ø;Ø@Ù�ÚÜÛ-Ö/Ó�ÝßÞ6ÖVÙ;àsÙµáâäãjå æEè[éfãëêCêªåíìpîjîgèZãëêzïCïCð ñ	� ãjåíì�

�9ôªérô/ãpõfèMö��9ô
N 2MI_K�<P5@QRK�S34'0v132�<'QR2�:*S32�4UTJ<�hUS'2�QR<`TJ<nq�QR2�:*4'5;IJ2CKZ0*4ES'4'5sKMIJ0UK�2ZTRT[5s\P2 IJ<=QRd�0*QWTJ2CK[L'2cQR<'IJ<`TJ2�43:*0*430vKZ0@IRIJ2ZTRTJ2*azbc\=K�S'43<�hUS'2�QR<`TJ<�LF5;4'430gd'<WeSIJ<=QRd�0@QWTJ2�KZ0@IRIJ2ZTRTJ2*q'2CQR<#KZ0*4'QR<P1G2ZI[5@4309QRS'd�2ZI[5�TJ<#hUS'5@4F1G09hUS'2ZQWTJ2gQR0*4'06QR2�:*4'5;TJ2gTJS3TRTJ2*a7*aj��\�QR<=QWTJ2�DE5v|6}�~��z� ¬Ã ��� º Ê � º�� Ä IJ2ZTRIJ0k5;^�<=0*4'5;TJ09K�0@4XIJ2ZTRIJ0*5@^�<=0@4'2CS34'<`T[5;IJ<P5vL'5�S34X2MIRIJ0@IJ2g5gIJ2�:*<=DO2j� þ d�2ZI_<=4':;IJ2�QRQR0O5s:@I[5*1G<=4'0�6}�~�����7(���@~�d'5;IJ<f5 Åu � þ �����ã � þ � ¥ �u � þ �²É�ax aj��\�\=S'0@:*0E132Z\P\=2gI[5*1G<=K�<#1G2�\rQR<PQWTJ2ZDE59��|6}�~��/d�2ZIp�¢�£�Ee2 Åu <=\f\PS30*:@0E132�<�d'S34UTJ<f1G2�\rd'<P5@4309K�0*DOd3\=2�QRQR0O132ZQRKZIJ<`TRTJ0O1'59��|6}P«;±V�_5@\ri@5;IJ<P5;IJ2s1G<�±�1'56�95OÉ��u \nm <=4'QR<=2�DO2�132Z<rd3S'4UTJ<r132�\rd'<P5;4'09K�0@DOd'\=2�QRQR0O1G2�QRKZIJ<`TRTJ0O135@<rd�0*\=<�1G<#��|6}�~��V5@\ri@5;IJ<P5;IJ2�13<r���ã \nm <=4'QR<=2�DO2�132Z<rd3S'4UTJ<r132�\rd'<P5;4'09K�0@DOd'\=2�QRQR0O1G2�QRKZIJ<`TRTJ0O135@<rd�0*\=<�1G<�| ¨ }�~����²|6}�~����G}W7/Ï�|6}�~;�R�V5;\#i@5;IJ<P5;IJ2s1G<#�©a{ aj��\�QR<=QWTJ2�DE5O|6}�~����¾}�~/Ï � ���G}�~ Ê�� � ~/ÏÍ7(�*�_d�0@QWTJ09<=4�IJ2ZTRIJ0*5@^�<=0*432Oe2gQWT[5@t'<=\=2gQR2 Åu <=\#13<P5@:;I[5@DODE561G<fl��3h�S3<=QWT 13<#|6}�~��/4'0*4XK�<`IJK�0*4'1'56<=\fd'S'4UTJ0�KZIJ<`TJ<=K�0 � 7BÏ-«k���u <=\#13<P5@:;I[5@DODE561G<fl��3h�S3<=QWT 13<#|6}�~��/K�<`IJK�0*4'1'56<=\rd'S'4UTJ0vKZIJ<`TJ<PKZ0 � 7BÏ-«k�9d�2ZIJKZ0@IRIJ2�4'130 x :@<`IJ<f<=4�QR2�43QR090@I[5�IJ<=0��ã <=\#13<P5@:;I[5@DODE561G<fl��3h�S3<=QWT 13<#|6}�~��/K�<`IJK�0*4'1'56<=\rd'S'4UTJ0vKZIJ<`TJ<PKZ0 � 7BÏ-«k�9d�2ZIJKZ0@IRIJ2�4'130 x :@<`IJ<f<=4�QR2�43QR0O5@4UTJ<=0@I[5�IJ<=0��� ajyj4XQR<PQWTJ2ZDE5O|6}�~��/QWT[5@t'<=\=2gd�0*QWTJ0O<=4"IJ2ZTRIJ0k5;^�<=0*4'29e2s5;QR<P4UTJ0;TJ<PK�5@DO2�4UTJ2gQWT[5@t3<=\P2sQR2 Åã <=\fDE5;IJ:*<=432g13<��n5;QR26§���1G<�|6}�~��ce2gd�0@QR<=TJ<=ik0��u <=\fDE5;IJ:*<=432g13<��n5;QR26§���1G<�|6}�~��ce2g432�:k5�TJ<Pi*0��ã <=\fDE5;IJ:*<=432g13<f5@DOd3<P2Z^�^(5O§���1G<#|6}�~��ce2gDE5;:*:*<=0;IJ2v1G<fS34'0Ga� aj��\�\=S'0@:*0E132Z\P\=2gI[5*1G<=K�<#1G<fS34�QR<=QWTJ2�DE56|6}�~;� Åu e2gQR<=DODO2ZTRIJ<=K�0�IJ<=QRd�2ZTRTJ0E5@\�� �"!$#&%$'$(�)&!�*,+�'$#�-�*". #�}�hUSF5@4'1306h�S32�QWTJ092�QR<=QWTJ2��$�ã e2gQR<=DODO2ZTRIJ<=K�0�IJ<=QRd�2ZTRTJ0E5@\=\nm 5@QRQR2sIJ2(5@\=2/�u e2gQR<=DODO2ZTRIJ<=K�0�IJ<=QRd�2ZTRTJ0E5@\=\nm 5@QRQR2�<PDODE5;:*<=4F5�IJ<=03a� aj��\�KZIJ<`TJ2ZIJ<=0E13<roc0*S3TJLG,10jS3I�2 <`TJ^j5;]�2ZIJDE56K[L'2jS'4�QR<=QWTJ2�DE59|6}�~;� Åã e2gQWT[5;t'<=\=2sQR2g2gQR0*\=0OQR2g:*\=<r2�\=2�DO2�4UTJ<#1G2�\=\P56d3IJ<=DE5vKZ0*\=0*434F5O132Z\P\P5vT[5;t�2�\=\P59LF5@434'0vQR2�:*43<#S':@SF5;\P<z}1�_¦GlC�$�u e2gQWT[5;t'<=\=2sQR2g:*\=<#2�\=2�DO2Z4�TJ<r1G2�\=\w5vd3IJ<=DE5vK�0@\=0*4'4'5O132�\=\P5vT[5;t�2�\=\w59L'5@434'09QR2�:@4'<rS':@SF5@\=<z}nQR0*\=03�_¦'�$�u e2gQWT[5;t'<=\=2sQR0*\=0OQR2g:*\=<#2Z\P2ZDO2�4UTJ<f1G2�\=\P56d3IJ<=DE5vKZ0*\=0*434F5O132Z\P\P5vT[5;t�2�\=\P59LF5@434'09QR2Z:*4'<rS':@SF5;\P<z}nQR0*\=03�/lC�Ma8�aj��\�K�0@4�TJ0;IJ4'0O1G2�\=\=2sI[5@13<=K�<f13<rS'4XQR<PQWTJ2ZDE5O|6}�~�� Åu e2gS34F56^Z0*4F56132�\�d'<P5;4'0OK�0@DOd'\=2�QRQR09K[L'2jI[5;K�K[L'<=SF1G2g<P\r\=S'0@:*0E132Z\P\=2CI[5@13<=K�<&�ã d'5;IRTJ2s1356d'S34�TJ<r1G2�\�\PS30*:@0E132�\=\=2CI[5*1G<PKZ<4�ã I[5;d'dGIJ2�QR2�4UT[5g<Fd'S34�TJ<3132ZQRKZIJ<`TRTJ<�1'5;<Fd�0*\=<�132Z\'QR<=QWTJ2�DE5CIJ2ZTRIJ0k5;^�<=0*4'5;TJ0v5@\�i@5;IJ<P5;IJ2cd�2ZIB2�QR2�DOd'<=0s1G<FS'4Od�0@\P0s0�13<3S'430g^�2ZIJ01G<�|6}�~��Ma¥ aj��\�QR<=QWTJ2�DE56430*4�dGIJ0*d3IJ<=0E|6}�~����ÔÃ � º Î Ä65Ã � º ¬ Ä L'56S'4X\=S'0*:@0O132Z\P\=2gI[5*1G<=K�< Åu KZ0*4�S34�QR0*\=09I[5;DO09KML32Ci@561'5;\fd3S'4UTJ0O~c� � 7s5@\rd'S34UTJ0O~c� � { �ã KZ0*4�TRIJ2CI[5;DO<�q'13S32g132Z<fhUS'5@\=<fdGIJ0�ik2�4':@0*430O1'5;\P\nm <=43�'4�TJ06K�0*4�QWTJ2Z\P\P5O1G2�:*\=<f5@QR<=4UTJ0@TJ<#KZ2�4UTRI[5;T[56<=487 Ç � � �u KZ0*4�TRIJ2sI[5;DO<�K[L'2�dF5;IRTJ0@4'0"1'5"~s� � 7�265�IRIJ<=i*5;4'0"5"~�� � { Å <=\�QR2�:*DO2�4UTJ0"13<#5@QRQR2�IJ2(5@\=2vTRI[5 � 7�2 � { 2v5@\`TRIJ<�13S32I[5;DO<rTRI[56h�S32�QWTJ<r13S32Cd'S34�TJ<nqGQR<=DODO2ZTRIJ<=K�<�IJ<=QRd�2ZTRTJ0E5@\=\nm 5@QRQR2sIJ2(5@\=2g2gK�0@4>5@4'1'5@DO2Z4�TJ065v��0;IJDE56K�<`IJK�0@\w5�IJ2*a

��\



ÒÔÓ�Õ�Ö/×_Ó�Ø;Ø@Ù�ÚÜÛ-Ö/Ó�ÝßÞ6ÖVÙ;àsÙµáâäãCåçæEè[éfãÜêCêªåíìpîCîgèMãëêBïCïjðÔñ:9vã<;>=9÷BèZã�
Oè
7*a 5��/\=S'0@:*L3<�132Z\P\=2CI[5@13<=K�<rd�2ZIp�¢�£�62Cd�2MIj��¤£�6QR0*4306IJ<=d�0@IRT[5�TJ<#4'2Z\P\P59ø�<=:Ga#7(��a

−4 −3.5 −3 −2.5 −2 −1.5 −1 −0.5 0 0.5 1
−4

−3

−2

−1

0

1

2

3

4
root locus

−4 −3.5 −3 −2.5 −2 −1.5 −1 −0.5 0 0.5 1
−4

−3

−2

−1

0

1

2

3

4
root locus

� '*%(?�35#x��-kH ° ?�)(%�)F:�1�=*=>1s35#(:_'946' p 1�3 f�h -F1 p 1�3 f�� -kw�/d3S'4UTJ<r13<r13<`I[5@DE5;^�<=0*432gQR0*4'0
7 º � �@? º�A Ê ?B � � ��ÿ � � 7 � }��Ô���Gÿ �@{ 7*7(�c2<7 � � �@?Z� A Ê ?B � � x ÿ x 7 � �­}��Ô� � x ÿP7@7 { �MaÈ#56QWTJ2Z\P\P5O1G<f5;QR<=4�TJ0;TJ<#L'56K�2�4UTRIJ06<=4,7 Ç � � � � { � � 7@ÿ {@{*{ }�5@43:*0@\P<z7 x �"C;�Ma7*a tÐÈ#5vT[5;t�2�\=\P5O13<�op0@S3TJL�132�\rQR<=QWTJ2�DE5Xe2 Å { 7 {x � �7 7 x � � � ��¤²7 x� � �¢�£���\�QR<=QWTJ2�DE5vIJ<=QRS'\`T[59QWT[5;t'<=\=2�d�2MIc�6¤���¤²7 x a N 2MIj� ��7 x q'\P59QR2�K�0@4F135vIJ<=:k5O132Z\P\P5vT[5;t�2�\=\P56��0@IJ43<=QRK�2C±��ED ´ { a7*a K£Èzm 2ZIRIJ0;IJ2v5�IJ2�:*<=DO2Cd�2ZIc<=4':;IJ2�QRQR0E5vI[5;DOdF5
Fv}�~������Gÿ � �@~ Ê e2HGcþ ���Gÿ � �;�O 3qF1G0�ik2�   � � { ��I �Ô� �x aCÈ#5v��S'43^�<=0*4'2s1G<�TRI[5@QW��2MIJ<PDO2Z4�TJ0O<=4XK(5;TJ2�4'5913<`IJ2ZTRT[5613<=i�<P2Z4'2|6}�~;��� 7}�~/Ï�ú(�Z}�~zÏÍ7��Z}�~/Ï { �2shUS'<=4F1G<�\�m 2ZIRIJ0;IJ2�5vIJ2�:*<=DO2 � þ � 77/Ï ¬Î�J � { ú{ úzÏÍ71'5�K�S'<rú �¾7K� x 8g���Gÿ � { 8{ a 5���\r13<P5;:@I[5@DODE5613<�l��3hUS'<=QWTc132Z\rQR<=QWTJ2�DE5"e2g<P\�IJ<=d�0@IRT[5�TJ0O<P4�ø�<P:Gaf7@7*aB��\�QR<`TJ2�DE5vIJ<=QRS'\`T[59QWT[5;t'<=\=2*a{ a t¿��\3DE5;IJ:*<=432j1G<F5@DOd3<=2�^�^(5gQR<Fd3S�e0gK(5;\PKZ0*\P5;IJ2CQR<P5g<=DOd�0*432�4F1G0gKML32c\P5gdF5�IRTJ2 <PDODE5;:*<=4F5�IJ<P5�1G<�|6}P«;±V��QR<F5@4'4�S3\P\=<nq�QR<P5gS3TJ<=\=<P^Z^(5@4'130op0@S3TJLL0jS3I�2 <`TJ^*a�lp2�\rd3IJ<=DO06K(5;QR0OQR<fL'5
|6}P«;±_��� ��M }W7 � { ± Ê �rÏ-«;±p} { � ±_�ON}W7 � { ± Ê � Ê � ± Ê } { � ±_� Ê NÈ#5jd'5;IRTJ2 <=DODE5@:@<P4'5;IJ<P5jQR<'5@4'4�S3\P\P5jd�2MIz±¡�²�j2/±�� ´ { a���4vdF5;IRTJ<=K�0@\P5;IJ2*q�d�2ZI�±¡� ´ { \P5CdF5;IRTJ2VIJ2�5@\=2pi@5@\=2 �C�"P;|6}P« ´ { � Qj�� � � ¥ 2shUS'<=4F1G<#§R�©� ¥ � � ��7*ÿ � a�/0*4�oc0*S3TJL Å \nm 2(hUSF5;^�<=0*4'2�K(5�I[5;TRTJ2ZIJ<=QWTJ<=K(5"132�\�QR<=QWTJ2�DE59d�0@QWTJ0E<P4>IJ2ZTRIJ0*5@^�<=0@4'2�}��v}�~;�B�����Ce2"}�~/Ï²7�� Î Ï � �¢�¾~ Î Ï { ~ Ê Ï{ ~BÏ�7BÏ � � ���GaBÈ#56KZ0@IRIJ<=QRd�0*4'132�4UTJ2CT[5@t�2Z\P\P5Xe2{ 7 {x { 7BÏ � �7 ¥ � � � � ��¤ ¥ � �� 7BÏ � � ��� � 7K� ���\�QR<=QWTJ2�DE5vIJ<=QRS'\`T[59QWT[5;t'<=\=2�d�2MI � 7K� � ¤£��¤ ¥ � � }��ä§ � �Ma

�T§



−2 −1 0 1 2 3 4 5 6
−4

−3

−2

−1

0

1

2

3

4
nyquist diagram

� '>%�?�35#����(H � '*#(%(35#&D,DE#":_'����_qA?�'*0P;
{ a KTS�]�2MTRTJSF5@4'130vS'4�K�5@D6t3<=0913<ri@5;IJ<P5@t3<P\=2HU��²~BÏY��ÿ � }�~j��U � �Gÿ � �V<=\#QR<=QWTJ2�DE5�QR<fTRI[5;QW��0@IJDE5v<P4|6}&Uj��� � �}&U�Ï ¬Ê � ÊK�0*4�2(hUSF5@^Z<P0@4'2gK(5�I[5;TRTJ2ZIJ<=QWTJ<=K(5O135;T[59135 ¥ U Î ÏÍ7 x U Ê Ï � UYÏ�7BÏ � �@�Ô���bpd3d'\=<=K(5@4'1306oc0*SGTJL�QR<rLF5 { ¥ �x 7 x 7/Ï � �*�7 �*� � {kx �*� � ��¤ {*{ ��7 � �� 7/Ï � �*� ��� � 7V� � ���\�QR<=QWTJ2�DE56L'59hUS'<=4F1G<r\P56KZ0*d'd3<P5913<rd�0*\=<f132�QR<P132MI[5;TJ<#d�2MIj� � {*{ ��7 � �v�²��ÿ x � �*x a� a 5²Èzm 2(hUSF5;^�<=0*432gK(5;I[5�TRTJ2ZIJ<=QWTJ<PK�5"1G2�\rQR<PQWTJ2ZDE5913<=i�<=2�4'27/Ï � ù~ Î Ï { ~ Ê Ï ¥ ~/ÏÍ7�� �¾7BÏ�ù3|�W·}�~������KML32CLF5�TRIJ2gd�0*\=<f<=4YX ¬�Z Ê � � 7*ÿ � { �*� D x ÿ {*� ? { q�X Î � � �Gÿ=7 { 7 x aV�·\rKZ0*4UTJ0@IJ430O132�\=\=2gI[5*1G<PKZ<�e2gDO0@QWTRI[5;TJ09<=4�ø�<=:Ga#7 x a

−3 −2.5 −2 −1.5 −1 −0.5 0 0.5 1
−4

−3

−2

−1

0

1

2

3

4

� '*%(?k3<#x��+�H ��)�@A;2)(3<@�),:_1�=*=*1s3<#�:_'*4�'
w� a t¿��\�QR<=QWTJ2�DE5vIJ<=QRS'\`T[59QWT[5;t'<=\=2�d�2MI � �Gÿ x ¤Yù"¤ � ÿ � q�K�0*DO2jQR<#1G2(13S3K�2g5@d3d'\=<=K(5@4'1309oc0*SGTJL80pS3I�2 <`TJ^{ 7 ¥x { 7BÏ � ù7 x@{ � � ù � ��¤ x@{ � �� 7BÏ � ù ��� � 7K� �
��Á



���F�r����������� �X!#�Z��$-%'����)k�Í, 7(?O.�5;:*:*<=0>7(?@?k86,�SzQR2MIJK�<=^�<
¦�<P591'5�TJ09<=\fQR2�:@S'2�4UTJ2gQR<=QWTJ2�DE56<=4"IJ2ZTRIJ0k5;^�<=0*4'2 Å

I I I
ø

]
|6}�~;��~k}W7BÏ x ~��Z}W7BÏ { ~;�Z}W7BÏ � ~��

7BÏ£~¼¡}�~;�

Ë3}�ÌR� �U}�ÌJ� ü�}�ÌR�

5k�>AC2ZTJ2ZIJDO<=4'5;IJ2Cd�2ZIchUS'5@\=<fi@5@\=0;IJ<�132Z\rd'5;I[5;DO2ZTRIJ0O��<=\fQR<=QWTJ2�DE5vIJ2MTRIJ0k5@^Z<P0@4F5�TJ0>e2gQWT[5;t'<=\=2*at���AC2ZTJ2ZIJDO<=4'5;IJ2*q3<=4���S34'^�<=0*432�13<f�©qF\nm 2ZIRIJ0@IJ2�56IJ2�:@<PDO2s�U}�ÉY�V132�\fQR<=QWTJ2�DE5vIJ2ZTRIJ0*5@^�<=0*4'5;TJ0E<=4�IJ<=QRd�0*QWT[5O5@\=\P59I[5@DOd'5vËG}�ÌJ�z� x ÌZa¦G<��n5;K�K�<P59IJ<`��2ZIJ<=DO2�4UTJ0O5;\P\P59QR2�:@S'2�4UTJ2s1G2Z�F43<P^Z<P0@4'2g1G2�\=\nm 2MIRIJ0@IJ2v��}�ÌR���ÍË3}�ÌR� � ü�}�ÌJ�MaK���HfI[5@KZK�<P5;IJ2-h�S'5@\=<`T[5;TJ<=i@5@DO2�4UTJ2><=\j\=S'0@:*0Y132Z\P\=2�I[5*1G<PKZ<C132Z\j:*S'5*135@:*430Y13<C5;4'2�\=\=0£|6}�~��W¼¡}�~;�95;\ji@5;IJ<P5;IJ2-132Z\jdF5�I[5@DO2ZTRIJ0¡�©aHfI[5@KZK�<P5;IJ29<=\�\=S'0@:*0�1G2�\=\=2vI[5*1G<=K�<�QR<P5"d�2ZIg�í�ä�OK[L'26d�2MIg� ¤ä�Ga�¦�<�K(5@\=K�0@\P<�2�QJ5�TRT[5@DO2�4UTJ2�<=\�K�2�4UTRIJ0XQWTJ2Z\P\P5"132�:@\=<B5;QR<=4�TJ0;TJ<nalj0@4>e2p4'2�KZ2�QRQJ5;IJ<=09K(5;\=K�0*\P5;IJ2g2ZQJ5;TRT[5@DO2Z4�TJ2c\P5vd�0@QR<P^Z<P0@4'2g1G2�<�d'S34UTJ<F13<�1G<`I[5@DE5@^Z<P0@4'2 Å 1G2ZTJ2ZIJDO<=4F5�IJ2p\P5�\P0;IJ06d�0@QR<P^Z<P0@4'2CQR0@\=06<=4DO0�1306h�S'5@\=<`T[5;TJ<=ik0Ga
1F�6lp2�\=\w5&�F:*SGI[5-IJ<=d�0@IRT[5�T[5�5&��5;4'K�0£e2>DO0*QWTRI[5;,TJ0²<P\E1G<P5@:@I[5;DODE5�13<9l��3h�S3<=QWT¡1G2�\9QR<=QWTJ2�DE513<=4F5;DO<=K�0|v¬�}�~���� 7(�@�3}�~/Ï��Gÿ=7(�Z}�~VÏ x �~k}�~ Ê � 7 � ~VÏ�7(�@�k�d�2ZI_±\[ M ���_É]N�aVHfI[5@K�KZ<w5�IJ26hUS'5@\=<`T[5;TJ<=i*5;DO2�43,TJ2O<=\/1G<w5;:@I[5;DODE5�d�0*\P5;IJ2�¶·K�0*DOd3\P2MTJ0*¸>2E13<`IJ2QR2*q�<=4¡t'5@QR2"5@\BKZIJ<`TJ2ZIJ<=0-1G<Bl��3h�S3<=QWT(q�<=\/K�0;IRIJ<`,QRd�0*4'132�4UTJ2"QR<PQWTJ2ZDE5�IJ2ZTRIJ0*5@^�<=0@4F5;TJ0£e2�QWT[5@t3<=\P209DO2�4303a

-8 -6 -4 -2 0 2 4 6 8
-6

-4

-2

0

2

4

6
nyquist diagram

2��^�V5@\=K�0@\w5�IJ2v<=\rK�0*4UTJ0;IJ4'0O1G2�\=\P2gI[5@13<=K�<f132�\rQR2�:*S32�4UTJ2gQR<=QWTJ2�DE5vIJ2ZTRIJ0*5@^�<=0*4'5;TJ0| Ê }�~���� x } x Ï`_�~��~U}�~BÏ x �Z}W7 � _F�5@\_i@5;IJ<P5;IJ2�132�\_d'5;I[5@DO2MTRIJ0^_µ�
�Gaa�V5;\PKZ0*\P5;IJ2>2�QJ5�TRT[5@DO2�4UTJ2X<P\_d3S'4UTJ0&13< 1G<=I[5;DE5@^�<=0@4'287 ¨ QRS'\_QR2�DO<P5;QRQR2�4'2Z:k5;TJ<=ik0-2(1�<=\K�0@IRIJ<=QRd�0@4F132Z4�TJ2gi@5@\=0;IJ2s132�\rdF5�I[5@DO2ZTRIJ0b_fa�[��øF5@KZ2�4F1G0vIJ<`��2ZIJ<=DO2�4UTJ065@\�d3IJ2�KZ2(132�4UTJ2CKZ0*4UTJ0@IJ4309132Z\P\=2jI[5@13<=K�<nq3ik2(13<�d3S'4UTJ0v2(�Mq'1G2ZTJ2ZIJDO<=4F5�IJ2jd�2ZIchUS'5@\=<�i*5;\P0;IJ<r13<c_X<=\rQR<=QWTJ2�DE5IJ2ZTRIJ0k5;^�<=0*4'5;TJ0OLF5vS'4XTJ2ZDOd�0913<r5;QRQR2�QWT[5@DO2�4UTJ09Æ Ç ��7@ÿ � ~*a:U�&¦G<P59135;TJ09<=\rQR2�:*S32�4UTJ2gQR<PQWTJ2ZDE5 Å | Î }�~���� ��� � Î �� ~AC2ZTJ2ZIJDO<=4'5;IJ2Cd�2ZIchUS'5@\=<fi@5@\=0;IJ<�13<r��<=\fKZ0@IRIJ<=QRd�0*4'132�4UTJ2sQR<=QWTJ2�DE5�IJ2ZTRIJ0*5@^�<=0@4F5;TJ0�e2gQWT[5;t'<=\=2*a

��®



�"�������	��


��{�c���������_�����(����!�)_:_1�@k#"����®,!$#(%(%('*)x��®(®L§B�/¯�'*0 p )A0C;<1# Oc° | 1�q�?�#&7�'*)(@k1�4�#&35#	;P;<1�3<'*0P;2'94�#F:_1�=�0P'90P;21�DE#F3<16;23<)�#(7�'*)(@k#&;2)ut1�=9#,0P1�%(?�1�@A;21
� X f�KSR�X � ORAK � X + RTO6K � X��/RTO6K � X \ R�O d - ± � \ R"d�X�� \ R � X ��� R [ X¡K � X�f�OPR�X�f´d -

#,46?k'�46)�323<'*0 p )(@k:_1�=9#F021�%�?�1�@A;<1�;5#&v�1�=*=*#,:_'�¯�)(?_;<�« � \ �(� f� � \ K � X�f�O+ K ��- ¤³foO f� K ��- ¤³foO�K � X�foO~¤³� \ f- f��=�0P'90C;<1�DE#B3<16;23<)�#(7�'*)(@k#&;2)�32'90P?k=µ;5#s0C;5#&v�'*=>1�0P1�;<?_;P;<'�%�=>'�1�=>1�D,1�@A;2'�:_1�=*=*# p 32'*DE#s46)(=*)(@k@k#s:_1�=*=9#�;<#&v�1�=*=9#s:_'�¯�)�?_;2�u02)(@k)p )�02'µ;<'>rL'SH���- ¤³ffe -�j ¤�f [ ¤ +A§ f X ��- e -F1 fge -kw ° 1z02)(=*?�7�'*)(@�'a:_1�=>=S| 1�qA?k#&7�'>)�@�1s:_'�021�4�)(@k:_),%�3<#�:_)"02)(@�)�H
f £ © [ d �+ih ¤ +A§{¬ 	 +�§ [ X «�-�j d �+ih ¤ +�§�¬ Ã §&\(®�j dlk -k¦ � \� 	«¤ +�§_¦ � \��=�02'90C;<1�DE#F32'90P?k=µ;5#F0P;<#(v�'*=>1 p 1�3l-8m f mÛ-�¦ � \A 	«�wv O ��=y02'*0P;21�DE#�:�#&;2)x@�)(@o�k#x321�;23<)�#(7�'*)(@�1z?k@�'µ;5#&3<'*# p 1�3s46?�' p 1�3 p )&;<1�3B?_;<'>=*'>7�7�#(321F=>1,3<1�=9#&7�'>)�@�'�02?�%�=>'~1�3<3<)(3<'�#�321�%('*D,1)_4�4�)(3<321F;<3<#�0CmN)�32DE#&3<=*)x'*@�?�@�02'90C;<1�DE#�1�qA?�'*r	#&=*1�@A;21�46)(@�3<16;<32)A#&7�'>)�@�1,?�@�'>;<#&3<'9#�w�./0<0P1�@k:_) JLKNMPOFdï^_K�MPO�¤�`aK�MPO j~=*#Won p K
RTO :�#E4�)(@k02'*:�1�35#&3<1�t1B=9#F021�%�?�1�@A;<1
Won p KSRTO/d W KSRTO� X W K
RTO Þ ë KSRTO~¤ � ß d fR Þ K � X + RTO6K � X��/RTO�K � X \ RTO�X � ß� #&=�4�#&=946)(=*)E:_1�=*=9#F4�)�0P;<#(@�;<1s:_'ar(1�=>)_46'>;Tt# f ½ 0P'a3<'94�#Tr	#�'*D,D,1�:_'9#	;5#&D,1�@A;21s=S| 1�3<32)�321B#F321�%('*DF1B3<'*45�k'>1�0C;<)

fc½�d f + ± JAKrq�O�d +f ½ d «f4 Ox° | #(@k:�#&D,1�@�;<)FqA?k#(=>'>;<#&;2'*r()E:_1�=�=>?k)(%(),:_1�=>=*1s3<#�:_'946'�:_1�=�%(?k#�:�#&%�@�)":�'�#&@�1�=>=*) W K
RTO ë K
RTO�p 1�3 f�h -�t1�3<' p )(32;<#&;2),'*@� '*%kwa� � w ° | #&@k:�#(D,1�@A;2)EqA?k#&=*'>;<#	;<'>r�)F:�1�=�=*?�)(%�)F:�1�=*=>1s35#(:_'946' p 1�3 fò� -�t1�32' p )�3P;5#	;<)F'*@ � '>%�wa��«kw

-2 -1.5 -1 -0.5 0 0.5 1
-2

-1.5

-1

-0.5

0

0.5

1

1.5

2
root locus

� '>%�?�35#�� � H ° ?k)(%(),:_1�=>=*1s3<#�:_'946'�:_1�=�%(?k#�:�#&%�@�)":�'�#&@�1�=>=*) W K
RTO ë K
RTO�p 1�3 f�h -kw
��=�4�1�@A;23<),:_1�=*=*#,0P;21�=>=9#E:_'�#�0P'*@A;2)&;<'�t1B=
| )(3<'>%�'>@k1(w: O ��=�:_'9#&%�3<#(D,D,#�r	#B46)(D p =*16;5#	;<)B#(=>=S| '>@_ñ�@�'µ;<)s46)(@F?�@k#B021�D,'946'*3<4�)(@_mN1�321�@�7�# p 1�3<4�)(3502#l'>@E021�@k02)�)(35#&3<'>)�q�?�#&@k:_)s02' p #(0<0<#:�#zÂ d - � #zÂ d -�s�w~��=a:_'9#&%(35#&D,DE# p )(=9#&3<1l46)�D p =>1�;2)"4�'>3546)�@k:�#z:�?�1�r�)(=>;21�'*@�021�@�0P)�#(@A;2'*)(35#&3<'>)s'*= p ?�@A;2)F463<'µ;<'*4�)�5��t_'*=�02'*0P;21�D,# W�£ K
RTO �k#E:_?�1 p )(=*'�# p #&32;21B3<1�#(=>1 p )�02'µ;<'>r	#�H @k1B021�%�?�1s45��1s'*=�0P'90C;<1�DE#F321�;23<)�#(7�'*)(@k#&;2)ct1B0P;<#(v�'*=>1�w

+&-



−2 −1.5 −1 −0.5 0 0.5 1
−2

−1.5

−1

−0.5

0

0.5

1

1.5

2
root locus

� '>%�?�35#���«kH ° ?k)(%(),:_1�=>=*1s3<#�:_'946'�:_1�=�%(?k#�:�#&%�@�)":�'�#&@�1�=>=*) W K
RTO ë K
RTO�p 1�3 f�� -kw
1 Ox° | 1�q�?�#&7�'*)(@k1�4�#&35#	;P;<1�3<'*0P;2'94�#F:_1�=�0P'90P;21�DE#F3<16;23<)�#(7�'*)(@k#&;2)ut1

� X + K + X�ükRTORAK
R�X + O6K � ¤oükO d -��#&=*1B1�qA?k#&7�'>)�@�1 p ?�t),1�0<021�3<1l;<3<#�0CmN)�32DE#	;5#�@k1�=�021�%�?�1�@A;21BD,)_:_)kH
K � ¤�ükOPR [ X + R{X « d - ± � ¤ ükR [RAK
R�X + O�X « d -#$4�?�'�4�)(3<32'90 p )�@k:_1E'*=�46)�@A;2)(3<@�)$:_1�=>=*1u35#(:_'946'�32' p )(32;<#	;<)�'>@ � '*%kw��� �wx��={0P'90P;21�DE#$#(D,DF1�;P;<1�:_?�1c7�1�3<'/@k1�=*=
| )(3<'>%�'>@k1

−8 −7 −6 −5 −4 −3 −2 −1 0 1 2
−4

−3

−2

−1

0

1

2

3

4
root locus

� '*%(?k3<#x�� �H ��)�@A;2)(3<@�),:_1�=*=*1s3<#�:_'*4�'
w
1u?k@k#e4�) p�p '9#$:_' p )(=*'{4�)(D p =*1�0<0P'{46)(@k'>?�%A#	;<'y'>@e¢�£ © [ d´¤ ��¬ Ã � we��=�r	#&=*)(3<1u:_' ü 46)�323<'90 p )(@k:�1�@A;21u#(= p ?�@A;<)o:_':_'*35#&DE#&7�'>)�@�1 p 3<1�021�@A;21,02?�= 0P1�DF'9#(0<021z@�1�%A#	;<'>r�)�02'�3<'94�#Tr	#E'*D p )(@k1�@k:_)G45��1F=>1,:_?�1F35#(:_'946'~:_1�= 02'*0P;21�DE#�02'*#(@�)c3<1�#(=>'4�)('*@k46'9:_1�@A;<'
H Y [ ¤ « Üvu�d « ¤ ��\ K � ¤�ükO/d - ± ücd �« d -�¦ §& dÛü ¿

+_�



��= p ?�@A;2)E:_'�:_'*35#&DE#&7�'>)�@�1�� ¿ t1B=>)_4�#&=*'>7�7�#	;<)"'*@
� ¿ dxw «K � ¤�ükO ÈÈÈÈÈ y É y Í ± � ¿ dª¤ «

m O ��=A;21�D p )s:_'�#�02021�0P;<#(DF1�@A;2) Q � d ��¦  R 02'L�k#�qA?k#(@k:_)�=*# p #(3P;<1/3<1�#&=*1��c:_1�' p )(=*'_:_)(D,'*@k#&@A;<' K )B:_1�= p )(=*)�:_)�D,'>@k#(@A;21 O:_1�=�02'*0P;21�D,#F3<16;<32)A#&7�'*)(@�#	;2)"r	#&=*1B� dª¤ +_H
Q � d �(¦¨ d �ì �yì ± � dª¤ +

b 1�3�:_1�;21�3<D,'>@�#&3<1l'�r	#&=*)(3<'�:_' ü 4�1�354�#&;2'�)L4�46)�323<1�m�#&3<1l?k@�4�#(D�v�'9#&D,1�@�;<)":_'a4�)A)�3<:�'>@k#&;21�'*@xDF)_:_)F:�# p )(32;<#(321�=
| #(0<021'*D,D,#(%('*@k#&3<'*)"'*@�� dª¤ +_w b )�0P;2)8z dnR{X +�j�=S| 1�q�?�#&7�'*)(@k1�4�#&35#	;P;<1�3<'*0P;2'94�#F02'�;235#(0PmN)(3<D,#F46)�D,1B021�%�?�1
K � ¤�ükOPR [ X + R�X « d - ± K � ¤oükO�K z ¤ + O [ X + K z ¤ + O�X « d -:�#,4�?�'�02'a)&;P;<'>1�@�1 K � ¤�ükO z [ X¡K « ü,¤ + O z X « d -b 1�3 üud -�¦¨ l02'��k#(@�@�)B:_?�1 p )(=*'�46)(D p =*1�0<02'L4�)(@�'*?�%A#	;2)�'*@�¢a£ © [ d²¤ +�¬c+�­�j�1 p 1�3 ücd ��02'_�k#�?�@ p )�=>)B'*@�¢a£ © [ dª¤ +_wål@xD,)_:_)u#(=µ;<1�3<@k#	;<'>r�) p 1�3l4�#&=946)�=*#(321�' p #(3<#(DF1�;23<' ü 1�¢a£ © [ t1BqA?�1�=>=*)E:_'�?�;2'*=>'*7�7�#&3<1�=S| 1�qA?k#&7�'>)�@�1s4�#(3<#&;P;21�32'90P;2'94�#F:_1�=+�{l)�3<:�'>@�1B1�:�'*D p )�323<1B45��1 | Â~} d �� ¤�ü d + :k#F4�?�' ücd -k¦  8 )A0C;<'µ;<?�1�@�:_) üud -�¦¨ �@�1�=*=
| 1�qA?k#(7�'*)(@�1s4�#&35#	;P;<1�3<'*0P;2'94�#"1s4�#(=*4�)(=9#&@k:_)F=*1s3<#�:_'*4�'�0P'�;<32)	r	#�¢ £ © [ d¥¤ +�w% O ��=�0P'90C;<1�DE# W � KSRTO t1z?�@$02'90C;<1�DE#E46)�D p )�0P;2)u:k#,?�@�32'>;<#(3<:�),ñk@�'>;2)u'*@$4�#�024�#	;<#,#�:�?k@�'>@A;21�%(35#	;<)(3<1(w���#&=*1z02'*0P;21�D,#Gt10P;<#(v�'>=*1 p 1�3 - �if¸� + Î�=9# p 32'*DE#F'>@A;21�3<021�7�'>)�@�1s46)�@�'*=�021�D,'*#�02021�@�1�%A#	;2'*r(),02'��k#F'>@�4�)(3<32'90 p )(@�:_1�@�7�#�:_1�=>=9# p ?�=90<#&7�'*)(@k1

Â d Î \

+(+



�"�������T��
�

�������������_���
�(���l��®,!$#(%(%('*)c��®(®L§B� � )(DE#&@�:_1B;21�)(3<'*45��1
b 1�3l4�'*#�024�?�@�)u:_1�'�021�%�?�1�@A;2'�;21�0C;B0P1�%(@k#(321z4�)(@�?�@k#c463<)L4�16;2;<#E=*1�#	»�1�3<DE#&7�'>)�@�'�45��1"0P'�32'>;21�@�%()�@�)E%('*?k0P;21(w�Ó�=946?�@�'�;21�0C;0P)�@�)E0P1�%(?�'>;2'�:�# p 'Pt?G#	»�1�3<DE#&7�'*)(@k'a%('*?k0C;<1B1z0P'�4�)(@k02'*:�1�35#&@�),0P? p 1�3<#&;2'�qA?k#&@�:_)Eq�?k1�0P;21sr(1�@�%()�@�)"4�)(@A;235#(0<021�%(@�#	;21l;2?_;2;21�w�(w b 1�3{?k@G02'90C;<1�DE#F=>'*@�1�#(321�j_=*#,0P;<#(v�'>=*'>;Tt#E#(02'*@�;<)&;<'*4�#�'*D p =>'94�#F=9#E0C;5#&v�'*=*'µ;	t#"'*@�%�321�0202)"=*'*DF'>;<#&;2)(�S?k0<46'>;<#F=*'>D,'>;<#&;<#ã 0P1�D p 321â 0P)�=>)EqA?k#&@�:_),'>=�02'90C;<1�DE#F�k# p )�=>'�3<1�#(=>'â 0P)�=>)E021�=S| 1�3<32)�321B#F321�%('*DF1 p 1�3�?�@G'*@�%(3<1�0<02)F#F%(35#(:�'>@�)xt1B@L?�=*=>)+_w�ål@x3<'>;<#&35:_) p ?�3<) W K
RTO/dÕJ �a� �ã t1B?�@�0P'90C;<1�DE#F=>'*@�1�#&3<1â t1B?�@�0P'90C;<1�DE#,#"m�#(021�D,'*@�'*D,#
� w�ål@G02'90C;<1�DE#,:_'a;2' p )c+ã �k#E:_?�1 p )(=*'a@�1�=*=S| )�32'*%('*@�1â �k#E:_?�1s7�1�3<'a@�1�=*=
| )(3<'*%('*@�1ã �k#,?�@G1�3<32)�321�#F321�%('*DF1B@L?�=*=>),@�1�=>=9#,3<'*0 p )A0C;5#"#(=a%(35#(:_'*@�)ã �k#,?�@G1�3<32)�321�#F321�%('*DF1B@�)�@G@A?k=>=*),@�1�=*=*#F3<'*0 p )�0P;<#,#&=*=*# p #(3<#(v�)�=*#«kw���=/4�32'>;21�32'*)G:_'/¯�)�?_;2��# pkp =>'94�#&;2)G#&=*=
| 1�qA?k#(7�'*)(@�1,4�#(3<#&;P;<1�3<'*0P;2'94�#�1�:�1�r�1�@A;2?�#&=*DF1�@A;21,1�0P;21�0P)G:_1�3<'*rT#(@k:_)G=S| 1�q�?�#&7�'*)(@k1#(?k0P'*=*'*#(32'9#â mN)(3<@�'*0<461c'>=�@A?kDF1�32)$:�1�' p )(=*'�# p #&32;21u3<1�#(=>1E@k1�%�#&;2'*r	#�j�D,#G@k)(@�:�t#�'*@k:_'94�#(7�'*)(@�'{0P?�qA?�1�=>=*'�'*D,DE#&%('*@k#(32' 1x#p #&32;21B3<1�#&=*1 p )A0P'>;2'*r	#â mN)(3<@�'*0<461B'*=�@L?�D,1�3<)F;2)&;5#&=*1s:_1�' p )(=*'�# p #(3P;<1�3<1�#(=>1�@�1�%�#	;<'>r	#F1s@L?�=*=*#F@�)�@x:_'90P;2'*@�%(?�1�@k:_) p 1�3	t)FmN3<#,:_'�1�0202'ã mN)(3<@�'*0<461s'*=�@L?�D,1�3<)E:_1�' p )�=>'�# p #&32;21B3<1�#&=*1B@�1�%A#	;<'>r	#�j�q�?k1�=*=>)E:_1�' p )(=*'�# p #&32;21B3<1�#(=>1B@L?�=*=*#,1zqA?�1�=>=*)u:_1�' p )�=>'# p #&32;21B3<1�#&=*1 p )A0P'>;2'*r	# _w ° | 1�q�?�#&7�'*)(@k1�#&?k02'>=*'9#&3<'*#s45��1�:_'k)(;P;2'*1�@k1�:�#(=>=9#�;<#(v�1�=>=9#z:_'�¯�)(?�;2�uqA?k#&@�:_)s;2?�;P;2'�%(=*'k1�=>1�D,1�@A;2'�:_'�?�@k#s3<'>%A#s0P)�@�)s@L?�=*=>'â t1s46)(D p )�0P;<#,02)(=*)F:�#F;<1�3<D,'>@�'�:�'�%(35#(:_),:_'90 p #&3<'a'>@ Rã t1s46)(D p )�0P;<#,02)(=*)F:�#F;<1�3<D,'>@�'�:�'�%(35#(:_) p #(32'a'*@ Rã �k#,3<#�:_'946'�02'>D,D,16;<32'945��1B32'90 p 1�;P;2)E#(=>=S| #�02021B321�#&=*1ã �k#,3<#�:_'946'�02'>D,D,16;<32'945��1B32'90 p 1�;P;2)E#(=>=S| #�02021B'>D,DE#&%�'>@�#&3<'>)\�w���3<#F'a=*?�)(%���'�#(: � 46)�0P;<#(@A;21B321�=*#&;2'*rL'�#('�:_'9#&%�3<#(DFD,' p )(=9#&3<'
j�qA?�1�=>=*),321�=*#&;2'*r(),#(: � d �â t1B?�@k#,46'*3<4�)(@_mN1�321�@�7�#"?�@�'>;<#(32'9#,#Tr(1�@�;<1B=
| )(3<'>%�'>@k1�#(= p 32) p 3<'>)F'>@A;<1�3<@�)â t1B?�@k#,46'*3<4�)(@_mN1�321�@�7�#"?�@�'>;<#(32'9#,#Tr(1�@�;<1B'>= p ?k@�;<),�<�s#(= p 32) p 3<'>)F'>@A;<1�3<@�)ã t1B?�@k#F321�;P;5#,r(1�32;2'94�#(=>1â t1B?�@k#F321�;P;5#,)(3<'>7�7�)(@A;5#&=*1§Lw���@�46)�323<'90 p )(@k:�1�@�7�#�:_'�?k@ p )(=*),D�?�=>;2' p =*)kj�'*=�=*?�)(%�)F:�1�=*=>1s35#(:_'946' p 321�0P1�@�;5#�=9#,46)�@_Øk?�1�@�7�#,:_'�?k@x@L?�D,1�32)E:_'�35#&D,'â ?�%(?k#(=>1s#(=�%(35#(:_) á :�1�=�:_1�@�)(D,'*@k#	;<)(3<1â ?�%(?k#(=>1s#�:�%�3<#�:_) Ù :_1�=�@L?�D,1�3<#&;2)(3<1â ?�%(?k#(=>1s#�: áx¤�Ùã ?�%(?k#(=>1s#(=>=S| )�3<:�'>@�1s:_'�DF)�=µ;<1 p =*'946'>;Tt#,:_1�= p )�=>)Á�w � #	;<)F'*=�02'*0P;21�DE# W K
RTO/dnÖ�K
RTO2×��$K
RTO '*@G321�;23<)�#&7�'>)�@�1l?k@�'µ;5#&3<'*#F@�1�%�#&;2'*rT#kj_=>1s35#(:�'*4�'��2:_) p�p '*1��,:_1�=�46)(3<3<'*0 p )�@k:_1�@�;<1=*?�)(%�)F:�1�=*=>1s35#(:_'946'�02'�:_1�;21�3<D,'>@�#&@�),3<'*02)(=*r(1�@k:_)F32'90 p 16;2;2)E#(: R =S| 1�qA?k#&7�'>)�@�1ã 
����*���
 � d -ã 
����9���
 � �$KSR�O ¤ 
��<�9���
 � Ö�KSR�Oyd -â 
��<�*���
 � X�f 
��b�*���
 � d -

+ �


