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Ŝ
x(t) y(t)

<>?;?;(9')2;F;#-:µ«;kw¬7Ã�lG�!.�)ØF; TB^\c\��$#;+;BD#;:tu!AR(9 "*,+;�!#�<>F; ":7BD#;:7 8 "():D#KBD' Ä �J�8�jF;#;2E¸¶()#IN:7BD#;:7 8 "():D#KBD' Å �J�8�5�$(9#;�$ M')(9#;�xB^."�$#Ø»�u$�!(9%T(9#&4DB^."(rB^#Q%"�$#�Vf¼f 8%"�$\�AR().82�2;F-."*,+ �!()#;�!#�'9(wN#-�xBD.8�$#È¾5h@�$."B^%T6D. ¿Á +;�!.":7�! 8%T�!')'w%xk
Å �J�8��� * ��¢ �

Å �J�,+ ��É-���.- �,+ ��¥&�,+
Ä �J�8��� ¿ÁtÅ �J�8� � ¿Á * ��¢ �

Å ��� + ��ÉI�J�/- � + ��¥7� +
� * ��¢ �

Å �J�,+ �]¿Á ÉI�J��- �,+ ��¥7�,+
� * ��¢ �

Å �J�,+ �P×����0- �,+w��¥7�,+

U·«-k21&X

l>()����BDh;')BD*$�d%T.TB^#; 8HJ67.8\c(9�$.�%T�43 �á� �q2;�! g¸m(9#;:&BD#-:7 " 8():7#KB^') Å ���8�qF;#;2 2;()�µ��B^h;'rBD*!�dN%".TBD#- 8HJ67.8\c(9�$.8%"�45µ�W�`�52;�! �<>F; ":&B^#;:7 " 8():7#;BD') Ä �J�8�a2;�$ qVf¼f 8%"�$\� q+KS^#;:7�$#EZ;?@�$.M2;()���BDh-'rBD*!�!%T."BD#; �HJ67."\�()�!.8%T��6c�á� �¶2;�$.e±�\�h;F;') "BD#&%�AC6D.8%e×����8�m2-�$ ³VQ¼I �%T�!\c Y\c(w%T�$(9#KBD#;2-�$.u!F; TB^\c\��$#�Ã
7 5]�á� ��� 6c�á� �83 �W�`� U·«-k «QXlGBD C¸¶(9#;:&BD#;:D " "(9:7#KBD' Å �J�8�m�:9-�J�8�¶'rS<;D%3 "()*,+�()#�2;�!.Yb¶."B`®I() m')�!()*,+&%e2;F;."*,+c�$(9#ciR�$*,+&%�N�!*,_Q "():D#KBD'e2KBD." �%T�!')')�!#�»�AC6D+;()#;:D�$:7�!#ÀlG�$'w%,BD(9\ch-F;') 8�°\c(w%ÙVf():7#KB^'):7�!#;�$."B^%T67.8�$#E_`BDF;\ 8()#;#&4D67')'R�$.8u$�!F;:D%]AY�$.82;�$#½_^¹7#;#;�!#�k[l>()� � Ì@ÖdÍfÒfÝ&ÑDÒKÓ·ÔCÕ`ÖdÓ°(9 8%c2KBD+;�!.c4f()�!'R')�$(9*,+&%T�$.u!F�\c�! " "�!#sBD') [2-()�a±�\�h;F;'9 TBD#&%�AY67.8%$»-AC�! "+KB^')?tHJ67'):D�$#;2;��)ØF; TBD\�\��$#;+KS^#;:7�a6DH�%"\]B^') #QZ-%"u$'9()*,+� "(9#;2�Ã

= �J�8� � ¿Á 9;���8�ÉI�J�8� � ¥¥7� 9;���8�?> ¤A@
 
7 ×Ø�J�8��� ¥ = �J�8�¥7�

6c�á� � � ��B?CÀ�á� ��- = �J�¶� -#D&�FE�GIH = ���m��-�D&�m�JD�K�LNM?LNOQP�R
SUTVR
WIGIHVX
H U·«-kZY7X



����� � ��������
�� �#���V" � ÆI¬
lG�$ �AC�!(9%T�!."�!#q:7�!'9%T�!#aNKAR()*,+&%T(9:³HJZ;.�2;()���C�!%".TBD*,+&%TF-#;:>4D67#M¸m(9#; "*,+;BD'9%84767.8:&SD#;:7�!#�6f2;�!.2;()�0¸¶():D�$#; 8*,+KB^H�%T�!#s4D67#viR�$:D�$')_Q.8�$() 8�$#µN��GÒxÞ!ÑDÒfÝ`Ï��[ÍfÒ	��
YÒ	�DÔ Ü ÖdÓ�Ï$ÑDÓ
�ÂÃ

�
�
�¤��
  Ä �J�8��� �
�
�£�� � � 5]�á� ��
�
�¤�� � Ä �J�8��� �
���£��

  � 5]�á� � UJ«;k��7X
/1."SD:D%Ù\cBD# 2-�$#��C�d%T.TB^:vF;#;2 2;(9�µb¶+KBD 8�µ2;�$.��j?P�!.8%".TBD:7F-#;:7 8HJF-#;_&%T()6D# :7�$:D�$#À2;(9��Â.8���QF;�!#;uqB^F-H »-AY67?P�!(

� �W��� � > 6c�á� �?>x»K\c(w%R� ��©7ª
� �á�Ø��� ���! 6c�á� ��»K\�(9%R� ��©Dª » UJ«;k#"DX

 "6q�!."+KS^'9%e\]B^#c2;(9�%$�Ö Ü!& Í Ü Ò'�dß Ü ÒKÒKÎ à�ÒKà Ü Ò	�&ÑDÖ,ÏdÓ Ü Î�Î ÍfÒfÝM4767#Q6]�W� �dkflaBD?@�$(Â#;�!#;#&%[\cBD#2;()�R<GFIH�%T.TB^:7F;#;:�2;�$.e<G\�h;')(w%TF;2-�³:7�$:7�!#]2;(9�G�K.8���QF;�$#-uaBDF;*,+]2;�$#(�GËGÌ@Î à�ÓWÍ)� Ü ÒfÝ&ÑDÒfÝF;#;2�2;(9��2;�!.5b¶+KBD 8�°2;�$#+*-,-Ñ`Ï Ü ÒfÝ&ÑDÒfÝDk.�C�!(�')6D:&BD."(w%T+;\�() 8*,+;�$.R<>F-H�%T."BD:7F;#;:] "h;.8()*,+&%\]BD#�B^F;*,+�4D67#�2-�$#s "67:7�!#KBD#;#&%"�$#0/GÕ�� Ü �Dà·Ñ­ÝDÖ"ÑDË°Ë Ü ÒKk
²�¹I*,+&%"�j\cBD#g�$(9#�L>�!%"u!AY�$.8_cB^F; m±�\ch@�$2KB^#;u$�!#]BD#;BD'9¼f "(9�$.8�$#�»7')S<;D%¶ 8()*,+�2;()�³<>F-HJ 8%"�$' N')F;#;:g476D#�lG(�1P�$.8�$#&%T()BD'wNYF;#-2È±�#&%T�!:7.TBD'9:7')�!()*,+QF;#;:D�$#�»Â2;(9��2;(9�qLj�!%"u!AY�$."_Q:7'9�$(9*,+fF-#;:7�$#2KBD." �%T�!')')�!#�»Q47�$.8\c�!()2;�!#�»IAY�$#-#t2KBD [:&B^#;u$�5Lj�!%"u!AY�$."_cHJ67."\cBD'Â'rBDh-'rBD*!�!%T."BD#; �HJ67."\�()�!.8%AR()."2Øk1lGBD Ùb¶."6D?;')�!\ .8�$2;F-u$()�!.8%� "(9*,+ÀBDF-HR2;(9�]��¹7 8F;#;:v'9()#;�$BD."�!.�p0'9�$()*,+QF;#-:7�$#�F;#;2:7�$:7�!?P�!#;�$#IH·BD')'9 5BD#; 8*,+;')(9�
;7�!#;2;��ijZ-*,_Q%".TBD#- 8HJ67.8\]B^%"()67#�(9#�2;�$# )Ø�$(w%T?@�$.8�$()*,+ØkØ±�\�hP�ON2KBD#;u!�$#s()#�VI*,+KBD'w%T?;(9')2;�!."#µ%".TBD#; �HJ67."\�()�!."�!#s 8()*,+�AR()�aHJ67'9:D%xÃ

2 7 2
3 7 4£657 7 �87��Z;.µ2KB^ tij�!*,+;#;�!#§\�(9%]'rBDh;')BD*$�d%T."BD#; 8HJ6D."\�()�$.�%T�!#�±�\�hP�!2KBD#;u!�$# :7�$'w%T�!#½2;()�! "�$'9?P�!#ij�!:7�$'9#cHJZ;.[VI�$.8()�$#fN¶F;#;2�b1BD.TB^')')�!') 8*,+KBD'9%"F;#;:0AR()�jHJZ;.C2KB^ [iR�$*,+;#;�!#�\c(w%C2;�!#µ±�\�hP�ON2KBD#;u!�$#s "�$'9?; 8%$k

y�z!9 : �³�M�<;!�g�1�³�$���
<G') �iR�$:D�$')_Q.8�$() t?@�$u!�$(9*,+;#;�!%�\cBD# �$()# Vf¼f 8%"�$\s»³()# 2;�!\ 2;()��<>?QAY�$(9*,+QF;#;:��!()#;�!.h;+&¼I 8()_`BD'9() "*,+-�$#sp5."¹ ;7�>4767#��$(9#;�$\ 4767.8:7�$:D�$?@�$#;�!#ÈVf67')'wAC�!.8%³?@�$ �%T()\�\q%CF;#;2t�$(9#;�$\Vf%T�!')'):D')()�!2�u!F;.=�C�!�$()#?>KF; " 8F;#;:�2;(9�$ "�!.Mp0.8¹ ;7�MAR()�$2-�$.5u$F-:7�!HJZ;+-.8%5AR().82�kØ<>?;?;(9')2;F;#-:«;kÇÆGu!�$(9:D%m2KBD -�C'96I*,_Q 8*,+KBD'9%"?;()'92Ù�$(9#;�$ miR�$:D�$')_Q.8�$() 8�$ !kQlG()�A@>+;#;'9()*,+;_^�$(9%m?@�$(9 "h;(9�$'9 8AY�$(wN "�[u!F;\ ¾ah@�$.TB`%T()6D#; 84D�$." �%,SD.8_D�!.mBD') 1()#&47�!.8%T(9�$.8�$#;2;�!#°¯m�$." �%,SD.8_D�!.3H·SD')'w%�B^F-H k&p5�$:7�!#;:7�ON_D67h;h@�$'w%T�G¾ahP�!.TB^%"()67#; �47�!." 8%TSD."_^�$.8 "*,+KBD'w%TF;#-:7�$#µ_^¹7#;#;�!#µ()\�bm.8()#;u!()hcBD') eiR�$:7�!')_Q."�!() 8�BDF-HJ:7�dH·B<;D%[AY�$.82;�$#�k



ÆDÆ �������
	���
���������������
�������������� ��������
����!�#"$	��#%'&#�#�(�

+
_

_

+
G (s)

G (s)

G (s)1 2

3

E(s)W(s) X(s)

Z(s)

<>?;?;(9')2;F;#-:Ù«;kÐÆIÃI<>')'9:7�$\��$(9#;�$ �C')6f*,_Q "*,+KB^'9%T?-()')2c�$(9#;�$ ³iR�$:D�$')_Q.8�$() 8�$ !kÂ²ÈBD#t#;�!#;#&% Å2-�$#=±� 8%�AY�$.�%�2-�$.0iR�$:7�!'):7.8¹ ;7�D» � 2;�!#�²��
;DAY�$.�%x»���2-�$#�VI67'9'9AY�$.8%$»Ø¡g2;(9�°ij�!:7�$')BD?INAY�$(9*,+QF;#;:]F-#;2��g2;(9�MVf%T¹7.8:7."¹<;7�Dk

iR�$:D�$')_Q.8�$() 8�ÙAC�!."2;�!#�Z;?-')()*,+-�$.8AY�$(9 "�g()#=2;(9�ÙHJ67'):D�$#;2;�!#=n>67\�h@67#;�$#&%"�$#E:7�$:7'9()�!2;�$.�%xÃ2;BD �� Ü	� ÝDÎ à Ü �M2;(9�$#&%�u$F-.1¸¶.�H·BD " 8F;#;:j2;�$ �Ê,ÏdÓ·Ô Ü ÖOÓJÏe2;�!.�
 Ü Ý Ü Î ÝDÖ�� �¶Ü k­lG(9�$ "�!.1²��
;DAY�$.�%AR(9."2µ2-F;."*,+�VIF;?I%T.TB^_Q%"()67#µ4D67\ � Õ`Î�Î Ô Ü ÖdÓe\�(9%Y2;()�! "�$\ 47�!.":7'9()*,+;�!#�»-4D67\

 Ü ÝDÎ Ü ÖM:7�dN�;'9%T�!.8%1F;#;2Ù 8*,+;')(9�
;7'9()*,+02;�!\ � Ó Ü Î�Î ÝDÎ à Ü �Mu!F;:7�!HJZ-+;.8%$»^2KB^ �2KBDu!FÙ2;(9�$#&%x» 2;(9�CiR�$:7�!'):7.8¹ ;7�u!Ft?P�!�$(9#)>KF; 8 "�$#ØkKlGF;.8*,+s2-()�$ 8�5iRZ;*,_Q_D67h;h-')F;#;:g_`BD#;#]2;�$.³¸¶(9#)>KF ;q4D67#sVf%"¹7.":7.8¹ ;7�!#Ne?@�$(�:D�$�$(9:7#;�d%T�$.[��BD+;'�2-�$ >ij�!:7')�!." CNeF;#&%T�!."2;.8Z;*,_&%>AY�$.82;�$#Øk
�j\ 2;()�C¸m(9:7�$#- "*,+KB^H�%"�$#°�!()#;�! 3iR�$:7�!')_Q."�!() "�! 3?@�$F;.�%T�$(9')�!#qu$Fq_D¹7#;#-�$#�»7(9 8%1�$ 3#QZ-%"u$'9()*,+�»�!()#;(9:7�cBD')'9:7�$\��$(9#;�g�KF;#;_&%T(967#;�$#�F;#;2�)ØF; "BD\c\��$#-+KSD#;:7�cBDF; q2;�$.qij�!:7�$'9F;#;:7 �%T�$*,+fN#-()_Â»�2;(9�°2KBD 5¯m�$.8+KBD'9%"�$#=2;�!.0ij�!:7�$'9F;#;:�?P�! "*,+;.8�$(9?P�!#�»�u$F=?P�d%T."BD*,+&%T�$#Øk1¸¶ 0�$.�AC�!() �% 8()*,+ BDF ;D�$."2-�$\ B^') Ù?@�$ 867#;2;�!." g�$(9#-H·BD*,+ÀF;#;2 �!')�$:7BD#&%x»�2-()�tiR�$*,+;#QF;#-:7�$#ÀN0 "6­AY�$(w%\�¹7:7'9()*,+��1N¶(9\ �Y()')2-?P�!."�$(9*,+�»Q2�k +�k-#KB^*,+t�$.8HJ6D'):D%"�$.[��BDh-'rBD*!�!%T."BD#; �HJ67."\cB^%T(967#g2;�$ jVQ¼QN �%T�!\c !»�2-F;."*,+;u!F-HJZ;+;.8�$#�k���Z;.02;(9���!()#;u!�$'9#;�$# �C')¹f*,_D��2;�! qiR�$:7�!')_Q."�!() 8�$ M "�!%"u!%q\]BD#(9+;."� �>?@�$.8%".TBD:DF;#;:7 �HJF;#;_&%T(967#;�$#=�!()#ºU·<>?;?;()'92;F;#;:]«;kÇÆDX>F;#;2E�$.8+KSD'9%G2KBD\�(9%G2KBD 0BD'9'wN:D�$\��$()#-��Vf%T.8F;_&%TF;.8?;()'92À2;�$ �iR�$:7�!')_Q."�!() 8�$ $k3laBD?@�$([?@�$ 8*,+;."�!()?-% 6 4 �á� �qiR�$:7'9�$.ÙF-#;2VQ%T�$'9'):7'9()�!2�» 6�� �á� �¶2;�$#c+;()#&%"�$."�!#]/��$(9'K2;�$.CVf%T.8�$*,_^�gU·+;(9�$.m�!%�ACB�2-�$.Y��B^ "�$.8."�! "67#KB`%T67.TXF-#;2 6��`�á� �R2;BD 5²�� ;7:7'9()�$2ØkPlGB]2;()�M()#�2;�$.G<G?;?;(9')2;F-#;:c«-kÇÆcF-#;2v2;(9��(9\ HJ67'):7�!#;2;�!#/��d®f%[BDF-H�%T.8�!%"�$#;2;�!#�p5."¹ ;7�!#](9\c\��$.3AR(9�$2;�!.C?@�$#;¹D%"():D%mAY�$.82;�$#�»I "(9#;2] 8()�j()#�/�BD?@�$'9')�«-k9¬MBD'9 �>?@�$." 8()*,+&%ju$F; "BD\�\c�!#;:7�!H·B�;D%xk
<GF; R2;�!\ �C'96I*,_Q "*,+;BD'9%"?;()'92t'rBD 8 "�$#s "(9*,+sHJ6D'):7�!#;2;�=�C�!u$()�!+QF;#;:7�!#ÈBD?-')�$ 8�$#�Ã
���������������! "��#!$&%(')'+*-,.#�'���/.��%(#0�2143��5�)�0��/76�%(#0��%8/4�9�;:=<>��#	�9#9%(?(@./.?4��*-@&/.A4�0��B(/.��/DC"E!��FHG2�!IKJ2?('���FHGL���	�

 "�)�M�N3(C O;C.<>���QP7R"�	�0�5IK��/D1& "����6(B(/SE!��FHG4�0'��)/&��%8#9�)�9TU�9�5/S "B(IK��/.���5#0���0��/& VC



����� � ��������
�� �#���V" � Æ<1
�C�$u!�$()*,+-#fF-#;: Vf¼f\Ù?@67'�(9\ �C�!u$�!()*,+;#QF;#;:c()\ Vf¼f\Ù?@67'
)Ø�$(w%T?@�$."�!()*,+ )Ø�$(9%"?P�!."�!()*,+ (9\ �C(9')2;?@�$.8�$()*,+ (9\ �C(9')2;?@�$.8�$()*,+ij�!:7�$'9:7."¹<;7� Å �J�8� iR�$:7�!'):7.8¹ ;7� 3 �W� ���Z;+-."F;#;:D ":7.8¹ ;7� �°���8� �1Z;+;."F-#;:7 ":D."¹ ;7� � �á� �VQ%T¹7.8:7."¹ ;D� �;�J�8� Vf%T¹D.":7.8¹ ;7� �Ù�á� �ij�!:7�$')BD?&AC�!()*,+QF;#;: ¡Q�J�8� iR�$:7�!'rBD?&AY�$(9*,+fF-#;: �µ�W� �±�\�h;F;'9 TBD#&%�AY67.8% × 4 �J�8� �>?@�$.�%T.TB^:7F;#;:7 �HJF;#;_&%T(967# 6 4 �á� �2;�$ >ij�!:7')�!." 2;�! >iR�$:D')�$.8 ±�\�h;F;'9 TBD#&%�AY67.8% ×>� �J�8� �>?@�$.�%T.TB^:7F;#;:7 �HJF;#;_&%T(967# 6 �­�á� �2-�$ GVf%T�!')'):D')()�!2; 2;�$ GVf%"�$')'9:7')(9�$2; ±�\�h;F;'9 TBD#&%�AY67.8% ×>� �J�8� �>?@�$.�%T.TB^:7F;#;:7 �HJF;#;_&%T(967# 6 �­�á� �2;�$ G²��
;D:7')(9�$2; 2;�! a²�� ;7:7'9()�$2- ��Z;+-."F;#;:D "Z;?@�$.�%T.TB^:7F;#;:7 N 6����W� �HJF;#;_&%T(967#VQ%T¹7.8Z;?P�!.8%".TBD:7F-#;:7 �N 6��1�á� �HJF;#;_&%T(967#

/�BD?@�$'9')�5«;kw¬7Ã-� (9*,+&%T():D�qp5."¹<;7�$#s2;�$.jiR�$:7�!')F;#-:7 8%"�$*,+;#;(9_tF;#;2�()+;.8�=�C�$u!�$()*,+-#fF-#;:7�$#()\ )Ø�!(9%�NmF;#;2 �C()'92;?@�$."�!()*,+t(9\ �>?@�$.8?;')(9*,_Âk
3 �á� �m� -��Ù�á� �$6�� �á� ��¨ 3 +J�á� � 6�� �á� �
3 +��á� �m���]�á� � 6 4 �W� �
�]�á� �m�	� �á� � - 2g�W� �
2g�á� �m� 3 �W� � 6 � �W� � UJ«;k�
7X

²ÈBD#s�$."+;SD'9%³2;BD.TBDF- j2-()�
�[Î Ü à�� ,fÍfÒfÝ � Ü ÏS
 Ü Ý Ü ÎÐß`Ö Ü à)Ï Ü Ïd»
3 �W� �¶� 6 4 �á� �V6 � �W� �

� ¨ 6 4 �á� � 6�� �W�`�V6 �­�á� � � �á� ��- 6 �­�á� �
� ¨�6 4 �W� � 6��`�á� � 6�� �á� � �Ù�á� � UJ«;kÐâ7X

2;()�[2-()�³<G?-+KSD#;:7(9:7_D�!(9%¶2-�$.eij�!:7�$'9:7."¹<;7�C476D#]��Z-+;."F;#-:7 ":7.8¹ ;7��� �á� ��F;#-2]VQ%T¹7.8:7."¹ ;D�
�Ù�á� �C?@�$ "*,+-."�$(9?-%xkPVI(9�5�$#&%T+;SD'9%Ru!F;\ �$(9#;�$#s2;(9� $�� ,fÖOÍfÒfÝ`Ï�� ÛdÜ ÖOÓ·Ö8Ñ­ÝDÍIÒfÝ`ÏJÞOÍfÒ-ß`ÓWàáÕ`Ò

6����á� �m� 6 4 �W�`�V6 �­�á� �
� ¨ 6 4 �W�`�V6 �`�W� � 6�� �á� � U·«-k9¬ �7X

F;#;2su$F;\ B^#;2;�$.8�$#�2;()� � Ó��`ÖOÍIÒfÝ`Ï�� ÛdÜ ÖOÓWÖ8Ñ­ÝDÍfÒfÝ`ÏJÞOÍIÒ-ß`Ó·àáÕ`Ò1Ã
6����W�`�m� 6�� �á� �

� ¨�6 4 �W� � 6�� �á� � 6�� �W�`� U·«-k9¬7¬­X



Æ`« �������
	���
���������������
�������������� ��������
����!�#"$	��#%'&#�#�(�

�1Z;.�Vf%,B^?;()'9(9%,S`%T "?@�!%".TBD*,+&%"F;#;:7�!# (9 8%g�! g4D67# �Y�$2;�!F-%TF;#-:;»¶2KB<;E2;()��Lj�$#;#-�$.�2;()�! "�$.?@�$(92;�$#È�KF;#;_&%T(967#;�$#È:7')�!()*,+s "()#-2�k@laBD >¯m�!."+KB^'9%T�!#v2;�! aL>�!#;#;�!." a_`BD#;#�\]B^#È()#s2;�!.b¶."B`®I() 0BDF-HY�$(9#-H·BD*,+;�Ù���$(9 "�°F;#&%"�$." 8F;*,+;�!#�»1(9#;2;�!\~\cBD#�2;�$#�iR�$:7�!')_Q."�!() a476D.52;�$\¯m�!.":7'9�$(9*,+�udAR() "*,+-�$# VI67'9'wNjF;#-2 ±� 8%�AY�$.�%°¹�1P#;�!%�F;#;2 Vf%T¹7.8F;#;:7�!#ÀBDF; 8 "*,+KB^'9%T�d%xk1lG()�
�j?P�!.8%".TBD:7F-#;:7 8HJF-#;_&%T()6D#v2;�$ > "(9*,+v�$.8:7�$?@�$#;2-�$#�Vf¼f 8%"�$\� G#;�!#;#&%5\]B^#È2;(9� Ú1ÛdÜ ÖdÓ·Ö8Ñ��ÝDÍfÒfÝ`ÏJÞOÍfÒ-ß`ÓWàáÕ`Ò � Ü ÏqÕ�� Ü Ò Ü Ò 
 Ü Ý Ü ÎÐß`Ö Ü à)Ï Ü Ï7Ã

6
  �W�`�m� 6 4 �W�`� 6�� �W�`� 6�� �W�`� U·«;kw¬ Æ7X

¾GH�%"\]BD'9 1 867')'f�$(9#;�[iR�$:D�$')F-#;:a#QF;.mVf%"¹7."F-#;:7�$#°F-#Q%"�$.82;."Z;*,_^�$#�»7AY67?@�$(;2-()�[�1Z;+;."F-#;:7 �N:D."¹ ;7�tU·2;�!.0VI67'9'9AY�$.8%,XRHJ�! 8%T'9()�!:D%xkØ²ÈBD#� 8h;."(9*,+Q%0(9#v "6D')*,+;�!#���SD')'9�$#�4D67#=�$(9#;�$. $ Ü ÏdÓ �Ô Ü ÖOÓ·Ö Ü Ý Ü Î ÍIÒfÝDk&<>#;2;�$.8�$.8 "�$(w%T Y_D67\�\q%m�$ e4767.!»Q2KB<;Mh;.TBD_&%"() "*,+c_D�!()#;�GVf%T¹D."F;#;:D�$#c4D67.�N'9()�!:7�$#gF;#;2c2;()���>BDF;h-%TBDF-HJ:&BD?@�R2KBD.8()#g?P�! 8%"�$+&%x»f2;()�jiR�$:7�!'):7.8¹ ;7�³2;�!.e��Z;+;.8F;#;:7 8:7."¹^N
;D�s#;BD*,+;u$FIHJZ;+;."�!#�»mA[BD cBD'9 $�Õ`Î Ý Ü Ö Ü Ý Ü Î ÍIÒfÝE?P�!u$�$(9*,+;#;�d%]AR().82�k¶±�#  "67'9*,+;�$#��3SD')'9�$#_`BD#-# \cBD#À 8()*,+  "67\�(9%ÙBDF-Hj2;(9� �C�!%".TBD*,+&%"F;#;:=4767#§U·«-k9¬7¬­X�6I2-�$.gBD?@�$.q4D67# U·«;kw¬ �&X?@�$ 8*,+;.TS^#;_D�!#�kalG(9�=()# 2;()�! "�!.�<>."?@�$(9%�?@�$ 8*,+;."(9�$?@�$#;� VIh;(9�$:7�!')."�!:7�$'9F;#;: _`BD#;# ?P�!(wN 8h;()�!') �AC�!() "�jBD'9 m�K�$ 8%�AY�$.�%T.8�$:7�!')F;#;:qBD#;:7�! "�!+;�$#�AC�!."2;�!#]F;#;2�2;(9�jVI+QF;#&%T."�!:7�$'9F;#;:qBD') �K67'9:7�$.8�$:7�!')F;#-:;k
¸¶(9# AR()*,+&%T(9:7�$ gn5."(w%T�!."()F-\ (9 8%gB^F;*,+ 2;()� Û Î Ü à ÛdÜ Ò	� Ü 6f2;�$.]ÏdÓáÑDÓWàáÕ`Ò��DÖ Ü 
 Ü Ý Ü ÎwÑ Û Ô Ü à �
� ,fÍfÒfÝ ���
� ¤�� � ¡Q�J�8�dk3��Z;.q2-()�]AY�$(w%T�$.qF;#&%T�$# ?@�$ "*,+-."()�!?P�!#;�sVI+QF;#&%T.8�$:7�!')F;#-:E 867')'w%T�2-()�$ 8��4D�$." 8*,+&AR()#;2;�!#�»aF;\  8()*,+;�!.":7�!+;�$# u!F _D¹D#;#;�$#Ø»G2KB<;º2;()�! "�!')?@� VI6D')'9AY�$.�%"4D67.�N:7BD?P��B^F;*,+º(9\c\��$.�u$F;\  "�$'9?P�!#º±� �%�AC�!.8%�HJZ;+;.�%xk-�C�!([2;�$.cVIh-()�$:D�$').8�$:7�!')F;#-:� "67'9')�$#VQ%T.TB^+;')')BD:7�$ 8*,+&A[BD#-_fF-#;:7�$# 2;�! c��BD 8�$.8 °F;#&%T�$.82;."Z-*,_Q%�AY�$."2-�$#�»¶AY67?P�!([�$(9#À47¹7'9')():D�$ ¯m�!." 8*,+QAR(9#;2;�!#s2-�$.³iR�$:7�!'rBD?&AY�$(9*,+fF-#;:°#;()*,+&%C�$.8HJ6D."2;�!."')(9*,+](9 8%��$k;lG(9�G?;'9�$()?@�$#-2;�GiR�dN:D�$'rB^?QAY�$(9*,+QF;#;:°_`BD#;#t\�(9%"+;()'wHJ�j2-�$ 
YÒ	�DÔ Ü ÖOÓJÏ$ÑDÓ
� Ü Ï0B^F; [2;�!#t'rBDh;')BD*$�d%T."BD#; 8HJ6D."\�()�$. N%"�$#Èp0.8¹ ;7�!#s?@�$.8�$*,+;#-�!%>?P�!."�$*,+-#;�!%>AC�!."2;�!#

���
�¤�� � ¡Q�J�8��� �
���£6�
  � �µ�W�`� U·«;kw¬ 1&XAY67?@�$( �]�á� ��\c(w%32;�!. �>?@�$.8%".TBD:DF;#;:7 �HJF;#;_&%T(967#g2;�$ m6�1P�$#;�!#]iR�$:D�$')_Q.8�$() 8�$ 6   �á� �1AR()�HJ6D'):D%³u!F; TB^\c\��$#;+;SD#;:D%$Ã

�µ�W� � � �
� ¨�6   �á� � 3	�$�á� � U·«;kw¬x«QX

lGBD?P�!(C?@�$u!�$()*,+-#;�!%�3	�$�á� �M2-()�c��Z;+;.8F;#;:7 N56f2;�$.�2;()�µVf%T¹7.8:7."¹<;7�D»�
8�µ#KB^*,+ <G.�%Ù2;�!.iR�$:D�$')F-#;:;k7lGBD?P�!(-ARF;.82;�³4767#g2;�!.¶/�B^%" TBD*,+-�Gp5�$?-.TBDF;*,+�:7�!\]BD*,+&%$»72KB<;52;�!.m¸¶()#)>KF ;
�5����� ?(��/&%8@.��/�
=/"*-B(#H "��#0@./&?(�5/S%8/ P7G7@./4����<.3�� C>P��.�)��?(��')#9�5?2�5'�@./.?�����#9 "��/S�)I /&T(FHG&�	�0��/�� %��

�.� �9�5'D��#0'�T8@.�0�5#0��C



����� � ��������
�� �#���V" � Æ Y
2;�$.YVf%"¹7.":7.8¹ ;7�RBDF-*,+]BD#�2;�!#]¸¶()#-:&BD#;:02;�!.YiR�$:D�$') �%T.8�$*,_D�j47�!."')�!:D%mAC�!."2;�!#]2KB^.8H kQlG(9�
�>?@�$.8%".TBD:DF;#;:7 �HJF;#;_&%T(967#;�$#M2;�!.�ij�!:7�$'9 8%T.8�$*,_^�C\ÙZ; 8 "�!#�2KB^?P�!(&�$#&%T 8h;."�!*,+;�$#;2°?@�$.8Z;*,_7N "()*,+&%"():D%¶AY�$.82;�$#�k-lG()�R �%,B^%"()67#KS^."�RiR�$:7�!'rBD?&AY�$()*,+QF;#-:q_`BD#;#c2KBD?@�$(KHJZ;.¶47�!." "*,+-()�$2-�$#;�¸m(9#;:&BD#-:7 " 8():7#KB^')�g2;F;.8*,+KBDF; ÙF-#Q%"�$.8 "*,+;(9�$2;'9()*,+À "�!()#�k�±�#À2;�!.Ùb¶.TB`®I(9 q+KSDFI�K:�BDF-H�%"."�ON%T�$#-2;��Vf%T¹7.8 "(9:7#KBD' N¶6f2;�$.j��Z;+-."F;#;:D " "(9:7#KBD' N´¯m�!."'rS^F-HJ�G 8()#;2su$F;\ �C�$(9 "h;(9�$'áÃ

B7XGÏ�Ì@ÖOÍfÒfÝ8Þ7�`ÖOË°àwÝ Ü Ö�� Ü ÖOÎwÑDÍdÞ�� Å �$�J�8��� Å   9-�J�8� U·«-k9¬?YDX?KX5Ö8ÑDËGÌ Ü ÒxÞ7�`ÖOË°àwÝ Ü Ö�� Ü ÖOÎwÑDÍOÞ��Å �x���8� � Å   9;���8� � U·«-k9¬8�7X*xXYÌ-ÑDÖ"Ñ ÛdÜ Î Þ7�`ÖOË°àwÝ Ü Ö�� Ü ÖOÎwÑDÍOÞ�� Å �­���8��� Å   9;���8� � � U·«-k9¬ "DXlG()�0��BDh;')BD*$�d%T."BD#; 8HJ6D."\�()�$.�%T�!#t2;()�! "�$.>VI(9:7#KBD'9�a "(9#;2�Ã
B7XGÏ�Ì@ÖOÍfÒfÝ8Þ7�`ÖOË°àwÝ Ü Ö�� Ü ÖOÎwÑDÍdÞ��

3	�x�W� ��� Å  � U·«-k9¬ 
7X
?KX5Ö8ÑDËGÌ Ü ÒxÞ7�`ÖOË°àwÝ Ü Ö�� Ü ÖOÎwÑDÍOÞ��

3	�x�W� ��� Å  � � U·«-k9¬­â7X
*xXYÌ-ÑDÖ"Ñ ÛdÜ Î Þ7�`ÖOË°àwÝ Ü Ö�� Ü ÖOÎwÑDÍOÞ��

3	�x�W� ��� Å  � � U·«-kÇÆ<�7X¯m�$.8AY�$#-2;�!%G\]BD#�?@�$(9 "h;(9�$') �AC�!() 8���!()#;�!#�±�#&%T�!:7.TB`%T67.R\�(9%R2;�!.�)Ø�!(9%"_D67#; �%,BD#&%"�$#���BD'9 ij�!:7')�!.
6
  �á� �m� ���� » U·«-kÇÆI¬­X

 "6q�!.":7(9?-%Y "()*,+cHJZ;.Y2-()�G�!.8ACSD+;#&%T�!#t2;."�!(�Vf():7#KB^'9HJ67.8\c�!#cB^') e 8%,B`%T()6D#KSD."�jiR�$:7�!'rBD?&AY�$( N*,+fF-#;: 
8�dAC�!()'9 >B^F; R2;�$#Èp0'9�$(9*,+fF-#;:7�$#�UJ«;k9¬ 1&XCF;#;2�U·«;kw¬x«QXOÃ
B7XGÏ�Ì@ÖOÍfÒfÝ8Þ7�`ÖOË°àwÝ Ü Ö�� Ü ÖOÎwÑDÍdÞ��

���
�£��
  � �]�á� ��� D U·«-kÇÆ7ÆDX



Æ � �������
	���
���������������
�������������� ��������
����!�#"$	��#%'&#�#�(�

?ÂXGÖ8ÑDËGÌ Ü ÒxÞ7�`ÖOË°àwÝ Ü Ö�� Ü ÖOÎwÑDÍdÞ��
�
���£��
  � �µ�W� ��� D U·«;kÐÆ<1&X*­XYÌ-ÑDÖ8Ñ ÛdÜ Î Þ7�`ÖOË°àwÝ Ü Ö�� Ü ÖOÎwÑDÍdÞ��

���
�£6�
  � �]�á� ��� �

�
U·«;kÐÆ^«QX

ytz�� �g���M}���;!�O���0���q�q� : �³���<;d�g���³�!���R�
lGBD Y 8()*,+;�!."'9()*,+�BD\�?@�$ �%T�$#c?P�!_`BD#;#&%T� �C�$(9 "h;(9�$';HJZ;.m�!()#g()#; �%,BD?-()')�! ¶."Z;*,_Q:7�!_D67h-hP�!'9%T�! VQ¼I �%T�!\ () 8%R2-�$.R."�$BD')�M¾ah@�$.TB`%T()6D#; 84D�$." �%,SD.8_D�!.>67+-#;�M�Â.8���QF;�!#;u$_^67\ch@�$#- TB^%"()67#�k
<>')'9�j.8�xBD'9�$#� "(9:7#KBD'w47�$."BD."?@�$(w%T�!#;2;�$#µVf¼f 8%"�$\��G�$#&%"+KBD'9%"�$#c')�!%"u!%"�$#;2;'9()*,+]��B^F-HJu$�!(9%T:D')()�ON2-�$.$k �C�$(��!()#;�!\ .8�xBD'9�$#s¾ahP�!.TB^%"()67#- 847�!." �%,SD.8_D�$.R?;(9')2;�!#t¸¶()#;:7BD#;:7 �AR()2;�!." 8%TSD#;2;�5F-#;2h;BD.TBD 8(9%TSD."�gn0BDhKB^u$(9%TS^%T�!#=()\�b¶.8()#;u!()hEi��eN�/³(9�!HJhKS^ " "�^»�2;()�°#;�!?P�!#��!()#;�!.M�!#;2;'9()*,+;�!#
�CBD#;2;?;.8�$(w%T�È(9#; "?@�$ 867#;2;�!."��u$F½�$(9#;�$.cb¶+KBD 8�$#&47�!." "*,+-()�$?-F;#;: u!AR() 8*,+;�$# <>F; ":&B^#;:7 �NF-#;2 ¸m(9#;:&BD#-:7 " 8():7#KB^'RHJZ-+;."�!#�k³lG(9�$ "��#-()\�\q%]\�(9%�ACBD*,+; "�!#;2;�!.È�K."� �QF;�$#;u�u!F�»[ 862;B<;]udA[BD#-:7 "')SDF-�K:]HJZ-.>�!()#;��?P�! 8%T(9\c\�%T�M�K."���QF;�!#;uÙ2;(9�qb¶+KB^ "�$#&4D�$." 8*,+;()�!?;F;#;: �
	 D��AR(9."2tF;#-2t "67\�(9%³²�(9%"_D67h;h-')F;#;:gB^F-H�%T.8(9%"%$kflaBD jVf¼f 8%"�$\ _`BD#-#t2KBD#;#t(9#; 8%TBD?;()'9�$ e¯m�$.�N+;BD'9%"�$#�u$�!():7�!#�F;#-2ÈBD#- "*,+&AR()#;:D�$#�k
l>()�³VQ%,BD?;(9')(w%,S^%" "?@�$2;(9#;:7F;#;:³HJZ;.1�$(9#q')(9#;�xB^."�$ !» u$�$(w%T(9#Q4^BD.8(rBD#&%"�$ �Vf¼f 8%T�!\�»^2KBD 1()\ )Ø�$(w%8N?@�$.8�$(9*,+�2;F-."*,+È2-()�5±�\�h;F;') "BD#&%�AC6D.8%³×Ø�J�8�C*,+KB^.TBD_&%T�!."(9 "()�!.8%RAR().82�»;')BDF-%T�d%xÃ

�
���¤�� � ×Ø���8�¶�:D U·«;kÐÆ Y7X
¸¶(9#vVf¼f �%T�$\s»K2KBD R2;(9�$ 8� �C�!2;()#-:7F;#;:g�$.�HJZ;')'w%x»;+-�$( ;^%xÍfÒ ÛdÜ �Dà�ÒfÝDÓ¶ÏdÓáÑ Û à�Î kK��Z-.j(9#; 8%TBD?;(9')�VQ¼I �%T�!\c�a:D�$+&%³2;�!.³p5."�$#-u!AY�$.8%[:7�$:7�!# �>#;�!#;2;'9()*,+�kI¸¶()#;�!#�p0.8�$#;udH·BD')'Â �%T�$'9')�!#µ:7."�!#;udN �%,BD?-()')�[Vf¼f 8%"�$\��[2KBD.!»D?@�$(-2-�$#;�!#�2-()�$ 8�$.mp5."�!#;u!AY�$.�%m�$#;2-')()*,+ÙBD?P�!.3#;(9*,+Q%¶L>F;'9'fAR(9."2�k
±�# 2;�!.ciR�$:D�$')F-#;:7 8%"�$*,+;#-()_ :7(9?-%°�! c2KB^."Z;?@�$.8+;()#KB^F; Ù47�!." "*,+-()�$2-�$#;�vVf%,BD?-()')(w%,S^%" "_Q."( N%"�$.8()�$#Ø»1476D# 2-�$#;�!#º+;(9�$.°B^F-Hj2KBD gLj¼'�QF;(9 8%8N�n5."(9%"�$.8()F;\ ()#�2;�$.g�K."� �QF;�$#;u!_D�!#;#;')(9#;(wN�!#;2KBD.8 8%"�$')'9F;#;:g_QF;."uM�$(9#;:7�!:&BD#;:7�!#sAY�$.82;�$#� "67'9'ák-lG�$.j<G#; 8*,+KBDF;'9()*,+;_^�$(w%>+;BD')?@�$.³ 867')'2-()�0lG(9 "_QF; " 8()67#�BD\ �Y�$() 8h;()�!'��$(9#;�$ R+&¼fhP6^%T+;�d%T() 8*,+;�$#Èij�!:7�$'9_Q."�$(9 "�! j�!.8HJ67'9:7�$#Øk
� (9.³#;�$+-\c�!#ÈBD#Ø»K2KB<;�2;()�=�j?P�!.8%T."BD:7F;#-:7 8HJF;#-_Q%"()67#s2;�! j6 1Ø�!#;�$#Èij�!:7�$'9_f.8�$(9 "�$ !»K2;()��!()#;�! �C�$ 8 "�$'w%T(9�!HJhKBD 8 "�! �1-kK¾5.82;#QF;#;:�
 /³(9� 
7â��
6
  �á� ��� 6 4 �á� � 6�� �W�`�V6 �­�á� � � 6�� � £á£ ����������� �á� � �� �� � ¨ D������� D³��! ªC�Ø� � ¨ D��#"�"�"� R��! ªv¨ D$�#%&����'5�W��! ªC� � � U·«;kÐÆ��&X



�����U� "$	 ���F�(
$�
	���	��	� ���#������
0� �����V" ��� Æ "
 "�$(WkflaBD?@�$(@ "�$(KªÀ� � D D D�C��FB '�
È2;()�³N(1M2;?IN �K.8���QF;�$#-uDk )ØF; TS^%"u$'9()*,+](9 8%Y�$(9#]')(9#;�xB^."�$.¯m�$." �%,SD.8_D�!.5\c(w%G2;�!.G¯m�$.8 8%TSD."_QF;#;: � �!#&%T+KBD'w%T�!#�»Ø\�(9%j2;�!\~2;(9�Ùn5."�!() 84D�$.8 8%,S^."_QF;#;:2;�$ Yij�!:7�$'9_Q."�$(9 "�! Y:7�dA[S^+;'9%eAC�!."2;�!#µ_`BD#;#�kQ/�.TSD:^%Y\cBD#�<G\�h;')(w%TF;2-�³F;#;2µb¶+KB^ "�j2;()�ON "�$.��>?@�$.�%T.TB^:7F;#;:7 �HJF;#;_&%T(967# 6   �W�`�3HJZ;.e47�$.8 "*,+;(9�$2;�!#;�a¯m�$.8 8%TSD."_QF;#;:D�$# � :7�$:7�!#µ2;(9��Â.8���QF;�!#;u5BDF-H »f "6q�$."+;SD'9%Y\]B^#]<G?-?;()'92;F;#;:�«;k21Ik-lG�!.[b¶+KBD 8�$#;:7BD#;:°2;�! RVf¼f 8%"�$\� [() �%2KBD?@�$(�F;#;BD?;+KSD#-:7():°476D#�2;�!.³¯m�$." �%,SD.8_QF;#;: � klaBD\�(9%[2;BD jVf¼f 8%"�$\  �%,BD?;(9'�() �%x»I\ÙF ;°\cBD#t2;()�ab167'9 8%T�!')'9�$#t2;�!. �>?@�$.8%".TBD:DF;#;:7 �HJF;#;_7N%T()6D#½?P�d%T.TB^*,+Q%"�$#�kj¸¶ s2;Z;.8HJ�!#§_^�$(9#;�Eb167'9 8%T�!')'9�$# ()# 2;�!.s.8�$*,+&%T�!# �GB^')?@�$?@�$#;��2;�!._D67\�h;')�O®I�$#½�!N�¸m?@�$#-��'9()�$:D�$#�»32;B� "(9*,+�2;(9�$ 8��(9# �O®IhP67#-�$#&%T(9�$')'³ACBD*,+; 8�$#;2;�v¸m(9:7�$#fN "*,+&AR()#;:DF;#;:7�!#q2;�! �VQ¼I �%T�!\c �()\ )Ø�$(9%"?P�!."�!()*,+a%T."BD#; �HJ67."\�()�!."�$#Økx<GF-HI2;�!.�(9\]B^:7()#KS^."�$#<³*,+; "�Ù2-Z;.8HJ�!#È+;¹f*,+; 8%"�$#; G�$()#IH·BD*,+;��b167'9 8%T�!')'9�$#s')()�!:7�$#ØkÂ��Z;.j2;()��Vf%TBD?;()'9(9%TS^%³2;�! G:7�ON "*,+;'967 " 8�$#;�!#µiR�$:7�!')_Q."�!() "�! m:7�$#QZ;:D%e2;(9�$ eBD?@�$.mBD'9 mBD')'9�$(9#;():7�! �n5.8(9%T�!."(9F;\�#-6I*,+�#;()*,+&%$k
)ØF; TS^%"u$'9()*,+s\ÙF ;]\cBD#s�$(9#vVf%TBD?;(9')(9%TS^%T 8_Q."(9%"�$.8()F;\ AR()�M2KBD >Lj¼'�QF;() �%8N�n0.8(9%"�$."(9F;\ BD#fNAC�!#;2;�$#ØkPlGBD GLR¼'�fF-() 8%�N n5."(w%T�!."()F-\ ')S<;D%³ 8()*,+s#fF-#sHJ67'9:7�$#-2;�$.8\]B<;D�$#µHJ67.8\ÙF;')(9�$.8�$#�Ã

�0à Ü *-,-Ñ`Ï Ü � Ü ÏtÕ�� Ü Ò Ü Ò 
 Ü Ý Ü ÎÐß`Ö Ü à)Ï Ü Ï��&ÑDÖ�Þ°ÒKÍIÖ ÛdÜ à � Ü Ò0$�Ö Ü!& Í Ü Ò'� Ü Ò
�
	 D � ÛdÜ Ó·Ö8Ñ­Ý Ü Ò�
 ÛdÜ à � Ü Ò Ü Ò �Dà Ü �GËGÌ@Î à�Ó·Í � Ü � Ü Ö Ú1ÛdÜ ÖOÓWÖ8Ñ­ÝDÍfÒfÝ`ÏJÞOÍIÒ-ß`Ó·àáÕ`Òß`Î Ü à�Ò Ü ÖMÑDÎÐÏ Ü à�Ò-Ï0à)ÏdÓ �²ÈBD#t�$.8_D�!#;#&%GB^F; ³2;�$.³<>?;?;(9')2;F;#-:Ù«;k 1-»-2KB�;°2;�$.[:D�$ "*,+-')67 8 "�$#-�qiR�$:7�!')_Q."�!() Y#fF-.³?P�!(

��� �È �%,BD?-()'e "�$(9#�AR().82�k1��Z;.q¯m�!." 8%TSD."_QF;#-:7�$# � »�2;(9�µ:7."¹<;7�$.�BD') MHJZ;#-Hj "(9#;2�»�() �%2KBD YLj¼'�QF;() �%8N n5.8(9%T�!."(9F;\
47�!."'9�!%Tud%[F;#-2µ2;�$.Y:7�$ 8*,+;')6D " "�!#;�5iR�$:7�!')_Q."�!() mAR().82]()#- 8%,B^?;()' "�$(9#�k7±� �%Y2-()�³¯m�$.8 8%,S^."_QF;#;: � :7')�!()*,+°HJZ;#-H »7 86�(9 8%m2;(9�³<G\�h;')(w%TF;2-�[:7�$#;BDFc:D')�$(9*,+°�$(9#; ?P�!(K�$()#-�$.Ybm+;BD "�R4767# �
	 D��!kf²ÈBD#]?@�$u!�$(9*,+;#;�!%C2;�$#c:7�$ 8*,+;')6D " "�!#;�$#µij�!:7�$'9_f.8�$(9 e2;BD#;#BD') ³:7.8�$#;u! 8%TBD?;()'Wk
±�#s2-�$.jb¶.TB`®I() RB^')')�!."2;(9#;:7 Y() 8%[2;()�! "�M�K67."2;�!."F;#-:�u!F� "*,+&A[B^*,+�kØl>()�0�K."� �fF-�$#;u!�$#È\�(9%bm+;BD "�!#Q4D�$.8 "*,+;(9�$?;F;#-:7�$#g4767# �
	 D �  8%"�$')'9�$#q¸m(9:7�$#IHJ."���QF;�!#;u$�!#°2;�$ 3Vf¼f 8%"�$\� �2KBD.!k`¸m(9#."�xB^')�$.�iR�$:7�!')_Q."�!() $»�2;�!.Ù¸¶')�!\c�!#&%T�]�!#&%T+KSD'w%x»�2;(9�]#QF;.q�!()#;�!# ?@�$:7.8�$#;ud%T�$#�<GF; 8 8%T�!FIN�$."?@�$.8�$(9*,+�+KBD?@�$# UW¾5h@�$."B^%T(967#; �47�$.8 8%TSD."_^�$.$»�Vf%T�!')'):D')()�!2;�$.!»Â²�� ;7:7')(9�$2;�!.,XO»P_`BD#;#vBDF;*,+?P�!(a�K."� �fF-�$#;u!�$# \c(w%tb¶+KBD 8�$#&47�!." "*,+-()�$?-F;#;:7�!#�»>2-()�v#;(9*,+&%t:7�$#;BDF �
	 D��]?@�!%".TBD:D�$#6I2;�!.Ù?@�$(C2-�$#;�!#º2;(9�µ<G\�h;'9(9%TF-2;�c�d%�A[B^ �_Q'9�$()#-�$.ÙB^') Ù�!()#; Ù(9 8%$»3BD#; 8*,+&AR()#;:7�!#�k¶<GFfN
;7�$.82;�$\ \ÙZ; 8 "�$# @>#;2;�$.8F;#;:7�!# 2;�$.t¸¶(9:7�$#; 8*,+KB^H�%"�$# 2;�$.(�[BDF-%"�$()'9�È?@�$(9 "h;(9�$') �AC�!() 8�2;F;."*,+ <>'9%T�!."F;#-:v6I2-�$.Ù/��$\�hP�!.TB^%"F;." 8*,+&A[BD#-_fF-#;:7�$#º?P�!."Z;*,_Q 8()*,+&%T(9:D%ÙAY�$."2-�$#�kmlaB N+;�$.�h;'rBD#&%q\]BD#��$(9#;�] 867:7�$#;BD#;#&%T� *-,-Ñ`Ï Ü ÒKÖ Ü Ï Ü Ö�� Ü �$()#Øk1¸¶(9#;�µb¶+KBD 8�$#;.8�$ 8�$.84D�s4D67#
%&� � ?P�!2;�$FI%T�!%$»K2KB<;g2;(9�0bm+;BD "�02;�! GVQ¼I �%T�!\c RHJZ;.³<G\�h;'9(9%TF-2;�$#µ:D."¹ ;7�!.RBD') C�$()#- % � �:7¹ ;7�!.Ù6I2-�$.°_Q')�!()#;�!.°BD') �
	 D��Ù 8�$()# \ÙF ;;k3lG�!.g:7�$#KB^F;� �C�!%".TBD:=2;�!.gb¶+KBD "�!#;."�! "�!.�N47��AR()."2ºBDF-HG2;�$.]p5."F;#;2-'rBD:7�t4D67#�¸¶.8H·B^+;."F;#-:7 8AY�$.�%T�$#�6I2;�!.]B^?P�!.��O®IhP�!."()\��$#&%"�$')'HJ�$ 8%":7�$'9�$:D%$k �C�!([_D67#-_f.8�!%"�$.�b¶'rBD#QF;#;:=�!()#;�!.gij�!:7�$'9F;#;:;»1�$()#-�$\  867:7�$#;BD#;#&%T�!# 
 Ü Ý��Î Ü Ö Ü ÒKÓ·Ô¶ÍfÖJÞO»�')�!(9%"�!%�\]BD#�2;()�c?P�!#;¹D%T(9:D%T�]b¶+KBD "�!#;."�! "�!.847��BDF;*,+ B^F; Ù2;�!.Ùu$F;')SD " 8():7�!#
�>?@�$." 8*,+&AR()#;:7F-#;:v2;�!.qiR�$:7�!'):7.8¹ ;7�g?@�$(YVI67'9'9AY�$.8%TSD#;2;�!."F;#-:7�$#�BD?�k1²ÈBD#�_`BD#;#�2;BD 



Æ 
 �������
	���
���������������
�������������� ��������
����!�#"$	��#%'&#�#�(�

<>?;?;(9')2;F;#-:a«;k 1-ÃD<>\ch;'9(9%"F;2;�$#fN�F;#-2gbm+;BD "�!#;:&BD#;:02;�! ¶+&¼Ih@6D%"+;�!%"() "*,+-�$#�6�1Ø�!#;�$#giR�dN:D�$')_Q.8�$() 8�$ �Uáp5')�!()*,+QF;#;:�UJ«;kÇÆ �&X"X ?P�!(Ø47�!." "*,+-()�$2-�$#;�!#È¯m�$.8 8%,S^."_QF;#;:7�!#�k



�����U� "$	 ���F�(
$�
	���	��	� ���#������
0� �����V" ��� ÆDâ
¯m�$."+;BD'9%"�$#�2-�$ q:D�$ "*,+-')67 8 "�$#-�$# ij�!:7�$'9_Q."�$(9 "�! qBDF-*,+ÀBDF; �2;�$#Àb�67') �%T�!')')�!#�2-�$.°VQ%T¹7. NZ;?P�!.8%".TBD:7F-#;:7 8HJF-#;_&%T()6D#�»32;�!."�$# <G\�h;'9(9%TF-2;�$#;:7BD#;:�()#À<>?;?;(9')2;F;#-:E«-k «=2KBD.8:7�$ �%T�!')'9%() 8%$»KBD?;'9�$ 8�$#�k@p5�$ 8F;*,+&%G 8()#;2sBD'9 "6g2;()�0��¹7 8F;#;:7�!#s4D67#�Ã

�
6��1�á� � � � ¨ 6   �á� ��� D U·«-kÇÆ "DX

��Z;.�2;()��47�!." "*,+-()�$2-�$#;�!# ¯m�!." 8%TSD."_QF;#-:7�$# � �$."+;SD'9%�\cBD#�b�67')�s2;�$.µVf%T¹D."Z;?@�$.�%T.TB N:7F;#;:7 �HJF;#;_&%T(967#�?P�!(áÃ
� � ��� � 4 � - � %&�� �"�7�=� -���� ��'�¨ " D�% "���7�=� -���� ��' - "<D�% "��
� �

� � � 4 � - ' � %&����7�=� D ¨ � � 	  � ��7�=� D - � � 	  � �
� � '<D � � 4 � -�� D� D 	�7�=� ¨ %&�� 	 ¨ ' � '���%���7�=� ¨ %&�� 	 - ' � '���%��

U·«-kÇÆ 
7X

��Z;. � � � '9()�$:D�$#�2-()�cb167'9 8%T�!')'9�$#E()#�2-�$.q'9()#;_^�$# �>BD')?@�$?@�$#-�c2;�!.q_^67\ch-')�d®I�!# �!N¸m?@�$#-�D»R2;�$.�:7�! "*,+;'967 " 8�$#;��iR�$:7�!')_Q."�!() �() �%� 8%,B^?;()'Wk[��Z;. � �
� (9 8%�2KB^ ÈVQ¼I �%T�!\:7."�!#;u$ �%,BD?;(9'á»Â2KB�2;()��b167'9 8%"�$')'9�$#�."�$(9#È(9\]BD:D()#KSD.³ 8()#;2Ø»@F-#;2ÈHJZ;. � � '<D� "*,+;'9()� ;7')(9*,+�$."+;SD'9%¶\cBD#�b16D') 8%"�$'9')�$#°\�(9%3hP67 8(9%"(947�!\�iR�xBD'w%T�!()'ák^¸¶()#gb�67' � !;�W�0-
	f��?@�$(Â����	�\�(9%

	
� D5�$.8u$�!F;:D%e?P�!(ÂijZ-*,_Q%".TBD#- 8HJ67.8\]B^%"()67#q()#g2;�$#Q)Ø�$(w%T?@�$.8�$()*,+°�!()#;�jVfh;."F;#-:&BD#&%�AC6D.8%
� ¡�� ¤ » U·«-kÇÆDâ7X2;()�RZ;?@�$.YBD')'9�jp0.8�$#;u!�$#�A[SD*,+- 8%xk-laBD CVf¼f 8%"�$\ () �%Y2;BD\c(w%m()#; �%,BD?-()'ák7¸m#&%" "h;.8�$*,+;�!#;2;�$ :7()'w%CHJZ;.³_^67\ch-')�d®µ_D67# 
8F;:7()�!.8%"�0b167'9 8%T�!')'9�$#t\�(9%³h@67 "(w%T(w47�$\ iR�xBD'w%T�$(9'ák-²ÈBD#s�$.8_D�$#-#Q%$»2KB<;°2KBD ³(9#; 8%TBD?;(9')�R¯m�$."+;BD'9%"�$#�?P�!(Ø+;6D+;�$.[¯m�!." 8%TSD."_QF;#-: � � �q4D67#�2;�$\ <G\�h;')(w%TFIN2;�$#;:7BD#;:a2;�!.¶Vf%"¹7."Z-?P�!.8%T."BD:7F;#-:7 8HJF;#-_Q%"()67#�()#�<G?;?;(9')2;F-#;:G«;k «a#;(9*,+&%�AR()�!2;�$.8:7�$:D�$?@�$#AR()."2Ø»;\]B^#�B^') "6gu!F;. �Y�$F;.�%T�$(9')F;#-:°2;�$.GVf%,B^?;()'9(9%,S`%[()\�\��$.C2-()�M��BD:7�52;�!.Gb�67') �%T�$'9')�!#4767# 6��1�á� �C?@�$.8�$*,+;#;�!#È\ÙF ;;k



1<� �������
	���
���������������
�������������� ��������
����!�#"$	��#%'&#�#�(�

<>?;?;(9')2;F;#-:j«-k «;Ã$<G\�h;')(w%TF;2;�!#;:&BD#-:³2;�$.1Vf%"¹7."Z;?@�$.�%T."BD:7F;#;:D 8HJF;#;_&%"()67#M2;�$ �iR�$:7�!')_Q."�!(wN 8�$ >BDF; R<G?-?;()'92;F;#;:°«;k 1ÙHJZ;.R2;."�!(�47�!." "*,+-()�$2-�$#;�M¯m�$." �%,SD.8_QF;#;:7�!#�k
ytz�y �g���3�t�g���t� �t�R� : �³���<;d���1�³�!���R� �³�µ� ���M�M�R�����M}���;!������!�[�������
l>�$.>ij�!:7�$'9_f.8�$(9 ju!F;.>��B^:7�$ �%,BD?;(9')(9 "()�!."F;#-:°?P�! 8%T�!+&%aBDF- >2;�!\ob¶()�$u!6­47�$.8 8%TSD."_^�$.��5F-#;2b¶(9�$u$6D_f(9h;h-%"() "*,+��È\�(9%t�!()#;�!\ ��BD "�!." 8h;()�!:7�$'�UWVf%T.8�$*,_D�xXd»j�$(9#;�$.
	aFKBD2;."BD#&%T�!#;2;()6f2;���\�(9%0#;BD*,+;:7�! "*,+KBD'w%T�d%T�$.q¸¶')�$_&%"."67#;(9_ Uá²s�
;7:7'9()�!2ÂXGF;#;2��$()#-�$.M¸¶')�$_&%"."67#;(9_vu$F-.q��(9'9%"�dN.8F;#;:�2;�$.CVI():D#KBD')�MU·ij�!:7')�!.,XOk�)ØF;\ )Ø�$(w%Th;F;#-_Q%Y2;�! A�C�!:7()#;#- Y2;(9�$ 8�$.e<G."?@�$(w%e?P�! 8%,B^#;22-�$.RiR�$:7'9�$.³BDF- ³�$()#-�$\ i �eN�p5')()�!2µBD'9 [/³()�dHJhKB<;°�!." 8%"�$.>¾a."2;#QF;#-:�\�(9%C�$(9#;�$.Rp5."�!#;udNHJ.8���QF;�!#;uM4D67#s*xB-k 1 Y �juDk
)ØF-.=�C�$F;.�%T�!()')F-#;:t�$(9#;�$ 0iR�$:7�!')_Q."�!() 8�$ 5() �%0�$ 5#;6^%�AC�!#;2;():-»�2;()� �j?P�!.8%".TBD:7F-#;:7 8HJF-#;_7N%"()67# 2;�! �6 1Ø�!#;�$#�»jBD'9 "6 #;(9*,+Q%�."Z-*,_f:D�$_D6Dh;hP�!'9%"�$# n5.8�$() 8�$ su$F§?P�d%T.TB^*,+Q%"�$#�kjlG(9�$ 8��KF;#-_Q%"()67#cAR()."2t(9#µ2;�!.³��(9%T�!.TB^%"F;.C6^H�%RBDF;*,+sBD'9 C67h@�$#IN´')6f67h(�j?P�!.8%".TBD:7F-#;:7 8HJF-#;_&%T()6D#?@�$u!�$(9*,+;#;�!%$kD±�#°<>?;?;()'92;F;#;:>«;k2Yj() �%32;(9�Y:D�$\��$ " 8�$#;�R�KF;#-_Q%"()67#�2KBD.8:7�$ �%T�$'9'9%$k`<>F)1ØSD')'9():(9 8%m2;�!.¶¯m�$."')BDF-HP2;�$ e<G\�h;'9(9%TF-2;�$#;:7BD#;:7 3udAR() 8*,+;�$#µÆ<� � � �>uRF;#-2Q1 �<� � �>uD»&2-�$.m?P�!(wN 8h;()�!') �AC�!() "�R476D#�VI*,+&AR()#;:��fF;BD."u!�$#µ+;�!.Y?@�$_`BD#-#Q%Y() �%xkQ±�\ #KSD*,+- 8%T�!#µ<G?- "*,+;#;(w%"%eAR().822;BD.TBDFIH�#KSD+;�!.C�!()#;:7�!:&BD#;:D�$#cAY�$.82;�$#ØkI���$(9%"�$.8+;()#c() 8%Y()\ �Y�$."�!()*,+µF-\ "<Y<� � �>uG�!()#;�


���������� 62B(/�������� �"!$#&% '(�*),+ -/.102'3)4025�687�+ 9:� + -��;05C
< P �4=(>�?"C@>BA 6(B2/C���/��� �"!�#&%2';� )D+ -/.10�'()E0 5�687�+ 9F�*+ -��(0 C
G�H�@>%( "#H%8/4�0��/ �.G.B(�0B" "��B" "�JI/HLK$AM� 62B(/CNO7��20�+1P�Q�.�R;Q$'S0�'()D��T



���I�U��"�	�� �0�Q	���� ��� " ��������
�� �#���V" � "�� ����
$����� "�	 � � �(
��V"��(� ��������1-¬
�>?@�$."+-¹7+QF;#;:s2;�$ M<G\�h;')(w%TF;2-�$#;:&B^#;:7 a\�(9%0B^#; "*,+;'9()� ;7�$#;2-�$\�<G?IH·BD')'3u!F��!."_^�$#;#;�!#�klaBD gVf¼f �%T�$\ AC�!() 8%�NMBD?;:7�! "�!+;�$#À476D# 2-�$#À:7�!#KBD#;#&%T�!# \]BD.8_`BD#&%T�$# VQ%T."F-_Q%"F;."�!# NZ;?P�!.MAY�$(w%T� �C�$.8�$()*,+-�µ�$(9#;�c'9()#;�$BD."��b¶+KBD 8�tBDF-H »�2;(9��4D67# 2;�!.qu!�$(9%"')(9*,+;�$#E¯m�$."u!¹7:7�ON."F;#;:cu!AR(9 "*,+;�!#EVI():7#;BD'rSD#-2;�$.8F;#;:�F;#;2È<>F; "2-�$+;#QF;#;:�2;�!.Gb¶(9�$u$6D_D�$."BD\�()_t+;�!."."Z-+;.8%$klG()�Q)ØF;#KBD+-\c�g2;�!.Ùb¶+KBD 8�]F;\ �!%�ACB �
	 D���?@�$(�"s_ �>uc?P�!(m:7')�!()*,+;u!�$(9%"():7�!\�<G?IH·BD')'2;�$.m<G\�h;'9(9%TF-2;�[+KSD#-:D%m\c(w%¶2;�!\ /³()�!HJh;B<;D47�!."+KB^'9%T�!#g2;�$ m47�!.8AY�$#;2;�d%T�!#µ¯m�$." �%,SD.8_D�!." u$F; "BD\c\��$#Øk
lG()�CVf%,B^?;()'9(9%,S`%��$(9#;�$ �ij�!:7�$'9_f.8�$(9 "�$ �+KSD#-:D%�NPAR()�e()\§4767."BD#;:7�!+;�$#;2-�$#°<G?- "*,+;#;(w%"%�2;() N_fFI%T()�!.8%eARF;."2-�>N3�!#&%T "*,+-�$()2-�$#;2t476D\ ¯m�!."')BDF-H�2-�$ ³b¶+KBD 8�$#;:7BD#;:7 [F-#;2µ')�d%Tud%C�!#;2;')(9*,+BDF;*,+g4767\�<>\ch-')(9%"F;2;�!#;:&BD#;:5?-u!A0kQ()#; 8?P�! "67#-2;�$.8�R4D67#]2-�$.m:7�!ACSD+;'w%T�!#]p5�$ "BD\q%847�$. N 8%,S^."_QF;#;:°B^?�kQ<GF; Y2;�$\ :7�!\c�! " "�!#;�$#��K.8���QF;�$#-u$:&BD#-:°() 8%e 86DHJ67.8%Y�$.8_D�!#;#Q?KBD.$»-2KB<;q�!  "()*,+ÈN³ "6DHJ�!."#=_D�!()#;�ÙAY�$(w%T�$.8�° "*,+KB^'9%TF-#;:7 8%"�$*,+;#-() "*,+-�$#À²�B<;7#KBD+-\c�!#��$.":D."(�1P�$#vAY�$. N2;�$#tNe?P�!(�2;()�! "�!\ ij�!:7�$'9_Q."�$(9 ��ju$F;#;SD*,+; 8%>F;\ �!()#�()#- 8%,B^?;()'9�$ RVf¼f �%T�$\ +;BD#;2;�!'9%xk
lG�$.v�!." �%T� <>#; TB^%"u 
 n0�d%,â 
 �á»jF;\ �$()#-�$#  �%,BD?;(9')�!# iR�$:7�!')_Q."�!() Èu!F �$.8+KBD'9%"�$#�»RACBD.2;F;."*,+µ¸m(9#-HJZ;:7�!#]�!()#;�! Y/³(9�!HJhKBD 8 "�! C2;(9�><>\ch;'9(9%"F;2;�³2;�!.CiR�$ 867#KBD#;u>()\ �Y�$."�!()*,+]4D67#Æ7Æ<� � �>uÙF;#-2=BD')'9�$.j+;¹7+;�!."�$#E�K."� �QF;�$#;u!�$#= "6­AY�$(w%5u$F�F;#&%"�$."2-."Z;*,_^�$#�»�2KB<;]2;()�Ùp0�ON TBD\q%847�!." 8%TSD."_QF;#-:c2;�! R:7�$ 8*,+;')67 8 "�!#;�$#�iR�$:D�$')_Q.8�$() 8�$ ³:7.8¹ ;7�!.RBD') [�!()#; ³:D�!ACSD+;'9%³AY�$. N2;�$#t_`BD#;#Ø»-67+;#-�a2KB<;°2KB^ RVf¼f 8%"�$\ B^F-H�2;�$.³iR�$ 867#KBD#-u!HJ."� �QF;�$#;uMBD#- "*,+&AR()#;:^%xkKlaB^u$FARF;."2;�RN�AR(9�>6D?P�!#µ�$.�A[SD+-#Q%YN3�!()#µi �eN�/³()�dHJhKB<;M�$.8 8%T�!.R¾a."2;#QF;#-:Ù\c(w%m�$(9#;�$.[p0.8�$#;uONHJ."���QF;�!#;uµ476D# 1 Y �>uµ47�!.8AY�$#;2-�!%xkY²ÈB^#À�$."_^�$#;#&%cBD# <G?-?;()'92;F;#;:v«-kZYI»12KB<;v2-F;."*,+2;�$# /³()�dHJhKB<; 2-()��b¶+KBD 8�$#;2-."�$+QF;#-:�()\ �C�!."�!()*,+ 2;�$.�iR�$ 867#KBD#-u �
	 D � F;#-2 \��$+-.�$.".8�$(9*,+;�$#EAR()."2Øk�lG()�°¯m�$.8 8%TSD."_QF;#;:È2;�$ �ij�!:7�$'9_Q."�$(9 "�! �_`BD#;#E2KBD+-�$.M#;()*,+&%�?P�!')()�!?;():�$."+-¹7+&%¶AC�!."2;�!#�»QF;\�±�#; �%,BD?;(9')(w%,S^%�u$F°47�!."\��$()2-�$#�kQlG�!.¶AC�! "�$#&%"')()*,+-�GL>BD*,+&%T�$(9';2;(9�$ "�!.¯m67.":7�!+;�$#- 8AY�$() 8�G?@�$ �%T�$+&%C2KBD."(9#�»&2KB<;M2;(9� �CBD#;2;?;.8�$(w%T�R2;�$.YiR�$:7�!')F;#;:M 8%TBD."_Ù4D�$.8."()#fN:7�$.�%YAR(9."2�kf�K."� �fF-�$#;u!�$#]4D67#µ\��$+;.YBD') � �<� �>uj()\ VQ%T¹7.8 "():D#KBD';AY�$."2-�$#µ476D\ iR�$:D�$'wN_f.8�$(9 ¶#;()*,+&%m\��$+;.¶F;#&%"�$."2-."Z;*,_&%x»Q 867#;2;�!."#g47�$.8 8%TSD."_&%GU· 8()�$+-�>B^F;*,+g<G?;?;(9')2;F-#;:�YIkw¬?Y7XdklaBµ2KBD a�!.8ACBD.8%"�!%"��Vf%T¹7.8 "h@�$_&%T.8F;\ ?;() a�d%�A[B "I¬ Y �>u°.8�$(9*,+Q%gU· $kP<G?; 8*,+;#;(w%"%�YIkÐÆIkw¬ Xd»() 8%Y2;(9�$ "�!.A�[B^#;2;?;.8�$(9%"�$#&47�!."'9F; 8%Ch;."67?-')�$\cB^%"() "*,+Økf±�#- "?@�$ "6D#;2;�$.8�aAC�!."2;�!#sVf%T¹D."F;#;:D�$#67?P�!."+KB^')? 2;�$.��[B^#;2;?;.8�$(9%"��2;�$ cij�!:7')�!." °476D\ ij�!:7�$'9_f.8�$(9 Ù47�$.8 8%TSD."_&%x»e "6E2KB<;E2;(9�¸ 1P�$_&%"(94f(9%TS^%52;�!.�iR�$:D�$')F-#;:�:7�$.8()#;:7�!.5() �%x»�B^') 52;(9�°?;')6 ;D���C�!%".TBD*,+&%TF-#;:�2-�$. �[BD#;2fN?;."�!(9%T�t4D�$."\qF-%T�!#�')(9�
;7�^k¶lG()�s¸�1P�$_&%T(w4I(w%,S^%�2;(9�$ 8�$ cij�!:7')�!." gF;#;2º2;�$.�#KBD*,+-HJ6D'):7�!#;22;() 8_fFI%T()�!.8%"�$#�<G'w%T�$.8#KB^%"(947�!#sAR(9."2�()#t<>?; "*,+-#;(9%8%�YIkÐÆIk2YÙ2KBD.":D�$ 8%"�$'9'9%xk

���;��I ���)/4� ���	�L "�5#����5?2�5'�A7#0�����KB2G./.�	��
��E�N�)�5* �&%
� 1� .���9�	��/ :!< �5#0�0#H%8?(@&/.?2�	*-@./.A4�0��B(/ ��/��&C:?
 &%8#9?(���	�0��')')�N���	��C



17Æ �������
	���
���������������
�������������� ��������
����!�#"$	��#%'&#�#�(�

-0.5

 0

 0.5

 1

 1.5

 2

 2.5

 3

 3.5

 4

 100  1000  10000

A

f / Hz

Amplitudengang

 0

 50

 100

 150

 200

 250

 300

 350

 400

 100  1000  10000

-p
hi

 / 
G

ra
d

f / Hz

Phasengang

<>?;?;(9')2;F;#-:v«;k2YIÃ �j?P�!.8%".TBD:7F-#;:7 8HJF-#;_&%T()6D# 2;�$ °6 1Ø�!#;�$# iR�$:7�!')_Q."�!() 8�$ Ù2;�!.gVIh;(9�$:7�!'wN.8�$:7�!')F;#-:s6D+;#;����()'w%T�!."F;#;:-k�lG(9�gij�! "67#KB^#;u$ �%T."F-_Q%"F;.MF;\ Æ7Æ<�<� �ju°() �%02;�$F-%"')(9*,+Eu!F�!."_^�$#;#;�!#�k



����� � "�� ������
�� �(
�	���� �0��� �0��� � ��� ������"���	0� ��� 1 1

y�z�� ���d�q���=;	� ;O���[�3���t� ��� � 
o��� 
��R�����5���!���
�>\o2;()� �[BD#;2-?;."�!(9%T��2;�$.Gij�!:7�$'9F;#;:µF-#;2v()#- "?@�$ "6D#;2;�$.8�°()+;.8�q¸�1P�$_&%T(w4f(9%,S`%Gu!Fv47�$. N?P�! " "�!."#�»KARF;.82;�$#s47�!." "*,+-()�$2-�$#;��<G#; "S^%Tu!��F;#&%"�$." 8F;*,+&%xk
)ØF;#KSD*,+; �%ÈARF;.82;�$# 2;()�E:&SD#;:D():7�!# BD_&%"(947�!# /³()�dHJhKSD 8 "�EN(�CF-%8%T�!.8AY67.8%"+IN,» �C�! " "�!'wNT»/1 8*,+;�$?;?&¼f "*,+-� 1@%T()�dHJhKB<;�F;#-2�/³()�dHJhKB<;�\�(9%0_Q."(w%T() 8*,+;�$.MlaS^\ch-HJF-#;:�N>B^F-H[(9+;."��¸¶():^N#fF-#;:GB^') �BD'9')�$(9#;():D�3iR�$:7�!'):7'9()�$2-�$.�+;(9#0F;#&%T�$.8 "F;*,+&%$kD/³()�dHJhKSD 8 "�m+;¹7+;�!."�!.3¾a."2-#fF-#;:>u!�$( N:7�$#0u!ACBD.�2KBD �:D�!ARZ;#; 8*,+&%T�e<G\�h;')(w%TF;2;�!#&47�$.8+KBD'w%T�$#Ø»x#KSD\�')(9*,+a�$(9#;�$#0 8%"�$(9')�$.8�$#0<G?IH·BD')'BD#g2;�$.ep5."�!#;u$�³udAR() "*,+-�$#µl>F;."*,+;')B<;^N�F;#-2]VfhP�!."."?;BD#;2�»& 86M2;B<;5 "(9*,+c\�(9%�2;()�! "�$#���(9'wN%T�$.8#q(9#M¯m�!."?;(9#;2;F;#;:j\�(9%�2;�!.1��BD+;'&�$(9#;�$.�+;¹7+-�$."�!#gp5."�$#-u!HJ."� �QF;�$#;uY2;()� �[BD#-2;?;."�!(9%"�BD#; "*,+-�$()#-�$#;2µ�!."+;¹D+;�$#µ'9()� ;7�DkQlG(9�jbm+;BD "�!#;:&SD#;:D�G TS^\q%T'9()*,+;�!.e/³(9�!HJhKB�;D�K'9%"�$.m+;¹7+-�$."�!.¾5.82;#QF;#;:Ùu!�$(9:7�$# 
8�!2;6f*,+t�$()#-�$#µu!Fµ "*,+;#-�$')'9�$#t<>#; 8%"()�$:q2;�$.e¯m�$."u!¹7:7�!."F;#;:D "u$�!(9%$»IACBD ()#�:D."6 ;7�!#Àb¶+KBD 8�$#;2;.8�$+QF;#;:D�$# ."�$ 8F;'9%"()�!.8%x»� 86v2KB<;v2-()�tp5�$ "BD\q%847�$.8 8%TSD."_QF;#;:��!()#;�! 2;�$."BD.8%[BDF; ":D�$ 8%TB^%"%"�!%"�$#sij�!:7�$'9_Q."�$(9 "�! Y4f()�!'Øu$F]_f'9�$(9#µ?;')�!()?@�$#c\ÙZ ;D%"�D»fF;\ (9#; 8%TBD?;(9')�$ ¯m�$."+;BD'9%"�$#t2;F;.8*,+sbm+;BD "�!#;2;."�!+QF;#;:7�!#�476D# � 	 D��[u$Ft4D�$."\��$(92;�$#Øk;<GF;*,+�2;(9�5n>6D\Ù?;(wN#KB^%T(967#�4767# �j6I*,+IN[F;#;2v/³(9�!HJhKS^ " "�!#�u$F �[B^#;2;hKB<;^�K'9%"�$."#�?;.TB^*,+Q%"�Ù "�!')?; �%a\�(9%> "�!+;._D67\�h;')(9u$(9�$.8%"�$#���(9'9%"�$."_^67\Ù?;(9#KB^%"()67#;�!#]_^�$()#-�$#�¸m.�HJ67'):-k
lG()�>¸¶()#-HJZ;+-."F;#;:�u$F; "S^%Tu!')(9*,+;�$.e¯m�$."u!¹7:7�!."F;#;:D "u$�!(9%$»-BD'9 "6�#;�$:&B`%T(94D�$.Yb¶+KBD "�^»-\�(9%e<G'9'wNhKSD " 8�$#�»�u!F;\ )PAY�$*,_^�]2;�! M<>#;+;�!?P�!#; �?-u!A0k�<G?- "�$#-_D�$#- q�$#-:7�$.0�K."� �QF;�$#;u!?P�!."�!()*,+;�()#g2KBD Yp5�$:7�!#;_D67h-h;')F;#-:7 "?KB^#;2](9 8%YBDF-HJ:7.8F;#;2�2;�$.eLj6D%�AC�!#;2;(9:7_D�!(9%m4767# �[BD#;2-hKSD " 8�$#F;#;2s2;�$.R2;�!\cu!F-HJ67'):D�a_Q')�$(9#;�$#Èp5�$ TB^\q%"4D�$." �%,SD.8_QF;#;:��$?@�$#; 86µBDF; 8 "(9*,+Q%" "'967 $k
¸m(9#;�5h;.8()#;u!()h;(9�$')'9�a²s¹7:7')(9*,+;_D�!(9%³u!F;.³¯m�$.8?P�! " "�!."F;#-:] 8%"�$'9'9% 
8�!2;6I*,+s2;(9�a¯m�$.8AY�$#-2;F;#;:4767#E "67:D�$#KBD#-#Q%"�$#�BD?;:7�dH·BD#;:7�!#;�$#E/³()�dHrNj?;u!A0k �j6I*,+;h;SD " 8�$#�2;BD.$»�2;(9�°6DH�%MBDF;*,+�BD'9 %T.TB^#; "(9�$#&%T�µ±�#&%"�$:7."B^%T67.8�$#À?;udA0k3lG(�1Ø�!."�!#Q%"(rB^%"67."�!# 6f2;�$.Ù(9# 2;�!.°ij�!:7�$'9F;#;:7 �%T�!*,+;#;()_BDF;*,+=BD'9 G���xB^2IN³?;udA0k���BD:7:D')()�!2;�$.R?@�$u!�$()*,+-#;�!%aAY�$.82;�$#Øk�lG()�! "�°�1()'9%"�$.R?@�$ "(w%Tu!�$#� "6`N:7�$#KB^#;#&%T�$ C\c(9#;()\cBD')�! ¶b¶+KBD 8�$#&47�!."+KBD'w%T�!#sF-#;2t."�!2;F;u$(9�$.8�$#µ?@�$(P:7')�!()*,+;�!\ <G\�h;')(w%TFIN2;�$#;:7BD#;:s2;()�gb¶+KBD 8�$#;.8�$ 8�$.84D�µ�$(9#;�$ MiR�$:7�!')_Q."�!() 8�$ 0F;\~AY�$#;(9:7�$.MBD'9 52;()�	�>SD'9H�%"�Ù()\¯m�$.":D')�$(9*,+vu$F=�!()#;�!\ /³(9�!HJhKB<;t�!." �%T�$.M¾a.82;#QF;#;:;k�l>()�°¸¶():D�$#; 8*,+KB^H�%T�!#=2;()�! "�$.0�1()'9%"�$. "67'9'9%T�!#g2KBD+;�!.eHJZ;.m2;(9�>(9#g2;�$.m4767.8')(9�$:7�!#;2;�$#c<G.8?P�!(9%e?P�! "*,+;.8()�!?P�!#;�5VIh-()�$:D�$').8�$:7�!')F;#-:u$F;.]¯m�!."?@�$ 8 "�$.8F;#;: 2;�$.µbm+;BD "�!#;."�! "�$.�47�E2;�$ �iR�$:D�$')_Q.8�$() 8�$ µ:D�$#QF-%Tud%tAC�!."2;�!#�kRlG(9�_D67#;_Q.8�!%T�M<GF- 8HJZ;+;.8F;#;:� 8%"�$+&%G?-() "')BD#;:°#;6f*,+�BDF; $k
lG�$.m2;�!#c:7.8¹ ;D%"�$#�¸¶.8HJ67'9:04D�$.8 "h;.8�$*,+;�!#;2;�a<>#; TB^%"uR() 8% 
8�!2;6f*,+]2;(9�³2;().8�$_&%T�Rnj67\ch@�$#fN TB^%"()67#t2;�!.R\c�!*,+KBD#;(9 "*,+;�!#viR�$ "6D#KBD#;uM2;�$ jb¶()�!u$6^N VIh;(9�$:7�!'wN�VQ¼I �%T�!\c ³2;F-."*,+s�$')�!_&%T."6`N#;() 8*,+;�³¸¶()#-HJZ-+;."F;#-:G:7�!�$():D#;�!%"�$.3b�67')�YF;#;2gLjF;')'9 8%T�!')'9�$#0()#Ù2-()� �>?@�$.8%".TBD:DF;#;:7 �HJF;#;_&%T( N67#Ù2;�! ¶6�1Ø�!#;�$#�n5."�!() 8�$ $kDlG()�! "�!.¶<G#; "B^%TuCARF-."2;�³2KB^+;�$.3(9#Ù2;�!.34767.8')()�!:7�$#-2;�$#Ù<>."?@�$(w%47�$.�HJ67'):^%xkI¸m ³_^67#;#&%T�02KB^\c(w%C�!()#;�a2-�$F-%"')()*,+-�G¯m�$.8?P�! " "�!."F;#-:c2;�!.R¸¶():7�!#; "*,+KB`H�%T�$#�2;�!.VIh;()�!:7�$'9."�!:7�$'9F;#;:°�$.8u$(9�$'9%CAC�!."2;�!#�»@AR(9�5()\ #KSD*,+; �%T�$#Èn0BDh;(9%"�$'��!."')SDF-%T�!.8%³AR(9."2�k



1^« �������
	���
���������������
�������������� ��������
����!�#"$	��#%'&#�#�(�



� ��� �@�s	�� �

� ��	º� �s
	��
���� ��	��

 ��� � �	��
�� ������
È��� 	À�s	�
��
��z!{ �~�d� ���c���°�����³� ;d�[� �t�[� � �0�����[���!�����t�R� �����t�d�a�M���
)ØF;\��Ð¸¶(9#-H·SD2;�!')#��@2;�! a¸¶')�!_Q%"."67#-�$#; �%T.TB^+;') >()#È2-()�M\]BD:D#;�!%"() "*,+-�ÙVI*,+-()_`BD#;��F;#;2vu!F;.:7�$#KB^F;�$#]¸m(9#; 8%"�$'9')F;#;:52-�$.e+;67."(9u$67#&%TBD')�!#]VQ%T.TB^+;')')BD:7�D»`A[B^ Y(9#; "?@�$ 867#;2;�!."�ju$F;. �>?@�$. N'rBD:7�!."F;#-:t\c(w%52;�$\���B^ "�$.8 8%".TBD+;'m�!.8HJ67.82;�$.8')()*,+=(9 8%x»Ø\ÙZ; " 8�$#E2;()�c²ÈB^:7#;�!%8HJ�$'92;�$.52;�!.4I(9�$.�l>()h@67')�EF;#KBD?-+KSD#;:7(9:�4767#-�$()#;BD#;2;�!.ÈHJ�$(9#;�$(9#;:7�$ �%T�!')'9%sAY�$."2-�$#�_D¹7#;#-�$#�k0laB^u$FARF;."2;��h;BD.TBD'9')�!'ju!F 
8�$2;�!\ lG(9hP6D')\cBD:7#;�d%c�!()#��!')�!_Q%"."67#-() "*,+-�$.�L>�!?P�!#&AR()2;�!." 8%TBD#;2U·()\�HJ6D'):7�!#;2;�$#�B^') � ,fÍIÒKÓe?P�!u$�!()*,+;#;�d%OXC:7�! "*,+KB^'9%T�d%x»I2;�$.[�!()#;�!#t/1�!()'@2;�$ jVQ%T."6D\c CBD#2;�$#ÈVIh;F;'9�$#s2;�$ >²ÈB^:7#;�!%"�$#�4767.8?P�!(9HJZ;+-."�$#s_`BD#;#�k
��� �!�"� #�$&%('�)+*-,.)+/&$-0!,�$lG()�³\cBD:7#;�d%T(9 "*,+;�jVI*,+-()_`BD#;�R2;�! e<>«^N �C6D\ch-%"67#IN�ijZ;*,_Q �%T."�!F;h@67'rBD.8()\��!%"�$." 1() �%eBD*,+;."6`N\]B^%"() 8*,+ BDF; 8:7�!HJZ-+;.8%qF;#;2 ?@�$ �%T�$+&%gB^F; �4f()�!.ql>()h@67')\cBD:7#;�d%T�!#� 86 AR(9�]udAC�!(C "*,+&ACB`N*,+;�$# 	aFKBD2;.8F;hP6D')�$#=u!F;\�<GF- ":7'9�$()*,+�4D67#Ei>BD#-2-HJ�$'92;� 1P�$_&%T�!#�k�lG(9�glG()h@67')�q "()#-2E(9#VI�$.8()�0:7�$ 8*,+KBD'w%T�!%>F;#;2sAC�!."2;�!#È476D#È�$(9#;�$\ �!()#;u!():7�!#sL>�!%"u$:7�!.TS^%j47�!." 867.":D%$kØl>()�5AC�ON "�$#&%"')()*,+-�$#gn5�$#;#-2KB^%T�!#g2;�$.eVf%".TBD+-'9HJZ;+;.8F;#;:a 8()#;2°(9#Ù/1BD?P�!')'9� YIkw¬[u$F- TBD\�\c�!#;:7�dH·B<;D%xk
²s(9%°2;�!.cVI�$.8()�$#- "*,+KBD'w%TF;#-:�2;�$.c²ÈBD:D#;�!%"�µAR()."2À?@�!AR(9."_&%x»�2KB<;=2;()�tVf%T.867\c �%,SD.8_D�ON "*,+&A[B^#;_QF;#;:7�!#µ2;�$ eLj�!%Tu!:7�$."S^%T�! $»Q2;(9�³ "()*,+g(9#�2-�$.ep5."¹ ;7�!#;67.82;#QF;#;:04767#g�!%�ACB � D ¢21?P�dAC�!:7�$#�»Q#;(9*,+&%m2KBDu$FgHJZ;+;.8�$#�»&2;B<;52;�$.e¸¶')�!_&%T."6D#;�$#; �%T."BD+;'K\�(9%3¯m�!." TB`%TuR6I2-�$.¶F;#&%T�!.�$()#-�$\ � (9#;_D�!'ju!F;.cVI67'9')?KBD+-# BDF; �2;�$.cVI*,+;(9_`BD#;��BDF; 8%"."(w%"%xk3laBE2-()�sb167'9 "*,+QF;+KB^?IN 8%,S^#;2;��F;#;2�2-()��b167'9 "*,+QF;+;')SD#;:7�!#�2;�!.54I(9�$.q²ÈBD:7#-�!%T� 
8�$2-6I*,+E#QF;.qB^F-H[�d%�A[B � D ¢ �?P�!_^B^#;#&%µ "(9#;2�»m() �%]�!()#;���K�$(9#;�$(9#; 8%"�$')'9F;#;:=2;�!.µ�K�$'92; 8%TSD."_^�È�$(9#;�$ 
8�$2-�$#��!()#;u!�$')#-�$#lG()h@67') C�$.8HJ6D."2;�!."')(9*,+�kÂlG(9�0lG()h@67')�°¬MF;#;2s«� "()#-2�?KB^F;:7')�!()*,+�k;lG()h@67'�Æ°+KB^%8%T��
8�$2;6f*,+�$()#-�5�!%�ACBD GB^?QAY�$(9*,+;�$#-2;�Ùb�67') 8*,+fF-+-HJ67."\s»-ACBD j�$()#-�5u$Fs:7�$.8()#;:7�5h-+Q¼f 8()_`BD')(9 "*,+;�5AR(9�

1 Y



1�� � �����
	�� 
 � � ��
���� 	�� �����(� ��� " % ��� ��	 � ��� � 
$����� � ��	�����"

\cBD:7#;�d%T() 8*,+;�0¸¶.".8�$:7F;#-:�� �-k�"Dâ°/b167'9 "*,+QF;+KBD?- 8%,B^#;2 U�� :&BDh��ÇX �^«�\�\¸¶.".8�$:7�!." 8%"."67\�� ¬x«;¬7» �Ù<VIh;BD#;#QF;#;:7 "BD?-H·BD'9' 
8��²ÈBD:7#;�d% *$B-k�¬ 
-»ÐÆq¯ijBD2;(9F; ³2;�!.GVQ%T.TB^+;'9%".TB 
8�!_Q%"67."(9�a()\ �K�$')2 1-» �-¬0\<>?;')�!#;_&AR()#;_^�$'�2;�$ >Vf%".TBD+-' � � �����
�C.8�$#;#&AY�$(w%T�M2;�$.jn>6D."."�!_&%TF;. �fF;BD2;."F-hP67'9� *$B-k�¬ �°\
/�B^?P�!')')��YIk9¬DÃKn5�$#;#;2;B^%T�!#È2;�!.j\cBD:7#-�!%T(9 "*,+;�!#vVf*,+;()_`BD#;�^k

��1Ø�!_&%T(94D�a�K�$'92;'rS^#;:7�³u$F-.[�K67'):D�³+KB^%"%"�DkflGF;.8*,+µ2KBD Y<G#Q?;.8()#;:7�!#]:7�!�$(9:7#;�!%"�$.Yb167'9h;'rB`%8N%"�$#EARF;."2;�!#�2;(9��b167'9 "*,+QF;+;�tB^F-H[*$B-k��-»w¬c\�\�:7�!#KBDF B^#�2;(9����S^#;:7�g2;�$.�BD#;2-�$."�!#²�BD:7#;�d%T�YBD#;:7�!hKB<;D%$k^l>()h@67'U1j+;B^%"%"�Y�!()#;�!#qu$F�:7."6<;7�$#�b167'9 "*,+QF;+KB^?; 8%TBD#;2�k7VI�$(9#��D6f*,+ARF-."2;�M2KBD+;�!.R�$#&%T 8h;."�!*,+;�$#;2È:7�$_QZ;.8u!%xk
�D�!2;�$.YVI+QF;#&%e\ÙF ;5�d%�A[B02;.8�$(Âb¶."67u!�$#&%e2;�$ Yp5�$ "BD\q%T �%T.867\c 3BD#g�$()#-�$\
2-�$.e²ÈBD:D#;�!%"�4D67."?@�$(9')�!(9%T�!#]_^¹7#;#;�!#�»-F;\ HJZ;.Y2;()�>�K�$(9#;�$(9#; 8%"�$')'9F;#;:M2;�$.Y+;67.8()u$6D#Q%TBD')�!#µ¸¶')�!_&%T."6D#;�$#IN �%T."BD+;')')BD:7�R()#�2;�!.³VI*,+;(9_`BD#;�aiR�$ 8�$.�47�$#�Z;?-."():Du$F;+KB^?P�!#�kflaBD\�(9%e() �%C�!()#tVQ%T�$'9')?@�$.8�$()*,+4D67#
	 ��� ��
 \�¹7:7'9()*,+�k
� � �!��� ��,���������� ,.) /&$&0l>()�ºVI+QF;#&%T.8�$:7�!')F;#;: ARF;.82;�º#;BD*,+��!()#;�!.=�d®I() �%T()�!."�!#;2;�$#
VI+QF;#&%T.8�$:7�!')F;#-: BD# 2;�!.2-."(9%8%T�!# Vf%TF-HJ�È2;�$ �C�! "*,+;'9�$F;#-():7�!." s²�<a²�±�HJZ-.µ2;()�È\]BD:D#;�!%"() "*,+-��VI*,+;(9_`BD#;��2;�! 
�C6D\ch-%"67#IN�ijZ;*,_Q �%T."�!F;h@67'rBD.8()\��!%"�$." ]BD#;:7�!hKB<;D%µF;#;2 #KBD*,+;:D�$?KBDFI%xkRlG�!.t "*,+;�!\]B^%"(wN 8*,+;�5<GFIHJ?KBDFt() �%[(9#]<G?-?;()'92;F;#;:4Yfk9¬GAR(9�$2;�!.":7�!:7�$?@�$#Øk��D�$2-�$.j²ÈBD:D#;�!%Y47�$.�HJZ;:D%RZ;?@�$.�!()#;�!# �!')�$_&%"."67#;(9 "*,+;�!# L>�!?P�!#QAR(92;�$.8 8%TBD#;2 UáVf+fF-#Q%,Xd»j2;�$.s4767# �$()#-�$.�lR< �eN�n0BD.8%"�Z-?P�!.]�$(9#;�$# �C<5²�< �eN�ij�!*,+;#;�$.t:D�$ 8%"�$F;�!.8%µAR(9."2�kelG(9��Vf%"."67\� 8%TSD."_^�È_`BD#;#�2KBD\�(9%(9# 
8�!2;�$\ ²ÈBD:D#;�!%"�$#ÀF;\ ?;(9 �u!F � � ��
�BD?;:7�! "�$#-_Q%qAC�!."2;�!#�»1ACBD q�!()#;� @G#;2-�$."F-#;:2-�$ [<>?;')�!#;_&AR()#;_^�$') e4767#]?;() Yu$F.D���% � �Yu!F;'rS�;D%xkflG�!.³VI*,+KB^'9%Th-'rBD#��K#;2;�d%[ "(9*,+µ()#c<G?IN?-()')2-F;#;: YIkÐÆIk
l>�$.Ù� ()2-�$." �%,BD#-2�2 £ '9�$:D%q2;�$#ºVf%"�$'9')?@�$."�!()*,+ 2-�$ �VI+QF;#&%T ÙHJ�! 8%$k 2���() 8%q�$(9# ²��
;^NAR(92;�$.8 8%TBD#;2�»1F;\ B^#;+KBD#;2À2-�$ �VIhKB^#;#QF;#;:7 "BD?-H·BD'9') q2-�$#À±� 8%�AY�$.�%g\c(w%q�!()#;�!\ <Gl �u!F�\c�! " 8�$#�k�lGBD 0²v¾0V-�3¸¶/CN����!() �%TF;#;:D "\�6I2;F-'12;(9�$#&%5B^') 5VQ%T�$'9'):7'9()�!2�kÂlG�$.5VI67')'wAC�!.8%2-�$.qVf%T.867\c �%,SD.8_D�gAR().82�(9#��K67.8\��$(9#;�$.qVIhKBD#-#fF-#;:ÈudAR() "*,+-�$# D � F;#;2 � D � 4D67#2-�$.jl³< �eN n0BD.8%"�54767.8:7�$:7�!?P�!#�k
�j\~2;(9�gVf%"."67\� 8%TSD."_^�gBDF-HY2;�$#�VI67'9'9AY�$.�%5u$F=."�!:7�$'9#�»ØAY�$.82;�$#E2;�$.5#-�$:&B^%"(94D��VIhKBD#IN#QF;#-:7 TBD?IH·BD')'YZ;?P�!.�2���F-#;2 2;()�µh@67 8(9%T(w47��Vf67')'wAC�!.8%"4D67.":7BD?P�]2;�$.gl³< �eN n0BD.�%T��\�(9%



�U���<� �#�(� " & �0�4	����#��
���� ����� � �����#��	0�V" %'&���� " %'&#�(�����#� 1 "

i 0

Dipol 1 (DIPL20) Dipol 2 (DIPL21) Dipol 3 (DIPL22) Dipol 4 (DIPL23)

Netzgerät
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f(x) = ax + b
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