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^�]�Rgb�aHW�R�^_WÓND£�b�Y|Q�X�NIV�WgND^�XdW�zgbgX¥b�aHWe^�X�NDP�¦UW�RUW�P�bgX¥b�^!^_W�X�N4fµf�b�RUQºNZY¡P�QSa�z�Q�X/^2b�aHW�R�^_Q
VyNZRgb�a²N4P�Q T�N z�Q�T[T[QSRUQºNZR�³�b�^!^9NØQg^!^_W�RUW�XdW�¸ P�QSaHW¹P�bUT�N zgbgX/^9N4P�QSY�bgX�N�¸�Y|W¢bUf�N4QSR~NOVyNx^�]�^!^9N�N
^9NZz~N�VyNOXdW�\�QSY�b�^_Q�X�NDzgXdW�P�W�V�W�R�^_W�aHW�R�^_WczgXdW�T�NØNZR�W�T�b�aHW~Ã
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� ��� ��� � � � � � 	 ��� � ��� ��� � �
	 � �
� � �������
� QSY ^9N�NZRUVi]UT�^�X�N¤b�Y�N�­�W�T�Ã�P�¦~NZa²N4PgNGWwz�We^�XdQSY|P�¦~NZa²N4PgN#¶�T[QSRUQ»P�bgX¥b�^!^_W�X�N4fµf�b�^9N?V�b�aHQ�V�W�Y)Y�N
³¥Q�X/^_W�aHW�R�^_W7RUQSR�Y�NZRUW�bgX�NÖÃ�vÖR��i]UW�T�^9N?P�bUT�N�Y�bMT[P�W�Y ^2bMV�WgN�zgbgX¥b�aHWe^�X�N�V�WgN�XdW�\�QSY�b�^_Q�X�N?T�N
WµÆ¡We^!^�]gb¢NZR×aHQSY ^9N�P�bUT�N�P�QSR�aHWe^_Q�VyN�T[W�a²N4W�a�z~NZX�N4PgNÖÃ

� �S¨��ÀÁ��·Á��������yÞ�«��i�UÉ��w���~Û���«��
� Q�X�R~N4T[P�W»N
£�b�Y|Q�X�N�VyN�zgX�NZaHQ»^_W�R�^2b�^9N�£�Q�V�WgN�zgbgX¥b�aHWe^�X�N
V�W�Y�XdW�\�QSY�b�^_Q�XdW»NZRº³%]�RUf�N4QSRUW
VyN b�Y|P�]�R~N�zgbgX¥b�aHWe^�X�NGV�W�Y)Y�b�X�N4Tez�Q�T�^2bäb�YG\SX¥bUVyNZRUQ�­�Tez�W�T[T[Q�b�z�W�X�N4Q�VyN4P�b�¶}V�W�YGT�N4T�^_W�aFb
P�QSR�^�XdQSY)Y�b�^_QiÃ

vÖY�T�N4T�^_W�aFb�{ST�N4P�Q�z�]�ÒQFW�T[T[W�XdW;b�z�zgXdQ�T!�
T�NZaFb�^_QäP�QSR»]�R�T�N4T�^_W�aFbMV�W�Y�zgX�NZaHQ
Q�XdVyNZRUW~h

pml�ngo�� - s
	���
 �

��� : n

v�£�b�Y|Q�X�N�V�WgNyzgbgX¥b�aHWe^�X�NgP�bgX¥b�^!^_W�X�N4T�^9N4PgN�T�N�X�N4P�b�£�b�RUQ�V�b�Y)Y�bHP�]�X/£�bFVyNSX�N4Tez�Q�T�^2bÑb�Yg\SX¥bUVyNZRUQ
RUW�YØz�]�R�^_QÂVyN��SW�T[T[Qih
�����?h ^_W�a�z�QcVyNOX�N�^2bgXdV�Qy§
� : h�P�Q�T�^2b�R�^_WFVyN�^_W�a�z�Qy§
� �

� � ��� 2 : ��� ��� 2 k �?h½X¥b�z�z�Q�X/^_QÂVyNOX�N�^2bgXdV�Qy§
� � � ��k � 2 : h £�W�Y|Q�PgN�^�Òb²VyNDX�N4Tez�Q�T�^2b�§
� - � ��k � 2 
 � h�\S]gbUV�bU\SRUQ×T�^2b�^9N4P�QÓ­ 
 � ÒW¢YZÕ)b�a�z~N4W�fµf�b`V�W�Y�\SX¥bUVyNZRUQ�b�z�z�Y�N4P�b�^_Q�¶�Ã
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ÄyQ�T�^_Q p � 0 l�ngo � 
 l�ngo 2
� l�ngo ¸²N�£�b�Y|Q�X�N�V�WgNAzgbgX¥b�aHWe^�X�N�P�QSRUT�N4\SY�N¤b�^9NJV�b��?N4W�\SY|W�X²W)�N4P�¦UQSY|Tµ¸�aHQ�VyN|{SP�b�^9N�V�b��IQS¦UW�R}W��IQ�QSR�¸ØT[QSRUQih� ­�� ��st�0����	*	 �
	 � �
�� :&<!=�E�� �� � �$��s � �� E L 
��� 
 � GKI�� ������ ­�� ��st�0����	*	 ���k� � � � :&<!=�E � �� "! <�� �$��s � �� "! E$# L 
��� �
 � �GKI&% � �' ­�� ��st�0����	*	 �
	(�8� � � � :&<!=FE)� �� � GKI G "! < � � �$��s

� �� E L 
�*� 
 �,+G � I �G.- � �  "! E � 
 � � I � �+ I&- � � �/ ­�� ��st�0����	*	 �
	10 � �
�� :&<!=�E�� �� : GKI  32 <!= � �$��s
� �� E L 
��� 
 � %# I�� 4 � �  32 E � 
 4 x - �-5-�I � � �6 ­�� ��st�0����	*	 �
	(�70 � �
�� :&<!=�E�� �� � GKI G "! < I  32 < � � �$��s

� �� E L 
�*� 
 � # �oI8� # � �  "! E � 
 � -�I 4 �G � I�9 � �  32 E � 
 #G,G�I:- �<;
� �S¨��ÀÁ��·Á��i«�«�©�ª�©D��Á�©¿���g���J���gÐS������©D«���Á��=�J�i��Á���«�©OÐS�������
� b��gb�RUV�b�zgXdQSz�Q�Xdf�N4QSRgb�Y|WÂVyNGz�W�RUV�QSY�bUf�N4QSRUWmÒW¢V�Wµ{DR~N�^2b�P�QSaHWmNZYi£�b�Y|Q�XdW¢V�W�Y)Y�b��gb�RUV�b
zgXdQSz�Q�Xdf�N4QSRgb�Y|W � 2 - � P�¦UW�¸�NZRäbUT[T[W�RUf�bÓV�W�Y)Y|WMbUf�N4QSR~N�NZR�^_W�\SX¥b�Y|W W V�W�X�N�£�b�^9N�£�b�¸½z�Q�X/^2b
NZY T�N4T�^_W�aFbÓVyN�XdW�\�QSY�bUf�N4QSRUWäNZR�P�QSRUVyN4f�N4QSRUWMVyNGT�^2b��~NZY�N�^�ÒbÔY�NZa²N�^_W�¸�PgN4Q�ÒWºNZR�Q�T[PgNZY)Y�bUf�N4QSRUW
z�W�X�aFb�RUW�R�^_W~ÃmvÖRÂ^2b�Y|WcP�QSRUVyN4f�N4QSRUWÂT�NOV�We^_W�X�a²NZRgbÓNZY?z�W�X�N4Q�V�QMVyNDQ�T[PgNZY)Y�bUf�N4QSRUW : �ÑWcT�N
b�z�z�Y�N4P�b�RUQMY|WFT[W�\S]UW�R�^9N�³¥Q�X�a�]�Y|W�¸�z�]�XdWÑV�Qg£�]�^_W�b=�?N4W�\SY|W�XGW )�N4P�¦UQSY|T�h
à�Ã)�IQSR�^�XdQSY)Y|Q ' h - �/ � 


@
2 - � §


 Ã)�IQSR�^�XdQSY)Y|Q ' 9 h - �/ � 

@ ?
2 - � ¸ :7; � 


@ �
2 : � §

� Ã)�IQSR�^�XdQSY)Y|Q ' $ h - �/ � 

@
2 - � ¸ : I � 


@

 : � §> Ã)�IQSR�^�XdQSY)Y|Q ' 9 $ h - �/ � 


@
� - �µ¸ : ; � 


@
2 : ��¸ :#I � 


@ �

 : ��Ã
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K � +)�*��� # ��Ã�LON�P�QSRUT�N4V�W�X�NØNZY�T[W�\S]UW�R�^_W`VyN¤bU\SX¥b�a�aFbÑVyN()�*��i]~N4T�^µÃ
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nyquist diagram
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� b�Y|P�QSY�bgXdW¹NØzgbgX¥b�aHWe^�X�N � 3 W � � VyNO]�Rgb×XdWe^_W²b�R�^9N4PgNZzgb�^�X�N4P�W¹­ � 3�� � � ¶: l�ngo�� ����� 3 n
����� � nNZRFaHQ�V�Q V�bÑz�Q�X/^2bgXdW NZY�z�]�R�^_Q # NZR / ¸~PgN4Q�ÒW NZRÑaHQ�V�Q V�b NZa�z�Q�X�XdW=b�Y�T�N4T�^_W�aFbHXdW��

^�XdQ�bUf�N4QSRgb�^_Q�NZY�aFbgXd\�NZRUW½VyN�³�bUT[W 
 � � ? 2@! NZRAP�Q�X�X�N4Tez�QSRUV�W�RUf�b V�W�Y)Y�b`z�]�Y|T�bUf�N4QSRUW0 � � � 
 Ã
K � Õ)b�a�z~N4W�fµf�b 
7-cWAY�b�³�bUT[W ,<-cV�W�Y�z�]�R�^_Q # T�N�Qg^!^_W�RU\�QSRUQHV�b�Y�VyN¤bU\SX¥b�a�aFbAz�QSY�b��
XdW=V�W�Y)Y�bA³%]�RUf�N4QSRUW VyN�X�N4Tez�Q�T�^2bHbgX�aHQSR~N4P�b pml&% 0 o � 
 -¡s 8 � : NZR P�Q�X�X�N4Tez�QSRUV�W�RUf�b
V�W�Y)Y�bÂz�]�Y|T�bUf�N4QSRUW 0 � � � 
 h


 - � B 
 � 5�� � � 
 � �65 � � � 
 � 5 �
,<- � 57698�� 5 > 
 � �65 �
 � 5��

3 � � 
-� �C? 3 � � 
-�43 � �3� ! � �>=@? !
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KwvÖY�\S]gbUV�bU\SRUQ � WcYZÕ)b�R�^9N4PgNZz�Q?,�P�¦UW¢Y�bÂXdWe^_W²b�R�^9N4PgNZzgb�^�X�N4P�WFV�We£�WcNZR�^�XdQ�Vi]�X�XdW²b�Y)Y�b
z�]�Y|T�bUf�N4QSRUW10 � � � 
 z�W�X�z�Q�X/^2bgXdWcNZYxz�]�R�^_Q # NZR / T[QSRUQih


 � 
 E

 - � �
 � 5 �

� � ���H5 , � , E 3 ,<- � 
 
32 ! 3 �>=@? ! � � � !
KMLSQ�T�^9N�^�]UW�RUV�QÂ�i]UW�T�^9N�£�b�Y|Q�X�NORUW�Y)Y|WF³¥Q�X�a�]�Y|WÑVyNØNZR�£�W�XdT�N4QSRUW`T�NOX�N4P�b�£�b

� 3 � � ���H5
3�8.- : � � !

� � 
 :0/ > � � !
� 
 � � 
 �C? @ � � �

8.- : � � ! 3 33�� � �

� � 
 :0/ > � � !
� 
 � 
 � 
 �

z�W�XGP�]~NOY�bÂXdWe^_W²b�R�^9N4PgNZzgb�^�X�N4P�WFP�W�XdP�b�^2b¹ÒW
: l�ngo � ����� n

����� � n
� ��� 
 � � 
 �C? n
��� 
 � 
 � 
 � n

K � Õ)b�RUV�b�aHW�R�^_Q�V�W�YxVyN¤bU\SX¥b�a�aFb}VyN )�*��i]~N4T�^AV�W�YiT�N4T�^_W�aFb¹Q�X�N4\�NZRgbgX�N4Q pml�ngo W�V�W�Y
T�N4T�^_W�aFbÑP�QSa�z�W�RUT�b�^_Q : l�ngo2pml�ngo Ã

−3 −2.5 −2 −1.5 −1 −0.5 0 0.5 1
−2

−1.5

−1

−0.5

0

0.5

1
diagramma di Nyquist

 3.9

 4.7

 5.6

 6.8

 8.2
 10

 12  15  22

 4.7

 5.6

 6.8

 8.2

 10

 12

 15
 18

 22
 33

å ��æ[��&ç"'��è!é�*-ê¥ )èi��ë�è�æ2 ¤êìè�í|í|"'�yî� )è�ïØ�! #"¤+-"���ð%ñ�ñ��/ò_ñ¥ð �������
	���
���������
�������������
�������
����



��� �°�����
	���
���������
�������������
�������
������µ�Uêì*��!è�í4�! )è¥ê-"�&, ���æ�$!��êd$ 021 � �

� � � � ��� � � � 	 ����� 	 �
	��
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 �(	
�

K��IQSRUT�N4V�W�X�N¤b�aHQÓY�b`³%]�RUf�N4QSRUW`VyN�^�X¥bUT_³¥W�X�NZaHW�R�^_Qih
p 3 l�ngo � � 
yl 2 3Ëngo

n�l�n � � 
�o
K %�N¤bU\SX¥b�a�aFbÑVyN )�*��i]~N4T�^µh
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diagramma di Nyquist
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K %�N¤bU\SX¥b�a�aFbÑVyN )�N4P�¦UQSY|T�h
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diagramma di Nichols
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KwÄ?XdQ�\�We^!^_Q¢P�QSR}Tez�W�PgN|{SP�b�Te]�YØaFbgXd\�NZRUWFVyNyb�a�z~N4W�fµf�b¢­[z~N¤b�RUQ×VyN )�*��i]~N4T�^�¶�h
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K %�We^_W�X�a²NZRgbUf�N4QSRUWFV�W�YØz�]�R�^_Q / h

 � � 
 4 /

�

 E � �
 � � 
 � 2 , E �43 � � 
 !

K �DWe^_W¹X�N�^2bgXdV�b�^�X�N4P�W~h�T[P�W�Y ^2b²V�W�YØz�]�R�^_Q # h
0 � � ��� � - ����<�l # o �43 � ��� 2 � u - ������l # o �43 � � 
3� =


7- � � �- � u �- � � � 5 
 ? � ? � 5 � � Vi�
,<- � b�^2b�R 
	� u -� -�
 �#3 �C? � � 5 !

K � b×XdWe^_WcX�N�^2bgXdV�b�^�X�N4P�WÑP�¦UWÔ¯2z�Q�X/^2b�´�NZYØz�]�R�^_Q # RUW�YOz�]�R�^_Q / X�N4P�¦~N4W�T�^_QmÒW²P�bgX¥b�^%�
^_W�X�N4fµf�b�^2bÑ�i]~NZRUVyNyV�b�h


 � 
FE

7- � 
 � 
 =, � ,
E 3 , - �43 � � ��� !

� 3 �

 3�8.- :�l , o
0 :0/ >?l , o � 
 � 
 ? � �
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8.- :�l , o/3 � 2 
0 :0/ >?l , o � � ��� 
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K %�We^_W�X�a²NZRgbUf�N4QSRUWFV�W�YØz�]�R�^_Q / h

 � � � 
 ! 4 /

�

FE � � ,
E �43 � 2 
 !

K �DWe^_W¹X�N�^2bgXdV�b�^�X�N4P�W~h�T[P�W�Y ^2b²V�W�YØz�]�R�^_Q # h
0 � � ��� � - ����<�l # o �43 � ��� 2 � u - ������l # o �43 � � 
3� =


 - � ? � 5 � � Vi� � � � 5 
 ?, - �43 �C? � � 5 !
K � b×XdWe^_WcX�N�^2bgXdV�b�^�X�N4P�WÑP�¦UWÔ¯2z�Q�X/^2b�´�NZYØz�]�R�^_Q # RUW�YOz�]�R�^_Q / X�N4P�¦~N4W�T�^_QmÒW²P�bgX¥b�^%�
^_W�X�N4fµf�b�^2bÑ�i]~NZRUVyNyV�b�h


 � 
 E

 - � 
 � 2 �, � , E 3 ,<- �43 � ��� � !
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