
���������	��
 
 �
�������������������������������
 !#"%$'&)(+*,&.-/-/$+"%$
0�12"43657$98:&)5�&.;<1=5?>�&.@BA:>.;<3�CD*E1FCD*G$B3?H7I&J"43D$�@K1L(4&M*N$OHP-Q$�3R5?>.@S@K3CD*E1+CD*G$T3?HPI&QU:&.@�$B"43VCW3:*�$X@Y-Z12"�>4@K1[3\@X]�&D*E(W1F-^3:;_H`1a"%$+bc>4;)dM$T1+;.$+Ae1F-/C4@B3e5f5f3.ghWikjTl mnj4o jTlpjMj�mqj2r sutDvFwGx�jTl mnj4o sut:v+wGx�jBlpj_y sutDvFwzx�j�mqj{+i�||||

lm |||| o
jTlpjj�mnj r sutDv%wGx}||||

lm |||| o sutDvFwzxkjTlpjW~ sutDvFwzxkj�mnj�+i��M�	v#�,l mJ��o �<�	v���lQ��y �<�	v#�Gm[�� i��M�	vp� lm�� o �<�	v���lQ��~ �<�	v#�Gm[�
 ���><3e5`H	3 CD*E1FCD*G$B3?H7I& CL3:*N-Z3?H�H`1F;)1 "F$Z*G$BAe1F;)"�>4*N*E3 $X@�CD*E1F8.@B3:-�& "%$�HP*�&)AeAD$�&M*E3 $"F$�&)(+*�&.-6-/$."%$�8W1�".3Q"F$�>4;D&/(L3:;<3:*G$BA)&/b�>.;<dM$B1F;<3a*�&)dM$B1F;D&.@B3�bc*�&�H�H�&� �u�4����o � �u�4� y �e�P�����E�	~�����y  :¡£¢���¢¤�4� y ���¢ ��u�4����¥.�u�4� y ¦��P�������`~�� � y  W¡£§f��§	�¨� y � �§ �&.@�@©& ªc5f1+-6-«&_¬\".3D$F"%$'&)(F*�&.-/-/$¨"%$�0�12"43«"%$%­Vbc>4;<dM$B1+;.$F3:@K3:-Z3:;_H®&D*G$¯g° ��u�4���®± ¥�u�4� y ²³��´ w�	~^� � y  :¡eµ®��µ	�4� y � �µ � ´ w
 I¶ CW1L5f5P$X8.$S@K3�*N$BA)&�U:&D*E3·$�"%$'&)(F*�&.-6-Q$�&)57$S;_H`1DH¸$BAD$9"%$k0�12"43¹5f3:;<d_&º*G$BAe14*N*E3:*E3p&.@S@©&5f1+-6-«&�"43D$+57$S;<(W1F@»$+Ae1+;_HP*G$S84>_H¸$�¼�-�&a>_H¸$S@»$Td£d�&.;<"41p>4;�-Z3?H`12"41a"%$S*E3?H�H`1 i



½Q¾)¾4�}¿����
���X�����	�À
 
 �����Á�������
 !¨Â}$'&)(F*�&.-6-Q$£"%$40�12"43Ã><5�&.;<1Q@X]S&)5f5®3Ä14*G$Bd£d£1+;_H�&.@K3Å$X;Á5®A)&.@©&^@K1W(¨&M*G$KH¸-/$BA)& i�Æ 1+;<57$ÈÇ".3:*,&.;)"41É@�]�&)5f5®3�*E3)&.@B3�Ê 3�Ë+5®5�&�H�&Å>4;:&�14*G$B(+$S;<3L¼+>4;D&^C4>4@K5�&)dM$T1+;<3 � Ae14*N*G$T57CL1+;<"43&)" >4;qC.>4;_H`1�5?>.@S@X]S&)5f5f3�Ae1F;=Ae1214*E"%$S;:&�H�&pÌ o sutDvFwzx��Zi=Í AeA)&.;_H`1º&.@�@�]�&)5f5®3J57$CW1L5f5f1F;<1«Î%>.$X;)"%$¨$X;)"%$TA)&M*E3Á1R$_U:&.@B1.*G$M"43:@�@'&ÅAe1214*E"%$S;:&�H�&ÅÌ=1+C4C4>.*¤3�"%$S*¤3?H�H�&.-Z3:;_H	3$¨U:&.@B1.*N$�"%$ �ZÏ Î�><3e5	H�&/5f3eAe1F;<"2&R5f1+@S><d<$T1+;<3RI3\@©&[C.$uI>RAe1+-Z12"�& i

x= log w0 1 2- 1

w1 10 1000.1

w

1 102 3 5 8

0 10.3 0.5 0.7 x= log w
0.9

x= log w0 1 2- 1

w1 10 1000.1

w

1 102 3 5 8

0 10.3 0.5 0.7 x= log w
0.9

 ÐF3:*É$X@�"%$T5f3e(+;<1 Î�>:&.@»$KH®&�H¸$KU<1 ".3D$�"%$'&)(F*�&.-/-/$�Ae1F;_U.$B3:;<3 -^3:-Z1.*N$Bd£d_&M*E3�&.@KA:>4;.$U:&.@K14*G$ug sutDv%wGx� /Ñ Ò%�»Ó sut:v+wGx#Ó6Ñ ÒF�XÔ sutDv+wGx�Ô/Ñ ÒF�XÕ sutDv%wGxYÖRÑ ÒF��× Ø�]S&)5f5f3ZUM3:*ÙH¸$BA)&.@K3V;<3D$�"%$�&)(+*�&.-6-Q$¨"%$³&.-/C.$T3ed?d_&RI3«(+*�&)"�>:&�H`1p$X;/"43eAD$X8W3:@�ÚN"�8WÛPglpjKÜ�Ý §`ÞNßo  MÒ�sut:v�wGx#lÆ 1+; Î%><3e5`H®& 5fA)&.@'& @K3 CW3:;<"43:;<d?3 A)&M*�&�H�H`3:*G$T5	H¸$BA:à<3 "43D$�"%$'&)(F*�&.-/-/$�"%$Z0�12"435f1+;<1 °\ MÒ "%8WáM".3eA)&)"43R3 °QâLÒ "�8:áM"43eA)&)".3 i ÐF3:*�Ae1F-^12"%$KHPI&6H�&.@»$�CW3:;<"43:;<d£3657$$S;<"%$BA)&.;<1ã*N$B57CL3?H�H¸$OU:&.-Z3:;_H`3^Ae1+;�$�ä9!æåp0�ç�Ø+! °¹è 3 °V +ié i 0 i g�5f3Ã@'&�5®A)&.@©&êU<3:*ÙH¸$TA)&.@K3}bë1W5®5f3ê5f3:-6C4@»$TAe3:-^3:;_H`3�@B1W(¨&M*G$OHP-/$BA)&^ÚNì o sutDv+wGx�l Û@K3\CL3:;)"43:;<d£3«A)&M*�&�H�H`3:*G$B5`H¸$BA:à<3�".3D$+"%$'&)(+*,&.-/-/$¨"%$�0�12"43É5í&M*E3:848W3:*¤1 °¹è 3 °\ �i Ø�]S&)5f5f3ÁU<3:*�Hí$TA)&.@K3î;)3D$W"F$�&)(+*�&.-6-/$<"%$DbG&)5f3�C.>2I1/3e5f5f3:*¤3�(F*�&)"�>D&�H`1É57$'&É$S;6*�&)"%$'&.;_H¸$5P$'& $X;n(+*�&)"%$ i !�;q1L(+;.$�A)&)5f1 $X@
"%$'&)(F*�&.-6-�&·".3:@S@K3·bG&)5P$�C4>2I1 3e5f5f3:*¤3=HP*�&)5?@©&�H`1U<3:*E5®1a@X]S&.@ÈH`1É1«UM3:*E5f1a$S@28:&)5f5®1Q"%$�-6>4@ÈH¸$SC4@»$�$S;_H`3:*G$:"%$  Mï 1Q"%$ Ó:ð:ÒDñ -«&.;�H`3:;<3:;<"41$S;:&.@ÈH`3:*�&�H`1¹$X@257><1J5P$B(F;.$KË+A)&�H`1 i



�����%���	�À
 
�� �%¾¨�Ù¿%ò£��ò:��ó�� �����Ù�»� �À
 ���»��ô¨ô2�
Æ 1+;<57$B"43:*G$'&.-Z1aAe1F-^3�3e5®3:-/C.$B1p@©&/5f3e(F><3:;�H`3�bc>4;<dM$B1F;)3 � �GõD� g

� �NõD��o è£Ò%�Gõ�y Ó.�õ+�GõÁy Ò%�S W�7�Gõ � y èeÔLõ�y è?Ò:Ò.� o Ó   ö èÄy
õÓ³÷õ+�	è�y ÔLõD� � è�y Ó4õ DÒ y õ �è?ÒWÒ �hWi ç�*¤"F$X;:&M*E3 CL3:* � A:*E3e5®Ae3:;_H	3pHP>_H�H	3ø@B3nC4>4@K5í&)dM$B1+;.$ Æ�ù !�úÅ! Æ�û ¶ 1DU)U<3:*E1 Î%><3:@S@K3Ae1.*N*N$B57CL1+;<"43:;_H¸$9&·CW1F@»$�3\d£3:*G$�*¤3)&.@»$Y3�&.@�@K3¹C4>4@K5í&)dM$B1+;.$�;:&�HP>.*,&.@»$ ��ü ".3D$ÀCL1+@»$�3".3e(F@»$#d?3:*N$³Ae1+-6C4@K3e5f57$³3VAe1+;.$X>)(¨&�H¸$�¼ý;<1+;�Ae1+;<57$B"43:*G$'&.-Z1�$X;JÎ�><3e5	H�&ã@�$B5	H�&=$�CL1+@�$;)3:@S@X]�1.*G$T(�$X;)3.g� w o ÒF�X  ÚfCL1+@B1¨Û � � o Ó Úþd£3:*E1¨Û ��ÿ�o è£Ò ÚfCL1+@B1JAeA<ÛÎ%><3e5`H	3a5f1+;<1 @B3=C4>.@B5�&)dM$B1F;.$�$X;�Ae1.*þ*G$B5?CW1F;)"43:;<d_&�"43:@S@K3aÎ�>:&.@»$�$S@#"%$'&)(F*�&.-/-«&a"%$0�12"43«".3:@S@K3/&.-6C.$B3ed£d£3ZA)&.-68.$'&JCW3:;<"43:;<d_& i{+i Â�3?H`3:*N-/$S;:&M*E3�@©&QCW1L5P$Td<$T1+;<3�U<3:*�Hí$TA)&.@K3�"43:@:"%$'&)(F*�&.-/-«& i Â�3?H�H`1 � $S@D(F>D&)"�&)(F;)1"F$ � �GõD� ;<3:@�@'&·b�1.*N-«&q&·Ae1L5	H�&.;_Hí$�"%$ÀH`3:-6CW1�¼�CW3:*«>4;º5P$B5`H`3:-�&·"F$�Hí$XCW1 � 57$".3?H`3:*N-/$S;:&/$X@FC4>4;_H`1�� &�H�HP*�&�UM3:*E5�&�H`1/"2&.@."%$'&)(F*�&.-6-�&�&)5P$X;_H	1:H¸$BAe1�CW3:* � o � wÚf@©&\CD*G$S-«&RC4>4@K5í&)d<$T1+;<3�&.@S@©&îÎ�>:&.@K3î5P$%à:&V>4;ÉA)&.-68.$B1R"%$�CW3:;<"43:;<d�&:Û�5®3eAe1+;<"41¹@©&bë1.*þ-/>4@©&2g

� o ||||
�� ¥w |||| o

ÿ �ÒF�X  w o è�Ô  Ñ èeÕ��XÔ "�8
ä+3 $S@ê57$B5`H	3:-«& I3 "F$}H¸$XCW1 Ò Úf;<3e5f5?>4; CL1+@B1 ;)3:@S@X]�1.*G$T(�$X;)3<Û @©& bë14*N-/>4@'& 5f1FCD*�&*E3e5	H¸$OHP>.$B5®Ae3�3e5�&�H�H�&.-^3:;_H`3Q$X@2(+>:&)"�&)(+;<1�5	H�&�H¸$BAe1 � ��ÒL� "43:@257$B5`H	3:-«& i�+i ÐF3:* � � � w @©&JCW3:;<"43:;<d_&6"43:@2"%$'&)(F*�&.-/-«&É"F$�8W1�".3VI3 ~ � i� i�Í C:&M*ÙH¸$X*E3�"2&.@�C4>4;_H`1pÚ � w�� ��Û¸¼+H`3:;<3:;<"41aAe1+;_H`1aA:à<3�(+@�$2d£3:*G$³*E3)&.@�$21\Ae1+-6C4@K3e5®5P$".3?H`3:*N-/$S;:&.;<1�>4;ã$S;<A:*E3:-Z3:;_H	1="F$�CW3:;<"43:;<d�&J"%$�� h 1�� { *G$B5?CW3?H�H¸$OUW&.-^3:;_H`3Q3A:à)3�$�CL1+@�$�*E3)&.@�$³1=Ae1F-/C4@B3e5f5P$�"43?H`3:*N-/$S;:&.;<1�>4;[".3eA:*¤3:-^3:;_H`1¹"%$�CL3:;<".3:;<d_&a"%$Ç h 1ãÇ { *G$B5?CW3?H�H¸$OUW&.-^3:;_H`3L¼�5P$�HP*�&)AeAD$�& $X@�"F$�&)(+*�&.-6-«&�&)5P$S;_H`1DH¸$TAe1·57CL1W5	H�&.;<"41W57$U<3:*E5®1 � A:*E3e5®Ae3:;_Hí$�3p&)(W(�$T1.*þ;D&.;<"41 @©&ºCL3:;)"43:;<d_&º$S;ãAe14*N*G$B5?CW1F;<".3:;<d_&·&=1W(F;L$C.>4@B5�&)dM$B1F;)3«A:*N$OH¸$BA)& i



���������	��
 
º� ��¾4��¿Fòe��òW�»ó+� �����Ù��� 	®��¾4�
Æ 1+;<57$B"43:*G$'&.-Z1aAe1F-^3�3e5®3:-/C.$B1p@©&/5f3e(F><3:;�H`3�bc>4;<dM$B1F;)3 � �GõD� g

� �NõD��o è£Ò%�Gõ�y Ó.�õ+�GõÁy Ò%�S W�7�Gõ � y èeÔLõ�y è?Ò:Ò.� o Ó   ö èÄy
õÓ ÷õ+�	è�y ÔLõD� � è�y Ó4õ DÒ y õ<�è?ÒWÒ �hWi Â�3?H`3:*N-/$S;:&M*E3ã@©&�bz&)5f3p$S;.$BdM$'&.@B3�
 x CL3:* � � Ò�
�i Â�3?H�H`1 � $S@�(F>D&)"�&)(F;)1º"%$� �GõD� ;<3:@�@'&¹bë1.*þ-�& &=Ae1W5`H®&.;_H¸$9"%$�H`3:-6CW1 Ú®;<3:@�@X]�3e5f3:-6C.$B1 � o Ó��.  ÛZ3�"�&�H`1>.;�5P$B5`H`3:-�&p"%$�H¸$SCL1 ��¼�@©&ãbz&)5f3º$S;.$BdM$'&.@B3�
 x 57$�A)&.@BAe1+@'&ãAe1+-Z3�Úf;<3:@S@X]'3e5®3:-/C.$T1
 x o ~ � ï   o ~ ï   Û7g � � Ò 
 x o ~ � ï  � � Ò 
 x o ~«ïq~ � ï  {+i ÐF3:*EAe14*N*E3:;<"41 @K3ãC.>4@B5�&)dM$B1F;L$�A:*G$KH¸$BA:à<3=$X;�1.*¤"F$X;<3JA:*E3e5®Ae3:;_H	3a5P$�".3?H`3:*N-/$S;:&.;<1ø@K3bz&)5fAe3É14*G$Td?d£1F;�H�&.@�$#$X;VA:>.$F1L(+;.$9CL1+@K1�1�d£3:*E1 ÚN5f3:-6C4@»$TAe3É1�Ae1+-6C.@B3e5f5®1J3/Ae1+;.$S>�Ç(4&�H`1¨ÛÅ3?U.$B"43:;<dM$'&=$S@³57><1=Ae1F;�HP*G$X84>�H`1ã57>4@�@'&\bz&)5f3 i !¯@9CD*G$S-Z1�CL1+@B1=1=d£3:*E1=A:à)3V57$$S;<Ae1+;_HP*�&ãÚfC4>4@K5í&)dM$B1+;<3 � w Û�$X;)"%$KU.$B"�>:& @'&abz&)5fAD$�&ãÚ�
 x ¼�
 w o 
 x y � 
 w ÛÅ"41:U<3� 
 "43:*G$OUW&/"�&.@�@K3\CD*¤1+CD*G$T3?HPI&R".3D$+"%$'&)(+*,&.-/-/$¨"%$�8L12"43«3:@K3:-Z3:;_H®&D*G$¯g

� 
 o ����� ����
~«ï��.  CW1F@K1a5`H�&.8L$X@K3«1Jd?3:*¤1=$S;<5`H®&.8.$X@K3ï��.  d?3:*¤1\5	H�&.8.$S@B3«1pCL1+@K1ã$S;<5`H®&.8.$X@K3~�ï CW1F@K1aAeA«5`H�&.8L$X@K3«1Jd?3:*¤1aAeAV$S;<5`H®&.8.$X@K3y�ï d?3:*¤1\AeA«5	H�&.8.$S@B3«1pCL1+@K1[AeAV$S;<5`H®&.8.$X@K3ä�>)AeAe3e5®5P$KU:&.-Z3:;�H`3�@�]��NÇc3e5P$X-^1 CL1+@K1 1 d£3:*E1øA:à<3p57$�$S;<Ae1+;_HP*�& ÚfC4>4@K5�&)dM$T1+;<3 ��� Û$S;<"%$OU.$T"�>D&�@©&Ébz&)5fAD$�&JÚ�
 � ± w ¼�
 � o 
 � ± w y � 
 � Û i



�+i ú
*�&�H�H`3e(W(�$�&M*E3ø$X@�Ae1F;�HP*G$X84>�H`1 $S;øbz&)5f3·"%$�1W(+;.$�CL1+@B1 1 d£3:*E1 &.@�@X]¯$S;_H`3:*N;<1 ".3:@S@©&Ae1.*N*N$B57CL1+;<"43:;_H`3�bz&)5fAD$�&¨¼k*N$BAe1+;<"�><Ae3:;<".1L5P$�&.@�@B3·CD*E1+CD*G$T3?HPI&ã"43D$�"%$'&)(F*�&.-/-/$�3:@K37Ç-^3:;_H�&M*G$ i !�; C:&M*ÙH¸$BAe1F@©&M*E3¹@�]�$X;�H`3:*ÙUW&.@�@B1¹"%$�C4>4@K5�&)dM$T1+;.$�Ú � µ � ¼ ��¢�� Û�&.@S@X]�$X;_H	3:*þ;)1p"43:@Î%>:&.@B3/57$9àD&p@'&6UW&M*G$'&)dM$T1+;<3/"%$�bG&)5f36"2& 
 � ± w &!
 � "41DU¨>�H�&�&.@�@�]��NÇc3e5P$X-^1·CL1+@K1=1d?3:*¤1pÚfC4>4@K5í&)dM$B1+;<3 � � Û�I3É"�&�H	1J"�&2g��µ � o � �â���ÖFè � ¢�� o â���ÖFè¸� � Ð%1+@»$+1Jd£3:*G$�5f3:-6C.@�$BAD$��µ � o ���â³�»Ö%è#"%$ � ¢�� o â���ÖFè "%$ � � Ð%1+@»$+1Jd£3:*G$�Ae1+-6C.@B3e5f57$23«Ae1+;.$S><(¨&�Hí$".1:U<3 ¡���& 'c~aè � è)( I3a$X@�Ae1�3+*\AD$B3:;_H`3É"%$+5?-^14*Ed_&.-^3:;_H`1\"43:@�@B3QAe1FC.C.$T3Q"%$�CW1F@»$F1d?3:*N$2Ae1+-6C4@K3e5f57$23«Ae1+;.$X>)(¨&�H¸$ i� i Ð³&M*ÙH`3:;<"41\"�&.@�@'&\C4>4@K5í&)d<$T1+;<3 � w �%è?Ò ÚN"41DUM3\@©&«bz&)5f3QI3�5P$BA:>4*�&.-Z3:;_H`3,
 x ÛÄ3î57CL1MÇ5	H�&.;<".1L5P$2U<3:*E5®1 � A:*E3e5fAe3:;_H`3L¼�>.;.$X*E3a$+Ae1+;_HP*G$S84>_H¸$�$X;6bz&)5f3îHP*�&�H�H`3e(W(+$'&�H¸$Y$X;�CD*E37ÇAe3e".3:;<d_& i é 3:@�@B3êbz&)5fAe3ÄU<3:*�Hí$TA)&.@»$�"41:U<3ÅI3^CD*E3e5®3:;_H	3�>4;Å5®1+@K1�HP*�&�H�H	3e(L(�$T1Q$S;<A:@�$S;:&�H`1$S@:"%$�&)(+*�&.-6-�&�"43:@�@B3Åbz&)5P$LAe1�$S;<AD$T".3^3e5�&�H�H�&.-^3:;_H`3�Ae1F;R$S@DH¸*,&�H�H`3e(L(�$B1 i é 3D$DHP*�&�H�H¸$$S;�A:>.$:"�><3�1aC.$¯I>ZAe1+;_HP*G$S84>_H¸$:5P$D5®1+-6-�&.;<1%¼F@'&ÉCL3:;<"43:;)d_&^Ae1+-6C4@K3e5®5P$OUW&�"43:@D"%$'&eÇ(+*�&.-6-�&[I3V"2&�H�&a"�&.@�@'&\5®1+-6-�&J&.@K(L3:8D*G$BA)&a"43:@�@B3¹CW3:;<"43:;<d?3V"41:U4>_H`3J&L$³5P$X;)(L1+@�$Ae1+;_HP*G$S84>_H¸$ i
- i Â�3?H�H`1 �/. $S@M(+>:&)"�&)(+;<1/".3:@M57$B5`H	3:-«&�;<3:@�@'&Åb�1.*N-«&«CL1+@�$ÈÇcd£3:*G$¯¼�CL3:*�>4;:&Ãbc>4;)dM$T1+;<3� �GõD� "%$}(+*�&)"41 *¤3:@©&�H¸$OUM1 0%¼ÅU<3:*N$KË+A)&D*E3 @©& bz&)5®3 
21 CW3:* � � 3 Ae1F; @©&5f3e(+><3:;_H`3«3e57CD*E3e5®5P$T1+;<3aÚf;<3:@S@X]'3e5®3:-/C.$T1 �/.Zo è?Ò ¼4
 1 o ~ ÿ � ï ÛPg� . � Ò 
 1 o ~ 0 ï  � . � Ò 
21 o ~�ïø~ 0 ï  



 �57698;: <2=?> iêÆ 1+;<5P$T"43:*G$'&.-Z1aAe1F-^3�3e5f3:-6C.$B1ã@©&Q5f3e(F>)3:;_H`3«bc>4;<dM$B1F;)3 � �GõD� g
� �GõD��o è?Ò%�GõÁy ÓL�õ��Gõ�y ÒF�X :�7�Gõ � y èeÔWõ�y è£Ò:ÒL� o Ó   ö è�y

õÓ ÷õ��	èÄy ÔWõD���ýèÄy Ó.õ MÒ y õ �è?Ò:Ò � Â}$'&)(F*�&.-6-�&«"F$90�12"43É"43:@�@B3/&.-/C.$B3ed£d£3.g

10
−2

10
−1

10
0

10
1

10
2

−120

−100

−80

−60

−40

−20

0

20

40

60
ampiezza

                                                                                                                 rad/sec

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  d
b

 Â}$'&)(F*�&.-6-�&«"F$90�12"43É"43:@�@B3�bz&)5P$ug

10
−2

10
−1

10
0

10
1

10
2

−280

−260

−240

−220

−200

−180

−160

−140

−120

−100

−80
fase

                                                                                                                 rad/sec

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  g

ra
di



 é ç�ú Í g�$4"%$'&)(F*�&.-6-Q$¨&)5P$S;_H`1DH¸$TAD$L"%$�0�12"43^5®1+;<1¹>4;2]�&.C4CD*E1W5®5P$X-�&)dM$B1F;<3Z"43:@�@�]�&.;�Ç"2&.-Z3:;_H`1 *¤3)&.@K3="43:@S@©&ãb�>.;<dM$B1F;<3ã"%$k*G$T57CL1W5`H®&�&M*N-Z1+;.$BA)& i Ð%3:*�H�&.@K3q-^1:H¸$OU<1 I3CW1L5f5P$X8.$S@K3p5f3:-6C4@»$KËFA)&M*E3�@B3=Ae1FC.C.$T3p"%$kCL1+@»$�3pd£3:*G$�A:à<3ã"�&.;.;<1 >4;�Ae1F;_H¸*N$S84>_H	1Î%>:&)57$9>)(F>:&.@K3V36Ae1+;_HP*�&M*G$T1%¼�5®3:;<d�&[&.@ÈH`3:*�&D*E3V&.C4CD*E3ed£d_&.8.$S@S-^3:;_H`3a$X@%"F$�&)(+*�&.-6-«&*G$B5?>.@OH�&.;�H`3 i ¶ 5f3:-6CL$T1�g
@ w �GõD��o Ô+�Gõ�y è?ÒL�õ��Gõ�y Ô:�7�NõÁy ×F�X :�?�Gõ�y  MÒ.� Ñ Ôõ��Gõ�y Ô:�7�NõÁy  MÒ.� o @ � �GõD� A¨>4;<dM$B1+;<3 @ w �Gõ:�

10
−1

10
0

10
1

10
2

10
3

−200

−150

−100

−50

0

50
ampiezza

                                                                                                                 rad/sec

   
   

   
   

   
   

   
   

   
   

   
db

10
−1

10
0

10
1

10
2

10
3

−300

−250

−200

−150

−100

−50
fase

                                                                                                                 rad/sec

   
   

   
   

   
   

   
   

   
   

gr
ad

i

 A¨>4;<dM$B1+;<3 @ � �Gõ:�

10
−1

10
0

10
1

10
2

10
3

−200

−150

−100

−50

0

50
ampiezza

                                                                                                                 rad/sec

   
   

   
   

   
   

   
   

   
   

   
db

10
−1

10
0

10
1

10
2

10
3

−300

−250

−200

−150

−100

−50
fase

                                                                                                                 rad/sec

   
   

   
   

   
   

   
   

   
   

gr
ad

i



B^¾)� �����������%���	�À
 
 �����Á�������
hWi Â�3?H`3:*N-/$S;:&M*E3�@©&^*G$B5?CW1L5	H�&}H`3:-6CW14*�&.@B3Ä"%$W>4;�5P$B5`H`3:-�&}5®1+@S@K3eAD$OH�&�H`1�"�&^>.;�5®3e(+;:&.@K35P$S;4><5f1+$B"�&.@K3«5®3:;<d�&J*G$TAe1.*þ*E3:*E36&.@S@K3Q&.;_Hí$KHP*�&)5`bë14*N-«&�H`3 i�Æ 1+;<5P$T"43:*G$'&.-Z1=$X@25P$T5	H`3:-«&Ae1+;\$X;<(+*E3e5®5f1\Ìq3/><5fAD$KH�&«ì¹"43e5®A:*G$OH�H`1V"�&.@�@©&«5f1F@»$OH�&«bc>4;<d<$T1+;<3�"%$.H¸*,&)5`bë3:*G$X-^3:;_H`1� �GõD� gC �Gõ:�D �GõD� o � �GõD��o è?Ò%�NõÁy ÓL�õ��NõÁy ÒF�X :�?�Gõ � y èeÔWõ�y è?Ò:ÒL� � C �GõD�ko � �GõD� D �Gõ:�
Í C.C4@�$BA)&.;<"41 $X; $S;<(F*E3e5f5®1 $X@Á5®3e(+;:&.@K3 Ì �%E�� o l FHGJI��E�KE�y L�� @'& *G$T57CL1W5	H�&H	3:-6CL1.*�&.@B3�ì �%Eí� "43:@25P$T5	H`3:-«&6I3«"�&�H�&/"2&2gì �%E��ko l j � �u�4���_jMFNGJIO(È�KE�y Lºy �<�`vY� � � �4�Á�`�P'".1:U<3 j � � �4�Á�_j 3 �<�	vY� � �u�4��� 5P$F*G$BA)&�UW&.;)1[*G$B5?CW3?H�H¸$OUW&.-^3:;_H`3�"2&L$L"%$'&)(+*,&.-/-/$D"%$0�12"43«".3:@S@K3/&.-6C.$B3ed£d£3Z3«"43:@�@B3�bz&)5P$ i ¶ 5®3:-/C.$B1�¼9CL3:* � o è 57$#à:&2gj � �u�¨�Á�_j2Ñ ~Jè?Ò�j Ü�Ý Ñ ÒF��ÓL �<�	v�� � �u�¨�Á�ÄÑ ~Jè?ð:Ò ñ Ñ  ���Ö *�&)"3«Î%>.$X;)"%$ì �%E���o l j � �u�¨�Á�_jMFNGJI�( �KEýy Lºy �<�	vY� � �u�4���`�Q'9o ÒF��ÓL 6l FNGJI�(RE�y L�y  ���ÖS'

{+i ú
*�&)AeAD$'&D*E3R$�"%$'&)(F*�&.-/-/$�CW1F@©&M*N$+"%$ éUT Î�>L$T5	H£g

−7 −6 −5 −4 −3 −2 −1 0 1
−80

−70

−60

−50

−40

−30

−20

−10

0

diagramma di Nyquist

 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  0.56  1

�+i ä2H¸><"%$B1["43:@�@'&É5`H�&.8L$X@»$KHPI&Q"%$#>4;R57$B5	H`3:-«& i


