
HAL Id: tel-00153099
https://theses.hal.science/tel-00153099

Submitted on 14 Jun 2007

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Optimisation des performances des terminaux de
communication par répartition maîtrisée de la fonction

de filtrage dans la chaîne d’émission HF
Stéphane Avrillon

To cite this version:
Stéphane Avrillon. Optimisation des performances des terminaux de communication par répartition
maîtrisée de la fonction de filtrage dans la chaîne d’émission HF. domain_stic.othe. Université de
Nantes, 2004. Français. �NNT : �. �tel-00153099�

https://theses.hal.science/tel-00153099
https://hal.archives-ouvertes.fr




��������� 	
���  �������������

������������ "!#�%$&��� $
')(+*-,/. ��!102$3� * !#�% "� *-, � . ��$&�54768��9-:; * �"! *-, '
<#=><@?BADCDE5F>GDH�CIGKJ5ADH�LNM�O J5PRQISTHIGKGDHIJ5ABA7U1MVFXW�Y[Z\ADQ�]-J^HIP^C�H =_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`= <

<#=><#=><bacQIP^QIA7U�d>F>GDQ�LBLKJ5AeJ5P^H_CDEfU%gXP^HhM�O QISiFXLDLKFXW1PR=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`= <
<#=><#= jlkcH�LDCIAKF>m5GKFXW1PnZ[W1P^CIGKFXW1P5P^HId>dXHhM�O J5P^H_CDEfU%gXP^HhM�O QISiFXLDLKFXW1Po=_=`=_=`=_=`=_=_=`=_=`=_=`= j
<#=><#= plkcH�LDCIAKF>m5GKFXW1PqS/U�GDQIAKFXHId>dXHhM5HcdrO QISTHIGKGDHIJ5ANsBtu=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`= v
<#=><#= w xRF>P5F3U�GKJ5AKFXL7U�GKFXW1PRHIGBC�W1SimyW#L7U�P-GDLzShJ5d>GKF{Y[Z[W1P^CIGKFXW1P^LT=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=|<#<
<#=><#= }lxRF>P5F3U�GKJ5AKFXL7U�GKFXW1PRHIGBC�W1SimyW#L7U�P-GDLzShJ5d>GKF{Y8LKG7U�P^M^U�ADM5L~=_=_=`=_=`=_=`=_=_=`=_=`=_=`=|<�p

<#= j���GKJ^M5HhMVJ��^d>GKA7U���HhM^U�P^LeJ5P^HhU�ADCDE5F>GDH�CIGKJ5ADHhSTW1P^W�Y8LKG7U�P^M^U�ADM�=_=_=`=_=`=_=`=_=_=`=_=`=_=`=|<��
<#= jV=><b��W1P^LKGKAKJ^CIGKFXW1P�M�O J5PnSTW�M5�IdXH`myW1J5AzdrO QISTHIGKGDHIJ5ANsBt�STW1P^W�Y8LKG7U�P^M^U�ADM�=_=`=_=`=_=`=|<��
<#= jV= j ��W1SimyW1AKGDHISTHIP-GBm5ADW�CDE^HhM5Hcd3U��fU�P^M5H�=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=|<��
<#= jV= p ��W1SimyW1AKGDHISTHIP-GBmyW1J5ABM5H�L�Z\ADQ�]-J^HIP^C�H�LzQIdXW1F>�#P^Q�H�LNM5Hcd3U��fU�P^M5Hu=`=_=_=`=_=`=_=`=�j#p

<#= p���F>d3U�PRLKJ5AedXH�LBU�ADCDE5F>GDH�CIGKJ5ADH�LNA7U1MVFXW�Y[Z\ADQ�]-J^HIP^C�H�Lh=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=�j#v
��(+*R��� ��� .5�f*R* ����$&!��������"� * �^�
jV=><@�;H�Lzm5AKF>P^CIF>myH�LBMVJ��^d>GKA7U���HhsBt�=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=�j#�

jV=><#=><�t^W1AKS/U�d>FXLKSTH_M5H_M5H�LDCIAKF>m5GKFXW1P�M5H�Lem5E^QIP^W1ST�IP^H�LBM5Hc�^d>GKA7U���H)=`=_=`=_=_=`=_=`=_=`=�j#�
jV=><#= jlt2F>d>GKA7U���H`mfU1LDLDH�Yr�fU�P^M5H_M5H`G8 �myHcADQ�CIJ5ADLKF{Z�HIGzGKA7U�P^LK¡�HIADL7U�d¢=`=_=`=_=`=_=_=`=_=`=_=`=�p#£
jV=><#= plt2F>d>GKA7U���H`mfU1LDLDH�Yr�fU�P^M5H_M5H`G8 �myH_U1CIGKF{Z�HIGzmfU1LDLKF{Z2=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=�p�w
jV=><#= w ��F>d3U�PqLKJ5AzdXH�Lem5AKF>P^CIF>myH�LzM5Hc�^d>GKA7U���H_sBt¤=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=�p#�

jV= j¥a`U��fU�AKF>GBM5Hc�^d>GKA7U���H_HIGeZ[W1P^CIGKFXW1P^LBM�O U�m5m5ADW�¦VF>S/U�GKFXW1P§=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=�p#v
jV= jV=><ba`U��fU�AKF>GBM5HN�^d>GKA7U���Ho=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=�p#v
jV= jV= jlt^W1P^CIGKFXW1P^LBM�O U�m5m5ADW�¦VF>S/U�GKFXW1P©¨><�j�ª«=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=)w-p

jV= p¥��W1P^LKFXM5QIA7U�GKFXW1P^LNLKJ5AeJ5Pn�^d>GKADHh¬J5Pqmy®1dXH�=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=)w-}
jV= pV=><�x�W�M5QId>FXL7U�GKFXW1PqM�O J5PqADQ�LDW1PfU�GDHIJ5A¤=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=)w-}
jV= pV= jlt2F>d>GKADH_¬�J5Pnmy®1dXH�=_=`=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=)w-v
jV= pV= plt2F>d>GKADH_¬�J5Pnmy®1dXH_HIGeJ5Pq¯�QIADWimfU�AzC�W1J5m5d3U���H_GKA7U�P^LK¡�HIADLDH¤=`=_=`=_=`=_=_=`=_=`=_=`=�}V<
jV= pV= w t2F>d>GKADH_¬�J5Pnmy®1dXH_HIGeJ5Pq¯�QIADWimfU�AzLKGKJ5�°=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=�}#}
jV= pV= } acQIP^QIA7U�d>FXL7U�GKFXW1PRLKJ5ABM5H�L��^d>GKADH�LzM�O W1ADMVADHh]-J^HIdXC�W1P^]-J^H`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=��V<

jV= w¥�;H�LzGDH�CDE5P^W1dXW1�#FXH�LNCId3U1LDLKFX]-J^H�LeJ5GKF>d>FXLDQ�H�LemyW1J5AzdXHN�^d>GKA7U���HhsBt�=_=_=`=_=`=_=`=_=_=`=_=`=_=`=��#}
jV= w^=><�t2F>d>GKADH�LB¬�W1P^M5H�LNU1C�W1J^LKGKFX]-J^H�LBM5H`LKJ5A±ZrU1C�H/²r³�?"´¶µN¨><��%ª�=_=`=_=`=_=`=_=_=`=_=`=_=`=��#}
jV= w^= jlt2F>d>GKADH�LB¬�W1P^M5H�LNU1C�W1J^LKGKFX]-J^H�LBM5Hc¡�W1d>J5STH·²\��?"´¶µ¸=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=��#�
jV= w^= plt2F>d>GKADH�LB¬ADQ�LDW1PfU�GDHIJ5ADL�¹�E5F>�#EVY±º�¹`W1Jn�^d>GKADH�LBMVFXQIdXH�CIGKAKFX]-J^H�LzSTW1P^W1�5dXW�C�Le=`=_=`=_=`=¼»1j
jV= w^= w t2F>d>GKADH�LzHIPqGDH�CDE5P^W1dXW1�#FXH_m5d3U1]-J^Q�H�=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=¼»%w

<



j ���������
	������������������

��� ���"! *�� �%$&��� � * !���� � � ,�. ��� ��� ��� . ��� � �
pV=><@kNF>¡�FXLDHIJ5AzM5Hcm5J5FXLDL7U�P^C�Hc�^d>GKA7U�P-G =`=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=@v#£

pV=><#=><���AKF>P^CIF>myH§=_=`=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=@vV<
pV=><#= j kcQIS/U�ADCDE^HhM5H`C�W1P^C�HIm5GKFXW1P =_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=@v�w
pV=><#= p sBQ�U�d>FXL7U�GKFXW1PRM�O J5PRMVF>¡�FXLDHIJ5AzM5H`m5J5FXLDL7U�P^C�Hi<`¡�HIADLBp�5F{Yr�fU�P^M5H�=`=_=`=_=`=_=_=`=_=@v#�
pV=><#= w ��F>d3U�PRLKJ5AedXH�L�Z[W1P^CIGKFXW1P5PfU�d>F>GDQ�LNMVJqMVF>¡�FXLDHIJ5ABM5Hcm5J5FXLDL7U�P^C�Hc�^d>GKA7U�P-G=`=_=`=_=_=`=_=@v#v

pV= j�?BSim5d>F{�fC�U�GDHIJ5ANM5Hcm5J5FXLDL7U�P^C�Hc�^d>GKA7U�P-G
=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=@�V<
pV= jV=><���AKF>P^CIF>myH§=_=`=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=@�V<
pV= jV= j ��W1P^C�HIm5GKFXW1P�M�O J5P�U�Sim5d>F{�fC�U�GDHIJ5Az�^d>GKA7U�P-G =`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=@�#�
pV= jV= p sBQ�U�d>FXL7U�GKFXW1PRM�O J5P�U�Sim5d>F{�fC�U�GDHIJ5Az�^d>GKA7U�P-G =`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=@�#v
pV= jV= w ��F>d3U�PRLKJ5AedXH�L�Z[W1P^CIGKFXW1P5PfU�d>F>GDQ�LNM5HcdrO U�Sim5d>F{�fC�U�GDHIJ5AB�^d>GKA7U�P-Gu=_=`=_=`=_=`=_=_=`=_= <�£#j

pV= p�?BP-GDHIP5P^Hh¬iL7U�J5GDLzM�O F>SimyQ�M^U�P^C�H�=`=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_= <�£�w
pV= pV=><���AKF>P^CIF>myH§=_=`=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_= <�£#}
pV= pV= j ��W1P^C�HIm5GKFXW1P =_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_= <#<�£
pV= pV= p sBQ�U�d>FXL7U�GKFXW1PRM�O J5P^HhU�P-GDHIP5P^H_mfU�GDCDE�¬iL7U�J5GzM�O F>SimyQ�M^U�P^C�H =_=_=`=_=`=_=`=_=_=`=_= <#<��
pV= pV= w ��F>d3U�PRLKJ5AedXH�L�Z[W1P^CIGKFXW1P5PfU�d>F>GDQ�LNM5HcdrO U�P-GDHIP5P^H_mfU�GDCDE¢¬�L7U�J5GDLzM�O F>SimyQ�M^U�P^C�H�=`=_= <�j#£

pV= w¥t2F>d>GKA7U���H_LKmfU�GKFXW�Y[Z\ADQ�]-J^HIP-GKFXHId =_=_=`=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_= <�jV<
pV= w^=><���AKF>P^CIF>myH§=_=`=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_= <�jV<
pV= w^= j xRFXLDH`HIPqQI¡�FXM5HIP^C�H_MVJn�^d>GKA7U���H_LKmfU�GKFXW�Y[Z\ADH�]-J^HIP-GKFXHId/=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_= <�j#v
pV= w^= p xRFXLDH`HIPqQI¡�FXM5HIP^C�H`mfU�ABH�¦VmyQIAKF>STHIP-G7U�GKFXW1P�=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_= <�p#j
pV= w^= w ��F>d3U�PRLKJ5AedXH�L�Z[W1P^CIGKFXW1P5PfU�d>F>GDQ�LNM5Hcd3U�SiFXLDH`HIPqADQ�LDH�U�JqM�O U�P-GDHIP5P^H�L¶=`=_=`=_=_=`=_= <�p�»

� ���"! �  , $&��� � 9��"9-� .^�&* ' �f�
!i$#" � $&� � � .�� 02$ * '%$;'
& � ������� . $\��� *-,T,  "� �(' 9�� * ��� *  "� � �� "� �&. �"�f�1� **)*+-,/. '%$10
?=><¤³-myQ�CIF{�fC�U�GKFXW1P^Lz��QIP^QIA7U�dXH�Lc=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_= <Iw-}

?=><#=>< ³-myQ�CIF{�fC�U�GKFXW1P�LKJ5AedrO U�P-GDHIP5P^H =`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_= <Iw-}
?=><#= j �eU�P^M5H�LzM5HcZ\ADQ�]-J^HIP^C�H =_=`=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_= <Iw-�
?=><#= p ��U�PfU�JV¦qM�O QISiFXLDLKFXW1P =_=_=`=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_= <Iw-�
?=><#= w ³-myQ�CIF{�fC�U�GKFXW1P^LBHIPqm5J5FXLDL7U�P^C�H_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_= <Iw-�

?= j ³-myQ�CIF{�fC�U�GKFXW1P^LBLKJ5AedXH_LKmyH�CIGKADH`M�O QISiFXLDLKFXW1P¤=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_= <Iw�»
?= jV=><���SiFXLDLKFXW1PRM^U�P^LedXH_C�U�PfU�d·=`=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_= <Iw�»
?= jV= j ��SiFXLDLKFXW1PqE^W1ADLzC�U�PfU�d~=_=`=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_= <Iw�»
?= jV= p ��SiFXLDLKFXW1PqE^W1ADLe�fU�P^M5H =_=`=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_= <Iw�»

! �h. � . !#��9-�1$ , �%$&:; *-, � '  2� *�� $ � � * ��$&!����f�1 2" . � '%$��
�c=><ox�W�M5�IdXH`M5H`´�E^H�HIdXHIAh¨ �#p%ª�²±<��#�#}�µ =_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_= <Iw-�
�c= j~x�W�M5�IdXH`M5H43cU�SiSTHIADLKG7U1M ¨ }#v%ª�²±<���»1}�µ¸=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_= <�}#£
�c= p~x�W�M5�IdXH`M5H43cU�SiSTHIADLKG7U1MqHIG65�HIP^LDHIP =`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_= <�}V<
�c= w x�W�M5�IdXH`M5H_�eU�E5d;HIGca`U�AK�q¨ }�w#ª�²±<���»#»#µ/=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_= <�}V<
�c= } ��W1SimfU�A7U�FXLDW1P�M5H�LeSTW�M5�IdXH�L =_=_=`=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_= <�}#j

�7+ ���29 � $ ,�. �%$&��� � *-, ��$ , !������%$\�� 2$3��9 ,i* ����$&!����f�1 2" . � '�080
�N=>< �;H`CIF>ADCIJ5F>GNW1J5¡�HIAKG�=`=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_= <�}#}

�N=><#=>< x�W�M5�IdXH`C�U�mfU1CIF>GDQ_dXW�C�U�d>FXLDQ�H�=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_= <�}#�
�N=><#= j x�W�M5�IdXH_U1C�CIADW1FXLDLDHISTHIP-GNM5H`d3UdXW1P5�#J^HIJ5A«=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_= <�}#�
�N=><#= p ��W1SimfU�A7U�FXLDW1P�M5H�LzMVF:9�QIADHIP-GDLzSTW�M5�IdXH�LN=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_= <�}�»



���������
	������������������ p

�N= j
³VU�J5GBM�O F>SimyQ�M^U�P^C�H�=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=�<�}#v
�N= jV=>< x�W�M5�IdXH�LzM5QIAKF>¡�Q�LzM5H`d3U�MVFXLDC�W1P-GKF>P-J5F>GDQM5H`�yW1J5G
=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=�<�}#v
�N= jV= j ?BJ5GKADHcSTW�M5�IdXH�=_=_=`=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=�<�}#�

� + ����� �&* � .�� ���2� * � * ���T� *-, ��$ , !������%$\�� 2$3��9 , '���'
k�=>< x�W�M5�IdXH_M5HcA7U� �W1P5P^HISTHIP-G`M5H`]-J^HIdX]-J^H�LzMVFXLDC�W1P-GKF>P-J5F>GDQ�L =_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=�<��V<

k�=><#=><�x�W�M5�IdXH`MVJRCIF>ADCIJ5F>GBW1J5¡�HIAKGT=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=�<��#j
k�=><#= j x�W�M5�IdXH`MVJRL7U�J5GzM�O F>SimyQ�M^U�P^C�H�=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=�<��#j

k�= j x�W�M5�IdXH_CIF>ADCIJ5F>GBMVJqA7U� �W1P5P^HISTHIP-G�=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=�<��#j
k�= jV=><�x�W�M5�IdXH`MVJRCIF>ADCIJ5F>GBW1J5¡�HIAKGT=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=�<��#j
k�= jV= j x�W�M5�IdXH`MVJRL7U�J5GzM�O F>SimyQ�M^U�P^C�H�=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=�<��#p

�	� * �"� * � * ���T� '  2� *q. ��� * �2� *��2. ��!10 '�� 0
�z=>< kcQ��^P5F>GKFXW1P^Lh=_=`=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=�<��#}

�z=><#=>< kcQ��^P5F>GKFXW1PRM5H�L6��J5FXLDL7U�P^C�H�L =_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=�<��#}
�z=><#= j¼��W�H�
/CIFXHIP-GNM5H`LKJ5AKGDHIP^LKFXW1P«=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=�<��#�
�z=><#= p@sBHIP^M5HISTHIP-G =`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=�<���»

�z= j�x�QIGKE^W�M5H�LBM5H`C�U�dXCIJ5d"MVJqADHIP^M5HISTHIP-GR=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=�<���»
�z= jV=>< x�QIGKE^W�M5H�Le�fU1LDQ�H�LzLKJ5AedXH_C�U�dXCIJ5d"M5HcdrO QIP^HIAK�#FXHhLKGDW�C��Q�H¶=_=`=_=`=_=`=_=_=`=_=`=_=`=�<���»
�z= jV= j@x�QIGKE^W�M5H�Le�fU1LDQ�H�LzLKJ5AeJ5Pq�5F>d3U�PRHIPnADQ��fH�¦VFXW1P =`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=�<��#�

�z= p ��W1SimfU�A7U�FXLDW1P�M5H�LeSTQIGKE^W�M5H�L =`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=�<%»�<
�z= pV=>< ?BP-GDHIP5P^Hh¬���������� =`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=�<%»�<
�z= pV= j@?BP-GDHIP5P^Hh¬������nSTW�M5QIADQ =`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=�<%»1j
�z= pV= p@��F>d3U�P¢=`=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=_=`=_=`=_=`=_=_=`=_=`=_=`=�<%»1j
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�;HBM5QI¡�HIdXW1m5myHISTHIP-GeM5Hed3U`GDQIdXQIm5E^W1P5FXHBSTW1�5F>dXHNU�ST�IP^HBdXH�L C�W1P^C�HIm5GDHIJ5ADL�M5HzLK VLKGD�ISTH�L 3Nt ¬`W1m5GKF>SiFXLDHIA
dXH�LNGDHIAKSiF>PfU�JV¦¢STW1�5F>dXH�L`LKJ5ANGKADW1FXLcmyW1F>P-GDL
	fdXH�LNmyHIA±Z[W1AKS/U�P^C�H�L`¡�FXLc¬/¡�FXLcM5Hhd3U·]-JfU�d>F>GDQ�M5H�C�W1SiShJ5P5FXC�U%Y
GKFXW1P��%drO U�J5GDW1P^W1SiFXH�QIP^HIAK��QIGKFX]-J^H�HIG"d3UeSiF>P5F3U�GKJ5AKFXL7U�GKFXW1P;=1�;H�L"myHIA±Z[W1AKS/U�P^C�H�L�LDW1J5EfU�F>GDQ�H�L2myW1J5A"J5PhGDHIAKSiF>PfU�d
STW1�5F>dXHP^H�C�H�LDLDHIP-G`M5H�CIADW�gXGKADH#=���P°H 9�HIG��d3UTShJ5d>GKF>m5d>FXC�U�GKFXW1P¸M5H�LcLDHIAK¡�FXC�H�L`U1C�C�H�LDLKF>�5dXH�LcmfU�AcdrO J5GKF>d>FXL7U�GDHIJ5A
mfU1LDLDHNmfU�Aed3U�C�W1P^C�HIm5GKFXW1PRM5H`CDEfU%gXP^H�LBM�O QISiFXLDLKFXW1PVYrADQ�C�HIm5GKFXW1PRShJ5d>GKF{Y8LKG7U�P^M^U�ADM5L��U�J5�#STHIP-G7U�P-GNC�W1P^LKFXM5QIA7U%Y
�5dXHISTHIP-G dXH�L+C�W1P-GKA7U�F>P-GDH�L�LKJ5A�dXH�L+C�W1SimyW#L7U�P-GDL�=-��PTmfU�A7U�d>dX�IdXHB¬`C�HIGKGDHzC�W1Sim5dXH�¦VF>GDQzCIADW1FXLDL7U�P-GDHBMVJ/LK VLKGD�ISTH
QIdXH�CIGKADW1P5FX]-J^H��VdXH�L�GDHIAKSiF>PfU�JV¦�M5HNC�W1SiShJ5P5FXC�U�GKFXW1PR¡�W1FXHIP-G�dXHIJ5A�G7U�F>d>dXHcMVF>SiF>P-J^HIAemyW1J5A�myHIAKSTHIGKGKADHcdrO F>P-GKADW�Y
MVJ^CIGKFXW1PRM5H`LDHIAK¡�FXC�H�LeShJ5d>GKF>STQ�MVF3UTHIGedXHIJ5ABU�J5GDW1P^W1SiFXHU�J5�#STHIP-GDHIA�=��8d�H�LKGzM5W1P^C`P^Q�C�H�LDL7U�F>ADH`M5HcS/U%gXGKAKFXLDHIA
d3U�C�W1P^LDW1SiS/U�GKFXW1P�C�W1Sim5GDH_GDHIP-JRM5H�LeGDH�CDE5P^W1dXW1�#FXH�L`U1CIGKJ^HId>dXH�LBM5H�Le�fU�GKGDHIAKFXH�L�=

�2W1J5AhADQImyW1P^MVADH·U�JV¦¢GKADW1FXLhH�¦VF>��HIP^C�H�LM5H�myHIA±Z[W1AKS/U�P^C�H��"M�O U�J5GDW1P^W1SiFXH·HIGhM5HiSiF>P5F3U�GKJ5AKFXL7U�GKFXW1P��"J5P^H
LDW1d>J5GKFXW1P/H�LKG�drO F>P-GDQI�#A7U�GKFXW1P·STW1P^W1d>F>GKE5FX]-J^HBMVJTm5d>J^L��#A7U�P^MiP^W1Sh�5ADHBM5HzC�W1SimyW#L7U�P-GDL+myW#LDLKF>�5dXHeC�W1P^LKGKF>GKJfU�P-G
d3U�CDEfU%gXP^HqM�O QISiFXLDLKFXW1PVYrADQ�C�HIm5GKFXW1P�MVJ GDHIAKSiF>PfU�deSTW1�5F>dXH#=+x¢U�FXL���±J^LD]-J;O ¬Rm5ADQ�LDHIP-G��drO U�P-GDHIP5P^H��+dXH�L�^d>GKADH�L
3Nt��^¡�W1F>ADHhdrO U�Sim5d>F{�fC�U�GDHIJ5A_M5Hhm5J5FXLDL7U�P^C�HhADH�LKGDHIP-G`M5H�LNC�W1SimyW#L7U�P-GDL`H�¦VGDHIAKP^H�LNMVF 
/CIF>dXHISTHIP-G`F>P-GDQI�#A7U��5dXH�L
L7U�P^LzM5QIGDQIAKFXW1ADHIABdXHIJ5ADLemyHIA±Z[W1AKS/U�P^C�H�L�=

�2W1J5AzdXH�LBU�P-GDHIP5P^H�L�5d3UiMVF>SiF>P-J5GKFXW1P�M5HcG7U�F>d>dXH_HIP-GKA7U%gXP^H`J5P^H_M5QI�#A7U1M^U�GKFXW1PRM5H`drO H�
/C�U1CIF>GDQ#=^�;H�LemyHIAKGDH�L
M^U�P^L2drO U�P-GDHIP5P^H�F>P��^J^HIP^C�HIP-G+MVF>ADH�CIGDHISTHIP-G�drO U�J5GDW1P^W1SiFXH#=��BP�C�W1Sim5ADW1SiFXL�HIP-GKADH�C�W1SimfU1CIF>GDQeHIG2ADHIP^M5HISTHIP-G
LDHISh�5dXH_M5W1P^C`F>P^QI¡�F>G7U��5dXH#=

�2W1J5AndXH�LqU�Sim5d>F{�fC�U�GDHIJ5ADL�eM5H�LnC�W1SimyW#L7U�P-GDLnF>P-GDQI�#ADQ�LqH�¦VFXLKGDHIP-G�=��;H�G7U��5dXH�U�J�<¢M5W1P5P^H¢dXH�L·m5AKF>P^CIF{Y
mfU�dXH�L C�U�A7U1CIGDQIAKFXLKGKFX]-J^H�L�M5H�L+GDH�CDE5P^W1dXW1�#FXH�L�dXH�L+m5d>J^L�Z\ADQ�]-J^HISiSTHIP-G�J5GKF>d>FXLDQ�H�L�=-�"U`d>F>P^Q�U�AKF>GDQNHIG+d3U`m5J5FXLDL7U�P^C�H
S/U%¦VF>S/U�dXHBM5HBLDW1AKGKFXHzLDW1P-G�M5H�L CIAKF>GD�IADH�L m5AKF>STW1ADMVF3U�JV¦/myW1J5A+J5P^HNU�m5m5d>FXC�U�GKFXW1P�HIP/GDQIdXQ�C�W1SiShJ5P5FXC�U�GKFXW1P;=5�"U
M5HIP^LKF>GDQeM5H�m5J5FXLDL7U�P^C�HeH�LKG�drO F>S/U���HeM5H�d3UcC�U�mfU1CIF>GDQzM�O F>P-GDQI�#A7U�GKFXW1P·MVJTC�W1SimyW#L7U�P-G�=��"UNm5d>J5mfU�AKG M5H�L+U�Sim5d>F{Y
�fC�U�GDHIJ5ADLzM5HNm5J5FXLDL7U�P^C�HcmyW1J5A�STW1�5F>dXH�LzLDW1P-GBU1CIGKJ^HId>dXHISTHIP-GBADQ�U�d>FXLDQ�Lz¬h�fU1LDHcM5HcGKA7U�P^LKFXLKGDW1A63N�+x��¶a`U1?NL
W1J*3N���¶a`U1?NL�VW 9yA7U�P-GeJ5Pn�yW1PnC�W1Sim5ADW1SiFXLBM5HNd>F>P^Q�U�AKF>GDQ_HIGeM5HNm5J5FXLDL7U�P^C�H#=��NH�U�P5STW1F>P^L�VdXH�LeC�W1P^LKGKAKJ^C�Y
GDHIJ5ADL/M5HqCIF>ADCIJ5F>GDLTF>P-GDQI�#ADQ�L·C�W1SiSTHIP^C�HIP-Gn¬¢m5ADW1myW#LDHIA/M5H�L/U�Sim5d>F{�fC�U�GDHIJ5ADLn¬¢�fU1LDHqM5H*3N��� ³-F&acHqM5H
m5J5FXLDL7U�P^C�H_LKJ�
/L7U�P-GDH_HIGzF>P-GDQIADH�LDL7U�P-GDLzmyW1J5AzdXHIJ5AzmyW#LDLKF>�5F>d>F>GDQ`M�O F>P-GDQI�#A7U�GKFXW1P�F>SimyW1AKG7U�P-GDHhMVJnZrU�F>GzM5H`dXHIJ5A
C�W1SimfU1CIF>GDQ#="k`U�P^L_dXHiC�U1LhM�O J5P^H/U1LDLDW�CIF3U�GKFXW1P¸U�¡�H�C/M�O U�J5GKADH�LhQIdXQISTHIP-GDLM5Hid3UnCDEfU%gXP^H/sBt��ydrO F>P-GDQI�#A7U�GKFXW1P
M�O U�Sim5d>F{�fC�U�GDHIJ5ADLNH�LKGeADQ�U�d>FXLDQ�H_M^U�P^LBM5H�LN³�W-�«²r³- VLKGDHIS W1P¢� E5F>m�µ�W1J¢³-F ��²r³- VLKGDHIS�F>P ��U1C�#U���H%µ�=

�2W1J5A�dXH�L2�^d>GKADH�L��d3UBShJ5d>GKF>m5d>FXC�U�GKFXW1P·M5H�L�P^W1AKSTH�L+U�ST�IP^HeM5HIJV¦�C�W1P-GKA7U�F>P-GDH�L+m5AKF>P^CIF>mfU�dXH�L�	�d3UBG7U�F>d>dXHeM5W1F>G
ADH�LKGDHIA+SiF>P5F>S/U�dXHzS/U�d>�#ADQed3UcShJ5d>GKF>m5d>FXC�U�GKFXW1PnM5H�L��fU�P^M5H�L M5H�Z\ADQ�]-J^HIP^C�H��^d>GKADQ�H�L HIG+d3UcADQ��KH�CIGKFXW1P/M5H�L��^d>GKADH�L
M5W1F>G��IGKADHNF>SimyW1AKG7U�P-GDHhU%�^PqM5Hcd>F>SiF>GDHIAedXH�L�F>P-GDHIA±Z[QIADHIP^C�H�LBHIP-GKADHc�fU�P^M5H�L�=f³�HIJ5dXLzM5H�L��^d>GKADH�LzM5HNG8 �myHh³�?"´
²[¬TW1P^M5H�LcM5HLKJ5A±ZrU1C�H%µ���M5H_G8 �myHhSTW1P^W1�5dXW�C�LcMVFXQIdXH�CIGKAKFX]-J^H�Li²\C�QIA7U�SiFX]-J^H�L�µBHIG�fADQ�C�HISiSTHIP-G�y��?"´)²\��J5d �
?eC�W1J^LKGKFXC+´�U�¡�H%µ�LDHISh�5dXHIP-G��myW1J5A;dXH�STW1STHIP-G�%ADQImyW1P^MVADH�¬eC�H�L"C�W1P-GKA7U�F>P-GDH�L�M5H+ADQ��KH�CIGKFXW1P_Z[W1AKGDH#=��;H�L;�^d>GKADH�L
³�?"´ LDW1P-GC�W1SimfU1CIGDL_S/U�FXL_d>F>SiF>GDQ�LHIP m5J5FXLDL7U�P^C�H#=;�;H�L`�^d>GKADH�LhC�QIA7U�SiFX]-J^H�Lhm5ADQ�LDHIP-GDHIP-GdXH�L`m5ADW1m5AKFXQIGDQ�L
F>P-¡�HIADLDH�L�C�H/]-J5F dXH�L_ADHIP^M�F>Sim5ADW1m5ADH�Li¬ndrO F>P-GDQI�#A7U�GKFXW1P;=+³�HIJ5dXLdXH�L`�^d>GKADH�L���?"´u²\Q�]-J5F>¡#U�dXHIP-Gi¬qt���?Ns�	
t2F>d>S ��J5d �R?eC�W1J^LKGKFXCsBH�LDW1PfU�GDW1A�µeLDHISh�5dXHIP-G`CIJ5ShJ5dXHIAcdXH�LNM5HIJV¦¢U�¡#U�P-G7U���H�LcS/U�FXLNC�HIGKGDHhGDH�CDE5P^W1dXW1�#FXH�H�LKG
GKAD��LeADQ�C�HIP-GDHhHIGBHIP^C�W1ADH`myHIJnJ5GKF>d>FXLDQ�H#=
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������ <��n��W1SimfU�A7U�FXLDW1PRM5H`]-J^HIdX]-J^H�LeGDH�CDE5P^W1dXW1�#FXH�LNU1CIGKJ^HId>dXHISTHIP-GNJ5GKF>d>FXLDQ�H�LemyW1J5A�d3U�C�W1P^C�HIm5GKFXW1P�M�O U�S�Y
m5d>F{�fC�U�GDHIJ5ADLNM5Hcm5J5FXLDL7U�P^C�H_sBt ²3Y C�W1AKADH�CIG��£F>P-GDQIADH�LDL7U�P-G��
�GKAD��LeF>P-GDQIADH�LDL7U�P-G�µ

��ADW1myW#LDHIA�myW1J5A�CDEfU1]-J^H�Z[W1P^CIGKFXW1PTM5H�L�GDH�CDE5P^W1dXW1�#FXH�L M5H�m5d>J^L�HIPim5d>J^L�myHIA±Z[W1AKS/U�P-GDH�L�1myHIAKSTHIGKG7U�P-G+J5P^H
W1m5GKF>SiFXL7U�GKFXW1P¢M5H_d3U�G7U�F>d>dXHhHIGNM5H`d3UTC�W1P^LDW1SiS/U�GKFXW1P¢M5H�LzGDHIAKSiF>PfU�JV¦�H�LKGzJ5P^H_¡�W1FXHhM5H`ADH�CDE^HIADCDE^HF>SimyW1A±Y
G7U�P-GDHHIGBC�HIAKG7U�F>P^HISTHIP-G`MVJ5A7U��5dXH#=��BP^HhU�J5GKADH_ADQImyW1P^LDHhU�JV¦n�yH�LDW1F>P^LBM5H`myHIA±Z[W1AKS/U�P^C�H�LNHIGNM5H_C�W1SimfU1CIF>GDQ
C�W1P^LKFXLKGDH`¬_F>S/U��#F>P^HIA��GDW1J5GeHIP·m5ADHIPfU�P-GzHIPnC�W1Sim5GDHcC�H�L�P^W1J5¡�HId>dXH�L�GDH�CDE5P^W1dXW1�#FXH�L�5M5HNP^W1J5¡�HId>dXH�LzU�ADCDE5F>GDH�C�Y
GKJ5ADH�L+W1JTM5H�P^W1J5¡�HId>dXH�L�S/U�P5FX�IADH�L M�O HIP-¡�FXL7U���HIA+d3UNADQ�U�d>FXL7U�GKFXW1P/M5H�L�MVF:9�QIADHIP-GDH�L�Z[W1P^CIGKFXW1P^L�ADHI�#ADW1J5myQ�H�L+M^U�P^L
J5P�GDHIAKSiF>PfU�dr=5�;HB�^d>GKA7U���H`QIG7U�P-G�drO J5P^H`M5H�L Z[W1P^CIGKFXW1P^L�m5AKF>P^CIF>mfU�dXH�LemyW1J5A�J5P/Z[W1P^CIGKFXW1P5P^HISTHIP-GNW1m5GKF>S/U�d�M5H
C�HId>J5F{Y8CIF �"P^W1J^LhP^W1J^LhLDW1SiSTH�LhF>P-GDQIADH�LDLDQ�L�¬�d3UnS/U�P5FX�IADH·M5W1P-GC�HIGKGDHTZ[W1P^CIGKFXW1P¸M5Hi�^d>GKA7U���HTmyW1J5¡#U�F>G �IGKADH
ADQImfU�AKGKFXHNMVF:9�QIADHISiSTHIP-GeM^U�P^L+J5P^HBCDEfU%gXP^HNM5HzGKA7U�P5SiFXLDLKFXW1P;=5��HIGKGDHzGKE^��LDHBH�LKG+J5P^Hzm5ADHISiFX�IADHNC�W1P-GKAKF>�5J5GKFXW1P
¬�C�H_C�W1P^C�HIm5GBM5Hc�^d>GKA7U���H_MVFXLKGKAKF>�5J^Q#=
?BF>P^LKF �eM^U�P^LnJ5P^H¢m5ADHISiFX�IADH°mfU�AKGKFXH��eP^W1J^L�m5ADQ�LDHIP-GDW1P^LqdXH�Lnm5AKF>P^CIF>mfU�dXH�L�U�ADCDE5F>GDH�CIGKJ5ADH�LRM5H°CDEfU%gXP^H�L

M�O QISiFXLDLKFXW1PqADQ�C�HIm5GKFXW1P�A7U1MVFXW�Y[Z\ADQ�]-J^HIP^C�H�L�=y��H�CIF;myHIAKSTHIG�^HIP-GKADHU�J5GKADH��fM5H_LKmyQ�CIF{�fHIAzdXH�LzMVF:9�QIADHIP-GDH�LzZ[W1P^C�Y
GKFXW1P5PfU�d>F>GDQ�L2M5H�drO QISTHIGKGDHIJ5A2sBt 	IdXH��^d>GKA7U���H���drO U�Sim5d>F{�fC�U�GKFXW1P�HIG�dXH�A7U� �W1P5P^HISTHIP-G�=1��P^LKJ5F>GDH���J5P^H+MVFXLDCIJ^LDLKFXW1P
LKJ5ANdXH�LcC�W1P-GKA7U�F>P-GDH�L_d>FXQ�H�L`U�JV¦°U�m5m5d>FXC�U�GKFXW1P^LcShJ5d>GKF{Y8LKG7U�P^M^U�ADM5LhHIG`¬Td3U/SiF>P5F3U�GKJ5AKFXL7U�GKFXW1P M5H�LNGDHIAKSiF>PfU�JV¦
M5HzC�W1SiShJ5P5FXC�U�GKFXW1PnU��yW1J5GKF>G U�J/C�W1P^C�HIm5G M5HzLKGKAKJ^CIGKJ5ADH�L ¬NZ[W1P^CIGKFXW1P5PfU�d>F>GDQ�L+ADQImfU�AKGKFXH�L�=-�+O F>P-GDQIA �IG�M5H�GDHId>dXH�L
LKGKAKJ^CIGKJ5ADH�L H�LKG+M5HemyHIAKSTHIGKGKADHzd3UNADQImfU�AKGKF>GKFXW1P·M�O J5P^HeZ[W1P^CIGKFXW1P5PfU�d>F>GDQN¬Nm5d>J^LKFXHIJ5ADL+P5F>¡�H�U�JV¦TLKJ5A+drO QISTHIGKGDHIJ5A�=
�NO H�LKGcC�HhC�W1P^C�HIm5G`U�m5m5d>FX]-J^QiU�J�C�U1LNMVJR�^d>GKA7U���H]-J^H_P^W1J^LcQIGKJ^MVFXW1P^LcM^U�P^LNC�HIGKGDHhGKE^��LDH#= �2W1J5AcC�HId3U �fJ5P^H
m5ADHISiFX�IADH/QIGKJ^M5H/LKJ5A`d3U�ADQImfU�AKGKF>GKFXW1P©MVJ°�^d>GKA7U���H·U�J�LDHIF>P�M�O J5P�QISTHIGKGDHIJ5AsBt�STW1P^W�Y8LKG7U�P^M^U�ADM�STHIGhHIP
QI¡�FXM5HIP^C�H`d3UhmyW#LDLKF>�5F>d>F>GDQ`M�O U1LDLDW�CIFXHIAedrO HIP^LDHISh�5dXH_M5H�L��^d>GKA7U���H�LBU�m5myW1AKGDQ�LemfU�AedXH�LzQIdXQISTHIP-GDLBM5HcdrO QISTHIGKGDHIJ5A
sBt¸myW1J5A�Z[W1AKSTHIAzJ5P^HcZ[W1P^CIGKFXW1PRM5HN�^d>GKA7U���HhM5Q�LKF>ADQ�H#=
k`U�P^L�J5P�LDH�C�W1P^M�CDEfU�m5F>GKADH��1J5P^H�M5H�LDCIAKF>m5GKFXW1PTM5H�L2m5E^QIP^W1ST�IP^H�L+M5H �^d>GKA7U���H�HIP�SiFXCIADW�W1P^M5H�H�LKG�M5W1P5P^Q�H

U%�^P©M�O U1LDLDW�CIFXHIAhdXH�LMVF:9�QIADHIP-GDLG8 �myH�LM5HT�^d>GKA7U���H�U�JV¦�LKGKAKJ^CIGKJ5ADH�LS/U�GDQIAKFXHId>dXH�L�=�?BF>P^LKF �;J5P^H/MVFXLKGKF>P^CIGKFXW1P
HIP-GKADHh�^d>GKA7U���HhADQ�CIJ5ADLKF{Z�HIGBGKA7U�P^LK¡�HIADLDH�U�F>P^LKF2]-J^H_�^d>GKA7U���H�U1CIGKF{Z�HIGBmfU1LDLKF{Z+myHIAKSTHIGNM5HCId3U1LDLDHIANMVF:9�QIADHIP-GDH�L
LKGKAKJ^CIGKJ5ADH�LeLKJ5F>¡#U�P-G�dXHNG8 �myHNM5HB�^d>GKA7U���Hc]-J;O HId>dXH�LzU�m5myW1AKGDHIP-G 	VU�¡�H�Ccmy®1dXHNLDQIdXH�CIGKF{Z2W1JqU�¡�H�Cc¯�QIADW�M5HBGKA7U�P^L±Y
SiFXLDLKFXW1P;=1�2W1J5A_QIGKJ^MVFXHIA_C�H�L`M5HIJV¦�G8 �myH�LcM5H�^d>GKA7U���H���M5H�LcC�W1P^LKFXM5QIA7U�GKFXW1P^L_LKJ5AcJ5P��^d>GKADHiM�O W1ADMVADHn<�U�¡�H�C
W1JRL7U�P^Le¯�QIADWTM5HcGKA7U�P^LKSiFXLDLKFXW1PRLDW1P-GBM5W1P5P^Q�H�L�=^��d>dXH�LBM5QI�yW1J^CDE^HIP-GcLKJ5AeJ5P^H`��QIP^QIA7U�d>FXL7U�GKFXW1P�M5H�LzC�U�A7U1CIGDQ�Y
AKFXLKGKFX]-J^H�LzM5H�Le�^d>GKA7U���H�LBHIPqGDHIAKSTH_M5H`myHIAKGDH�L�5M5H`�fU�P^M5H`mfU1LDL7U�P-GDH��fM5H`LDQIdXH�CIGKF>¡�F>GDQ_HIGBM5H`ADQ��KH�CIGKFXW1P;= �2W1J5A
F>d>d>J^LKGKADHIAiC�H�Lm5AKF>P^CIF>myH�L�2J5P^H�M5H�LDCIAKF>m5GKFXW1P M5H�LGDH�CDE5P^W1dXW1�#FXH�LTM5H/�^d>GKADH�LiU1CIGKJ^HId>dXHISTHIP-GTdXH�Lm5d>J^LJ5GKF>d>FXLDQ�L
²r³�?"´ �5��?"´ �5kNFXQIdXH�CIGKAKFX]-J^H_STW1P^W1�5dXW�C_HIGeGDH�CDE5P^W1dXW1�#FXHhm5d3U1]-J^Q�H%µ�H�LKGzM5W1P5P^Q�H#=
k`U�P^LcJ5P°M5HIAKP5FXHIA_CDEfU�m5F>GKADH���P^W1J^Lcm5ADQ�LDHIP-GDHIADW1P^L_dXH�LcMVF:9�QIADHIP-GDH�LhLKGKAKJ^CIGKJ5ADH�L`]-J^HP^W1J^L_U�¡�W1P^L_M5QI¡�H�Y

dXW1m5myQ�H�LcU1LDLDW�CIF3U�P-GBJ5P^H_Z[W1P^CIGKFXW1PRm5AKF>P^CIF>mfU�dXH�M�O U�Sim5d>F{�fC�U�GKFXW1P°W1J�M5H_A7U� �W1P5P^HISTHIP-G_HIGBJ5P^H_Z[W1P^CIGKFXW1P�M5H
�^d>GKA7U���H#=�?BF>P^LKF �fLDW1P-GBm5ADQ�LDHIP-GDQ�L 	^J5P�MVF>¡�FXLDHIJ5ANM5H_m5J5FXLDL7U�P^C�H_�^d>GKA7U�P-GN�fU1LDQhLKJ5ANM5H�LBADQ�LDW1PfU�GDHIJ5ADL`¬iL7U�J5G
M�O F>SimyQ�M^U�P^C�H��;J5P¸U�Sim5d>F{�fC�U�GDHIJ5A�M5Him5J5FXLDL7U�P^C�H��^d>GKA7U�P-G�fU1LDQiLKJ5A_J5P^HTLKGKAKJ^CIGKJ5ADHTGKA7U�P^LK¡�HIADLDH���J5P^H/U�PVY
GDHIP5P^He�^d>GKA7U�P-GDHNM5HzG8 �myHemfU�GDCDEn¬`L7U�J5G�M�O F>SimyQ�M^U�P^C�HNHIG HIPV�^P/J5P^HBQIGKJ^M5HBLKJ5A dXH�L+myW#LDLKF>�5F>d>F>GDQ�L M5H��^d>GKA7U���H
Z\ADQ�]-J^HIP-GKFXHId2U�m5myW1AKGDQ�H�LzmfU�AzJ5PnADQ�LDH�U�JRM�O U�P-GDHIP5P^H�L�=8�2W1J5ABCDEfU1]-J^H_LKGKAKJ^CIGKJ5ADH��^dXHcm5AKF>P^CIF>myH_M�O U1LDLDW�CIF3U�GKFXW1P



F>F>F

�^d>GKA7U���H�Y[Z[W1P^CIGKFXW1P m5AKF>P^CIF>mfU�dXHiH�LKG`M5W1P5P^Q��yF>d�H�LKGcLKJ5F>¡�F�M�O J5P^H�M5H�LDCIAKF>m5GKFXW1P M5H�d3U·C�W1P^C�HIm5GKFXW1P M�O J5P^H�GDHId>dXH
LKGKAKJ^CIGKJ5ADHhm5J5FXLcM�O J5P¢H�¦5HISim5dXHM5H_ADQ�U�d>FXL7U�GKFXW1P¢myHIAKSTHIGKG7U�P-G`M5H_¡#U�d>FXM5HIANdXHhm5AKF>P^CIF>myHHIGcHIPV�^P¢M�O J5P��5F>d3U�P
M5H�LemyHIA±Z[W1AKS/U�P^C�H�LBM5H�LzM5HIJV¦�Z[W1P^CIGKFXW1P5PfU�d>F>GDQ�L 	V�^d>GKA7U���H_HIGNU�Sim5d>F{�fC�U�GKFXW1P�W1JnA7U� �W1P5P^HISTHIP-G�=
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�! "� #%$'&'(*),+.-/&0+.1�$'-/2�35461*798;:<-=+>+.-/1�$?$'@!3*)BADCFEG$'8/HI1*-/7*&=-
?z�^P�M�O QIGKJ^MVFXHIAcd3U/LKGKAKJ^CIGKJ5ADHM�O J5P¢QISTHIGKGDHIJ5A`sBt��^J5P^H_m5ADQ�LDHIP-G7U�GKFXW1P¢Z[W1P^CIGKFXW1P5P^HId>dXH�M�O J5P¢MVFXLKmyW#LKF>GKF{Z

�#dXW1�fU�d�M�O QISiFXLDLKFXW1P¢H�LKGNM5Q�CIAKF>GDH�M^U�P^LNC�HIGKGDHhmfU�AKGKFXH#=���d>dXHmyHIAKSTHIGNM5HLKmyQ�CIF{�fHIAcM5H`ZrUKJ�W1P¢M5H�LDC�HIP^M^U�P-GDHdXH
AD®1dXH/M5H·CDEfU1]-J^HTZ[W1P^CIGKFXW1P��2HIP¸M5Q�CIAKF>¡#U�P-G�dXH�LHIP-GKADQ�H�L�"dXH�LLDW1AKGKFXH�LHIGhd3UnGKA7U�P^L±Z[W1AKS/U�GKFXW1P U�m5myW1AKGDQ�H/mfU�A
d3UqZ[W1P^CIGKFXW1P;= ��HIGKGDHnM5H�LDCIAKF>m5GKFXW1P©Z[W1P^CIGKFXW1P5P^HId>dXH�myHIAKSTHIGTM5H·m5ADQ�CIFXLDHIATHIP©mfU�AKGKFXCIJ5d>FXHIATdXH�LiLKmyQ�CIF{�fC�U�GKFXW1P^L
MVJ �5dXW�CR¹IQISTHIGKGDHIJ5AsBte¹�QIGKJ^MVFXQTmfU�A_d3UnLKJ5F>GDH#=��BP^HTM5H�LDCIAKF>m5GKFXW1P¸M5Hid3UnLKGKAKJ^CIGKJ5ADHTM�O J5P¸QISTHIGKGDHIJ5AsBt
myHIAKSTHIGHIP^LKJ5F>GDH·M5HTADHId>FXHIACDEfU1]-J^HTZ[W1P^CIGKFXW1P5PfU�d>F>GDQ�M5HTdrO QISTHIGKGDHIJ5AiU�JV¦�C�W1SimyW#L7U�P-GDL�sBt¶U1CIGKJ^HId>dXHISTHIP-G
J5GKF>d>FXLDQ�L�=5��PV�^P��f]-J^HIdX]-J^H�Lem5ADW1myW#LKF>GKFXW1P^LBM5H`LKGKAKJ^CIGKJ5ADH�LN¬hZ[W1P^CIGKFXW1P5PfU�d>F>GDQhADQImfU�AKGKFXH_LDW1P-Gzm5ADQ�LDHIP-GDQ�H�L�=
L�MNL�MNL OQPSR;P>TVU�WNXZY[PS\]\K^;T_^`R;a�bFc;U'deR;agf!hiPSjkXN\K\KX6lmR

�BPnLK VLKGD�ISTHNM�O QISiFXLDLKFXW1PqCId3U1LDLKFX]-J^HcHIP�GDQIdXQ�C�W1SiShJ5P5FXC�U�GKFXW1P^LNLDHNm5ADQ�LDHIP-GDH`LDW1J^L�d3U_Z[W1AKSTHcMVJnLDCDE^QIS/U
�5dXW�CNLK VLKGD�ISTHNM5HNd3U_�^�#J5ADH�<#=><#=V�;H�L�F>PVZ[W1AKS/U�GKFXW1P^LB¬_GKA7U�P^LKSTHIGKGKADH`LDW1P-GeM5H�L�M5W1P5P^Q�H�L�P-J5STQIAKFX]-J^H�LzHIG�dXH�L
LKF>�#PfU�JV¦�HIP-¡�W� �Q�L`LDW1P-G`M5H�LNW1P^M5H�L`QIdXH�CIGKADW1S/U��#P^QIGKFX]-J^H�L�=��"UiZ[W1P^CIGKFXW1P°MVJ¢LK VLKGD�ISTHhM5HhGDQIdXQ�C�W1SiShJ5P5FXC�U%Y
GKFXW1P^Lzt�£iH�LKGzM5H`C�W1P-¡�HIAKGKF>AcC�H�LzM5W1P5P^Q�H�LzP-J5STQIAKFX]-J^H�LBHIPRW1P^M5H�LzQIdXH�CIGKADW1S/U��#P^QIGKFX]-J^H�L�=

Trai tement
en

bande de base 

Transposi tion
Bande de base

HF

Trai tement
en HF 

F1 F2 F3

F0

Ondes
él ectro−

magnéti ques

rayonnées

A/D

Microphone

Clavier

Données
numéri ques

nporq � <#=>< �q³�CDE^QIS/U�Z[W1P^CIGKFXW1P5P^HId"M�O J5PRMVFXLKmyW#LKF>GKF{Z�M�O QISiFXLDLKFXW1PRHIPnGDQIdXQ�C�W1SiShJ5P5FXC�U�GKFXW1P^L

�c������9 *-,
�;H�LhM5W1P5P^Q�H�LhP-J5STQIAKFX]-J^H�LLDW1P-GhmyW1AKGDQ�H�L_mfU�AM5H�LhLKF>�#PfU�JV¦ HIP �fU�P^M5H/M5HT�fU1LDH#=;��d>dXH�L_m5ADW�¡�FXHIP5P^HIP-G��M5H

<
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S/U�P5FX�IADH�LDCDE^QIS/U�GKFX]-J^H���M5Hqd3U°C�W1P-¡�HIADLKFXW1P¶U�PfU�dXW1�#FX]-J^H�YrP-J5STQIAKFX]-J^H¢MVJ�LKF>�#PfU�dBFXLDLKJ���mfU�A·H�¦5HISim5dXH�� MVJ
SiFXCIADW1m5E^W1P^HhW1JRLDW1P-GBMVF>ADH�CIGDHISTHIP-GBm5ADW�MVJ5F>GDH�LzP-J5STQIAKFX]-J^HISTHIP-G�=

. �f�%�%$ *-,
�;H�LzW1P^M5H�LeQIdXH�CIGKADW1S/U��#P^QIGKFX]-J^H�LNM5W1F>¡�HIP-GzADQImyW1P^MVADH_¬�C�HIAKG7U�F>P^LzCIAKF>GD�IADH�LemyW1J5ABU1LDLKJ5ADHIA�J5P^H`C�W1SiShJ5P5FXC�U%Y
GKFXW1P W1m5GKF>S/U�dXH#=;�;H�LcP^W1AKSTH�Lc�5¦5Q�H�LcmfU�A_MVF:9�QIADHIP-GDL_W1AK�-U�P5FXLKSTH�L`GDHId�drO � �B³ ��²\��J5ADW1myH�U�P �"HIdXH�C�W1SiShJ5P5F{Y
C�U�GKFXW1P^Lz³-G7U�P^M^U�ADM �8P^LKGKF>GKJ5GDH%µ+M5W1P5P^HIP-G�dXH�L�C�U�A7U1CIGDQIAKFXLKGKFX]-J^H�L�myW1J5A�CDEfU1]-J^HNLKG7U�P^M^U�ADM¢²ra_³�x � �Nx��B³�=>=>= µ�=
��d>dXH�LcLKmyQ�CIF{�fHIP-G��HIP-GKADH�U�J5GKADH�L�fdXH�Lz�fU�P^M5H�LcM5H`Z\ADQ�]-J^HIP^C�H�U�d>dXW1J^Q�H�L�fdXH�Lzm5J5FXLDL7U�P^C�H�L`U�J5GDW1AKFXLDQ�H�LNM^U�P^LNHIG
HIPRM5HIE^W1ADLzM5H�Lz�fU�P^M5H�LzM5HcZ\ADQ�]-J^HIP^C�H#=>=>=

�����"!#�%$&���
�;HBMVFXLKmyW#LKF>GKF{Z�M�O QISiFXLDLKFXW1P·M5W1F>G+GKA7U�P^L±Z[W1AKSTHIA J5P/LKF>�#PfU�dfP-J5STQIAKFX]-J^Hz�5AKJ5G�HIPT�fU�P^M5HBM5He�fU1LDHzHIPTJ5P^HBW1P^M5H
QIdXH�CIGKADW1S/U��#P^QIGKFX]-J^HBsBtRGDHId>dXHe]-J^H�d3UNC�W1SiShJ5P5FXC�U�GKFXW1P�LDW1F>G+W1m5GKF>SiFXLDQ�H�mfU�A�A7U�m5myW1AKG ¬NdrO J5GKF>d>FXL7U�GDHIJ5A HIG+LDW1P
HIP-¡�F>ADW1P5P^HISTHIP-G�=2��HIGKGDH_Z[W1P^CIGKFXW1P¢t�£TmyHIJ5G �IGKADHMVF>¡�FXLDQ�HHIP�GKADW1FXLzZ[W1P^CIGKFXW1P^L 	fd3UiZ[W1P^CIGKFXW1P¢t�<_GKA7U�F>GDHdXH�L
LKF>�#PfU�JV¦qHIPq�fU�P^M5H_M5H`�fU1LDH��5d3UhZ[W1P^CIGKFXW1P�t�jADQ�U�d>FXLDH`d3U�GKA7U�P^LKmyW#LKF>GKFXW1Pq�fU�P^M5HhM5H`�fU1LDH��%A7U1MVFXW�Y[Z\ADQ�]-J^HIP^C�H
HIGzd3UhZ[W1P^CIGKFXW1PRt�pGKA7U�F>GDH_dXH�LzLKF>�#PfU�JV¦nHIPRsBt�=
L�MNL�M�� �QaS\Kb TFX��;YVX6lmR��,lmR`b	YVX6lmR`R;aSWNW6a�f!h ^`R;a bFc;U'deR;agf!hiPSjkXN\K\KX6lmR
��Pim5ADHIPfU�P-G+dXH�L+U�ADCDE5F>GDH�CIGKJ5ADH�L CId3U1LDLKFX]-J^H�L�M5H�CDEfU%gXP^H�L M�O QISiFXLDLKFXW1P�ADQ�C�HIm5GKFXW1P/M5H�L2�^�#J5ADH�Lz<#= j �V<#= p �5<#= w

HIGN<#= } ��F>dfH�LKG+myW#LDLKF>�5dXHBM5HzM5Q�CIAKF>ADHNM5H�ZrUKJ�W1P/m5d>J^L m5ADQ�CIFXLDHzdXH�L�Z[W1P^CIGKFXW1P^L�t�<���t�j_HIG t�pT¨><��^<#< �-� ��j �^<�£��#w1ª8=
'��\'��3���\' �·9 �2. �%�%$3�%$&��� . � .^� � � $&:; *�� �� 2� 9-�1$&:; *

�BP^Hhm5ADHISiFX�IADH�MVFXLKGKF>P^CIGKFXW1P¢myHIJ5G �IGKADH�H 9�H�CIGKJ^Q�HLKJ5ANd3UTADQImfU�AKGKF>GKFXW1P¢Z[W1P^CIGKFXW1P^LNP-J5STQIAKFX]-J^H�L`HIG`U�PfU%Y
dXW1�#FX]-J^H�L_M5H�CDEfU1]-J^HTLKGKAKJ^CIGKJ5ADH���C�W1SiSTH�dXH�ADQ�LKJ5STH�dXHG7U��5dXH�U�J <#=><#=�k�O J5P°myW1F>P-G_M5H�¡�J^HGKE^Q�W1AKFX]-J^H��yd3U
LDW1d>J5GKFXW1PqmyHIAKSTHIGKG7U�P-GBd3U�m5d>J^Le�#A7U�P^M5H_LDW1J5m5dXH�LDLDH��5P^W1G7U�SiSTHIP-GBmyW1J5Azd3UADH�C�W1PV�^�#J5A7U�GKFXW1P¢M5H`drO QISTHIGKGDHIJ5A�
H�LKGM5HTADQ�U�d>FXLDHIAdrO HIP^LDHISh�5dXH�M5H�L_Z[W1P^CIGKFXW1P^LP-J5STQIAKFX]-J^HISTHIP-G�= ��HImyHIP^M^U�P-G�2myW1J5AhdXHTGKA7U�F>GDHISTHIP-GTM5H�LLKF{Y
�#PfU�JV¦ sBt��yF>d H�LKG`P^Q�C�H�LDL7U�F>ADH/M5HiGKA7U�¡#U�F>d>dXHIA�¬�M5H�L`Z\ADQ�]-J^HIP^C�H�LhM�O Q�CDEfU�P-GKF>d>dXW1P5PfU���H�LKJ5myQIAKFXHIJ5ADH�L¬nC�HIGKGDH
Z\ADQ�]-J^HIP^C�HsBt�= �2W1J5AcJ5P^HhJ5GKF>d>FXL7U�GKFXW1P¢HIPR�fU�P^M5H� ²±<¬/j�a�3B¯�µ�mfU�ANH�¦5HISim5dXH��fd3UiZ\ADQ�]-J^HIP^C�HhM5HhdrO E^W1A±Y
dXW1��H�C�U1M5HIP>J�U�P-GidXH·k_³%��²\kNF>�#F>G7U�dB³-F>�#PfU�d ��ADW�C�H�LDLDW1A�µ_HIGdXH�L�C�W1P-¡�HIAKGKFXLDLDHIJ5ADLiM5W1F>G
�IGKADH·M5Hnp�¬R��a�3B¯�=
³�HIJ5dXLzM5H�LzC�W1SimyW#L7U�P-GDLzJ5GKF>d>FXL7U�P-GNM5H�LeGDH�CDE5P^W1dXW1�#FXH�LNC�W��5GDHIJ^LDH�LzHIP�³-F&acH`myW1J5AKA7U�FXHIP-GNU�GKGDHIF>P^MVADHhM5HcGDHId>dXH�L
myHIA±Z[W1AKS/U�P^C�H�L�2C�H/]-J5F H�LKGhADQ�MVE5F>�5F>GDW1F>ADH·myW1J5A_J5P�S/U�ADCDE^Q�M5H�L_GDQIdXQ�C�W1SiShJ5P5FXC�U�GKFXW1P^LTW1AKFXHIP-GDQ·¡�HIADLM5H�L
C�W��5GDLNM5Hhm5ADW�MVJ^CIGKFXW1PRZrU�F>�5dXH�L�=f�;H�LNLKGKAKJ^CIGKJ5ADH�LcM5H_G8 �myH�³�W�Z\G���U�ADH�sNU1MVFXW/LDW1P-GcM5W1P^C���U1CIGKJ^HId>dXHISTHIP-G�yF>PVY
J5GKF>d>FXL7U��5dXH�L�=V�"ULDW1d>J5GKFXW1P�F>P-GDHIAKSTQ�MVF3U�F>ADH_MVJq³�W�Z\G���U�ADH_kcH��^P^H�M�sNU1MVFXW���C�W1P^LKFXLKG7U�P-GB¬_ADQ�U�d>FXLDHIA�J5P^HNmfU�AKGKFXH
M5H`d3UhZ[W1P^CIGKFXW1PRt�j�P-J5STQIAKFX]-J^HISTHIP-G��H�LKGeSiFXHIJV¦RU1M^U�m5GDQ�H`myW1J5AzADQ�U�d>FXLDHIAzJ5PqQISTHIGKGDHIJ5ABADH�C�W1PV�^�#J5A7U��5dXH#=

t�< t�j t�p sBH�C�W1PV�^�#J5A7U��5F>d>F>GDQ tfU�FXL7U��5F>d>F>GDQ
3NQIGDQIADW�MV �P^H �BJ5S ?BPfU ?BPfU 
 


��W1P-¡�HIADLKFXW1P�MVF>ADH�CIGDH �BJ5S ?BPfU ?BPfU Y 

³�W�Z\G���U�ADHkcH��^P^H�MqsNU1MVFXW �BJ5S �BJ5S���?BPfU ?BPfU 
 


³�W�Z\G���U�ADHsNU1MVFXW �BJ5S �BJ5S �BJ5S���?BPfU 
 Y
������ <#=>< ��sBQImfU�AKGKF>GKFXW1PqP-J5STQIAKFX]-J^H��1U�PfU�dXW1�#FX]-J^H�M^U�P^LzM5H�LzCDEfU%gXP^H�LNM�O QISiFXLDLKFXW1PqCId3U1LDLKFX]-J^H�L
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 ���� ��� � ��� p

Données
numéri ques

DSP

A/D

A/D

I

Q

0
90

vers l e récepteur

Ondes
él ectro−

magnéti ques

rayonnées

F1 F2 F3

IF RF

nporq � <#= j�����STHIGKGDHIJ5ABE^QIGDQIADW�MV �P^H

Données
numéri ques

DSP

A/D

A/D

I

Q

0
90

vers l e récepteur

Ondes
él ectro−

magnéti ques

rayonnées

F1 F2 F3

RF

nporq � <#= p�����STHIGKGDHIJ5Ac¬�C�W1P-¡�HIADLKFXW1P�MVF>ADH�CIGDH

Données
numéri ques

A/D

I

Q

0
90

vers l e récepteur

Ondes
él ectro−

magnéti ques

rayonnées

F1 F2 F3

RFDSP

IF

nporq � <#= w ����STHIGKGDHIJ5ANM5HcG8 �myHh³�W�Z\G���U�ADHkcH��^P^H�MqsNU1MVFXW



w ��������� ���������*�������������� ��� � � �����������	����	��
 ���� ��� � ����

Données
numéri ques

A/D

I

Q

0
90

vers l e récepteur

Ondes
él ectro−

magnéti ques

rayonnées

F1 F2 F3

DSP

RF

Clk

nporq � <#= } �·��STHIGKGDHIJ5ANM5HcG8 �myH³�W�Z\G���U�ADHhsNU1MVFXW

'��\'��3���3� � ' � , � . $3� * � * ��� * �
" . �"� * � * " .5,�*
�c������9 *-,

�;H�LBHIP-GKADQ�H�LBM5Hcd3UZ[W1P^CIGKFXW1PRt�<`LDW1P-GzdXH�LzM5W1P5P^Q�H�LzP-J5STQIAKFX]-J^H�LNM5Hcd3UZ[W1P^CIGKFXW1PRt�£�#dXW1�fU�dXH#=
. �f�%�%$ *-,

�;H�L_LDW1AKGKFXH�L_LDW1P-G`dXH�L`LKF>�#PfU�JV¦ �BHIGº=�k`U�P^LcdXHiC�U1L_MVJ°LDW�Z\G���U�ADHiA7U1MVFXW��;C�H�L`LDW1AKGKFXH�L_LDW1P-G`P-J5STQIAKFX]-J^H�L�=
�2W1J5AqdXH�LRU�J5GKADH�LqLKGKAKJ^CIGKJ5ADH�Lnm5ADQ�LDHIP-GDQ�H�L�edXH�LqLKF>�#PfU�JV¦ �/HIG�º LDW1P-GnFXLDLKJ^LnM5H°C�W1P-¡�HIAKGKFXLDLDHIJ5ADLqP-J5STQ�Y
AKFX]-J^H�L �1U�PfU�dXW1�#FX]-J^H�LNHIPn�fU�P^M5H_M5H`�fU1LDH#=

�����"!#�%$&���
�;H_GKA7U�F>GDHISTHIP-G`HIPR�fU�P^M5HhM5H_�fU1LDHhC�W1Sim5ADHIP^MRm5d>J^LKFXHIJ5ADLNW1myQIA7U�GKFXW1P^L�=f�;HhC�W�M^U���HhM5HhLDW1J5ADC�H_myHIAKSTHIGNM5H
C�W1Sim5ADH�LDLDHIABdrO F>PVZ[W1AKS/U�GKFXW1P°¬�GKA7U�P^LKSTHIGKGKADH#=8��J5FXL�^dXH_C�W�M^U���H_M5H_C�U�PfU�d"F>P-GKADW�MVJ5F>GcM5H�LzADH�M5W1P^M^U�P^C�H�LcU%�^P
M5H/C�W1AKAKF>��HIAiM�O QI¡�HIP-GKJ^HId>dXH�LiHIAKADHIJ5ADL�M5HTGKA7U�P^LKSiFXLDLKFXW1P;=2��PV�^P��"dXH�LLKF>�#PfU�JV¦��`HIGiº�C�W1AKADH�LKmyW1P^M^U�P-GT¬nd3U
STW�MVJ5d3U�GKFXW1P©²rº���³��
�>=>=>= µeLDW1P-Gz��QIP^QIADQ�L�=
'��\'��3��� � � � � , � . � , � � , $3�%$&��� " . �"� * � * " .5,�*�� � �
�c������9 *-,

�;H�L�HIP-GKADQ�H�L�M5Hzd3UcZ[W1P^CIGKFXW1P�t�j_LDW1P-G dXH�L�LKF>�#PfU�JV¦ ��HIGeº§��QIP^QIADQ�L mfU�A�d3UcZ[W1P^CIGKFXW1P·t�<#=V��H�L�LKF>�#PfU�JV¦/LDW1P-G
HIPq�fU�P^M5H_M5Hc�fU1LDH#=

. �f�%�%$ *-,
�"U_Z[W1P^CIGKFXW1Pqt�jhP^HNmyW#LDLD��M5HN]-J;O J5P^HcLDW1AKGKFXH#=^��HIGKGDH`LDW1AKGKFXHcH�LKG�J5PnLKF>�#PfU�d;U�PfU�dXW1�#FX]-J^H_¬hd3U_Z\ADQ�]-J^HIP^C�HcsBt
C�W1P-GDHIPfU�P-GdrO F>PVZ[W1AKS/U�GKFXW1P�C�W�M5Q�mfU�A �BHIGº=2��HiLKF>�#PfU�d+H�LKG_C�W1P^LKGKF>GKJ^QiMVJ LKF>�#PfU�d+J5GKF>dXHiHIG_M5H�mfU�A7U1LKF>GDH�L
��QIP^QIADQ�LzmfU�Azd3UhZ[W1P^CIGKFXW1PRM5H`GKA7U�P^LKmyW#LKF>GKFXW1P;=

�����"!#�%$&���
�;HAD®1dXHiM5H�t�j·H�LKGcM5HGKA7U�P^LKmyW#LDHIA`M5Hd3U/�fU�P^M5HiM5H�fU1LDH¡�HIADLcd3U/A7U1MVFXW�Y[Z\ADQ�]-J^HIP^C�H�dXH�L`LKF>�#PfU�JV¦ �zHIGhº=
�2W1J5A�C�HId3U ��J5P�W1Jm5d>J^LKFXHIJ5ADL�QIG7U���H�²\L�µ;M5H�GKA7U�P^LKmyW#LKF>GKFXW1P�HIPhZ\ADQ�]-J^HIP^C�H�LDW1P-G2J5GKF>d>FXLDQ�L�=�k`U�P^L2dXH�C�U1L�M5H�M5HIJV¦
GKA7U�P^LKmyW#LKF>GKFXW1P^L��d3UTZ\ADQ�]-J^HIP^C�H�F>P-GDHIAKSTQ�MVF3U�F>ADHTH�LKGcP^W1GDQ�H�t��h²\t5ADQ�]-J^HIP^C�H �8P-GDHIAKSTQ�MVF3U�F>ADH%µ�=;�"UTZ\ADQ�]-J^HIP^C�H
MVJ M5HIAKP5FXHIA_QIG7U���HiM5HSTQId3U�P5��HTH�LKGcP^W1GDQ�H��N��²��NLDCIF>d>d3U�GDHIJ5A_�;W�C�U�d&µ�=��;H�STW�MVJ5d3U�GDHIJ5A �Kº H�LKG`C�W1P^LKGKF>GKJ^Q
M5HM5HIJV¦�STQId3U�P5��HIJ5ADL��J5P¢myW1J5AcCDEfU1]-J^H¡�W1FXH���U�GKG7U1]-J^Q�LNmfU�AcdXH�LcLKF>�#PfU�JV¦��zHIG_º�HIGcmfU�AcM5HIJV¦�LKF>�#PfU�JV¦
M5QIm5EfU1LDQ�LNM5H�� �	�V=���H�CIF"myHIAKSTHIGcM�O W1�5GDHIP5F>ANJ5P¢LKF>�#PfU�d"J5P5FX]-J^H¬id3UiZ\ADQ�]-J^HIP^C�HhM5H_STQId3U�P5��HmyW1AKG7U�P-GNdXH�L
M5HIJV¦nF>PVZ[W1AKS/U�GKFXW1P^L ��HIGNº=
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�2W1J5ANJ5P�QISTHIGKGDHIJ5A`¬iC�W1P-¡�HIADLKFXW1P¢MVF>ADH�CIGDHW1J¢¬Z\ADQ�]-J^HIP^C�H_F>P-GDHIAKSTQ�MVF3U�F>ADHP-J5d>dXH��fd3UiSTW�MVJ5d3U�GKFXW1P��Kº
LDHZrU�F>G¬�d3U·Z\ADQ�]-J^HIP^C�H �N�+=;�;HTLKF>�#PfU�d STW�MVJ5dXQiP^HiP^Q�C�H�LDLKF>GDH/U�J^CIJ5P �^d>GKA7U���H#=2��U�AhC�W1P-GKADH��2M^U�P^LhC�HIGKGDH
C�W1PV�^�#J5A7U�GKFXW1P���drO HIP^LDHISh�5dXHnM5H/d3URCDEfU%gXP^H�M�O QISiFXLDLKFXW1P©GKA7U�¡#U�F>d>dXHn¬qd3UqS �ISTHTZ\ADQ�]-J^HIP^C�H�HIGdrO W#LDCIF>d>d3U�GDHIJ5A
dXW�C�U�d^H�LKG�myHIAKGKJ5AK�yQemfU�A�dXH�L LKF>�#PfU�JV¦iM5H�m5J5FXLDL7U�P^C�HeGKA7U�P^LKF>G7U�P-G�M^U�P^L�d3U`CDEfU%gXP^Hem5AKF>P^CIF>mfU�dXH��-HIPTmfU�AKGKFXCIJ5d>FXHIA
U�J�P5F>¡�H�U�J©M5HTdrO U�Sim5d>F{�fC�U�GDHIJ5AiM5H/m5J5FXLDL7U�P^C�H#="kcHTm5d>J^L�"LKF drO W1P¸M5Q�LKF>ADH/ADH�C�W1PV�^�#J5ADHIAdrO QISTHIGKGDHIJ5A��M^U�P^L
drO E- �myW1GKE^��LDHnM�O J5P¸Z[W1P^CIGKFXW1P5P^HISTHIP-G/ShJ5d>GKF{Y8LKG7U�P^M^U�ADM ��dXH�M5QIm5EfU1LDHIJ5A � �	�¢M5W1F>G�myW1J5¡�W1F>A�Z[W1P^CIGKFXW1P5P^HIA/¬
m5d>J^LKFXHIJ5ADL`Z\ADQ�]-J^HIP^C�H�L�=��"UnC�W1Sim5dXH�¦VF>GDQ/M5HTC�W1P^C�HIm5GKFXW1P¸M�O J5P GDHId M5QIm5EfU1LDHIJ5AhH�LKG`GDHId>dXHT]-J^HidrO W1P m5ADQ�Z[�IADH
J5GKF>d>FXLDHIABM5H�LzLKGKAKJ^CIGKJ5ADH�LN¬ShJ5d>GKF>m5dXH�LBGKA7U�P^LKmyW#LKF>GKFXW1P^LBHIP�Z\ADQ�]-J^HIP^C�H#=
��PnH 9�HIG��myW1J5A�drO QISTHIGKGDHIJ5AzE^QIGDQIADW�MV �P^H���dXHNSTW�MVJ5d3U�GDHIJ5A �Kº¶STQId3U�P5��HNGDW1J �KW1J5ADLz¬hJ5P^HBZ\ADQ�]-J^HIP^C�Hct��

�5¦5H��fC�Hh]-J5F2LKF>Sim5d>F{�fH_d3UTC�W1P^C�HIm5GKFXW1P°MVJ�M5QIm5EfU1LDHIJ5A�=��"UiADH�C�W1PV�^�#J5A7U��5F>d>F>GDQiH�LKGNU1LDLKJ5ADQ�H_mfU�ANdXHhCDEfU�P5��H�Y
STHIP-GcM5Hhd3UiZ\ADQ�]-J^HIP^C�H �N�+=�kcHhm5d>J^L�^dXH�LcMVF:9�QIADHIP-GDLcW#LDCIF>d>d3U�GDHIJ5ADLct��eHIG �N�¸P^H_Z[W1P^CIGKFXW1P5P^HIP-Gcm5d>J^L`¬id3U
S �ISTHzZ\ADQ�]-J^HIP^C�HB]-J^HzdXHzADH�LKGDHBM5Hzd3U_CDEfU%gXP^H���C�HN]-J5F^d>F>SiF>GDHBdXH�L myHIAKGKJ5AK�fU�GKFXW1P^L�=5��HImyHIP^M^U�P-G��dXHBLKF>�#PfU�d�HIP
LDW1AKGKFXH_H�LKGeFXLDLKJqMVJqSTQId3U�P5��HhMVJRLKF>�#PfU�d"t���U�¡�H�C_drO W#LDCIF>d>d3U�GDHIJ5ABdXW�C�U�d �N�+= �8d;H�LKGNU�dXW1ADLBC�W1P^LKGKF>GKJ^Q_M5H_M5HIJV¦
C�W1SimyW#L7U�P-GDH�L��J5P^H�LKF>GKJ^Q�H�U�J5GDW1J5A+M5H ���������	��
 HIG2drO U�J5GKADHeU�J5GDW1J5A+M5H ��������	��
 = �BP^H�M5H�L�C�W1SimyW#L7U�P-GDH�L
M5W1F>GzM5W1P^C �IGKADHN�^d>GKADQ�H#= �2W1J5AB]-J^HcdXH�LzM5HIJV¦nC�W1SimyW#L7U�P-GDH�LzLDW1FXHIP-GeZ\ADQ�]-J^HIP-GKFXHId>dXHISTHIP-GcQIdXW1F>�#P^Q�H�LedrO J5P^H_M5H
drO U�J5GKADHHIGBZrU1CIF>d>F>GDHIAcC�H_�^d>GKA7U���H���d3U�Z\ADQ�]-J^HIP^C�HhF>P-GDHIAKSTQ�MVF3U�F>ADHiM5W1F>G �IGKADHQIdXHI¡�Q�H�L7U�P^LNM5QImfU1LDLDHIANd3UiSTW1F>GKFXQ
M5Hcd3UZ\ADQ�]-J^HIP^C�H��N��²&ADHIm5d>FXHISTHIP-GNM5H_LKmyH�CIGKADH%µ�=
�"UNLDW1AKGKFXHeM5H�d3UzZ[W1P^CIGKFXW1PTt�jNH�LKG2J5PTLKF>�#PfU�d5C�W1P-GDHIPfU�P-G+dXHeLKF>�#PfU�dVSTW�MVJ5dXQ�J5GKF>dXH��#M5H�L�LKF>�#PfU�JV¦STW�MVJ5dXQ�L

mfU�A7U1LKF>GDH�LBHIG�5M^U�P^LzGDW1J^LedXH�LzC�U1L�5M5H�LzEfU�AKSTW1P5FX]-J^H�LBHIP5��HIP^MVADQ�LzmfU�Azd3UP^W1PVYrd>F>P^Q�U�AKF>GDQM5H�LeSTQId3U�P5��HIJ5ADL�=
'��\'��3��� $ � � � , � . $3� * � * ��� * � � �
�c������9 *-,

�+O HIP-GKADQ�H·M5HTd3U·Z[W1P^CIGKFXW1P¸t�pqH�LKG_dXHTLKF>�#PfU�d�M5H/LDW1AKGKFXHTM5HTd3U·Z[W1P^CIGKFXW1P¸t�jqC�W1P-GDHIPfU�P-G�dXHTLKF>�#PfU�d STW�MVJ5dXQ
J5GKF>dXH��5dXH�LzLKF>�#PfU�JV¦�STW�MVJ5dXQ�LzmfU�A7U1LKF>GDH�LBHIGedXHIJ5ADLzEfU�AKSTW1P5FX]-J^H�L�=

. �f�%�%$ *-,
�"UTLDW1AKGKFXHhM5Hht�pTH�LKGBd3UTLDW1AKGKFXH_�#dXW1�fU�dXHMVJ�LK VLKGD�ISTH#=^��d>dXHLDH_m5ADQ�LDHIP-GDHLDW1J^LeZ[W1AKSTHhM�O W1P^M5H�LcQIdXH�CIGKADW1S/U%Y
�#P^QIGKFX]-J^H�LzADQImyW1P^M^U�P-Gc¬�M5H�LzCIAKF>GD�IADH�LBHIPnZ\ADQ�]-J^HIP^C�H`HIGBHIPnm5J5FXLDL7U�P^C�H#=

�����"!#�%$&���
�"U_Z[W1P^CIGKFXW1Pnt�phADQ�U�d>FXLDHNM5H�LeW1myQIA7U�GKFXW1P^Lz¬_d3U_Z\ADQ�]-J^HIP^C�HcsBt�=5��H�L�W1myQIA7U�GKFXW1P^LeLDW1P-GeM5HcM5HIJV¦·G8 �myH�L 	�M5H�L
W1myQIA7U�GKFXW1P^LNM5H`SiFXLDH_HIPnZ[W1AKSTHhMVJRLKF>�#PfU�d"HIGBJ5P^H_W1myQIA7U�GKFXW1P�M5H`GKA7U�P^L±Z[W1AKS/U�GKFXW1P¢MVJRLKF>�#PfU�dr=f�;H�LBW1myQIA7U%Y
GKFXW1P^LcM5H_SiFXLDHHIPRZ[W1AKSTHhmyHIAKSTHIGKGDHIP-G`M5HhSTW�MVF{�fHIANdXHLKmyH�CIGKADHhHIGNd3UTm5J5FXLDL7U�P^C�HMVJ¢LKF>�#PfU�dr=��+O W1myQIA7U�GKFXW1P
M5HcGKA7U�P^L±Z[W1AKS/U�GKFXW1PRmyHIAKSTHIGBM5H_C�W1P-¡�HIAKGKF>ABdXH`LKF>�#PfU�d"sBt��#J5FXM5QhHIPqLKF>�#PfU�d"sBt�A7U� �W1P5P^Q#=
�;HRGKA7U�¡#U�F>d`H 9�H�CIGKJ^Q¢U�J§C�W1J5ADL·M5HRd3U GKE^��LDHRmyW1AKGDH�LKJ5A·C�HIGKGDHqZ[W1P^CIGKFXW1P§t�p ��U�m5myHIdXQ�HRmfU�A·d3U�LKJ5F>GDH

¹IQISTHIGKGDHIJ5ANsBte¹1=
'��\'��3��� 0 � *-, !��1$ � �%$&��� 68���"!#�%$&���2� *��\�&* � *��(' 9�� * ��� *  "��� ���±68���"!#�%$&��� � ���
�+O QISTHIGKGDHIJ5ABsBt¸H�LKG�dXH`M5HIAKP5FXHIABQIG7U���H`M�O J5P^H`CDEfU�F>P^H_M�O QISiFXLDLKFXW1P;=f��W1SiSTH_M5Q�CIAKF>Gem5ADQ�C�Q�M5HISiSTHIP-G�^F>d

ADHISim5d>F>GBM5HIJV¦�Z[W1P^CIGKFXW1P^L 	5d3USiFXLDH_HIP�Z[W1AKSTH_MVJqLKF>�#PfU�d"HIGed3UiC�W1P-¡�HIADLKFXW1P�HIPqLKF>�#PfU�d;A7U� �W1P5P^Q#=
� ��' � + $ ,�*�* � 68�f�1� * �� , $ � � .^��;HRLKF>�#PfU�dNHIP�HIP-GKADQ�HRH�LKG·C�W1P^LKGKF>GKJ^QRMVJ�LKF>�#PfU�dBJ5GKF>dXHqSTW�MVJ5dXQ�� M5HRLKF>�#PfU�JV¦ M�O F>P-GDHIAKSTW�MVJ5d3U�GKFXW1P HIG·M5H

LKF>�#PfU�JV¦�EfU�AKSTW1P5FX]-J^H�LzM �^LBU�JV¦�P^W1PVYrd>F>P^Q�U�AKF>GDQ�LBM5H�LeSTQId3U�P5��HIJ5ADL�= �2W1J5AzADQ�LKJ5STHIA�VdXH�L��^�#J5ADH�L_<#= »HIG_<#= v
M5W1P5P^HIP-GNdrO U�d>d>J5ADHMVJRLKmyH�CIGKADHhMVJ�LKF>�#PfU�d"M�O HIP-GKADQ�H�M5H`drO QISTHIGKGDHIJ5AcsBt©myW1J5A�fM�O J5P^H_mfU�AKG�^J5P^HhLKGKAKJ^CIGKJ5ADH
E^QIGDQIADW�MV �P^H_HIG�^M�O U�J5GKADH`mfU�AKG�5J5P^H_LKGKAKJ^CIGKJ5ADHh¬�C�W1P-¡�HIADLKFXW1P�MVF>ADH�CIGDH#=
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nporq � <#= � �·kcH�LDCIAKF>m5GKFXW1PqZ[W1P^CIGKFXW1P5P^HId>dXHhM5HcdrO QISTHIGKGDHIJ5ANsBt
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LO
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LO
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LO
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f
LO

−3f
IF

f
LO

+3f
IF

2f
LO

−f
IF

2f
LO

+f
IF

2f
LO

−3f
IF

2f
LO

+3f
IF 3f

LO
−f

IF

2fRFfRF

nporq � <#= » �T?Bd>d>J5ADHcMVJ�LKmyH�CIGKADHNHIP�HIP-GKADQ�H`M�O J5P�QISTHIGKGDHIJ5AzsBt°myW1J5A�J5P^HcCDEfU%gXP^HcM�O QISiFXLDLKFXW1P�E^QIGDQIADW�MV �P^H

0

Spectre

f  2fRFfRF=fLO

nporq � <#= v �?Bd>d>J5ADHeMVJ/LKmyH�CIGKADHeHIPTHIP-GKADQ�HBM�O J5P/QISTHIGKGDHIJ5A sBt�myW1J5A�J5P^HeCDEfU%gXP^HBM�O QISiFXLDLKFXW1P·¬cC�W1P-¡�HIADLKFXW1P
MVF>ADH�CIGDH
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�"U�SiFXLDH`HIP�Z[W1AKSTH`MVJqLKF>�#PfU�d"C�W1P^LKFXLKGDH_¬h�^d>GKADHIAzdXH�LzLKF>�#PfU�JV¦nHIGB¬iU�Sim5d>F{�fHIABC�H_LKF>�#PfU�d �^U%�^PRM�O U�¡�W1F>A�
HIP LDW1AKGKFXHRM5HndrO QISTHIGKGDHIJ5A� dXH�L/LKmyQ�CIF{�fC�U�GKFXW1P^L·M5Hnm5J5FXLDL7U�P^C�HRHIG/M5HnZ\ADQ�]-J^HIP^C�HRM5W1P5P^Q�H�LTmfU�A/d3U¢P^W1AKSTH
²\?BP5P^H�¦5Hq?`µ�=+�"U¢Z[W1P^CIGKFXW1P�t�pV<RC�W1Sim5ADHIP^M M5W1P^CqJ5P^HRW1J M5H�LiZ[W1P^CIGKFXW1P^L·M5Hn�^d>GKA7U���HRHIGTJ5P^HRW1J M5H�L
Z[W1P^CIGKFXW1P^LBM�O U�Sim5d>F{�fC�U�GKFXW1P;=
�;H��^d>GKA7U���HzmyHIAKSTHIG M5HzLKJ5m5m5AKF>STHIA dXH�L+LKF>�#PfU�JV¦iP^HzC�W1P-GDHIPfU�P-G�mfU1L+M�O F>PVZ[W1AKS/U�GKFXW1PnU%�^P/M5Hed>F>SiF>GDHIA+dXH�L

F>P-GDHIA±Z[QIADHIP^C�H�LLKJ5A_M�O U�J5GKADH�LLK VLKGD�ISTH�L_M5HiGDQIdXQ�C�W1SiShJ5P5FXC�U�GKFXW1P;=+��H�CIF M5W1F>G_�5FXHIP�HIP-GDHIP^MVJ©LDHZrU�F>ADHTL7U�P^L
M5QI�#A7U1M^U�GKFXW1P�MVJRLKF>�#PfU�d�J5GKF>dXH��^C#O H�LKG±Y ¬%Y8MVF>ADHhM5HcdrO F>PVZ[W1AKS/U�GKFXW1P;=
�+O U�Sim5d>F{�fC�U�GKFXW1P§MVJ LKF>�#PfU�dBmyHIAKSTHIG/M�O U�J5�#STHIP-GDHIA·dXHnA7U�m5myW1AKG/LKF>�#PfU�dBLKJ5AT�5AKJ5F>G·¬¢drO QISiFXLDLKFXW1P;= �"U

m5J5FXLDL7U�P^C�HTQISiFXLDHTM5W1F>G_P^Q�U�P5STW1F>P^LhADH�LKmyH�CIGDHIAhC�HIAKG7U�F>P^H�LhC�W1P-GKA7U�F>P-GDH�Ln²\?BP5P^H�¦5HT?`µ��"U%�^P�M5Hid>F>SiF>GDHIA_dXH�L
F>P-GDHIA±Z[QIADHIP^C�H�L+LKJ5A�M�O U�J5GKADH�L�LK VLKGD�ISTH�L�M5H�GDQIdXQ�C�W1SiShJ5P5FXC�U�GKFXW1P·M�O J5P^H�mfU�AKG�HIG2myW1J5A�ADQ�MVJ5F>ADH�M�O QI¡�HIP-GKJ^HId>dXH�L
ADQImyHIADCIJ5GKFXW1P^LzP^Q�ZrU1LKGDH�LemyW1J5Azd3U�L7U�P-GDQ_M�O U�J5GKADH_mfU�AKG�=

� ��� � � ��� � * � , $&��� �� , $ � � .^� �  2$&�29 * � , $ � � .^� � .�� ���2�"9��HIGKGDH©M5HIAKP5FX�IADH�Z[W1P^CIGKFXW1P«M5H¸drO QISiFXLDLKFXW1P�H�LKG¢HIP-GKFX�IADHISTHIP-G ADQ�U�d>FXLDQ�H¸mfU�A¢drO U�P-GDHIP5P^H#=`�;H�L�P^W1AKSTH�L¢P^H
M5W1P5P^HIP-G�U�J^CIJ5P^H°F>P^MVFXC�U�GKFXW1P�LKJ5AqC�HIGqQIdXQISTHIP-G�HIGnF>d`H�LKGnS �ISTH LKmyQ�CIF{�fQ ²\?BP5P^H�¦5H°?`µ·]-J^H¢dXH�L�myHIA±Y
Z[W1AKS/U�P^C�H�L�M5H/drO U�P-GDHIP5P^HqU� -U�P-G�J5P¸F>SimfU1CIGiLKF>�#P5F{�fC�U�GKF{ZNLKJ5AdXH�LmyHIA±Z[W1AKS/U�P^C�H�L�#dXW1�fU�dXH�L�MVJ©LK VLKGD�ISTH��
J5P^Hz¡�HIADLKFXW1PTZ\J5GKJ5ADHBMVJ·M5W�CIJ5STHIP-G�F>P^CId>J5A7U_J5P^HBLKmyQ�CIF{�fC�U�GKFXW1P�LKJ5A+J5P/SiF>P5F>ShJ5S�M�O H�
/C�U1CIF>GDQNM�O U�P-GDHIP5P^H#=

�8d^H�LKG�P^Q�U�P5STW1F>P^L+myW#LDLKF>�5dXHeM5HzLKmyQ�CIF{�fHIA+]-J^HIdX]-J^H�L+C�U�A7U1CIGDQIAKFXLKGKFX]-J^H�L myW1J5A+C�HIGKGDH�Z[W1P^CIGKFXW1P;=��+O U�P-GDHIP5P^H
ADH J�W1F>G�J5PnLKF>�#PfU�d�sBt LDW1J^L Z[W1AKSTHcM�O J5P^HcW1P^M5HN�#J5FXM5Q�H`C�W1P-GDHIPfU�P-GedXH�L�F>PVZ[W1AKS/U�GKFXW1P^Lz¬hGKA7U�P^LKSTHIGKGKADH#=V��d>dXH
C�W1P-¡�HIAKGKF>G/C�HIGKGDHnW1P^M5Hn�#J5FXM5Q�HnHIP J5P^HnW1P^M5H�A7U� �W1P5P^Q�Hq]-J5FemyW1AKGDH·drO F>PVZ[W1AKS/U�GKFXW1P �±J^LD]-J;O U�J ADQ�C�HIm5GDHIJ5A�=
�"U/]-JfU�d>F>GDQhM5Hhd3Uid>F3U�FXLDW1P¢H�LKGNM5Q��^P5FXHhmfU�ABdXHhA7U�m5myW1AKGNLKF>�#PfU�d�LKJ5AB�5AKJ5F>G`U�JRP5F>¡�H�U�J¢M5HC�H_ADQ�C�HIm5GDHIJ5A�=y�"U
m5J5FXLDL7U�P^C�HeQISiFXLDHeM^U�P^L�dXH�L+MVF>ADH�CIGKFXW1P^L U�J5GKADH�L+]-J^H�dXH�ADQ�C�HIm5GDHIJ5A H�LKG�myHIADMVJ^HeHIG�myHIJ5G��dXHeC�U1L�Q�CDE^Q�U�P-G��myHIA±Y
GKJ5AK�yHIAzM�O U�J5GKADH�Led>F3U�FXLDW1P^L�=VkcHNZrUKJ�W1PnLKF>Sim5d>F{�fQ�H��^M5HIJV¦·G8 �myH�LeM5H`LKGKA7U�GDQI�#FXH�LeM5HcA7U� �W1P5P^HISTHIP-GNM�O U�P-GDHIP5P^H
myHIJ5¡�HIP-G �IGKADH`J5GKF>d>FXLDQ�H�L 	VdXHcA7U� �W1P5P^HISTHIP-G`]-JfU1LKF{Y8W1SiP5FXMVF>ADH�CIGKFXW1P5P^HId�HIGedXH`A7U� �W1P5P^HISTHIP-GcMVF>ADH�CIGKFXW1P5P^HIdr=

�§sNU� �W1P5P^HISTHIP-Ge]-JfU1LKF{Y8W1SiP5FXMVF>ADH�CIGKFXW1P5P^HId 	hdXHzA7U� �W1P5P^HISTHIP-GeP^HBLDHeZrU�F>G+mfU1L�LKJ5F>¡#U�P-G�J5P^HBMVF>ADH�CIGKFXW1P
m5AKF>¡�F>dXQI�#FXQ�H#=���HId3Uem5ADQ�LDHIP-GDH�drO U�¡#U�P-G7U���H�M5H�myW1J5¡�W1F>A"QISTHIGKGKADH+HIG;ADH�C�HI¡�W1F>A2]-J^HId>dXH�]-J^H+LDW1F>G�d3U�myW#LKF>GKFXW1P
M5H�drO U�P-GDHIP5P^H#=2x¢U�FXL`dXHiA7U�m5myW1AKGhM5Hid3U·m5J5FXLDL7U�P^C�HiA7U� �W1P5P^Q�H·M^U�P^L`J5P^HTMVF>ADH�CIGKFXW1P�mfU�A_A7U�m5myW1AKG¬
d3U/m5J5FXLDL7U�P^C�H�A7U� �W1P5P^Q�H�GDW1G7U�dXHiH�LKGNZrU�F>�5dXH���C�H�]-J5F�M5QI�#A7U1M5HidXHA7U�m5myW1AKG_LKF>�#PfU�d�LKJ5Ac�5AKJ5F>G_HIGcmyHIJ5G
myHIAKGKJ5AK�yHIAzM�O U�J5GKADH�LBd>F3U�FXLDW1P^LzQI¡�HIP-GKJ^HId>dXH�L�=

�§sNU� �W1P5P^HISTHIP-GhMVF>ADH�CIGKFXW1P5P^HId�	 dXHhA7U� �W1P5P^HISTHIP-GLDH_ZrU�F>GcLKJ5F>¡#U�P-G`J5P^H�²\W1J°M5H�L�µBMVF>ADH�CIGKFXW1P"²\L�µBm5AKF{Y
¡�F>dXQI�#FXQ�H�²\L�µ/²[U�P-GDHIP5P^Hq¬nZ[W1AKS/U�GKFXW1P M5HTZrU�FXLDC�H�U�JV¦fµ�=+��HId3Uqm5ADQ�LDHIP-GDH·dXH�LiU�¡#U�P-G7U���H�LTM5H/ADQ�MVJ5F>ADH·d3U
m5J5FXLDL7U�P^C�H�A7U� �W1P5P^Q�HiF>P-J5GKF>dXH/HIG�;U�F>P^LKF ��M�O U�STQId>FXW1ADHIA_d3U�]-JfU�d>F>GDQiM5H�d3U·d>F3U�FXLDW1P�HIG`M5H�m5ADW1GDQI��HIA_dXH�L
U�J5GKADH�L+ADQ�C�HIm5GDHIJ5ADL�=%��U�A�C�W1P-GKADH��-drO H�
/C�U1CIF>GDQNM5Hed3Ucd>F3U�FXLDW1P·H�LKG�Z[W1AKGDHISTHIP-G�M5QI�#A7U1M5Q�HBM^U�P^L dXHzC�U1L W��
F>d+U�m5mfU�A7U%gXG_J5P M5QImyW1F>P-G7U���HiGKADW1m°F>SimyW1AKG7U�P-G�=2��H�CIF�P^Q�C�H�LDLKF>GDH���M^U�P^LcdXHiC�U1L`M5H�d>F3U�FXLDW1P^LcSTW1�5F>dXH�L�
M5HADQ�U�d>FXLDHIA`M5Hd3UTZ[W1AKS/U�GKFXW1P M5HhZrU�FXLDC�H�U�JV¦¢HIP¢GDHISim^LcADQ�HId ��C�H�]-J5F�C�W1Sim5d>FX]-J^Hd3U·C�W1P^C�HIm5GKFXW1P�M5H
drO U�P-GDHIP5P^H#=

�;H¢G7U��5dXH�U�J <#= j¸ADQ�LKJ5STH¢dXH�LRU�¡#U�P-G7U���H�LRHIGnF>P^C�W1P-¡�QIP5FXHIP-GDL�M5H�LqM5HIJV¦ LKGKA7U�GDQI�#FXH�LqLKJ5F>¡�FXH�L�myW1J5AndXH
A7U� �W1P5P^HISTHIP-GcM�O J5P^HhU�P-GDHIP5P^H#=

sNU� �W1P5P^HISTHIP-G sNU� �W1P5P^HISTHIP-G
]-JfU1LKF{Y8W1SiP5FXMVF>ADH�CIGKFXW1P5P^HId MVF>ADH�CIGKFXW1P5P^HId

� 
/C�U1CIF>GDQhM5H`d3Ud>F3U�FXLDW1P
²\sNU�m5myW1AKGzm5J5FXLDL7U�P^C�HcJ5GKF>dXH tfU�F>�5dXH �8SimyW1AKG7U�P-GDH

LKJ5Aem5J5FXLDL7U�P^C�H`GDW1G7U�dXH`A7U� �W1P5P^Q�H%µ
�2HIAKGKJ5AK�fU�GKFXW1P°LKJ5AzM�O U�J5GKADH�Lzd>F3U�FXLDW1P^L �8SimyW1AKG7U�P-GDH tfU�F>�5dXH
�BGKF>d>FXL7U�GKFXW1PqmyW1J5Aed>F3U�FXLDW1P^LzSTW1�5F>dXH�L ³VU�P^LBMVF 
/CIJ5d>GDQ �NQ�C�H�LDLKF>GDQ`M�O J5P^HcZ[W1AKS/U�GKFXW1P

M5HcZrU�FXLDC�H�U�JV¦nHIPqGDHISim^LeADQ�HId
������ <#= j���?"¡#U�P-G7U���H�L+HIG+F>P^C�W1P-¡�QIP5FXHIP-GDL�M5H�L�A7U� �W1P5P^HISTHIP-GDL�]-JfU1LKF{Y8W1SiP5FXMVF>ADH�CIGKFXW1P5P^HIdXL�HIG MVF>ADH�CIGKFXW1P5P^HIdXL
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L�MNL�M�� �QaS\Kb TFX��;YVX6lmR j U.Y[P>TFX6aSWNW6a�f;a�WBhiPSj a YKY[aS^;T����
'��\'�� � �\' & ��!102$3� * !#�% "� * ! �&.5,�, $&:; *
?©d3UeLKJ5F>GDH M5H�L2LKmyQ�CIF{�fC�U�GKFXW1P^L;Z[W1P^CIGKFXW1P5P^HId>dXH�L�M5W1P5P^Q�H�L2m5ADQ�C�Q�M5HISiSTHIP-G��J5P^H M5H�LDCIAKF>m5GKFXW1P�M5H�L2C�W1SimyW�Y

L7U�P-GDL M�O J5P/QISTHIGKGDHIJ5A sBt¢H�LKG�m5ADQ�LDHIP-GDQ�HBM^U�P^L+C�HIGKGDHemfU�AKGKFXH#=-k`U�P^L�dXH�L+MVF:9�QIADHIP-GDH�L LKGKAKJ^CIGKJ5ADH�L+m5ADQ�LDHIP-GDQ�H�L
²3�^�#J5ADH�L·<#= jq¬°<#= w�µ���d3UnLKGKAKJ^CIGKJ5ADH/M5HidrO QISTHIGKGDHIJ5AsBt§H�LKG_FXM5HIP-GKFX]-J^H#="�"U��^�#J5ADHq<#= ��ADHIm5ADHIP^M�M5H�ZrUKJ�W1P
m5d>J^LcM5QIG7U�F>d>dXQ�HC�HIGKGDHLKGKAKJ^CIGKJ5ADH�]-J5F2H�LKGNC�W1P^LKGKF>GKJ^Q�H�M�O J5PR�^d>GKADHsBt��fM�O J5P°U�Sim5d>F{�fC�U�GDHIJ5A`M5Hhm5J5FXLDL7U�P^C�H��
M�O J5PRMVJ5m5dXH�¦5HIJ5A�fM�O QIdXQISTHIP-GDLBM�O U1M^U�m5G7U�GKFXW1P¢M�O F>SimyQ�M^U�P^C�HhHIGzM�O J5P^HhU�P-GDHIP5P^H#=

vers l e récepteur

Ondes
él ectro−

magnéti ques

rayonnées

Duplexeur AntenneAmpl i f icateur
de puissance

Fi l tre Passe−
bande RF

Adaptati on d’i mpédance

Sorti e
du

mél angeur

nporq � <#= � �n³�CDE^QIS/UTCId3U1LDLKFX]-J^H_M�O J5PqQISTHIGKGDHIJ5ANsBt

�e$ � ��� * �2.5,�,�* 4 " . �"� * � �
�;Hh�^d>GKADH�mfU1LDLDH�Yr�fU�P^M5HisBt �^d>GKADHdXH�LcEfU�AKSTW1P5FX]-J^H�L`HIGcdXH�Lcm5ADW�MVJ5F>GDL`M�O F>P-GDHIAKSTW�MVJ5d3U�GKFXW1P�HIP5��HIP^MVADQ�L

mfU�A�dXHzSTQId3U�P5��HIJ5A�=Vk`U�P^L�dXHBC�U1L�M5HBd3UhC�W1P-¡�HIADLKFXW1PnMVF>ADH�CIGDH��-dXH�L EfU�AKSTW1P5FX]-J^H�LeLDW1P-G�QIdXW1F>�#P^Q�LeM5Hzd3U_�fU�P^M5H
J5GKF>dXH°²3�^�#J5ADH¢<#= v�µ�=��"U�LDQIdXH�CIGKF>¡�F>GDQ�M�O J5P©GDHId �^d>GKADH·P;O H�LKGTU�dXW1ADLmfU1LiM5QIGDHIAKSiF>PfU�P-GDHnmyW1J5Ad3UR]-JfU�d>F>GDQ�MVJ
LKF>�#PfU�d�U�GKG7U1]-JfU�P-G�drO U�Sim5d>F{�fC�U�GDHIJ5AeM5HBm5J5FXLDL7U�P^C�H#=���U�AeC�W1P-GKADH��VM^U�P^L dXHBC�U1L�M�O J5P^HNLKGKAKJ^CIGKJ5ADHBE^QIGDQIADW�MV �P^H
²3�^�#J5ADH�<#= »#µ��-dXHBLKF>�#PfU�d�¬`Z\ADQ�]-J^HIP^C�HBF>S/U���HNHIG�dXH�L m5ADW�MVJ5F>GDL�M�O F>P-GDHIAKSTW�MVJ5d3U�GKFXW1PqM�O W1ADMVADH`p_LDHzADHIGKADW1J5¡�HIP-G
m5ADW�CDE^H�LBM5H`d3U�fU�P^M5H`J5GKF>dXH#=^k`U�P^LBC�H`C�U1L�VdrO J5GKF>d>FXL7U�GKFXW1P�M�O J5Pn�^d>GKADH_LDQIdXH�CIGKF{Z�H�LKGeP^Q�C�H�LDL7U�F>ADH#=
�;Hi�^d>GKADH/mfU1LDLDH�Yr�fU�P^M5H/sBt H�LKGM5Q��^P5F mfU�AhJ5P¸HIP^LDHISh�5dXH·M5H/C�W1P-GKA7U�F>P-GDH�LZ\ADQ�]-J^HIP-GKFXHId>dXH�L�=���H�LC�W1PVY

GKA7U�F>P5GDH�L/LDW1P-GTADHI�#ADW1J5myQ�H�L/LDW1J^L�Z[W1AKSTHqM�O J5P �-U��fU�AKF>G/C�W1SiSTHqdXH�STW1P-GKADHqd3UR�^�#J5ADH�<#=><�£V=���H��-U��fU�AKF>G
myHIJ5G �IGKADH_m5d>J^LNW1JRSTW1F>P^LNM5Q�MVJ5F>GcM5H�LBP^W1AKSTH�L�²\C�ZK=f?BP5P^H�¦5Hh?�myW1J5ABdrO �Nx��B³5µeHIPRm5ADHIPfU�P-GcHIP�C�W1Sim5GDH
drO F>P��^J^HIP^C�HhM5HcdrO HIP^LDHISh�5dXH_M5H�LzC�W1SimyW#L7U�P-GDLBM5Hcd3U�CDEfU%gXP^HhsBt§²[U�Sim5d>F{�fC�U�GDHIJ5A�fMVJ5m5dXH�¦5HIJ5ABHIGNU�P-GDHIP5P^H%µ�=
�2W1J5A_M5H�LBZ\ADQ�]-J^HIP^C�H�Lcm5ADW�CDE^H�LcM5Hd3UT�fU�P^M5H�J5GKF>dXH���m5d>J^LKFXHIJ5ADLNmfU�A7U�ST�IGKADH�L_LDW1P-G`CId3U1LDLKFX]-J^HISTHIP-GcJ5GKF>d>FXLDQ�L
²\?BP5P^H�¦5HhjV= j�µ 	

�§t5ADQ�]-J^HIP^C�HhC�HIP-GKA7U�dXH ���
�§�eU�P^M5H`mfU1LDL7U�P-GDH	��
 ���� � ����
� �2HIAKGDH�LBM�O F>P^LDHIAKGKFXW1P �����
� �BP^MVJ5d3U�GKFXW1P�M^U�P^Led3U��fU�P^M5H	�
�¶³�QIdXH�CIGKF>¡�F>GDQ/²\M5H_CDEfU1]-J^H_C�®1GDQ_M5H`d3U�fU�P^M5H%µ����±=
& � ��� $ � ! . � *  "�·� * �  2$ ,�,�. �"! *
�NO H�LKGeC�HNC�W1SimyW#L7U�P-Ge]-J5F�U�ST�IP^HNd3Uhm5J5FXLDL7U�P^C�HcU�J�P5F>¡�H�U�J�P^Q�C�H�LDL7U�F>ADHc¬hd3U_GKA7U�P^LKSiFXLDLKFXW1P;=^�NO H�LKG�drO J5P

M5H�LQIdXQISTHIP-GDL�dXH�Lhm5d>J^L�C�W1P^LDW1SiS/U�GDHIJ5ADLiM�O QIP^HIAK�#FXH�M5HTd3URCDEfU%gXP^H�M�O QISiFXLDLKFXW1P;= �8d�H�LKGhP^Q�C�H�LDL7U�F>ADH��"myW1J5A
M5H�LU�m5m5d>FXC�U�GKFXW1P^L�M5HiG8 �myHiSTW1�5F>dXH��"M�O U�J5�#STHIP-GDHIAiLDW1P°ADHIP^M5HISTHIP-G�=�kcHim5d>J^L�;C�HTC�W1SimyW#L7U�P-GM5W1F>G �IGKADH
dXHcm5d>J^L�d>F>P^Q�U�F>ADHcmyW#LDLKF>�5dXHNmyW1J5AeMVF>SiF>P-J^HIABdXH�LeH 9�HIGDLeM�O F>P-GDHIAKSTW�MVJ5d3U�GKFXW1P�HIG�d3U�CIADQ�U�GKFXW1PqM�O EfU�AKSTW1P5FX]-J^H�L�=
�BPqC�W1Sim5ADW1SiFXLBADHIP^M5HISTHIP-G �%d>F>P^Q�U�AKF>GDQ�H�LKGzM5W1P^C`P^Q�C�H�LDL7U�F>ADH#=
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fp1 fp2f0
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T2
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nporq � <#=><�£ �na`U��fU�AKF>GNM�O J5Pn�^d>GKADH`mfU1LDLDH�Yr�fU�P^M5H_sBt
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�q ���&* � *  "��;H�MVJ5m5dXH�¦5HIJ5A�M5W1F>G"�^d>GKADHIA�dXH�L"EfU�AKSTW1P5FX]-J^H�L�HIG2dXH�L"m5ADW�MVJ5F>GDL�M�O F>P-GDHISTW�MVJ5d3U�GKFXW1P/QIdXW1F>�#P^Q�L�M5H d3Uz�fU�P^M5H
HIG`LKJ^LDC�HIm5GKF>�5dXH�L`M5HmyHIAKGKJ5AK�yHIA`M�O U�J5GKADH�L`LK VLKGD�ISTH�LcM5H�C�W1SiShJ5P5FXC�U�GKFXW1P;= �8d�M5W1F>G_U�J^LDLKF2FXLDW1dXHIAcdrO QISiFXLDLKFXW1P
HIGzd3UiADQ�C�HIm5GKFXW1P;=y��W1SiSTH_d3Uim5J5FXLDL7U�P^C�Hh¬�drO QISiFXLDLKFXW1P�H�LKGzGKAD��LzF>SimyW1AKG7U�P-GDHhmfU�AzA7U�m5myW1AKGc¬�d3U�m5J5FXLDL7U�P^C�H
ADH JIJ^H��VdrO FXLDW1d3U�GKFXW1PnHIP-GKADH`QISiFXLDLKFXW1PnHIG�ADQ�C�HIm5GKFXW1PqM5W1F>G��IGKADHcQIdXHI¡�Q�Hi²\M5HNdrO W1ADMVADHcM5HBYrw-£1M5�zµ HIGeC�HNmyW1J5AeM5H�L
Z\ADQ�]-J^HIP^C�H�L m5ADW�CDE^H�L`²\H�¦5HISim5dXHNM5HBdrO �Nx��B³�	 �����¨><��#j#£%Y7<��#v#£1x�3B¯Iª;HIG�s����¨ jV<#<�£%Y jV<%»1£%ª\µ�=V�"U`ADQImyW1P^LDH
G8 �m5FX]-J^H_M�O J5PRMVJ5m5dXH�¦5HIJ5Azm5ADW�CDE^HhM5Hcd3U��fU�P^M5H_H�LKGzC�HId>dXH_M5Hcd3U�^�#J5ADHT<#=><#<#=

Duplexeur
Tx :  1

Ant :  2

Rx :  3

Fréquence

dB

S21 S32

Tx Rx

nporq � <#=><#< �·sBQImyW1P^LDHNZ\ADQ�]-J^HIP-GKFXHId>dXHhCId3U1LDLKFX]-J^H`M�O J5PRMVJ5m5dXH�¦5HIJ5Azm5ADW�CDE^H_M5H`d3U�fU�P^M5H

& ��� * �2� *
�+O U�P-GDHIP5P^H`H�LKG dXHBC�W1SimyW#L7U�P-G �^PfU�dyM5HzdrO QISTHIGKGDHIJ5AesBt�=���d>dXHBmyHIAKSTHIG�M5HzGKA7U�P^L±Z[W1AKSTHIA�dXHBLKF>�#PfU�df�^d>GKADQ

HIGTU�Sim5d>F{�fQ�HIP LKF>�#PfU�d�A7U� �W1P5P^Q#=���HIGKGDH·GKA7U�P^L±Z[W1AKS/U�GKFXW1P LDHTZrU�F>GTU�¡�H�C·J5P©ADHIP^M5HISTHIP-GR²&J5P^H�H�
/C�U1CIF>GDQ%µ
���
	�� =
'��\'�� � �3� . ���1 "!#�% "� *� 68���"!#�%$&���2� .^� $3��9q��9 �2. �%�%$ *
�;H�L/LKGKAKJ^CIGKJ5ADH�L�U1CIGKJ^HId>dXH�L·M�O QISTHIGKGDHIJ5A�LDW1P-G�+myW1J5A/M5H�LTA7U�FXLDW1P^L/M5HqLKF>Sim5d>FXCIF>GDQ�� C�W1P>JIJ^H�L/�5dXW�CnmfU�A

�5dXW�C#= �NO H�LKG±Y ¬%Y8MVF>ADHq]-J^HnCDEfU1]-J^H·Z[W1P^CIGKFXW1P5PfU�d>F>GDQqH�LKGiADQ�U�d>FXLDQ�H�mfU�AiJ5P W1J M5H�LiC�W1SimyW#L7U�P-GDL/M5Q�MVFXQ�L�=��;H
�^d>GKA7U���HcH�LKG ADQ�U�d>FXLDQBmfU�A�J5P/�^d>GKADHNsBt HIG�dXHNMVJ5m5dXH�¦5HIJ5A�-drO U�Sim5d>F{�fC�U�GKFXW1PnmfU�A�J5PnU�Sim5d>F{�fC�U�GDHIJ5Ah²&¡�W1F>ADHBJ5P
m5ADQ�Y U�Sim5d>F{�fC�U�GDHIJ5A�µBHIGzd3UiC�W1P-¡�HIADLKFXW1P¢HIPRQIP^HIAK�#FXH_A7U� �W1P5P^Q�H_mfU�ABdrO U�P-GDHIP5P^HhC�W1SiSTH_dXH`STW1P-GKADHhd3U�^�#J5ADH
<#=><�jV=

Ondes
él ectro−

magnéti ques

rayonnées

Duplexeur Antenne
Ampl i f icateur
de puissance

Fi l tre Passe−
bande RF

Sorti e
du

mél angeur

Fonction
Rayonnement

Fonction
Ampl i f ication

Fonction Fi l trage

nporq � <#=><�j �·sBQImfU�AKGKF>GKFXW1PRM5H�LeZ[W1P^CIGKFXW1P5PfU�d>F>GDQ�LBLKJ5AeJ5PRQISTHIGKGDHIJ5ANsBt¸CId3U1LDLKFX]-J^H
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��P¢m5d>J^LcM5HC�H�LcLKGKAKJ^CIGKJ5ADH�LcCId3U1LDLKFX]-J^H�LcM�O QISTHIGKGDHIJ5A�yF>d2myHIJ5G �IGKADHF>P-GDQIADH�LDL7U�P-G_M�O QIGKJ^MVFXHIA`M5H�LcLKGKAKJ^C�Y
GKJ5ADH�L�M^U�P^L�dXH�LD]-J^HId>dXH�L2dXH�L"Z[W1P^CIGKFXW1P5PfU�d>F>GDQ�L�P^H�LDW1P-G2m5d>J^L�m5E- VLKFX]-J^HISTHIP-G�LDQImfU�ADQ�H�L 	%dXH�L�LKGKAKJ^CIGKJ5ADH�L+¬eZ[W1P^C�Y
GKFXW1P5PfU�d>F>GDQiADQImfU�AKGKFXH#=2��HId3U�F>Sim5d>FX]-J^Hi]-J^HiC�HIAKG7U�F>P^L_C�W1SimyW#L7U�P-GDL_ADQ�U�d>FXLDHIP-G_m5d>J^LKFXHIJ5ADLcZ[W1P^CIGKFXW1P^L_C�W1SiSTH
mfU�A`H�¦5HISim5dXH�drO U�Sim5d>F{�fC�U�GKFXW1P¸HIGcdXH�^d>GKA7U���HTU�¡�H�C�J5P�U�Sim5d>F{�fC�U�GDHIJ5A`�^d>GKA7U�P-G�=2��H�CIF+H�LKGc�5FXHIP L �5AcdXH�C�U1L
myW1J5A`CDEfU1]-J^H�MVFXLKmyW#LKF>GKF{Z S/U�FXL�yHIP¢��QIP^QIA7U�d ��W1P¢P^HS/U%gXGKAKFXLDHADQ�HId>dXHISTHIP-Gh]-J;O J5P^H�LDHIJ5dXH�C�U�A7U1CIGDQIAKFXLKGKFX]-J^H#=
k`U�P^L`dXHiC�U1L_W�� m5d>J^LKFXHIJ5ADL_C�U�A7U1CIGDQIAKFXLKGKFX]-J^H�LLDW1P-G`S/U%gXGKAKFXLDQ�H�L��J5P^HiADQImfU�AKGKF>GKFXW1P¸M5H�L_C�W1P-GKA7U�F>P-GDH�LM�O J5P^H
Z[W1P^CIGKFXW1P5PfU�d>F>GDQzLKJ5A�m5d>J^LKFXHIJ5ADL�C�W1SimyW#L7U�P-GDL+H�LKG�myW#LDLKF>�5dXH#=1?BF>P^LKF ��myW1J5A�CDEfU1]-J^HeC�W1SimyW#L7U�P-G�1dXH�P^W1Sh�5ADHzM5H
C�W1P-GKA7U�F>P-GDH�LcP;O H�LKGBmfU1LzZ[W1ADC�QISTHIP-GNADQ�MVJ5F>G�fS/U�FXLBdXH�LNC�W1P-GKA7U�F>P-GDH�L`LDW1P-GNM5H_PfU�GKJ5ADH�LcMVF:9�QIADHIP-GDH�LcHIGBSTW1F>P^L
Z[W1AKGDH�L�=5�;H�LzLDCDE^QIS/U1Lzm5ADQ�LDHIP-GDQ�LzLKJ5Aed3Uh�^�#J5ADHT<#=><�p�STW1P-GKADHIP-GN]-J^HIdX]-J^H�LzH�¦5HISim5dXH�LzM5HcGDHId>dXH�LBLKGKAKJ^CIGKJ5ADH�L�=

Fonction f i l trage

Fonction ampl i f ication
Fonction

rayonnement

Fonction
rayonnement

Fonction f i l trage

Fonction ampl i f ication

nporq � <#=><�p�����¦5HISim5dXH�LBM5H`LKGKAKJ^CIGKJ5ADH�LN¬Z[W1P^CIGKFXW1P5PfU�d>F>GDQ_ADQImfU�AKGKFXH

� EfU1]-J^HqC�W1SimyW#L7U�P-GTShJ5d>GKF{Y[Z[W1P^CIGKFXW1P§M5W1F>GTADQImyW1P^MVADHR¬¢M5H�L/C�W1P-GKA7U�F>P-GDH�L·M5HnPfU�GKJ5ADH�L/MVF:9�QIADHIP-GDH�L 	
�^d>GKA7U���H��+U�Sim5d>F{�fC�U�GKFXW1P W1J A7U� �W1P5P^HISTHIP-G�= �;H�LiC�W1P-GKA7U�F>P-GDH�L/dXH�L�m5d>J^LZ[W1AKGDH�LiM5QIGDHIAKSiF>P^HIP-GTd3UqZ[W1P^CIGKFXW1P
m5ADHISiFX�IADH�MVJ¢C�W1SimyW#L7U�P-GcHIGNmyHIAKSTHIGcM5H_ZrU�F>ADHhd3U/MVFXLKGKF>P^CIGKFXW1P¢HIP-GKADHJ5P^H�U�P-GDHIP5P^H�^d>GKA7U�P-GDH�HIGNJ5PR�^d>GKADH
A7U� �W1P5PfU�P-G+mfU�A�H�¦5HISim5dXH#=#k`U�P^L2dXH m5ADHISiFXHIA+C�U1L�%d3UeZ[W1P^CIGKFXW1P�m5AKF>P^CIF>mfU�dXHeH�LKG2dXH�A7U� �W1P5P^HISTHIP-G HIG�]-J^HIdX]-J^H�L
C�W1P-GKA7U�F>P-GDH�L_M5H_�^d>GKA7U���H�LDW1P-G`U �KW1J5GDQ�H�LNdXW1ADLcM5Hhd3U/C�W1P^C�HIm5GKFXW1P;=�k`U�P^LNdXHLDH�C�W1P^M�C�U1L�fd3UiZ[W1P^CIGKFXW1P¢m5AKF>PVY
CIF>mfU�dXHiH�LKG`dXH�^d>GKA7U���HTHIG_]-J^HIdX]-J^H�L`LKmyQ�CIF{�fC�U�GKFXW1P^LhM5HA7U� �W1P5P^HISTHIP-G�LDW1P-GU �KW1J5GDQ�H�L�= �8d�H�¦VFXLKGDHiM5H�P^W1S�Y
�5ADHIJ^LDH�L�LKGKAKJ^CIGKJ5ADH�Lz¬`Z[W1P^CIGKFXW1P5PfU�d>F>GDQcADQImfU�AKGKFXHcmyW#LDLKF>�5dXH�L�=V��W1SiSTH`H�¦Vm5d>FXCIF>GDQNm5ADQ�C�Q�M5HISiSTHIP-G�^C�HBGKA7U�¡#U�F>d
M5HqGKE^��LDH�L�O F>P-GDQIADH�LDLDHRm5d>J^L/mfU�AKGKFXCIJ5d>FX�IADHISTHIP-GRU�J�m5ADW1�5dX�ISTH¢M5Hqd3U ADQImfU�AKGKF>GKFXW1P MVJ �^d>GKA7U���H�M^U�P^L·J5P^H
CDEfU%gXP^HhM�O QISiFXLDLKFXW1P;=
L�MNL�M�� � XNR`X6U.YV^;TFXN\ U.YVX6lmR?a Y b lmj � lm\ U�RmYV\ j ^`WZYVX�� �,lmR`b	YVX6lmR`\
�;H�L LK VLKGD�ISTH�L+M5HeGDQIdXQ�C�W1SiShJ5P5FXC�U�GKFXW1PnSTW1�5F>dXH�L M5W1F>¡�HIP-G�VU%�^P/M5HeADQImyW1P^MVADHNU�JV¦i�yH�LDW1F>P^L+M5H�L+J5GKF>d>FXL7U%Y

GDHIJ5ADL��ADH�LKmyH�CIGDHIA�M5H�L�C�W1P-GKA7U�F>P-GDH�L M5H G7U�F>d>dXHeM5H m5d>J^L�HIPm5d>J^L2Z[W1AKGDH�L�=��"Uz�^�#J5ADH`<#=><IwcSTW1P-GKA7U�P-G+drO QI¡�W1d>J5GKFXW1P
M5H`d3U�G7U�F>d>dXHhM�O J5P^HhC�U�AKGDHa_³�xoLKJ5ABCIF>P^]nU�P^L²±<��#�#}%Y �#��µ�F>d>d>J^LKGKADHhC�HIGKGDH_GDHIP^M^U�P^C�H¬�d3U�SiF>P5F3U�GKJ5AKFXL7U�GKFXW1P;=
kcHIm5J5FXL+myHIJ��1d3UcGDHIP^M^U�P^C�HzH�LKG+STW1F>P^L ¬cd3UNADQ�MVJ^CIGKFXW1P·M5Hed3UNG7U�F>d>dXHz�#dXW1�fU�dXHzM5H�L�GDHIAKSiF>PfU�JV¦/]-J;O ¬NdrO F>P-GDQI�#A7U%Y
GKFXW1P�M5Hzm5d>J^L�HIP/m5d>J^L�M5HBLDHIAK¡�FXC�H�L myW1J5A J5P^HBG7U�F>d>dXHBFXM5HIP-GKFX]-J^H#=�k`U�P^L�C�HNC�W1P-GDH�¦VGDH��-d3U_ADQ�MVJ^CIGKFXW1P�M5HzG7U�F>d>dXH
M5H�LhC�W1SimyW#L7U�P-GDLhP;O H�LKGhmfU1L_d3UqLDW1d>J5GKFXW1P�J5P5FX]-J^H#="�+O F>P-GDQI�#A7U�GKFXW1P M5HTm5d>J^LKFXHIJ5ADL`Z[W1P^CIGKFXW1P^LM^U�P^LhJ5P�LDHIJ5d
C�W1SimyW#L7U�P-GzW1Jnd3UC�W1P^C�HIm5GKFXW1PRM5H`C�W1SimyW#L7U�P-GDLeShJ5d>GKF{Y8LKG7U�P^M^U�ADM5LBC�W1P-GKAKF>�5J^HhU�J^LDLKF;¬d3UhSiF>P5F3U�GKJ5AKFXL7U�GKFXW1P
M5H�LeGDHIAKSiF>PfU�JV¦ ¨ ��ª8=
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nporq � <#=><Iw �·��¡�W1d>J5GKFXW1P�M5H`d3UG7U�F>d>dXH_HIGBM5Hcd3UiC�W1P^LKGKF>GKJ5GKFXW1P�M5H�LzC�U�AKGDH�LNa_³�x LKJ5AN}iU�P^L

'��\'�� $ �\' ������9 � � . �%$&��� . ��� * �2� * 4 ��� ��� * � � ����0�� �
�;H�Lcm5AKF>P^CIF>mfU�dXH�L_C�U�A7U1CIGDQIAKFXLKGKFX]-J^H�L`M5Hd3UTZ[W1P^CIGKFXW1P¢A7U� �W1P5P^HISTHIP-GLDW1P-GcdXHhADHIP^M5HISTHIP-GhHIGcd3UTADQImfU�AKGKF{Y

GKFXW1P©M5HTm5J5FXLDL7U�P^C�H·QISiFXLDH#=���H�LhmfU�A7U�ST�IGKADH�L�LDW1P-G�HIP���QIP^QIA7U�deW1m5GKF>SiFXLDQ�LhmyW1J5Ahd3URW1J�dXH�Lh�fU�P^M5H�²\L�µ_M5H
Z\ADQ�]-J^HIP^C�HqJ5GKF>dXH�²\L�µ�= �+O W1m5GKF>SiFXL7U�GKFXW1P§MVJ ADHIP^M5HISTHIP-GnH�LKG/M5HqM5HIJV¦ G8 �myH�L 	�J5P^HRW1m5GKF>SiFXL7U�GKFXW1P§LKJ5ATdXH�L
myHIAKGDH�LeF>P-GKAKF>P^LD��]-J^H�LNM5HcdrO U�P-GDHIP5P^HhHIGzJ5P^H_W1m5GKF>SiFXL7U�GKFXW1PRLKJ5AzdrO U1M^U�m5G7U�GKFXW1P�M�O F>SimyQ�M^U�P^C�HhM5HcdrO U�P-GDHIP5P^H#=

�8P^LDQIADHIATJ5P^H�Z[W1P^CIGKFXW1P M5H·�^d>GKA7U���HnZ\ADQ�]-J^HIP-GKFXHIdN¬¢J5P^HRU�P-GDHIP5P^HqADHI¡�FXHIP-G·¬°W1�5GDHIP5F>ATJ5P^Hnm5J5FXLDL7U�P^C�H
A7U� �W1P5P^Q�H_S/U%¦VF>S/U�dXHcmyW1J5AeJ5P^H`W1JqM5H�L��fU�P^M5H�²\L�µ�M5HNZ\ADQ�]-J^HIP^C�H`M5W1P5P^Q�H�²\L�µ�HIGeJ5P^Hcm5J5FXLDL7U�P^C�HcA7U� �W1P5P^Q�H
ADQ�MVJ5F>GDHzmyW1J5A+dXH�L�U�J5GKADH�L�Z\ADQ�]-J^HIP^C�H�L�= �BP^HzM5H�L+GDH�CDE5P5FX]-J^H�L myW#LDLKF>�5dXH�L+M5H��^d>GKA7U���HBC�W1P^LKFXLKGDHB¬cADQ�U�d>FXLDHIA J5P^H
LKGKAKJ^CIGKJ5ADHcmyW1J5A�d3U1]-J^HId>dXHNdXH�L�myHIAKGDH�L�¡#U�AKFXHIP-GeA7U�m5FXM5HISTHIP-GNU�¡�H�Ccd3U`Z\ADQ�]-J^HIP^C�H#=5�+O U�J5GKADH`LDW1d>J5GKFXW1PnC�W1P^LKFXLKGDH
¬hZrU�F>ADH`¡#U�AKFXHIAeZ\ADQ�]-J^HIP-GKFXHId>dXHISTHIP-GNdrO U1M^U�m5G7U�GKFXW1P�M5H`drO U�P-GDHIP5P^H#=

�2W1J5A�J5P �#A7U�P^M P^W1Sh�5ADH¢M�O U�P-GDHIP5P^H�LnCId3U1LDLKFX]-J^HISTHIP-G�J5GKF>d>FXLDQ�H�L�+J5P �^d>GKA7U���HqZ\ADQ�]-J^HIP-GKFXHIdcH�LKG·M5Q��D¬
U�m5myW1AKGDQqmfU�A/dXHqW1J dXH�LTADQ�LDW1PfU�GDHIJ5ADL·]-J5FNC�W1P^LKGKF>GKJ^HIP-G�C�HIGKGDH�U�P-GDHIP5P^H#=���P�H 9�HIG��d3U C�W1P-¡�HIADLKFXW1P§W1P^M5H
�#J5FXM5Q�H_W1P^M5H`A7U� �W1P5P^Q�H_P;O H�LKGeADQ�U�d>FXLDQ�H_U�¡�H�C`J5P^H`�fU�P^M5H`mfU1LDL7U�P-GDH`LKJ�
/L7U�P-GDH_]-J;O U�J5GDW1J5ABM5H�L�Z\ADQ�]-J^HIP^C�H�L
M5HNADQ�LDW1PfU�P^C�H#=5��PqM5HIE^W1ADLeM5H`C�H�L Z\ADQ�]-J^HIP^C�H�L�VF>d�M5HI¡�FXHIP-GzMVF 
/CIF>dXH`M�O U1M^U�m5GDHIAedrO U�P-GDHIP5P^H#=���HN�^d>GKA7U���H`H�LKG
d>FXQh¬drO U1M^U�m5G7U�GKFXW1P�HIGzP^W1P�U�JV¦�myHIAKGDH�L�=
'��\'�� $ �3� ������9 � � . �%$&��� . � ��� $ � ! . � *  "��4 ��� ��� *

�BP^H�Z[W1P^CIGKFXW1P¸M�O U�Sim5d>F{�fC�U�GKFXW1P©H�LKG_GDW1J �KW1J5ADLhC�W1P^LKGKAKJ5F>GDH·U�J5GDW1J5AM�O J5P�W1J�m5d>J^LKFXHIJ5ADL_GKA7U�P^LKFXLKGDW1A%²\L�µ��
C�W1SiSTHedXH�STW1P-GKADHed3UB�^�#J5ADH_<#=><�}V=-��HeC�W1SimyW#L7U�P-G��LDW1J^L+C�HIAKG7U�F>P^H�L C�W1P^MVF>GKFXW1P^L�#GKA7U�P^L±Z[W1AKSTH�d3UNm5J5FXLDL7U�P^C�H
M�O U�d>F>STHIP-G7U�GKFXW1P����
	RHIPim5J5FXLDL7U�P^C�H�sBtqP^Q�C�H�LDL7U�F>ADHz¬BdrO U�Sim5d>F{�fC�U�GKFXW1P;=-�+O W1m5GKF>SiFXL7U�GKFXW1P/M5H�L�QIdXQISTHIP-GDL+HIPVY
GDW1J5A7U�P-G�dXH�²\L�µyGKA7U�P^LKFXLKGDW1A%²\L�µ ²\CIF>ADCIJ5F>GDL�M�O U1M^U�m5G7U�GKFXW1P��1M5H myW1d3U�AKFXL7U�GKFXW1P���M5H d>F3U�FXLDW1P��%MVF>¡�FXLDHIJ5ADL ��C�W1Sh�5F>P^HIJ5ADL
M5H`m5J5FXLDL7U�P^C�H#=>=>= µ�myHIAKSTHIGBM�O W1�5GDHIP5F>ANM5H�LemyHIA±Z[W1AKS/U�P^C�H�LBHIPnm5J5FXLDL7U�P^C�H��^HIPq�-U�F>PRW1JqHIPq�5AKJ5F>G�=>=>=

�BP myHIJ5GnC�W1P^LKFXM5QIADHIAR]-J;O J5P^H¢¡#U�AKF3U�GKFXW1P F>SimyW1AKG7U�P-GDH MVJ§�-U�F>P¶HIP§Z[W1P^CIGKFXW1P¶M5H�d3U�Z\ADQ�]-J^HIP^C�H°H�LKG
Q�]-J5F>¡#U�dXHIP-GDH/¬·J5P°�^d>GKA7U���H#=;��P°STW�MVF{��U�P-GhdXH�L`C�U�A7U1CIGDQIAKFXLKGKFX]-J^H�L`Z\ADQ�]-J^HIP-GKFXHId>dXH�LM5H�L`CIF>ADCIJ5F>GDLhHIP-GDW1J5A7U�P-G
dXH�²\L�µ�GKA7U�P^LKFXLKGDW1A%²\L�µ���F>d�H�LKG"M5W1P^C+myW#LDLKF>�5dXH�M�O F>P-GKADW�MVJ5F>ADH�J5P^H�Z[W1P^CIGKFXW1PM5H��^d>GKA7U���H#=%k`U�P^L;d3Ue�fU�P^M5H+J5GKF>dXH���dXH�L
C�U�A7U1CIGDQIAKFXLKGKFX]-J^H�L�M5H�L"QIdXQISTHIP-GDL�M5W1F>¡�HIP-G��IGKADH W1m5GKF>SiFXLDQ�H�L"myW1J5A"ADQImyW1P^MVADH�¬zM5H�L"C�W1P-GKA7U�F>P-GDH�L�M5H+m5J5FXLDL7U�P^C�H
²[U1M^U�m5G7U�GKFXW1P��1d>F>P^Q�U�AKF>GDQ#=>=>= µ�=#��P�M5HIE^W1ADL�M5H d3Uz�fU�P^M5H���d3UBMVF 
/CIJ5d>GDQ�C�W1P^LKFXLKGDH�¬zS/U%gXGKAKFXLDHIA�dXH�C�W1SimyW1AKGDHISTHIP-G
Z\ADQ�]-J^HIP-GKFXHId M5H�L`QIdXQISTHIP-GDLU%�^P M5HADQImyW1P^MVADH/¬/J5P°�-U��fU�AKF>G_M5H�^d>GKA7U���HTM5W1P5P^Q���HIP°GDHIPfU�P-GhC�W1Sim5GDH���HIP
mfU�AKGKFXCIJ5d>FXHIA�fM5H�LeEfU�AKSTW1P5FX]-J^H�LNCIADQ�Q�H�LemfU�AzdXH�LeP^W1PVYrd>F>P^Q�U�AKF>GDQ�LNMVJqGKA7U�P^LKFXLKGDW1A�=



��� ���*��������� ��� � � �������	 � ��� ������� �������-����	����	��
 ���� ��� � ��� <�p

P
DC

P
eRF P

sRF

Circui t
de

polarisation

Ci rcui t
d’adaptati on
d’i mpédance

Ci rcui t
d’adaptati on
d’i mpédance

P
DC

P
eRF P

sRF

nporq � <#=><�} �·��¦5HISim5dXH�LBM5H_C�W1P^LKGKF>GKJ5GKFXW1PRM�O U�Sim5d>F{�fC�U�GDHIJ5ADLcM5Hcm5J5FXLDL7U�P^C�H_sBt

L�MNL�M�� � XNR`X6U.YV^;TFXN\ U.YVX6lmR?a Y b lmj � lm\ U�RmYV\ j ^`WZYVX�� \ Y[U�R`f;U'TFf`\
kcHIm5J5FXL+dXH�L+M5QI�5J5GDL M5Hed3UcGDQIdXQIm5E^W1P5FXHzSTW1�5F>dXH��#dXH�L+GDHIAKSiF>PfU�JV¦iP;O W1P-G�C�H�LDLDQeM�O QI¡�W1d>J^HIA�=-�;H�L+GDQIdXQIm5E^W1P^H�L

Z[W1P^CIGKFXW1P5PfU�P-GRLKJ5A·J5P LDHIJ5d`LKG7U�P^M^U�ADM«²ra_³�x¢�#£#£�µ·W1P-G�GDW1J5GqM�O U��yW1ADM§C�Q�M5Q�d3U�m5d3U1C�H°U�JV¦�GDHIAKSiF>PfU�JV¦
�5F{Yr�fU�P^M5H�L/²ra_³�x¢�#£#£%Y8k_�e³�<�v#£#£�µ`HIG`dXH�Lc��QIP^QIA7U�GKFXW1P^LU1CIGKJ^HId>dXH�L_HIGcZ\J5GKJ5ADH�L`LDW1P-G_ShJ5d>GKF{Yr�fU�P^M5H�L·²ra_³�xqY
k_�e³�Y(���e³�Y �Nx��B³�=>=>= µ�=V��H�GDHIAKSTHh¹�ShJ5d>GKF{Yr�fU�P^M5H�¹ ��GKA7U1MVJ5FXL7U�P-G+drO U1LKmyH�CIG+LKmyH�CIGKA7U�d^MVJiLK VLKGD�ISTH��#H�LKG�STW1F>P^L
U�m5m5ADW1m5AKFXQN]-J^H�¹�ShJ5d>GKF{Y8LKG7U�P^M^U�ADM;¹ �VADHIP^M^U�P-G�C�W1Sim5GDHNP^W1P·LDHIJ5dXHISTHIP-GeM5HzdrO U1LKmyH�CIG�W�C�CIJ5mfU�GKFXW1PnLKmyH�CIGKA7U�dXH
S/U�FXLqU�J^LDLKF`M�O U�J5GKADH�LqLKmyQ�CIF{�fC�U�GKFXW1P^Lnd>FXQ�H�LqU�J§G8 �myH¢M5H¢STW�MVJ5d3U�GKFXW1P��zU�J P5F>¡�H�U�J¶HIGq¬�d3U���H�LKGKFXW1P¶M5H
m5J5FXLDL7U�P^C�H#=>=>=^�;H`GDHIAKSTH/¹�ShJ5d>GKF{Y8LKG7U�P^M^U�ADM;¹hH�LKGzM5W1P^C`J5GKF>d>FXLDQ_M^U�P^Led3UiLKJ5F>GDH`M5H_C�H`M5W�CIJ5STHIP-G�=
'��\'�� 0��\' & ��!102$3� * !#�% "� *-, �¢ � �%$X4 , � . �"� . ��� ,i* �/� * !���� ���  "� . "�$ � $3��9
³VU�P^LU�d>dXHIAhM^U�P^L_dXHiM5QIG7U�F>d�M�O J5P^H/U�ADCDE5F>GDH�CIGKJ5ADH·M�O J5P¸LK VLKGD�ISTHiM5HTC�W1SiShJ5P5FXC�U�GKFXW1P��"F>d H�LKG_myW#LDLKF>�5dXH

M5H¢MVFXLKGKF>P5�#J^HIARM5HIJV¦§CId3U1LDLDH�LnM�O U�ADCDE5F>GDH�CIGKJ5ADH�LqShJ5d>GKF{Y8LKG7U�P^M^U�ADM5L 	�dXH�LqU�ADCDE5F>GDH�CIGKJ5ADH�LqShJ5d>GKF{Y8LKG7U�P^M^U�ADM5L
F>P-GKAKF>P^LD��]-J^H�LBHIGzdXH�LBU�ADCDE5F>GDH�CIGKJ5ADH�LBShJ5d>GKF{Y8LKG7U�P^M^U�ADM5LBADH�C�W1PV�^�#J5A7U��5dXH�L�=

�§xRJ5d>GKF{Y8LKG7U�P^M^U�ADM_F>P-GKAKF>P^LD��]-J^H 	IdrO U�ADCDE5F>GDH�CIGKJ5ADH�myHIJ5G�GKA7U�F>GDHIA"GDW1J^L;dXH�L;LKG7U�P^M^U�ADM5L"M5H+C�W1SiShJ5P5FXC�U�GKFXW1P
myW1J5A�dXH�LD]-J^HIdXL;HId>dXH+H�LKG;C�W1P>JIJ^H L7U�P^L"U�J^CIJ5P^H�ADH�C�W1PV�^�#J5A7U�GKFXW1P;=�k`U�P^L;J5P_C�U1L;d>F>SiF>GDH���HId>dXH�myHIJ5G�S �ISTH
��QIADHIAzm5d>J^LKFXHIJ5ADLzLKG7U�P^M^U�ADM5LBM5H`S/U�P5FX�IADH_LKF>ShJ5d>G7U�P^Q�H#=

�§xRJ5d>GKF{Y8LKG7U�P^M^U�ADMnADH�C�W1PV�^�#J5A7U��5dXH 	5drO U�ADCDE5F>GDH�CIGKJ5ADHhP^HcGKA7U�F>GDH_]-J;O J5PRLDHIJ5d"LKG7U�P^M^U�ADMR¬d3UZ[W1FXL�=��2W1J5A
CDEfU�P5��HIANM5H`LKG7U�P^M^U�ADM �5J5P^H`ADH�C�W1PV�^�#J5A7U�GKFXW1P¢QIdXH�CIGKADW1P5FX]-J^HhH�LKGeP^Q�C�H�LDL7U�F>ADH#=

�;H�L��^�#J5ADH�L_<#=><���HIG`<#=><%»�M5W1P5P^HIP-GB]-J^HIdX]-J^H�LeH�¦5HISim5dXH�LzM�O U�ADCDE5F>GDH�CIGKJ5ADH�LNM�O QISTHIGKGDHIJ5ADLzShJ5d>GKF{Y8LKG7U�P^M^U�ADM5L�=
'��\'�� 0��3� . � 9-!-$ � ! . �%$&��� , � *-, !���� � � ,�. ��� , �¢ � �%$X4 , � . �"� . ��� ,

� ��� � � ,�. ��� , �¢ � �%$X4 , � . �"� . ��� , $\�����1$\� , 9-:; *-,
�2W1J5AcCDEfU1]-J^HhC�W1PV�^�#J5A7U�GKFXW1P���dXH�LNC�W1SimyW#L7U�P-GDLNQIdXH�CIGKADW1P5FX]-J^H�LNF>P-GDHIAK¡�HIPfU�P-G`M^U�P^LBd3UTCDEfU%gXP^HsBt M5W1F>¡�HIP-G
ADQImyW1P^MVADH_¬M5H�LeLKmyQ�CIF{�fC�U�GKFXW1P^L�ShJ5d>GKF>m5dXH�LBHIGeC�W1P-GKA7U�F>�#PfU�P-GDH�L�=8�2W1J5AedXH�LzU�ADCDE5F>GDH�CIGKJ5ADH�LzShJ5d>GKF{Y8LKG7U�P^M^U�ADM5L
F>P-GKAKF>P^LD��]-J^H�L��M5HIJV¦qm5AKF>P^CIF>myH�LcLDW1P-GNJ5GKF>d>FXLDQ�LNHIP�C�W1Sim5dXQISTHIP-G7U�AKF>GDQ#=;�;H_m5ADHISiFXHIAcC�W1P^LKFXLKGDH��fmyW1J5ANCDEfU1]-J^H
Z[W1P^CIGKFXW1P��y¬TJ5GKF>d>FXLDHIAcJ5P¢C�W1SimyW#L7U�P-GNmfU�A`LKG7U�P^M^U�ADM �yU�J5�#STHIP-G7U�P-G�;M5HC�H_ZrU�F>G�fd3UTG7U�F>d>dXHh�#dXW1�fU�dXH�MVJ�GDHIA±Y
SiF>PfU�dr=-�;HBM5HIJV¦VFX�ISTHBm5AKF>P^CIF>myHBC�W1P^LKFXLKGDHN¬cJ5GKF>d>FXLDHIA�M5H�L�C�W1SimyW#L7U�P-GDL F>P-GKAKF>P^LD��]-J^HISTHIP-G�ShJ5d>GKF{Y8LKG7U�P^M^U�ADM5L�
C�Hz]-J5FyU �KW1J5GDHBM5H�L C�W1P-GKA7U�F>P-GDH�LeLKJ5m5m5dXQISTHIP-G7U�F>ADH�L�myW1J5A dXHIJ5A�C�W1P^C�HIm5GKFXW1P·S/U�FXL ]-J5FfmyHIAKSTHIG�M5HzC�W1P^LDHIAK¡�HIA
d3UqC�W1SimfU1CIF>GDQ·M5HTdrO U�ADCDE5F>GDH�CIGKJ5ADH¢¨ » �"v�ª8=;�;H�LM5HIJV¦ m5AKF>P^CIF>myH�LhmyHIJ5¡�HIP-G �IGKADH/C�W1Sh�5F>P^Q�Lq²\C�W1SiSTH/LKJ5Ahd3U
�^�#J5ADH`<#=><�� �#HIPiJ5GKF>d>FXL7U�P-G�#mfU�A+H�¦5HISim5dXH��#M5H�L�C�W1SimyW#L7U�P-GDL+�5F{Y8LKG7U�P^M^U�ADM5LB²ra_³�xqY8k_�e³5µ"myW1J5A�ADQ�U�d>FXLDHIA�J5P^H
LKGKAKJ^CIGKJ5ADH_LKJ5m5myW1AKG7U�P-GBm5d>J^LzM5H_M5HIJV¦nLKG7U�P^M^U�ADM5L²ra_³�xqY8k_�e³�Y �Nx��B³5µ�=
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Standard 1

Standard 2

Standard 3
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Fi l tre
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de
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Standards 1 & 2 Standards 1,2 & 3

Standard 3

Standards 1,2 & 3

nporq � <#=><�� �·��¦5HISim5dXH�LBM�O U�ADCDE5F>GDH�CIGKJ5ADH�LcM�O QISTHIGKGDHIJ5ADLBShJ5d>GKF{Y8LKG7U�P^M^U�ADM5LBF>P-GKAKF>P^LD��]-J^H�L

Standard 1 ou 2 ou 3 Standards 1, 2 & 3

1, 2 ou 3

nporq � <#=><%»��·��¦5HISim5dXH_M�O U�ADCDE5F>GDH�CIGKJ5ADHM�O J5PRQISTHIGKGDHIJ5ABShJ5d>GKF{Y8LKG7U�P^M^U�ADMRADH�C�W1PV�^�#J5A7U��5dXH
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��W1SiSTH�dXH�STW1P-GKADH+d3U �^�#J5ADHB<#=><�v�myW1J5A;dXH�C�U1L"M�O J5P`�^d>GKA7U���H���F>d-H�LKG�myW#LDLKF>�5dXH�M5H+MVFXLKGKF>P5�#J^HIA"M5HIJV¦cG8 �myH�L
M5HNC�W1SimyW1AKGDHISTHIP-GzShJ5d>GKF{Y8LKG7U�P^M^U�ADM�F>P-GKAKF>P^LD��]-J^H
	-dXHcC�W1SimyW1AKGDHISTHIP-Ged3U�AK��H�Yr�fU�P^M5H`HIG�dXHNC�W1SimyW1AKGDHISTHIP-G
ShJ5d>GKF{Yr�fU�P^M5H#=�k`U�P^LedXHcm5ADHISiFXHIABC�U1L�5dXH`C�W1SimyW#L7U�P-GBH�LKGzW1m5GKF>SiFXLDQ`myW1J5AeZ[W1P^CIGKFXW1P5P^HIABLKJ5AeJ5P^H`�fU�P^M5H_M5H
Z\ADQ�]-J^HIP^C�HzHIP5�#dXW1�fU�P-G�dXH�L MVF:9�QIADHIP-GDL�LKG7U�P^M^U�ADM5L�=V��HeG8 �myHzM5HeZ[W1P^CIGKFXW1P5P^HISTHIP-G�P;O U�m5myW1AKGDHNU�J^CIJ5PT�^d>GKA7U���H
HIP-GKADHNdXH�L��fU�P^M5H�L�M5HzZ\ADQ�]-J^HIP^C�H#=V?BJ·C�W1P-GKA7U�F>ADH��VJ5PnC�W1SimyW#L7U�P-G�ShJ5d>GKF{Yr�fU�P^M5H_U�m5myW1AKGDHNJ5P^HcU�GKGDQIP-JfU�GKFXW1P
HIP-GKADH`dXH�Le�fU�P^M5H�LBM5HcZ\ADQ�]-J^HIP^C�H#=
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nporq � <#=><�v �·kcHIJV¦�G8 �myH�LzM5Hc�^d>GKA7U���H`ShJ5d>GKF{Y8LKG7U�P^M^U�ADMRF>P-GKAKF>P^LD��]-J^H 	5dXHcd3U�AK��H`�fU�P^M5H_HIGzdXHcShJ5d>GKF{Yr�fU�P^M5H

� ��� � � ,�. ��� , �¢ � �%$X4 , � . �"� . ��� , � * !���� ���  "� . " �&*-,
�2W1J5A2dXH�L�U�ADCDE5F>GDH�CIGKJ5ADH�L�ShJ5d>GKF{Y8LKG7U�P^M^U�ADM5L�ADH�C�W1PV�^�#J5A7U��5dXH�L��F>d�H�LKG"myW#LDLKF>�5dXH M�O J5GKF>d>FXLDHIA�M5H�L2C�W1SimyW#L7U�P-GDL2ADH�Y
C�W1PV�^�#J5A7U��5dXH�L�S/U�FXL�U�J^LDLKFVM5H�L2C�W1SimyW#L7U�P-GDL�F>P-GKAKF>P^LD��]-J^HISTHIP-G�ShJ5d>GKF{Y8LKG7U�P^M^U�ADM5L��C�W1SiSTH myW1J5A2drO H�¦5HISim5dXH
M5H�d3Uz�^�#J5ADH`<#=><%»�=��;H��5J5G+M5HeC�HIGKGDHzU�ADCDE5F>GDH�CIGKJ5ADHBH�LKG�M5H�d>F>SiF>GDHIA�dXH�P^W1Sh�5ADHeGDW1G7U�d^M5HeC�W1SimyW#L7U�P-GDL U%�^PTM5H
C�W1P^LDHIAK¡�HIA_J5P^H�G7U�F>d>dXH�ADQ�MVJ5F>GDH#="kcHmfU�A_dXHIJ5A_C�W1P^C�HIm5GKFXW1P��"C�HIAKG7U�F>P^L_C�W1SimyW#L7U�P-GDL_myHIJ5¡�HIP-GhMVF 
/CIF>dXHISTHIP-G
�IGKADH�F>P-GKAKF>P^LD��]-J^HISTHIP-G/ShJ5d>GKF{Y8LKG7U�P^M^U�ADM5L� ¬�STW1F>P^LiM5HnM5QI�#A7U1M5HIAiP^HIGKGDHISTHIP-G/dXHIJ5ADL�myHIA±Z[W1AKS/U�P^C�H�L�=�?BJ
d>FXHIJ°M5H�ADQ�U�d>FXLDHIAcd3U/Z[W1P^CIGKFXW1P°HIP°J5GKF>d>FXL7U�P-G`m5d>J^LKFXHIJ5ADL_C�W1SimyW#L7U�P-GDL��C�HIAKG7U�F>P^H�LcGDH�CDE5P^W1dXW1�#FXH�L_myHIAKSTHIGKGDHIP-G
M�O HIP-¡�FXL7U���HIAzd3UiC�W1P^C�HIm5GKFXW1P�M5H`C�W1SimyW#L7U�P-GDLBADH�C�W1PV�^�#J5A7U��5dXH�L�=
?Bm5AD��LcC�HIGKGDH�5AD�I¡�HF>P-GKADW�MVJ^CIGKFXW1P°m5ADQ�LDHIP-G7U�P-G_dXH�LNm5AKF>P^CIF>mfU�dXH�L_U�ADCDE5F>GDH�CIGKJ5ADH�LhM5HLK VLKGD�ISTH�LNJ5GKF>d>FXLDQ�H�L

HIGedXH`C�W1P^C�HIm5Gz��QIP^QIA7U�d"M5HcADH�C�W1PV�^�#J5A7U��5F>d>F>GDQ��^P^W1J^LBU�d>dXW1P^LeP^W1J^LeF>P-GDQIADH�LDLDHIAzm5d>J^LemfU�AKGKFXCIJ5d>FX�IADHISTHIP-GcM^U�P^L
d3UmfU�AKGKFXHhLKJ5F>¡#U�P-GDHh¬d3UhZ[W1P^CIGKFXW1Pn�^d>GKA7U���HhM�O J5PRQISTHIGKGDHIJ5AzA7U1MVFXW�Y[Z\ADQ�]-J^HIP^C�H#=



<�� ��������� ���������*�������������� ��� � � �����������	����	��
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�! �� �_+.1*3*-�3*1����,+S$'@��!-�3*@!7*2 1*7*-�@ $'&'(*),+.-/&0+.1�$'-�:<A!7*ADCF2 +.@!7*3*@ $'3
��HIGKGDH/mfU�AKGKFXHTm5ADQ�LDHIP-GDH/J5P^HTm5ADHISiFX�IADH�QIGKJ^M5H/LKJ5AhdXH�LU1LKmyH�CIGDLhM5Hi�^d>GKA7U���H·M^U�P^LhJ5P¸QISTHIGKGDHIJ5A�sBt�=

k`U�P^LNJ5P�m5ADHISiFXHIAcGDHISim^L�fJ5P^H�U�PfU�d> VLDHhmyW1J5ANM5H�LBZ\ADQ�]-J^HIP^C�H�LNm5ADW�CDE^H�LcM5Hhd3UT�fU�P^M5HhJ5GKF>dXH�H�LKGNM5W1P5P^Q�H#=
�2W1J5A�C�HId3U ��J5PTSTW�M5�IdXHemfU�A7U�STQIGKADQNM5H�L+MVF:9�QIADHIP-GDL�C�W1SimyW#L7U�P-GDL�M5HedrO QISTHIGKGDHIJ5A�H�LKG M5QI¡�HIdXW1m5myQ#= �8d5myHIAKSTHIG
U�dXW1ADL M�O W1�^LDHIAK¡�HIA+drO F>P��^J^HIP^C�HBM5H�L C�U�A7U1CIGDQIAKFXLKGKFX]-J^H�L M5H�L C�W1SimyW#L7U�P-GDL LKJ5A�dXHzLKmyH�CIGKADHeMVJ/LKF>�#PfU�d^m5ADW�CDE^HzM5H
d3Uc�fU�P^M5H#=-k`U�P^L+J5P/LDH�C�W1P^MTGDHISim^L�#dXHzC�U1L M5H�L+ADHISTW1P-GDQ�H�L�mfU�A7U1LKF>GDH�L QIdXW1F>�#P^Q�H�L�M5Hed3Uc�fU�P^M5HBH�LKG MVFXLDCIJ5GDQ#=
L�M�� MNL 	 lmR`\ Y[TF^`b	YVX6lmR%f!h ^`R j l/f�
SW6a � lm^;TQWBhiPSj a YKY[aS^;T�����j lmR;l � \ Y[U�R`f;U'TFf
�"U LKGKAKJ^CIGKJ5ADH¸M�O J5P�QISTHIGKGDHIJ5A°sBt�H�LKG�M5W1P5P^Q�H �^�#J5ADH�<#=><��V=`� EfU1]-J^H�C�W1SimyW#L7U�P-G¢QIG7U�P-G¢STW1P^W�Y

LKG7U�P^M^U�ADM �+F>dBH�LKGTmyW#LDLKF>�5dXHqM�O U�¡�W1F>A·dXHqC�W1SimyW1AKGDHISTHIP-GnM5HqCDEfU1CIJ5P§M�O HIJV¦ U�J5GDW1J5A·M5Hnd3U¢Z\ADQ�]-J^HIP^C�HqM5H
Z[W1P^CIGKFXW1P5P^HISTHIP-G ��� =2�;H�LKF>�#PfU�d�J5GKF>dXH���C�W1AKADH�LKmyW1P^M^U�P-G/¬RJ5P©LKG7U�P^M^U�ADM¸mfU�AKGKFXCIJ5d>FXHIA��H�LKG�C�W1Sim5AKFXLiM^U�P^L
J5P^HT�fU�P^M5H·� U�J5GDW1J5AM5H/C�HIGKGDHTZ\ADQ�]-J^HIP^C�H ��� ="�"UnSTW�M5QId>FXL7U�GKFXW1P��2M5H/C�U�A7U1CIGD�IADH/��QIP^QIA7U�d �2H�LKGhF>d>d>J^LKGKADQ�H
mfU�AzdrO H�¦5HISim5dXH_M5H`drO �Nx��B³�=

Duplexeur AntenneAmpl i f icateur
de puissance

Fi l tre Passe−
bande RF

Source
RF

nporq � <#=><�� �n³-GKAKJ^CIGKJ5ADHhM�O J5PRQISTHIGKGDHIJ5ANsBt¸HIPnZ[W1P^CIGKFXW1P5P^HISTHIP-GNSTW1P^W�Y8LKG7U�P^M^U�ADM

'��3���\'��\' + ���29 � $ ,�. �%$&��� � *��&.°, �� "��! * � �
�"UBLDW1J5ADC�H sBtqH�LKG2C�W1P^LKGKF>GKJ^Q�H�M�O J5Ph��QIP^QIA7U�GDHIJ5A�m^LDHIJ^M5W�Y U�dXQ�U�GDW1F>ADH��#M5H�L"C�W�M^U���H�L�HIPh�fU�P^M5H�M5H+�fU1LDH HIG

MVJqSTW�MVJ5d3U�GDHIJ5ANsBt¸C�W1AKADH�LKmyW1P^M^U�P-G`U�JqLKG7U�P^M^U�ADMRQIGKJ^MVFXQ#=^��d>dXH`m5ADHIP^MRM5W1P^C_HIPRC�W1Sim5GDH`dXH�LzQI¡�W1d>J5GKFXW1P^L
LKG7U�GKFXLKGKFX]-J^H�L/MVJ�LKF>�#PfU�dBHIP m5J5FXLDL7U�P^C�HRHIGTdXH�L/H 9�HIGDL/M5H�L/P^W1PVYrd>F>P^Q�U�AKF>GDQ�L�M5H�LTSTQId3U�P5��HIJ5ADL�=��;HqLKmyH�CIGKADH
m5ADW�CDE^HTM5Hid3U·�fU�P^M5HTM�O J5P�LKF>�#PfU�d+FXLDLKJ°M�O J5P^H/LDW1J5ADC�H
�Nx��B³�H�LKG_M5W1P5P^QTLKJ5A_d3U/�^�#J5ADHq<#= j#£V=;�;HTC�U�PfU�d
J5GKF>d>FXLDQiH�LKG`dXHiC�U�PfU�d��#�V<�j ��LDW1F>G`J5P^HZ\ADQ�]-J^HIP^C�HTC�HIP-GKA7U�dXHTM5Hn<��#j#j � wRx�3B¯R²\C�Z�?BP5P^H�¦5Hi?`µ�=��"U·d3U�AK��HIJ5A
M5H`C�U�PfU�d �^C�W1AKADH�LKmyW1P^M^U�P-GN¬������M5Hcd3Um5J5FXLDL7U�P^C�H`MVJqLKF>�#PfU�d �5H�LKGzM5HcdrO W1ADMVADH_M5H_}�x�3B¯�= �BPqADHIS/U�AD]-J^H
dXH�Lem5ADW�MVJ5F>GDLzM�O F>P-GDHIAKSTW�MVJ5d3U�GKFXW1P¢MVJ^LzU�JV¦�P^W1PVYrd>F>P^Q�U�AKF>GDQ�LNM5H�L�STQId3U�P5��HIJ5ADL�=f�;H�L`<�jiC�U�PfU�JV¦nM�O QISiFXLDLKFXW1P
�Nx��B³RLDW1P-G`ADHIm5ADQ�LDHIP-GDQ�LhHIP°GKA7U�F>G_MVFXLDC�W1P-GKF>P-J;=;�"U·m5J5FXLDL7U�P^C�HiM5H�LDW1AKGKFXHiH�LKG`M5W1P5P^Q�HimfU�Acd3U·m5J5FXLDL7U�P^C�H
M^U�P^LzdXH`C�U�PfU�dr=^��d>dXH_H�LKGeFXCIF"M5Hi<�£iM5��Sq=
'��3���\'��3� + ���29 � $ ,�. �%$&��� �� ��� ��� * �2.5,�,�* 4 " . �"� * � �

�NW1J^LhU�¡�W1P^L_CDE^W1FXLKF+J5P¢�^d>GKADHiM5H
�"CDE^HI�- VCDE^H 9 myW1J5A`STW�M5QId>FXLDHIA`dXHiC�W1SimyW1AKGDHISTHIP-GMVJ¢�^d>GKADHimfU1LDLDH�Y
�fU�P^M5HcsBt�=��"U_�fU�P^M5HNmfU1LDL7U�P-GDHcHIG�d3U_Z\ADQ�]-J^HIP^C�HNC�HIP-GKA7U�dXH`MVJ/�^d>GKADHcLDW1P-G�m5AKFXLDH�L�QI�-U�dXH�Le¬hC�HId>dXH�LeM5Q��^P5FXH�L
mfU�AdXH·LKG7U�P^M^U�ADM �"P^W1GDQ�H�L ��HIG ��� ="k`U�P^LdXH/C�U1L�M5H/drO �Nx��B³ �"C�HIGKGDH/Z\ADQ�]-J^HIP^C�H·C�HIP-GKA7U�dXH�H�LKGM5H�<��#}#£
x�3B¯hHIGBd3U��fU�P^M5HhmfU1LDL7U�P-GDHhM5H�#£ix�3B¯hLDW1F>G � 
���� ����=���HIGKGDH_�fU�P^M5H_mfU1LDL7U�P-GDHHIP5�#dXW1�yH_drO HIP^LDHISh�5dXH
M5H�LcC�U�PfU�JV¦¢M�O QISiFXLDLKFXW1P°HIG`W1P¢¡�W1F>Gc]-J^HdXHC�U�PfU�d+�#�V<�j·H�LKGcm5ADW�CDE^H�M5Hd3U/C�W1J5m5J5ADHiMVJR�^d>GKADH���C�H]-J5F2dXH
ADHIP^M�mfU�AKGKFXCIJ5d>FX�IADHISTHIP-GcMVF 
/CIF>dXHh¬_�^d>GKADHIA�=^�"U�LDHIJ5dXHc¡#U�dXHIJ5AemfU�A7U�STQIGKA7U��5dXHhMVJ·�^d>GKADH_H�LKGeM5W1P^C`LDW1PqW1ADMVADH
� � �5]-J5F"M5Q��^P5F>GNU�J^LDLKF;L7UADQ��KH�CIGKFXW1P;=^�+O W1P^MVJ5d3U�GKFXW1P¢M^U�P^Led3U��fU�P^M5H_H�LKGem5AKFXLDH`QI�-U�dXHh¬� ��� 
���� � � � ��=
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nporq � <#= j#£��·³-myH�CIGKADH`M�O J5PnLKF>�#PfU�dyFXLDLKJ�M�O J5P^H`LDW1J5ADC�H �Nx��B³R²\sB��´ 	��fU�P^M5HcM5HNADQ�LDW1d>J5GKFXW1P � <Nx�3B¯�µ

'��3���\'�� � + ���29 � $ ,�. �%$&��� �� �� ���&* � *  "�
�2W1J5A/dXHqMVJ5m5dXH�¦5HIJ5A�+P^W1J^L/LKJ5m5myW#LDW1P^LT]-J^Hnd3U¢mfU�AKGKFXHqADQ�C�HIm5GKFXW1P�H�LKGTLKJ�
/L7U�SiSTHIP-G�M5Q�C�W1J5m5dXQ�HRM5H

drO QISiFXLDLKFXW1PqmyW1J5ABC�W1P^LKFXM5QIADHIAB]-J;O HId>dXH`P;O F>P-GDHIAK¡�FXHIP-GNmfU1L�=^?BF>P^LKF �VdXH_MVJ5m5dXH�¦5HIJ5ABH�LKGeGDW1G7U�dXHISTHIP-GcQ�]-J5F>¡#U�dXHIP-G
U�J©�^d>GKADHnmfU1LDLDH�Yr�fU�P^M5HnsBt�¡�J©m5ADQ�C�Q�M5HISiSTHIP-G�=e³�W1P STW�M5�IdXHnH�LKGTM5W1P^C�J5P©�^d>GKADHqM5H��"CDE^HI�- VCDE^H 9�M5H
Z\ADQ�]-J^HIP^C�HhC�HIP-GKA7U�dXH ��� HIGNM5H`�fU�P^M5HhmfU1LDL7U�P-GDH ��M5W1P5P^Q�H�LBmfU�ABdXH_LKG7U�P^M^U�ADMRQIGKJ^MVFXQ#=��;H�Lzm5ADW1m5AKFXQIGDQ�LcM5H
ADQ��KH�CIGKFXW1P¢M5HhC�HhMVJ5m5dXH�¦5HIJ5AcLDW1P-GcMVF:9�QIADHIP-GDH�LcM5HhC�HId>dXH�LNMVJq�^d>GKADHhmfU1LDLDH�Yr�fU�P^M5HsBt HIGNd>FXQ�H�Lc¬TLDW1PRW1ADMVADH
P^W1GDQ � � =
'��3���\'�� $ + ���29 � $ ,�. �%$&��� � *��('>. � ��� $ � ! . � *  "�/� * �  2$ ,�,�. �"! *
�+O U�Sim5d>F{�fC�U�GDHIJ5A·M5H�m5J5FXLDL7U�P^C�HnH�LKG�J5P M5H�LiQIdXQISTHIP-GDL/M5H�d3U�CDEfU%gXP^HqsBt�dXH�L�m5d>J^LTMVF 
/CIF>dXH�L/¬�STW�Y

M5QId>FXLDHIATM5H/ZrUKJ�W1P LKF>Sim5dXH#=���P H 9�HIG��dXH�L�P^W1PVYrd>F>P^Q�U�AKF>GDQ�L/HIP©Z[W1AKGiLKF>�#PfU�deP^H·myHIAKSTHIGKGDHIP-GTmfU1LiM�O J5GKF>d>FXLDHIA
dXH�LcmfU�A7U�ST�IGKADH�L�³�= �NW1J^LhU�¡�W1P^L_CDE^W1FXLKF �;M^U�P^L_C�HIGKGDHiQIGKJ^M5H���J5P^H�STW�M5QId>FXL7U�GKFXW1P�LDQImfU�A7U�P-G_dXH�L_H 9�HIGDL`M5H�L
U1M^U�m5G7U�GKFXW1P^L_HIP HIP-GKADQ�H�Y8LDW1AKGKFXHTM5H�L`H 9�HIGDLcM5H�drO U�Sim5d>F{�fC�U�GDHIJ5A_d>J5F{YrS �ISTH#= �BP¢ADHIS/U�AD]-J^HTU�dXW1ADL`]-J^H��yLKJ5A
J5P^H_�fU�P^M5HhM5HcZ\ADQ�]-J^HIP^C�H_d>F>SiF>GDQ�H¬i]-J^HIdX]-J^H�LBMVF>¯%U�F>P^H�LNM5H_myW1J5ADC�HIP-GDL�^dXH�Lz¡#U�AKF3U�GKFXW1P^LNHIPnZ\ADQ�]-J^HIP^C�HhMVJ
GKA7U�P^LKFXLKGDW1A/U1LDLDW�CIFXQn¬¢LDH�L�QIdXQISTHIP-GDL/M5H�myW1d3U�AKFXL7U�GKFXW1P LDW1P-GTGKAD��LZrU�F>�5dXH�LTM5HI¡#U�P-GidXH�L�¡#U�AKF3U�GKFXW1P^L/HIP¸Z\ADQ�Y
]-J^HIP^C�H�M5H�L`CIF>ADCIJ5F>GDL_M�O U1M^U�m5G7U�GKFXW1P�M�O HIP-GKADQ�HTHIG`M5H�LDW1AKGKFXH#=��;HSTW�M5�IdXHi]-J5F2¡�FXHIP-GhU�dXW1ADL`H�LKG`C�HId>J5F+M5Hd3U
�^�#J5ADH/<#= jV<��fU�¡�H�C_dXH�LBQIdXQISTHIP-GDLNM�O U1M^U�m5G7U�GKFXW1P�STW�M5QId>FXLDQ�LzmfU�ABM5H�Le�^d>GKADH�LNHIGzdXH�LzQIdXQISTHIP-GDL`U�m5myW1AKG7U�P-GBd3U
m5J5FXLDL7U�P^C�HNSTW�M5QId>FXLDQ�L�mfU�A�J5PqU�Sim5d>F{�fC�U�GDHIJ5AeP^W1PVYrd>F>P^Q�U�F>ADH_U1M^U�m5GDQ`HIP�HIP-GKADQ�H`HIGeHIP�LDW1AKGKFXH���J5P5F>d3U�GDQIA7U�d;HIG
M5Hc�-U�F>PqF>P^M5QImyHIP^M^U�P-GcM5Hcd3UZ\ADQ�]-J^HIP^C�H#=
k�O U�m5AD��LN]-J^HIdX]-J^H�LzSTH�LKJ5ADH�LBH 9�H�CIGKJ^Q�H�LNLKJ5ABM5H�LcU�Sim5d>F{�fC�U�GDHIJ5ADLcM5Q�MVFXQ�LNU�JV¦qSTW1�5F>dXH�L�^dXH_C�W1SimyW1AKGDH�Y

STHIP-G�HIP©U1M^U�m5G7U�GKFXW1P U�J5GDW1J5A�M5H/d3U�Z\ADQ�]-J^HIP^C�H·M5HiZ[W1P^CIGKFXW1P5P^HISTHIP-GiH�LKGC�HId>J5F�M�O J5P��^d>GKADH·MVJ�m5ADHISiFXHIA
W1ADMVADHcM5HN�fU�P^M5HNmfU1LDL7U�P-GDHcLKJ5myQIAKFXHIJ5ADH`¬C�HId>dXHcM5HBdrO U�m5m5d>FXC�U�GKFXW1PRHIP-¡�FXL7U���Q�H 	-myW1J5A�drO �Nx��B³TC�HIGKGDHN�fU�P^M5H
mfU1LDL7U�P-GDHeH�LKG�M5H�drO W1ADMVADHeM5Hzp#£#£cx�3B¯�myW1J5A�J5P^H��fU�P^M5HzM�O J5GKF>d>FXL7U�GKFXW1PTM5Hz�#£cx�3B¯�= �2W1J5A+drO U�Sim5d>F{�fC�U�GKFXW1P��
dXHN�-U�F>PnH�LKG��5¦5Q`¬j#£�M5� ��dXHBmyW1F>P-GzM5HcC�W1Sim5ADH�LDLKFXW1PR¬·<cM5� HIPnLDW1AKGKFXH`M5HNdrO U�Sim5d>F{�fC�U�GDHIJ5A � ����� H�LKG�J5P^H
¡#U�AKF3U��5dXH`myW1J5Aed3UiLKF>ShJ5d3U�GKFXW1PRGDW1J5GBC�W1SiSTH`dXHcmyW1F>P-GBM�O F>P-GDHIADC�HIm5GKFXW1P¢M�O W1ADMVADHp�� � �V=
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 ���� ��� � ����

G      P1dB    IP3

1950MHz   300MHz

Adaptati on
en entrée

Adaptation
en sortie

Ampl i f i cateur
i ndépendant

 de l a f réquence

ordre 1
f

0
        B 

1950MHz   300MHz

ordre 1
f

0
        B 

20dB

nporq � <#= jV< ��x�W�M5QId>FXL7U�GKFXW1P�LKF>Sim5d>F{�fQ�HhM�O J5P�U�Sim5d>F{�fC�U�GDHIJ5AcM5H_m5J5FXLDL7U�P^C�H`myW1J5ANQISTHIGKGDHIJ5ANsBt©HIGcU�m5m5d>F{Y
C�U�GKFXW1P�¬�drO �Nx��B³

'��3���\'�� 0 + ���29 � $ ,�. �%$&��� � *��('>. ��� * �2� *
�2W1J5A�drO U�P-GDHIP5P^H��1J5P^H�STW�M5QId>FXL7U�GKFXW1PiLDW1J^L"Z[W1AKSTH�M5H�]-JfU1MVAKF>my®1dXH�H�LKG2J5GKF>d>FXLDQ�H#=1�+O HIP-GKADQ�HeMVJi]-JfU1MVAKF>my®1dXH

H�LKGcdrO U�d>F>STHIP-G7U�GKFXW1P�M5HdrO U�P-GDHIP5P^H���C�U�A7U1CIGDQIAKFXLDQ�H�mfU�A`d3UTm5J5FXLDL7U�P^C�HF>P^CIFXM5HIP-GDHTHIGcd3UTm5J5FXLDL7U�P^C�H�ADQ��fQ�CDE5FXH#=
��P§LDW1AKGKFXHRMVJ�]-JfU1MVAKF>my®1dXH���W1P�C�W1P^LKFXM5�IADH�]-J^Hqd3U°m5J5FXLDL7U�P^C�H�H�LKG/GDW1G7U�dXHISTHIP-G�GKA7U�P^LKSiFXLDHRHIG·]-J;O F>dNP;O  
U�U�J^CIJ5P^Hqm5J5FXLDL7U�P^C�HqADQ��fQ�CDE5FXH#=��"U°m5J5FXLDL7U�P^C�HqGKA7U�P^LKSiFXLDHqmyHIJ5G �IGKADHRM5Q��^P5FXHRM5Hqm5d>J^LKFXHIJ5ADL/S/U�P5FX�IADH�L�
M5W1P-GhM5HIJV¦¢LDHISh�5dXHIP-G� ���������	��� ��F>P-GDQIADH�LDL7U�P-GDH�L�=;�"U·m5ADHISiFX�IADHTC�W1P^LKFXLKGDHT¬·C�W1P^LKFXM5QIADHIAh]-J^Hd3U·m5J5FXLDL7U�P^C�HGKA7U�P^LKSiFXLDHeH�LKG+QI�-U�dXHz¬Nd3UBm5J5FXLDL7U�P^C�H�A7U� �W1P5P^Q�HzmfU�A�drO U�P-GDHIP5P^H#=-�"UcM5HIJV¦VFX�ISTHeC�W1P^LKFXLKGDHz¬Nm5ADHIP^MVADHeC�W1SiSTH
m5J5FXLDL7U�P^C�HiGKA7U�P^LKSiFXLDHid3U�m5J5FXLDL7U�P^C�HiADH JIJ^HimfU�A_drO J5GKF>d>FXL7U�GDHIJ5A�2C#O H�LKG±Y ¬%Y8MVF>ADH��2U�¡�H�CiJ5P STW�M5�IdXHTLKF>Sim5dXHTM5H
GKA7U�P^LKSiFXLDLKFXW1P��;d3U�m5J5FXLDL7U�P^C�HTA7U� �W1P5P^Q�H·M^U�P^L_J5P©U�P5�#dXH/LDW1d>FXM5Hid>F>SiF>GDQ/M^U�P^LhdrO H�LKmfU1C�H#="k`U�P^LhC�HTM5HIAKP5FXHIA
C�U1L��dXHN]-JfU1MVAKF>my®1dXHBSTW�M5QId>FXL7U�P-G�drO U�P-GDHIP5P^HNm5ADQ�LDHIP-GDHcM5H�L myHIAKGDH�L�C�W1P^LKGKF>GKJ^Q�H�L�M5H�L myHIAKGDH�L�M5HzdrO U�P-GDHIP5P^HcHIG
M5Hed3Ucm5J5FXLDL7U�P^C�HeA7U� �W1P5P^Q�HNHIP/M5HIE^W1ADL M5HzC�HzC�®1P^HzLDW1d>FXM5H#=-�"UN�^�#J5ADH_<#= j#j_HIG+dXH�L+Q�]-JfU�GKFXW1P^LN²±<#=><%µ+¬T²±<#=><�£�µ
ADQ�LKJ5STHIP-G�dXH�L+M5HIJV¦TSTW�M5�IdXH�L M�O J5P^HBU�P-GDHIP5P^H#=��+O H�
/C�U1CIF>GDQNM5HzdrO U�P-GDHIP5P^HNH�LKG�P^W1GDQ�H � 	�
� HIG+dXHeADHIP^M5HISTHIP-GMVJ¢]-JfU1MVAKF>my®1dXH�Q�]-J5F>¡#U�dXHIP-G_¬TdrO U�P-GDHIP5P^H�H�LKGNP^W1GDQ � =�k`U�P^LNd3U/LKJ5F>GDH��fd3UTSTW�M5QId>FXL7U�GKFXW1P°M5HhdrO U�P-GDHIP5P^HiH�LKGC�HId>dXH`GDHIPfU�P-GNC�W1Sim5GDH_M5H`d3Um5J5FXLDL7U�P^C�H`ADQ�HId>dXHISTHIP-GBGKA7U�P^LKSiFXLDHh¬�drO J5GKF>d>FXL7U�GDHIJ5A²&STW�M5�IdXHhj�µ�=
x�W�M5�IdXHT<
	

� � � 

� ������� ����� � �
� � 
	� � � ��
���

²±<#=><%µ
� � � 


� � �
	�
���� � ��������� 	 � �
� � 
	� � � ��
���

²±<#= j�µ
� � � 
 � ²±<#= p�µ
� � � 
 � � � ²±<#= w�µ
� 
 � 	�
� ²±<#= }�µ

x�W�M5�IdXHhj 	
� � � 


� ������� ����� � �
� � 
	� � � ��
���

²±<#= ��µ
� � � 


� � �
	�
���� � ��� ������� � �
� � 
	� � � ��
���

²±<#= »#µ
� � � 
 � ²±<#= v�µ
� � � 
 � � � ²±<#= ��µ
� 
 � 	�
�

� � �
	�
���� � ��� ������� � �
� � �
	�
���� � ���!����� 	 � �

²±<#=><�£�µ
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Antenne
émetteur

P
incidente

P
réf léchie

P
transmise totale

P
transmise réelle

Récepteur

∆Ω

nporq � <#= j#j���kcQ��^P5F>GKFXW1PRM5H�Lzm5J5FXLDL7U�P^C�H�LeADHId3U�GKF>¡�H�LN¬J5P^HhU�P-GDHIP5P^H

k`U�P^L+dXHzC�U1L�M�O J5P^HNU�P-GDHIP5P^HzmfU�GDCDE·ADH�CIG7U�P5�#J5d3U�F>ADH��-GDHId>dXHB]-J^HzC�HId>dXHBM5Hzd3UN�^�#J5ADHh<#= j#p ��dXH�L+mfU�A7U�ST�IGKADH�L
� � � P^W1AKS/U�d>FXLDQ�L mfU�A+A7U�m5myW1AKG�U�J/S/U%¦VF>ShJ5S MVJ/]-JfU1MVAKF>my®1dXHBQ�]-J5F>¡#U�dXHIP-G�LDW1P-G M5W1P5P^Q�L mfU�A+d3UN�^�#J5ADHh<#= j�w �
LKJ5F>¡#U�P-Ge]-J^HIdX]-J^H�LeMVF>ADH�CIGKFXW1P^LeM5HNA7U� �W1P5P^HISTHIP-G � =5��H�L�ADQ�LKJ5d>G7U�GDLeLDW1P-G�FXLDLKJ^L�M5HcLKF>ShJ5d3U�GKFXW1P^LzMVJ�STW�M5�IdXH
M�O J5P^HnU�P-GDHIP5P^HnmfU�GDCDE ADH�CIG7U�P5�#J5d3U�F>ADHqM5QI¡�HIdXW1m5myQnM^U�P^L�dXH�C�U1MVADH�M5H�C�HIGKGDH�GKE^��LDH�HIGiH�¦Vm5d>FX]-J^Q�M^U�P^L�d3U
mfU�AKGKFXHhpV= pV=
'��3���\'�� � !i$ �&. �
�"U�STW�M5QId>FXL7U�GKFXW1P¸C�W1Sim5dX�IGDH/M5Hid3U�CDEfU%gXP^H/sBt§M^U�P^L_dXHTC�U1L_M5HidrO �Nx��B³¢H�LKG_M5W1P5P^Q�HTmfU�A_d3U/�^�#J5ADH

<#= j#}V=f�;H�LBMVF:9�QIADHIP-GDLNC�W1SimyW#L7U�P-GDLNLDW1P-GBADHIm5ADQ�LDHIP-GDQ�LNmfU�AzdXHIJ5AN]-JfU1MVAKF>my®1dXHhQ�]-J5F>¡#U�dXHIP-G�=��;H�LBLKF>ShJ5d3U�GKFXW1P^L
LDW1P-G�H 9�H�CIGKJ^Q�H�L+¬zdrO U�FXM5H�MVJ�dXW1�#FXCIFXHId5?Nk_³�=1�;H�L�C�U�A7U1CIGDQIAKFXLKGKFX]-J^H�L�STW�MVF{��U��5dXH�L�M5H�d3UBCDEfU%gXP^H �Nx��B³_LDW1P-G 	
dXHBmyW1F>P-GeM5HcC�W1Sim5ADH�LDLKFXW1Pq¬/<�M5� � ����� �-dXHBmyW1F>P-GeM�O F>P-GDHIADC�HIm5GKFXW1PRM�O W1ADMVADH_p�� � � �-drO W1ADMVADH`MVJ/�^d>GKADH � � HIGdrO W1ADMVADH_MVJn�^d>GKADH � � =
L�M�� M�� 	 lmj � l0T[Y[aSj aSRmY �`TVl/bFc;a�f;agW6U��`U�R`f;a
? mfU�AKGKF>AMVJ STW�M5�IdXHTLKF>Sim5dXHTm5ADQ�LDHIP-GDQTm5ADQ�C�Q�M5HISiSTHIP-Gn²[¬ � 
 ����µ���J5P^HTQIGKJ^M5HTmfU�A7U�STQIGKAKFX]-J^H/MVJ

�^d>GKA7U���H_M�O J5P^H_CDEfU%gXP^HhsBt�m5ADW�CDE^HhM5Hcd3U��fU�P^M5H_H�LKGem5ADQ�LDHIP-GDQ�H_M^U�P^LBC�HIGKGDH`mfU�AKGKFXH#=^�;H�LzMVF:9�QIADHIP-GDLzmfU�A7U%Y
ST�IGKADH�LBLDW1P-G 	5dXHcmyW1F>P-GBM5H_C�W1Sim5ADH�LDLKFXW1P�¬�<�M5� � ����� �VdXH`myW1F>P-GBM�O F>P-GDHIADC�HIm5GKFXW1P¢M�O W1ADMVADHhp�� � � �5drO W1ADMVADH
MVJ��^d>GKADH � � HIG�drO W1ADMVADHzMVJ��^d>GKADH � � =1?z�^PTM5H�LKF>Sim5d>F{�fHIA+drO QIGKJ^M5HeHIG+M5H�d>F>SiF>GDHIA+dXH�P^W1Sh�5ADHzM5H�mfU�A7U�ST�IGKADH�L�J5P^HBADHId3U�GKFXW1P�HIP-GKADHNdrO � � �hHIG�dXHzmyW1F>P-G�M5HNC�W1Sim5ADH�LDLKFXW1Pn¬/<BM5� H�LKG+�5¦5Q�H 	 � � � 
 � ����� � � � � ��=V��HIGKGDH¡#U�dXHIJ5AcM5H�� � � � U/QIGDQCDE^W1FXLKFXHmfU�AcA7U�m5myW1AKG`¬Td3UTSTW�M5QId>FXL7U�GKFXW1P¢myW1d> �P^W1SiF3U�dXH�M5H�L`U�Sim5d>F{�fC�U�GDHIJ5ADL_sBtLKJ5A�dXHNdXW1�#FXCIFXHId;?Nk_³T]-J5FyF>SimyW#LDH � � ��� � ����� � � ��� � � ��=���PnC�W1P^LKJ5d>G7U�P-GzdXH�L�C�U�A7U1CIGDQIAKFXLKGKFX]-J^H�LzM5HNm5d>JVYLKFXHIJ5ADLhU�Sim5d>F{�fC�U�GDHIJ5ADLhC�W1SiSTHIADCIF3U�d>FXLDQ�LhmyW1J5A_M5H�LhU�m5m5d>FXC�U�GKFXW1P^LhHIP C�W1SiShJ5P5FXC�U�GKFXW1P¸STW1�5F>dXH���F>d+LDHISh�5dXH
]-J^H·C�HIGKGDH/¡#U�dXHIJ5AmyHIJ5G�C�W1AKADH�LKmyW1P^MVADHn¬qJ5P©C�W1SimyW1AKGDHISTHIP-G/CId3U1LDLKFX]-J^H/M�O U�Sim5d>F{�fC�U�GDHIJ5A/M5H/m5J5FXLDL7U�P^C�H
sBt�=�?BF>P^LKF �#d3U`P^W1PVYrd>F>P^Q�U�AKF>GDQcM5HzdrO U�Sim5d>F{�fC�U�GDHIJ5AeM5Hzm5J5FXLDL7U�P^C�HBH�LKG��5¦5Q�HzmfU�A J5P·LDHIJ5dfmfU�A7U�ST�IGKADH 	 � ����� =



j#£ ��������� ���������*�������������� ��� � � �����������	����	��
 ���� ��� � ����

L=69mm

W
=50mm

26mm

substrat
ε

r
=1h=

6m
m

θ

nporq � <#= j#p �n³�CDE^QIS/UTM5H`drO U�P-GDHIP5P^H_mfU�GDCDEqADH�CIG7U�P5�#J5d3U�F>ADHLKF>ShJ5dXQ�H
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nporq � <#= j�w � �;A7U1C�Q�L+M5H�L�mfU�A7U�ST�IGKADH�L�³_MVJT]-JfU1MVAKF>my®1dXH�Q�]-J5F>¡#U�dXHIP-G ¬BdrO U�P-GDHIP5P^HeLKF>ShJ5dXQ�H�myW1J5A�MVF:9�QIADHIP-GDH�L
MVF>ADH�CIGKFXW1P^LBM5H`A7U� �W1P5P^HISTHIP-G
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Fi l tre
Passe−bande

Tchebycheff
f

0
=1950MHz

ond=0.01dB
B=60MHz
ordre n1

Duplexeur

Tchebycheff
f

0
=1950MHz

ond=0.01dB
B=60MHz

ordre n2

Source
UMTS

1922.4MHz
10dBm

Ampl i f icateur
de puissance

Antenne

G=20dB
P1dB

IP3

f
0
=1950MHz

B=300MHz
ordre 1

f
0
=1950MHz

B=300MHz
ordre 1

50 Ω

nporq � <#= j#} �·x�W�M5QId>FXL7U�GKFXW1PRM�O J5P^H_CDEfU%gXP^HhsBt¸M�O QISiFXLDLKFXW1PqmyW1J5Azd3UP^W1AKSTH �Nx��B³

�;H�L_CIAKF>GD�IADH�L`myHIAKSTHIGKG7U�P-GM5H �±J5��HIA_MVJ°P5F>¡�H�U�J�M5H�^d>GKA7U���H/U�m5myW1AKGDQimfU�A`d3U�CDEfU%gXP^H/sBt�LDW1P-G`FXLDLKJ^L`M5H�L
P^W1AKSTH�L �Nx��B³�²\C�ZK=�?BP5P^H�¦5H�?`µ�=��;HLKF>�#PfU�d�LDW1J5ADC�HQIG7U�P-G`QISiFXLcM^U�P^LcdXHC�U�PfU�d+�#�V<�j/C�W1AKADH�LKmyW1P^M^U�P-Gh¬
d3UTZ\ADQ�]-J^HIP^C�H�fU1LDLDHM5Hd3U/�fU�P^M5H �Nx��B³ �yW1P°LDHhd>F>SiF>GDHTU�JV¦�CIAKF>GD�IADH�L_M5Hh�^d>GKA7U���H�LKF>GKJ^Q�Lcm5ADW�CDE^H�L`M5Hd3U
Z\ADQ�]-J^HIP^C�H`�fU1LDLDH
	5M5HT<�v#}#£�x�3B¯h¬n<��V<�£ix�3B¯�=

�;ADW1FXLBCIAKF>GD�IADH�LBLDW1P-GzADHIGDHIP-J^L�=
�¶� AKF>GD�IADH·< 	^d3Uim5J5FXLDL7U�P^C�HhMVJ�LKF>�#PfU�d�HIP�LDW1AKGKFXHhM�O U�P-GDHIP5P^HM5W1F>G �IGKADH_F>PVZ[QIAKFXHIJ5ADH�¬�Y p#£TM5��So²[U�¡�H�C
J5P^Hc�fU�P^M5HhM5HcADQ�LDW1d>J5GKFXW1PRM5HT<�x�3B¯�µ myW1J5ABM5H�L�Z\ADQ�]-J^HIP^C�H�LzM5HT<�v#}#£ix�3B¯h¬�<��V<�£ix�3B¯�=

�¶� AKF>GD�IADH_j 	VC�HIGKGDHcm5J5FXLDL7U�P^C�HcM5W1F>G �IGKADHcF>PVZ[QIAKFXHIJ5ADH_¬_Yrw^<cM5��S�²[U�¡�H�CcJ5P^HN�fU�P^M5H`M5HNADQ�LDW1d>J5GKFXW1PqM5H
p#£#£ � 3B¯�µ myW1J5ABM5H�L�Z\ADQ�]-J^HIP^C�H�LzM5HT<�v#�#p � }ix�3B¯h¬�<��V<�£ix�3B¯/² ��3`³5µ�=

�¶� AKF>GD�IADHip�	�HId>dXH�M5W1F>G �IGKADHF>PVZ[QIAKFXHIJ5ADHi¬TY±»�<M5��S ²[U�¡�H�C�J5P^H�fU�P^M5H�M5HADQ�LDW1d>J5GKFXW1P°M5H�<�£#£�� 3B¯�µ
myW1J5AzM5H�L�Z\ADQ�]-J^HIP^C�H�LBM5Hi<�v#}#£ix�3B¯h¬�<�v#v#£ix�3B¯/²\k_�e³�<�v#£#£�µ�=

�;H�LcLKF>ShJ5d3U�GKFXW1P^L`LDW1P-GNADQ�U�d>FXLDQ�H�LcLKJ5Ac?Nk_³�²\?eMV¡#U�P^C�H�M¢kcH�LKF>�#P ³- VLKGDHIS·µ�=���d>dXH�LNP^HhmyHIAKSTHIGKGDHIP-GcmfU1L
M�O J5GKF>d>FXLDHIA_M5H�LN�^d>GKADH�L_M5H
�"CDE^HI�- VCDE^H 9 M�O W1ADMVADHimfU�F>AhU�¡�H�C�drO F>SimyQ�M^U�P^C�HTLDW1J5EfU�F>GDQ�H���C�Hi]-J5F�d>F>SiF>GDHTC�HIGKGDH
QIGKJ^M5H·U�JV¦°W1ADMVADH�LhF>SimfU�F>ADL·²±<��"pnHIG}�µ�="�"UnLKF>ShJ5d3U�GKFXW1P©H�LKG_H 9�H�CIGKJ^Q�H·U�¡�H�CTJ5P^Hi�fU�P^M5H/M5HiADQ�LDW1d>J5GKFXW1P
M5H¢<�£ � 3B¯qU%�^P M�O �IGKADHnJ5GKF>d>FXL7U��5dXH�myW1J5A�drO HIP^LDHISh�5dXHqM5H�LiCIAKF>GD�IADH�LT]-J5FeW1P-G/M5H�L��fU�P^M5H�LTM5H·ADQ�LDW1d>J5GKFXW1P
MVF:9�QIADHIP-GDH�L²\M5HT<�£#£ � 3B¯h¬�<`x�3B¯�µ�=
'��3���3���\' & � ��� $ � ! . � *  "� � $\�"9 . $&� *
k`U�P^L+J5P/m5ADHISiFXHIA GDHISim^L�-W1P/C�W1P^LKFXM5�IADHzJ5P�U�Sim5d>F{�fC�U�GDHIJ5A�]-JfU1LKF{Yrd>F>P^Q�U�F>ADH���C#O H�LKG±Y ¬%Y8MVF>ADHB]-J^HedXHemyW1F>P-G

M5H�C�W1Sim5ADH�LDLKFXW1P/¬<eM5�¸H�LKG�m5AKFXL�GKAD��L�LKJ5myQIAKFXHIJ5A+¬Nd3UBm5J5FXLDL7U�P^C�HeM5H�LDW1AKGKFXH�ADQ�HId>dXH#=#�"UNm5J5FXLDL7U�P^C�HeM5H�LDW1AKGKFXH
HIP¸drO U��^LDHIP^C�H·M5H·C�W1Sim5ADH�LDLKFXW1P H�LKG � � 
 � � � ����� ����� 
 � � � ��� ="�;H�Lm5ADHISiFX�IADH�LiLKF>ShJ5d3U�GKFXW1P^LiLDW1P-GM5W1P^CzH 9�H�CIGKJ^Q�H�L�U�¡�H�C � ����� 
�� � � ��� � � � � � ��� =��BP/H�¦5HISim5dXHBM5HzLKmyH�CIGKADHeHIP/LDW1AKGKFXHBM5HedrO QISTHIGKGDHIJ5AH�LKGNM5W1P5P^QLKJ5Azd3Ui�^�#J5ADH·<#= j#�imyW1J5ABJ5P^Hh�fU�P^M5HM5H_ADQ�LDW1d>J5GKFXW1P¢M5Hp#£#£ � 3B¯ � � � 
 �HIG � � 
 �/U�¡�H�ChdXH
�-U��fU�AKF>G`C�W1AKADH�LKmyW1P^M^U�P-G_U�J¢CIAKF>GD�IADHijV= �BP�ADHIS/U�AD]-J^H]-J^HhdXHhP5F>¡�H�U�J°M5H�LNQISiFXLDLKFXW1P^LNmfU�A7U1LKF>GDH�LcH�LKGNGKADW1m
QIdXHI¡�Q`¡�FXLz¬�¡�FXLeM5H`d3UP^W1AKSTHhHIGz]-J^HcdXHc�^d>GKA7U���H`�#dXW1�fU�d"M5H`drO QISTHIGKGDHIJ5ABP;O H�LKGemfU1LBLKJ�
/L7U�P-G�=

�2W1J5ABADQ�LKJ5STHIAzdrO HIP^LDHISh�5dXHhM5H�LBLKF>ShJ5d3U�GKFXW1P^LNU�¡�H�C_J5P�U�Sim5d>F{�fC�U�GDHIJ5ABd>F>P^Q�U�F>ADH��^dXH�Lz¡#U�dXHIJ5ADLzMVJqS/U%¦VF{Y
ShJ5S�M5H�L`QISiFXLDLKFXW1P^LcE^W1ADL`�fU�P^M5H�myW1J5A`CDEfU1CIJ5P M5H�LcGKADW1FXL_CIAKF>GD�IADH�L_LDW1P-G`M5W1P5P^Q�H�L_M^U�P^LcdXH�G7U��5dXH�U�J <#= p
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nporq � <#= j#� �·��¦5HISim5dXH_M5H`ADQ�LKJ5d>G7U�GBM5H`LKF>ShJ5d3U�GKFXW1PRmyW1J5Az¡�QIAKF{�fHIAzdXH`CIAKF>GD�IADHjn² � � 
 �_HIG � � 
 ��µ

LKJ5F>¡#U�P-GzdXH�LzW1ADMVADH�L � � HIG � � M5H�L��^d>GKADH�L�= �BPnADHIS/U�AD]-J^H_]-J^HcmyW1J5AeJ5PqW1ADMVADH`GDW1G7U�d � � � � � LKJ5myQIAKFXHIJ5AB¬v �5dXH�LzCIAKF>GD�IADH�LBLDW1P-GzADH�LKmyH�CIGDQ�L�=
� � 
 � � � 
 � � � 
��

� � 
 �
� AKF>GD�IADHT< 4 ��� � � 4 �80 Y p�w^= w
� AKF>GD�IADHhj 4 � � � $ 4 � � ��� 4 � � �\'
� AKF>GD�IADHhp 4 0 � � 0 Y±»1jV=>< �eY �#£

� � 
 �
� AKF>GD�IADHT< 4 �80 4 �^� � $ Y p#vV= v
� AKF>GD�IADHhj 4 � � ��� 4 �����\' Yrw^<#= }
� AKF>GD�IADHhp Y±»1jV=>< Y v�»�= } �eY �#£

� � 
��
� AKF>GD�IADHT< Y p�w^= w Y p#vV= v Yrw-vV= j
� AKF>GD�IADHhj 4 � � �\' Yrw^<#= } Yrw-�V= w
� AKF>GD�IADHhp �eY �#£ �eY �#£ �eY �#£

������ <#= p��hx¢U%¦VF>S/UcM5H�L�QISiFXLDLKFXW1P^L�E^W1ADL��fU�P^M5H_²\HIPTM5�zµ2M�O J5P^HeCDEfU%gXP^HzsBt�U�¡�H�CBU�Sim5d>F{�fC�U�GDHIJ5A+d>F>P^Q�U�F>ADH
²\��Pq�#A7U1L�5dXH�Le¡#U�dXHIJ5ADLz]-J5F�P^H`ADH�LKmyH�CIGDHIP-GzmfU1LedXH�LBCIAKF>GD�IADH�L�= µ

k`U�P^L2dXH�C�U1L2M�O J5PiU�Sim5d>F{�fC�U�GDHIJ5A�d>F>P^Q�U�F>ADH���dXH�L"F>P��^J^HIP^C�H�L�MVJh�^d>GKADH mfU1LDLDH�Yr�fU�P^M5H�sBtqHIG�MVJMVJ5m5dXH�¦5HIJ5A
LDW1P-G�¬�myHIJ m5AD��LhQ�]-J5F>¡#U�dXHIP-GDH�L_myW1J5AhdXH��^d>GKA7U���HT�#dXW1�fU�d�M5Hid3UnCDEfU%gXP^H/sBt�=;?BF>P^LKF �yJ5P¸W1ADMVADHi�#dXW1�fU�d�M5H
v/ADQImfU�AKGKF�M5HhZrUKJ�W1P°]-J^HIdXC�W1P^]-J^HiLKJ5ANdXH�L`M5HIJV¦�]-JfU1MVAKF>my®1dXH�L`M5Hh�^d>GKA7U���H�myHIAKSTHIG`M5HADH�LKmyH�CIGDHIAcdXH�LNGKADW1FXL
CIAKF>GD�IADH�LBM�O QISiFXLDLKFXW1P^LzmfU�A7U1LKF>GDH�Lem5ADW�CDE^H�LBM5H`d3U�fU�P^M5H#=
'��3���3���3� & � ��� $ � ! . � *  "���"����4 � $\�"9 . $&� *
k`U�P^L`dXHTC�U1L_M�O J5P¸U�Sim5d>F{�fC�U�GDHIJ5AhP^W1PVYrd>F>P^Q�U�F>ADH��;dXH�L`m5ADW�MVJ5F>GDLhM�O F>P-GDHIAKSTW�MVJ5d3U�GKFXW1P©HIP LDW1AKGKFXHTM5HiC�HIG

U�Sim5d>F{�fC�U�GDHIJ5A�P^H myHIJ5¡�HIP-G��IGKADH+�^d>GKADQ�L2]-J^H+mfU�A2dXH MVJ5m5dXH�¦5HIJ5A�=��;H+�^d>GKADH mfU1LDLDH�Yr�fU�P^M5H�sBtnHIG"dXH MVJ5m5dXH�¦5HIJ5A
P^H_LDHISh�5dXHIP-GcU�dXW1ADLemfU1L �KW1J^HIAeJ5PqAD®1dXH`Q�]-J5F>¡#U�dXHIP-GNC�W1SiSTH_M^U�P^LzdXH`C�U1LzM�O J5P�U�Sim5d>F{�fC�U�GDHIJ5ANd>F>P^Q�U�F>ADH#=
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�"U·�^�#J5ADHq<#= j�»�M5W1P5P^HidXH�L_ADQ�LKJ5d>G7U�GDL_M5Hid3UnLKF>ShJ5d3U�GKFXW1P©U�¡�H�C � � 
 �iHIG � � 
 �TW1J � � 
 � ��myW1J5A
J5P�U�Sim5d>F{�fC�U�GDHIJ5ANd>F>P^Q�U�F>ADH/² � ����� 
 � � � ����µ�HIGzP^W1PVYrd>F>P^Q�U�F>ADH�² � ����� 
�� � � ����µ�= �BPqADHIS/U�AD]-J^H_]-J^Hd3UhP^W1PVYrd>F>P^Q�U�AKF>GDQcF>P��^J^HIP^C�HcdrO QIG7U�dXHISTHIP-GBLKmyH�CIGKA7U�d �VC�Hc]-J5F�UhmyW1J5A�H 9�HIGeM5HcM5QI�#A7U1M5HIAedrO ?B��+s ²\?eM �DU1C�HIP-G
� EfU�P5P^HId�2W ��HIAisNU�GKFXW-µcS/U�FXLhC�H/]-J5F+P;O U�J5�#STHIP-GDH·mfU1L_dXH�L_P5F>¡�H�U�JV¦�M�O QISiFXLDLKFXW1P�mfU�A7U1LKF>GDHTE^W1ADL±Yr�fU�P^M5H
²&S/U�FXL�m5ADW�CDE^HnM5H�d3UR�fU�P^M5H%µ�=�?Bm5AD��L�m5d>J^LKFXHIJ5ADLTLKF>ShJ5d3U�GKFXW1P^L��dXH�L�C�W1P^CId>J^LKFXW1P^L/U�¡�H�CnJ5P U�Sim5d>F{�fC�U�GDHIJ5A
P^W1PVYrd>F>P^Q�U�F>ADH/LDW1P-G`dXH�L`S �ISTH�L_]-J;O U�¡�H�CiJ5P�U�Sim5d>F{�fC�U�GDHIJ5Ahd>F>P^Q�U�F>ADH 	yJ5P�W1ADMVADHiM5H�^d>GKA7U���Hi�#dXW1�fU�d M5HTv
myHIAKSTHIGBM5HcADQImyW1P^MVADHhU�JV¦nGKADW1FXLzCIAKF>GD�IADH�LBM�O QISiFXLDLKFXW1P^LzmfU�A7U1LKF>GDH�LeE^W1ADLz�fU�P^M5H#=
'��3���3��� � !i$ �&. � ,  "� �&*q��� ��� .5�f*R��� �8" .^�� ����!10 * � *R�&. " . �"� * � '  2� * !10 .�� � * � �
�;HB�^d>GKA7U���Hcm5ADW�CDE^H`M5HNd3Uh�fU�P^M5H��5]-J5F;UhmyW1J5A��5J5GeM5HNd>F>SiF>GDHIAed3Uhm5J5FXLDL7U�P^C�HcM5H�LeQISiFXLDLKFXW1P^L�mfU�A7U1LKF>GDH�L

U�J5GDW1J5AhM5Hid3U·�fU�P^M5HiJ5GKF>dXH��;P^Q�C�H�LDLKF>GDHiM5H�L_ADQ��KH�CIGKFXW1P^L`F>SimyW1AKG7U�P-GDH�L 	yJ5P�W1ADMVADHi�#dXW1�fU�d M�O U�J SiF>P5F>ShJ5S
vnLKJ5A_dXH��^d>GKADHTsBt§HIG_dXH/MVJ5m5dXH�¦5HIJ5AhLDW1P-GhP^Q�C�H�LDL7U�F>ADH�L_myW1J5A_drO �Nx��B³�=;�"UnADQImfU�AKGKF>GKFXW1P¸M5Hid3U�ADQ��KH�CIGKFXW1P
HIP-GKADH_dXHc�^d>GKADHhsBt©HIGBdXH_MVJ5m5dXH�¦5HIJ5AcU�F>P^LKF"]-J^H`d3U�P^W1PVYrd>F>P^Q�U�AKF>GDQM5H_drO U�Sim5d>F{�fC�U�GDHIJ5AcM5H`m5J5FXLDL7U�P^C�H_P;O W1P-G
m5A7U�GKFX]-J^HISTHIP-GNU�J^CIJ5P^HNF>P��^J^HIP^C�H`LKJ5A�dXH�L�QISiFXLDLKFXW1P^L�mfU�A7U1LKF>GDH�L�m5ADW�CDE^H�LeM5HNd3Uh�fU�P^M5H#=5��P·ZrU�F>G�VC�H�L�M5HIJV¦
mfU�A7U�ST�IGKADH�LzF>P��^J^HIP^C�HIP-GNdXH�LzQISiFXLDLKFXW1P^LemfU�A7U1LKF>GDH�Lzm5d>J^LzQIdXW1F>�#P^Q�H�LNM5Hcd3U��fU�P^M5H#=
L�M�� M�� 	 lmj � l0T[Y[aSj aSRmY � lm^;TQf;aS\ �,TVP�� ^;aSR`b aS\]PSW6lmX��mR;P>aS\]f;agW6U��`U�R`f;a
�+O QIGKJ^M5HBADQ�U�d>FXLDQ�HBm5ADQ�C�Q�M5HISiSTHIP-GBU`myHIAKSiFXL�M5HBSTHIGKGKADHNHIP·QI¡�FXM5HIP^C�HNM5HIJV¦TmyW1F>P-GDL�F>SimyW1AKG7U�P-GDL�LKJ5A dXH

�^d>GKA7U���Hm5ADW�CDE^HM5Hhd3UT�fU�P^M5H 	fM�O J5P^HmfU�AKG�fdXH�LNP^W1PVYrd>F>P^Q�U�AKF>GDQ�L`M5HhdrO U�Sim5d>F{�fC�U�GDHIJ5A_M5Hhm5J5FXLDL7U�P^C�HhP;O W1P-G
]-J^HTGKAD��LhmyHIJ©M�O F>P^CIFXM5HIP^C�H�LKJ5AhdXH�LhADHISTW1P-GDQ�H�L�mfU�A7U1LKF>GDH�LHIG�2M�O U�J5GKADH/mfU�AKG�"d3UqADQImfU�AKGKF>GKFXW1P M5Hi�^d>GKA7U���H
HIP-GKADH`dXHB�^d>GKADH_sBt¸HIG�dXH`MVJ5m5dXH�¦5HIJ5AzP;O UmfU1L�P^W1Pnm5d>J^LzM�O F>P��^J^HIP^C�H#=^x¢U�FXL�5M^U�P^L�dXH`C�U1LzM�O J5P^H`QIGKJ^M5H`M5H�L
ADHISTW1P-GDQ�H�L�mfU�A7U1LKF>GDH�Li¬qM5H�LhZ\ADQ�]-J^HIP^C�H�Lhm5d>J^L�QIdXW1F>�#P^Q�H�L�M5H/d3Un�fU�P^M5H���C�H�LM5HIJV¦¸C�U�A7U1CIGDQIAKFXLKGKFX]-J^H�L�W1P-G
J5P^H`F>P��^J^HIP^C�H_QI¡�FXM5HIP-GDH#=
'��3��� � �\'��`.^� $&��$3��9��� � ����� �&*	� " . �"� * � ����!10 *
� � �� "� � *-, 68��9-:; * �"! *-, 9 � ��$ � �"9 *-, � *��&.

" . �"� *
�;H LKF>�#PfU�d�FXLDLKJhM5H+d3UzLDW1J5ADC�H sBt�m5ADW�¡�FXHIP-G�M5H+STQId3U�P5��HIJ5ADL�HIG"m5ADQ�LDHIP-GDH�M5W1P^C�M5H�L;ADHISTW1P-GDQ�H�L�mfU�A7U1LKF>GDH�L

P^W1P LDHIJ5dXHISTHIP-G�U�JV¦�Z\ADQ�]-J^HIP^C�H�LTM�O F>P-GDHIAKSTW�MVJ5d3U�GKFXW1P�S/U�FXL/U�J^LDLKFBU�JV¦¸EfU�AKSTW1P5FX]-J^H�L�+QIdXW1F>�#P^Q�H�L/M5H�d3U
�fU�P^M5H+J5GKF>dXH#=��;H��^d>GKADH�sBt�myHIAKSTHIG2M5H��^d>GKADHIA"J5P^H m5ADHISiFX�IADH+Z[W1FXL"C�H�L"MVF:9�QIADHIP-GDH�L�C�W1SimyW#L7U�P-GDH�L�LKmyH�CIGKA7U�dXH�L�=
�+O U�Sim5d>F{�fC�U�GDHIJ5AcM5Hcm5J5FXLDL7U�P^C�H_QIG7U�P-GBP^W1PVYrd>F>P^Q�U�F>ADH��fM5H�LeP^W1J5¡�H�U�JV¦nmfU�A7U1LKF>GDH�LBLDW1P-Gz��QIP^QIADQ�LN¬�L7U�LDW1AKGKFXH#=
�;H_MVJ5m5dXH�¦5HIJ5Ae�^d>GKADH��fM�O J5P^H`mfU�AKG�5dXH�LBLKF>�#PfU�JV¦�mfU�A7U1LKF>GDH�LzP^W1PRLKJ5m5m5AKF>STQ�LzmfU�AzdXHc�^d>GKADH_sBt©HIGBU�Sim5d>F{�fQ�L
HIG�5M�O U�J5GKADH_mfU�AKG�^C�HIJV¦nHIP5��HIP^MVADQ�LBmfU�Aed3U�P^W1PVYrd>F>P^Q�U�AKF>GDQhM5H`drO U�Sim5d>F{�fC�U�GDHIJ5A�=
?BF>P^LKF ��d3UBd>F>P^Q�U�AKF>GDQeM5H�drO U�Sim5d>F{�fC�U�GDHIJ5A �KW1J^H�M5W1P^C�J5P�AD®1dXHeM^U�P^L�d3UB��QIP^QIA7U�GKFXW1P/M�O QISiFXLDLKFXW1P^L�mfU�A7U1LKF>GDH�L

QIdXW1F>�#P^Q�H�L`M5Hd3UT�fU�P^M5H#=ykcHm5d>J^L�fdXH�LcAD®1dXH�LcMVJ��^d>GKADH�sBt HIG`MVJ¢MVJ5m5dXH�¦5HIJ5A`¡�FXL`¬T¡�FXLcM5HhdrO QISiFXLDLKFXW1P¢P^H
LDW1P-G mfU1L+FXM5HIP-GKFX]-J^H�L�HIG d3UcADQImfU�AKGKF>GKFXW1P�M5H�L C�W1P-GKA7U�F>P-GDH�L�M5He�^d>GKA7U���HBLKJ5A C�H�L M5HIJV¦/C�W1SimyW#L7U�P-GDL F>P��^J^HIP^C�H
dXH`C�W1SimyW1AKGDHISTHIP-GN�#dXW1�fU�d"M5H`drO QISTHIGKGDHIJ5ABmfU�AeA7U�m5myW1AKGNU�JV¦nQISiFXLDLKFXW1P^LzmfU�A7U1LKF>GDH�LzQIdXW1F>�#P^Q�LBM5H`d3U�fU�P^M5H#=
�;HNSTW�M5�IdXHNJ5GKF>d>FXLDQNmyW1J5AeQIGKJ^MVFXHIAedXHB�^d>GKA7U���HNm5ADW�CDE^H`M5HNd3Uh�fU�P^M5HNP;O H�LKG�mfU1L�J5GKF>d>FXL7U��5dXH`M^U�P^LeC�HNP^W1JVY

¡�H�U�J¢C�U1L�=���P¢H 9�HIG�fdXH�LNC�W1SimyW1AKGDHISTHIP-GDL_HIP¢M5HIE^W1ADLcM5Hhd3UT�fU�P^M5HhJ5GKF>dXHM5H�LcMVF:9�QIADHIP-GDL`C�W1SimyW#L7U�P-GDLNP^H
myHIJ5¡�HIP-G�mfU1L �IGKADHBSTW�M5QId>FXLDQ�L�M5HeZrUKJ�W1P�LKF>Sim5dXH#=%��U�AeH�¦5HISim5dXH���LKFyW1P/m5ADHIP^M·dXHBC�U1L�M5HBdrO U�P-GDHIP5P^H��VCDEfU1]-J^H
Z\ADQ�]-J^HIP^C�H�M5H ADQ�LDW1PfU�P^C�H myHIJ5G� ���������	��� �%C�W1AKADH�LKmyW1P^MVADHe¬eJ5P^H GKA7U�P^L±Z[W1AKS/U�GKFXW1PiHIP�LKF>�#PfU�d�A7U� �W1P5P^Q#=���HIGKGDHGKA7U�P^L±Z[W1AKS/U�GKFXW1P©H�LKGhW1m5GKF>SiFXLDQ�HTmyW1J5Ahd3U ²\W1J�dXH�L�µNZ\ADQ�]-J^HIP^C�H�²\L�µcM�O J5GKF>d>FXL7U�GKFXW1P;=2?BJ^CIJ5P^H/C�W1P-GKA7U�F>P-GDH�LKJ5A
dXH�L_U�J5GKADH�LNZ\ADQ�]-J^HIP^C�H�LcP;O QIG7U�P-GhHIP¢��QIP^QIA7U�d�F>SimyW#LDQ�H��ydrO U�P-GDHIP5P^H�myHIJ5G`A7U� �W1P5P^HIA`GDW1J5GhU�J^LDLKF��5FXHIP ¬·C�H�L
Z\ADQ�]-J^HIP^C�H�L�= �8dyHIP�H�LKG�M5HBS �ISTHNmyW1J5A�dXH�L �^d>GKADH�L�=�?BF>P^LKF ��M5HIJV¦·C�W1SimyW#L7U�P-GDLzU� -U�P-GedXH�L S �ISTH�LeLKmyQ�CIF{�fC�U%Y
GKFXW1P^LBU�J5GDW1J5AzM5Hcd3UhZ\ADQ�]-J^HIP^C�H`M5HNZ[W1P^CIGKFXW1P5P^HISTHIP-GNmyHIJ5¡�HIP-GBU�¡�W1F>ABM5H�LzC�W1SimyW1AKGDHISTHIP-GDLBGKAD��LeMVF:9�QIADHIP-GDL
myW1J5A�M5H�L"Z\ADQ�]-J^HIP^C�H�L�m5d>J^L�QIdXW1F>�#P^Q�H�L�= �2W1J5A�F>d>d>J^LKGKADHIA+C�H�CIF ��dXH�L�ADQImyW1P^LDH�L2Z\ADQ�]-J^HIP-GKFXHId>dXH�L�LKF>ShJ5dXQ�H�L+M5H�M5HIJV¦
�^d>GKADH�L�L7U�P^L�myHIAKGDHc¬�³ � s«²&ADQ�LDW1PfU�GDHIJ5ADLz¬hL7U�J5G�M�O F>SimyQ�M^U�P^C�H%µ�LDW1P-G�m5ADQ�LDHIP-GDQ�H�LeLKJ5A�d3U`�^�#J5ADH�<#= j#vV= �2W1J5A
J5P^HcS �ISTHNZ\ADQ�]-J^HIP^C�H_C�HIP-GKA7U�dXH_M5H_jTa�3B¯`HIGeJ5P^HcS �ISTHc�fU�P^M5H`mfU1LDL7U�P-GDH`M�O HIP-¡�F>ADW1P���� ��d3U�M5HIJV¦VFX�ISTH
Z\ADQ�]-J^HIP^C�H_M5HcADQ�LDW1PfU�P^C�HhH�LKGzMVF:9�QIADHIP-GDH/²[p � �/a�3B¯_HIGzw � »ia�3B¯�µ�=



j�w ��������� ���������*�������������� ��� � � �����������	����	��
 ���� ��� � ����
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nporq � <#= j�» � �8P��^J^HIP^C�H�M5Hhd3UTP^W1PVYrd>F>P^Q�U�AKF>GDQ�M5HhdrO U�Sim5d>F{�fC�U�GDHIJ5AhM5Hhm5J5FXLDL7U�P^C�HLKJ5ABdXHLKmyH�CIGKADHM5HLDW1AKGKFXH
M�O J5PRQISTHIGKGDHIJ5ANsBt
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nporq � <#= j#v ����W�H�
/CIFXHIP-GDL�M5HTADQ��fH�¦VFXW1P©HIGM5HTGKA7U�P^LKSiFXLDLKFXW1P©M5H/M5HIJV¦°�^d>GKADH�L�¬�³ � s ¬qC�W1SimyW1AKGDHISTHIP-G
FXM5HIP-GKFX]-J^HnM^U�P^Ld3UR�fU�P^M5H·J5GKF>dXH°²&dXH�L�C�U�A7U1CIGDQIAKFXLKGKFX]-J^H�LTM5H�Ld>F>�#P^H�LiM5H/GKA7U�P^LKSiFXLDLKFXW1P HIGiM5H�L�C�W1J5m5d3U���H�L
LDW1P-GBM5W1P5P^Q�H�LN¬ijTa�3B¯�µ

'��3��� � �3� �_��9 ,�* ��� . �%$&����� *·�(' 9�� * ��� *  "� , $\� ��� $ � 9 � �� "� �(' 9��% "� *  � *-, 68��9-:; * �"! *-, 9 � ��$ � �"9 *-,
� *��&. 68��9-:; * �"! * ! * ����� .^�&*

k`U�P^LzC�HIGKGDH`mfU�AKGKFXH��^dXH`CIF>ADCIJ5F>GNQIGKJ^MVFXQ_H�LKGeJ5P^H`¡�HIADLKFXW1PqGKAD��LzLKF>Sim5d>F{�fQ�H_M5H`d3UiCDEfU%gXP^H_sBt¸¡�J^Hcm5ADQ�C�Q�Y
M5HISiSTHIP-G�=^�;H�LeADQ�LKJ5d>G7U�GDLzM5H�LeLKF>ShJ5d3U�GKFXW1P^LeP^HcADH��f�IGDHIP-GBM5W1P^CcmfU1LedXHcC�W1SimyW1AKGDHISTHIP-GBADQ�HId;M�O J5P^H`CDEfU%gXP^H
sBt¸LKJ5AeJ5P^H`d3U�AK��H`�fU�P^M5H`S/U�FXLeF>dXLemyHIAKSTHIGKGDHIP-GNM5HcSTHIGKGKADH_HIPRQI¡�FXM5HIP^C�Hcd3U�myW#LDLKF>�5F>d>F>GDQ`M5H`C�W1P-GKAD®1dXHIABdXH�L
ADHISTW1P-GDQ�H�LBmfU�A7U1LKF>GDH�LeE^W1ADLz�fU�P^M5H_L7U�P^LeSTW�MVF{�fHIAzdXHN�^d>GKA7U���H_m5ADW�CDE^H_M5H`d3U�fU�P^M5H#=
�"U·�^�#J5ADHR<#= j#�nm5ADQ�LDHIP-GDHTdXHTCIF>ADCIJ5F>GQIGKJ^MVFXQ#= �8d+H�LKGhC�W1P^LKGKF>GKJ^Q/M5Hid3UnLDW1J5ADC�H �Nx��B³�J5GKF>d>FXLDQ�Him5ADQ�C�Q�Y

M5HISiSTHIP-G�fM5Hc�^d>GKADH�LN¬�J5Pqmy®1dXH_HIGzM�O J5P¢U�Sim5d>F{�fC�U�GDHIJ5ABP^W1PVYrd>F>P^Q�U�F>ADH#=��;Hc�^d>GKADH_sBt©C�®1GDQ_LDW1J5ADC�HhH�LKGeJ5P
�^d>GKADH�¬qJ5P¸ADQ�LDW1PfU�GDHIJ5A�LKF>Sim5dXH���M5W1P-Gd3URLKGKAKJ^CIGKJ5ADH�HIGhd3UqADQImyW1P^LDHTZ\ADQ�]-J^HIP-GKFXHId>dXH�LDW1P-G�M5W1P5P^Q�H�LiLKJ5Ahd3U
�^�#J5ADHR<#= p#£V=2³VU�Z\ADQ�]-J^HIP^C�HTC�HIP-GKA7U�dXH·H�LKGhM5Hq<�� �#}Ra�3B¯ �;L7U��fU�P^M5HTmfU1LDL7U�P-GDHTM5H���� HIGhLDH�LcZ\ADQ�]-J^HIP^C�H�L
LDH�C�W1P^M^U�F>ADH�LiLDW1P-GTLKF>GKJ^Q�H�Li]-JfU1LKF>STHIP-GTU�JV¦¸EfU�AKSTW1P5FX]-J^H�LTM5H·d3UqZ\ADQ�]-J^HIP^C�H�C�HIP-GKA7U�dXH�²[p � �#j°a�3B¯ ��} � �#p
a�3B¯�HIGh» � ��w�a�3B¯�µ�=y�+O U�Sim5d>F{�fC�U�GDHIJ5AhH�LKGcFXM5HIP-GKFX]-J^HT¬·C�HId>J5F�J5GKF>d>FXLDQm5ADQ�C�Q�M5HISiSTHIP-G�2U�¡�H�CJ5P°�-U�F>P°M5H
j#£`M5� �#J5P/myW1F>P-G�M5HzC�W1Sim5ADH�LDLKFXW1P·M5HBp#£_M5��S HIG+J5P/myW1F>P-G M�O F>P-GDHIADC�HIm5GKFXW1PnM�O W1ADMVADHNp_M5Hew-}`M5��Sq=��2W1J5A
dXHT�^d>GKADH�HIP LDW1AKGKFXH·M5H·drO U�Sim5d>F{�fC�U�GDHIJ5A�+M5HIJV¦¸C�W1PV�^�#J5A7U�GKFXW1P^LTLDW1P-GiQIGKJ^MVFXQ�H�L�=��"URm5ADHISiFX�IADHnC�W1P^LKFXLKGDH�¬
STHIGKGKADHhJ5PR�^d>GKADH�¬iADQ�LDW1PfU�GDHIJ5AcLKF>Sim5dXH�²&FXM5HIP-GKFX]-J^Hi¬TC�HId>J5F�HIP¢HIP-GKADQ�HM5HhdrO U�Sim5d>F{�fC�U�GDHIJ5A�µ�=��"U/LDH�C�W1P^M5H
C�W1P^LKFXLKGDHc¬_STHIGKGKADHcJ5P/�^d>GKADH`¬�³ � s«²r³-GDHIm5myH�M �8SimyH�M^U�P^C�HcsBH�LDW1PfU�GDW1A�µ M5W1P-G�d3UhLKGKAKJ^CIGKJ5ADHcHIG�d3U_ADQImyW1P^LDH
Z\ADQ�]-J^HIP-GKFXHId>dXHhLDW1P-GzM5W1P5P^Q�H�LN¬�d3Uh�^�#J5ADHT<#= pV<#=�³VUZ\ADQ�]-J^HIP^C�H_C�HIP-GKA7U�dXHhH�LKGzM5Hi<�� �#}/a�3B¯ �5L7U�fU�P^M5H`mfU1L±Y
L7U�P-GDH·M5H���� S/U�FXL�"C�W1P-GKA7U�F>ADHISTHIP-G·U�J �^d>GKADH·LKF>Sim5dXH��"LDH�L`Z\ADQ�]-J^HIP^C�H�L�LDH�C�W1P^M^U�F>ADH�LLDW1P-G�M5Q�C�U�dXQ�H�LmfU�A
A7U�m5myW1AKGNU�JV¦�EfU�AKSTW1P5FX]-J^H�LBM5H`d3UhZ\ADQ�]-J^HIP^C�H_C�HIP-GKA7U�dXH·²&w � j#p/a�3B¯ �^� � »1p/a�3B¯_HIGN� �><ha�3B¯�µ�=



j#� ��������� ���������*�������������� ��� � � �����������	����	��
 ���� ��� � ����
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nporq � <#= j#� �·kcH�LDCIAKF>m5GKFXW1P�M5HcdrO QISTHIGKGDHIJ5ANsBt©LKF>Sim5d>F{�fQ`myW1J5AzM5H�LzQIGKJ^M5H�Lzd3U�AK��H`�fU�P^M5H
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nporq � <#= pV< �n³-GKAKJ^CIGKJ5ADHhHIGzADQImyW1P^LDHNZ\ADQ�]-J^HIP-GKFXHId>dXHhMVJn�^d>GKADHh¬J5P�³ � s



��� � �*��� ��	��
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	6� � � �����
��������� ��� � � ����� � �	� �	� � ��� ��	6����	 j�»

'��3��� � � � + $ ,�*h* �q9 � $&� * �"! * � *�&./� � ,�, $#"�$ � $3��9_� * � .�� ���1$ ,�* � �&*`��� ��� .5�f* � �� "�z� *-, 68��9-:; * �"! *-,
9 � ��$ � �"9 *-, � *��&. " . �"� *

?�drO U�FXM5HhMVJRdXW1�#FXCIFXHId�?Nk_³ �5dXH�LBLKF>ShJ5d3U�GKFXW1P^LcM5H_d3UiLKGKAKJ^CIGKJ5ADHLKF>Sim5d>F{�fQ�HhM�O QISTHIGKGDHIJ5AcsBt U�¡�H�C_�^d>GKADH
LKF>Sim5dXH¢HIG��^d>GKADH°¬ ³ � s�LDW1P-GnH 9�H�CIGKJ^Q�H�L�=e�;H°LKmyH�CIGKADH¢HIP LDW1AKGKFXH¢M5H¢drO QISTHIGKGDHIJ5AqH�LKGnM5W1P5P^Q¢myW1J5A�dXH�L
M5HIJV¦°C�W1PV�^�#J5A7U�GKFXW1P^LhLKJ5A`d3U/�^�#J5ADHq<#= p#jV= �BP°ADHIS/U�AD]-J^HT]-J^HiM^U�P^L`d3U·�fU�P^M5H�J5GKF>dXH���dXH�L_M5HIJV¦¢LKmyH�CIGKADH�L
LDW1P-G`C�W1PVZ[W1P^MVJ^L�yC�H�]-J5F2STW1P-GKADHi]-J^HhdXH�LN�^d>GKADH�L`W1P-Gc�5FXHIP¢dXHS �ISTH�C�W1SimyW1AKGDHISTHIP-GhM^U�P^LNd3U/�fU�P^M5H�HIG
P^HiM5Q�Z[W1AKSTHIP-GhmfU1L`dXHiLKF>�#PfU�d�J5GKF>dXH#=���U�AC�W1P-GKADH��"U�J°P5F>¡�H�U�J¸M5H�LNZ\ADQ�]-J^HIP^C�H�L_EfU�AKSTW1P5FX]-J^H�L·²[U�J5GDW1J5AhM5H
<�� �#j¦qp ��} � »1�/a�3B¯�HIG�<�� �#j¦q} �«� � �/a�3B¯%µ��2J5P^H·MVF:9�QIADHIP^C�HnM5H/P5F>¡�H�U�J U�m5mfU�A7U%gXGTHIP-GKADH·dXH�L�M5HIJV¦
LKmyH�CIGKADH�L�=
k`U�P^L;dXH C�U1L"M5H�d3UzLKGKAKJ^CIGKJ5ADH�U�¡�H�C+dXH��^d>GKADH�¬�ADQ�LDW1PfU�GDHIJ5A�LKF>Sim5dXH���drO U�GKGDQIP-JfU�GKFXW1PTU�m5myW1AKGDQ�H�¬B} � »1�/a�3B¯

mfU�A_dXH�^d>GKADHTH�LKG_M5H�Y p � }nM5��²\C�ZK=��^�#J5ADHR<#= p#£�µ�=2��HIGKGDH�ZrU�F>�5dXHi¡#U�dXHIJ5A_L�O H�¦Vm5d>FX]-J^HimfU�A`dXH�ZrU�F>G_]-J^H�drO EfU�A±Y
STW1P5FX]-J^Hqp¢MVJ LKF>�#PfU�dB¬°} � »1� a�3B¯nLDH·GKADW1J5¡�Hnm5ADW�CDE^HnM5H�d3URZ\ADQ�]-J^HIP^C�HnM5H·ADQ�LDW1PfU�P^C�HqM�O W1ADMVADHqp¢MVJ
ADQ�LDW1PfU�GDHIJ5Ae¬T<�� �#}/a�3B¯N¦qp ��} � v#}/a�3B¯�=-k`U�P^L+dXHBC�U1L�MVJT�^d>GKADHN¬³ � s ��C�HIGKGDHzZ\ADQ�]-J^HIP^C�HBM5HzADQ�LDW1PfU�P^C�H
M�O W1ADMVADHRp¢H�LKGTM5Q�C�U�dXQ�HqHIGidrO U�GKGDQIP-JfU�GKFXW1P U�m5myW1AKGDQ�HnmfU�AidXH·�^d>GKADHR¬°} � »1��a�3B¯nH�LKG/U�dXW1ADLTM5H·Y7<�� � p°M5�
²\C�ZK=f�^�#J5ADH�<#= pV<%µ�="��HIGKGDH�MVF:9�QIADHIP^C�HiM�O HIP-¡�F>ADW1P <�p·M5��LDHhADHIGKADW1J5¡�HiLKJ5AcdXHP5F>¡�H�U�J°M5H�L`QISiFXLDLKFXW1P^LNmfU�A7U%Y
LKF>GDH�L`U�J5GDW1J5A_M5HT} � »1�na�3B¯�=1�2W1J5A`dXH�L_U�J5GKADH�L`ADHISTW1P-GDQ�H�L��]-J5F�C�W1AKADH�LKmyW1P^M5HIP-G¬/J5P^Hm5J5FXLDL7U�P^C�H�STW1F>P^L
F>SimyW1AKG7U�P-GDH��^dXH�LzM5HIJV¦��^d>GKADH�LzLDW1P-GN¬myHIJqm5AD��LzQ�]-J5F>¡#U�dXHIP-GDL�=
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nporq � <#= p#j �n³-myH�CIGKADH`d3U�AK��H`�fU�P^M5H_HIPRLDW1AKGKFXH_M5HcdrO QISTHIGKGDHIJ5ANHIGeF>P��^J^HIP^C�HhMVJn�^d>GKADHh¬T³ � s

��HIGKGDH�QIGKJ^M5H�LKF>Sim5dXHiU/myHIAKSiFXLcM5HSTHIGKGKADH�HIP°QI¡�FXM5HIP^C�Hd3U/myW#LDLKF>�5F>d>F>GDQM5HS/U%gXGKAKFXLDHIAcdXH�LcADHISTW1P-GDQ�H�L
mfU�A7U1LKF>GDH�LeE^W1ADLBM5Hcd3U�fU�P^M5H`GDW1J5GBHIPqC�W1P^LDHIAK¡#U�P-GBdXH�L�m5ADW1m5AKFXQIGDQ�LNM5HN�^d>GKA7U���H_HIGBM5HcADQ��KH�CIGKFXW1Pqm5ADW�CDE^H_M5H
d3UT�fU�P^M5HJ5GKF>dXH#=y��d>dXHiU·U�J^LDLKF2STW1P-GKADQdrO F>P��^J^HIP^C�HiM5H�LNP^W1PVYrd>F>P^Q�U�AKF>GDQ�L_M5HhdrO U�Sim5d>F{�fC�U�GDHIJ5A_M5Hm5J5FXLDL7U�P^C�H
LKJ5AedXH�LeADHISTW1P-GDQ�H�LBE^W1ADL±Yr�fU�P^M5HU�JV¦·Z\ADQ�]-J^HIP^C�H�LeEfU�AKSTW1P5FX]-J^H�L�=



j#v ��������� ���������*�������������� ��� � � �����������	����	��
 ���� ��� � ����

�! �� � ) �B@!7 2S1�$ �B-/2?@ $'&'(*),+.-/&0+.1�$'-/2 $'@!3*)BADCFEG$'8/HI1*-/7*&=-/2
��H�m5ADHISiFXHIA2CDEfU�m5F>GKADH�U�myHIAKSiFXL"M5H+M5Q��^P5F>A;dXH�AD®1dXH+M�O J5P^H CDEfU%gXP^H+A7U1MVFXW�Y[Z\ADQ�]-J^HIP^C�H���U�¡�H�C+dXH�L;MVF:9�QIADHIP-GDH�L

Z[W1P^CIGKFXW1P^L 	�U�Sim5d>F{�fC�U�GKFXW1P��-�^d>GKA7U���HNHIG�A7U� �W1P5P^HISTHIP-G�=5k`U�P^L dXHBC�U1L�M�O U�m5m5d>FXC�U�GKFXW1P^L�ShJ5d>GKF{Y8LKG7U�P^M^U�ADM5L�VdXH�L
C�W1P-GKA7U�F>P-GDH�L_LKJ5ANCDEfU1CIJ5P^H�M5HhC�H�LzZ[W1P^CIGKFXW1P^LcM5HI¡�FXHIP5P^HIP-GcF>SimyW1AKG7U�P-GDH�L��U%�^P¢M5H_ADQImyW1P^MVADH�¬id3UiZ[W1FXLcU�JV¦
H�¦VF>��HIP^C�H�LiM^U�P^LiCDEfU1]-J^H·�fU�P^M5HnM5HTZ\ADQ�]-J^HIP^C�H�J5GKF>dXH�HIGiU�J^LDLKFzU�JV¦¸H�¦VF>��HIP^C�H�LiM5H·ADQ��KH�CIGKFXW1P HIP M5HIE^W1ADL
M5H�Lz�fU�P^M5H�L�=^��PRm5d>J^LzM5HhC�H�LzC�W1P-GKA7U�F>P-GDH�LBZ[W1P^CIGKFXW1P5P^HId>dXH�L�^d3UiCDEfU%gXP^HsBt©M5W1F>GzADH�LKGDHIAzd3U�m5d>J^LBC�W1SimfU1CIGDH
myW#LDLKF>�5dXH��^U%�^PRM�O �IGKADH`F>P-GDQI�#ADQ�HhM^U�P^LBM5H�LzLK VLKGD�ISTH�LzM5H`C�W1SiShJ5P5FXC�U�GKFXW1P^LNSTW1�5F>dXH�L�=
?z�^P�M5HzADQImyW1P^MVADHcU�JV¦/M5HIJV¦/H�¦VF>��HIP^C�H�L�M5HBmyHIA±Z[W1AKS/U�P^C�H�L ShJ5d>GKF{Y8LKG7U�P^M^U�ADM5LzHIG�M5HBC�W1SimfU1CIF>GDQ��VM5HIJV¦

LDW1d>J5GKFXW1P^L_W1P-GhQIGDQTMVFXLDCIJ5GDQ�H�L 	ydrO J5GKF>d>FXL7U�GKFXW1P�M5HiC�W1SimyW#L7U�P-GDL_ShJ5d>GKF{Y[Z[W1P^CIGKFXW1P^LHIG`drO J5GKF>d>FXL7U�GKFXW1P¸M5HiC�W1S�Y
myW#L7U�P-GDLiShJ5d>GKF{Y8LKG7U�P^M^U�ADM5L�=+�+O J5GKF>d>FXL7U�GKFXW1P�M5H�C�W1SimyW#L7U�P-GDLTShJ5d>GKF{Y[Z[W1P^CIGKFXW1P^LTmyHIAKSTHIGTM5HnC�W1P^C�HI¡�W1F>A/M5H�L
LKGKAKJ^CIGKJ5ADH�LB¬_Z[W1P^CIGKFXW1P5PfU�d>F>GDQ�LeADQImfU�AKGKFXH�L�5C#O H�LKG±Y ¬%Y8MVF>ADH`]-J;O J5P^HNZ[W1P^CIGKFXW1PqH�LKG�ADQ�U�d>FXLDQ�HcmfU�A�m5d>J^LKFXHIJ5ADLzC�W1S�Y
myW#L7U�P-GDLBLKJ5Aed3U�CDEfU%gXP^HhsBt�=
³-F+drO W1P m5ADHIP^M°dXHTC�U1L_MVJ°�^d>GKA7U���H��;M5HIJV¦ C�W1SimyW#L7U�P-GDLhLDW1P-GhLKmyQ�CIF3U�dXHISTHIP-GM5Q�MVFXQ�L¬nC�HIGKGDH�Z[W1P^CIGKFXW1P

LKJ5ANJ5P^HCDEfU%gXP^HisBt 	fdXH_�^d>GKADHhmfU1LDLDH�Yr�fU�P^M5H�sBt HIGNdXHMVJ5m5dXH�¦5HIJ5A�= �BA�yC�W1SiSTH�W1P�drO UT¡�J��fdrO U�Sim5d>F{�fC�U%Y
GDHIJ5A�HIG�drO U�P-GDHIP5P^H_U�ST�IP^HIP-G�VHIJV¦�U�J^LDLKF �-M5H�L STW�MVF{�fC�U�GKFXW1P^L�Z\ADQ�]-J^HIP-GKFXHId>dXH�LeLKJ5A dXHNLKF>�#PfU�d�A7U� �W1P5P^Q#=5k`U�P^L
J5P^H�LKGKAKJ^CIGKJ5ADHnCId3U1LDLKFX]-J^H���C�H�L�M5HIJV¦©C�W1SimyW#L7U�P-GDLTLDW1P-GiC�W1P>JIJ^L�myW1J5A�S/U�F>P-GDHIP5F>A/M5H�L�C�U�A7U1CIGDQIAKFXLKGKFX]-J^H�L
C�W1P^LKG7U�P-GDH�LhM^U�P^L`dXH�Lc�fU�P^M5H�L_M5HZ\ADQ�]-J^HIP^C�H�LcJ5GKF>dXH�L 	y�-U�F>P��;U1M^U�m5G7U�GKFXW1P���A7U� �W1P5P^HISTHIP-G�=2��P M5HIE^W1ADL_M5H
C�H�L_�fU�P^M5H�L��dXH�L_C�W1SimyW1AKGDHISTHIP-GDLhZ\ADQ�]-J^HIP-GKFXHIdXLhM5HTC�H�LhC�U�A7U1CIGDQIAKFXLKGKFX]-J^H�Lh¡#U�AKFXHIP-G�=;��P�J5GKF>d>FXL7U�P-GM5H�LhU�A±Y
CDE5F>GDH�CIGKJ5ADH�LiHIG�M5H�LhGDH�CDE5P5FX]-J^H�LiM5H/C�W1P^C�HIm5GKFXW1P U1M^U�m5GDQ�H�L�2F>d�H�LKGHIP-¡�FXL7U���H�U��5dXH�M5H/S/U%gXGKAKFXLDHIAi¬qd3U�Z[W1FXL
dXH�L_C�U�A7U1CIGDQIAKFXLKGKFX]-J^H�L`Z\ADQ�]-J^HIP-GKFXHId>dXH�LhM5HiC�H�L_QIdXQISTHIP-GDLM^U�P^L_HIG_HIP M5HIE^W1ADLhM5H�Lc�fU�P^M5H�L_J5GKF>dXH�L�=�k`U�P^L_C�H
C�U1L�fF>d�LDHISh�5dXHmyW#LDLKF>�5dXHM�O W1m5GKF>SiFXLDHIAcdXHh�^d>GKA7U���HiU�m5myW1AKGDQmfU�AcdrO HIP^LDHISh�5dXHiM5H�LcC�W1SimyW#L7U�P-GDLT²3�^d>GKADH�sBt��
U�Sim5d>F{�fC�U�GDHIJ5A�5MVJ5m5dXH�¦5HIJ5AeHIGeU�P-GDHIP5P^H%µ myW1J5A�ADQImyW1P^MVADHcU�JV¦·C�W1P-GKA7U�F>P-GDH�LzM5HBm5d>J^L�HIP·m5d>J^L Z[W1AKGDH�L�d>FXQ�H�L�¬
drO U�J5�#STHIP-G7U�GKFXW1P¢M5H�LBLDHIAK¡�FXC�H�LeF>P-GDQI�#ADQ�LNU�JV¦nLK VLKGD�ISTH�LzM5H`GDQIdXQ�C�W1SiShJ5P5FXC�U�GKFXW1P�STW1�5F>dXH�L�=

Fonction f i l trage

Fonction ampl i f ication
Fonction

rayonnement

nporq � <#= p#p��q³-GKAKJ^CIGKJ5ADH¬h�^d>GKA7U���H`ADQImfU�AKGKF

k`U�P^LzdXH_C�U1MVADHhM5H_C�HIGKGDH`GKE^��LDH��5P^W1J^LzP^W1J^LBLDW1SiSTH�LzF>P-GDQIADH�LDLDQ�Lc¬d3U�myW#LDLKF>�5F>d>F>GDQ_M5H`ZrU�F>ADHcF>P-GDHIAK¡�HIP5F>A
dXH_�^d>GKA7U���H�¬im5d>J^LKFXHIJ5ADLNP5F>¡�H�U�JV¦�M^U�P^LBd3U/CDEfU%gXP^H�sBt��^C�W1SiSTHdXH_STW1P-GKADHd3Ui�^�#J5ADH·<#= p#pV=��+O F>P-GDQI�#A7U�GKFXW1P
M�O J5P^HeZ[W1P^CIGKFXW1P·M5He�^d>GKA7U���HBM^U�P^L+J5P·C�W1SimyW#L7U�P-Gc²[U�Sim5d>F{�fC�U�GDHIJ5A�5U�P-GDHIP5P^H%µ+M5W1F>G�LDH�ZrU�F>ADHzL7U�P^L M5QI�#A7U1M5HIA
LDH�L2myHIA±Z[W1AKS/U�P^C�H�L�F>P-GKAKF>P^LD��]-J^H�L�=��8dVC�W1P-¡�FXHIP-G+M5W1P^C�M�O QIGKJ^MVFXHIA�dXH�L�MVF:9�QIADHIP-GDL�G8 �myH�L�M5H �^d>GKA7U���H�SiFXCIADW�W1P^M5H
HIGedXH�Lem5E^QIP^W1ST�IP^H�LB]-J5Fy �LDW1P-Ged>FXQ�LBU%�^PqM5HcSTW�MVF{�fHIAzW1JqC�W1P^C�HI¡�W1F>ANM5H�LzU�ADCDE5F>GDH�CIGKJ5ADH�LBA7U� �W1P5PfU�P-GDH�LNW1J
U�Sim5d>F{�fC�U�GKAKFXC�H�LBF>P-GDQI�#A7U�P-GNJ5P^HcZ[W1P^CIGKFXW1PRM5HN�^d>GKA7U���HhM5W1P5P^Q�H#=���H�CIF�ZrU�F>GedrO W1� �KHIGBMVJRLDH�C�W1P^MqCDEfU�m5F>GKADH#=
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k`U�P^LhC�HIGKGDH/mfU�AKGKFXH��;J5P^H/M5H�LDCIAKF>m5GKFXW1P©M5H�L_m5AKF>P^CIF>mfU�JV¦�m5E^QIP^W1ST�IP^H�LiU1LDLDW�CIFXQ�LhU�J �^d>GKA7U���H·M^U�P^L_dXH�L

LKGKAKJ^CIGKJ5ADH�L`sBt myHIAKSTHIGcM�O QIG7U��5d>F>A`J5P^H�MVFXLKGKF>P^CIGKFXW1P HIP-GKADHh�^d>GKA7U���H�ADQ�CIJ5ADLKF{Z�HIGN�^d>GKA7U���HGKA7U�P^LK¡�HIADLDHiU�F>P^LKF
]-J^H_�^d>GKA7U���HTU1CIGKF{Z�HIGN�^d>GKA7U���H�mfU1LDLKF{ZK= �2W1J5A_CDEfU1]-J^HG8 �myH�M5Hh�^d>GKA7U���H��ydXH�LNm5AKF>P^CIF>mfU�dXH�L_C�U�A7U1CIGDQIAKFXLKGKFX]-J^H�L
LDW1P-GBM5QIG7U�F>d>dXQ�H�LBHIGz]-J^HIdX]-J^H�LBH�¦5HISim5dXH�LzM5H`m5AKF>P^CIF>myH_M5HN�^d>GKADH�LBsBt©LDW1P-GBM5W1P5P^Q�L�=
� MNL�MNL �/l0TFj U�WNXN\Kj a�f;a�f;aS\Kb TFX��;YVX6lmR%f;aS\ �Dc;PSR;lmj 
SR;aS\ f;a
	pWZY[TVU
�0a
��P A7U1MVFXW�Y[Z\ADQ�]-J^HIP^C�H���dXH·Z[W1AKS/U�d>FXLKSTH·��QIP^QIA7U�dXHISTHIP-G/J5GKF>d>FXLDQ�myW1J5AiM5Q�CIAKF>ADH�dXH�C�W1SimyW1AKGDHISTHIP-G·M�O J5P

LK VLKGD�ISTHhH�LKGBC�HId>J5F�M5H�LBmfU�A7U�ST�IGKADH�L_³ �^dXH�LNW1P^M5H�LNP^W1AKS/U�d>FXLDQ�H�LBF>P^CIFXM5HIP-GDH�L`HIGBADQ��fQ�CDE5FXH�L`QIG7U�P-GNP^W1GDQ�H�L��
HIG��= �2W1J5A J5P/]-JfU1MVAKF>my®1dXHzC�W1SiSTHzC�HId>J5F�M5H�d3UN�^�#J5ADHBjV=><��#d3Ucm5J5FXLDL7U�P^C�HeF>P^CIFXM5HIP-GDHzP^W1AKS/U�d>FXLDQ�HN¬cdrO HIP-GKADQ�H
H�LKG � � 
�� � � � � HIGcd3U·m5J5FXLDL7U�P^C�H�ADQ��fQ�CDE5FXHTP^W1AKS/U�d>FXLDQ�HTHIP°HIP-GKADQ�HTH�LKG � � 
��  � � � =��"U·m5J5FXLDL7U�P^C�H�GDW1G7U�dXHP^W1AKS/U�d>FXLDQ�H�HIP°HIP-GKADQ�H�H�LKG`U�dXW1ADL � � 
 � � � � � 
�� � � � � � �  � � � =��;H�LcmfU�A7U�ST�IGKADH�L � � �LDW1P-G`M5Q��^P5FXLcmfU�A
dXH�LeADHId3U�GKFXW1P^L²[jV=><%µe¬n²[jV= w�µ�=
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nporq � jV=>< ��kcH�LDCIAKF>m5GKFXW1PRM5H�LzW1P^M5H�LzF>P^CIFXM5HIP-GDH�LNHIGeADQ��fQ�CDE5FXH�LBmyW1J5AeJ5PR]-JfU1MVAKF>my®1dXH
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�2W1J5Azd3UM5H�LDCIAKF>m5GKFXW1PRM5H�L�m5E^QIP^W1ST�IP^H�LzM5HN�^d>GKA7U���H`]-J^HNP^W1J^L�P^W1J^Lem5ADW1myW#LDW1P^LeM5HBZrU�F>ADH��VdXH�Le]-JfU1MVAKF{Y
my®1dXH�L�LDW1P-G�ADHISim5d3U1C�Q�L�mfU�A�M5H�L �5dXW�C�L�LK VLKGD�ISTH�L�U�¡�H�CNJ5P^HNHIP-GKADQ�HcHIG J5P^HNLDW1AKGKFXHBGKA7U�P^L±Z[W1AKS/U�P-G�J5P^HNW1P^M5H
HIP·J5P^HNU�J5GKADH#=V?BF>P^LKF ��dXHB]-JfU1MVAKF>my®1dXHNM5Hzd3U`�^�#J5ADHcjV=><BmyHIJ5G��mfU�A�H�¦5HISim5dXH�� �IGKADHBSTW�M5QId>FXLDQzmfU�A�dXHBLDCDE^QIS/U
�5dXW�CzM5Hed3UN�^�#J5ADHNjV= j`LKF5drO W1P·CDE^HIADCDE^Hc¬`U�¡�W1F>A dXH�L W1P^M5H�L HIP/LDW1AKGKFXH � � HIG� � ¬cmfU�AKGKF>A M5H�L W1P^M5H�L HIP/HIP-GKADQ�H
� � HIG  � =y�;H�L`�5dXW�C�LhU�ST�IP^HIP-GM5H�LcSTW�MVF{�fC�U�GKFXW1P^LhLKJ5A`drO W1P^M5HTM5HiM5HIJV¦¢G8 �myH�L
	�M5H�L`STW�MVF{�fC�U�GKFXW1P^LhLKJ5A
drO U�Sim5d>F>GKJ^M5HM5H`drO W1P^M5HhHIGBM5H�LzSTW�MVF{�fC�U�GKFXW1P^LcLKJ5Aed3Uim5EfU1LDH_M5H`drO W1P^M5H#=f�"Uim5d>J5mfU�AKGNM5H�Lz�5dXW�C�LNU�ST�IP^HIP-G
dXH�LzM5HIJV¦nG8 �myH�LzM5HcSTW�MVF{�fC�U�GKFXW1P;=

 � 
 � � � � ��� � � � � � ²[jV= }�µ
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nporq � jV= j �·x�W�M5QId>FXL7U�GKFXW1PRLDW1J^L�Z[W1AKSTH_M5H`LDCDE^QIS/Ui�5dXW�C`M�O J5PR]-JfU1MVAKF>my®1dXH

� MNL�M�� � XNWZY[TVU
�0a �`U�\K\ a � �`U�R`f;a f;a Y � � a TVPSb ^;TF\KX�� a Y]Y[TVU�R`\��ma>TF\ U�W
�;Hi�^d>GKA7U���H/mfU1LDLDH�Yr�fU�P^M5H��"C�W1SiSTHTP^W1J^L�U�d>dXW1P^L_dXHT¡�W1F>A�;myHIJ5G �IGKADHT¡�J�C�W1SiSTH/J5P m5E^QIP^W1ST�IP^H·M5H

C�W1Sh�5F>PfU�FXLDW1P^L�M5H°m5J5FXLDL7U�P^C�H#=zkcHIJV¦§G8 �myH�LqM5H C�W1Sh�5F>PfU�FXLDW1P�M5H°m5J5FXLDL7U�P^C�H LDW1P-G�U�dXW1ADLqM5Q��^P5FXL�	edXH�L
C�W1Sh�5F>PfU�FXLDW1P^LRM5H�m5J5FXLDL7U�P^C�H°U�¡�H�C¢�yW1J^CIdXH¢M5H¢ADQIGKADW�U1CIGKFXW1P ²\M5H�G8 �myH�ADQ�CIJ5ADLKF{ZIµ/HIG�dXH�LnC�W1Sh�5F>PfU�FXLDW1P^L
M5H`m5J5FXLDL7U�P^C�H`L7U�P^Le�yW1J^CIdXH_M5H`ADQIGKADW�U1CIGKFXW1P©²\M5HcG8 �myH`GKA7U�P^LK¡�HIADLDH%µ�=
���\'��3���\' �e$ � ��� .5�f* � * � ���+* ��9-!- "� , $&6
�;H�Lem5E^QIP^W1ST�IP^H�LBM5Hc�^d>GKA7U���H`M5H`G8 �myHNADQ�CIJ5ADLKF{Z�LDHcGKA7U1MVJ5FXLDHIP-GzmfU�Azd3Um5ADQ�LDHIP^C�H`M5Hc�yW1J^CIdXH_M5HcADQIGKADW�Y

U1CIGKFXW1P°M^U�P^LcJ5P¢LDCDE^QIS/U·�5dXW�C���C�W1SiSTHdXHSTW1P-GKADH�d3Ui�^�#J5ADHijV= pV=1�2W1J5A`J5P^Hh�yW1J^CIdXH�LKF>Sim5dXH���dXH_�^d>GKA7U���H
U�m5myW1AKGDQ�LKJ5AdrO W1P^M5H�LDW1AKG7U�P-GDH���H�LKGGKA7U1MVJ5F>GDH·mfU�AdrO H�¦Vm5ADH�LDLKFXW1P¶²[jV= »#µ_]-J5F�LDH/m5ADQ�LDHIP-GDH�LDW1J^Ld3UnZ[W1AKSTH
M�O J5Pqmy®1dXH#=

� ��� 
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�
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� ����
� � �����

� 	
� ���� ²[jV= »#µ

�"UTm5ADQ�LDHIP^C�HM�O J5P�my®1dXH�² �����
�
	
� ���� µ�myHIAKSTHIGcM�O U�¡�W1F>A`M5H�Lz�^d>GKA7U���H�LNGKAD��LcLDQIdXH�CIGKF{Z[L��¬id3U/C�W1P^MVF>GKFXW1P

]-J^H_dXH_my®1dXHhLDW1F>GBm5ADW�CDE^HM5H/<#=y��HId3UTF>SimyW#LDHhM5HIJV¦RC�W1P^MVF>GKFXW1P^L 	^d3Uim5EfU1LDH � MVJRmy®1dXHhM5W1F>G �IGKADHQI�-U�dXH¬
��� � ² ��HIP-GKFXHIA�µeHIGzdXHcSTW�MVJ5dXH_MVJqmy®1dXH`M5W1F>G �IGKADH`m5ADW�CDE^H_M5HT<#=f��H�CIF;myHIJ5G��IGKADH`GKA7U1MVJ5F>GzmfU�A 	

� 
�� ����� � ����� 
 ��� � ²[jV= v�µ
� ����� ��� � ²[jV= ��µ
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nporq � jV= p���xRFXLDH`HIPqQI¡�FXM5HIP^C�H_M�O J5Pn�^d>GKA7U���H_ADQ�CIJ5ADLKF{Z�M^U�P^LzJ5PqLDCDE^QIS/U��5dXW�C

�+O F>P��^J^HIP^C�HNMVJ/STW�MVJ5dXHBMVJTmy®1dXHzLKJ5A+dXHe�^d>GKA7U���HNU�m5myW1AKGDQBH�LKG M5W1P5P^Q�HBLKJ5A+d3Uc�^�#J5ADHNjV= w^=-��P/C�W1P5PfU�FXL±Y
L7U�P-GcdrO QI¡�W1d>J5GKFXW1P M5Hd3UTm5EfU1LDH�MVJ¢my®1dXH � HIP�Z[W1P^CIGKFXW1P°M5Hd3UiZ\ADQ�]-J^HIP^C�H��yW1P¢myHIJ5GcM5Q�MVJ5F>ADHiM5Hd3Ui�^�#J5ADH
jV= w�drO U�d>d>J5ADH_M5HNd3UADQImyW1P^LDHBZ\ADQ�]-J^HIP-GKFXHId>dXH_MVJ·�^d>GKA7U���H#=f��H�CIF;H�LKGeHIPnmfU�AKGKFXCIJ5d>FXHIAzdXHcC�U1L�myW1J5AeM5H�L��^d>GKA7U���H�L
LDQIdXH�CIGKF{Z[L`myW1J5A`dXH�LD]-J^HIdXL`d3U·m5EfU1LDHiMVJ my®1dXH�myHIJ5G �IGKADHTC�W1P^LKFXM5QIADQ�H��"U�J m5ADHISiFXHIAhW1ADMVADH��;C�W1SiSTHid>F>P^Q�U�F>ADH
HIP�Z[W1P^CIGKFXW1PRM5H`d3UZ\ADQ�]-J^HIP^C�H#=5�;H`mfU�A7U�ST�IGKADH � � � �	����myHIJ5GNU�dXW1ADL��IGKADH`ADHISim5d3U1C�Q_mfU�Aed3UZ\ADQ�]-J^HIP^C�H`P^W1A±Y
S/U�d>FXLDQ�H � � ��� =y�;HGKA7U1C�Q�H�LKGcP^W1AKS/U�d>FXLDQmfU�A`A7U�m5myW1AKG_U�J¢S/U%¦VF>ShJ5S�HIGcdXHSTW�MVJ5dXH � ����� �fH�LKGcC�W1P^LKFXM5QIADQ
F>P^M5QImyHIP^M^U�P-G/M5H�d3URZ\ADQ�]-J^HIP^C�H#= �2W1J5A � ����� � 
 ��� � � ��d3UR�fU�P^M5HnmfU1LDL7U�P-GDHq¬RY p�M5� H�LKGiM�O HIP-¡�F>ADW1P ���
U�dXW1ADL�]-J;O HId>dXHNP;O H�LKGe]-J^HNM5H � ��� myW1J5A � ����� ��
���� �V=f��HIGKGDHcM5HIAKP5FX�IADHc¡#U�dXHIJ5A�H�LKG�GKAD��LeU�m5m5ADW�¦VF>S/U�GKF>¡�H_C�U�A�
LKJ5ABJ5P^Hh�fU�P^M5H�M5H_Z\ADQ�]-J^HIP^C�H�U�J^LDLKF"d3U�AK��H��fdXH�LNE- �myW1GKE^��LDH�LNMVJ�STW�MVJ5dXH � ����� �^C�W1P^LKG7U�P-G`HIGNM5Hhd3UTm5EfU1LDH
d>F>P^Q�U�F>ADHhHIPnZ[W1P^CIGKFXW1PRM5H`d3UZ\ADQ�]-J^HIP^C�H`P^H_LDW1P-GBmfU1LeADQ�U�d>FXLKGDH�L�^C�W1P-GKA7U�F>ADHISTHIP-G_U�JV¦qC�U1LzmyW1J5AzdXH�LD]-J^HIdXLed3U
�fU�P^M5H_H�LKGeF>PVZ[QIAKFXHIJ5ADHh¬ � � ��=
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nporq � jV= w � �8P��^J^HIP^C�H_MVJnSTW�MVJ5dXH_MVJqmy®1dXH`LKJ5AedXHc�^d>GKA7U���H

���\'��3���3� �e$ � ��� .5�f* � * � ���+* ��� . � , � * � ,�*
�;H�L�m5E^QIP^W1ST�IP^H�LzM5Hz�^d>GKA7U���HcM5HNG8 �myHBGKA7U�P^LK¡�HIADLDH�²\W1J�GKA7U�P^LK¡�HIADL7U�d&µ LDHBGKA7U1MVJ5FXLDHIP-G�mfU�A�drO U�AKAKF>¡�Q�HcLKJ5A

J5P��5dXW�CeU1M5MVF>GKFXW1P5P^HIJ5A+M�O W1P^M5H�L�P^H�M5QImyHIP^M^U�P-G�mfU1L�M5H d3UNLDW1AKGKFXH�M5H�C�HIG+U1M5MVF>GKFXW1P5P^HIJ5A��C�W1SiSTH�dXH�STW1P-GKADH
d3U`�^�#J5ADHcjV= }V=��"U_ADHId3U�GKFXW1P ²[jV=><�£�µ+M5W1P5P^HBdrO H�¦Vm5ADH�LDLKFXW1P�MVJ/�^d>GKA7U���HNGKA7U�P^LK¡�HIADLDHN]-J5F�LDHzSTHIG�LDW1J^L d3U`Z[W1AKSTH
M�O J5P^H·LDW1SiSTH·M5H/GDHIAKSTH�L�2]-J;O W1P�myHIJ5GiU�J^LDLKF ¡�W1F>A�C�W1SiSTH/J5P^HTZ[W1P^CIGKFXW1P M5HTGKA7U�P^L±Z[HIAKGmyW#LDLDQ�M^U�P-GJ5P
¯�QIADW5=
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 � � ��� � ��� � � � ��� � 
 � � ��� � � � ��� � � � ��� �

� � � � ²[jV=><�£�µ
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nporq � jV= } �·xRFXLDH`HIPqQI¡�FXM5HIP^C�H_M�O J5Pn�^d>GKA7U���H_GKA7U�P^LK¡�HIADLDH_M^U�P^LeJ5PRLDCDE^QIS/U��5dXW�C

���\'��3��� � �e$ � ��� .5�f*�.���� �f�%��9 �2. �� 2� ��9 , ��� . � *  "�
?z�^P�M5H M5Q�CIAKF>ADH dXH�C�W1SimyW1AKGDHISTHIP-G�M�O J5PADQ�LDW1PfU�GDHIJ5A�M�O J5P^H S/U�P5FX�IADH�LKF>Sim5dXH���W1PC�W1P^LKFXM5�IADH�dXH+STW�M5�IdXH

m5ADQ�LDHIP-GDQiLKJ5ANd3UT�^�#J5ADHijV= ��U�µ�= �8d�H�LKGcC�W1P^LKGKF>GKJ^Q�M�O J5P^Hd>F>�#P^H�M5HGKA7U�P^LKSiFXLDLKFXW1P°M5HdXW1P5�#J^HIJ5A`QIdXH�CIGKAKFX]-J^H
�©U� -U�P-G_J5P C�W�H�
/CIFXHIP-GhM5H�myHIAKGDH � HIG_M5H�M5HIJV¦°C�W1J5m5d3U���H�L¬·CDEfU1]-J^HTH�¦VGKADQISiF>GDQiSTW�M5QId>FXLDQ�LcmfU�A`dXHIJ5ADLmfU�A7U�ST�IGKADH�Lh³�=f�;HLDCDE^QIS/UT�5dXW�ChQ�]-J5F>¡#U�dXHIP-GcmyW1J5A ���U�¡�H�C ���	
 �·H�LKGNM5W1P5P^QLKJ5ABd3Ui�^�#J5ADH�jV= �i��µ�=��"U
m5ADQ�LDHIP^C�H_M�O J5P^H`�yW1J^CIdXH`myHIAKSTHIGBM5H`MVF>ADH_]-J;O F>d"H�¦VFXLKGDHcJ5P��^d>GKA7U���HhM5HcG8 �myH`ADQ�CIJ5ADLKF{ZK=
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nporq � jV= � �·x�W�M5�IdXH_M�O J5PqADQ�LDW1PfU�GDHIJ5ABC�W1J5m5dXQh¬iM5HIJV¦qU1C�C���L

�+O F>P-GDQIA �IGBM�O J5PnADQ�LDW1PfU�GDHIJ5AeH�LKGeM�O U�m5myW1AKGDHIAeJ5P·�^d>GKA7U���H`LDQIdXH�CIGKF{ZK=V�;HNSTW�MVJ5dXHcMVJnmy®1dXHBADQ�CIJ5ADLKF{Z�QIG7U�P-G
� � � � 	� � � � ���� � � �1J5Pi�^d>GKA7U���HBLDQIdXH�CIGKF{Z�P;O H�LKG�myW#LDLKF>�5dXHe]-J^HemyW1J5A+dXH�L+C�U1L+W��TdXH�L�myHIAKGDH�L LDW1P-G�ZrU�F>�5dXH�LB² � m5ADW�CDE^HM5H¢<%µ_HIG�dXH�L�C�W1J5m5d3U���H�LimfU1LGKADW1m©F>SimyW1AKG7U�P-GDLR² � � 	� � �;m5ADW�CDE^H�M5H¢<·HIG � ���� � ��m5ADW�CDE^HnM5H�<���W1J HIP^C�W1ADH� � 	� � � 
�� � � � � 	� � � � ZrU�F>�5dXHTHIG � ���� � �^ZrU�F>�5dXH%µ�=;?BF>P^LKF �yW1P�C�W1P^LKFXM5�IADHIA7Un]-J;O J5P^Hi�yW1J^CIdXHiH�LKG`ADQ�LDW1PfU�P-GDH/LKF
� � � � 	� � � � ���� � � � ��� �V=
?z�^PqM�O F>d>d>J^LKGKADHIABC�H`m5E^QIP^W1ST�IP^H_M5HcADQ�LDW1PfU�P^C�H_HIGBM5H �±J^LKGKF{�fHIAzC�HIGKGDH`d>F>SiF>GDH_LKJ5A�dXH`STW�MVJ5dXH`MVJnmy®1dXH��

J5PiA7U�FXLDW1P5P^HISTHIP-G�LKJ5A�dXH�L+W1P^M5H�L+HIPTHIP-GKADQ�HzHIG+HIPiLDW1AKGKFXHeM5H�d3UNd>F>�#P^HeM5H�GKA7U�P^LKSiFXLDLKFXW1PimyHIJ5G �IGKADH�STHIP^Q#=�?
d3U`ADQ�LDW1PfU�P^C�H���J5P^HBW1P^M5HNLKG7U�GKFXW1P5PfU�F>ADHcL�O QIG7U��5d>F>GeU�J/P5F>¡�H�U�J�M5HBd3U`d>F>�#P^HNM5HzGKA7U�P^LKSiFXLDLKFXW1P;= �8d�H�LKG myW#LDLKF>�5dXH
M5HiC�W1P^LKFXM5QIADHIA]-J^HiC�HIGKGDHiW1P^M5HTLKG7U�GKFXW1P5PfU�F>ADHTH�LKG`J5P^HTLKJ5myHIAKmyW#LKF>GKFXW1P M�O W1P^M5H�Lh]-J5F+LDHm5ADW1mfU���HIP-G�HIG_LDH
ADQ��fQ�CDE5FXLDLDHIP-GNU�J�P5F>¡�H�U�JqM5H�LeC�W1J5m5d3U���H�L�5C�W1SiSTHcdXHNSTW1P-GKADH`d3U_�^�#J5ADH`jV= »�=5?BJ�P5F>¡�H�U�JnM5HcdrO HIP-GKADQ�H`M5HNd3U
d>F>�#P^HTM5HiGKA7U�P^LKSiFXLDLKFXW1P���drO W1P^M5H � � H�LKG`drO W1P^M5HTM5HiADQ�Z[QIADHIP^C�H�Z[W1J5AKP5FXHimfU�A_drO F>P-GDHIAKSTQ�MVF3U�F>ADH·MVJ�C�W1J5m5d3U���H
UV=�?�CDEfU1]-J^HqU�d>dXHIA±YrADHIGDW1J5A�+d3UR¡#U�dXHIJ5ATM5H�drO W1P^M5HnH�LKGTU�GKGDQIP-J^Q�HRM�O J5P©ZrU1CIGDHIJ5A � � � � 	� � � � ���� � � ��]-J5FeH�LKG�dXH
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M5H_m5J5FXLDL7U�P^C�HhM^U�P^LBCDEfU1]-J^HW1P^M5H_myW1J5ABJ5PqSTW�MVJ5dXHM5Hh£V= }V=8�2W1J5AcC�HIGKGDHh¡#U�dXHIJ5A��¬�mfU�AKGKF>AcMVJqGKADW1FXLKFX�ISTH
U�d>dXHIA±YrADHIGDW1J5A�;dXH�L`W1P^M5H�L_P;O U�m5myW1AKGDHIP-Gh]-J^H�myHIJ M5HiC�W1P-GKAKF>�5J5GKFXW1P©U�J°�^d>GKA7U���HR²&J5P C�U�dXCIJ5d H�¦^U1CIG`STW1P-GKADH
]-J^Hcd3UiLDW1SiSTH`M5H�Lzm5J5FXLDL7U�P^C�H�LzM5H�LzW1P^M5H�LzP^QI�#d>F>��Q�H�LzADHIm5ADQ�LDHIP-GDH���� M5H`d3Um5J5FXLDL7U�P^C�H_M5H`drO W1P^M5H � � µ�=
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nporq � jV= »��·kcH�LDCIAKF>m5GKFXW1P�MVJnm5E^QIP^W1ST�IP^HhM5H`ADQ�LDW1PfU�P^C�H

���\'��3��� $ �e$ � ��� .5�f*R.���� �f�%��9 �2. �� 2� , �% 2"
�+O H�¦5HISim5dXH_MVJnLKGKJ5��myHIAKSTHIGzM5HcSTHIGKGKADH`HIPnQI¡�FXM5HIP^C�HcdXHNZrU�F>Ge]-J^HcM^U�P^L�J5P^HcS/U �KW1AKF>GDQ`M5H`LKGKAKJ^CIGKJ5ADH�L

SiFXCIADW�W1P^M5H�L��dXH�L��^d>GKA7U���H�L ADQ�CIJ5ADLKF{Z[L HIG+GKA7U�P^LK¡�HIADLDH�L�C�W�Y8H�¦VFXLKGDHIP-G�=-�;HBLKGKJ5�/QIGKJ^MVFXQzFXCIFyU �#myW1J5A M5H�L+A7U�FXLDW1P^L
M5H�LKF>Sim5d>FXCIF>GDQ��1J5P^H�F>SimyQ�M^U�P^C�H�C�U�A7U1CIGDQIAKFXLKGKFX]-J^H � � FXM5HIP-GKFX]-J^Hz¬zdrO F>SimyQ�M^U�P^C�HeC�U�A7U1CIGDQIAKFXLKGKFX]-J^HeM5H�L2d>F>�#P^H�LM�O HIP-GKADQ�H�HIGcM5HLDW1AKGKFXHhHIGcQI�-U�dXH�¬TdrO F>SimyQ�M^U�P^C�H�M5HC�U�dXCIJ5d�M5H�LBmfU�A7U�ST�IGKADH�Lh³ � � ��C�W1SiSTHhdXHhSTW1P-GKADHd3U
�^�#J5ADHBjV= vV=V³VUcdXW1P5�#J^HIJ5A�QIdXH�CIGKAKFX]-J^HBH�LKG � HIG+F>dfH�LKG+GDHIAKSiF>P^QzmfU�A+J5P/CIF>ADCIJ5F>G�W1J5¡�HIAKG�=-�;HeGDQeADHId>F3U�P-G dXHzLKGKJ5�
¬�d3U�d>F>�#P^H/H�LKG_STW�M5QId>FXLDQTmfU�A_J5P^HTS/U�GKAKFXC�H�³ ¬�GKADW1FXLU1C�C���L�="�;H/LDCDE^QIS/Un�5dXW�CTM5Hid3U��^�#J5ADH·jV= �nM5W1P5P^H
drO W1P^M5H_LDW1AKG7U�P-GDH  � HIPnZ[W1P^CIGKFXW1PRM5H�LzW1P^M5H�LBHIP-GKA7U�P-GDH�L�� � HIG � � =
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nporq � jV= v �·kcH�LDCIAKF>m5GKFXW1PRMVJRLKGKJ5�qCIF>ADCIJ5F>GNW1J5¡�HIAKG

��H`LDCDE^QIS/U��5dXW�C_U¡�W1dXW1P-G7U�F>ADHISTHIP-GcQIGDQcJ5GKF>d>FXLDQcm5ADQ�C�Q�M5HISiSTHIP-Gi²3�^�#J5ADH_jV= j�µ�myW1J5AzM5Q�CIAKF>ADHcdXH�LzM5HIJV¦
G8 �myH�L`M5Hh�^d>GKA7U���H�ADQ�CIJ5ADLKF{Z�HIG`GKA7U�P^LK¡�HIADLDH#=y�"U·ADQImyW1P^LDH�MVJ CIF>ADCIJ5F>GhU�¡�H�C�J5P°LKGKJ5�°H�LKG`M5W1P^C�J5P^H�LKJ5myHIA±Y
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nporq � jV= ���q³�CDE^QIS/Ui�5dXW�C`MVJRLKGKJ5�qCIF>ADCIJ5F>GBW1J5¡�HIAKG

myW#LKF>GKFXW1PRM5H�LzM5HIJV¦nG8 �myH�LzM5HN�^d>GKA7U���H#=fk`U�P^LedXH_C�U1LzW�� � � 
����5d3UADQImyW1P^LDH_MVJn�^d>GKADH_H�LKGzM5W1P5P^Q�H_mfU�Aed3U
ADHId3U�GKFXW1P°²[jV=><#<%µ�= �BP·W1�^LDHIAK¡�Hz�5FXHIP/d3U`m5ADQ�LDHIP^C�HBM�O J5P/my®1dXHBHIG�M�O J5P/¯�QIADWhMVJ^L+ADH�LKmyH�CIGKF>¡�HISTHIP-GzU�Ji�^d>GKA7U���H
ADQ�CIJ5ADLKF{Z�HIGNGKA7U�P^LK¡�HIADLDH#=y�"UTADQImyW1P^LDH_Z\ADQ�]-J^HIP-GKFXHId>dXH�C�W1AKADH�LKmyW1P^M^U�P-GDHq² � � 
 � � µeH�LKGcM5W1P5P^Q�Hi¬Td3Ui�^�#J5ADH
jV=><�£TU�¡�H�C`J5P^H`dXW1P5�#J^HIJ5ANQIdXH�CIGKAKFX]-J^H_M5HT<�v#£ �`¬d3UZ\ADQ�]-J^HIP^C�H ��� =
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� ��� ²[jV=><#<%µ
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nporq � jV=><�£���sBQImyW1P^LDHNZ\ADQ�]-J^HIP-GKFXHId>dXH_M�O J5PRLKGKJ5�

k`U�P^LTdXHnC�U1LTMVJ LKGKJ5� m5ADQ�LDHIP-GDQqM^U�P^L/C�HIGKGDHnmfU�AKGKFXH���dXH�LimfU�A7U�ST�IGKADH�Ln³¸MVJ GDQqLDW1P-G 	 � � � �¢myW1J5A
dXH�L�C�W�H�
/CIFXHIP-GDLqHIP�ADQ��fH�¦VFXW1P HIG ��� ��myW1J5A�dXH�L�C�W�H�
/CIFXHIP-GDLnHIP§GKA7U�P^LKSiFXLDLKFXW1P;=z��H�CIFcmyHIAKSTHIG�M5H¢MVF>ADH
]-J^HTdXHTSTW�MVJ5dXH/MVJ�my®1dXHTMVJ �^d>GKA7U���H/ADQ�CIJ5ADLKF{ZBL7U�P^L_myHIAKGDHT¡#U�J5G�� � �V=2�;HTmy®1dXHiP^HTmyHIJ5GM5W1P^CTmfU1L �IGKADH
C�W1P^LKFXM5QIADQBC�W1SiSTHBJ5PTmy®1dXHeADQ�LDW1PfU�P-G�HIG+d3U_LDQIdXH�CIGKF>¡�F>GDQBU�m5myW1AKGDQ�HBmfU�A C�HId>J5F{Y8CIF�H�LKG+ZrU�F>�5dXH#=���HImyHIP^M^U�P-G��HIP
CDEfU�P5��H�U�P-G_drO F>SimyQ�M^U�P^C�HiC�U�A7U1CIGDQIAKFXLKGKFX]-J^H�MVJ°LKGKJ5���fF>d�H�LKGNmyW#LDLKF>�5dXHM�O W1�5GDHIP5F>A`M5H�LNmy®1dXH�LNm5d>J^L`LDQIdXH�CIGKF{Z[L�=
��H�CIF"H�LKGeF>d>d>J^LKGKADQ_LKJ5Aed3U�^�#J5ADHhjV=><�£TU�¡�H�C � � 
 � � HIG � � 
 � � � � =
� MNL�M�� � XNWZY[TVU
�0a �`U�\K\ a � �`U�R`f;a f;a Y � � a U�b	YVX�� a Y �`U�\K\KX��
?Bm5AD��LzJ5P^H`m5ADHISiFX�IADHhCId3U1LDLKF{�fC�U�GKFXW1P�M5H�L��^d>GKA7U���H�LNMVFXLKGKF>P5�#JfU�P-GBdXH�Lzm5E^QIP^W1ST�IP^H�LBADQ�CIJ5ADLKF{Z[LzHIGzGKA7U�P^L±Y

¡�HIADLDH�L�VF>d"H�LKGeF>P-GDQIADH�LDL7U�P-GNM�O QIGKJ^MVFXHIABdXH�LzMVF:9�QIADHIP^C�H�LBHIP-GKADH`dXH�L��^d>GKA7U���H�LBM5H`G8 �myH_U1CIGKF{Z+W1JnmfU1LDLKF{ZK=
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�BP�U�m5myHId>dXH��^d>GKADH�U1CIGKF{Z`J5P �^d>GKADHqM5W1P-G/dXH�Z[W1P^CIGKFXW1P5P^HISTHIP-G·ADHImyW#LDHqLKJ5Aid3U¢m5ADQ�LDHIP^C�HRM�O J5P W1J M5H
m5d>J^LKFXHIJ5ADL�QIdXHISTHIP-GDL�U1CIGKF{Z[L�C�W1SiSTHBM5H�L�U�Sim5d>F{�fC�U�GDHIJ5ADL�=^��H�L QIdXQISTHIP-GDLeU�m5myW1AKGDHIP-G�m5AKF>P^CIF>mfU�dXHISTHIP-GeM5HIJV¦
C�U�A7U1CIGDQIAKFXLKGKFX]-J^H�L 	^MVJn�-U�F>PRHIGzM5H`drO J5P5F>d3U�GDQIA7U�d>F>GDQ#=
���\'�� � �\' & ��� �f�%�i�� �f. $\� � . � ,  2� ��� ��� .5�f*R. !#�%$&6

�BPqC�W1P^LKFXM5�IADH`d3UiLKGKAKJ^CIGKJ5ADHhU1CIGKF>¡�H_M5Hcd3Uh�^�#J5ADHhjV=><#<��^C�W1P^LKGKF>GKJ^Q�H_M5H`M5HIJV¦nC�W1J5m5dXHIJ5ADLBM5H`m5J5FXLDL7U�P^C�H
UhHIG����VM�O J5PqU�Sim5d>F{�fC�U�GDHIJ5AzM5HN�-U�F>PRa�HIGeM5HNd>F>�#P^H�LeM5HBGKA7U�P^LKSiFXLDLKFXW1PnM5HNdXW1P5�#J^HIJ5ADLzQIdXH�CIGKAKFX]-J^H�L � �±=��;H�L
U1C�C�Q�Lc<cHIG�wTU�F>P^LKFy]-J^HNdXH�LeU1C�C�Q�LejHIGepM5H�L�C�W1J5m5dXHIJ5ADLeLDW1P-G�FXLDW1dXQ�L�HIG�dXH�L�C�W�H�
/CIFXHIP-GDLzM5HBADQ��fH�¦VFXW1PqLDW1P-G
P-J5dXL�=�?Bm5AD��L/J5P^H¢U�PfU�d> VLDHqA7U�m5FXM5H���W1P ADHIS/U�AD]-J^HRd3U m5ADQ�LDHIP^C�H�M�O J5P^HR�yW1J^CIdXH���LK �P^W1P- �STH�M5Hn�^d>GKA7U���H
ADQ�CIJ5ADLKF{ZK=z�;H¢STW�MVJ5dXH MVJ¶my®1dXH C�W1AKADH�LKmyW1P^M^U�P-G¢U�J �-U�F>P�M5H°d3U¸�yW1J^CIdXH H�LKG � � � � � � � � 	� � � � ���� � � � =e�;H�LmfU�A7U�ST�IGKADH�L � �hC�W1AKADH�LKmyW1P^M5HIP-GqU�JV¦ myHIAKGDH�L�M5H�L·d>F>�#P^H�L�M5HRGKA7U�P^LKSiFXLDLKFXW1P§HIG�LDW1P-G�M5W1P^C�F>PVZ[QIAKFXHIJ5ADLn¬<#= �;H�L·C�W1J5m5dXHIJ5ADL�QIG7U�P-G�mfU1LDLKF{Z[L��dXH�L/C�W�H�
/CIFXHIP-GDL � � 	� � ��HIG � ���� � ��LDW1P-G·HIJV¦�U�J^LDLKFBF>PVZ[QIAKFXHIJ5ADL�¬ <#=���P
drO U��^LDHIP^C�HTM5H�-U�F>P�² � 
 �%µ��ydXH�^d>GKA7U���HTH�LKG`LDQIdXH�CIGKF{ZeLKF�dXH�L`myHIAKGDH�L`LDW1P-G`ZrU�F>�5dXH�L`HIG`dXH�L_C�W�H�
/CIFXHIP-GDL � 	� �
HIG ���� � S/U%¦VF>S/U�JV¦�="?"¡�H�C/J5P��-U�F>P � � ���2C�H�LC�W1P^MVF>GKFXW1P^LP^H·LDW1P-Ghm5d>J^LhF>P^MVFXLKmyHIP^L7U��5dXH�L�C�U�AhdXH/�-U�F>P
myHIAKSTHIG�M5HNC�W1SimyHIP^LDHIA�dXH�L�U�GKGDQIP-JfU�GKFXW1P^LzM5HBd3U_�yW1J^CIdXHNHIG�M�O W1�5GDHIP5F>A�d3U_¡#U�dXHIJ5A�M5HBmy®1dXHNLDW1J5EfU�F>GDQ�H#= �2W1J5A
F>PVZ[W1AKS/U�GKFXW1P��^d3UADQImyW1P^LDH`�#dXW1�fU�dXH_MVJn�^d>GKADHhU1CIGKF{Z�H�LKGzM5W1P5P^Q�H`mfU�AzdrO Q�]-JfU�GKFXW1P©²[jV=><�j�µ�=
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?z�^P�M5HhSTHIGKGKADHHIP¢QI¡�FXM5HIP^C�HhdXHhAD®1dXHM5H_drO J5P5F>d3U�GDQIA7U�d>F>GDQiM5HhdrO U�Sim5d>F{�fC�U�GDHIJ5A��J5P^HLKGKAKJ^CIGKJ5ADHi¬TM5HIJV¦

�5A7U�P^CDE^H�L+H�LKG2J5GKF>d>FXLDQ�H�C�W1SiSTH�dXH�STW1P-GKADH�d3Uz�^�#J5ADHejV=><�jV=1�"UNMVF:9�QIADHIP^C�HeHIP-GKADH�dXH�L�CIF>ADCIJ5F>GDL�H�LKG�d3Uzm5ADQ�LDHIP^C�H
HIGNdXHLDHIP^LcM5H�L`U�Sim5d>F{�fC�U�GDHIJ5ADL`M5Hd3U/LDH�C�W1P^M5Hh�5A7U�P^CDE^H#=���P°C�W1P^LKFXM5QIA7U�P-G_M5H�L`U�Sim5d>F{�fC�U�GDHIJ5ADLcmfU�A±ZrU�F>GDH�Y
STHIP-GNJ5P5F>d3U�GDQIA7U�JV¦¢M5H_�-U�F>P � � HIG � � �^dXH�LBADQImyW1P^LDH�LNM5H�LBGKADW1FXLz�^d>GKADH�LcLDW1P-GNM5W1P5P^Q�H�LNmfU�ANdXH�LNQ�]-JfU�GKFXW1P^L
²[jV=><�p�µ+¬T²[jV=><�}�µ�=V��W1SiSTHBW1PTmyW1J5¡#U�F>G L�O HIP/M5W1J5GDHIA��d3Ucm5ADHISiFX�IADHNLKGKAKJ^CIGKJ5ADHzH�LKG M5HeG8 �myHeGKA7U�P^LK¡�HIADLDH���U�¡�H�C
J5P/GKA7U�P^L±Z[HIAKG M5Hzm5J5FXLDL7U�P^C�HB]-J5F^P^HzmyHIJ5G LDH�ZrU�F>ADHB]-J^HzM5Hz�-U�J^CDE^HN¬_MVADW1F>GDHNU�dXW1ADL�]-J^Hed3U_M5HIJV¦VFX�ISTHBLKGKAKJ^C�Y
GKJ5ADH_H�LKGBM5HcG8 �myH`ADQ�CIJ5ADLKF>¡�H���U�¡�H�C_J5Pn�yW1J^CId3U���HhM5H`d3U�m5J5FXLDL7U�P^C�H_LKJ5AeGDW1J5GDH_d3U�LKGKAKJ^CIGKJ5ADH#=f�"U�GKADW1FXLKFX�ISTH
LKGKAKJ^CIGKJ5ADHhU�J5GDW1AKFXLDH`dXH�LzM5HIJV¦nG8 �myH�LzM5HN�^d>GKA7U���H_ADQ�CIJ5ADLKF{Z�HIGzGKA7U�P^LK¡�HIADLDH#=
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�+O J5P5F>d3U�GDQIA7U�d>F>GDQ�M5HTdrO U�Sim5d>F{�fC�U�GDHIJ5A�myHIAKSTHIGM5W1P^C/M5HTd>F>SiF>GDHIAW1J©U�J�C�W1P-GKA7U�F>ADH�M5Him5AKF>¡�F>dXQI�#FXHIA�C�HIA±Y

G7U�F>P^Lcm5E^QIP^W1ST�IP^H�LhM5Hh�^d>GKA7U���H#=�kcHIJV¦°LKGKAKJ^CIGKJ5ADH�L_U�¡�H�CiM5H�L`C�W1SimyW#L7U�P-GDL`mfU1LDLKF{Z[LNFXM5HIP-GKFX]-J^H�L`S/U�FXL_M5H�L
C�W1SimyW#L7U�P-GDLNU1CIGKF{Z[Lem5d3U1C�Q�LBMVF:9�QIADHISTHIP-GBmyHIJ5¡�HIP-GzZrU�F>ADHcF>P-GDHIAK¡�HIP5F>ANM5H�LzG8 �myH�LzM5HN�^d>GKA7U���HhMVF:9�QIADHIP-GDL�=
� MNL�M�� � XNW6U�R \K^;TQW6aS\ �`TFXNR`b X�� aS\ f;a
	pWZY[TVU
�0a ���
�;H�L�m5E^QIP^W1ST�IP^H�LeM5HB�^d>GKA7U���HNmyHIJ5¡�HIP-G �IGKADHcCId3U1LDLDQ�L�HIPnM5HIJV¦/�#ADW1J5myH�L 	�dXH�L+�^d>GKA7U���H�L�ADQ�CIJ5ADLKF{Z[L�HIG�dXH�L

�^d>GKA7U���H�LzGKA7U�P^LK¡�HIADLDH�L�=��BP·�^d>GKA7U���H`ADQ�CIJ5ADLKF{Z�U�m5myW1AKGDH`J5Pnmy®1dXH`U�J��^d>GKADH��5m5d>J^LeW1JnSTW1F>P^LzLDQIdXH�CIGKF{Z�LKJ5F>¡#U�P-G
]-J^H_dXH_STW�MVJ5dXHhMVJR�-U�F>P�M5H_d3Ui�yW1J^CIdXH_ADQ�CIJ5ADLKF>¡�HH�LKGzm5ADW�CDE^HM5H/<_W1JRP^W1P;=�k`U�P^LzdXHhC�U1LNW��RdXH`�-U�F>P¢H�LKG
LKJ5myQIAKFXHIJ5Ac¬��� � ��W1PqmyHIJ5GzmfU�AKdXHIAcM5Hc�^d>GKADH¬�ADQ�LDW1PfU�GDHIJ5A�= �BPn�^d>GKA7U���H_GKA7U�P^LK¡�HIADLDHU�m5myW1AKGDH_J5Pq¯�QIADW·U�J
�^d>GKADH��^M5W1P-GBd3U�LDQIdXH�CIGKF>¡�F>GDQ_H�LKG�Vd3¬TU�J^LDLKF ��Z[W1P^CIGKFXW1PRM5H`d3U�LKGKAKJ^CIGKJ5ADH_MVJn�^d>GKADH#=
k`U�P^L+d3U`m5d>J5mfU�AKG�M5H�L CIF>ADCIJ5F>GDL�sBt��1d3UcADQImyW1P^LDHz�#dXW1�fU�dXHBHIPiZ\ADQ�]-J^HIP^C�HBH�LKG+FXLDLKJ^HeM�O J5P^HBLKJ5myHIAKmyW#LKF>GKFXW1P

M5H¢m5d>J^LKFXHIJ5ADL·�^d>GKA7U���H�LnADQ�CIJ5ADLKF{Z[LnHIG�GKA7U�P^LK¡�HIADLDH�L�=e�+O F>P^LDHIAKGKFXW1P¶M�O U�Sim5d>F{�fC�U�GDHIJ5ADL�M^U�P^L�J5P^H°LKGKAKJ^CIGKJ5ADH
U¸C�W1SiSTH°H 9�HIGnM5H�d>F>SiF>GDHIAndXH�P^W1Sh�5ADH°M5H¢C�H�L·�^d>GKA7U���H�LqHIP§F>P-GKADW�MVJ5FXL7U�P-GndXW�C�U�dXHISTHIP-GqJ5P C�U�A7U1CIGD�IADH
J5P5F>d3U�GDQIA7U�dr=��8d myHIAKSTHIG�U�J^LDLKF�M�O U�m5myW1AKGDHIA�MVJ¸�-U�F>P©¬qC�HIAKG7U�F>P^Lmy®1dXH�LHIGh¯�QIADW#L��U�J5�#STHIP-G7U�P-G/U�dXW1ADLhdXHIJ5A
LDQIdXH�CIGKF>¡�F>GDQ#=

G
2Z

0

θ2

2Z
0

2Z
0

2Z
0

θ3

G
2Z

0

θ1

G
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d3U`LKJ5F>GDH��-W1P·U�m5myHId>dXHe�^d>GKADHzGKA7U�P^LK¡�HIADLDHzJ5PT�^d>GKADHBM5W1P-G d3U_LKGKAKJ^CIGKJ5ADHz�#dXW1�fU�dXHBH�LKG M5HzG8 �myHeGKA7U�P^LK¡�HIADLDHzS/U�FXL
]-J5FymyHIJ5GzC�W1P-GDHIP5F>ABMVJ��^d>GKA7U���H`ADQ�CIJ5ADLKF{Z�C�W1SiSTHcdXHcSTW1P-GKADH`d3Uh�^�#J5ADH_jV=><�pV=5kcHcS �ISTH��^W1PqU�m5myHId>dXHc�^d>GKADH
ADQ�CIJ5ADLKF{ZyJ5P��^d>GKADHzM5W1P-G+d3UcLKGKAKJ^CIGKJ5ADHe�#dXW1�fU�dXHzH�LKG+M5H�G8 �myH�ADQ�CIJ5ADLKF>¡�H��#S/U�FXL+]-J5F5myHIJ5G+C�W1P-GDHIP5F>A�MVJ��^d>GKA7U���H
GKA7U�P^LK¡�HIADLDH_C�W1SiSTH`dXH`STW1P-GKADH`d3U�^�#J5ADHhjV=><Iw^=
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nporq � jV= j#v ��x�W�M5QId>FXL7U�GKFXW1PqM�O J5Pn�^d>GKADHh¬�J5Pnmy®1dXH`ADQ�LDW1PfU�P-G
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��P�J5GKF>d>FXL7U�P-GcdXH_ZrU1CIGDHIJ5AcM5H]-JfU�d>F>GDQ � � MVJRADQ�LDW1PfU�GDHIJ5A��drO H�¦Vm5ADH�LDLKFXW1P¢M5H�LcC�W�H�
/CIFXHIP-GDL`M5H_ADQ��fH�¦VFXW1P
HIGzM5H`GKA7U�P^LKSiFXLDLKFXW1PRMVJ��^d>GKADH_QIGKJ^MVFXQ_M5HI¡�FXHIP5P^HIP-G 	
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� � � ²[jV= p�w�µ

��� � �3���\' ����9-:; * �"! * ! * ����� .^�&*
�"U�C�U�A7U1CIGDQIAKFXLKGKFX]-J^H�m5AKF>P^CIF>mfU�dXHnM^U�P^L�d3UR�fU�P^M5H·J5GKF>dXHnM�O J5P¸�^d>GKADH�HIP©SiFXCIADW�W1P^M5HnH�LKGdrO U1M^U�m5G7U�GKFXW1P

M�O F>SimyQ�M^U�P^C�H#=f?BF>P^LKF �Vd3UhZ\ADQ�]-J^HIP^C�H_C�HIP-GKA7U�dXHhMVJn�^d>GKADH � � H�LKGed3UZ\ADQ�]-J^HIP^C�H`myW1J5Aed3U1]-J^HId>dXH`dXH_C�W�H�
/CIFXHIP-GM5HNADQ��fH�¦VFXW1PqH�LKG�SiF>P5F>S/U�d �^C�Hc]-J5F�C�W1AKADH�LKmyW1P^MqU�J^LDLKF �VM^U�P^L�dXH`C�U1LeMVJ·�^d>GKADH_¬hJ5Pnmy®1dXH��5¬hJ5PqC�W�H�
/CIFXHIP-G
M5HeGKA7U�P^LKSiFXLDLKFXW1PTS/U%¦VF>S/U�dr=���PTm5ADHIPfU�P-G drO Q�]-JfU�GKFXW1P¢²[jV= p�w�µ��#F>d^¡�FXHIP-G+F>SiSTQ�MVF3U�GDHISTHIP-Ge]-J^HeC�HeS/U%¦VF>ShJ5S
F>P-GDHIAK¡�FXHIP-G�]-JfU�P^M°d3U�mfU�AKGKFXHTF>S/U��#F>PfU�F>ADH/MVJ�M5QIP^W1SiF>PfU�GDHIJ5A�H�LKG_P-J5d>dXH��2U�J5GKADHISTHIP-G�MVF>G¬�d3U�ADQ�LDW1PfU�P^C�H
² � 
 � � µ�=��"UTZ\ADQ�]-J^HIP^C�HC�HIP-GKA7U�dXH � � 
 ��� P^HM5QImyHIP^M¢M5W1P^CP5F�M5H�LcC�W1J5m5d3U���H�L`M�O HIP-GKADQ�HiHIGcM5H�LDW1AKGKFXH��
P5F;MVJqmfU�A7U�ST�IGKADHhM5HcmyHIP-GDH��^P5F;MVJnZrU1CIGDHIJ5AzM5H_]-JfU�d>F>GDQ_MVJnADQ�LDW1PfU�GDHIJ5A�=
��� � �3���3� ! . �"� * �2.5,�,�. ��� *
�"UTM5Q��^P5F>GKFXW1P¢M5H_d3U��fU�P^M5HhmfU1LDL7U�P-GDH_myHIJ5GBLDH`ZrU�F>ADH_LKJ5AzdXHhC�W�H�
/CIFXHIP-GcM5H_GKA7U�P^LKSiFXLDLKFXW1P � � � � � ��U�¡�H�C

d3U��fU�P^M5HimfU1LDL7U�P-GDH·¬ � � � � mfU�AhH�¦5HISim5dXH��"W1J�LKJ5A`dXHTC�W�H�
/CIFXHIP-GM5HiADQ��fH�¦VFXW1P � � � � � �"U�¡�H�CTd3U·�fU�P^M5HmfU1LDL7U�P-GDHB¬ � � � � ��mfU�A+H�¦5HISim5dXH#=���HIGKGDHe¡#U�dXHIJ5A+C�W1AKADH�LKmyW1P^M/¬NJ5P � �`³�QI�-U�df¬`j �1¡#U�dXHIJ5A+��QIP^QIA7U�dXHISTHIP-GJ5GKF>d>FXLDQ�HzmyW1J5A�M5QIGDHIAKSiF>P^HIA�d3U`�fU�P^M5HzmfU1LDL7U�P-GDHNM5H�L�U�P-GDHIP5P^H�L�=�k`U�P^L dXHzC�U1L�M�O J5P^HBCDEfU�F>P^HBSiFXCIADW�W1P^M5H��-J5P
QIdXQISTHIP-GBS/U�d2U1M^U�m5GDQ_HIPqHIP-GKADQ�H_��QIP^�IADH`J5P^H`m5J5FXLDL7U�P^C�H`ADQ��fQ�CDE5FXHh]-J5F;H�LKGzLKJ^LDC�HIm5GKF>�5dXH_M5H`myHIAKGKJ5AK�yHIAedXH�L
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C�W1SimyW#L7U�P-GDLNHIP�U�STW1P-G�=f�"UTC�W1P^MVF>GKFXW1P�M�O U1M^U�m5GKFXW1P¢M�O F>SimyQ�M^U�P^C�HhH�LKGBM5W1P^C`F>P^MVFXLKmyHIP^L7U��5dXHhHIGzd3U��fU�P^M5H
mfU1LDL7U�P-GDHNH�LKG�U�dXW1ADL m5AKFXLDHBQI�-U�dXHc¬`d3Uc�fU�P^M5HNM5HeZ\ADQ�]-J^HIP^C�HzmyW1J5A d3U1]-J^HId>dXH � � � � � � � � � � ��=-�+O H�¦Vm5ADH�LDLKFXW1PU�PfU�d> �GKFX]-J^H_M5H	� H�LKGzM5W1P5P^Q�H_mfU�Aed3U�ADHId3U�GKFXW1P�jV= p#}V=
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� �� ²[jV= p#}�µ

�;H`�#A7U�m5E5FX]-J^H_M5H`d3Uh�^�#J5ADHhjV= j#�iM5W1P5P^H`d3U�fU�P^M5H`mfU1LDL7U�P-GDH_MVJ��^d>GKADH_HIPnZ[W1P^CIGKFXW1PRMVJqC�W1J5m5d3U���H � � � ��
�HIGMVJ ZrU1CIGDHIJ5A�M5H/]-JfU�d>F>GDQ � � =2��d>J^LhdXH/C�W1J5m5d3U���H�H�LKG`ZrU�F>�5dXH·¬ � � M5W1P5P^Q·HIGhm5d>J^Lhd3Un�fU�P^M5H/mfU1LDL7U�P-GDH

MVF>SiF>P-J^H#= �BP©ADHIS/U�AD]-J^H�]-J^H/d3UR�fU�P^M5H·mfU1LDL7U�P-GDH·P;O H�LKGmfU1L�yH�U�J^C�W1J5m F>P��^J^HIP^C�Q�H·mfU�A�dXHTZrU1CIGDHIJ5AiM5H
]-JfU�d>F>GDQNMVJ/ADQ�LDW1PfU�GDHIJ5A�=�?BF>P^LKF ��¬_C�W1J5m5d3U���H � � � ��

�
M5W1P5P^Q��-d3U`�fU�P^M5HBmfU1LDL7U�P-GDHNH�LKG�¬`myHIJ/m5AD��L�QI�-U�dXHc¬ � � � � �� �

�myW1J5A+M5H�L2ZrU1CIGDHIJ5ADL�M5He]-JfU�d>F>GDQeLKJ5myQIAKFXHIJ5ADL+¬�<�£#£cHIP-¡�F>ADW1P;=#k`U�P^L�dXHeC�U1L�W��	� � � � �����#d3UB�fU�P^M5HemfU1LDL7U�P-GDH
CDE-J5GDH_GKAD��Lz¡�F>GDH_U�¡�H�C`d3UiMVF>SiF>P-J5GKFXW1P�MVJnZrU1CIGDHIJ5ABM5H`]-JfU�d>F>GDQ#=
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nporq � jV= j#� ���eU�P^M5H`mfU1LDL7U�P-GDH_HIP�Z[W1P^CIGKFXW1PRMVJRC�W1J5m5d3U���H_HIGBMVJnZrU1CIGDHIJ5AzM5H_]-JfU�d>F>GDQ

��� � �3��� � � * �%� *-, � ' $\� ,�* �%�%$&���
�BP M5Q��^P5F>G/dXH�LTmyHIAKGDH�LTM�O F>P^LDHIAKGKFXW1P mfU�ATd3U¢¡#U�dXHIJ5ATSiF>P5F>S/U�dXHRM5H
� ��� � ��M^U�P^LTd3U¢�fU�P^M5H#=��2W1J5A�M5H�L

ADQ�LDW1PfU�GDHIJ5ADLBL7U�P^LemyHIAKGDH��5dXH`C�W�H�
/CIFXHIP-GNM5H`GKA7U�P^LKSiFXLDLKFXW1PnSiF>P5F>S/U�d � ��� � � � � 
 M^U�P^Lzd3U�fU�P^M5H`mfU1LDL7U�P-GDHh¬
� � � � � H�LKG_QI�-U�d�¬ � ��� � � � � ��² � � � � � � � � ��� � � � 
 �%µ�=��2W1J5AhF>PVZ[W1AKS/U�GKFXW1P�� � ��� � � � � 
 
 � � � � myW1J5AJ5P^H`�fU�P^M5H_mfU1LDL7U�P-GDHh¬ � � � ��² � � � � � � 
 � ��� � � � 
 � �	��µ�=f?"¡�H�C`J5PnADQ�LDW1PfU�GDHIJ5ABADQ�HId"]-J5F;myW#LDLD��M5HcJ5P � ��^P5F ��dXHcC�W�H�
/CIFXHIP-GBM5HNGKA7U�P^LKSiFXLDLKFXW1PnMVJ·�^d>GKADH`M^U�P^L�d3U_�fU�P^M5H`H�LKGzU�dXW1ADL�m5d>J^L ZrU�F>�5dXH#=��2W1J5A  � M5W1P5P^Q��VdXH�L
myHIAKGDH�LcLDW1P-GcM�O U�J5G7U�P-Gcm5d>J^LBF>SimyW1AKG7U�P-GDH�L`]-J^HhdXH`ZrU1CIGDHIJ5AcM5H]-JfU�d>F>GDQHIGNdXH�LNC�W1J5m5d3U���H�LcLDW1P-GBZrU�F>�5dXH�L�=��;H
�#A7U�m5E5FX]-J^H`M5Hcd3U_�^�#J5ADH_jV= p#£�M5W1P5P^HcdXH�L�myHIAKGDH�LeM�O F>P^LDHIAKGKFXW1PRHIP·Z[W1P^CIGKFXW1PqMVJnC�W1J5m5d3U���H_HIGeMVJ�ZrU1CIGDHIJ5AeM5H
]-JfU�d>F>GDQ#=^�+O H�¦Vm5ADH�LDLKFXW1P�U�PfU�d> �GKFX]-J^H_M5H � ��� � � � � 
 H�LKGzM5W1P5P^Q�H_mfU�AedrO Q�]-JfU�GKFXW1P¢jV= p#�V=
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nporq � jV= p#£ � �2HIAKGDH�LNM�O F>P^LDHIAKGKFXW1PRHIPnZ[W1P^CIGKFXW1PRMVJRC�W1J5m5d3U���H_HIGBMVJ�ZrU1CIGDHIJ5ABM5H_]-JfU�d>F>GDQ

��� � �3��� $ ���	�� * �"! * �� 6 . !#� *  "�·� * :; .^� $3��9 ,  "� �&*q��� ��� .5�f*
? drO U�FXM5HeM5H�L+M5HIJV¦�GKA7U1C�Q�L M5H�L��^�#J5ADH�L jV= j#�`HIG jV= p#£ �1F>d^H�LKG�myW#LDLKF>�5dXHeM5HeM5QIGDHIAKSiF>P^HIA dXH�L�myHIA±Z[W1AKS/U�P^C�H�L

MVJR�^d>GKADH�HIPRZ[W1P^CIGKFXW1P¢MVJ�ZrU1CIGDHIJ5AcM5H]-JfU�d>F>GDQ�MVJ�ADQ�LDW1PfU�GDHIJ5A�=y?BF>P^LKF �fd3Ui�^�#J5ADHijV= pV<M5W1P5P^HJ5P^HhADHIm5ADQ�Y
LDHIP-G7U�GKFXW1P°�#A7U�m5E5FX]-J^H�myHIAKSTHIGKG7U�P-GhM�O U�¡�W1F>A`d3U/¡#U�dXHIJ5A`MVJ¢ZrU1CIGDHIJ5A`M5H�]-JfU�d>F>GDQiHIP�Z[W1P^CIGKFXW1P°M5Hd3U/�fU�P^M5H
mfU1LDL7U�P-GDHNHIG�M5H�L myHIAKGDH�L�M�O F>P^LDHIAKGKFXW1PnMVJT�^d>GKADH`¬`J5P·ADQ�LDW1PfU�GDHIJ5A�= ��U�AeH�¦5HISim5dXH��-myW1J5A�J5PT�^d>GKADHcM5Hz�fU�P^M5H
mfU1LDL7U�P-GDH	� 
 ����HIGzM5H`myHIAKGDH�LBM�O F>P^LDHIAKGKFXW1P � ��� � � � 	 � 
 � � � � �VdXH`ADQ�LDW1PfU�GDHIJ5ANM5W1F>GNU�¡�W1F>ABJ5PnZrU1CIGDHIJ5AM5H`]-JfU�d>F>GDQ_M�O HIP-¡�F>ADW1P � � 
�� ���5=
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nporq � jV= pV< ��tfU1CIGDHIJ5ABM5H_]-JfU�d>F>GDQ_HIP�Z[W1P^CIGKFXW1PRM5H`d3U�fU�P^M5H_mfU1LDL7U�P-GDH_HIGzM5H�LemyHIAKGDH�LBM�O F>P^LDHIAKGKFXW1P

� M�� M�� � XNWZY[TVa 	 ^`R ���mW6a a Y ^`R � P>TVl �`U'TQb lm^ �DW6U
�0a Y[TVU�R`\��ma>TF\ a
?z�^P�M�O U�PfU�d> VLDHIANdrO F>P��^J^HIP^C�HM5HhdrO F>P^LDHIAKGKFXW1P¢M�O J5PR¯�QIADW��fdXH`�^d>GKADHQIGKJ^MVFXQH�LKGNC�HId>J5F2M5Hhd3U��^�#J5ADH�jV= p#jV=

�"UTLDHIJ5dXHhMVF:9�QIADHIP^C�H�U�¡�H�ChdXH`�^d>GKADHL7U�P^Lz¯�QIADW·H�LKGzd3Uim5ADQ�LDHIP^C�HM�O J5P�C�W1J5m5d3U���H�MVF>ADH�CIGNHIP-GKADQ�H�Y8LDW1AKGKFXH��y]-J5F
U�ST�IP^H_J5Pq�^d>GKA7U���HhGKA7U�P^LK¡�HIADLDH#=f�"UiS/U�GKAKFXC�H�²[jV= p�»#µeM5W1P5P^H_dXH�LNC�W1J5A7U�P-GDLNHIPqZ[W1P^CIGKFXW1P�M5H�LBGDHIP^LKFXW1P^L�=f��P
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J5GKF>d>FXL7U�P-G�d3UnZ[W1AKShJ5dXH°²[jV= p#£�µ_HIGdXHTZrU�F>G�]-J^H � � 
 ���"dXH�L�H�¦Vm5ADH�LDLKFXW1P^LM5H�L�C�W�H�
/CIFXHIP-GDLiM5H/ADQ��fH�¦VFXW1P©HIG
M5HGKA7U�P^LKSiFXLDLKFXW1P MVJ��^d>GKADHiLDW1P-G`M5W1P5P^Q�H�L`mfU�AcdXH�L`Q�]-JfU�GKFXW1P^LT²[jV= p#v�µNHIGT²[jV= p#��µ�=��+O U �KW1J5G_MVJ¢mfU�A7U�ST�IGKADH
 � � U�JV¦©M5HIJV¦ U�J5GKADH�LimfU�A7U�ST�IGKADH�L	� � � � � � ��

�
myHIAKSTHIGTM5H�myW#LKF>GKFXW1P5P^HIAiJ5P©¯�QIADW5=+x¢U�d>E^HIJ5ADHIJ^LDHISTHIP-G�+C�H

mfU�A7U�ST�IGKADHnF>P��^J^HIP^C�HqU�J^LDLKF�dXH�LiC�U�A7U1CIGDQIAKFXLKGKFX]-J^H�LTMVJ¸�^d>GKADH 	"Z\ADQ�]-J^HIP^C�H�C�HIP-GKA7U�dXH����fU�P^M5H�mfU1LDL7U�P-GDH�HIG
myHIAKGDH�LnM�O F>P^LDHIAKGKFXW1P;=z�+O QIGKJ^M5H U�PfU�d> �GKFX]-J^H°M5HI¡�FXHIP-GRU�dXW1ADLnC�W1Sim5d>FX]-J^Q�H°HIGnJ5P^H¢LKF>ShJ5d3U�GKFXW1P¶P-J5STQIAKFX]-J^H
M5HI¡�FXHIP-GBP^Q�C�H�LDL7U�F>ADH#=
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nporq � jV= p#j���x�W�M5QId>FXL7U�GKFXW1PRM�O J5P��^d>GKADHh¬�J5Pnmy®1dXH_HIGeJ5Pq¯�QIADW
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� � � � ²[jV= p#��µ
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����
� 	
� � HIG � � � 
 
  � � � � � � =

�8d^P;O H�LKG m5d>J^L+myW#LDLKF>�5dXHzM5HeADHIm5ADQ�LDHIP-GDHIA��#A7U�m5E5FX]-J^HISTHIP-G�d3Uc¡#U�AKF3U�GKFXW1P�M�O J5P^HBC�U�A7U1CIGDQIAKFXLKGKFX]-J^HBMVJT�^d>GKADH
HIP Z[W1P^CIGKFXW1P M5HnGKADW1FXLT¡#U�AKF3U��5dXH�L�= �BP CDE^W1FXLKF>G·M5W1P^CqM5HnSTW1P-GKADHIA·drO F>P��^J^HIP^C�HRM5H�LTM5HIJV¦ C�W1J5m5d3U���H�L  � �
HIG  � � LKJ5AdXH�LC�U�A7U1CIGDQIAKFXLKGKFX]-J^H�L�myW1J5AJ5P�ZrU1CIGDHIJ5A�M5H·]-JfU�d>F>GDQ � � M5W1P5P^Q#=��2W1J5ATCDEfU1]-J^H·HIP^LDHISh�5dXH�M5H
mfU�A7U�ST�IGKADH�L � � � �  � � � � � � ��

�

 �-d3U_ADQImyW1P^LDH ��� � H�LKG�GKA7U1C�Q�HNC�W1SiSTHcLKJ5A d3U`�^�#J5ADHcjV= p#pV= �BP�HIP�M5Q�MVJ5F>G�dXH�L

C�U�A7U1CIGDQIAKFXLKGKFX]-J^H�LNLKJ5F>¡#U�P-GDH�L 	
�§�eU�P^M5H`mfU1LDL7U�P-GDH	� 	V�fU�P^M5H`mfU1LDL7U�P-GDHh¬ � � � � � HIPqADQ��fH�¦VFXW1P;=
�§t5ADQ�]-J^HIP^C�HhC�HIP-GKA7U�dXH � � 	�Z\ADQ�]-J^HIP^C�H_MVJqSiF>d>FXHIJRM5Hcd3U��fU�P^M5H#=
�§t5ADQ�]-J^HIP^C�HhMVJn¯�QIADW ��� 	VZ\ADQ�]-J^HIP^C�HcmyW1J5Azd3U1]-J^HId>dXH ��� � H�LKGzSiF>P5F>ShJ5S U�J5GDW1J5ABM5H`d3U�fU�P^M5H#=
� �2HIAKGDH�LBM�O F>P^LDHIAKGKFXW1P � ��� � � � � 
 	5SiF>P5F>ShJ5S MVJqC�W�H�
/CIFXHIP-GNM5H`GKA7U�P^LKSiFXLDLKFXW1PRM^U�P^Led3U��fU�P^M5H#=
�BP�ADHIS/U�AD]-J^HT]-J^HimyW1J5A  � � � ��²&ADH�LKmyH�CIGKF>¡�HISTHIP-G  � � � �-µ���dXHi¯�QIADWRH�LKGhLKF>GKJ^Q/¬�J5P^H�Z\ADQ�]-J^HIP^C�H

F>PVZ[QIAKFXHIJ5ADH�²&ADH�LKmyH�CIGKF>¡�HISTHIP-G·LKJ5myQIAKFXHIJ5ADH%µi¬Rd3URZ\ADQ�]-J^HIP^C�HqC�HIP-GKA7U�dXH#=+k`U�P^LidXH�LTLKF>ShJ5d3U�GKFXW1P^L/LKJ5F>¡#U�P-GDH�L�
F>d P^H�ZrU�J5G_mfU1LhGDHIP5F>AC�W1Sim5GDH/M5H�L`Z\ADQ�]-J^HIP^C�H�LQIdXW1F>�#P^Q�LM5Him5d>J^LM5H�� � ��HIP-¡�F>ADW1P¸M5HTd3U·Z\ADQ�]-J^HIP^C�H/M5H
ADQ�LDW1PfU�P^C�H ��� �VdXHcSTW�M5�IdXH_MVJnADQ�LDW1PfU�GDHIJ5ABHIGzdXH�L�STW�M5�IdXH�LBM5H�LzC�W1J5m5d3U���H�LzF>P^M5QImyHIP^M^U�P-GNM5Hcd3UhZ\ADQ�]-J^HIP^C�H
P;O QIG7U�P-GBm5d>J^LzC�W1AKADH�CIGDL�=
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nporq � jV= p#p �·��¦5HISim5dXHhM5HcADQImyW1P^LDH_MVJ��^d>GKADHh¬�J5Pnmy®1dXHhU�¡�H�C`J5Pq¯�QIADW

��� � � � �\' ! . �"� * �2.5,�,�. ��� *
�"U/�^�#J5ADHTjV= p�w�STW1P-GKADHT]-J^HmyW1J5A`M5H�L`C�W1J5m5d3U���H�L  � � ZrU�F>�5dXH�L��d3U·�fU�P^M5H�mfU1LDL7U�P-GDH ��M5QImyHIP^M¢J5P5F{Y

]-J^HISTHIP-GBM5H�LBC�W1J5m5d3U���H�LBM�O HIP-GKADQ�HhLDW1AKGKFXH � � � ��
�
�VdXHc¯�QIADWiP;O U� -U�P-GNmfU1Le�yH�U�J^C�W1J5mRM�O F>P��^J^HIP^C�H#=8��U�ANC�W1P-GKADH��

]-JfU�P^M  � � U�J5�#STHIP-GDH��#d3UB�fU�P^M5H�mfU1LDL7U�P-GDHzUBGDHIP^M^U�P^C�HB¬NCIADW�gXGKADHeC�W1P^LKFXM5QIA7U��5dXHISTHIP-G myW1J5A�M5H�L�C�W1J5m5d3U���H�L
� � � �
�
�
M5W1P5P^Q�L�=5��W1SiSTHcHIP·drO U��^LDHIP^C�HcM5HB¯�QIADW���dXHzZrU1CIGDHIJ5A�M5Hc]-JfU�d>F>GDQBP;O F>P��^J^HIP^C�HcmfU1L �yH�U�J^C�W1J5m�d3U_�fU�P^M5H

mfU1LDL7U�P-GDH#=
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nporq � jV= p�w � �8P��^J^HIP^C�HhM5H�LzC�W1J5m5d3U���H�LBLKJ5Aed3U��fU�P^M5H`mfU1LDL7U�P-GDH/²\HIP �Tµ�MVJ��^d>GKADH

��� � � � �3� ����9-:; * �"! * ! * ����� .^�&*
��PqdrO U��^LDHIP^C�HhM5H_¯�QIADW��5d3UZ\ADQ�]-J^HIP^C�HhC�HIP-GKA7U�dXH � � H�LKGBQI�-U�dXH¬�d3UZ\ADQ�]-J^HIP^C�H_M5H`ADQ�LDW1PfU�P^C�H ��� =^k`U�P^LdXHC�U1LNW���dXH_�^d>GKADHmyW#LDLD��M5H_J5P�¯�QIADW��fd3UiZ\ADQ�]-J^HIP^C�HC�HIP-GKA7U�dXHiLDHhM5Q�C�U�dXHmfU�ANA7U�m5myW1AKG`¬Td3UiZ\ADQ�]-J^HIP^C�HM5H

ADQ�LDW1PfU�P^C�H#=��2W1J5A+J5PT¯�QIADW_M5H�Z\ADQ�]-J^HIP^C�HeF>PVZ[QIAKFXHIJ5ADHB¬cd3UNZ\ADQ�]-J^HIP^C�HzM5H�ADQ�LDW1PfU�P^C�H���d3UNZ\ADQ�]-J^HIP^C�HzC�HIP-GKA7U�dXH



}�w ��������� ����� � ����� 
 ��� ���������
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M5HI¡�FXHIP-Gzm5d>J^LeF>SimyW1AKG7U�P-GDH_]-J^H ��� =5�;H�LzC�W1J5AK�yH�LeM5Hcd3Uh�^�#J5ADHhjV= p#}STW1P-GKADHIP-GBdrO F>P��^J^HIP^C�H_M5H�LeC�W1J5m5d3U���H�L
LKJ5AzdXH_M5Q�C�U�d3U���HhHIPqZ\ADQ�]-J^HIP^C�H_M5H`d3UZ\ADQ�]-J^HIP^C�HhC�HIP-GKA7U�dXH#=��;H�Lz¯�W1P^H�LzP^W1F>ADH�Lc¬iC�W1J5m5d3U���H`ZrU�F>�5dXH_LDW1P-GBdXH�L
¯�W1P^H�L�W��idXH�C�W�H�
/CIFXHIP-G M5H�ADQ��fH�¦VFXW1P � � � � � � � 
 H�LKG�LKJ5myQIAKFXHIJ5A+¬ � � � � � ��¯�W1P^H�L�myW1J5A�dXH�LD]-J^HId>dXH�L�d3UN�fU�P^M5HHIGzd3UZ\ADQ�]-J^HIP^C�HhC�HIP-GKA7U�dXHhP^H_LDW1P-GBmfU1LzM5Q��^P5FXH�L�=f�;H`ZrU1CIGDHIJ5ABM5Hh]-JfU�d>F>GDQ`P;O F>P��^J^HIP^C�HhmfU1Lzd3U�myW#LKF>GKFXW1PRM5H
d3UZ\ADQ�]-J^HIP^C�H`C�HIP-GKA7U�dXH#=
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nporq � jV= p#} � �8P��^J^HIP^C�HhM5H�LzC�W1J5m5d3U���H�LBLKJ5Aed3UZ\ADQ�]-J^HIP^C�H`C�HIP-GKA7U�dXH_P^W1AKS/U�d>FXLDQ�H ���
�
�
MVJn�^d>GKADH

��� � � � � � ����9-:; * �"! * �� � 9-���
��W1SiSTHBdXHzSTW1P-GKADHBd3UN�^�#J5ADHcjV= p#� ��d3UcZ\ADQ�]-J^HIP^C�HzmyW1J5A d3U1]-J^HId>dXHzdXHBC�W�H�
/CIFXHIP-G�M5HzGKA7U�P^LKSiFXLDLKFXW1P � ��� � �

H�LKG�SiF>P5F>ShJ5S�¡#U�AKFXHcHIP�Z[W1P^CIGKFXW1PqM5H�LeC�W1J5m5d3U���H�L�= ��U�AzC�W1P-GKADH��5dXHNZrU1CIGDHIJ5AzM5Hc]-JfU�d>F>GDQ�� � MVJ�ADQ�LDW1PfU�GDHIJ5A
P;O F>P��^J^HIP^C�H�]-JfU1LKF>STHIP-G�mfU1L2C�HIGKGDH Z\ADQ�]-J^HIP^C�H#= �2W1J5A�J5P�C�W1J5m5d3U���H  � � P-J5d ��W1PADHIGKADW1J5¡�H��5FXHIPJ5P^H�U��^LDHIP^C�H
M5H`¯�QIADW5= �2W1J5A� � � P^W1PqP-J5d �5d3U�myW#LKF>GKFXW1PqMVJq¯�QIADWTM5QImyHIP^MqMVJqC�W1J5m5d3U���HhM�O HIP-GKADQ�H���LDW1AKGKFXH#=
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nporq � jV= p#� � �8P��^J^HIP^C�H_M5H�LzC�W1J5m5d3U���H�LBLKJ5Aed3UZ\ADQ�]-J^HIP^C�H`P^W1AKS/U�d>FXLDQ�H ���
�
�
MVJn¯�QIADWTMVJn�^d>GKADH
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��� � � � � $ � * �%� *-, � ' $\� ,�* �%�%$&���
��W1SiSTH·dXH·STW1P-GKADH·d3Uq�^�#J5ADHnjV= p�» �2dXH�LmyHIAKGDH�L�M�O F>P^LDHIAKGKFXW1P U�J5�#STHIP-GDHIP-G/myW1J5A�M5H�L�C�W1J5m5d3U���H�L � � � ��

�ZrU�F>�5dXH�L��C�W1SiSTHiHIP¢drO U��^LDHIP^C�H�M5H¯�QIADW�HIGc¡#U�AKFXHIP-GcdXQI���IADHISTHIP-GhHIP�Z[W1P^CIGKFXW1P°MVJ°C�W1J5m5d3U���H  � � =y?BF>P^LKF �y¬
� � � �
�
�
M5W1P5P^Q��5F>d"H�¦VFXLKGDHcJ5PRC�W1J5m5d3U���H  � � myW1J5AzdXH�]-J^HId�dXH�LemyHIAKGDH�LzLDW1P-GzS/U%¦VF>S/U�dXH�L�=
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nporq � jV= p�» � �8P��^J^HIP^C�H_M5H�LzC�W1J5m5d3U���H�LNLKJ5AedXH�LemyHIAKGDH�LzM�O F>P^LDHIAKGKFXW1P � ��� � � � � 


��� � � � � 0 !i$ �&. � ,  "� �&*q��� ��� *   2� �����&*q* �· 2� � 9-���
�;H�L�C�U�A7U1CIGDQIAKFXLKGKFX]-J^H�L�]-J5F�LDW1P-GdXH�Lhm5d>J^L�CIAKF>GKFX]-J^H�LmyW1J5AhJ5P��^d>GKADH·LDW1P-Gd3Uq�fU�P^M5H/mfU1LDL7U�P-GDH�HIGhdXH�L

myHIAKGDH�LeM�O F>P^LDHIAKGKFXW1P;=5�+O F>P^LDHIAKGKFXW1PqM�O J5P�¯�QIADWmyHIAKSTHIG�5HIP�m5d>J^L�VM�O U�¡�W1F>AeJ5P^HcC�U�A7U1CIGDQIAKFXLKGKFX]-J^H`M5HNADQ��KH�CIGKFXW1P
m5ADW�CDE^HRM5Hnd3U°�fU�P^M5H#= ��P J5GKF>d>FXL7U�P-G·dXH�LTADQ�LKJ5d>G7U�GDL/M5HRLKF>ShJ5d3U�GKFXW1P�M5W1P5PfU�P-G � ��� � � � � 
 � � � � HIG ��� HIP
Z[W1P^CIGKFXW1P M5H�LTM5HIJV¦©mfU�A7U�ST�IGKADH�L/M5HnC�W1J5m5d3U���H � � � ��

�
HIG  � � myW1J5AiJ5P©ZrU1CIGDHIJ5ATM5Hn]-JfU�d>F>GDQ � � M5W1P5P^Q���F>d

H�LKGimyW#LDLKF>�5dXHnM5H�ADHIm5ADQ�LDHIP-GDHIA/drO QI¡�W1d>J5GKFXW1P M5H�LimyHIAKGDH�LTM�O F>P^LDHIAKGKFXW1P � ��� � � � � 
 HIP©Z[W1P^CIGKFXW1P M5H�d3U��fU�P^M5HmfU1LDL7U�P-GDH � HIG�M5HRd3U myW#LKF>GKFXW1P§MVJ�¯�QIADW ��� � � � = �"U �^�#J5ADH¢jV= p#v�M5W1P5P^H�dXH�L/ADQ�LKJ5d>G7U�GDL�W1�5GDHIP-J^L�myW1J5AMVF:9�QIADHIP-GDLeZrU1CIGDHIJ5ADLBM5H`]-JfU�d>F>GDQ_MVJqADQ�LDW1PfU�GDHIJ5A�=
��d>J^L�dXHzZrU1CIGDHIJ5AeM5HN]-JfU�d>F>GDQNH�LKG�F>SimyW1AKG7U�P-G�Vm5d>J^L�dXH�L�myHIAKGDH�L�M�O F>P^LDHIAKGKFXW1PqLDW1P-G ZrU�F>�5dXH�L�= �BP·ADHIS/U�AD]-J^H

]-J^HBmyW1J5A�J5P^HB�fU�P^M5HNmfU1LDL7U�P-GDHcM5W1P5P^Q�H���dXHN¯�QIADWhF>P��^J^HIP^C�HcmyHIJ/dXH�L�myHIAKGDH�L�M�O F>P^LDHIAKGKFXW1PnL7U�JVZ2M^U�P^L�dXHNC�U1L
W��nC�HN¯�QIADW�LDHNA7U�m5m5ADW�CDE^H`M5HNd3Uh�fU�P^M5H��^U�¡�H�Ccd3Uhd>F>SiF>GDH � ������ � � � � �

� =5��HIGKGDHcd>F>SiF>GDH`H�LKG��5FXHIPn¡�FXLKF>�5dXHNLKJ5AdXH�LeGKA7U1C�Q�LBM5Hcd3U�^�#J5ADHhjV= p#vV=
�"UN�^�#J5ADHBjV= p#�NmyHIAKSTHIG M5HeC�W1SimfU�ADHIA�M5H�L��^d>GKADH�L M5H��fU�P^M5HemfU1LDL7U�P-GDHzHIG+M5HemyHIAKGDH�L+M�O F>P^LDHIAKGKFXW1P·¬NmyHIJ

m5AD��L2FXM5HIP-GKFX]-J^HeHIP�m5ADQ�LDHIP^C�H�W1J�P^W1P�M�O J5P�¯�QIADW5= �BPADHIS/U�AD]-J^H�J5P^H�U�STQId>FXW1A7U�GKFXW1P/M5H d3UBADQ��KH�CIGKFXW1PTU�J5GDW1J5A
MVJq¯�QIADW�²&¯�W1P^H_�#AKFXLDQ�H%µeHIGzJ5P^HhM5QI�#A7U1M^U�GKFXW1P¢M5H_C�HId>dXH�Y8CIF�U�JV¦RU�J5GKADH�LzZ\ADQ�]-J^HIP^C�H�L�=^�+O F>P^LDHIAKGKFXW1P¢M�O J5PR¯�QIADW
H�LKG+M5W1P^CeF>P-GDQIADH�LDL7U�P-GDHBmyW1J5A U�J5�#STHIP-GDHIA��M^U�P^L+J5P^He�fU�P^M5HzM5H�Z\ADQ�]-J^HIP^C�HzM5W1P5P^Q�H��#d3UcADQ��KH�CIGKFXW1PTS/U�FXL HId>dXH
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²[jV= w-£�µ

�"U�ADQImyW1P^LDH�MVJ`�^d>GKADH+M5QImyHIP^M_M5H+]-JfU�GKADH�mfU�A7U�ST�IGKADH�L 	 � � � � � � � ���� 

� ��
�
HIG � � � ��

�
= �2W1J5A"dXH�L;LKF>ShJ5d3U�GKFXW1P^L�

L7U�JVZ2C�U1L�STHIP-GKFXW1P5P^Q�L�5W1P�m5ADHIP^MVA7UdXHcC�U1L�d>F>SiF>GDHcM�O J5PqLKGKJ5�nHIP�GDH�CDE5P^W1dXW1�#FXH`SiFXCIADW1AKJ5�fU�PqLKJ5Aet�szw ��LDW1F>G
J5PTZrU1CIGDHIJ5A�M5HzmyHIP-GDH � � 
 � �� ²&F>SimyQ�M^U�P^C�HNMVJ·LKGKJ5� � � 
�� � � µ�=��2W1J5A�CDEfU1]-J^HNLKF>ShJ5d3U�GKFXW1P��-dXHeZrU1CIGDHIJ5A
M5H`]-JfU�d>F>GDQ_H�LKG��5¦5Q/² � � 
 � ���/W1J � �����-µ�=
��� � � $ �\' ����9-:; * �"! * �� � 9-���
k`U�P^L_dXHTC�U1LhM5HidrO F>P^LDHIAKGKFXW1P©M�O J5P ¯�QIADWqmfU�AhLKGKJ5���;d3U·Z\ADQ�]-J^HIP^C�HTMVJ�¯�QIADWqH�LKG_F>SimyW#LDQ�HimfU�AhdXHTLKGKJ5�

LDHIJ5dr=5�"UhZ\ADQ�]-J^HIP^C�H_MVJn¯�QIADWTH�LKGeM5W1P^C_QI�-U�dXHh¬d3UhZ\ADQ�]-J^HIP^C�H`M5HcADQ�LDW1PfU�P^C�H_MVJRLKGKJ5� 	 ��� 
 � � = �BPq¡�W1F>GLKJ5A`dXH�L`LKF>ShJ5d3U�GKFXW1P^L]-J;O F>d+H�¦VFXLKGDH�J5P^H�d>F>SiF>GDHTLKJ5A`d3U·myW#LKF>GKFXW1P MVJ°¯�QIADW5=2³-F�dXH�¯�QIADWqH�LKG`GKADW1m°m5ADW�CDE^HTM5H
d3U·�fU�P^M5H���dXHTC�W�H�
/CIFXHIP-GM5H�ADQ��fH�¦VFXW1P�H�LKG`GDW1J �KW1J5ADLhLKJ5myQIAKFXHIJ5Ah¬ � � � � � HIG`F>d+P;O H�LKG`mfU1L`myW#LDLKF>�5dXHiM5HM5Q��^P5F>Azd3U��fU�P^M5H`mfU1LDL7U�P-GDH_HIGed3UZ\ADQ�]-J^HIP^C�H_C�HIP-GKA7U�dXH#=
��� � � $ �3� ����9-:; * �"! * ! * ����� .^�&*
�"UB�^�#J5ADHejV= w^<eM5W1P5P^H�drO QI¡�W1d>J5GKFXW1P/M5H�d3UzZ\ADQ�]-J^HIP^C�HeC�HIP-GKA7U�dXHeMVJ��^d>GKADH�HIP�Z[W1P^CIGKFXW1PTM5H � � � ��� 
 ��� � ���

HIG � � � ��
�
= ��d>J^L�dXH�C�W1J5m5d3U���HBU�J5�#STHIP-GDHBHIG�m5d>J^L�dXH�¯�QIADW`H�LKG�m5ADW�CDE^HzM5H�d3UB�fU�P^M5H��#m5d>J^L�d3UBZ\ADQ�]-J^HIP^C�HeC�HIP-GKA7U�dXH

L�O Q�C�U�AKGDH�M5H·d3UqZ\ADQ�]-J^HIP^C�H�M5H·ADQ�LDW1PfU�P^C�H#= �BP©myHIJ5G�W1�^LDHIAK¡�HIAid3URd>F>SiF>GDH�LKJ5Ad3URmyW#LKF>GKFXW1P MVJ©¯�QIADW���]-J5F
M5QImyHIP^M°MVJ¢ZrU1CIGDHIJ5A_M5Hi]-JfU�d>F>GDQiHIG_MVJ C�W1J5m5d3U���H#=;kcHm5d>J^L��]-J^HIdXL`]-J^HiLDW1FXHIP-G`dXHZrU1CIGDHIJ5A_M5Hi]-JfU�d>F>GDQiHIG
dXHhC�W1J5m5d3U���H��fF>d"LDHISh�5dXH]-J;O F>d; qU�F>GBJ5P^H_d>F>SiF>GDHU��^LDW1d>J^HhmyW1J5Azd3U1]-J^HId>dXH_dXH�LNC�W1P^MVF>GKFXW1P^LNM�O U1M^U�m5G7U�GKFXW1P¢P^H
LDW1P-G �DU�S/U�FXLe¡�QIAKF{�fQ�H�L�=���HIGKGDH`d>F>SiF>GDH_H�LKGBLKF>GKJ^Q�H_U�JV¦qU�dXHIP-GDW1J5ADLNM5H � � ��M5Hcd3UZ\ADQ�]-J^HIP^C�H`M5H`ADQ�LDW1PfU�P^C�H#=
��� � � $ � � ! . �"� * �2.5,�,�. ��� *
�"UB�^�#J5ADHBjV= w-jcM5W1P5P^HedrO QI¡�W1d>J5GKFXW1P/M5H�d3UN�fU�P^M5HemfU1LDL7U�P-GDHeMVJ��^d>GKADHeHIP�Z[W1P^CIGKFXW1P/M5H � � � ��� 
 ��� � ��� HIG

� � � �
�
�
= ��d>J^L dXHzC�W1J5m5d3U���HNH�LKG+F>SimyW1AKG7U�P-G m5d>J^L d3Uc�fU�P^M5HzmfU1LDL7U�P-GDHBH�LKG�ZrU�F>�5dXH#=���d>J^L+dXHz¯�QIADW_H�LKG+m5ADW�CDE^HNM5Hed3U

ADQ�LDW1PfU�P^C�Hcm5d>J^Led3Uh�fU�P^M5H`mfU1LDL7U�P-GDH`H�LKG�ZrU�F>�5dXH#= �BPnADHIS/U�AD]-J^HcJ5P^Hcd>F>SiF>GDH`LKJ5AedXH�L�GKA7U1C�Q�L 	�d3UhZ\ADQ�]-J^HIP^C�H
MVJ·¯�QIADWhP^HBmyHIJ5G�mfU1L��IGKADH`U�J^LDLKFfm5ADW�CDE^Hc]-J^HBmyW#LDLKF>�5dXHBM5HBd3U`Z\ADQ�]-J^HIP^C�HcM5HBADQ�LDW1PfU�P^C�H#=V�+O U�J5�#STHIP-G7U�GKFXW1P
MVJqZrU1CIGDHIJ5ANM5Hh]-JfU�d>F>GDQ_myHIAKSTHIGcM5H_ADHImyW1J^LDLDHIAzdXQI���IADHISTHIP-G`C�HIGKGDHhd>F>SiF>GDH#=8�2W1J5A�� � 
 � �����fd3U�Z\ADQ�]-J^HIP^C�H
MVJR¯�QIADW·M5W1F>G �IGKADHhF>PVZ[QIAKFXHIJ5ADH�¬ ��� � � ��� =8�2W1J5A�� � 
 � ��������d3UiZ\ADQ�]-J^HIP^C�HhMVJ�¯�QIADW·M5W1F>G �IGKADHhF>PVZ[QIAKFXHIJ5ADH
¬���� ��� ��� =
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��"Und>F>SiF>G7U�GKFXW1P¸M5HTd3U�myW#LKF>GKFXW1P�MVJ�¯�QIADWqM5HTGKA7U�P^LKSiFXLDLKFXW1P�H�LKGhM5W1P^CTd>FXQ�H/U�JV¦°m5J5dXL7U�GKFXW1P^LhEfU�J5GDH � ��� HIG
�fU1LDLDH � ��� M5Hcd3U��fU�P^M5H`mfU1LDL7U�P-GDH#=

�2W1J5A � � 
��	� � � �-drO U�m5m5d>FXC�U�GKFXW1P·P-J5STQIAKFX]-J^HcM5W1P5P^H 	 � � � ��� � � � ��� myW1J5A J5P/¯�QIADW·¹IHIP·M5H�LDLDW1J^L%¹eM5Hd3UN�fU�P^M5H#=#��PTC�W1P^LKFXM5QIA7U�P-G ]-J^H�d3UN�fU�P^M5HeH�LKG+¬NmyHIJ�m5AD��L+C�HIP-GKADQ�HzU�J5GDW1J5A M5H�d3UBZ\ADQ�]-J^HIP^C�HeM5H�ADQ�LDW1PfU�P^C�H��
LDW1F>G � ��� 
 � � � � �	� � � � HIG � � 
 � � �VW1PnGKADW1J5¡�H � � � � �

�
	
� 
 �� � ��� � 
 �
�
=V�;H`C�U1LeW���dXHc¯�QIADW�myHIJ5G �IGKADHcm5d3U1C�Q

U�J m5d>J^L_m5ADW�CDE^H/M5Hid3U��fU�P^M5H/H�LKG`dXHTC�U1LhW�� � � F>SimyW1AKG7U�P-G�=���U�AH�¦5HISim5dXH���myW1J5AhLDHim5d3U1C�HIA¬ ��� � � � �myW1J5AhJ5P^H/�fU�P^M5H·M5H � 
 ��� �;dXHTmfU�A7U�ST�IGKADH�M5HTmyHIP-GDH·M5W1F>G �IGKADH·LKJ5myQIAKFXHIJ5A�¬ � ��� �V=��;H/CDE^W1F{¦¸M5HTd3U
GDH�CDE5P^W1dXW1�#FXH�M5H`ADQ�U�d>FXL7U�GKFXW1P�H�LKGNU�dXW1ADLNM5QIGDHIAKSiF>PfU�P-Gi²&mfU�ANH�¦5HISim5dXH�� � � � 	 � � �	� � ��� �·HIPqGDH�CDE5P^W1dXW1�#FXHSiFXCIADW1AKJ5�fU�P°LKJ5ABd3Uim5ADHISiFX�IADHADQ�LDW1PfU�P^C�HMVJ�LKGKJ5��µ�=���P¢C�W1P^CId>J^LKFXW1P��fmyW1J5ANW1�5GDHIP5F>AcM5H�LN¯�QIADW#LBmfU�ANLKGKJ5�
m5ADW�CDE^H�L`M5Hhd3U/�fU�P^M5H���F>d"ZrU�J5GNJ5P¢mfU�A7U�ST�IGKADHiM5HhmyHIP-GDH�QIdXHI¡�Q 	�LDW1F>G`U�¡�H�CJ5P^HF>SimyQ�M^U�P^C�H�QIdXHI¡�Q�H���LDW1F>G
HIPqJ5GKF>d>FXL7U�P-GzJ5P^HcZ\ADQ�]-J^HIP^C�H_M5HcADQ�LDW1PfU�P^C�HhM�O W1ADMVADH_LKJ5myQIAKFXHIJ5A�=
�"Ui�^�#J5ADH�jV= p#�TmyHIAKSTHIGcM5HhC�W1SimfU�ADHIA`M5HIJV¦n�^d>GKADH�LcM5H_�fU�P^M5HhmfU1LDL7U�P-GDHHIGNM5HhmyHIAKGDH�LNM�O F>P^LDHIAKGKFXW1P°¬

myHIJ m5AD��L_FXM5HIP-GKFX]-J^H�LHIP�m5ADQ�LDHIP^C�H/W1J P^W1P�M�O J5P�¯�QIADWqmfU�AhLKGKJ5�;= �BP�ADHIS/U�AD]-J^HTJ5P^H/U�STQId>FXW1A7U�GKFXW1P©M5H
d3UADQ��KH�CIGKFXW1PRU�J5GDW1J5ABMVJn¯�QIADWiHIGeGKAD��L�myHIJqM5H`MVF:9�QIADHIP^C�H_U�JV¦qU�J5GKADH�L�Z\ADQ�]-J^HIP^C�H�L�=5�+O F>P^LDHIAKGKFXW1PRM�O J5Pn¯�QIADW
mfU�A�LKGKJ5�/H�LKG M5W1P^CzF>P-GDQIADH�LDL7U�P-GDHBmyW1J5A�U�J5�#STHIP-GDHIA�VM^U�P^L+J5P^Hz�fU�P^M5HBM5H�Z\ADQ�]-J^HIP^C�HBM5W1P5P^Q�H���d3U`ADQ��KH�CIGKFXW1P
L7U�P^LeSTW�MVF{�fHIAzd3U�ADQImyW1P^LDH`MVJn�^d>GKADHhU�JV¦qU�J5GKADH�LeZ\ADQ�]-J^HIP^C�H�Lem5ADW�CDE^H_M5H`d3U�fU�P^M5H#=
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nporq � jV= w-} ��sBQImyW1P^LDH�Z\ADQ�]-J^HIP-GKFXHId>dXHNM5HBM5HIJV¦��^d>GKADH�L�¬`J5PTmy®1dXHBHIP/m5ADQ�LDHIP^C�HBW1J/P^W1P/M�O J5P·¯�QIADW_mfU�A LKGKJ5�



� � � � ���	� �%��	 �����������	� �*����� ��� 
 ��� ������� ��� ������ �V<

� M�� M�� OQPSR;P>TVU�WNXN\ U.YVX6lmR%\K^;TQf;aS\ 	pWZY[TVaS\ f!hil0TFf;TVa � ^;aSWNb lmR � ^;a
?�mfU�AKGKF>A/M5H�L/C�W1P^CId>J^LKFXW1P^L/QIG7U��5d>FXH�L/LKJ5ATdXHnC�W1SimyW1AKGDHISTHIP-G/Z\ADQ�]-J^HIP-GKFXHIdNM�O J5P �^d>GKADHR¬¢J5P my®1dXHqHIG

J5Pn¯�QIADW��^]-J^HIdX]-J^H�LBC�W1P^LKFXM5QIA7U�GKFXW1P^LBLKJ5AeJ5Pn�^d>GKADHh¬m5d>J^LKFXHIJ5ADLzmy®1dXH�LzHIGBQI¡�HIP-GKJ^HId>dXHISTHIP-GNm5d>J^LKFXHIJ5ADLz¯�QIADW#L
myHIJ5¡�HIP-G �IGKADH_M5W1P5P^Q�H�L�=

�2W1J5A`dXH�LB�^d>GKADH�L`QIGKJ^MVFXQ�L�yW1P�J5GKF>d>FXLDHdXH�LcCIAKF>GD�IADH�L`M5HmyHIA±Z[W1AKS/U�P^C�H�L`LKJ5F>¡#U�P-GDL�yM5W1P5P^Q�L`LKJ5ANd3Ui�^�#J5ADH
jV= w-��	

�§�eU�P^M5H`mfU1LDL7U�P-GDH	��	5�fU�P^M5H`mfU1LDL7U�P-GDHh¬ � � � � � HIPqADQ��fH�¦VFXW1P;=
� �2HIAKGDH�L2M�O F>P^LDHIAKGKFXW1P � ��� � � � � 
 	ISiF>P5F>ShJ5S�MVJhC�W�H�
/CIFXHIP-G�M5H�GKA7U�P^LKSiFXLDLKFXW1PhM^U�P^L;d3U��fU�P^M5H�mfU1LDL7U�P-GDH#=
�§sBQ��KH�CIGKFXW1P 	fS/U%¦VF>ShJ5S�MVJ¢C�W�H�
/CIFXHIP-G_M5HhGKA7U�P^LKSiFXLDLKFXW1P°M^U�P^LNJ5P^H�fU�P^M5H�M5HhADQ��KH�CIGKFXW1P°M5W1P5P^Q�H��
� � � � � ¬ � � � � � mfU�ABH�¦5HISim5dXH#=

1
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nporq � jV= w-���q� AKF>GD�IADH�LBM5HcmyHIA±Z[W1AKS/U�P^C�H�LBM�O J5Pn�^d>GKADH

�;H�L��^d>GKADH�L QIGKJ^MVFXQ�L LDW1P-G�#myW1J5A+M5H�L�A7U�FXLDW1P^L M5HeLKF>Sim5d>FXCIF>GDQ���M5H�L��^d>GKADH�L+LK �STQIGKAKFX]-J^H�L�=��;H�L+LKF>ShJ5d3U�GKFXW1P^L
P^HnM5W1P5P^HIP-G·M5W1P^C�mfU1LTM5H�LiADQ�LKJ5d>G7U�GDLi¡#U�d3U��5dXH�LimyW1J5AiGDW1J^LidXH�L�^d>GKADH�L��S/U�FXLimyHIAKSTHIGKGDHIP-G/M�O U�¡�W1F>A/J5P^H
U�m5m5ADW�CDE^Hh]-JfU�d>F>G7U�GKF>¡�H_M5H�LemyHIA±Z[W1AKS/U�P^C�H�LBM5H�L��^d>GKADH�LBM�O W1ADMVADH_]-J^HIdXC�W1P^]-J^H#=

�2W1J5A`J5P¢�^d>GKADHT¬/J5P¢my®1dXH�L7U�P^Lc¯�QIADW��ydXH�LDHIJ5d�M5HI�#ADQiM5Hd>F>�yHIAKGDQiH�LKGcd3U/¡#U�dXHIJ5A`M5H�L`C�W1J5m5d3U���H�LhM�O HIPVY
GKADQ�H���LDW1AKGKFXH#=2�;H/CDE^W1F{¦�M�O J5P^HT�fU�P^M5H/mfU1LDL7U�P-GDHi�5¦5H/M5W1P^CTdXH�LU�J5GKADH�LhmyHIA±Z[W1AKS/U�P^C�H�LMVJ �^d>GKADH#=2��d>J^Lhd3U
�fU�P^M5H�mfU1LDL7U�P-GDHqH�LKG��#A7U�P^M5H���m5d>J^L�dXH�LimyHIAKGDH�LiLDW1P-G�ZrU�F>�5dXH�LiS/U�FXLiSTW1F>P^Lid3URADQ��KH�CIGKFXW1P H�LKGiQIdXHI¡�Q�H#=+��P
U �KW1J5G7U�P-GNJ5P¢C�W1J5m5d3U���HhmyW1J5ANF>P-GKADW�MVJ5F>ADHhJ5P�¯�QIADW��fF>d2H�LKGBmyW#LDLKF>�5dXHhM�O W1�5GDHIP5F>AcM5H�Lz�^d>GKADH�LcM5W1P-GNd3Ui�fU�P^M5H
mfU1LDL7U�P-GDH_H�LKGeFXM5HIP-GKFX]-J^H_S/U�FXLzM5W1P-GBdXH�LemyHIAKGDH�LzHIGzd3UADQ��KH�CIGKFXW1PRLDW1P-GBMVF:9�QIADHIP-GDH�L�=

�2W1J5A�M5H�L��^d>GKADH�L M�O W1ADMVADHBm5d>J^L QIdXHI¡�Q���dXHeP^W1Sh�5ADHNM5HBM5HI�#ADQ�L M5Hzd>F>�yHIAKGDQBH�LKG�#d3¬%Y U�J^LDLKF �#m5d>J^L F>SimyW1AKG7U�P-G
HIG"dXH+CDE^W1F{¦M�O J5P^H+�fU�P^M5H mfU1LDL7U�P-GDH+P;O H�LKG"mfU1L"LKJ�
/L7U�P-G2myW1J5A2C�W1P5PfU%gXGKADH d3UeLKGKAKJ^CIGKJ5ADH�MVJ_�^d>GKADH#= �8d�H�LKG2U�F>P^LKF
myW#LDLKF>�5dXH`M�O U�¡�W1F>ANM5H�L��^d>GKADH�LBM5HcS �ISTH`�fU�P^M5H`mfU1LDL7U�P-GDH_S/U�FXLzM5HcmyHIAKGDH�LBHIGzM5H`ADQ��KH�CIGKFXW1P^LBMVF:9�QIADHIP-GDH�L�=
��� � � 0��\' . $\�¢ �&. �%$&��� � * :; *�� :; *-,���� ��� *-,

�2W1J5ATF>d>d>J^LKGKADHIATC�H�CIF �+]-JfU�GKADH�G8 �myH�LiM5H·�^d>GKADH�LTLDW1P-GTC�W1SimfU�ADQ�L�=+�;H·�^d>GKADHq¬�J5P my®1dXHnL7U�P^L�¯�QIADW���dXH
�^d>GKADHh¬J5Pnmy®1dXHhU�¡�H�C`¯�QIADW��5dXHN�^d>GKADHh¬�M5HIJV¦nmy®1dXH�LzL7U�P^L�¯�QIADWTHIGedXHc�^d>GKADHh¬GKADW1FXLemy®1dXH�LzL7U�P^Le¯�QIADW5= �2W1J5A
dXH�LGKADW1FXLiM5HIAKP5FXHIADL��^d>GKADH�L�2dXH·P^W1Sh�5ADHnM5H�M5HI�#ADQ�LiM5H·d>F>�yHIAKGDQ�H�LKG�M5Hnj©²\C�U�A�dXH�L�^d>GKADH�LiM�O W1ADMVADHqjRHIGTp
LDW1P-GhLK �STQIGKAKFX]-J^H�L�µ��;C�Hi]-J5F+myHIAKSTHIGhM�O J5GKF>d>FXLDHIA_J5P^HiADHIm5ADQ�LDHIP-G7U�GKFXW1P¸�#A7U�m5E5FX]-J^H/M5HidrO QI¡�W1d>J5GKFXW1P¸M5HidXHIJ5A
C�U�A7U1CIGDQIAKFXLKGKFX]-J^H#=



�#j ��������� ����� � ����� 
 ��� ���������
� � ��������� �	��	��

�"U·�^�#J5ADH/jV= w�»/STW1P-GKADHTdrO QI¡�W1d>J5GKFXW1P¸M5H�L`myHIAKGDH�L_M�O F>P^LDHIAKGKFXW1P�HIP¢Z[W1P^CIGKFXW1P�M5H�d3U�ADQ��KH�CIGKFXW1P°myW1J5A_dXH�L
MVF:9�QIADHIP-GDL+�^d>GKADH�L�#myW1J5A+J5PiZrU1CIGDHIJ5A�M5Hz]-JfU�d>F>GDQ�� � HIG J5P^He�fU�P^M5HzmfU1LDL7U�P-GDH���M5W1P5P^Q�L�=-�"U`CId3U1LDLKF{�fC�U�GKFXW1P
HIP¢¯�W1P^H�L_H�LKGcADQ�U�d>FXLDQ�H�LKJ5AcdXH�LcmyHIA±Z[W1AKS/U�P^C�H�L_HIP¢ADQ��KH�CIGKFXW1P M5H�LN�^d>GKADH�L�=y�"U·¯�W1P^Hn²±<%µNH�LKG`M5QId>F>SiF>GDQ�H�mfU�A
d3U/¡#U�dXHIJ5A`M5Hd3U/ADQ��KH�CIGKFXW1P MVJ��^d>GKADHi¬/J5P¢my®1dXH���d3U/¯�W1P^Hq²[j�µBH�LKGNd>F>SiF>GDQ�H�mfU�A`d3UT¡#U�dXHIJ5A_M5Hd3U/ADQ��KH�CIGKFXW1P
S/U%¦VF>S/U�dXHBMVJi�^d>GKADHB¬cJ5PTmy®1dXHBU�¡�H�Ce¯�QIADW���d3Uc¯�W1P^Hh²[p�µ2mfU�A+d3Uc¡#U�dXHIJ5A+S/U%¦VF>S/U�dXHBM5H�d3UcADQ��KH�CIGKFXW1P·MVJi�^d>GKADH
M�O W1ADMVADHj�HIGed3U�¯�W1P^H`wimfU�Azd3U¡#U�dXHIJ5AzS/U%¦VF>S/U�dXH_M5H`d3UADQ��KH�CIGKFXW1PRMVJn�^d>GKADH_M�O W1ADMVADHhpV=
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Réjection pour f=[fc−4 B , fc−3 B] (dB)
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(1)(2)(3)(4)(5)

−50 −40 −30 −20 −10 0

−0.2

P
er

te
s 

d’
in

se
rt

io
n 

(d
B

)
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Ordre 1 sans zéro

Ordre 1 avec zéro

Ordre 2 sans zéro

Ordre 3 sans zéro

nporq � jV= w�»��n��W1SimfU�A7U�FXLDW1P�M5H_]-J^HIdX]-J^H�L��^d>GKADH�L

��� � � 0��3� & � .^� �;,�* � *-,i, $\�¢ �&. �%$&��� ,
�2W1J5A/J5P^Hn�fU�P^M5HnmfU1LDL7U�P-GDHqHIGiJ5P ZrU1CIGDHIJ5ATM5Hq]-JfU�d>F>GDQqM5W1P5P^Q�L��m5d>J^LidrO W1ADMVADHqMVJ �^d>GKADHqH�LKGTQIdXHI¡�Q��

m5d>J^L�d3U�ADQ��KH�CIGKFXW1P H�LKG�F>SimyW1AKG7U�P-GDH#=���U�A/H�¦5HISim5dXH���myW1J5A � � 
 � ���°HIG � 
 ��� ��J5P W1ADMVADH°<qURJ5P^H
ADQ��KH�CIGKFXW1P©M5H � ��� � � � �;J5P¸W1ADMVADHnjRUnJ5P^H/ADQ��KH�CIGKFXW1P¸S/U%¦VF>S/U�dXH·M5H � � ��� � � ��HIGJ5P¸W1ADMVADH�p�UnJ5P^HADQ��KH�CIGKFXW1P°S/U%¦VF>S/U�dXHTM5H � � ��� � � ��=;��HImyHIP^M^U�P-G�;C�HIGKGDHTU�J5�#STHIP-G7U�GKFXW1P¸M5H�d3U/ADQ��KH�CIGKFXW1P H�LKG_U1LDLDW�CIFXQ�Hi¬J5P^H`U�J5�#STHIP-G7U�GKFXW1PRM5H�L�myHIAKGDH�LeM�O F>P^LDHIAKGKFXW1P;= �BP�myHIJ5G�M�O U�F>d>dXHIJ5ADLeADHIS/U�AD]-J^HIAe]-J^H��5U�m5m5ADW�¦VF>S/U�GKF>¡�HISTHIP-G�
drO QI¡�W1d>J5GKFXW1PqM5H�L�myHIAKGDH�LeM�O F>P^LDHIAKGKFXW1PnHIP·Z[W1P^CIGKFXW1PqM5HNd3U_ADQ��KH�CIGKFXW1PqLDW1J5EfU�F>GDQ�HcH�LKG�d3UhS �ISTHNmyW1J5A�J5P·�^d>GKADH
M�O W1ADMVADHj�]-J^HcmyW1J5AzJ5P��^d>GKADH_M�O W1ADMVADHpV=



� � � � ���	� �%��	 �����������	� �*����� ��� 
 ��� ������� ��� ������ �#p

�+O F>P^LDHIAKGKFXW1P�M�O J5Pq¯�QIADWi�5FXHIPqmyW#LKF>GKFXW1P5P^Q`mfU�AzA7U�m5myW1AKGN¬d3U��fU�P^M5H_M5H`ADQ��KH�CIGKFXW1PqmyHIAKSTHIGBM�O U�¡�W1F>ANM5H�L
ADQ��KH�CIGKFXW1P^L_F>SimyW1AKG7U�P-GDH�L�L7U�P^LU�J5�#STHIP-GDHIA�M5H�ZrUKJ�W1P�LKF>�#P5F{�fC�U�GKF>¡�H/dXH�L_myHIAKGDH�LhM�O F>P^LDHIAKGKFXW1P;="?BF>P^LKF ��myW1J5A
� � 
 � ����HIG � 
 ��� �-J5P�W1ADMVADH<NU�¡�H�CN¯�QIADWhmyHIJ5G�U�¡�W1F>A�J5P^HBADQ��KH�CIGKFXW1P·S/U%¦VF>S/U�dXHcM�O HIP-¡�F>ADW1P � ��� � � �LDW1F>G�J5P^H`U�STQId>FXW1A7U�GKFXW1PRM5H � ��� � � � mfU�A�A7U�m5myW1AKGB¬hJ5P·�^d>GKADHcL7U�P^L�¯�QIADW5=V�;H�L�myHIAKGDH�LeM�O F>P^LDHIAKGKFXW1Pn¡#U�AKFXHIP-GmyHIJ 	5M5H � ��� ��� � � L7U�P^Le¯�QIADW/¬ � � � ��� � ��U�¡�H�C`¯�QIADW5=
k`U�P^Lzd3U�¯�W1P^H·²[j�µ��5dXH`�^d>GKADH`m5ADQ�LDHIP-G7U�P-GcdXH�LeSTHIF>d>dXHIJ5ADH�LNmyHIA±Z[W1AKS/U�P^C�H�LBH�LKGzdXHc�^d>GKADH¬�J5PRmy®1dXH_HIGzJ5P

¯�QIADW��fU�¡�H�ChM5H�LzmyHIAKGDH�LeGKAD��LzADQ�MVJ5F>GDH�L�=fk`U�P^Led3U�¯�W1P^H·²[p�µ��5dXHc�^d>GKADHh¬Tp�my®1dXH�LzLDHISh�5dXH_STHIF>d>dXHIJ5AN]-J^H_C�HId>J5F
¬M5HIJV¦·my®1dXH�L�S/U�FXLedrO U�J5�#STHIP-G7U�GKFXW1P�MVJ�P^W1Sh�5ADH_M5Hcmy®1dXH�LeHIP-GKA7U%gXP^H`J5P^H`U�J5�#STHIP-G7U�GKFXW1P�M5Hcd3UhG7U�F>d>dXH`MVJ
�^d>GKADH#="�"URMVF:9�QIADHIP^C�H/LKJ5AhdXH�LhmyHIAKGDH�LhM�O F>P^LDHIAKGKFXW1P©HIP-GKADH/dXH�LM5HIJV¦°�^d>GKADH�LhP;O QIG7U�P-GmfU1LhGKAD��L_F>SimyW1AKG7U�P-GDH
²\]-J^HIdX]-J^H�L � �Tµ��"dXHi�^d>GKADH�¬RM5HIJV¦ my®1dXH�LhADH�LKGDH/GKAD��LhF>P-GDQIADH�LDL7U�P-GiM^U�P^Ld3Un¯�W1P^H¢²[p�µ�=2k`U�P^Lhd3Uq¯�W1P^H¢²&w�µ��LDHIJ5d+dXH��^d>GKADH/M�O W1ADMVADH·pqH�LKG_FXCIF HIP-¡�FXL7U���H�U��5dXH#=���HImyHIP^M^U�P-G�"drO F>P^LDHIAKGKFXW1P¸M�O J5P�¯�QIADWRLKJ5A_J5P�W1ADMVADH/M5HIJV¦
myHIAKSTHIGKGKA7U�F>G�eL7U�P^L�M5W1J5GDH��eM�O U�¡�W1F>AqM5H�L�ADQ��KH�CIGKFXW1P^LnQ�]-J5F>¡#U�dXHIP-GDH�L�GDW1J5GRU� -U�P-GqM5H�L·myHIAKGDH�LnM�O F>P^LDHIAKGKFXW1P
ADQ�MVJ5F>GDH�L�=
��� � � 0�� � �h. � . !#��9-�1$ , �%$&:; *-, $\� � �f�%� . ��� *-, � �� "� �&. !����"! *�� �%$&��� � *q��� ��� *-,

�2W1J5AeADQ�LKJ5STHIA��dXW1ADL�M5HNd3UhC�W1P^C�HIm5GKFXW1PqM�O J5P·�^d>GKADH���F>d�H�LKG�F>SimyW1AKG7U�P-GzM5HNCDE^W1FXLKF>AedXHBP^W1Sh�5ADH`M5HNmy®1dXH�L
HIGBdXHhP^W1Sh�5ADH�M5H_¯�QIADW#LcM5H_d3UTADQImyW1P^LDH`Z\ADQ�]-J^HIP-GKFXHId>dXH��y]-J5F2M5QIGDHIAKSiF>P^HIADW1P-G_dXH_P^W1Sh�5ADH�HIGBdXHhG8 �myHhM5HhADQ�Y
LDW1PfU�GDHIJ5ADLBU�F>P^LKF�]-J^HNdXH�LeC�W1J5m5d3U���H�LzHIP-GKADH_C�HIJV¦�Y8CIFr= �;ADW1FXLzC�U�A7U1CIGDQIAKFXLKGKFX]-J^H�LBMVJ·�^d>GKADH_¬hADQ�U�d>FXLDHIAemyHIJ5¡�HIP-G
M5Q��D¬/�#J5FXM5HIA_C�HiCDE^W1F{¦ 	�d3U/�fU�P^M5H�mfU1LDL7U�P-GDHiHIP°ADQ��fH�¦VFXW1P��ydXH�LcmyHIAKGDH�L`M�O F>P^LDHIAKGKFXW1P HIG`d3U/ADQ��KH�CIGKFXW1P M^U�P^L
J5P^H`�fU�P^M5H`m5ADW�CDE^H_M5H`d3U�fU�P^M5H`mfU1LDL7U�P-GDH#=

�2W1J5A_dXH�Lc�^d>GKADH�L_]-J5F�P^H�P^Q�C�H�LDLKF>GDHIP-G_mfU1L_M5H�ADQ��KH�CIGKFXW1P F>SimyW1AKG7U�P-GDHim5ADW�CDE^HTM5H�d3U��fU�P^M5H��yJ5P°�^d>GKADH
L7U�P^Lz¯�QIADW·H�LKGBm5ADQ�Z[QIA7U��5dXHhmyW1J5ANQI¡�F>GDHIANdXH�LBADHISTW1P-GDQ�H�LNGKADW1m�F>SimyW1AKG7U�P-GDH�LcMVJ^H�Lc¬TJ5PR¯�QIADW5=��;HhCDE^W1F{¦�M5H
drO W1ADMVADHiMVJ¢�^d>GKADHiM5QImyHIP^M U�dXW1ADL_M5H�d3U/�fU�P^M5H�mfU1LDL7U�P-GDHTLDW1J5EfU�F>GDQ�H���M5H�L`myHIAKGDH�L`M�O F>P^LDHIAKGKFXW1P S/U%¦VF>S/U�dXH�L
HIGNMVJqZrU1CIGDHIJ5ANM5Hh]-JfU�d>F>GDQhM5H�LBADQ�LDW1PfU�GDHIJ5ADL�= ��d>J^LBd3Ui�fU�P^M5H_mfU1LDL7U�P-GDHH�LKGzF>SimyW1AKG7U�P-GDH�HIGBdXH`ZrU1CIGDHIJ5ANM5H
]-JfU�d>F>GDQ�QIdXHI¡�Q���m5d>J^L2drO W1ADMVADH�MVJh�^d>GKADH�myHIJ5G��IGKADH �#A7U�P^MmyW1J5A�M5H�L2myHIAKGDH�L�M�O F>P^LDHIAKGKFXW1P�S/U%¦VF>S/U�dXH�L�M5W1P5P^Q�H�L�=

�2W1J5AcdXH�LB�^d>GKADH�L`]-J5F2P^Q�C�H�LDLKF>GDHIP-GcJ5P^HhADQ��KH�CIGKFXW1P¢F>SimyW1AKG7U�P-GDH�m5ADW�CDE^H�M5Hd3UT�fU�P^M5H��yC�W1SiSTH�C#O H�LKGNdXH
C�U1L2myW1J5A�dXH�L�MVJ5m5dXH�¦5HIJ5ADL��F>d5LDHISh�5dXH�m5ADQ�Z[QIA7U��5dXH�M�O J5GKF>d>FXLDHIA+M5H�L"�^d>GKADH�L+U�¡�H�C�¯�QIADW#L�=1�"UBADQ��KH�CIGKFXW1PiHIPiM5HIE^W1ADL
M5H�Lh�fU�P^M5H�LhmfU1LDL7U�P-GDH·HIG�U�GKGDQIP-J^Q�H�H�LKGU�dXW1ADLhSTW1F>P^LF>SimyW1AKG7U�P-GDH·]-J;O HIP�drO U��^LDHIP^C�H·M5HT¯�QIADW5=��2W1J5A�M5H�L
LKGKAKJ^CIGKJ5ADH�LU�¡�H�CTm5d>J^LKFXHIJ5ADL_ADQ�LDW1PfU�GDHIJ5ADL�;F>d H�LKG_myW#LDLKF>�5dXHiM�O F>P^LDQIADHIAhm5d>J^LKFXHIJ5ADL_¯�QIADW#LhHIGhM5W1P^C/M�O W1�5GDHIP5F>A
m5d>J^LKFXHIJ5ADLz�fU�P^M5H�LzM5H`ADQ��KH�CIGKFXW1PRW1JRM5H�Le�fU�P^M5H�LBM5HcADQ��KH�CIGKFXW1Pqm5d>J^Lzd3U�AK��H�L�=
�"UhCIADQ�U�GKFXW1PnM�O J5P·¯�QIADWhmyHIJ5G �IGKADHBADQ�U�d>FXLDQ�HBmfU�A�C�W1J5m5d3U���HNGKA7U�P^LK¡�HIADLDHNW1J·mfU�A�LKGKJ5�;=�k`U�P^L dXHBm5ADHISiFXHIA

C�U1L��d3U`ADQ��KH�CIGKFXW1P�H�LKG M5QIGDQIAKFXW1ADQ�HcHIP·M5HIE^W1ADL�M5H�L �fU�P^M5H�L�mfU1LDL7U�P-GDHBHIG�ADH��KHIGDQ�HzS/U�FXL d3UcZ\ADQ�]-J^HIP^C�HBMVJ·¯�QIADW
myHIJ5G �IGKADHNU�STHIP^Q�HBGKAD��L+m5ADW�CDE^HBM5Hzd3Uc�fU�P^M5HB]-J^HId>dXHB]-J^HzLDW1F>G d3UcGDH�CDE5P^W1dXW1�#FXHcHIP-¡�FXL7U���Q�H#=-k`U�P^L+dXHBLDH�C�W1P^M
C�U1L�fdXHhLKGKJ5��P^HhSTW�MVF{�fH]-JfU1LKF>STHIP-GcmfU1LBd3UTADQImyW1P^LDHHIP¢M5HIE^W1ADLcM5H�LN�fU�P^M5H�LNmfU1LDL7U�P-GDHHIGNADH��KHIGDQ�HhS/U�FXL
d3U�myW#LKF>GKFXW1P¸MVJ ¯�QIADWRH�LKG_d>F>SiF>GDQ�HTmfU�Ahd3U�¡#U�dXHIJ5AMVJ mfU�A7U�ST�IGKADH·M5HimyHIP-GDH/MVJ¸LKGKJ5� d>FXQ/U�J¸CDE^W1F{¦�M5Hid3U
GDH�CDE5P^W1dXW1�#FXH#=
k`U�P^L`GDW1J^L`dXH�L_C�U1L�ym5d>J^L`dXHZrU1CIGDHIJ5AhM5Hi]-JfU�d>F>GDQTH�LKG_QIdXHI¡�Q���m5d>J^L`dXH�LcmyHIAKGDH�L_M�O F>P^LDHIAKGKFXW1P¸MVF>SiF>P-J^HIP-G

myW1J5A_J5P°�^d>GKADH/M�O W1ADMVADH/M5W1P5P^QTHIG��mfU�AC�W1P^LDQ�]-J^HIP-G�;m5d>J^L_drO W1ADMVADH/MVJ°�^d>GKADHimyHIJ5G �IGKADH/QIdXHI¡�QimyW1J5AhM5H�L
myHIAKGDH�LBM�O F>P^LDHIAKGKFXW1P�M5W1P5P^Q�H�L�=f?BF>P^LKF �5myW1J5ANW1�5GDHIP5F>ANM5H�LzADQ��KH�CIGKFXW1P^LBF>SimyW1AKG7U�P-GDH�LcU�¡�H�C_myHIJ�M5H`myHIAKGDH�L�5F>d
H�LKGeP^Q�C�H�LDL7U�F>ADH_M�O U�¡�W1F>ABJ5P��^d>GKADHhU�¡�H�ChM5H�LeADQ�LDW1PfU�GDHIJ5ADLBM5HcZrU1CIGDHIJ5AzM5H_]-JfU�d>F>GDQ_QIdXHI¡�Q#=
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?� -U�P-GNm5J��fLKJ5ABC�HIGKGDHhH�¦5HISim5dXHhLKF>Sim5dXHhMVJn�^d>GKADH�¬�J5PRADQ�LDW1PfU�GDHIJ5A�fH�¦Vm5d>FX]-J^HIABdXH�LBMVF:9�QIADHIP-GDLBm5E^QIP^W�Y
ST�IP^H�L�]-J^H�drO W1P/myHIJ5G W1�^LDHIAK¡�HIA�M^U�P^L+J5P^HBCDEfU%gXP^HBM5HeGKA7U�P^LKSiFXLDLKFXW1P�¬cm5ADW1myW#L M5Hed3UNZ[W1P^CIGKFXW1P·M5H��^d>GKA7U���H��
F>d�P^W1J^L�ADH�LKGDHc¬_A7U�m5myHIdXHIAeHIP�]-J^HIdX]-J^H�L�STW1GDL�dXH�L GDH�CDE5P^W1dXW1�#FXH�LzM5Hz�^d>GKA7U���HcM5QI¡�HIdXW1m5myQ�H�L�myW1J5A�d3UhC�W1P^C�HImVY
GKFXW1PqM5HcCDEfU%gXP^H�LzM5HcGKA7U�P^LKSiFXLDLKFXW1Pq¬�C�U�A7U1CIGDQIAKFXLKGKFX]-J^H�LeS/U%gXGKAKFXLDQ�H�L�=f��HIGeQIG7U�GzM5HNdrO U�AKGeA7U�m5FXM5HNZrU�F>G�drO W1� �KHIG
M5H`d3UmfU�AKGKFXH_LKJ5F>¡#U�P-GDH#=



� � � �*���� ��� ��� � ��	� ������ ����� ���%� � ���� � ������� � ���� � � ��� ��� 
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�  �� �5-/2k+.-/&'(*7*A��BA��!)B-/2?& �B@!2S2S)BHI1*-/2 1 +.) �B)B2S8/-/2 � A!1�$ �B- ���,+S$'@��!-����
k`U�P^L�C�HIGKGDH�mfU�AKGKFXH��N]-J^HIdX]-J^H�LRG8 �myH�L�M5H �^d>GKADH�L�sBt CId3U1LDLKFX]-J^HISTHIP-G�J5GKF>d>FXLDQ�L¢M^U�P^LRdXH�L�LK VLKGD�ISTH�L

M�O QISiFXLDLKFXW1PVYrADQ�C�HIm5GKFXW1PiLDW1P-G"m5ADQ�LDHIP-GDQ�L�=��;HIJ5A2F>Sim5d3U�P-G7U�GKFXW1P�GDH�CDE5P^W1dXW1�#FX]-J^H�H�LKG2M5Q�CIAKF>GDH�M5H�ZrUKJ�W1PLKJ^C�CIF>P-GDH
HIGemyHIAKSTHIG�^HIP-GKADHU�J5GKADH�L�^M�O FXM5HIP-GKF{�fHIABdXH�LeA7U�FXLDW1P^LBM5H�Led>F>SiF>G7U�GKFXW1P^LBLKJ5ABC�HIAKG7U�F>P^H�LzmyHIA±Z[W1AKS/U�P^C�H�L�=
� M��;MNL � XNWZY[TVaS\ 	 lmR`f;aS\]U�b lm^`\ YVX � ^;aS\]f;a�\K^;T��,U�b a������
	�� �6L� �

�BP^HNW1P^M5H`U1C�W1J^LKGKFX]-J^HcM5HcLKJ5A±ZrU1C�H�²K¹�³-J5A±ZrU1C�H`?eC�W1J^LKGKFXCN´�U�¡�H�¹cW1Jq³�?"´¶µ H�LKG�J5P^HcW1P^M5H`U1C�W1J^LKGKFX]-J^H
LDHTm5ADW1mfU���H�U�P-GT¬nd3UqLKJ5A±ZrU1C�H/M�O J5P¸LKJ5�^LKGKA7U�G�QId3U1LKGKFX]-J^H#="�"Uq¡�F>GDH�LDLDHTM5HTm5ADW1mfU��-U�GKFXW1P M�O J5P^H/GDHId>dXH·W1P^M5H
M5QImyHIP^MRMVJ�LKJ5�^LKGKA7U�GBS/U�FXLBH�LKGBADHId3U�GKF>¡�HISTHIP-Gcm5ADW�CDE^HhM5H_d3Ui¡�F>GDH�LDLDH_MVJ�LDW1PRM^U�P^LBdXH_LKJ5�^LKGKA7U�G�fLDW1F>GBJ5P^H
¡�F>GDH�LDLDH M5H�drO W1ADMVADH�M5H ��� ��� � � � ²\LKJ5�^LKGKA7U�G�M5H G8 �myH�]-JfU�AKGK¯�µ�=���HIGKGDH�¡�F>GDH�LDLDH M5H�m5ADW1mfU��-U�GKFXW1PTU1C�W1J^LKGKFX]-J^H��
¬_myHIJ·m5AD��L � � � Z[W1FXL F>PVZ[QIAKFXHIJ5ADH`¬hC�HId>dXHNM�O J5P^HcW1P^M5HNQIdXH�CIGKADW1S/U��#P^QIGKFX]-J^H��5myHIAKSTHIG�M�O U�¡�W1F>AeM5H�L�dXW1P5�#J^HIJ5ADL
M�O W1P^M5H GKAD��L2C�W1J5AKGDH�L�¬zM5H�L"Z\ADQ�]-J^HIP^C�H�L"SiFXCIADW�Y8W1P^M5H�L 	�¬ � ��� � ��d3UedXW1P5�#J^HIJ5A�M�O W1P^M5H�QIdXH�CIGKADW1S/U��#P^QIGKFX]-J^H
M^U�P^LedXHc¡�FXM5H`H�LKGzQI�-U�dXHh¬ � ��� �¤U�dXW1ADLz]-J^Hcd3U�dXW1P5�#J^HIJ5ABM�O W1P^M5HhU1C�W1J^LKGKFX]-J^H_LKJ5AeJ5Pq]-JfU�AKGK¯hH�LKGeQI�-U�dXHh¬
� � � ��� � =f��W1SiSTHhW1PqdrO U�¡�J��VJ5Pqm5E^QIP^W1ST�IP^HM5HN�^d>GKA7U���H_ADQ�CIJ5ADLKF{Z+W1JqGKA7U�P^LK¡�HIADLDH`P;O H�LKGBCIADQ�Q_M^U�P^LzJ5P^H
LKGKAKJ^CIGKJ5ADH`]-J^HcL�O F>d�H�¦VFXLKGDHcM5H�LzCDE^HISiF>P^LzM5Hcm5ADW1mfU��-U�GKFXW1PRM5HNdrO W1ADMVADH_U�JnSiF>P5F>ShJ5S�M5Hcd3UM5HISiF{YrdXW1P5�#J^HIJ5A
M�O W1P^M5HR¬�d3URZ\ADQ�]-J^HIP^C�HqM5H·Z[W1P^CIGKFXW1P5P^HISTHIP-G�=��+O J5GKF>d>FXL7U�GKFXW1P M�O W1P^M5H�L·U1C�W1J^LKGKFX]-J^H�LTM5HqLKJ5A±ZrU1C�H�myHIAKSTHIG
M5W1P^C_M5HcADQ�U�d>FXLDHIABM5H�L��^d>GKADH�LBM5H`G7U�F>d>dXH`GKAD��LeADQ�MVJ5F>GDHT¨ jV< �^j#£�ª8=
��� $ �\'��\' � *-, !��1$ � �%$&��� � *-,i��� ��� *-, . &��
�"Uq�^�#J5ADH�jV= w-vRSTW1P-GKADH�drO U1LKmyH�CIG�H�¦VGDQIAKFXHIJ5AiM�O J5P��^d>GKADHq³�?"´�myW1J5ATa_³�x¢�#£#£RHIP©�yW1F>GKFXHIA� � � �

� � � � � � � � � � =

nporq � jV= w-v �·t2F>d>GKADH³�?"´ myW1J5Aca_³�x¢�#£#£n²&m5E^W1GDW 	5����� �`³ �fM5H�LDLKF>P 	f³�?"´ �e� �hµ

, � . � , �� "!#� *  "�·����� * ����$ � $3��9
�;HTC�W1J5m5d3U���H·HIP-GKADH/W1P^M5H�LU1C�W1J^LKGKFX]-J^H�LhM5HTLKJ5A±ZrU1C�HTHIGhW1P^M5H�LQIdXH�CIGKADW1S/U��#P^QIGKFX]-J^H�L�H�LKG`ADQ�U�d>FXLDQTmfU�A

drO F>P-GDHIAKSTQ�MVF3U�F>ADHnM�O J5P�S/U�GDQIAKF3U�J¸m5FXQI¯�W�QIdXH�CIGKAKFX]-J^H#=��"U��^�#J5ADH�jV= w-�RU�µcSTW1P-GKADH·dXHTm5AKF>P^CIF>myH/M�O J5P¸GKA7U�P^L±Y
MVJ^CIGDHIJ5Az¬_myHIF>�#P^HBF>P-GDHIADMVF>�#F>GDQT² � k � 	 �8P-GDHIADkNF>�#F>G7U�d��;A7U�P^LDMVJ^C�HIA�µ ADQ�U�d>FXL7U�P-GeC�HNC�W1J5m5d3U���H#=5�;H�L�M5W1F>�#GDL�MVJ
myHIF>�#P^HcLDW1P-GzU�d>F>STHIP-GDQ�LeM5HNS/U�P5FX�IADH`MVF:9�QIADHIP-GKFXHId>dXH��5M5HBZrUKJ�W1Pn¬W1�5GDHIP5F>A�J5P^H`U�d>GDHIAKPfU�P^C�H`M5HNmyW1d3U�AKF>GDQ#=V�;H
CDEfU�Sim�QIdXH�CIGKAKFX]-J^H_CIADQ�Q_LDW1J^LzC�H�LzM5W1F>�#GDLBM5Q�Z[W1AKSTH`dXHcS/U�GDQIAKF3U�JRm5FXQI¯�W�QIdXH�CIGKAKFX]-J^H#=��BPqH�LKmfU1C�HISTHIP-GNHIP-GKADH
dXH�LcM5W1F>�#GDL � � _m5ADW�CDE^HiM5Hd3U·M5HISiF�dXW1P5�#J^HIJ5A_M�O W1P^M5HiM5H�LKJ5A±ZrU1C�HmyHIAKSTHIG`M5H��QIP^QIADHIA`J5P^H¡�F>�5A7U�GKFXW1P
STQ�C�U�P5FX]-J^Hi]-J5F�LDHm5ADW1mfU���H�dXHdXW1P5�qMVJ°LKJ5�^LKGKA7U�G�=��;H�L`MVF>STHIP^LKFXW1P �RHIG _LDW1P-GhU�dXW1ADL`W1m5GKF>SiFXLDQ�H�L`myW1J5A
J5P^H`dXW1P5�#J^HIJ5ANM�O W1P^M5HhM5W1P5P^Q�H��fHIGNM5W1P^C`myW1J5AzJ5P^H`Z\ADQ�]-J^HIP^C�H_M5W1P5P^Q�H#=f��PRM5HIE^W1ADLNM5H_C�HIGKGDH`Z\ADQ�]-J^HIP^C�H��
dXH�L`W1P^M5H�L`M5H�LKJ5A±ZrU1C�HP^H�LDW1P-GcmfU1L`H�¦5CIF>GDQ�H�L�=y�;H�C�W1J5m5d3U���HTHIP-GKADHiW1P^M5H�L`QIdXH�CIGKADW1S/U��#P^QIGKFX]-J^H�LhHIG`W1P^M5H�L
U1C�W1J^LKGKFX]-J^H�LBM5H`LKJ5A±ZrU1C�H`H�LKGBM5W1P^C`LDQIdXH�CIGKF{Z+HIP�Z\ADQ�]-J^HIP^C�H#=
kcHhP^W1Sh�5ADHIJ^LDH�L`LKGKAKJ^CIGKJ5ADH�LcM5HhGKA7U�P^LDMVJ^CIGDHIJ5ADLcW1P-G`QIGDQM5QI¡�HIdXW1m5myQ�H�L��HIP�mfU�AKGKFXCIJ5d>FXHIAcmyW1J5AcW1�5GDHIP5F>A

J5P^HcJ5P5FXMVF>ADH�CIGKFXW1P5PfU�d>F>GDQhLKJ5A�d3Um5ADW1mfU��-U�GKFXW1PRM5HcdrO W1P^M5H_U1C�W1J^LKGKFX]-J^H_CIADQ�Q�H#=f��H�L�GKA7U�P^LDMVJ^CIGDHIJ5ADLBLDW1P-GBU�mVY
myHIdXQ�L³%� �Nk ��²r³-F>P5�#dXH ��EfU1LDH �BP5F{Y8MVF>ADH�CIGKFXW1P5PfU�d��;A7U�P^LDMVJ^C�HIA�µ`HIGhM5HIJV¦°H�¦5HISim5dXH�LhM5HTLKGKAKJ^CIGKJ5ADH�LhLDW1P-G
M5W1P5P^Q�LzmfU�Aed3U�^�#J5ADHhjV= w-����µ�=



�#� ��������� ����� � ����� 
 ��� ���������
� � ��������� �	��	��

Signal
électrique +

−

+ −

Substrat piézoélectrique

+ −

a)

b a

+

−

b)

+

−

nporq � jV= w-� � �;A7U�P^LDMVJ^CIGDHIJ5ADLBF>P-GDHIADMVF>�#F>GDQ�L

�·9 ,�*-.  �·9 � * !#� *  "�
�BP�GKA7U�F>G�STQIG7U�d>d>FX]-J^HcADQ�U�d>FXLDQ`¬hd3ULKJ5A±ZrU1C�HNMVJnLKJ5�^LKGKA7U�G�F>P^MVJ5F>GeJ5P^HNADQ��fH�¦VFXW1PnM5HNdrO W1P^M5H_U1C�W1J^LKGKFX]-J^H#=

³-F�d3UnmyHIAKGKJ5AK�fU�GKFXW1P U�m5myW1AKGDQ�H/mfU�A�C�H/GKA7U�F>G�H�LKGhGKADW1m¸F>SimyW1AKG7U�P-GDH���M5H�LhmyHIAKGDH�LLDW1J^L_Z[W1AKSTH·M�O W1P^M5H·M5H
¡�W1d>J5STH�MVF>SiF>P-J^HIP-G_drO H�
/C�U1CIF>GDQiM5Hhd3U/ADQ��fH�¦VFXW1P;=;��W1SiSTHdXHSTW1P-GKADHd3UT�^�#J5ADHijV= }#£ �fmyW1J5A`W1�5GDHIP5F>AcJ5P^H
ADQ��fH�¦VFXW1P F>SimyW1AKG7U�P-GDH���F>dBH�LKGTP^Q�C�H�LDL7U�F>ADHRM5HRCIADQ�HIA/J5P ADQ�LDH�U�J�M�O QIdXH�CIGKADW�M5H�L/GDHIdN]-J^Hnd3U¢ADQ��fH�¦VFXW1P§LKJ5A
CDEfU1]-J^HhQIdXH�CIGKADW�M5HhL�O U1M5MVF>GKFXW1P5P^HM5HcZrUKJ�W1PRC�W1E^QIADHIP-GDH#=���H�CIF"P;O H�LKGzmyW#LDLKF>�5dXH_]-J;O U�J5GDW1J5ANM�O J5P^H`Z\ADQ�]-J^HIP^C�H
M5W1P5P^Q�H#=�?BF>P^LKF �^C�W1P-GKA7U�F>ADHISTHIP-G_U�JV¦qMVFXLKmyW#LKF>GKF{Z[LBW1m5GKFX]-J^H�LBW1JRSiFXCIADW�W1P^M5H�L�^F>d2H�LKGzF>SimyW#LDLKF>�5dXH_M�O W1�5GDHIP5F>A
J5P^HiADQ��fH�¦VFXW1P°F>SimyW1AKG7U�P-GDH/LKJ5A`J5P^H�d3U�AK��Hi�fU�P^M5HTM5HZ\ADQ�]-J^HIP^C�H#=;�"U·myW#LKF>GKFXW1P�MVJ C�HIP-GKADHTM5HiADQ��fH�¦VFXW1P��
d3U/�fU�P^M5HmfU1LDL7U�P-GDHiM5HADQ��fH�¦VFXW1P¢GDW1G7U�dXHiHIGcdrO U�Sim5d>F>GKJ^M5HiHIGcd3U/m5EfU1LDH�M5Hd3U/ADQ��fH�¦VFXW1P°M5QImyHIP^M5HIP-G_M5Hd3U
Z\ADQ�]-J^HIP^C�H_M�O J5GKF>d>FXL7U�GKFXW1P�HIGzM5H�LemfU�A7U�ST�IGKADH�L��·HIG�NMVJnADQ�LDH�U�JRM�O QIdXH�CIGKADW�M5H�L�=

nporq � jV= }#£ �·sBQ�LDH�U�JnADQ��fH�CIGDHIJ5A

��H�m5AKF>P^CIF>myHzM5H�ADQ��fH�¦VFXW1P/H�LKG�dXH�m5E^QIP^W1ST�IP^HeJ5GKF>d>FXLDQzM^U�P^L�dXH�L�³%� �Nk �©myW1J5A+W1�5GDHIP5F>A+drO J5P5F>d3U�GDQIA7U�d>F>GDQ#=
( $ � � * � * ��� . � , ��$ ,�, $&���
k`U�P^L�dXHnC�U1LiM�O J5P^HnW1P^M5HnU1C�W1J^LKGKFX]-J^H���d3U�d>F>�#P^H�M5H�GKA7U�P^LKSiFXLDLKFXW1P STW�M5QId>FXLDH·d3URm5ADW1mfU��-U�GKFXW1P M^U�P^L

dXHhLKJ5�^LKGKA7U�GBm5FXQI¯�W�QIdXH�CIGKAKFX]-J^H#=���G7U�P-G`M5W1P5P^Q�Hhd3UZrU�F>�5dXHh¡�F>GDH�LDLDH_M5H_m5ADW1mfU��-U�GKFXW1P¢M5H�LNW1P^M5H�LcU1C�W1J^LKGKFX]-J^H�L
M5H_LKJ5A±ZrU1C�H��VF>d"H�LKGemyW#LDLKF>�5dXH`M�O J5GKF>d>FXLDHIABM5H�Led>F>�#P^H�LBM5HcGKA7U�P^LKSiFXLDLKFXW1PRM5H`dXW1P5�#J^HIJ5ABQIdXH�CIGKAKFX]-J^H_F>SimyW1AKG7U�P-GDH
²&m5d>J^LKFXHIJ5ADLBC�HIP-G7U�F>P^H�LBM5H`dXW1P5�#J^HIJ5ADLBM�O W1P^M5H%µ�GDW1J5GBHIPn�-U�ADM^U�P-GBJ5P^H`LKGKAKJ^CIGKJ5ADH_M5H_MVF>STHIP^LKFXW1PnZrU�F>�5dXHT²\M5H
drO W1ADMVADH_MVJqSiS·µ�=



� � � �*���� ��� ��� � ��	� ������ ����� ���%� � ���� � ������� � ���� � � ��� ��� 
 ��� ���������
�
 ��»

� ��� , �%$3�% ;�%$&��� � '  2� ��� ��� * . &��
�8dVH�¦VFXLKGDH m5d>J^LKFXHIJ5ADL�G8 �myH�L�M5H �^d>GKADHz³�?"´�=1�"UNLKGKAKJ^CIGKJ5ADH�d3UBm5d>J^L�LKF>Sim5dXH�H�LKG2d3UNLKGKAKJ^CIGKJ5ADH�GKA7U�P^LK¡�HIADL7U�dXH

²3�^�#J5ADH�jV= }V<%µ�=���d>dXH H�LKG2C�W1P^LKGKF>GKJ^Q�H�M5H�M5HIJV¦_GKA7U�P^LDMVJ^CIGDHIJ5ADL�=�k`U�P^L"dXH C�U1L2M5H+GKA7U�P^LDMVJ^CIGDHIJ5ADL�� k ��LKF>Sim5dXH�L�
J5P^H+mfU�AKGKFXH M5H�drO W1P^M5H�U1C�W1J^LKGKFX]-J^H H�LKG;myHIADMVJ^H+M^U�P^L"dXH�L2U��^LDW1AK�yHIJ5ADL�%C�H+]-J5F�U�ST�IP^H�M5H�L;myHIAKGDH�L"M�O F>P^LDHIAKGKFXW1P
QIdXHI¡�Q�H�L�=8�2W1J5ANADHISTQ�MVFXHIA_¬iC�H_m5ADW1�5dX�ISTH��yM5H�Le�^d>GKADH�LBGKA7U�P^LK¡�HIADLDH�Lc¬·³%� �Nk ��LDW1P-GBJ5GKF>d>FXLDQ�L�=f�"UiADQImyW1P^LDH
M5HiGDHIdXL`�^d>GKADH�LH�LKGhLDHISh�5d3U��5dXH�¬nC�HId>dXH�LM5H��^d>GKADH�LhGKA7U�P^LK¡�HIADL7U�JV¦ HIP�m5ADHIPfU�P-G�HIP�C�W1Sim5GDHTd3UqLDQIdXH�CIGKF>¡�F>GDQ
HIP Z\ADQ�]-J^HIP^C�Hnm5d>J^LiF>SimyW1AKG7U�P-GDH�M5H�LiGKA7U�P^LDMVJ^CIGDHIJ5ADL/J5P5F>d3U�GDQIA7U�JV¦�= �;H�L/MVF:9�QIADHIP-GDL·CDE^HISiF>P^L/M5HndrO W1P^M5H
U1C�W1J^LKGKFX]-J^H_LDW1P-GBM5HcdXW1P5�#J^HIJ5ADLBm5E- VLKFX]-J^H�LzC�W1Sim5AKFXLDH�LBHIP-GKADH � � � 
 HIG � � 	 � =

Filtre transverse simple

Filtre transverse SPUDT

Entrée SortieAbsorbeur

L
minL

max

nporq � jV= }V< �·t2F>d>GKADH�Lc³�?"´ M5HcG8 �myH`GKA7U�P^LK¡�HIADL7U�d

k�O U�J5GKADH�L G8 �myH�L+M5He�^d>GKADHN³�?"´ LDW1P-G GKAD��L+ADQImfU�P^MVJ^L 	#dXH�L��^d>GKADH�L�¬cADQ�LDW1PfU�GDHIJ5ADLB¨><�}�ª8= �BPTADQ�LDW1PfU�GDHIJ5A�
M5HhZrUKJ�W1P¢��QIP^QIA7U�dXH���H�LKGc�fU1LDQ�LKJ5AcJ5P^Hd>F>�#P^HiM5HGKA7U�P^LKSiFXLDLKFXW1P°M5HdXW1P5�#J^HIJ5A_ShJ5d>GKF>m5dXHiM5H � �	�V=�k`U�P^LcdXH
C�U1LhM5H�L_�^d>GKADH�Li³�?"´ ��J5P�ADQ�LDW1PfU�GDHIJ5A�HIP � �	�nmyHIJ5G�U�F>P^LKF �IGKADHTF>P^LDQIADQ·¬�drO F>P-GDQIAKFXHIJ5A�S �ISTH/M5H�LhGKA7U�P^L±Y
MVJ^CIGDHIJ5ADL�= �8d�H�LKGhU�J^LDLKF�myW#LDLKF>�5dXH�M�O J5GKF>d>FXLDHIA_M5H�L`ADQ�LDW1PfU�GDHIJ5ADL_M5H�dXW1P5�#J^HIJ5A_QIdXH�CIGKAKFX]-J^HTQIdXHI¡�Q�Hq²\]-J^HIdX]-J^H�L
C�HIP-G7U�F>P^H�L`M5H_dXW1P5�#J^HIJ5ADL`M�O W1P^M5H%µeGDW1J5GcHIP��-U�ADM^U�P-G`M5H�LNMVF>STHIP^LKFXW1P^LNF>P-GDQI�#A7U��5dXH�L/²\M5H_drO W1ADMVADH�MVJRSiS·µ��
myHIAKSTHIGKG7U�P-GTU�dXW1ADLM�O U�¡�W1F>A�M5H�LhmfU�A7U�ST�IGKADH�L�M5HTmyHIP-GDH/GKAD��LQIdXHI¡�Q�L�²&¡�W1F>AijV= pV=><%µ�=���H�LMVF:9�QIADHIP-GDH�LADQ�LDW�Y
PfU�P^C�H�L_myHIAKSTHIGKGDHIP-GM�O W1�5GDHIP5F>AM5H�L_ADQImyW1P^LDH�LhU�¡�H�C/M5H�ShJ5d>GKF>m5dXH�Lh¯�QIADW#LhM5HiGKA7U�P^LKSiFXLDLKFXW1P;=2³VU�P^LhHIP-GKADHIA
M^U�P^LedXHcM5QIG7U�F>d"M5H�LzU�ADCDE5F>GDH�CIGKJ5ADH�LNM5HN�^d>GKADH�LN³�?"´ ¬hADQ�LDW1PfU�GDHIJ5ADL�5GKADW1FXLeG8 �myH�LeM5H`LKGKAKJ^CIGKJ5ADH�LzLDW1P-GzCId3U1L±Y
LKFX]-J^HISTHIP-GJ5GKF>d>FXLDQ�H�L 	"dXH�L_�^d>GKADH�L�¬nADQ�LDW1PfU�GDHIJ5ADL�C�W1J5m5dXQ�LdXW1P5�#F>GKJ^MVF>PfU�dXHISTHIP-G�²\�2��s 	"�;W1P5�#F>GKJ^MVF>PfU�d>d> 
��W1J5m5dXH�M�sBH�LDW1PfU�GDW1A�µ���dXH�L"�^d>GKADH�L+¬zADQ�LDW1PfU�GDHIJ5ADL�C�W1J5m5dXQ�L�GKA7U�P^LK¡�HIADL7U�dXHISTHIP-GN² �B��s 	 �;A7U�P^LK¡�HIADL7U�d>d> T��W1JVY
m5dXH�MnsBH�LDW1PfU�GDW1A�µ�HIGedXH�L��^d>GKADH�LB¬ADQ�LDH�U�JRM5HcADQ�LDW1PfU�GDHIJ5ADLNU�m5myHIdXQ�LBU�J^LDLKF�LKGKAKJ^CIGKJ5ADH�LzF>SimyQ�M^U�P-GDH�L² � �+t 	
�8SimyH�M^U�P^C�H_��dXHISTHIP-GNt2F>d>GDHIA�µ�=
��� $ �\'��3� �·9 � ��� ,�*-, 68��9-:; * ���%$ *��\�&*-, � *q��� ��� *-,�. &��

�;H�L��^�#J5ADH�L�jV= }#j HIG�jV= }#p M5W1P5P^HIP-GRdXH�LnADQImyW1P^LDH�L�Z\ADQ�]-J^HIP-GKFXHId>dXH�LRM5H ]-J^HIdX]-J^H�L��^d>GKADH�L¢³�?"´�= �BP
ADHIS/U�AD]-J^HRdrO U��^LDHIP^C�H�M5HRADHISTW1P-GDQ�H�LnLKmyH�CIGKA7U�dXH�L/E^W1ADL/�fU�P^M5H���M �§U�JV¦ ShJ5d>GKF>m5dXH�L�ADQ��fH�¦VFXW1P^L�M^U�P^L/dXH�L
ADQ�LDH�U�JV¦�F>P-GDHIADMVF>�#F>GDQ�LN]-J5F;P^H`L�O U1M5MVF>GKFXW1P5P^HIP-GNmfU1LzM5HcZrUKJ�W1PqC�W1E^QIADHIP-GDH#=
��� $ �\'�� � � * ��68�f�1� . �"! *-, � *-,i��� ��� *-,�. &��

?�� ��� � �#d3UNdXW1P5�#J^HIJ5A�M�O W1P^M5HBM5HedrO W1P^M5HNU1C�W1J^LKGKFX]-J^HzM5HzLKJ5A±ZrU1C�HzH�LKG+M5HedrO W1ADMVADHBMVJ � � =#�;H�L M5W1F>�#GDL
M5H�LBADQ��fH�CIGDHIJ5ADLcHIGcM5H�LBGKA7U�P^LDMVJ^CIGDHIJ5ADLcM5HIS/U�P^M5HIP-G_U�dXW1ADLcM5H�LBm5ADQ�CIFXLKFXW1P^LNM5HhADQ�U�d>FXL7U�GKFXW1P�F>PVZ[QIAKFXHIJ5ADH�L`U�J
� � = �2W1J5A�M5H�L+A7U�FXLDW1P^L M5HzC�W��5G HIG�M5HzLDHIP^LKF>�5F>d>F>GDQeGKADW1m/F>SimyW1AKG7U�P-GDHNM5H�L�myHIA±Z[W1AKS/U�P^C�H�L�¬cd3Ucm5ADQ�CIFXLKFXW1P·M5H
ADQ�U�d>FXL7U�GKFXW1P��VdXH�L��^d>GKADH�LB³�?"´ LDW1P-GBU1CIGKJ^HId>dXHISTHIP-GBd>F>SiF>GDQ�Lz¬�M5H�LzU�m5m5d>FXC�U�GKFXW1P^LBM5HBZ\ADQ�]-J^HIP^C�HcF>PVZ[QIAKFXHIJ5ADH_¬
� ��� �^=



�#v ��������� ����� � ����� 
 ��� ���������
� � ��������� �	��	��

nporq � jV= }#j �·sBQImyW1P^LDH`HIPnZ\ADQ�]-J^HIP^C�H`MVJn�^d>GKADH³�?"´ �e� � v#}#}#�#�#�iM5H�LKGKF>P^Qh¬drO ��a_³�x
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nporq � jV= }#p���sBQImyW1P^LDH`HIP�Z\ADQ�]-J^HIP^C�H_MVJ��^d>GKADHh����� �`³��z»1v�w^<_M5H�LKGKF>P^Qh¬iM5H�LBU�m5m5d>FXC�U�GKFXW1P^LB��d>J^HIGDW�W1GKE



� � � �*���� ��� ��� � ��	� ������ ����� ���%� � ���� � ������� � ���� � � ��� ��� 
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k`U�P^L dXHBC�U1L�M5HBm5J5FXLDL7U�P^C�H�L�QIdXHI¡�Q�H�L�-dXH�L�C�W1P-GKA7U�F>P-GDH�L�STQ�C�U�P5FX]-J^H�L�HIP5��HIP^MVADQ�H�L�mfU�A dXH�L�W1P^M5H�LeU1C�W1J^L±Y
GKFX]-J^H�L LKJ5A�dXH�L M5W1F>�#GDL M5QIGDQIAKFXW1ADHIP-G�A7U�m5FXM5HISTHIP-G�dXH�L��^d>GKADH�L�³�?"´�=�kcH�L+LDW1d>J5GKFXW1P^L�#�fU1LDQ�H�L LKJ5A+d3U`C�W1SimyW#LKF{Y
GKFXW1P�STQIG7U�d>d>FX]-J^HeM5H�C�H�L�M5W1F>�#GDL�myW1J5A�dXH�L�ADHIP^MVADH�m5d>J^L�QId3U1LKGKFX]-J^H�L��myHIAKSTHIGKGDHIP-G�dXH�GKA7U�P^L±Z[HIAKG�M5H�m5J5FXLDL7U�P^C�H�L
M5HcdrO W1ADMVADHhM5H � � � ����HIP-¡�F>ADW1P;=
kcHcmfU�A�dXHIJ5AzGDH�CDE5P^W1dXW1�#FXH��^C�H�L��^d>GKADH�LeP^HcLDW1P-GzmfU1L�ADH�C�W1PV�^�#J5A7U��5dXH�L�=��8dXL�LDW1P-GzW1m5GKF>SiFXLDQ�LedXW1ADLzM5HcdXHIJ5A

C�W1P^C�HIm5GKFXW1P HIGhU�J^CIJ5P^HGDH�CDE5P5FX]-J^HiP^HmyHIAKSTHIG`M5HiC�W1SiS/U�P^M5HIA��HIP�Z[W1P^CIGKFXW1P5P^HISTHIP-G�;dXHIJ5ADL`C�U�A7U1CIGDQIAKFXL±Y
GKFX]-J^H�L�=
�;H`G7U��5dXH�U�J�jV= piM5W1P5P^H`dXH�LemyHIA±Z[W1AKS/U�P^C�H�LBM5H�Lem5AKF>P^CIF>mfU�JV¦qG8 �myH�LzM5HN�^d>GKADH�Lc³�?"´�=

t5ADH�]-J^HIP^C�H �2HIAKGDH�L �eU�P^M5H sBQ��KH�CIGKFXW1P
�+ �myH x¢U�GDQIAKF3U�J C�HIP-GKA7U�dXH M�O F>P^LDHIAKGKFXW1P mfU1LDL7U�P-GDH E^W1ADL±Yr�fU�P^M5H �BP^MVJ5d3U�GKFXW1P

²\x�3B¯�µ ²\M5�zµ
�;A7U�P^LK¡�HIADL7U�d ]-J^HIdXC�W1P^]-J^H � � � � � ��� � � � � � � � � � � � � � � ��� � � �³%� �Nk � ºBJfU�AKGK¯ � � � � ����� � � � � � � � � � � � � ��� � � ��B��s ºBJfU�AKGK¯ � � � ����� � � � � ��� � � � ��� � � � � ��2��s ��F �2U � � � � � � ����� � � � � � � ��� � � � � �� �+t ��F �2U � � � ��� � � ����� � � � � � � � � ��� � � � � �W1Jq��F �B� � �

������ jV= p��i��W1SimfU�A7U�FXLDW1P·M5H�L��^d>GKADH�L ¬BZ[W1P^CIGKFXW1P^L M�O U�m5m5ADW�¦VF>S/U�GKFXW1P·CId3U1LDLKFX]-J^H�L�myW1J5A�J5Pi�-U��fU�AKF>G M5W1P5P^Q

�BPhADHIS/U�AD]-J^H ]-J^H�dXH�L��^d>GKADH�L"GKA7U�P^LK¡�HIADL7U�JV¦ �%LDHIJ5dXL;C�U�mfU��5dXH�L�M�O U�¡�W1F>A2M5H�L;�fU�P^M5H�L"mfU1LDL7U�P-GDH�L"d3U�AK��H�L�² �
� �Tµ���W1P-G2M5H�L"myHIAKGDH�L"M�O F>P^LDHIAKGKFXW1PF>SimyW1AKG7U�P-GDH�L�=�?"¡�H�C+drO J5GKF>d>FXL7U�GKFXW1P�M5H�³%� �Nk � ��C�H�L;myHIAKGDH�L"LDW1P-G2ADQ�MVJ5F>GDH�L
S/U�FXLid3UR�fU�P^M5HnmfU1LDL7U�P-GDHnH�LKG/U�dXW1ADLid>F>SiF>GDQ�H#=+�;H�L�^d>GKADH�L/¬�ADQ�LDW1PfU�GDHIJ5ADL �B��s W1P-G/M5H·ZrU�F>�5dXH�L�myHIAKGDH�L�
J5P^HT�fU�P^M5H/mfU1LDL7U�P-GDH/ADQ�MVJ5F>GDH·HIGhJ5P^H/d>F>SiF>G7U�GKFXW1P©HIP Z\ADQ�]-J^HIP^C�H·]-J5F P^HTmyHIAKSTHIGmfU1LhM�O HIP-¡�FXL7U���HIA�dXHIJ5A
J5GKF>d>FXL7U�GKFXW1P°HIPRA7U1MVFXW�Y[Z\ADQ�]-J^HIP^C�H#=��;H�Lz�^d>GKADH�L`¬TADQ�LDW1PfU�GDHIJ5ADLc�2��s«LDW1P-GNm5d>J^L`U1M^U�m5GDQ�L`U�JV¦qSiFXCIADW�W1P^M5H�L�
U�¡�H�C°M5H�L��fU�P^M5H�LnmfU1LDL7U�P-GDH�LqLKJ�
/L7U�P-GDH�LnmyW1J5A�d3U¸m5d>J5mfU�AKGqM5H�LqU�m5m5d>FXC�U�GKFXW1P^L ��� �~HIGnM5H�L�myHIAKGDH�L
U1C�C�HIm5G7U��5dXH�L�= �;H�Li�^d>GKADH�L � �+t�W1P-G·M5H�L/C�U�A7U1CIGDQIAKFXLKGKFX]-J^H�L·C�W1SimfU�A7U��5dXH�L�=e��Hnd3U�AK��HRCDE^W1F{¦ M5HnG8 �myH�L/M5H
�^d>GKADH³�?"´ myHIAKSTHIGBM5H`ADQImyW1P^MVADHh¬�d3Um5d>J5mfU�AKGNM5H�LzC�W1P-GKA7U�F>P-GDH�LNF>SimyW#LDQ�H�LemfU�AzdXH�LBU�m5m5d>FXC�U�GKFXW1P^LBA7U1MVFXW�Y
Z\ADQ�]-J^HIP^C�H�L�;H�¦5C�HIm5GDQTmyW1J5A_dXH�L`Z\ADQ�]-J^HIP^C�H�LhLKJ5myQIAKFXHIJ5ADH�L�¬ � ��� �RHIG_dXW1ADLD]-J;O J5P^HTADH�C�W1PV�^�#J5A7U�GKFXW1P©M5H�L
C�U�A7U1CIGDQIAKFXLKGKFX]-J^H�LBMVJn�^d>GKADH_H�LKGeP^Q�C�H�LDL7U�F>ADH#=
� M��;M�� � XNWZY[TVaS\ 	 lmR`f;aS\]U�b lm^`\ YVX � ^;aS\]f;a �mlmWN^`j a � � �
	��

kcHIm5J5FXLndXH¢M5QI�5J5GqM5H¢drO U�P5P^Q�H j#£#£�w ��dXH�L�m5ADHISiFXHIADL��^d>GKADH�LnJ5GKF>d>FXL7U�P-Gnd3U¸GDH�CDE5P^W1dXW1�#FXH���?"´ ²\��J5d �
?eC�W1J^LKGKFXC¢´�U�¡�H%µ�LDW1P-GRU�AKAKF>¡�Q�LqLKJ5AndXH¢S/U�ADCDE^Q M5H�L�GDQIdXQ�C�W1SiShJ5P5FXC�U�GKFXW1P^L�STW1�5F>dXH�L�= �8dXL·Z[W1P^CIGKFXW1P5P^HIP-G
LKJ5F>¡#U�P-GedXH�L�S �ISTH�Lem5AKF>P^CIF>myH�Lz]-J^HNdXH�L��^d>GKADH�LN³�?"´�=^��HImyHIP^M^U�P-G�5dXHIJ5AzLKGKAKJ^CIGKJ5ADH_p1k�myHIAKSTHIGzM�O W1�5GDHIP5F>A
M5H�LemyHIA±Z[W1AKS/U�P^C�H�LzFXM5HIP-GKFX]-J^H�LNU�¡�H�C_J5P^H`G7U�F>d>dXH_HIGeJ5PqmyW1FXM5LzHIP^C�W1ADH`m5d>J^LeADQ�MVJ5F>GDLh¨ j#j��^j�»�ª8=
��� $ �3���\' � *-, !��1$ � �%$&��� � *-,i��� ��� *-, ! &��

(+*-, ��9 , ��� . � *  "� ,
�;H�L2�^d>GKADH�L���?"´ LDW1P-G�C�W1P^LKGKF>GKJ^Q�L�M5H�ADQ�LDW1PfU�GDHIJ5ADL�= �8dVHIPiH�¦VFXLKGDH�M5HIJV¦G8 �myH�L�	�dXH�L2ADQ�LDW1PfU�GDHIJ5ADL�t���?Ns

²\t2F>d>S���J5d �·?eC�W1J^LKGKFXCcsBH�LDW1PfU�GDW1A�µ�HIG�dXH�L�ADQ�LDW1PfU�GDHIJ5ADLN³�x�s�²r³�W1d>FXMVd> �x�W1J5P-GDH�MnsBH�LDW1PfU�GDW1A�µ�=V�;H�LeM5HIJV¦
ADQ�LDW1PfU�GDHIJ5ADL�LDW1P-G�C�W1P^LKGKF>GKJ^Q�LiM�O J5P^H·C�W1J^CDE^H�M5H/S/U�GDQIAKF3U�J MVFXQIdXH�CIGKAKFX]-J^H�HIP-GDW1J5ADQ�M5H·M5HIJV¦¸QIdXH�CIGKADW�M5H�L�
C�W1SiSTHdXHhSTW1P-GKADH�d3Ui�^�#J5ADHijV= }�w^=;aNA � C�H�¬/d3U/C�W1P^LKGKF>GKJ5GKFXW1P¢��Q�W1STQIGKAKFX]-J^HiM5HC�HIG`HISim5F>dXHISTHIP-G�ydrO W1P^M5H
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U1C�W1J^LKGKFX]-J^H/H�LKGhCIADQ�Q�HT¡�HIAKGKFXC�U�dXHISTHIP-G�dXW1ADLhM5HTdrO H�¦5CIF>G7U�GKFXW1P¸MVJ�S/U�GDQIAKF3U�J¸m5FXQI¯�W�QIdXH�CIGKAKFX]-J^H#=2�+O HIP^LDHISh�5dXH
H�LKG�FXLDW1dXQ`U1C�W1J^LKGKFX]-J^HISTHIP-GBMVJ�LKJ5�^LKGKA7U�GeLDW1F>G�mfU�A�J5P^HcC�U�¡�F>GDQcM�O U�F>AeCIADQ�Q�HcLDW1J^L�J5P^HBSTHISh�5A7U�P^H/²\t���?Nscµ
LDW1F>G�mfU�A�J5P/ADQ��fH�CIGDHIJ5AeM5HN��A7U��#�iU1C�W1J^LKGKFX]-J^H�²r³�x�scµ+CIADQ�QBmfU�A�J5P^HNLKJ^C�C�H�LDLKFXW1P·M5HNC�W1J^CDE^H�LeM�O QImfU�FXLDLDHIJ5A� � � �^M�O F>SimyQ�M^U�P^C�H�LcU�d>GDHIAKPfU�GKF>¡�HISTHIP-GBZrU�F>�5dXH�LzHIGBQIdXHI¡�Q�H�L�=

Electrode

Electrode
Piezo.

Membrane

Substrat

ai r

ai r Electrode

Electrode
Piezo.

Substrat

ai r

Z faible
Z él evé

Résonateur FBAR Résonateur SMR

nporq � jV= }�w �·kcHIJV¦nG8 �myH�LzM5HcADQ�LDW1PfU�GDHIJ5Ac¬�W1P^M5H�LNU1C�W1J^LKGKFX]-J^H�LzM5H`¡�W1d>J5STH

(+*-, ��$ � 9-� * ��� , � ���+*-, � *q��� ��� *
�;H�L+m5AKF>P^CIF>mfU�JV¦TG8 �myH�L+M5H��^d>GKADH�L ��?"´
LDW1P-G dXH�L��^d>GKADH�L HIP/Q�CDE^HId>dXH���dXH�L��^d>GKADH�L HIPTGKADHIF>d>d>FXL HIG+dXH�L��^d>GKADH�L

¬ADQ�LDW1PfU�GDHIJ5ADLzC�W1J5m5dXQ�L�=5�;H�L�m5AKF>P^CIF>myH�LzM5H`C�W1P^LKGKAKJ^CIGKFXW1PRM5HcC�H�L��^d>GKADH�LeLDW1P-GzM5W1P5P^Q�LemfU�Aed3Uh�^�#J5ADH_jV= }#}V=
�;H�LcADQ�LDW1PfU�GDHIJ5ADLcJ5GKF>d>FXLDQ�L`M^U�P^LcdXH�LcC�W1PV�^�#J5A7U�GKFXW1P^L_HIP°Q�CDE^HId>dXHiHIG`HIP¢GKADHIF>d>d>FXL`LDW1P-G`LDW1F>GcM5H�L`t���?Ns«LDW1F>G
M5H�LN³�x�sh=V�"U�LKGKAKJ^CIGKJ5ADH`M5HN�^d>GKADH_¬�t���?Ns C�W1J5m5dXQ�LeP;O H�LKGemfU1L�ADHIm5ADQ�LDHIP-GDQ�H_FXCIFr=5�"Uh�^�#J5ADH_jV= }#�STW1P-GKADH
J5P�H�¦5HISim5dXHM5HhLKGKAKJ^CIGKJ5ADHM5H`�^d>GKADHHIPRGKADHIF>d>d>FXLcHIGBJ5P^H_ADQ�U�d>FXL7U�GKFXW1P¢M5H_�^d>GKADH¬iADQ�LDW1PfU�GDHIJ5ADLcC�W1J5m5dXQ�LcH�LKG
M5W1P5P^Q�H_LKJ5Azd3Uh�^�#J5ADHhjV= }�»�=

Fi l tre en échel l e Fi l tre en Trei l l i s
Fi l tre à SMR coupl és

Pi ézo

Pi ézo
Couches de couplage

nporq � jV= }#} �·kNF:9�QIADHIP-GDLzG8 �myH�LzM5Hc�^d>GKADH�LB��?"´

A

B

D

D

C

X2a

X1b X2b

X1a

Résonateur

A

B D

C

X2a

X1b

X2b

X1a

nporq � jV= }#���q³�CDE^QIS/UTM5Hcm5AKF>P^CIF>myH_M�O J5Pn�^d>GKADH_HIPqGKADHIF>d>d>FXL
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1.4 x 2 mm²

nporq � jV= }�»�����E^W1GDW1�#A7U�m5E5FXH�LcM�O J5Pq�^d>GKADH¬�ADQ�LDW1PfU�GDHIJ5ADL`³�x�s�C�W1J5m5dXQ�LeZ[W1P^CIGKFXW1P5PfU�P-G`¬ � � � ��� ��² �8PV�5Y
P^H�W1P�µ�HIG+M�O J5P��^d>GKADHzHIPTQ�CDE^HId>dXHN¬`�NADQ�LDW1PfU�GDHIJ5ADL�Z[W1P^CIGKFXW1P5PfU�P-G�¬ � ��� � � �/² � � � �"H�CDE5P5FXC�U�dysBH�LDH�U�ADCDE
��HIP-GKADHhW�Z�t2F>P5d3U�P^Mfµc¨ j#��ª

��� $ �3���3� �·9 � ��� ,�*-, 68��9-:; * ���%$ *��\�&*-, � *q��� ��� *-, ! &��

�"U/�^�#J5ADH/jV= }#v�M5W1P5P^Hid3U·ADQImyW1P^LDHZ\ADQ�]-J^HIP-GKFXHId>dXHTM�O J5P M5H�L`A7U�ADH�Lc�^d>GKADH�L_��?"´ U1CIGKJ^HId>dXHISTHIP-G�C�W1S�Y
STHIADCIF3U�d>FXLDQ�L�=
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nporq � jV= }#v �·sBQImyW1P^LDH`HIPnZ\ADQ�]-J^HIP^C�H_MVJ��^d>GKADH �8PV�^P^H�W1P �B´ �`<��#£iM5H�LKGKF>P^QhU�J ���e³

��� $ �3��� � � * ��68�f�1� . �"! *-, � *-,i��� ��� *-, ! &��

��d>J^L�HIP^C�W1ADHB]-J^HemyW1J5A dXH�L��^d>GKADH�L�³�?"´ �#dXH�L+�^d>GKADH�L ��?"´ LDW1P-G F>P-GDQIADH�LDL7U�P-GDL�M5HzmfU�A dXHIJ5A�C�W1SimfU1CIF>GDQ#=
kcH·m5d>J^L�"dXH/ZrU�F>�5dXH·myW1FXM5LiM5H�Lh�^d>GKADH�L�J5GKF>d>FXL7U�P-Gid3URGDH�CDE5P^W1dXW1�#FXHqt���?Ns�H�LKGJ5P U�GDW1J5GTLKJ5m5m5dXQISTHIP-G7U�F>ADH
myW1J5AedXH�LBU�m5m5d>FXC�U�GKFXW1P^LNHIPqGDQIdXQ�C�W1SiShJ5P5FXC�U�GKFXW1P¢STW1�5F>dXH#=
�"UnADQ�U�d>FXL7U�GKFXW1P¸M5H�LhQIdXH�CIGKADW�M5H�L�"C�W1P-GKA7U�F>ADHISTHIP-G/U�JV¦¢�^d>GKADH�L�³�?"´ ��P^HTADH�]-J5FXHIAKGhmfU1L_J5P^Him5ADQ�CIFXLKFXW1P

SiFXCIADW1STQIGKAKFX]-J^H��^C�H`]-J5FymyHIAKSTHIGzM�O HIP-¡�FXL7U���HIAzM5H�LzU�m5m5d>FXC�U�GKFXW1P^Lzm5d>J^L�EfU�J5GDH�L�Z\ADQ�]-J^HIP^C�H�L_²\LKJ5myQIAKFXHIJ5ADH�LB¬
� � ��� ��µ�HIGzM5H�Lzm5J5FXLDL7U�P^C�H�Lem5d>J^LeF>SimyW1AKG7U�P-GDH�L�=
�;H�LemyHIA±Z[W1AKS/U�P^C�H�LBM5Hc�^d>GKA7U���H_LDW1P-GN¬�myHIJnm5AD��LzQ�]-J5F>¡#U�dXHIP-GDH�LN¬iC�HId>dXH�LzM5H�Le�^d>GKADH�LN³�?"´�=
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� M��;M�� � XNWZY[TVaS\�	 TVPS\ lmR;U.Y[aS^;TF\ � c`X��mc ��� � lm^ 	pWZY[TVaS\]f`X6PSW6aSb	Y[TFX � ^;aS\5j lmR;l �DW6l/b \
�;H+m5AKF>P^CIF>myH�M5H C�H�L��^d>GKADH�L2M5QI¡�HIdXW1m5myQ�L�M^U�P^L;J5Phm5ADHISiFXHIA2GDHISim^L"mfU�A"d3UzLDW�CIFXQIGDQ+ShJ^sNU�G7U_¨ j#v�ª�C�W1P^LKFXLKGDH

¬hADQ�U�d>FXLDHIAeM5H�L�ADQ�LDW1PfU�GDHIJ5ADLeM^U�P^L�J5P�S/U�GDQIAKF3U�JqMVFXQIdXQ�CIGKAKFX]-J^H_¬_Z[W1AKGDHNmyHIAKSiF>GKGKF>¡�F>GDQ`HIG�ZrU�F>�5dXH�L�myHIAKGDH�L�=V�"U
�^�#J5ADHhjV= }#��STW1P-GKADH_drO U1LKmyH�CIGzH�¦VGDQIAKFXHIJ5ANM5HcGDHIdXL��^d>GKADH�L�=

nporq � jV= }#� ��t2F>d>GKADH_¬�ADH�LDW1PfU�GDHIJ5ADL¹�E5F>�#EVY±º�¹/²\����� �`³5µ

��� $ � � �\' � *-, !��1$ � �%$&��� � *-,i��� ��� *-,  ��9 , ��� . � *  "� , � 02$ � 0�4�� �
�;H�Lh�^d>GKADH�Li¬qADQ�LDW1PfU�GDHIJ5ADLq¹�E5F>�#EVY±º�¹·LDW1P-GiC�W1P^LKGKF>GKJ^Q�L�M�O J5P¸mfU�A7U�d>dXQIdXQIm5F>my��M5HnM5H/S/U�GDQIAKF3U�J MVFXQIdXH�C�Y

GKAKFX]-J^Hi¬iZ[W1AKGDHhmyHIAKSiF>GKGKF>¡�F>GDQ�HIGBZrU�F>�5dXH�LNmyHIAKGDH�Li²\H�¦ 	 ��F>G7U�PfU�GDH�M5H��eU�AK �J5S·µzM^U�P^LNdXH�]-J^HId�LDW1P-GNADQ�U�d>FXLDQ�L
M5H�LTQI¡�FXM5HISTHIP-GDL�²\CI �d>F>P^MVAKFX]-J^H�LTW1J mfU�A7U�d>dXQIdXQIm5F>my��MVFX]-J^H�L�µiC�W1SiSTHndXH�STW1P-GKADHnd3UR�^�#J5ADHqjV= }#� ¨ j#v �e<�v%ª8=
��d>J^LKFXHIJ5ADLiGDH�CDE5P5FX]-J^H�L/M5H·ADQ�U�d>FXL7U�GKFXW1P H�¦VFXLKGDHIP-G 	�LDW1F>G�dXH·�^d>GKADHnH�LKG�J^LKF>P^Q�mfU�A�d3U1LDHIATM^U�P^L�J5P �5dXW�C�M5H
MVFXQIdXH�CIGKAKFX]-J^H��^LDW1F>GedXHN�^d>GKADH`H�LKGeADQ�U�d>FXLDQcmfU�AeSiFXLDH`LDW1J^L�m5ADH�LDLKFXW1PqM�O J5P^HcmyW1J^MVADH`M5H`MVFXQIdXH�CIGKAKFX]-J^H_M^U�P^LeJ5P
STW1J5dXH#=��+O HIP^LDHISh�5dXH/M5Hd3U·LKGKAKJ^CIGKJ5ADHTH�LKGcADH�C�W1J5¡�HIAKGDHTM�O J5P^H�STQIG7U�d>d>FXL7U�GKFXW1P ]-J5F�myHIAKSTHIG`M�O W1�5GDHIP5F>A_m5d>JVY
LKFXHIJ5ADLeADQ�LDW1PfU�GDHIJ5ADLBM5HcG8 �myHcGKAKF>m5d3U1]-J^H#=���W1SiSTH`dXHcSTW1P-GKADH`d3Uh�^�#J5ADHhjV= �#£ �f¬drO J5P^H`M5H�LzH�¦VGKADQISiF>GDQ�LBM5H�L
ADQ�LDW1PfU�GDHIJ5ADL�#J5P/U�P5P^H�U�J/M5QISTQIG7U�d>d>FXLDQemyHIAKSTHIG+M�O W1�5GDHIP5F>A+J5PTH 9�HIG+C�U�mfU1CIF>GKF{Z;U�dXW1ADL+]-J^H�drO U�J5GKADHzH�¦VGKADQISiF>GDQ
H�LKGeJ5PRC�W1J5AKG±Y8CIF>ADCIJ5F>GNQIdXH�CIGKAKFX]-J^H#=
�"UnLKGKAKJ^CIGKJ5ADHiH�LKG_Q�]-J5F>¡#U�dXHIP-GDH/¬·J5P¢�^d>GKADHTM5H�G8 �myH/��W1Sh�5d>F>P^H·U�¡�H�CTM5H�LcADQ�LDW1PfU�GDHIJ5ADLhM5H�dXW1P5�#J^HIJ5A

QIdXH�CIGKAKFX]-J^H � � �^=^�;H_C�W1J5m5d3U���HhHIP-GKADHhHIP-GKADQ�H���LDW1AKGKFXHHIGeADQ�LDW1PfU�GDHIJ5ADLNH�LKGzM5H`G8 �myH_C�U�mfU1CIF>GKF{ZB²\C�W1J5m5d3U���HhHIP
CDEfU�Simn��µ+C�W1SiSTHBdXHzSTW1P-GKADHNd3U`�^�#J5ADHcjV= �#£V=��"U_LK �P-GKE^��LDHNM5HBC�HBG8 �myHBM5Hz�^d>GKADHNH�LKG�M5QIG7U�F>d>dXQ�HNM^U�P^Lc¨ j�w1ª8=
�;H_LDCDE^QIS/UiQ�]-J5F>¡#U�dXHIP-GNM�O J5PqGDHIdy�^d>GKADHh¬iM5HIJV¦�my®1dXH�LzH�LKGzM5W1P5P^Q`mfU�Azd3U�^�#J5ADHhjV= �V<#=
��� $ � � �3� �·9 � ��� ,�* 68��9-:; * ���%$ *��\�&* � *n��� ��� *-, ��$&9 �&* !#���1$&:; *-, � ���"�8" � ��! ,
�"U¢ADQImyW1P^LDH·Z\ADQ�]-J^HIP-GKFXHId>dXHqH�LKGTM5W1P5P^Q�HR¬�d3UR�^�#J5ADHRjV= �#jV=+�"U�m5ADQ�LDHIP^C�HqMVJ LKGKJ5� LDQIAKFXH�myHIAKSTHIGTM5H

m5d3U1C�HIAhJ5P ¯�QIADW�¬/Z\ADQ�]-J^HIP^C�HTF>PVZ[QIAKFXHIJ5ADH·¬�d3U·Z\ADQ�]-J^HIP^C�HTC�HIP-GKA7U�dXH � � M^U�P^L_d3U�ADQImyW1P^LDHTMVJ°�^d>GKADH/HIG_dXH�LLKGKJ5�^LemfU�A7U�d>dX�IdXH�LzmyHIAKSTHIGKGDHIP-GcM5Hcm5d3U1C�HIAzJ5Pq¯�QIADW/¬hZ\ADQ�]-J^HIP^C�H_LKJ5myQIAKFXHIJ5ADHh¬ � � =
��� $ � � � � � * ��68�f�1� . �"! *-, � *-,i��� ��� *-, ��$&9 �&* !#���1$&:; *-, � ���"�8" � ��! ,
�;H�LT�^d>GKADH�L/STW1P^W1�5dXW�C�L·LDW1P-G·ADQ�U�d>FXLDQ�L·¬°mfU�AKGKF>A·M5HRMVFXQIdXH�CIGKAKFX]-J^H�M5HqEfU�J5GDHRmyHIAKSiF>GKGKF>¡�F>GDQ¸²\HIP-¡�F>ADW1P

�#£�µ�=;��H�CIF�myHIAKSTHIGcM�O U�¡�W1F>A_M5H�LcLKGKAKJ^CIGKJ5ADH�L`M5HhG7U�F>d>dXHADQ�MVJ5F>GDHn²&myW1J5ANJ5P��^d>GKADHi¬/M5HIJV¦Rmy®1dXH�L_a_³�x¢�#£#£�	
��� � � � � ��� � � � � � � ��µ�=
�"U¢STQIG7U�d>d>FXL7U�GKFXW1P ]-JfU1LKFeGDW1G7U�dXHnM5H�drO H�¦VGDQIAKFXHIJ5A/M5H�d3U¢LKGKAKJ^CIGKJ5ADHnmyHIAKSTHIG/M5HnC�W1PV�^P^HIATdXH�LiCDEfU�Sim^L

QIdXH�CIGKADW1S/U��#P^QIGKFX]-J^H�LeM^U�P^L d3UhLKGKAKJ^CIGKJ5ADHBHIG�M�O W1�5GDHIP5F>A�M5H�L ADQ�LDW1PfU�GDHIJ5ADLe¬cZrU1CIGDHIJ5A�M5HN]-JfU�d>F>GDQBQIdXHI¡�Q#=5��H�CIF
myHIAKSTHIG`M5HADQ�MVJ5F>ADHdXH�LcmyHIAKGDH�LcM�O F>P^LDHIAKGKFXW1P MVJ��^d>GKADH�HIGcM5HADQ�U�d>FXLDHIA`M5H�LN�^d>GKADH�L`¬/�fU�P^M5HmfU1LDL7U�P-GDH�GKAD��L
ZrU�F>�5dXH#=1��U�A_H�¦5HISim5dXH��yd3U·LDW�CIFXQIGDQShJ^sNU�G7U·C�W1SiSTHIADCIF3U�d>FXLDHiJ5P��^d>GKADHmyW1J5Aha���³�M5HhZ\ADQ�]-J^HIP^C�H�C�HIP-GKA7U�dXH
� ��� ��� � � � � �iU�¡�H�C`M5H�L��fU�P^M5H�L�mfU1LDL7U�P-GDH�LeM5H � � � �n²\LDW1F>G�J5P^HN�fU�P^M5HNmfU1LDL7U�P-GDHNADHId3U�GKF>¡�HcM5H ��� � � �
HIGBM5H�LemyHIAKGDH�LzM�O F>P^LDHIAKGKFXW1P�M5H � � � � ��=
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DiélectriqueConducteur

Port
Entrée/Sortie

E

nporq � jV= �#£ ��t2F>d>GKADHh¬ADQ�LDW1PfU�GDHIJ5A¹�E5F>�#EVY±º�¹/²&ShJ^sNU�G7U�µ 	V��Q�W1STQIGKAKFXHhHIGzCDEfU�Sim�QIdXH�CIGKAKFX]-J^H

Port 1 Port 2
C

e
C

s

C
1

C
2

Lignes
couplées

Port 1 Port 2

C
e

C
s

C
1

C
2

nporq � jV= �V< �n³�CDE^QIS/UTQ�]-J5F>¡#U�dXHIP-GBM�O J5Pn�^d>GKADH`STW1P^W1�5dXW�C_M5HIJV¦nmy®1dXH�L
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815 915 1015

f (MHz)

0

−10

−20

−30

−40

dB

500 1750 3000

f (MHz)

0

−20

−40

−60

−80

nporq � jV= �#j �·sBQImyW1P^LDHNZ\ADQ�]-J^HIP-GKFXHId>dXHhM�O J5Pn�^d>GKADH`STW1P^W1�5dXW�C_M5HIJV¦nmy®1dXH�Lh²&ShJ^sNU�G7Uikct2���ej#�V<�}�µ

�BPTADHIS/U�AD]-J^HB]-J^H�dXH�L+¯�QIADW#L LDW1P-G+m5d3U1C�Q�L+dXW1F>P/M5Hed3Uc�fU�P^M5HemfU1LDL7U�P-GDHBMVJi�^d>GKADH��#dXHem5d>J^L+m5ADW�CDE^HzQIG7U�P-G
m5d3U1C�Q¬��� ��� � � ² � � � � � ��µ�myW1J5AzJ5P^H_�fU�P^M5H`mfU1LDL7U�P-GDHhM5H ��� � � ² � � � � �·U�J5GDW1J5ANM5H ��� � � � ��µ�=
��H�CIF+F>d>d>J^LKGKADHidXHZrU�F>G_]-J^H�dXH�L`¯�QIADW#LhLDW1P-G_CIADQ�Q�L_mfU�A_M5H�L_LKGKJ5�^L��]-J5F+P^H�myHIAKSTHIGKGDHIP-GhmfU1L_M�O W1�5GDHIP5F>AM5H�L
¯�QIADW#Lem5ADW�CDE^H�LzM5Hcd3U�fU�P^M5H`M^U�P^LedXHcC�U1LzW��ndXH�L�ADQ�LDW1PfU�P^C�H�LeJ5GKF>d>FXLDQ�H�LzLDW1P-GzM�O W1ADMVADHcZrU�F>�5dXHT²\W1ADMVADHi<cFXCIF&µ�=
�8d�LDHISh�5dXH�M5W1P^C·MVF 
/CIF>dXHnM�O W1�5GDHIP5F>AiM5H�LADQ��KH�CIGKFXW1P^LF>SimyW1AKG7U�P-GDH�Lim5ADW�CDE^H�M5H/d3Uq�fU�P^M5H·mfU1LDL7U�P-GDH�M�O J5P
�^d>GKADH`STW1P^W1�5dXW�C#=
��W1SiSTH·myW1J5AhJ5P��^d>GKADHn³�?"´ �;d3UqADH�C�W1PV�^�#J5A7U�GKFXW1P M�O J5P��^d>GKADH·STW1P^W1�5dXW�C/P;O H�LKGhmfU1LmyW#LDLKF>�5dXH#="�"U

��Q�W1STQIGKAKFXHhM5H`d3U�LKGKAKJ^CIGKJ5ADH_H�LKGBW1m5GKF>SiFXLDQ�H`myW1J5AeJ5PRLKG7U�P^M^U�ADM�=^?BJ^CIJ5PqSTW� �HIP�M5H`ADQI�#d3U���H_HIPnZ[W1P^CIGKFXW1PVY
P^HISTHIP-GBP^H_LDHISh�5dXH`myW#LDLKF>�5dXH#=
�;H�L;m5ADQ�CIFXLKFXW1P^L2M5H�ADQ�U�d>FXL7U�GKFXW1PM�O J5P`�^d>GKADH+STW1P^W1�5dXW�C�U�J5GDW1AKFXLDH�d3UeC�W1P^C�HIm5GKFXW1P�M5H+LKGKAKJ^CIGKJ5ADH�L;Z[W1P^CIGKFXW1PVY

PfU�P-Ge¬NZ\ADQ�]-J^HIP^C�HBQIdXHI¡�Q�H#=���U�A�H�¦5HISim5dXH���d3U_LDW�CIFXQIGDQeShJ^sNU�G7U_C�W1SiSTHIADCIF3U�d>FXLDHBJ5PT�^d>GKADHzmyW1J5A+dXHBLKG7U�P^M^U�ADM
´§�;? �c}�a M5H�Z\ADQ�]-J^HIP^C�HqC�HIP-GKA7U�dXH � � ��� � � � HIG/M5H��fU�P^M5HnmfU1LDL7U�P-GDH � � � � � �¸U�¡�H�C ��� � � �oM5HmyHIAKGDH�LzM�O F>P^LDHIAKGKFXW1P;=
k`U�P^LiC�H�L�^d>GKADH�L�2dXH�L�STQIG7U�d>d>FXL7U�GKFXW1P^LTLDW1P-GiM5H�MVF>STHIP^LKFXW1P^L�GDHId>dXH�LT]-J^H/dXH�L�myHIAKGDH�L�mfU�AiC�W1P^MVJ^CIGKFXW1P

LDW1P-GeZrU�F>�5dXH�LzC�H_]-J5F�myHIAKSTHIGBM�O U�¡�W1F>ANM5H�Lem5J5FXLDL7U�P^C�H�LzQIdXHI¡�Q�H�LBL7U�P^LzM5QIGDQIAKFXW1A7U�GKFXW1P�M5H`d3U�LKGKAKJ^CIGKJ5ADH#=
� M��;M�� � XNWZY[TVaS\ aSR%Y[aSbFc`R;lmW6l �mX6a �DW6U � ^;P>a
k`U�P^L_C�HIGKGDHimfU�AKGKFXH���M5H�P^W1Sh�5ADHIJV¦ G8 �myH�L`M5H�^d>GKADH�LhHIG_M5H�GDH�CDE5P^W1dXW1�#FXH�L_myHIJ5¡�HIP-G �IGKADHTCIF>GDQ�L�= �NW1J^L

P^W1J^L"d>F>SiF>GDHIADW1P^L+¬zM5HIJV¦ 	�dXH�L;�^d>GKADH�L�¬eADQ�LDW1PfU�GDHIJ5ADL2SiFXCIADW1AKJ5�fU�PiHIG2dXH�L;�^d>GKADH�L2� �B�e��²\�;W � �"HISimyHIA7U�GKJ5ADH
��W�Y[�^ADH�M¢��HIA7U�SiFXC%µ�=
��� $ � $ �\' �e$ � ��� *-,  ��9 , ��� . � *  "� , ��$&!����f�1 2" . � ,
�;H�L��^d>GKADH�L ¬NADQ�LDW1PfU�GDHIJ5ADL+SiFXCIADW1AKJ5�fU�P^L P^HeLDW1P-G+mfU1L U1CIGKJ^HId>dXHISTHIP-G�C�W1SiSTHIADCIF3U�d>FXLDQ�L+myW1J5A M5H�L U�m5m5d>F{Y

C�U�GKFXW1P^L M5HeGDQIdXQ�C�W1SiShJ5P5FXC�U�GKFXW1P�STW1�5F>dXH#=-kcH�L+GKA7U�¡#U�JV¦TM5HeADH�CDE^HIADCDE^HNW1P-G�C�HImyHIP^M^U�P-G STW1P-GKADQzd3UcmyW#LDLKF>�5F{Y
d>F>GDQzM�O W1�5GDHIP5F>A�M5H�L�myHIA±Z[W1AKS/U�P^C�H�L�HIG M5H�L+MVF>STHIP^LKFXW1P^L�]-JfU1LKF>STHIP-G�Q�]-J5F>¡#U�dXHIP-GDH�L�U�JV¦�^d>GKADH�L MVFXQIdXH�CIGKAKFX]-J^H�L
STW1P^W1�5dXW�C#= ��U�A+H�¦5HISim5dXH���d3Uz�^�#J5ADHejV= �#pBSTW1P-GKADH�J5PiM5H�C�H�L2�^d>GKADH�L�¨ p#p�ª5�fU1LDQ�LKJ5A�M5H�L2ADQ�LDW1PfU�GDHIJ5ADL�SiFXCIADW�Y
AKJ5�fU�P^L+W1m5GKF>SiFXLDQemyW1J5A�dXHeLKG7U�P^M^U�ADM
�Nx��B³�=#�;H��^d>GKADHzH�LKG�ADQ�U�d>FXLDQzLKJ5A+U�d>J5SiF>P^Hh²

� � 
 ��� � � � 
 ��� � � ��µ�=�BPRM5H�LNU�¡#U�P-G7U���H�LNM5H_C�H�Le�^d>GKADH�LBH�LKGzdXHIJ5AeZrU1CIF>d>F>GDQhM�O F>P-GDQI�#A7U�GKFXW1P°U�J�LDHIF>PRM�O J5P^H_C�U�AKGDHhsBt�=5kcH`m5d>J^L�5d3U
ADQ�U�d>FXL7U�GKFXW1PqM5HcC�H�L �^d>GKADH�L�P^Q�C�H�LDLKF>GDHcM5H�L�m5ADW�C�Q�M5Q�LeM5HN�#A7U�¡�J5ADHcCId3U1LDLKFX]-J^H�LeLKF>Sim5dXH�Le¬hSTHIGKGKADH`HIP�W�HIJ5¡�ADH#=
��U�A_C�W1P-GKADH��ydXH�LcLKJ5�^LKGKA7U�GDLNJ5GKF>d>FXLDQ�LcmyW1J5A`W1�5GDHIP5F>A`C�H�LBZrU�F>�5dXH�L`MVF>STHIP^LKFXW1P^L`LDW1P-G`M5H�LcLKJ5�^LKGKA7U�GDL`M5HhG8 �myH
U�d>J5SiF>P^Hc¬NZ[W1AKGDHemyHIAKSiF>GKGKF>¡�F>GDQ#= �BA�#dXH�L LKJ5�^LKGKA7U�GDL�CId3U1LDLKFX]-J^HISTHIP-G J5GKF>d>FXLDQ�L M^U�P^L dXH�L C�U�AKGDH�L QIdXH�CIGKADW1P5FX]-J^H�L
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U1CIGKJ^HId>dXH�L�LDW1P-GeM5H�L�LKJ5�^LKGKA7U�GDL ZrU�F>�5dXHNC�W��5G�C�W1SiSTHBdrO HImyW�¦V /t�szw ��U�¡�H�CcM5H�L�myHIAKSiF>GKGKF>¡�F>GDQ�L�STW1F>P^L�QIdXHI¡�Q�H�L
²&w^= w�myW1J5A�dXHct�szw�µ�= �2W1J5AeADQImyW1P^MVADH_¬C�H�LeH�¦VF>��HIP^C�H�L�VM5H�LeQIGKJ^M5H�L�STHIP^Q�H�LBU1CIGKJ^HId>dXHISTHIP-GNU�Jq�;��³ �«¨><��%ª
m5ADW1myW#LDHIP-GBM5H�LzLDW1d>J5GKFXW1P^LzF>P-GDQI�#A7U��5dXH�LNM5H`G8 �myHh��x°³�=

18
 m

m

5 mm
dB

(S
11

)
0

−4
0

dB
(S

12
)

0
−8

0

Fr équence (GHz)
3.01.0 2.01.2 1.4 1.6 1.8 2.2 2.4 2.6 2.8

nporq � jV= �#p �n��¦5HISim5dXHM5H`�^d>GKADH�¬iADH�LDW1PfU�GDHIJ5ADLBSiFXCIADW1AKJ5�fU�P^LcSiF>P5F3U�GKJ5AKFXLDQ�L`U�¡�H�CM5HIJV¦q¯�QIADW#LNM5H_GKA7U�P^L±Y
SiFXLDLKFXW1P ¨ p#p�ª

�+O J5PiM5H�L2m5ADW1�5dX�ISTH�L�d>FXQ�L�¬zd3UBGDH�CDE5P^W1dXW1�#FXH�SiFXCIADW1AKJ5�fU�PTH�LKG�d3UeZrU�F>�5dXH�¡#U�dXHIJ5A�M5H�L2ZrU1CIGDHIJ5ADL�M5H�]-JfU�d>F>GDQ#=
�"UADQ�U�d>FXL7U�GKFXW1PRM5Hc�^d>GKADH�LzM5Hc�fU�P^M5H`mfU1LDL7U�P-GDHcZrU�F>�5dXH`W1JqM�O W1ADMVADH_QIdXHI¡�Q_H�LKGBU�dXW1ADLzMVF 
/CIF>dXH#=^��Pnm5A7U�GKFX]-J^H��
F>d"ZrU�J5GcLDHhd>F>SiF>GDHIA_¬/M5HIJV¦RADQ�LDW1PfU�GDHIJ5ADLcmyW1J5AcW1�5GDHIP5F>A_M5H�LBmyHIAKGDH�LcM�O F>P^LDHIAKGKFXW1P°A7U�FXLDW1P5PfU��5dXH�LT² � � � � �S/U%¦VF>ShJ5S·µ�=y�NO H�LKGzmyW1J5AD]-J^W1F �5d3Um5ADQ�LDHIP^C�HhM5Hc¯�QIADW#Lzm5ADW�CDE^H�LBM5H`d3U�fU�P^M5HhLDHISh�5dXH`F>P^MVFXLKmyHIP^L7U��5dXH`myW1J5A
W1�5GDHIP5F>A�M5H�L/ADQImyW1P^LDH�LiZ\ADQ�]-J^HIP-GKFXHId>dXH�LnQ�]-J5F>¡#U�dXHIP-GDH�L�U�JV¦�U�J5GKADH�L/�^d>GKADH�L·C�W1J5A7U�SiSTHIP-G�J5GKF>d>FXLDQ�L¢²r³�?"´ �
MVFXQIdXH�CIGKAKFX]-J^H%µ�=2�;H/LDHIJ5d+STW� �HIP¸myW1J5AhW1�5GDHIP5F>AC�H�L_¯�QIADW#L�U1LDLDHI¯Tm5ADW�CDE^H�LM5Hid3Un�fU�P^M5H/H�LKGhM5HTCIADQ�HIAM5H�L
C�W1J5m5d3U���H�LNGKA7U�P^LK¡�HIADLDH�LcU�J�P5F>¡�H�U�J¢M5H�LzADQ�LDW1PfU�GDHIJ5ADL�fdrO HISim5dXW1F�M5HhLKGKJ5�^LBP^H_myHIAKSTHIGKG7U�P-G`M�O W1�5GDHIP5F>Ac]-J^H
M5H�Le¯�QIADW#LzADHId3U�GKF>¡�HISTHIP-GNQIdXW1F>�#P^Q�LBM5H`d3U�fU�P^M5H#=
��� $ � $ �3� �e$ � ��� *-,/( ,/� �

�;H�L��^d>GKADH�L�ADQ�U�d>FXLDQ�LzU�¡�H�CcM5H�L�GDH�CDE5P^W1dXW1�#FXH�LeShJ5d>GKF{Y8C�W1J^CDE^H�LBM5HNG8 �myHN� �B�e��²\�;W � �"HISimyHIA7U�GKJ5ADH��W�Y
�^ADH�M¸��HIA7U�SiFXC%µ`LDW1P-GhHIP mfU�AKGKFXCIJ5d>FXHIAhJ5GKF>d>FXLDQ�L_myW1J5A`d3UnC�W1P^C�HIm5GKFXW1P¸M5HiSTW�MVJ5dXH�L_F>P-GDQI�#ADQ�L�"C�W1Sim5ADHIPfU�P-G
HIPRLKJ5A±ZrU1C�HhM5H�LBQIdXQISTHIP-GDL`��x°³ ²\L �eF>GDCDE^L��U�Sim5d>F{�fC�U�GDHIJ5ADL��MVFXW�M5H�L�=>=>= µeHIGBHIPR¡�W1d>J5STHhM5H�LBQIdXQISTHIP-GDLc�yY±�
myW1J5A dXH�L+�^d>GKADH�L��dXH�L�MVJ5m5dXH�¦5HIJ5ADL�-dXH�L�U1M^U�m5G7U�GKFXW1P^L�M�O F>SimyQ�M^U�P^C�HcHIG dXH�L d>F>�#P^H�L�M5HBGKA7U�P^LKSiFXLDLKFXW1P�¨ p#£���p#j%ª8=
�"UN�^�#J5ADHNjV= ��wM5W1P5P^HzJ5P/H�¦5HISim5dXHBM5HzC�HeG8 �myHzM5HzLKGKAKJ^CIGKJ5ADHBM5QI¡�HIdXW1m5myQzmfU�A d3U`LDW�CIFXQIGDQz����� �`³�=-��P/��µ��
J5P�LDCDE^QIS/U�M5W1P5P^HNdrO HIP^LDHISh�5dXH`M5H�L Z[W1P^CIGKFXW1P^L�ADQ�U�d>FXLDQ�H�L�mfU�AeC�HNSTW�MVJ5dXH#=V��P�C%µ���J5P^HcC�W1J5myHNMVJnLKJ5�^LKGKA7U�G
STW1P-GKADHidXH�LcMVF:9�QIADHIP-GDH�LhC�W1J^CDE^H�L`STQIG7U�d>d>FXLDQ�H�LcZ[W1AKS/U�P-G_M5H�Lc¡�F3U1LT²[¬/�-U�J^CDE^H%µcW1J°M5H�L`QIdXQISTHIP-GDLhM5HG8 �myH
F>P^MVJ^CIGKF{ZeW1J C�U�mfU1CIF>GKF{Zh²[¬�MVADW1F>GDH%µ�=;��P Mfµ���J5P^H�m5E^W1GDW1�#A7U�m5E5FXH/M5H�d3U/ZrU1C�HiLKJ5myQIAKFXHIJ5ADHiMVJ°STW�MVJ5dXHTL7U�P^L
�yW�gXGKFXHIA�STW1P-GKADHedXH�L+C�W1SimyW#L7U�P-GDL+HIPTLKJ5A±ZrU1C�H#= �BPiADHIS/U�AD]-J^He]-J^H��#M^U�P^L+C�H�STW�MVJ5dXH��#]-J^HIdX]-J^H�L��^d>GKADH�L+LDW1P-G
ADQ�U�d>FXLDQ�L;mfU�A2M5H�L�³�?"´�HIG"dXH�L2U�J5GKADH�L2LDW1P-G"ADQ�U�d>FXLDQ�L"HIPhGDH�CDE5P^W1dXW1�#FXH�� �B�e�N=#��W1SimyW#LDQ M�O J5P^H CIF>P^]-JfU�P-G7U�F>P^H
M5H`C�W1J^CDE^H�L�5dXHc�5dXW�C`� �B�e�§C�W1P-GKFXHIP-GNHIP-¡�F>ADW1Pqw-£�C�W1P^M5HIP^L7U�GDHIJ5ADLBHIGeF>P^MVJ^CIG7U�P^C�H�LBM5HcG8 �myH`LKm5F>A7U�dXH_L7U�P^L
C�W1Sim5GDHIAzdXH�Lzd>F>�#P^H�LzM5H_C�W1P5P^H�¦VFXW1P;=
��HIGKGDHNGDH�CDE5P^W1dXW1�#FXHcmyHIJ5G��IGKADHNJ5GKF>d>FXLDQ�HNmyW1J5A�ADQ�U�d>FXLDHIAeM5H�L �^d>GKADH�L�mfU1LDLDH�Yr�fU�P^M5HcM5HBG8 �myHNLKGKAKF>m5d>F>P^H#= �BP

H�¦5HISim5dXHzM5HzLKGKAKJ^CIGKJ5ADHz� �B�e� ¨ p#j%ª�H�LKG+M5W1P5P^QzLKJ5A�d3UN�^�#J5ADHBjV= �#}V=��;H�L+MVF>STHIP^LKFXW1P^L�MVJ��^d>GKADHBU�F>P^LKF^ADQ�U�d>FXLDQ
LDW1P-G 	 ��� � � � � ��� � � � � � � � � � =��+O J5GKF>d>FXL7U�GKFXW1P�M5Hed>F>�#P^H�L�¬`L7U�J5GDL+M�O F>SimyQ�M^U�P^C�HBmyHIAKSTHIG��M^U�P^L C�HzC�U1L�
M5H/ADQ�MVJ5F>ADH·dXH�LhADHISTW1P-GDQ�H�LTLKmyH�CIGKA7U�dXH�LhE^W1ADL�fU�P^M5H��2m5d>J^LmfU�AKGKFXCIJ5d>FX�IADHISTHIP-G·¬RM5HIJV¦ Z[W1FXLhd3UnZ\ADQ�]-J^HIP^C�H
C�HIP-GKA7U�dXH#=y�;H�LN¯�QIADW#LcLDW1P-GNFXCIF2CIADQ�Q�LNmfU�AcM5H�LNLKGKJ5�^Lc¬/L7U�J5GNM�O F>SimyQ�M^U�P^C�H���C�Hh]-J5F2P^H_myHIAKSTHIGNmfU1LcM5H_dXH�L
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DCS Rx
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Duplexeur
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Fi l tres SAW

Diodes PIN
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Rési stances

Ceramique LTCC
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nporq � jV= ��w �·��¦5HISim5dXH_M5H`STW�MVJ5dXH_� �B�e��²\����� �`³5µ�J5GKF>d>FXLDQ_M^U�P^LedXH �NW���F3U/»1jV<�£

A7U�m5m5ADW�CDE^HIA�Z[W1AKGDHISTHIP-G�M5Hzd3U`�fU�P^M5H�²&dXHz¯�QIADW_dXHzm5d>J^L m5ADW�CDE^HNM5Hzd3U`�fU�P^M5HNH�LKG+m5d3U1C�Qc¬ ��� � � � � myW1J5A J5P^H�fU�P^M5HhmfU1LDL7U�P-GDHM�O HIP-¡�F>ADW1P � � ���Tµ�= �8d2H�LKGNC�HImyHIP^M^U�P-GcmyW#LDLKF>�5dXHhM5H_ADQ�U�d>FXLDHIAcM5H�LB�^d>GKADH�LN� �B�e��U�¡�H�C�M5H�L
C�W1J5m5d3U���H�LeGKA7U�P^LK¡�HIADLDH�L��myHIAKSTHIGKG7U�P-GBU�dXW1ADLeM�O W1�5GDHIP5F>AzM5H�L�ADQ��KH�CIGKFXW1P^L�m5d>J^L�F>SimyW1AKG7U�P-GDH�LB¬_m5ADW�¦VF>SiF>GDQ`M5H
d3U��fU�P^M5H`mfU1LDL7U�P-GDH#=

� ) �B@!7
�NW1J^LNU�¡�W1P^LBS/U�F>P-GDHIPfU�P-G`H�¦VmyW#LDQ`dXH�LBMVF:9�QIADHIP-GDLcU1LKmyH�CIGDLBMVJn�^d>GKA7U���Hh]-J;O F>d2C�W1P-¡�FXHIP-GcM5H`m5ADHIP^MVADHhHIP

C�W1Sim5GDH+dXW1ADL;M5H�d3U�C�W1P^C�HIm5GKFXW1P�M�O J5P^H+CDEfU%gXP^H M5H�GKA7U�P^LKSiFXLDLKFXW1P;=�NW1GKADH�¡�W1dXW1P-GDQ�QIG7U�P-G"M5H�¡�W1F>A"C�W1SiSTHIP-G2C�H
�^d>GKA7U���HNmyHIJ5G��IGKADH�¹�U1LKGKJ^CIFXHIJ^LDHISTHIP-G%¹cADQImfU�AKGKF�dXHBdXW1P5�iM5HNC�HIGKGDHNCDEfU%gXP^H��5M5HIJV¦�U1LKmyH�CIGDL�M�O QIGKJ^M5HNmyHIJ5¡�HIP-G
�IGKADHhU��yW1ADM5Q�H�L 	

��STW1P-GKADHIA C�W1SiSTHIP-G W1P�myHIJ5G�F>S/U��#F>P^HIA�F>P-GKADW�MVJ5F>ADHzC�HIGKGDH�Z[W1P^CIGKFXW1PiM5H��^d>GKA7U���HeLKJ5A�M5H�L�C�W1SimyW#L7U�P-GDL
M5Hcd3UiCDEfU%gXP^HhHIGzHIPqmfU�AKGKFXCIJ5d>FXHIANLKJ5AedrO U�Sim5d>F{�fC�U�GDHIJ5AcM5Hcm5J5FXLDL7U�P^C�H_HIGzLKJ5AedrO U�P-GDHIP5P^H��

��STW1P-GKADHIA�¬�GKA7U�¡�HIADLTJ5P^HnQIGKJ^M5HqLK VLKGD�ISTHnC�W1SiSTHIP-G/F>dzH�LKGimyW#LDLKF>�5dXH�M5HnADQImfU�AKGKF>A/C�H�L��^d>GKA7U���H�L/¬
MVF:9�QIADHIP-GDL_HIP^MVADW1F>GDL`M5Hd3U·CDEfU%gXP^HiM5HGKA7U�P^LKSiFXLDLKFXW1P°L7U�P^LNmyW1J5A_U�J5G7U�P-G`P-J5F>ADHTU�JV¦�myHIA±Z[W1AKS/U�P^C�H�L
�#dXW1�fU�dXH�LBM5H`C�HIGKGDH_CDEfU%gXP^H#=

�NW1J^LBU�¡�W1P^LB¡�JqM^U�P^Lzd3UmfU�AKGKFXH/<#= j�]-J^H`d3UADQImfU�AKGKF>GKFXW1P¢M5HN�^d>GKA7U���HhM^U�P^LeJ5P^H_CDEfU%gXP^HhsBt¸F>P��^J^HIP^C�H
M5HnS/U�P5FX�IADHqP^W1G7U��5dXHqd3U�ADQImyW1P^LDH�Z\ADQ�]-J^HIP-GKFXHId>dXHq�#dXW1�fU�dXHRMVJ LK VLKGD�ISTH#=�k`U�P^LTdXHqC�U1MVADHqM5HqC�HIGKGDHnGKE^��LDH
myW#L7U�P-G_dXH�L`m5ADHISiFXHIADLhm5AKF>P^CIF>myH�LhMVJ¢�^d>GKA7U���HTADQImfU�AKGKF �;P^W1J^L`myW#LDW1P^L`mfU�A_d3UnLKJ5F>GDHidrO E- �myW1GKE^��LDHT]-J;O F>d H�LKG
myW#LDLKF>�5dXHnM5H·ADQImfU�AKGKF>ATdXH�LTMVF:9�QIADHIP-GDLi�^d>GKA7U���H�LTM�O J5P^HnCDEfU%gXP^HRsBt�M5H/ZrUKJ�W1P ¬�ADQImyW1P^MVADHR¬RJ5P �-U��fU�AKF>G
Z\ADQ�]-J^HIP-GKFXHId �#dXW1�fU�d�M5W1P5P^Q#=2�"UnLKJ5F>GDH/M5HidrO QIGKJ^M5HTmyW1AKGDH·U�dXW1ADLhLKJ5A_drO F>P^LDHIAKGKFXW1P¸M5H�Z[W1P^CIGKFXW1P^LM5H��^d>GKA7U���H
M^U�P^LzdXH�LzQIdXQISTHIP-GDLBM5H`d3U�CDEfU%gXP^HhsBt��^U�¡�H�C`d3UiC�W1P^C�HIm5GKFXW1P�M5H`]-J^HIdX]-J^H�LzLKGKAKJ^CIGKJ5ADH�Le�^d>GKA7U�P-GDH�L�=
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��W1SiSTHcP^W1J^LedrO U�¡�W1P^LeSiFXLeHIPqQI¡�FXM5HIP^C�H`M^U�P^L�d3UmfU�AKGKFXHi<#= j �Vd3UhADQImfU�AKGKF>GKFXW1PRM5HN�^d>GKA7U���H_¬MVF:9�QIADHIP-GDL
P5F>¡�H�U�JV¦�M5HRdrO QISTHIGKGDHIJ5AnsBt«myHIAKSTHIG�M�O W1�5GDHIP5F>AqM5H�L/myHIA±Z[W1AKS/U�P^C�H�L/Z\ADQ�]-J^HIP-GKFXHId>dXH�L�m5d>J^L·F>SimyW1AKG7U�P-GDH�L
MVJ myW1F>P-G·M5Hq¡�J^HqM5Hqd3U°CDEfU%gXP^H�M�O QISiFXLDLKFXW1P �#dXW1�fU�dXH#=���FXHIP HIP-GDHIP^MVJ�� dXH�L·U�J5GKADH�L/myHIA±Z[W1AKS/U�P^C�H�L/d>FXQ�H�L
¬RdrO U�Sim5d>F{�fC�U�GKFXW1P�HIGTU�J©A7U� �W1P5P^HISTHIP-G·M5W1F>¡�HIP-G·U�J^LDLKF�ADH�LKGDHIATW1m5GKF>S/U�dXH�L�= �2W1J5AiSTHIGKGKADHqHIP W�HIJ5¡�ADH�C�H
C�W1P^C�HIm5GBM5Hc�^d>GKA7U���H`ADQImfU�AKGKF �fM5HIJV¦�P5F>¡�H�U�JV¦qM�O F>P-¡�H�LKGKF>�-U�GKFXW1P�myHIJ5¡�HIP-G �IGKADH_MVFXLKGKF>P5�#J^Q�L�=

�§�;Hhm5ADHISiFXHIA_C�W1P^C�HIAKP^H�d3U/C�W1P^C�HIm5GKFXW1P M5H�C�W1SimyW#L7U�P-GDLcF>P-GDQI�#A7U�P-GhM5H�LBZ[W1P^CIGKFXW1P^L`M5H_�^d>GKA7U���H�GDW1J5G
HIPqC�W1P^LDHIAK¡#U�P-GBdXH�LemyHIA±Z[W1AKS/U�P^C�H�Lzd>FXQ�H�LB¬dXHIJ5AeZ[W1P^CIGKFXW1Pqm5AKF>P^CIF>mfU�dXH#=

�§�;H�M5HIJV¦VFX�ISTHTC�W1P^C�HIAKP^H�d3U·S/U%gXGKAKFXLDHiM5Hd3U·ADQImfU�AKGKF>GKFXW1P M5HiC�H�LN�^d>GKA7U���H�LhU�JV¦¢MVF:9�QIADHIP-GDL_P5F>¡�H�U�JV¦
M5Hcd3UiCDEfU%gXP^H#=

k`U�P^L+dXHBC�U1MVADHBM5HBC�HIGKGDHzGKE^��LDH���P^W1J^L+P^W1J^L�LDW1SiSTH�L LKJ5AKGDW1J5G F>P-GDQIADH�LDLDQ�L�U�J/m5ADHISiFXHIA�P5F>¡�H�U�J��-C�W1P^C�HIA±Y
PfU�P-G+d3UNC�W1P^C�HIm5GKFXW1P·M5H�MVFXLKmyW#LKF>GKF{Z[L�F>P-GDQI�#A7U�P-G J5P^H�Z[W1P^CIGKFXW1P/M5H �^d>GKA7U���HeGDW1J5G+HIPTL7U1CDEfU�P-G ]-J^H�dXH�L��5AKFX]-J^H�L
M5Hh�fU1LDH�U�F>P^LKF�M5QI¡�HIdXW1m5myQ�H�L`M5HI¡�ADW1P-G�;¬TGDHIAKSTH��yL�O F>P-GDQI�#ADHIA`M^U�P^LcJ5P¢LK VLKGD�ISTHM�O QISTHIGKGDHIJ5A`C�W1Sim5dXHIG�=��"U
C�W1P^C�HIm5GKFXW1P¢M5H_C�HIGNQISTHIGKGDHIJ5ANM5HI¡�A7U/U�dXW1ADL �IGKADH_ADQ�U�d>FXLDQ�HhM5HcZrUKJ�W1PR�#dXW1�fU�dXHhHIPRJ5GKF>d>FXL7U�P-GBdXH`myW1GDHIP-GKFXHId�M5H
�^d>GKA7U���H_M5H_CDEfU1]-J^H_QIdXQISTHIP-G�=
k`U�P^L C�HIGKGDHBW1m5GKFX]-J^H���P^W1J^L m5ADQ�LDHIP-GDW1P^L�M^U�P^L C�HBM5HIAKP5FXHIA�CDEfU�m5F>GKADHNM5H�L�LDW1d>J5GKFXW1P^L M5HBMVFXLKmyW#LKF>GKF{Z[L�F>P-GDQ�Y

�#A7U�P-GBJ5P^H`Z[W1P^CIGKFXW1P�M5Hc�^d>GKA7U���HU�¡�H�ChJ5P^HhU�PfU�d> VLDH_M5H�LzmyW#LDLKF>�5F>d>F>GDQ�LBW 9�HIAKGDH�LBmfU�ABCDEfU1CIJ5P¢M�O HIJV¦�=^?BF>P^LKF �
J5PRMVF>¡�FXLDHIJ5ABM5Hcm5J5FXLDL7U�P^C�Hc�^d>GKA7U�P-G�fJ5P�U�Sim5d>F{�fC�U�GDHIJ5ANM5H`m5J5FXLDL7U�P^C�Hc�^d>GKA7U�P-GNHIGBM5HIJV¦qMVFXLKmyW#LKF>GKF{Z[LzM�O U�PVY
GDHIP5P^H�LB�^d>GKA7U�P-GDH�L`LDW1P-GNm5ADQ�LDHIP-GDQ�H�L�=yk`U�P^LNdrO H�LKm5AKF>GcM5Hhd3UTGKE^��LDH��fP^W1J^LNADH�CDE^HIADCDE^W1P^L`m5d>J^LNd3Ui¡�QIAKF{�fC�U�GKFXW1P
M�O J5P�m5AKF>P^CIF>myHc]-J^HBdXHNM5QI¡�HIdXW1m5myHISTHIP-GBM5HcMVFXLKmyW#LKF>GKF{Z[L ADH�LKmyH�CIG7U�P-GeM5H�L�C�U�A7U1CIGDQIAKFXLKGKFX]-J^H�Lem5ADQ�CIFXLDH�L�=�?BF>P^LKF �
myW1J5AzCDEfU1]-J^HhLDW1d>J5GKFXW1Pqm5ADW1myW#LDQ�H��5]-JfU�GKADH_QIG7U�myH�LzLDW1P-GBM5QIG7U�F>d>dXQ�H�L 	

��J5P^Hcm5ADQ�LDHIP-G7U�GKFXW1P¢MVJnm5AKF>P^CIF>myH`myHIAKSTHIGKG7U�P-GNM�O U�m5myW1AKGDHIANMVJ��^d>GKA7U���HhM^U�P^Led3UiLKGKAKJ^CIGKJ5ADH��
��J5P^H`M5QIS/U�ADCDE^HM5H`C�W1P^C�HIm5GKFXW1PRmyHIAKSTHIGKG7U�P-GNM5H`S/U%gXGKAKFXLDHIAzdXH�LzC�U�A7U1CIGDQIAKFXLKGKFX]-J^H�LBMVJRC�W1SimyW#L7U�P-G�
��J5PqH�¦5HISim5dXH_M5H_C�W1P^C�HIm5GKFXW1PRmyHIAKSTHIGKG7U�P-GNM5Hc¡#U�d>FXM5HIAzdXH`m5AKF>P^CIF>myH_H�¦VmyW#LDQ
��J5P �5F>d3U�P�M5H�LnmyHIA±Z[W1AKS/U�P^C�H�L�ed>FXQ�H�LR¬©d3U�Z[W1P^CIGKFXW1P¶m5AKF>P^CIF>mfU�dXH�HIGRU�J �^d>GKA7U���H��emyHIAKSTHIGKG7U�P-G�M5H
C�W1P^CId>J5ADH_LKJ5AedrO F>P-GDQIA �IGNM5H`d3U�LKGKAKJ^CIGKJ5ADH_m5ADW1myW#LDQ�H#=

��P¢m5d>J^LcM5H�C�Hh�^d>GKA7U���HiU�m5myW1AKGDQmfU�A`CDEfU1]-J^HiMVFXLKmyW#LKF>GKF{Z �fd3UTSiFXLDH�HIP°C�U1LDC�U1M5H�M5H�LcMVF>¡�HIADL`QIdXQISTHIP-GDL
M5Hh�^d>GKA7U���H���M�O U�Sim5d>F{�fC�U�GKFXW1P�HIG`M5HA7U� �W1P5P^HISTHIP-GhmyHIJ5G`U�m5myW1AKGDHIA_MVJ��^d>GKA7U���HiLKJ5m5m5dXQISTHIP-G7U�F>ADH#=;��P°H�Z&Y
Z[HIG��M^U�P^L_dXHTC�U1LhM5HiC�W1SimyW#L7U�P-GDL�U1M^U�m5GDQ�L�;LDW1d>J5GKFXW1P¸CId3U1LDLKFX]-J^HISTHIP-GhJ5GKF>d>FXLDQ�H���d3U�SiFXLDHTHIP�C�U1LDC�U1M5HiP;O U
]-JfU1LKF>STHIP-G·U�J^CIJ5P^HnF>P^CIFXM5HIP^C�HqLKJ5AidXH�LimyHIA±Z[W1AKS/U�P^C�H�LTM5H�d3U¢CDEfU%gXP^HRsBt��#dXW1�fU�dXH#=+k`U�P^LidXHnC�U1LiM�O J5P^H
C�W1P^C�HIm5GKFXW1P©¹�P^W1PVY U1M^U�m5GDQ�H�¹ �fd3USiFXLDH_HIPqC�U1LDC�U1M5H`P^Q�C�H�LDLKF>GDH`J5P^H`QIGKJ^M5H`m5d>J^LBC�W1Sim5dXH�¦5H`myHIAKSTHIGKG7U�P-G 	

»1�



v#£ ��������� ����� � � ���	� ��� �������	� 	�� ���� � � �%� � � 
 ��� ����� � �

�§LDW1F>GzM5H`ADQ�MVJ5F>ADH`drO HIP^C�W1Sh�5ADHISTHIP-GcmfU�Azd3UADQ�MVJ^CIGKFXW1P�MVJnP^W1Sh�5ADHhM5H_C�HId>d>J5dXH�LBM�O U1M^U�m5G7U�GKFXW1P��
�§LDW1F>GzM�O U�m5myW1AKGDHIANMVJ��^d>GKA7U���HhLKJ5m5m5dXQISTHIP-G7U�F>ADHhHIPqJ5GKF>d>FXL7U�P-GBdXH�LeADQ��fH�¦VFXW1P^LzHIP-GKADHhC�W1SimyW#L7U�P-GDL�=

��Hnm5AKF>P^CIF>myHqM5H��^d>GKA7U���HqP;O H�LKGTmfU1LTQIGKJ^MVFXQRM5H�ZrUKJ�W1P ��QIP^QIA7U�dXHqS/U�FXLiF>dBH�LKGiP^Q�U�SiSTW1F>P^L/J5GKF>d>FXLDQqM^U�P^L
drO U�Sim5d>F{�fC�U�GDHIJ5AcM5Hcm5J5FXLDL7U�P^C�Hc�^d>GKA7U�P-G�=
k�O J5PTmyW1F>P-G M5H�¡�J^HBU�ADCDE5F>GDH�CIGKJ5ADH���dXH�L+LKGKAKJ^CIGKJ5ADH�L+mfU�A7U�d>dX�IdXH�L�-C�W1SiSTHedXH�L+LKGKAKJ^CIGKJ5ADH�L+ShJ5d>GKF{Y U�P-GDHIP5P^H�L

M5HiG8 �myHTx�� x � �;LDW1P-GhM5Him5d>J^LhHIP m5d>J^L_J5GKF>d>FXLDQ�H�L_myW1J5AU�J5�#STHIP-GDHIAd3Un]-JfU�d>F>GDQTM5H�L_GKA7U�P^LKSiFXLDLKFXW1P^L�;HIP
MVF>¡�HIADLKF{��U�P-G·dXHnLKF>�#PfU�dzJ5GKF>dXH#= k�O J5P myW1F>P-G/M5Hn¡�J^H��^d>GKA7U���H�Z\ADQ�]-J^HIP-GKFXHId � C�HIAKG7U�F>P^H�L·LKGKAKJ^CIGKJ5ADH�LTm5ADQ�LDHIPVY
GDQ�H�LzM^U�P^LeC�H`CDEfU�m5F>GKADH_LDW1P-Ge�fU1LDQ�H�LzLKJ5AeM5H�LzU�ADCDE5F>GDH�CIGKJ5ADH�LBmfU�A7U�d>dX�IdXH�L�=f��HIGKGDH_MVJfU�d>F>GDQ`MVF>¡�HIADLKF>GDQ����^d>GKA7U���H
M5H�LTU�ADCDE5F>GDH�CIGKJ5ADH�LTmfU�A7U�d>dX�IdXH�L�myHIJ5G
�IGKADH�F>P-GDQIADH�LDL7U�P-GDH�myW1J5AiW1�5GDHIP5F>AiJ5P^H�]-JfU�d>F>GDQnM5H�C�W1SiShJ5P5FXC�U�GKFXW1P
W1m5GKF>S/U�dXH_¡�FXLz¬�¡�FXLeM5H`drO HIP^C�W1Sh�5ADHISTHIP-G`MVJqLK VLKGD�ISTH`C�W1SiShJ5P5FX]-JfU�P-G�=

�  "� � )�� )B2S-/1�$�3*- �1*)B2S2S@!7*&=- ���,+S$'@!7 +
�"U�MVF>¡�FXLKFXW1P ��C�W1Sh�5F>PfU�FXLDW1P�M5H�m5J5FXLDL7U�P^C�H�H�LKGcJ5GKF>d>FXLDQ�HiM^U�P^L`C�HIAKG7U�F>P^H�L_LKGKAKJ^CIGKJ5ADH�L_sBt C�W1SiSTH��ymfU�A

H�¦5HISim5dXH���M^U�P^L�dXH�L U�Sim5d>F{�fC�U�GDHIJ5ADL�MVFXLKGKAKF>�5J^Q�L+W1JidXH�L�ADQ�LDH�U�JV¦iM�O U�P-GDHIP5P^H�L�=-k`U�P^L�d3UNm5d>J5mfU�AKG M5H�L+C�U1L�1dXH�L
myHIA±Z[W1AKS/U�P^C�H�L+M5H�L�CIF>ADCIJ5F>GDL+M5HeMVF>¡�FXLKFXW1PiM5H�m5J5FXLDL7U�P^C�HeLDW1P-G+W1m5GKF>SiFXLDQ�L+U�J5GDW1J5A M5H�d3UBZ\ADQ�]-J^HIP^C�HeM�O J5GKF>d>FXL7U%Y
GKFXW1P·HIG�LKJ5A J5P^Hz�fU�P^M5HNM5HeZ\ADQ�]-J^HIP^C�HBLKJ5myQIAKFXHIJ5ADHN¬`d3U`�fU�P^M5HBM5HeZ\ADQ�]-J^HIP^C�HBJ5GKF>dXH#=-?BF>P^LKF ��F>dXL+F>P��^J^HIP^C�HIP-G
myHIJndXHcZ[W1P^CIGKFXW1P5P^HISTHIP-GN�#dXW1�fU�d"M5Hcd3UiLKGKAKJ^CIGKJ5ADH#=
�;H�MVF>¡�FXLDHIJ5A·M5Hqm5J5FXLDL7U�P^C�HqdXHqm5d>J^L/J5GKF>d>FXLDQ�H�LKG/C�HId>J5FcM5Hq´�F>d ��F>P^LDW1P�¨ }V<�ª8= �"U�LKGKAKJ^CIGKJ5ADH�M�O J5P GDHId

MVF>¡�FXLDHIJ5AcH�LKGBm5ADQ�LDHIP-GDQ�H�LKJ5ABd3Ui�^�#J5ADH�pV=><#=���d>dXHH�LKGNC�W1P^LKGKF>GKJ^Q�HM5HM5HIJV¦qd>F>�#P^H�Lc]-JfU�AKGcM�O W1P^M5HHIGcM�O J5P^H
ADQ�LKFXLKG7U�P^C�H M�O Q�]-J5F>d>F>�5A7U���H#=��;H+m5AKF>P^CIF>myH�H�LKG"M�O U1M^U�m5GDHIA2dXH�L"LDW1AKGKFXH�L�¬�drO HIP-GKADQ�H mfU�A2M5H�L"d>F>�#P^H�L2]-JfU�AKG"M�O W1P^M5H#=
?BF>P^LKF �^myW1J5ANJ5P�MVF>¡�FXLDHIJ5A�<_¡�HIADL`j �^drO F>SimyQ�M^U�P^C�H�M5H � ����HIP¢LDW1AKGKFXHH�LKGBGKA7U�P^L±Z[W1AKSTQ�HHIP�� ������mfU�AcC�H�L
d>F>�#P^H�L�="?Bm5AD��Lhd3U�SiFXLDH/HIP�mfU�A7U�d>dX�IdXH��2W1P�W1�5GKFXHIP-G�5FXHIP � ��� HIP�HIP-GKADQ�H#= �BP^HTGDHId>dXH/LKGKAKJ^CIGKJ5ADH/H�LKGM5W1P^C
W1m5GKF>SiFXLDQ�H�myW1J5A·J5P^HqZ\ADQ�]-J^HIP^C�H�M5HqZ[W1P^CIGKFXW1P5P^HISTHIP-G�²\HIG·myW1J5A·dXH�L/Z\ADQ�]-J^HIP^C�H�L/EfU�AKSTW1P5FX]-J^H�L�µ���myW1J5A
d3U1]-J^HId>dXH/dXH�LhdXW1P5�#J^HIJ5ADL�QIdXH�CIGKAKFX]-J^H�L�M5H�Lhd>F>�#P^H�L�LDW1P-GQI�-U�dXH�Li¬ � � � ²\HIG � ��� � � � � � ��µhHIGhmyW#LDLD��M5HTJ5P^H
�fU�P^M5HBmfU1LDL7U�P-GDHBADHId3U�GKF>¡�H�² � � � � � � � � � � �Tµ�M�O HIP-¡�F>ADW1P � � � ��=��;H�L ADQImyW1P^LDH�L+Z\ADQ�]-J^HIP-GKFXHId>dXH�L�M�O J5P^HBGDHId>dXHLKGKAKJ^CIGKJ5ADHLDW1P-GcM5W1P5P^Q�H�L`¬id3U��^�#J5ADH�pV= jV=��"UiADQ�LKFXLKG7U�P^C�HhmyHIAKSTHIGcM�O W1�5GDHIP5F>ANdrO U1M^U�m5G7U�GKFXW1P°HIGBdrO FXLDW1d3U�GKFXW1P
HIP-GKADHidXH�L`LDW1AKGKFXH�L�=;��H�G8 �myH�M5HiLKGKAKJ^CIGKJ5ADH�myHIAKSTHIG_M�O W1�5GDHIP5F>A`J5P^HiMVF>¡�FXLKFXW1P M5Hm5J5FXLDL7U�P^C�H�ADHId3U�GKF>¡�HISTHIP-G
d3U�AK��Hc�fU�P^M5H��VS/U�FXLeP;O U�ST�IP^HcP5Fy�^d>GKA7U���H`LDQIdXH�CIGKF{Z�P5F�C�W1SimyW1AKGDHISTHIP-GBShJ5d>GKF{Y[Z\ADQ�]-J^HIP^C�H�L�=^kcHNP^W1Sh�5ADHIJ^LDH�L
LKGKAKJ^CIGKJ5ADH�LeM5HcMVF>¡�FXLDHIJ5ADL�VU�J5GKADH�Le]-J^HN´�F>d ��F>P^LDW1P���LDW1P-G��fU1LDQ�H�LeLKJ5A�J5P^H`U1M^U�m5G7U�GKFXW1PqM�O F>SimyQ�M^U�P^C�Hcd3U�AK��H
�fU�P^M5H�¨ p�w��-w-} ��w-p%ª8=%��U�AzC�W1P-GKADH��VmyHIJ�M�O QIGKJ^M5H�LeW1P-GeQIGDQNSTHIP^Q�H�L�LKJ5AeM5H�L�MVF>¡�FXLDHIJ5ADL�M5HBm5J5FXLDL7U�P^C�HNShJ5d>GKF{Y
�fU�P^M5H�Lh¨ }#£%ª8=
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c

Z
c

Z
c
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port 2

port 3

2.Z
c

2.Z
c

2.Z
c

λ/4

λ/4

nporq � pV=>< �n³-GKAKJ^CIGKJ5ADHhM�O J5PRMVF>¡�FXLDHIJ5ABM5Hcm5J5FXLDL7U�P^C�H_M5Hc´�F>d ��F>P^LDW1P�<c¡�HIADLBj
k`U�P^L drO H�LKm5AKF>G�M5HBC�HIGKGDHzGKE^��LDH���P^W1J^L�U�¡�W1P^L�CDE^HIADCDE^Q`¬`J5GKF>d>FXLDHIA�dXHBMVF>¡�FXLDHIJ5A�M5Hzm5J5FXLDL7U�P^C�HBC�W1SiSTHNQIdXQ�Y

STHIP-G�M5H��^d>GKA7U���HBC�W1Sim5dXQISTHIP-G7U�F>ADH#=��2W1J5A�C�HId3U ��J5PT�^d>GKA7U���HBLDQIdXH�CIGKF{Z;H�LKG+P^Q�C�H�LDL7U�F>ADHBHIG+P^W1J^L�U�¡�W1P^L�CDE^W1FXLKF
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nporq � pV= j�����U�A7U�ST�IGKADH�L`³·M�O J5PRMVF>¡�FXLDHIJ5ABM5Hcm5J5FXLDL7U�P^C�H_M5H`´�F>d ��F>P^LDW1P <c¡�HIADLNj

M5H�LzLKGKAKJ^CIGKJ5ADH�LcU�¡�H�C`ADQ�LDW1PfU�GDHIJ5ADL�=8�2W1J5ANW1�5GDHIP5F>ABdXH�Lem5ADW1m5AKFXQIGDQ�LNM5H`ShJ5d>GKF{Y[Z\ADQ�]-J^HIP^C�H��fM5H�LBLKGKAKJ^CIGKJ5ADH�LN¬
�fU1LDHhM5H_ADQ�LDW1PfU�GDHIJ5ADL`¬TL7U�J5GNM�O F>SimyQ�M^U�P^C�HLDW1P-GcQIGKJ^MVFXQ�H�L�=�kcH_m5d>J^L�^J5P^HhM5QIS/U�ADCDE^H�M5HhC�W1P^C�HIm5GKFXW1P°M5H
MVF>¡�FXLDHIJ5ADL�M5HBm5J5FXLDL7U�P^C�HBJ5P·¡�HIADL GKADW1FXL�V¬_�fU1LDHBM5HNM5HIJV¦/ADQ�LDW1PfU�GDHIJ5ADL��H�LKG�M5Q�CIAKF>GDH#=V��d>dXHNH�LKG�F>d>d>J^LKGKADQ�HBmfU�A
d3UBADQ�U�d>FXL7U�GKFXW1PiM�O J5PiMVF>¡�FXLDHIJ5A�M5H�m5J5FXLDL7U�P^C�H�LKJ5A�LKJ5�^LKGKA7U�G�kNJ5ADW��rM�=1��PV�^P��1J5P��5F>d3U�PiLKJ5A2dXH�L�myHIA±Z[W1AKS/U�P^C�H�L
M5H�L2Z[W1P^CIGKFXW1P^L�MVF>¡�FXLKFXW1PiM5H�m5J5FXLDL7U�P^C�H�HIG2�^d>GKA7U���H�myHIAKSTHIG�M5H�C�W1P^CId>J5ADHeLKJ5A�drO F>P-GDQIA �IG+M�O J5PiGDHId5C�W1SimyW#L7U�P-G�=
� MNL�MNL � TFXNR`b X�� a
k`U�P^LBdXHC�U1LcM5HhLKGKAKJ^CIGKJ5ADH�LNShJ5d>GKFXLKG7U�P^M^U�ADM5L�yP^W1J^L`U�¡�W1P^LN¡�J�M^U�P^LNd3UTmfU�AKGKFXH·<#=><#= }V= j·]-J^H_dXH�LcC�W1S�Y

myW#L7U�P-GDLNF>P-GKAKF>P^LD��]-J^HISTHIP-G`ShJ5d>GKF{Y8LKG7U�P^M^U�ADM5LcmyW1J5¡#U�FXHIP-G �IGKADHhd3U�AK��H�Yr�fU�P^M5H�L`W1J�ShJ5d>GKF{Yr�fU�P^M5H�L�=�k`U�P^LNC�H
M5HIJV¦VFX�ISTHNC�U1L��dXH�L��fU�P^M5H�L�M5HzZ\ADQ�]-J^HIP^C�HBmyHIJ5¡�HIP-G��IGKADHNLKF>GKJ^Q�H�Le¬_M5H�L+Z\ADQ�]-J^HIP^C�H�L�MVF>¡�HIADLDH�L�-HIG�HIP/mfU�AKGKF{Y
CIJ5d>FXHIAe¬_M5H�L ¡#U�dXHIJ5ADL P^W1P/ShJ5d>GKF>m5dXH�L�= �8d�LDHeGKADW1J5¡�HN]-J^Hzd3U_m5AKF>P^CIF>mfU�dXHBm5ADW1m5AKFXQIGDQcM5H�L ADQ�LDW1PfU�GDHIJ5ADL�¬_L7U�J5GDL
M�O F>SimyQ�M^U�P^C�H�²r³�= ��= sh= 	V³-GDHIm5myH�M �8SimyH�M^U�P^C�HBsBH�LDW1PfU�GDW1A�µ�H�LKG�M�O U�¡�W1F>A�M5H�L+ADQ�LDW1PfU�P^C�H�Le¬_M5H�L�Z\ADQ�]-J^HIP^C�H�L
]-J^H`drO W1PRmyHIJ5GzS/U%gXGKAKFXLDHIA�=�?BF>P^LKF �5dXH_MVF>¡�FXLDHIJ5ANM5H`m5J5FXLDL7U�P^C�H`�^d>GKA7U�P-GNm5ADQ�LDHIP-GDQhM^U�P^LNC�HIGKGDH_mfU�AKGKFXH_J5GKF>d>FXLDH
C�HIGKGDH`m5ADW1m5AKFXQIGDQhM5H�LN³�= ��= sh=>=
� �\'��\'��\' �_�1$\�"!-$ �+*-, � *-, ��9 , ��� . � *  "� , °,�.  ;�/� ' $\� � 9-� . �"! *
�;H�L2�^d>GKADH�L+¬`³�= ��= sh=1W1P-G+QIGDQ�F>P-GKADW�MVJ5F>GDL�mfU�A+x¢U ��F>STW1GDWcHIG���U�S/U1LKE5F>G7UcHIPq<��#v#£¨ w�»%ª8=1kcH�P^W1Sh�5ADHIJ^LDH�L

QIGKJ^M5H�L_¨ w-v��Vw-j%ª"W1P-GzSTW1P-GKADQ`drO F>P-GDQIA �IGNM5H`C�H�LeADQ�LDW1PfU�GDHIJ5ADLemyW1J5AzW1�5GDHIP5F>ABM5H�LzC�W1SimyW1AKGDHISTHIP-GDLzZ\ADQ�]-J^HIPVY
GKFXHIdXL+P^W1P/myQIAKFXW�MVFX]-J^H�L�=V��HzADQ�LDW1PfU�GDHIJ5A�¬_L7U�J5G�M�O F>SimyQ�M^U�P^C�HNH�LKG C�W1P^LKGKF>GKJ^Q��-C�W1SiSTHBdXHzSTW1P-GKADHBd3UN�^�#J5ADH
pV= p ��M5H·GKADW1FXLiGKADW1P>J�W1P^LTM5H·d>F>�#P^HnM5H�d3U�AK��HIJ5ADLTMVF:9�QIADHIP-GDH�L�=��;H�LidXW1P5�#J^HIJ5ADLTQIdXH�CIGKAKFX]-J^H�L/¬Rd3U�m5ADHISiFX�IADH
Z\ADQ�]-J^HIP^C�HNM5HzADQ�LDW1PfU�P^C�H ��� LDW1P-G�P^W1GDQ�H�L � � � HIG dXH�L F>SimyQ�M^U�P^C�H�LeC�U�A7U1CIGDQIAKFXLKGKFX]-J^H�L � �±=-�;HIJ5ADL Z\ADQ�]-J^HIP^C�H�L
M5HeADQ�LDW1PfU�P^C�HBM5QImyHIP^M5HIP-G�M5H�L LKF{¦imfU�A7U�ST�IGKADH�Lc² � � � � � � � � � � � � � � � � � µ�HIG C�HIAKG7U�F>P^H�L myHIJ5¡�HIP-G�U�F>P^LKF �IGKADH
myW#LKF>GKFXW1P5P^Q�H�LBM5HcS/U�P5FX�IADH_F>P^M5QImyHIP^M^U�P-GDH#=



v#j ��������� ����� � � ���	� ��� �������	� 	�� ���� � � �%� � � 
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θ2 , Z2 θ3 , Z3

θ1 , Z1
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L
3
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3

c.o. c.o.

nporq � pV= p �·kcH�LDCIAKF>m5GKFXW1PRM�O J5PqADQ�LDW1PfU�GDHIJ5Ac¬�L7U�J5GzM�O F>SimyQ�M^U�P^C�H

k`U�P^L`dXHTC�U1L`dXH�m5d>J^L`J5GKF>d>FXLDQTMVJ ADQ�LDW1PfU�GDHIJ5AhLK �STQIGKAKFX]-J^Hq²&d>F>�#P^H�Lj�HIGp·FXM5HIP-GKFX]-J^H�L�µ��;dXH�L`ADHId3U�GKFXW1P^L
²[pV=><%µeHIG�²[pV= j�µeM5W1P5P^HIP-GNdXH�LBC�W1P^MVF>GKFXW1P^LNLKJ5ABdXH�LBM5HIJV¦nm5ADHISiFX�IADH�LNADQ�LDW1PfU�P^C�H�L��U�¡�H�C � 
 � �� � dXH_A7U�m5myW1AKGM5H�L+F>SimyQ�M^U�P^C�H�L�M5H�L+d>F>�#P^H�L�=-�;HBCDE^W1F{¦/MVJTA7U�m5myW1AKG � �

�
�
myHIAKSTHIG M5He�5¦5HIA+d3U`myW#LKF>GKFXW1P/M5H�L M5HIJV¦im5ADHISiFX�IADH�L

Z\ADQ�]-J^HIP^C�H�LBM5HcADQ�LDW1PfU�P^C�H#=

� 
 ���� � � �� ���� � � � ²[pV=><%µ
� 
 � ���� � � �

���
� � �
�

� � ���� � � �
��� � � � � ²[pV= j�µ

� �\'��\'��3� �q$ � 9-� * ��� , ��9 , ��� . � *  "� ,  ,�.  ;�T� ' $\� � 9-� . �"! *
�"UR�^�#J5ADHqpV= w¢m5ADQ�LDHIP-GDH�GKADW1FXLiG8 �myH�L�M5HR³�= ��= sh=2]-JfU1LKF{Y8LK �STQIGKAKFX]-J^H�LiHIP©GDH�CDE5P^W1dXW1�#FXHqSiFXCIADW1AKJ5�fU�P 	

dXHq³�= ��= sh=2CId3U1LDLKFX]-J^H��2dXHq³�= ��= s ¬RM5HISiFeADHIm5d>FXQ�HIG�dXHq³�= ��= sh="ADHIm5d>FXQ#=+��H�LiMVF:9�QIADHIP-GDLiADQ�LDW1PfU�GDHIJ5ADLiW1P-GidXH�L
S �ISTH�LNdXW1P5�#J^HIJ5ADL`HIGNd3U�AK��HIJ5ADLcM5Hhd>F>�#P^H�HIGcW1P-GcM5W1P^CdXH�LBS �ISTH�LcC�W1SimyW1AKGDHISTHIP-GDLcZ\ADQ�]-J^HIP-GKFXHIdXL`LKF"drO W1P
C�W1P^LKFXM5�IADHc]-J^HBdXH�LeC�W1J5m5d3U���H�LeHIP-GKADHNdXH�L�d>F>�#P^H�LeW1P-G�myHIJ�M�O F>P��^J^HIP^C�H#=f��H�CIF�H�LKG�F>P-GDQIADH�LDL7U�P-GemyW1J5A�W1�5GDHIP5F>A
M5H�LzLKGKAKJ^CIGKJ5ADH�LBC�W1SimfU1CIGDH�LNL7U�P^LeSTW�MVF{�fHIABM5HNZrUKJ�W1PRLKF>�#P5F{�fC�U�GKF>¡�H`dXH_C�W1SimyW1AKGDHISTHIP-GzZ\ADQ�]-J^HIP-GKFXHIdr=
��PTm5A7U�GKFX]-J^H��1myW1J5A W1�5GDHIP5F>A�J5P^HzLKGKAKJ^CIGKJ5ADHzC�W1SimfU1CIGDH��#dXH�L+MVFXLKG7U�P^C�H�L+HIP-GKADHedXH�L�d>F>�#P^H�L+LDW1P-G�ZrU�F>�5dXH�L+HIG

J5P^HcdXQI���IADH`STW�MVF{�fC�U�GKFXW1PRM5H�LeC�U�A7U1CIGDQIAKFXLKGKFX]-J^H�LeZ\ADQ�]-J^HIP-GKFXHId>dXH�LBM5H�L�ADQ�LDW1PfU�GDHIJ5ADLN¬M5HISiF�ADHIm5d>FXQ_HIGeADHIm5d>FXQ
H�LKG`W1�^LDHIAK¡�Q�H#= �BP^H�C�W1AKADH�CIGKFXW1P�M5H�LcmfU�A7U�ST�IGKADH�L`��Q�W1STQIGKAKFX]-J^H�LhH�LKG`M5W1P^CP^Q�C�H�LDL7U�F>ADH�myW1J5A`W1�5GDHIP5F>AhM5H�L
C�W1SimyW1AKGDHISTHIP-GDLzZ\ADQ�]-J^HIP-GKFXHIdXLBFXM5HIP-GKFX]-J^H�L�=

S.I.R. classique

S.I.R. à demi  repl i é

S.I.R. repl i é

nporq � pV= w � �;ADW1FXLzG8 �myH�LzM5H`ADQ�LDW1PfU�GDHIJ5ADLN¬�L7U�J5GBM�O F>SimyQ�M^U�P^C�HhHIPnGDH�CDE5P^W1dXW1�#FXHhSiFXCIADW1AKJ5�fU�P

� �\'��\'�� � � *-, !��1$ � �%$&��� � '  2� ��� ��� *�  2� ,�*  �6. � � � � �
?z�^P M5H�d>F>SiF>GDHIATdXH�LimyHIAKGDH�LTHIG/M^U�P^LiJ5P LDW1J^CIFBM5HnC�W1SimfU1CIF>GDQ��+P^W1J^LTP^W1J^Lid>F>SiF>GDW1P^L·¬¢M5H�L��^d>GKADH�L

M�O W1ADMVADH�<#=-�"U`�^�#J5ADHcpV= }_STW1P-GKADHc]-J^HIdX]-J^H�L+�^d>GKADH�L�J5GKF>d>FXL7U�P-G�J5P·ADQ�LDW1PfU�GDHIJ5Az³�= ��= sh=>=%�2W1J5A�drO HIP^LDHISh�5dXHcM5H



� � ���*	���� � �%����� 	�� ����� ���%� � ��� 
 ��� ����� � � v#p

C�H�LN�^d>GKADH�L��W1P MVFXLKGKF>P5�#J^HTM5HIJV¦�G8 �myH�L`M5HiC�W1J5m5d3U���Him5ADQ�LDHIP-GDQ�LhLKJ5Acd3U/�^�#J5ADHTpV= �V="��H�L_M5HIJV¦¢C�W1J5m5d3U���H�L
LDW1P-Gc�fU1LDQ�LNLKJ5AcM5H�LNd>F>�#P^H�L`C�W1J5m5dXQ�H�L_U�¡�H�C���myW1J5ANdXHC�W1J5m5d3U���HTpV= �·U�µ���J5P^HLDW1AKGKFXH�LKJ5ANd3UT¡�W1FXHFXLDW1dXQ�HHIG�
myW1J5AedXH_C�W1J5m5d3U���HhpV= ����µ��5J5P^H`LDW1AKGKFXH_LKJ5Aed3U�¡�W1FXH_C�W1J5m5dXQ�H#=

Couplage Couplage

d’entrée de sortie

nporq � pV= } �·��¦5HISim5dXH�LBM5Hc�^d>GKADHh¬ADQ�LDW1PfU�GDHIJ5Ac³�= ��= sh=5HIPqGDH�CDE5P^W1dXW1�#FXH_SiFXCIADW1AKJ5�fU�P

a) b)

nporq � pV= � �·kNF:9�QIADHIP-GDLNC�W1J5m5d3U���H�LBM5H�L��^d>GKADH�LN¬T³�= ��= sh=5CId3U1LDLKFX]-J^H��^¬iM5HISiF;ADHIm5d>FXQ_HIGeADHIm5d>FXQ

��U�A�dXH�C�U�dXCIJ5d ��myW1J5A�W1�5GDHIP5F>A�J5PiC�W�H�
/CIFXHIP-G+M5H ADQ��fH�¦VFXW1P�P-J5d5M^U�P^L2dXH�C�U1L�M�O J5P�^d>GKADH�¬BJ5PADQ�LDW1PfU�GDHIJ5A
L7U�P^LmyHIAKGDH��2dXH�L�C�W1J5m5d3U���H�LTM�O HIP-GKADQ�HnHIG�M5H�LDW1AKGKFXH�M5W1F>¡�HIP-G �IGKADH·FXM5HIP-GKFX]-J^H�L�= ��W1SiSTH·d3Uq�^�#J5ADHnpV= }RdXH
STW1P-GKADH���M^U�P^LcdXH�C�U1L`M5H_�^d>GKADHT¬/ADQ�LDW1PfU�GDHIJ5ADL`CId3U1LDLKFX]-J^H�W1J¢ADHIm5d>FXQ��yC#O H�LKGcGDW1J �KW1J5ADLcdXH�C�U1L�=1��U�A_C�W1P-GKADH��
M^U�P^LdXH·C�U1LM5HT�^d>GKADHn¬nADQ�LDW1PfU�GDHIJ5AT¬RM5HISiF�ADHIm5d>FXQ��"dXH�L�C�W1J5m5d3U���H�LiLDW1P-G�MVF:9�QIADHIP-GDL�=��8d�H�LKG�C�HImyHIP^M^U�P-G
myW#LDLKF>�5dXH��1HIPiW1m5GKF>SiFXL7U�P-G+dXH�L�dXW1P5�#J^HIJ5ADL+M5H�L�d>F>�#P^H�L�C�W1J5m5dXQ�H�L�#M�O U�¡�W1F>A+J5PiC�W1J5m5d3U���HB¬BmyHIJ�m5AD��L�FXM5HIP-GKFX]-J^H
U�JV¦nZ\ADQ�]-J^HIP^C�H�LNM�O J5GKF>d>FXL7U�GKFXW1P;=y��P�AD�I�#dXH_��QIP^QIA7U�dXH���d3UidXW1P5�#J^HIJ5A`MVJ�C�W1J5m5d3U���HipV= �/U�µeH�LKGNM5HhdrO W1ADMVADHMVJ
M5W1J5�5dXH_M5H`d3UdXW1P5�#J^HIJ5ANMVJqC�W1J5m5d3U���HpV= ����µ�=
��PRm5d>J^LBM5H�Lzm5ADW1m5AKFXQIGDQ�LNM5H`GKA7U�P^L±Z[HIAKGBM5H_m5J5FXLDL7U�P^C�H��5dXHhC�W1J5m5d3U���HpV= ����µeH�LKGBQ�]-J5F>¡#U�dXHIP-Gc¬�J5PRLKGKJ5�

M5H_S �ISTH_dXW1P5�#J^HIJ5A`]-J^H`d3Uid>F>�#P^HM5HhC�W1J5m5d3U���H#= �8d;myHIJ5GNM5W1P^C �IGKADH_J5GKF>d>FXLDQ_myW1J5ANCIADQ�HIANJ5PR¯�QIADW/M^U�P^LBd3U
Z[W1P^CIGKFXW1PRM5HcGKA7U�P^L±Z[HIAKGBMVJn�^d>GKADH#=

� �\'��\'�� $ & ����� $&! . �%$&��� .  � ��$ � $ ,�*  "� , � * �  2$ ,�,�. �"! *
�NW1J^LcU�¡�W1P^L`CDE^W1FXLKF�M5HhADHIm5ADHIP^MVADHdXHhS �ISTHhG8 �myHM5HLKGKAKJ^CIGKJ5ADH�¬TADQ�LDW1PfU�GDHIJ5A`¬/L7U�J5GcM�O F>SimyQ�M^U�P^C�H

myW1J5A`ADQ�U�d>FXLDHIA_J5P^HTMVF>¡�FXLKFXW1P M5Him5J5FXLDL7U�P^C�H#= �2W1J5AC�HId3U ��F>d+H�LKG`P^Q�C�H�LDL7U�F>ADHTM5HiC�W1J5m5dXHIAhm5d>J^LKFXHIJ5ADL_LDW1AKGKFXH�L
LKJ5A�dXHcADQ�LDW1PfU�GDHIJ5A�=5k`U�P^L�dXH`C�U1LeM5H`M5HIJV¦�LDW1AKGKFXH�L�5C�HId3UhP^HcmyW#LDHNmfU1LeM5Hcm5ADW1�5dX�ISTH`C�W1SiSTH`dXHNSTW1P-GKADH`d3U
�^�#J5ADH_pV= »�=f³�HIJ5dXH�LzdXH�L�dXW1P5�#J^HIJ5ADLBM5H`C�W1J5m5d3U���H_M5W1F>¡�HIP-G �IGKADH`W1m5GKF>SiFXLDQ�H�LemyW1J5AzQ�]-J5F>d>F>�5ADHIAzdXH�LeC�W1J5m5d3U���H�L
HIPqHIP-GKADQ�HhHIGBHIPqLDW1AKGKFXH#=

�2W1J5AzJ5P�P^W1Sh�5ADH_M5HcLDW1AKGKFXH�L�m5d>J^LeQIdXHI¡�Q��VJ5P�m5ADW1�5dX�ISTH_LDHNmyW#LDHNmyW1J5Ae]-J^HNGDW1J5GDH�LeC�H�LeLDW1AKGKFXH�LeLDW1FXHIP-G
C�W1J5m5dXQ�H�LBM5HcZrUKJ�W1P�¬�myHIJqm5AD��LzQ�]-J5F>d>F>�5ADQ�H#=��BP^H_M5H�LzLDW1d>J5GKFXW1P^Lz��Q�W1STQIGKAKFX]-J^H�LN]-J^H`P^W1J^Lzm5ADW1myW#LDW1P^LzH�LKG
d3UhLKGKAKJ^CIGKJ5ADHcM5HBd3U`�^�#J5ADH`pV= v]-J5F�J5GKF>d>FXLDHBJ5P�M5HIJV¦VFX�ISTHNADQ�LDW1PfU�GDHIJ5AemyW1J5A�Q�]-J5F>d>F>�5ADHIA�dXHNC�W1J5m5d3U���H#=^³�HIJ5dXH
d3U�dXW1P5�#J^HIJ5A�M5HTC�W1J5m5d3U���H·M5HTd3UnLDW1AKGKFXH·pnM5W1F>G �IGKADH·U �±J^LKGDQ�HimyW1J5Ah]-J^HTdXHTC�W1J5m5d3U���H·LDW1F>GhQ�]-J5F>¡#U�dXHIP-G�¬
C�HIJV¦nM5H�LzLDW1AKGKFXH�LBLK �STQIGKFX]-J^H�LBj�HIGzw^=



v�w ��������� ����� � � ���	� ��� �������	� 	�� ���� � � �%� � � 
 ��� ����� � �

Port
d’entrée

Ports de
sortie

1

2

3

nporq � pV= »��n³-GKAKJ^CIGKJ5ADHhM�O J5PRMVF>¡�FXLDHIJ5AzM5H`m5J5FXLDL7U�P^C�HT<c¡�HIADLBjT¬ADQ�LDW1PfU�GDHIJ5Ac³�= ��= sh=

Port
d’entrée Ports de

sortie

1

2

3

4

nporq � pV= v �n³-GKAKJ^CIGKJ5ADHhM�O J5PRMVF>¡�FXLDHIJ5AzM5H`m5J5FXLDL7U�P^C�HT<c¡�HIADLBpT¬ADQ�LDW1PfU�GDHIJ5ADLc³�= ��= sh=

� �\'��\'�� 0 �q$ � $ ,�*  "� , � * �  2$ ,�,�. �"! * !���� �2. !#� ,
?z�^P¢M5H_�-U��#P^HIA`HIP�C�W1SimfU1CIF>GDQ���F>d�H�LKGBmyW#LDLKF>�5dXHhM�O J5GKF>d>FXLDHIAcM5H�LBADQ�LDW1PfU�GDHIJ5ADL`¬/M5HISiF2ADHIm5d>FXQ�LNC�W1SiSTH

dXHhSTW1P-GKADHd3Ui�^�#J5ADH�pV= �V=��+O J5GKF>d>FXL7U�GKFXW1P°M5HhGDHIdXLNADQ�LDW1PfU�GDHIJ5ADLNmyHIAKSTHIGcM�O F>P^LDQIADHIAcJ5P�¯�QIADW���]-J^H_drO W1P�myHIJ5G
m5d3U1C�HIANHIP-GKADHhdXH�LBM5HIJV¦nZ\ADQ�]-J^HIP^C�H�LBM5H`Z[W1P^CIGKFXW1P5P^HISTHIP-G`MVJ�MVF>¡�FXLDHIJ5A�=^�;HhC�W1J5m5d3U���HM5H_GKADW1FXLBLDW1AKGKFXH�LNLKJ5A
dXH�LeADQ�LDW1PfU�GDHIJ5ADLzF>SimyW#LDHIP-G�^M�O J5PqmyW1F>P-GBM5Hc¡�J^Hc��Q�W1STQIGKAKFX]-J^H��^drO J5GKF>d>FXL7U�GKFXW1PRM�O J5PRC�W1J5m5d3U���HhM5HcG8 �myH_pV= �
��µ�=

1

2

3

4

nporq � pV= � �n³-GKAKJ^CIGKJ5ADHhM�O J5PRMVF>¡�FXLDHIJ5ABM5Hcm5J5FXLDL7U�P^C�HT<c¡�HIADLNp�C�W1SimfU1CIGN¬�ADQ�LDW1PfU�GDHIJ5ADLc³�= ��= sh=

� MNL�M�� �QPSj U'TFbFc;agf;agb lmR`b a �;YVX6lmR
� �\'��3���\' �q$ � $ ,�*  "�/� * �  2$ ,�,�. �"! * ' � * � ,/�
�"URC�W1P^C�HIm5GKFXW1P M�O J5P^H·LKGKAKJ^CIGKJ5ADH·M5H/MVF>¡�FXLDHIJ5A�M5HTm5J5FXLDL7U�P^C�H�<T¡�HIADLijR¬n�fU1LDH/M5Hn³�= ��= sh="CId3U1LDLKFX]-J^H

myHIAKSTHIG�M�O F>P-GKADW�MVJ5F>ADHnM5HTZrUKJ�W1P¸LKF>Sim5dXH·d3UqM5QIS/U�ADCDE^HnM5H·C�W1P^C�HIm5GKFXW1P M5H/GDHId>dXH�L�LKGKAKJ^CIGKJ5ADH�L�=2��d>dXH/myHIJ5G
�IGKADH�M5Q�C�W1SimyW#LDQ�HiHIP°M5HIJV¦R�#A7U�P^M5LcmyW1F>P-GDL
	�d3U·C�W1P^C�HIm5GKFXW1P M�O J5P��^d>GKADHT¬�³�= ��= sh=yHIGNd3U/GKA7U�P^L±Z[W1AKS/U�GKFXW1P
HIPRMVF>¡�FXLDHIJ5AzM5H`m5J5FXLDL7U�P^C�H#=^�"Uh�^�#J5ADHpV=><�£ADHIm5ADHIP^MqdXH�Le�#A7U�P^M5H�Lzd>F>�#P^H�LBM5H`C�HIGKGDH_C�W1P^C�HIm5GKFXW1P;=



� � ���*	���� � �%����� 	�� ����� ���%� � ��� 
 ��� ����� � � v#}

1

3

2

4

f
1
/f

0
K

θ
total

s

Longueur de couplage

Longueur de couplage

nporq � pV=><�£�����G7U�myH�LzM5H`d3U�C�W1P^C�HIm5GKFXW1P�M�O J5PRMVF>¡�FXLDHIJ5ABM5Hcm5J5FXLDL7U�P^C�HT<c¡�HIADLNji¬�fU1LDH_M5Hh³�= ��= sh=

� ���"! *�� �%$&��� �� ��� ��� *
? mfU�AKGKF>A+M5H�L�STQIGKE^W�M5H�L+M5H�LK �P-GKE^��LDHeCId3U1LDLKFX]-J^H�M5H��^d>GKADH`¨ w-£�ª5mfU�A�ADQ�LDH�U�J/¬BF>P-¡�HIADLDHIJ5A M�O U1MVSiF>GKG7U�P^C�H��

F>d"H�LKGemyW#LDLKF>�5dXH`M5H_M5QIGDHIAKSiF>P^HIANMVF>ADH�CIGDHISTHIP-GNdXH�LzmfU�A7U�ST�IGKADH�LB��Q�W1STQIGKAKFX]-J^H�LBMVJn�^d>GKADH¬T³�= ��= sh=>=^k`U�P^LedXH
C�U1L�M�O J5P��^d>GKADH`¬hJ5PnLDHIJ5d�ADQ�LDW1PfU�GDHIJ5A�VF>d�H�LKG�myW#LDLKF>�5dXHNM5HBZrU�F>ADHNdXHNd>FXHIPnHIP-GKADHcdXH�L�myHIA±Z[W1AKS/U�P^C�H�LzMVJ·�^d>GKADH
HIGzLDH�LemfU�A7U�ST�IGKADH�LB��Q�W1STQIGKAKFX]-J^H�L�=

�"W1J5GiM�O U��yW1ADM �2d3UR��Q�W1STQIGKAKFXH�MVJ ³�= ��= sh=;myHIAKSTHIGiM5H/�5¦5HIAdXH�L�M5HIJV¦ Z\ADQ�]-J^HIP^C�H�L�M5H·ADQ�LDW1PfU�P^C�H�MVJ
�^d>GKADH#=1�2W1J5A`J5P^HhJ5GKF>d>FXL7U�GKFXW1P LKJ5AcM5HIJV¦¢LKG7U�P^M^U�ADM5LcM5W1P5P^Q�L��dXH�LK VLKGD�ISTHC�W1P^LKGKF>GKJ^Q�M5H�LcM5HIJV¦¢Q�]-JfU�GKFXW1P^L
pV=><NHIGepV= j_myW#LDLD��M5HBGKADW1FXL�F>P^C�W1P5P-J^H�L � � � � � � � HIG � 
 � �� � = �8df /UhM5W1P^CNJ5P�M5HI�#ADQNM5HNd>F>�yHIAKGDQN]-J5F�myHIAKSTHIG�mfU�ABH�¦5HISim5dXH��^M5HN�5¦5HIAzd3UdXW1P5�#J^HIJ5ABS/U%¦VF>S/U�dXH � ����� 	 � 
 � � ��� � � � MVJnADQ�LDW1PfU�GDHIJ5A�=��P^LKJ5F>GDH���dXH�LiC�W1J5m5d3U���H�L�+]-J5FeLDW1P-GiFXM5HIP-GKFX]-J^H�L·¬RdrO HIP-GKADQ�HqHIG/¬�d3U�LDW1AKGKFXH���myHIAKSTHIGKGDHIP-G·M5H/�5¦5HIAid3U
�fU�P^M5H`mfU1LDL7U�P-GDH`MVJqLK VLKGD�ISTH#=���d>J^LedXH�Led>F>�#P^H�LzC�W1J5m5dXQ�H�LzLDW1P-Gzm5ADW�CDE^H�LzHIGedXW1P5�#J^H�Lem5d>J^LedXH`C�W1J5m5d3U���H_H�LKG
F>SimyW1AKG7U�P-G�^U�J5�#STHIP-G7U�P-Gzd3U_d3U�AK��HIJ5AeM5HB�fU�P^M5HcMVJ·�^d>GKADH#=��+O H�LKmfU1C�HISTHIP-G¹IL%¹BHIP-GKADHNdXH�L�d>F>�#P^H�L�H�LKG�d>F>SiF>GDQ
mfU�A�d3UGDH�CDE5P^W1dXW1�#FXH_M5HNADQ�U�d>FXL7U�GKFXW1PRM5H�L�d>F>�#P^H�L�=V�"UdXW1P5�#J^HIJ5AzM5HcC�W1J5m5d3U���H_H�LKG�d>F>SiF>GDQ�HcmfU�A�d3U��Q�W1STQIGKAKFXH
MVJ��^d>GKADH#=

, � . � , 68�f�1� . �%$&��� * � ��$ � $ ,�*  "�T� * �  2$ ,�,�. �"! *
?z�^P¸M5H/GKA7U�PVZ[W1AKSTHIAdXHT�^d>GKADH·HIP¸MVF>¡�FXLDHIJ5AM5H/m5J5FXLDL7U�P^C�H��"F>d�H�LKGhP^Q�C�H�LDL7U�F>ADH·M5H/C�W1J5m5dXHIAiM5HIJV¦�LDW1A±Y

GKFXH�LnU�J§d>FXHIJ M�O J5P^H���C�W1SiSTH�dXH�STW1P-GKADH¢d3U°�^�#J5ADH pV=><�£©¬ drO QIG7U�myH°pV=��;H�LnC�W1J5m5d3U���H�LnM5H¢LDW1AKGKFXH¢LDW1P-G
U�dXW1ADLzM5Q�LDQ�]-J5F>d>F>�5ADQ�LemfU�AeA7U�m5myW1AKGB¬C�HId>J5F;M5HcdrO HIP-GKADQ�H��5d3Um5J5FXLDL7U�P^C�H`QIG7U�P-GzADQImfU�AKGKFXH`LKJ5AzM5HIJV¦·myW1AKGDL�=5�"U
LDW1d>J5GKFXW1PTC�W1P^LKFXLKGDH�M5W1P^Ce¬cU�J5�#STHIP-GDHIA C�H�L�M5HIJV¦�C�W1J5m5d3U���H�L+HIPTU�J5�#STHIP-G7U�P-G dXHIJ5A�dXW1P5�#J^HIJ5A�mfU�A�H�¦5HISim5dXH#=

, � . � , 68�f�1� . �%$&��� * � ��$ � $ ,�*  "�T� * �  2$ ,�,�. �"! * !���� �2. !#�
�2W1J5A�W1�5GDHIP5F>A2J5P^H LKGKAKJ^CIGKJ5ADH�C�W1SimfU1CIGDH���F>d�H�LKG;P^Q�C�H�LDL7U�F>ADH�M�O J5GKF>d>FXLDHIA2M5H�L"ADQ�LDW1PfU�GDHIJ5ADL�¬zM5HISiF{YrADHIm5d>FXQ�L�

C�W1SiSTH_dXH`STW1P-GKADH_d3U�^�#J5ADHpV=><#<#=^��PRH 9�HIG�5drO HIP-GKADQ�HhmyHIJ5G �IGKADH`ADQ�U�d>FXLDQ�H_mfU�AzJ5PRC�W1J5m5d3U���HhM5H`G8 �myHhpV= �
��µ�= ��U�A�C�W1P-GKADH��1myW1J5A2myW1J5¡�W1F>A�W1�5GDHIP5F>A�M5HIJV¦LDW1AKGKFXH�L�U�¡�H�C�J5P�LDHIJ5d^³�= ��= sh= �%F>dVH�LKG2P^Q�C�H�LDL7U�F>ADH�M�O J5GKF>d>FXLDHIA�M5H�L
C�W1J5m5d3U���H�L M5HeG8 �myHzpV= �_U�µ2HIP/LDW1AKGKFXH#=��;HzC�W1J5m5d3U���HzM�O HIP-GKADQ�HNU�ST�IP^HNU�dXW1ADL�J5PT¯�QIADW_M5H�GKA7U�P^LKSiFXLDLKFXW1P/]-J;O F>d
ZrU�J5G�myW#LKF>GKFXW1P5P^HIA+LKJ�
/L7U�SiSTHIP-G�dXW1F>PTM5H�L2�fU�P^M5H�L�J5GKF>dXH�L�myW1J5A�P^H�mfU1L+U�J5�#STHIP-GDHIA+dXH�L�myHIAKGDH�L�M�O F>P^LDHIAKGKFXW1P;=
�;H�LeC�W1J5m5d3U���H�LeHIPnHIP-GKADQ�H`HIGeHIP�LDW1AKGKFXHcM5W1F>¡�HIP-G��IGKADH`Q�]-J5F>d>F>�5ADQ�L�myW1J5A��-U�ADM5HIAed3UhLK �STQIGKAKFXHcQIdXH�CIGKAKFX]-J^H`MVJ
�^d>GKADH#=
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nporq � pV=><#< ��kNF>¡�FXLDHIJ5AzM5Hcm5J5FXLDL7U�P^C�HT<`¡�HIADLBj�C�W1SimfU1CIGc¬�fU1LDH`M5H³�= ��= sh=

� �\'��3���3� �q$ � $ ,�*  "�/� * �  2$ ,�,�. �"! * ' � * � , �
�;H�MVF>¡�FXLDHIJ5A�M5H·m5J5FXLDL7U�P^C�H�C�W1SimfU1CIGn</¡�HIADLTp�¬q�fU1LDH�M5Hn³�= ��= sh=�¬RM5HISiF�ADHIm5d>FXQnUnZrU�F>G�drO W1� �KHIG�M5H

m5J5�5d>FXC�U�GKFXW1P^Ln¨ p#���2p#}�ªeM^U�P^LhdXH�LD]-J^HId>dXH�LJ5P^H·M5QIS/U�ADCDE^HnC�W1Sim5dX�IGDH�M5H·C�W1P^C�HIm5GKFXW1P H�LKGm5ADW1myW#LDQ�H#=��2W1J5A
LKF>Sim5d>F{�fHIA�^dXHcADQ�LKJ5STQ_M5Hcd3UiC�W1P^C�HIm5GKFXW1P�H�LKGzM5W1P5P^Q_CIF{Y U�m5AD��L�fU�¡�H�C_drO U�FXM5H_M5Hcd3U�^�#J5ADHhpV=><�jV=

�§��G7U�myHn< 	�M5QIGDHIAKSiF>PfU�GKFXW1P¸M5Hd3U·dXW1P5�#J^HIJ5AhMVJ C�W1J5m5d3U���HiM�O HIP-GKADQ�H#="��d>dXH�myHIAKSTHIG_M5H�myW#LKF>GKFXW1P5P^HIA
J5PT¯�QIADWhM5HzGKA7U�P^LKSiFXLDLKFXW1P/M5HzG8 �myHzLKGKJ5�/HIP-GKADHBdXH�L+�fU�P^M5H�L+J5GKF>dXH�L�=V��He¯�QIADW_P^HzmyHIJ5G+mfU1L �IGKADHzm5d3U1C�Q
GKADW1mqm5AD��LzM5H`d3U�fU�P^M5H_LKF;W1PqP^Hc¡�HIJ5GzmfU1LBU�J5�#STHIP-GDHIANdXH�LemyHIAKGDH�LzM�O F>P^LDHIAKGKFXW1P

�§��G7U�myHzj 	1M5QIGDHIAKSiF>PfU�GKFXW1P·M5H�L�F>SimyQ�M^U�P^C�H�L+mfU�F>ADH � � HIG�F>SimfU�F>ADH � � M5H�d3UBd>F>�#P^HzC�W1J5m5dXQ�H#= �2W1J5A+J5P
�^d>GKADH`U1M^U�m5GDQcLKJ5A�J5P^HBF>SimyQ�M^U�P^C�H � � ��W1PnUhd3U_ADHId3U�GKFXW1P �
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� �VU�¡�H�C �TdXHNC�W�H�
/CIFXHIP-G

M5HBC�W1J5m5d3U���H#= ��d>J^L �TH�LKG�ZrU�F>�5dXHNHIG m5d>J^L dXHe�^d>GKADHNH�LKG�LDQIdXH�CIGKF{ZK=-�"U_�fU�P^M5HBmfU1LDL7U�P-GDHBLDW1J5EfU�F>GDQ�HBmyW1J5A
CDEfU1]-J^HhZ\ADQ�]-J^HIP^C�H¡#U/M5W1P^CF>SimyW#LDHIA`C�HIGKGDH¡#U�dXHIJ5AcM5H �y=�?«mfU�AKGKF>A`M5H � �fdXH�Lc¡#U�dXHIJ5ADLcM5Hhd3U�AK��HIJ5A
HIGzM�O H�LKmfU1C�HISTHIP-GcM5H�Led>F>�#P^H�LBC�W1J5m5dXQ�H�LzmyHIJ5¡�HIP-G �IGKADH_M5Q�MVJ5F>GDH�L�=

�§��G7U�myH�p 	fQ�]-J5F>¡#U�dXHIP^C�HhM5H�LNC�W1J5m5d3U���H�LcM�O HIP-GKADQ�H�HIGNM5HLDW1AKGKFXH#=y��W1SiSTHW1PRdrO UT¡�J��^dXH�LBC�W1J5m5d3U���H�L
M�O HIP-GKADQ�HhHIGBM5HhLDW1AKGKFXH`P^H_LDW1P-GzmfU1LBM5H`S �ISTH_G8 �myH_HIGzF>d;H�LKGzP^Q�C�H�LDL7U�F>ADHhM5H`STW�MVF{�fHIAzd3U�dXW1P5�#J^HIJ5A
M5H�Led>F>�#P^H�LBC�W1J5m5dXQ�H�LBHIPqLDW1AKGKFXH`myW1J5AzQ�]-J5F>d>F>�5ADHIANC�H�LzM5HIJV¦nC�W1J5m5d3U���H�L�=

�§��G7U�myHzw 	-M5QIGDHIAKSiF>PfU�GKFXW1PnM5Hed3U`dXW1P5�#J^HIJ5A�HIG�M5Hzd3U`d3U�AK��HIJ5A�M5H�L+d>F>�#P^H�L�MVJ/ADQ�LDW1PfU�GDHIJ5Az³�= ��= sh=>=V��H�L
¡#U�dXHIJ5ADL��5¦5HIP-Gzd3U�myW#LKF>GKFXW1PqM5H�LBM5HIJV¦�m5ADHISiFX�IADH�LeZ\ADQ�]-J^HIP^C�H�LBM5HcADQ�LDW1PfU�P^C�H#=

�§��G7U�myHz} 	1GKA7U�P^L±Z[W1AKS/U�GKFXW1P/HIPiMVF>¡�FXLDHIJ5A+M5H�m5J5FXLDL7U�P^C�H#=#�;H�ADQ�LDW1PfU�GDHIJ5A+H�LKG�M5Q�M5W1J5�5dXQemyW1J5A�myW1J5¡�W1F>A
C�W1J5m5dXHIANGKADW1FXLNLDW1AKGKFXH�L�=^�"UTdXW1P5�#J^HIJ5AcM5HhC�W1J5m5d3U���HM5H_d3UTLDW1AKGKFXHpiM5W1F>G �IGKADHhMVF>SiF>P-J^Q�HhmyW1J5AcU�¡�W1F>A
J5P^H_MVF>¡�FXLKFXW1PqM5H`m5J5FXLDL7U�P^C�H`Q�]-J5F>d>F>�5ADQ�H#=

k`U�P^L2GDW1J^L"dXH�L�C�U1L�%C�HIGKGDH�C�W1P^C�HIm5GKFXW1PiM5W1F>G��IGKADH�C�W1Sim5dXQIGDQ�H�M�O J5P^H�W1m5GKF>SiFXL7U�GKFXW1PTU�¡�H�C�M5H�L2dXW1�#FXCIFXHIdXL�M5H
LKF>ShJ5d3U�GKFXW1P/M5H�G8 �myHeCIF>ADCIJ5F>GB²racHIP^H�LK VL�M�O � U��#dXH ��U�ADH��-?Nk_³hM�O ?B�#F>dXHIP-G�=>=>= µ�W1JiM5H�G8 �myH�QIdXH�CIGKADW1S/U��#P^QIGKFX]-J^H
² � � p1k«M5H  HId3U�P^M¢³�W�Z\G���U�ADH��83Nt+³5³·M�O ?BP^LDW�Z\G�=>=>= µ�=
� MNL�M�� �_P>U�WNXN\ U.YVX6lmR f!h ^`R f`X �;XN\ aS^;T_f;a �D^`XN\K\ U�R`b a L �ma>TF\����DX�� �`U�R`f;a
� �\'�� � �\' � 9-��� 9����1$ * �� ��$ � $ ,�*  "�/� * �  2$ ,�,�. �"! *
�;HqMVF>¡�FXLDHIJ5ATM5Hnm5J5FXLDL7U�P^C�HnH�LKGiADQ�U�d>FXLDQqLKJ5ATLKJ5�^LKGKA7U�GTkNJ5ADW��rM M�O QImfU�FXLDLDHIJ5A � � � � � ��HIGiJ5P^H�myHIA±Y

SiF>GKGKF>¡�F>GDQTM5H ��� �V=��8d2Z[W1P^CIGKFXW1P5P^H/¬ ��� � ��� �nHIG � � � � ��� �^= �+W1FXCIF�dXH�L_QIG7U�myH�L`M5HiC�W1P^C�HIm5GKFXW1P¸U�¡�H�CidXH�L
U�m5m5d>FXC�U�GKFXW1P^LBP-J5STQIAKFX]-J^H�L 	
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nporq � pV=><�j�����G7U�myH�LzM5H`d3U�C�W1P^C�HIm5GKFXW1P�M�O J5PRMVF>¡�FXLDHIJ5ABM5Hcm5J5FXLDL7U�P^C�HT<c¡�HIADLNpi¬�fU1LDH_M5Hh³�= ��= sh=

�§��G7U�myH�< 	��;H¯�QIADW�F>P-GKADW�MVJ5F>G`mfU�A`dXH�C�W1J5m5d3U���HiM�O HIP-GKADQ�HTH�LKGN�5¦5Q��yHIP-GKADHidXH�L`M5HIJV¦RZ\ADQ�]-J^HIP^C�H�L��¬
� � � ��� � �5C�H`]-J5F"M5W1P5P^H � � � 
�� � � LDW1F>GeJ5P^H`dXW1P5�#J^HIJ5ABM5H � � � �

�§��G7U�myHNj 	-?z�^P/M�O U�¡�W1F>A�d3U`d3U�AK��HIJ5A�M5Hz�fU�P^M5HBd3U`m5d>J^L F>SimyW1AKG7U�P-GDHBmyW#LDLKF>�5dXH��-W1P/m5ADHIP^M/J5P·H�LKmfU1C�H�Y
STHIP-GzL�dXHNm5d>J^L�ZrU�F>�5dXHNmyW#LDLKF>�5dXH#=Vk`U�P^L�dXH`C�U1LeM5HNd3UhGDH�CDE5P^W1dXW1�#FXHhM5HN�#A7U�¡�J5ADHcJ5GKF>d>FXLDQ�H��VP^W1J^LzU�¡�W1P^L
�5¦5QBJ5PnH�LKmfU1C�HISTHIP-G � 
���� � � � =^��H�CIF�C�W1AKADH�LKmyW1P^MnUhJ5PnC�W�H�
/CIFXHIP-GzM5HcC�W1J5m5d3U���H	� 
���� � �5LDW1F>G
J5P^HcF>SimyQ�M^U�P^C�H_mfU�F>ADH_M5H � � 
 ��� �§HIGzJ5P^H`d3U�AK��HIJ5ABM5H`d>F>�#P^H_M5H ��� ��� � =

�§��G7U�myHqp 	�d3U¢dXW1P5�#J^HIJ5A/M5H�LTC�W1J5m5d3U���H�L/M5HnLDW1AKGKFXHnmyHIJ5G �IGKADHnC�U�dXCIJ5dXQ�H�²&¡�W1F>AR¨ p#��ª\µ�= �8dzH�LKG/U�J^LDLKF
myW#LDLKF>�5dXHBM5HBm5ADHIP^MVADHNJ5P^HN¡#U�dXHIJ5A�F>PVZ[QIAKFXHIJ5ADH`¬�� � � HIG�M5HBd3UhCDEfU�P5��HIAeM^U�P^L�dXHBm5ADW�C�H�LDLKJ^L�M�O W1m5GKF>SiF{Y
L7U�GKFXW1P��^PfU�dr=

�§��G7U�myH�w
	1myW1J5A�dXHB³�= ��= sh= ��d3UNd3U�AK��HIJ5A+M5H�L�d>F>�#P^H�L+jcHIG+pcH�LKG�C�HId>dXHeM5H�L�d>F>�#P^H�L�C�W1J5m5dXQ�H�L��LDW1F>G���� � � �
W1J � � 
 � � �`="�"UqdXW1P5�#J^HIJ5AiM5H·C�H�Lhd>F>�#P^H�L�H�LKG�HIP^LKJ5F>GDH/m5AKFXLDH�U�J�STW1F>P^L�QI�-U�dXHn¬nd3UqdXW1P5�#J^HIJ5A
M5HiC�W1J5m5d3U���HTM�O HIP-GKADQ�H��;mfU�A_H�¦5HISim5dXH � � � 
 � � � W1J ����� � � � =�sBH�LKGDHi¬/�5¦5HIA`d3U·dXW1P5�#J^HIJ5AhHIG`d3U
d3U�AK��HIJ5AcM5Hhd3UTd>F>�#P^HC�HIP-GKA7U�dXH�<hHIP�J5GKF>d>FXL7U�P-GcdXH�LNQ�]-JfU�GKFXW1P^LcMVJ ³�= ��= sh=�U�¡�H�C � �

�
�

 ��� � ��= �BP�myHIJ5G

mfU�AzH�¦5HISim5dXH`m5ADHIP^MVADH � � � 
���� � W1J � ��� � � ��HIG � � 
 � � � W1J � � 
 ��� � � � =
�§��G7U�myHh}�	5d3U�dXW1P5�#J^HIJ5ANMVJ�C�W1J5m5d3U���HhM5H`d3UiLDW1AKGKFXHhpiH�LKGBMVF>SiF>P-J^Q�HHIGBLDHIA7UiCDEfU�P5��Q�HM^U�P^LzdXH`m5ADW�Y
C�H�LDLKJ^LeM�O W1m5GKF>SiFXL7U�GKFXW1PR�^PfU�dr=

�;HiMVF>¡�FXLDHIJ5A_M5H�m5J5FXLDL7U�P^C�H��;U�m5AD��L_W1m5GKF>SiFXL7U�GKFXW1P°�^PfU�dXHTLKJ5AcdXH�dXW1�#FXCIFXHId�acHIP^H�LK VL�yH�LKG`M5W1P5P^QimfU�A`d3U
�^�#J5ADH�pV=><�pV= �2W1J5A·J5P Z[W1P^CIGKFXW1P5P^HISTHIP-Gq¬ ��� � ��� ��HIG � � � � ��� � ��dXH�L/MVF>STHIP^LKFXW1P^L·MVJ�MVF>¡�FXLDHIJ5A/M5H
m5J5FXLDL7U�P^C�H`ADQ�U�d>FXLDQ`LKJ5ABkNJ5ADW��rMqLDW1P-GBM�O HIP-¡�F>ADW1P � � � � � � � � � =
� �\'�� � �3� � * ��68�f�1� . �"! *-,
�;H�LSTH�LKJ5ADH�L�H 9�H�CIGKJ^Q�H�L�LKJ5AhdXH·MVF>¡�FXLDHIJ5A�M5H/m5J5FXLDL7U�P^C�H·M5H/d3Un�^�#J5ADH�pV=><�p�LDW1P-Gm5ADQ�LDHIP-GDQ�H�LiLKJ5Ahd3U

�^�#J5ADHhpV=><Iw^=^�;H�LemyHIA±Z[W1AKS/U�P^C�H�LBLDW1P-GzADQ�C�U�m5F>GKJ5dXQ�H�LNM^U�P^LedXH`G7U��5dXH�U�J�pV=><#=



v#v ��������� ����� � � ���	� ��� �������	� 	�� ���� � � �%� � � 
 ��� ����� � �

1

2

3

4

nporq � pV=><�p �·�;H_MVF>¡�FXLDHIJ5AzM5H`m5J5FXLDL7U�P^C�H`�5F{Yr�fU�P^M5H ��� � ��� �1Y � � � � ��� �iADQ�U�d>FXLDQ_LKJ5AzkNJ5ADW��rM

�;H�C�U�dXCIJ5d�M5H�LcmyHIAKGDH�LcH�LKGNADQ�U�d>FXLDQ�HIP¢C�W1P^LKFXM5QIA7U�P-Gh]-J^Hhd3UTm5J5FXLDL7U�P^C�HP^W1AKS/U�d>FXLDQ�HiM5HC�H�LNmyHIAKGDH�L`H�LKG
QI�-U�dXHi¬ � � � ������� 
 � � � � � � � � � � � � � � � � � ��� � � � � � � � � � � =��;HhP5F>¡�H�U�J°M5HhmyHIAKGDHHIP¢M5��H�LKG`U�dXW1ADLcQI�-U�d�¬
� � � � � � � � � �

����� � ��
	
� � � � � � ��=�"UhMVF>¡�FXLKFXW1P/M5Hzm5J5FXLDL7U�P^C�HNH�LKG+�5FXHIP·ADQ�U�d>FXLDQ�HN¬_M5HIJV¦iZ\ADQ�]-J^HIP^C�H�L ��� ��� ��� �hHIG � � � � � ��� �U�¡�H�CNM5H�L

�fU�P^M5H�L+mfU1LDL7U�P-GDH�L+ADHId3U�GKF>¡�H�L myHIJ/QIdXHI¡�Q�H�L M5HedrO W1ADMVADHzM5H � � � ��=��BP/M5Q�LDQ�]-J5F>d>F>�5ADHzM5H�L LDW1AKGKFXH�L+H�LKG W1�^LDHIAK¡�Q
J5P5FX]-J^HISTHIP-GN¬_d3UM5HIJV¦VFX�ISTHNZ\ADQ�]-J^HIP^C�H��VC�Hc]-J5F�H�LKG�M �nL7U�P^L�M5W1J5GDH_U�JV¦·C�W1SimyW1AKGDHISTHIP-GDLBMVF:9�QIADHIP-GDLzM5H�L
C�W1J5m5d3U���H�LcM5H_LDW1AKGKFXHhHIPqZ[W1P^CIGKFXW1P�M5H_d3U�Z\ADQ�]-J^HIP^C�H#=f�;H�LzmyHIAKGDH�LBADH�LKGDHIP-GzZrU�F>�5dXH�L 	5F>PVZ[QIAKFXHIJ5ADH�L`¬ � � � � ��=��HzMVF>¡�FXLDHIJ5A+M5Hem5J5FXLDL7U�P^C�HeP;O H�LKG�mfU1L�U1M^U�m5GDQzHIPTLDW1AKGKFXH��-U�¡�H�CBM5H�L+C�W�H�
/CIFXHIP-GDL�M5H�ADQ��fH�¦VFXW1P/M5HedrO W1ADMVADHzM5H
� � � ��=�kcHzm5d>J^L�#drO FXLDW1d3U�GKFXW1P�HIP-GKADHBdXH�L+myW1AKGDL�M5HzLDW1AKGKFXHzP;O H�LKG mfU1L�QIdXHI¡�Q�HNU�¡�H�CNM5H�L+¡#U�dXHIJ5ADL�M5HzdrO W1ADMVADHBM5H
� � � ��= �BP�ADHIS/U�AD]-J^H�HIPV�^P�d3UTm5ADQ�LDHIP^C�HMVJ�¯�QIADW·M5HhGKA7U�P^LKSiFXLDLKFXW1P°U�STHIP^QmfU�ANdXHC�W1J5m5d3U���H�M�O HIP-GKADQ�H¬d3UZ\ADQ�]-J^HIP^C�H � � � � ��� �^=
� MNL�M�� � XNW6U�R \K^;TQW6aS\ �,lmR`b	YVX6lmR`R;U�WNXZY[PS\5f`^ f`X �;XN\ aS^;T_f;a �D^`XN\K\ U�R`b a
	pWZY[TVU�RmY
� �\'�� $ �\' �����"!#�%$&���2� .^� $3��9���$ � $ , $&��� � * �  2$ ,�,�. �"! *
�;HeCIF>ADCIJ5F>G�U�F>P^LKF5ADQ�U�d>FXLDQeMVF>¡�FXLDH��5FXHIPid3UNm5J5FXLDL7U�P^C�H�¡�HIADL�GKADW1FXL+LDW1AKGKFXH�L�M5H�ZrUKJ�W1P/¬NmyHIJim5AD��L�Q�]-J5F>d>F>�5ADQ�H#=

��W1P-GKA7U�F>ADHISTHIP-Gh¬�d3U�m5d>J5mfU�AKGNM5H�LBMVF>¡�FXLDHIJ5ADLBM5H`m5J5FXLDL7U�P^C�HhCId3U1LDLKFX]-J^H�L�VdXH�LzmyW1AKGDLBM5H_LDW1AKGKFXH_P^H_LDW1P-GBmfU1L
U1M^U�m5GDQ�LcHIGBP^HhLDW1P-GBmfU1LBFXLDW1dXQ�LBHIP-GKADHHIJV¦�= �BPR¡�HIAKA7UTmfU�ABd3UTLKJ5F>GDHh]-J^H_myW1J5ABC�HIAKG7U�F>P^H�LcLKGKAKJ^CIGKJ5ADH�L��C�H�L
M5HIJV¦nm5ADW1m5AKFXQIGDQ�LzmyHIJ5¡�HIP-G �IGKADH`F>P-GDQIADH�LDL7U�P-GDH�L�=
k�O J5PqmyW1F>P-GBM5Hc¡�J^H`HIP^C�W1Sh�5ADHISTHIP-G�yC�H`MVF>¡�FXLDHIJ5ABM5Hcm5J5FXLDL7U�P^C�H_H�LKGB¬myHIJnm5AD��LBM�O J5P^H`dXW1P5�#J^HIJ5ABM5H��� �	�RHIGM�O J5P^HTd3U�AK��HIJ5A�M5H ��� � �°U�¡�H�C/d3UndXW1P5�#J^HIJ5A�M�O W1P^M5H/�#J5FXM5Q�H/LKJ5AhJ5P^HTd>F>�#P^H/SiFXCIADW1AKJ5�fU�P©HIGhJ5P

LKJ5�^LKGKA7U�G+kNJ5ADW��rM ���
	 � � � � � = �2W1J5A J5PTMVF>¡�FXLDHIJ5A+M5H�m5J5FXLDL7U�P^C�HeM5H�G8 �myH�´�F>d ��F>P^LDW1P��1F>d5H�LKG�P^Q�C�H�LDL7U�F>ADH
M�O J5GKF>d>FXLDHIABm5d>J^LKFXHIJ5ADLzd>F>�#P^H�LB]-JfU�AKGBM�O W1P^M5H#=^�+O HIP^C�W1Sh�5ADHISTHIP-G_M�O J5PRMVF>¡�FXLDHIJ5AN¬��fU1LDH`M5H³�= ��= sh=5H�LKGBM5W1P^C
MVJqS �ISTH_W1ADMVADH_M5Hc�#A7U�P^M5HIJ5AN]-J^H`C�HId>J5F"M�O J5PRMVF>¡�FXLDHIJ5ABM5Hcm5J5FXLDL7U�P^C�H_M5H`´�F>d ��F>P^LDW1P;=
� �\'�� $ �3� �����"!#�%$&���2� .^� $3��9 ��� ��� .5�f*
�;HNMVF>¡�FXLDHIJ5A�M5HBm5J5FXLDL7U�P^C�HBmyW#LDLD��M5HBM5HIJV¦iZ\ADQ�]-J^HIP^C�H�L�M�O J5GKF>d>FXL7U�GKFXW1P���myW#LKF>GKFXW1P5P^Q�H�L�M5HzS/U�P5FX�IADHNF>P^M5Q�Y

myHIP^M^U�P-GDHzmyHIP^M^U�P-G d3Ucm5EfU1LDHzM5HzC�W1P^C�HIm5GKFXW1P;=��"UcADQImyW1P^LDHzHIPiZ\ADQ�]-J^HIP^C�HBU�J5GDW1J5A�M5HzC�H�L��fU�P^M5H�L H�LKG C�HId>dXH
M�O J5Pn�^d>GKADHh¬�J5PRLDHIJ5d�ADQ�LDW1PfU�GDHIJ5ANM^U�P^LedXH_C�U1LzQIGKJ^MVFXQ#=8�2W1J5ABW1�5GDHIP5F>ANM5H�LeADQImyW1P^LDH�LBM�O W1ADMVADH`m5d>J^LBQIdXHI¡�Q��
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nporq � pV=><Iw ��x�H�LKJ5ADH�LeADQ�U�d>FXLDQ�H�LzLKJ5AedXH_MVF>¡�FXLDHIJ5AzM5H`m5J5FXLDL7U�P^C�H`�5F{Yr�fU�P^M5H

F>d�H�LKGeP^Q�C�H�LDL7U�F>ADH`M�O U�J5�#STHIP-GDHIAzdXHcP^W1Sh�5ADH_M5HNADQ�LDW1PfU�GDHIJ5ADL�=���H�CIF;H�LKG�myW#LDLKF>�5dXHcHIPnJ5GKF>d>FXL7U�P-Ged3U�LK �P-GKE^��LDH
M5Hc�^d>GKADH¬im5d>J^LKFXHIJ5ADLzADQ�LDW1PfU�GDHIJ5ADL`³�= ��= sh=5S/U�FXLzd3UiG7U�F>d>dXHhMVJRMVF>¡�FXLDHIJ5AcU�F>P^LKF;ADQ�U�d>FXLDQhH�LKGNU�dXW1ADLzShJ5d>GKF>m5d>FXQ�H
mfU�AzdXHcP^W1Sh�5ADHhM5HcADQ�LDW1PfU�GDHIJ5ADLNHIGedXH�LemyHIAKGDH�LzM�O F>P^LDHIAKGKFXW1P¢U�J5�#STHIP-GDHIP-G�=
�"UqLKGKAKJ^CIGKJ5ADHTm5ADW1myW#LDQ�HimyHIAKSTHIG�U�J^LDLKF M5HimyW#LKF>GKFXW1P5P^HIAhJ5P ¯�QIADWRM5HiGKA7U�P^LKSiFXLDLKFXW1P;=���HImyHIP^M^U�P-G�2C�H

¯�QIADW�H�LKG_U�STHIP^Q�mfU�AcJ5P°m5E^QIP^W1ST�IP^HiM5H�G8 �myH�LKGKJ5�;=;��W1SiSTH�F>d+U·QIGDQ¡�J¢m5ADQ�C�Q�M5HISiSTHIP-G�"C�HG8 �myH�M5H
¯�QIADWNP^H�myHIJ5G�mfU1L �IGKADH�m5d3U1C�Q�m5ADW�CDE^HeM�O J5P^H��fU�P^M5H�mfU1LDL7U�P-GDH�L7U�P^L+U�J5�#STHIP-GDHIA M5H ZrUKJ�W1PiC�W1P^LKFXM5QIA7U��5dXH�dXH�L
myHIAKGDH�L+M�O F>P^LDHIAKGKFXW1P;=��2W1J5A F>P^LDQIADHIA+J5P/W1J/M5H�L+¯�QIADW#L M5H�GKA7U�P^LKSiFXLDLKFXW1PTm5ADW�CDE^H�²\L�µ�M5H�L+�fU�P^M5H�L+J5GKF>dXH�L�#F>d^H�LKG
P^Q�C�H�LDL7U�F>ADHhM5H_ADQ�U�d>FXLDHIANM5H�LBC�W1J5m5d3U���H�LcM5H_G8 �myH`GKA7U�P^LK¡�HIADLDH���HIP-GKADHhdrO HIP-GKADQ�HHIGzdXH�LNLDW1AKGKFXH�LzmfU�ANH�¦5HISim5dXH#=
��HIGKGDH`QIGKJ^M5H`P;O UmfU1LeQIGDQcADQ�U�d>FXLDQ�HcS/U�FXLeJ5PqH�¦5HISim5dXH`M5H`LKGKAKJ^CIGKJ5ADH`M5H`MVF>¡�FXLDHIJ5AzM5Hcm5J5FXLDL7U�P^C�Hc�5F{Yr�fU�P^M5H
<c¡�HIADLNjJ5GKF>d>FXL7U�P-GBC�H`m5AKF>P^CIF>myH_H�LKGem5ADQ�LDHIP-GDQhLKJ5Aed3Uh�^�#J5ADHpV=><�}V=

1
2

3

couplage
entrée sorties

nporq � pV=><�}�����¦5HISim5dXH_M5H_MVF>¡�FXLDHIJ5AzM5H`m5J5FXLDL7U�P^C�H`�5F{Yr�fU�P^M5HhU�¡�H�ChC�W1J5m5d3U���H`GKA7U�P^LK¡�HIADLDH
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��U�A7U�ST�IGKADH�L �2HIA±Z[W1AKS/U�P^C�H�L
t5ADQ�]-J^HIP^C�HT< t5ADQ�]-J^HIP^C�Hj

t5ADQ�]-J^HIP^C�H·²ra�3B¯�µ £V= v#� <#= ��w-}
�eU�P^M5H`mfU1LDL7U�P-GDH/² �Tµ � � ��� � � ���
� � � � � � � � � � �� � � � ��²\M5�zµ � � � � � �
� � � � � 
 � � � � ��²\M5�zµ � � � �

� ����� ��²\M5�zµ � � � �
� � � � � 
 � � � � ��²\M5�zµ � ��� � � ��� �

� ��� � ��²\M5�zµ � ��� � � ��� �
�
�
� � �
� ²\M5�zµ � ��� � � � � �

� LDW1d3U�GKFXW1P¸²\M5�zµ � ��� � � ��� �
myW1AKGBp��%w/HIGBp��1j
� LDW1d3U�GKFXW1P¸²\M5�zµ � ��� � � ��� �
myW1AKGNj��%w

������ pV=>< ���2HIA±Z[W1AKS/U�P^C�HhMVJRMVF>¡�FXLDHIJ5AzM5H`m5J5FXLDL7U�P^C�H`�5F{Yr�fU�P^M5H



� � � �*��� ����� 
 ������������� 	�� ����� ���%� � ��� 
 ��� ����� � � �V<
�  �� # :����B) �&=@p+.-/1�$ 3*- �1*)B2S2S@!7*&=- ���,+S$'@!7 +
k`U�P^L�J5P^HeCDEfU%gXP^HeM�O QISiFXLDLKFXW1PTsBt���drO U�Sim5d>F{�fC�U�GDHIJ5A M5H�m5J5FXLDL7U�P^C�HeUBmyW1J5A�AD®1dXH�M5H�Z[W1J5AKP5F>A+U�JTLKF>�#PfU�d^¬

GKA7U�P^LKSTHIGKGKADH�¡�HIADL�drO J5GKF>d>FXL7U�GDHIJ5A�d3UBm5J5FXLDL7U�P^C�H P^Q�C�H�LDL7U�F>ADHe¬zJ5P^H�ADQ�C�HIm5GKFXW1PiM5H�]-JfU�d>F>GDQ#=1k`U�P^L2dXH�L�LK VLKGD�ISTH�L
U1CIGKJ^HIdXL�2C#O H�LKGhd3¬qLDW1P�J5P5FX]-J^HTZ[W1P^CIGKFXW1P;=2k`U�P^LhdrO H�LKm5AKF>GM5H·C�HIGKGDHTGKE^��LDH��"P^W1J^L�U�¡�W1P^LiU�J^LDLKF�CDE^HIADCDE^HIAT¬
J5GKF>d>FXLDHIAzdrO U�Sim5d>F{�fC�U�GDHIJ5ANM5H`m5J5FXLDL7U�P^C�H_C�W1SiSTH_QIdXQISTHIP-GNM5Hc�^d>GKA7U���H_C�W1Sim5dXQISTHIP-G7U�F>ADH#=

�2W1J5A·C�HId3U �+m5d>J^LKFXHIJ5ADL/LDW1d>J5GKFXW1P^L/M5HqLKGKAKJ^CIGKJ5ADH�LTmyHIJ5¡�HIP-G �IGKADHqJ5GKF>d>FXLDQ�H�L/M5W1P-G/J5P^Hn�fU1LDQ�HqLKJ5ATJ5P^H
U�ADCDE5F>GDH�CIGKJ5ADH_M5HNG8 �myHNGKA7U�P^LK¡�HIADLDH#=^��HIGKGDH`LKGKAKJ^CIGKJ5ADHNP^W1J^LzULDHISh�5dXQcmfU�AKGKFXCIJ5d>FX�IADHISTHIP-GcU�m5m5ADW1m5AKFXQ�HcmyW1J5A
STHIGKGKADH_HIPRQI¡�FXM5HIP^C�H`d3U�myW#LDLKF>�5F>d>F>GDQ_M�O W1�5GDHIP5F>ABJ5P�U�Sim5d>F{�fC�U�GDHIJ5Az�^d>GKA7U�P-GzZ[W1P^CIGKFXW1P5PfU�P-GcLKJ5AzM5H�Lz�fU�P^M5H�L
M5H�Z\ADQ�]-J^HIP^C�HzMVF:9�QIADHIP-GDH�L�=��"U`M5QIS/U�ADCDE^HBM5HeC�W1P^C�HIm5GKFXW1P·HIG�J5P^H�ADQ�U�d>FXL7U�GKFXW1P·M5HeLKGKAKJ^CIGKJ5ADHBU�Sim5d>F{�fC�U�GKAKFXC�H
�^d>GKA7U�P-GDHLDW1P-GBm5ADQ�LDHIP-GDQ�H�LcM^U�P^LNC�HIGKGDH_mfU�AKGKFXH#=���H`GKA7U�¡#U�F>d�U�ZrU�F>GzdrO W1� �KHIGNM�O J5P^H_m5J5�5d>FXC�U�GKFXW1P U�J�C�W1P5�#AD��L
x�� ��Y±³�HIPRj#£#£#jn¨ p#��ª"HIGzM�O J5P^H_m5J5�5d>FXC�U�GKFXW1P¢U�JV¦*5 �Nx HIP�j#£#£#p�¨ p#v�ª8=
� M�� MNL � TFXNR`b X�� a

�8d-H�LKG�myW#LDLKF>�5dXH+M5H�m5ADQ�LDHIP-GDHIA2dXH�m5ADW1�5dX�ISTH M5H+drO U�Sim5d>F{�fC�U�GKFXW1Ph�^d>GKA7U�P-GDH�LDW1J^L"MVF:9�QIADHIP-GDL;myW1F>P-GDL2M5H�¡�J^H#=
��U�AcH�¦5HISim5dXH��fdXH�LNC�W1P^LKFXM5QIA7U�GKFXW1P^L`M5H_d3UimfU�AKGKFXH·<#=><#= }V= j/LKJ5ABdXH�LNC�W1SimyW#L7U�P-GDLNShJ5d>GKFXLKG7U�P^M^U�ADM5L_U�ST�IP^HIP-G
¬�M5HIJV¦n�#A7U�P^M5H�LeZrU�SiF>d>dXH�LzM5H_LKGKAKJ^CIGKJ5ADH�L 	

��dXH�LzLKGKAKJ^CIGKJ5ADH�LzF>P-GKAKF>P^LD��]-J^HISTHIP-GNShJ5d>GKF{Y8LKG7U�P^M^U�ADM5L
��dXH�LzLKGKAKJ^CIGKJ5ADH�LzADH�C�W1PV�^�#J5A7U��5dXH�L�=

kcH·S �ISTH���M5H�LTC�W1P^LKFXM5QIA7U�GKFXW1P^LTLKJ5A�d3U¢M5QIS/U�ADCDE^HqM5HnC�W1P^C�HIm5GKFXW1P�U�ST�IP^HIP-G·¬RJ5P^HqU�J5GKADHnMVFXLKGKF>P^CIGKFXW1P
HIP-GKADH`dXH�LzLKGKAKJ^CIGKJ5ADH�L 	

�§C�HId>dXH�Lz]-J5F;LDW1P-GzFXLDLKJ^H�LzM5Hcd3U�STW�MVF{�fC�U�GKFXW1P�M�O J5P�U�Sim5d>F{�fC�U�GDHIJ5ANCId3U1LDLKFX]-J^H��
�§C�HId>dXH�Lc]-J5F�LDW1P-G`C�W1P>JIJ^H�L`MVF>ADH�CIGDHISTHIP-G`myW1J5AcADQImyW1P^MVADHi¬·M5H�LcC�W1P-GKA7U�F>P-GDH�LhM�O U�Sim5d>F{�fC�U�GKFXW1P HIG`M5H
�^d>GKA7U���H#=

P
DC

P
eRF P

sRF

Circui t
de

polarisation

Ci rcui t
d’adaptati on
d’i mpédance

Ci rcui t
d’adaptati on
d’i mpédance

nporq � pV=><�� �q³-GKAKJ^CIGKJ5ADH_CId3U1LDLKFX]-J^H_M�O U�Sim5d>F{�fC�U�GDHIJ5A

��U�ATH�¦5HISim5dXH���d3Uq�^�#J5ADHqpV=><���m5ADQ�LDHIP-GDHnd3U�LKGKAKJ^CIGKJ5ADHnM�O J5P U�Sim5d>F{�fC�U�GDHIJ5A·CId3U1LDLKFX]-J^HnU�¡�H�C�J5P QIdXQ�Y
STHIP-G·U1CIGKF{Z ��dXH�GKA7U�P^LKFXLKGDW1A� U1LDLDW�CIFXQq¬¢M5H�L/QIdXQISTHIP-GDL/M�O U1M^U�m5G7U�GKFXW1P�M�O F>SimyQ�M^U�P^C�HRHIG/M5H�myW1d3U�AKFXL7U�GKFXW1P;=
�2W1J5A·U�m5myW1AKGDHIATMVJ©�^d>GKA7U���HnM^U�P^LTC�HIGKGDHnLKGKAKJ^CIGKJ5ADH���F>deH�LKGimyW#LDLKF>�5dXH�M5H·STW�MVF{�fHIATdXH�LiCIF>ADCIJ5F>GDLTM�O U1M^U�mVY
G7U�GKFXW1P M�O F>SimyQ�M^U�P^C�HRHIGTM5HnmyW1d3U�AKFXL7U�GKFXW1P;= �BP^H�m5ADHISiFX�IADHRLDW1d>J5GKFXW1P C�W1P^LKFXLKGDHR¬�ADQ�U�d>FXLDHIA/M5H�LTQIdXQISTHIP-GDL
ADH�C�W1PV�^�#J5A7U��5dXH�L�=8�2W1J5ABC�HId3U �5F>d;H�LKGemyW#LDLKF>�5dXH`M�O J5GKF>d>FXLDHIABM5H�Le¡#U�AKFXC�U�m^LzW1JRM5H�LzC�W1SiShJ5G7U�GDHIJ5ADL�fC�W1SiSTH`dXH
STW1P-GKADHIP-G_dXH�L`H�¦5HISim5dXH�L`M5H�d3UT�^�#J5ADHTpV=><%» ��myW1J5Ac�fU1LDCIJ5dXHIA_M�O J5P^HiC�W1PV�^�#J5A7U�GKFXW1P¸¬/J5P^HiU�J5GKADH#=��;H��5J5G
H�LKG+LDW1F>G+M5H�STW�MVF{�fHIA+dXHzC�W1SimyW1AKGDHISTHIP-G+Z\ADQ�]-J^HIP-GKFXHId�M5H�L+C�W1SimyW#L7U�P-GDL C�W1P^LKGKF>GKJfU�P-G dXH�L+QIdXQISTHIP-GDL+mfU�A+J5P^H
C�W1SiS/U�P^M5H��fLDW1F>GzM5H`�fU1LDCIJ5dXHIABM�O J5PRC�W1SimyW#L7U�P-GN¬�J5PRU�J5GKADH`mfU�AzJ5P^H_C�W1SiS/U�P^M5H·²[pV=><%»�C%µ�=
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�BP^H�M5HIJV¦VFX�ISTH�LDW1d>J5GKFXW1P°C�W1P^LKFXLKGDHi¬TJ5GKF>d>FXLDHIA`M5H�LcC�W1SimyW#L7U�P-GDL_M5W1P-GcdXH�C�W1SimyW1AKGDHISTHIP-GcZ\ADQ�]-J^HIP-GKFXHId
H�LKGBS/U%gXGKAKFXLDQ#=1��U�A`H�¦5HISim5dXH��fF>d2H�LKGNmyW#LDLKF>�5dXHhM5HhADHISim5d3U1C�HIA`M5H�LBd>F>�#P^H�LcM5HhGKA7U�P^LKSiFXLDLKFXW1P�mfU�AcM5H�LBd>F>�#P^H�L
¬�L7U�J5GDLBM�O F>SimyQ�M^U�P^C�H#=^�+O U�Sim5d>F{�fC�U�GDHIJ5A`U�F>P^LKF"C�W1P>JIJRH�LKGBU�dXW1ADLzF>P-GKAKF>P^LD��]-J^HISTHIP-GNShJ5d>GKF{Y8LKG7U�P^M^U�ADM�=

a) b) c)

Ligne de transmission Interrupteur Commutateur Varicap

nporq � pV=><%»��·��¦5HISim5dXH_M5H_C�W1SimyW#L7U�P-GDLzADH�C�W1PV�^�#J5A7U��5dXH�L

k`U�P^Lhd3UnLKJ5F>GDH��;P^W1J^LU�¡�W1P^L�CDE^W1FXLKF�M5HiSTW1P-GKADHIA�d3U·ZrU�FXL7U��5F>d>F>GDQ/M5H/C�W1P^C�HIm5GKFXW1P©M�O J5P^H/LKGKAKJ^CIGKJ5ADH/HIP
m5ADHIPfU�P-GeHIP�C�W1Sim5GDHNM5H�L�C�W1P-GKA7U�F>P-GDH�LB¬`d3U`Z[W1FXL�M�O U�Sim5d>F{�fC�U�GKFXW1PnHIG�M5Hz�^d>GKA7U���H#=��"UhLKGKAKJ^CIGKJ5ADHNCDE^W1FXLKFXHcH�LKG
d3UiLKGKAKJ^CIGKJ5ADH`GKA7U�P^LK¡�HIADLDH#=
� �3���\'��\' � *-, !��1$ � �%$&��� � '  2� *q, ���1 "!#�% "� * ��� . � , � * � ,�*

�BP^HNLKGKAKJ^CIGKJ5ADHBGKA7U�P^LK¡�HIADLDHNH�LKG�C�W1P^LKGKF>GKJ^Q�H���C�W1SiSTHNdXHzSTW1P-GKADHcd3Uc�^�#J5ADH`pV=><�v ��M5Hzm5d>J^LKFXHIJ5ADLeU�Sim5d>F{�5Y
C�U�GDHIJ5ADL+HIP�mfU�A7U�d>dX�IdXH#=-� EfU1]-J^H�¡�W1FXHeM�O U�Sim5d>F{�fC�U�GKFXW1PTmyW#LDLD��M5H���HIP�m5d>J^L�M5H�drO U�Sim5d>F{�fC�U�GDHIJ5A��M5H�L�QIdXQISTHIP-GDL
M5HBmyW1P^M5QIA7U�GKFXW1PnHIP·m5EfU1LDHBHIG��QI¡�HIP-GKJ^HId>dXHISTHIP-G�^HIPnU�Sim5d>F>GKJ^M5H#= �BP�MVF>¡�FXLDHIJ5A�HIG�J5P�C�W1Sh�5F>P^HIJ5AzM5Hzm5J5FXL±Y
L7U�P^C�H`myHIAKSTHIGKGDHIP-GNM5H`LDQImfU�ADHIABHIGBM5H`C�W1Sh�5F>P^HIABdXH�Lzm5J5FXLDL7U�P^C�H�LzHIPqHIP-GKADQ�HhHIGBHIPqLDW1AKGKFXH#=

G
1

G
N

G
k

Diviseur
de

puissance

Combineur
de

puissance
Ampl i f i cateurs
él émentai res

El éments de
pondérati on

El éments de
pondérati on

nporq � pV=><�v �n³�CDE^QIS/UTM5Hcm5AKF>P^CIF>myH_M�O J5P�U�Sim5d>F{�fC�U�GDHIJ5AB�^d>GKA7U�P-GNM5HcG8 �myH`GKA7U�P^LK¡�HIADLDH

��HIGKGDH·LKGKAKJ^CIGKJ5ADH/myHIJ5G �IGKADH/¡�J^H/C�W1SiSTH/J5P©U�Sim5d>F{�fC�U�GDHIJ5AiM5HTm5J5FXLDL7U�P^C�H·MVFXLKGKAKF>�5J^Q��2]-J5F myHIAKSTHIG�
HIP-GKADHzU�J5GKADH�L�#M5H�ADQImfU�AKGKF>A�d3UBm5J5FXLDL7U�P^C�HeLKJ5A�m5d>J^LKFXHIJ5ADL+U�Sim5d>F{�fC�U�GDHIJ5ADL�=���H�CIFVmyHIJ5G �IGKADH�F>P-GDQIADH�LDL7U�P-G��M�O J5P
myW1F>P-G+M5H�¡�J^H GKE^HIAKSiFX]-J^H��1myW1J5A�ADQImfU�AKGKF>A+LKmfU�GKF3U�dXHISTHIP-G+d3UNCDEfU�dXHIJ5A+HIG�MVF>SiF>P-J^HIA�U�F>P^LKFVd3UBGDHISimyQIA7U�GKJ5ADHeM5H
drO U�Sim5d>F{�fC�U�GDHIJ5AcMVFXLKGKAKF>�5J^Q#=fkcH`m5d>J^L�VdXH�LNU�Sim5d>F{�fC�U�GDHIJ5ADLNQIdXQISTHIP-G7U�F>ADH�LcM^U�P^LBCDEfU1]-J^H`¡�W1FXHcZ[W1P^CIGKFXW1P5P^HIP-G



� � � �*��� ����� 
 ������������� 	�� ����� ���%� � ��� 
 ��� ����� � � �#p

¬ m5J5FXLDL7U�P^C�HRm5d>J^L/ZrU�F>�5dXH���C�H�]-J5FcU�J5�#STHIP-GDH¢d3U d>F>P^Q�U�AKF>GDQ¢M5HRdrO HIP^LDHISh�5dXH#=e�;HRmyW1F>P-G�M5H�C�W1Sim5ADH�LDLKFXW1P
M5HndrO U�Sim5d>F{�fC�U�GDHIJ5A·GKA7U�P^LK¡�HIADLDHqH�LKG·U�dXW1ADL·¬¢myHIJ m5AD��L/QI�-U�d �+HIP d>F>P^Q�U�F>ADH���¬¢d3U°LDW1SiSTHqM5H�LTmyW1F>P-GDL/M5H
C�W1Sim5ADH�LDLKFXW1PRM5H�LBU�Sim5d>F{�fC�U�GDHIJ5ADLNQIdXQISTHIP-G7U�F>ADH�L�=
��HIGKGDHiLKGKAKJ^CIGKJ5ADH�myHIJ5G_U�J^LDLKF �IGKADH¡�J^H�C�W1SiSTH�J5P¢�^d>GKADHGKA7U�P^LK¡�HIADLDH#="��H�G8 �myH�M5Hh�^d>GKA7U���H���C�W1SiSTH

C�HId3U�URQIGDQ·MVF>GiM^U�P^Ld3UqmfU�AKGKFXH�jV=><#= j ��U�ST�IP^H�M5H�Lh¯�QIADW#L�M^U�P^Ld3UnZ[W1P^CIGKFXW1P M5H/GKA7U�P^L±Z[HIAKG�=�k`U�P^LhdXH·C�U1L
M�O J5P·ZrU�F>�5dXHNP^W1Sh�5ADH`M5HN¡�W1FXH�L`²[pW1J�wmfU�AeH�¦5HISim5dXH%µ��5C�HB�^d>GKA7U���HNP;O H�LKG�mfU1L�LDQIdXH�CIGKF{Z�U�J5GDW1J5AeM5H�L��fU�P^M5H�L
J5GKF>dXH�L�=-?z�^P�M�O U�J5�#STHIP-GDHIA�d3U_LDQIdXH�CIGKF>¡�F>GDQ��-F>d�H�LKG myW#LDLKF>�5dXHBM�O F>P-GKADW�MVJ5F>ADHNJ5PT�^d>GKA7U���HcLKJ5m5m5dXQISTHIP-G7U�F>ADH��VLDW1F>G
U�J/P5F>¡�H�U�J·M5H�L�QIdXQISTHIP-GDL�M5HzmyW1P^M5QIA7U�GKFXW1P���LDW1F>G�U�J/P5F>¡�H�U�J�MVJ·MVF>¡�FXLDHIJ5A HIG�MVJ·C�W1Sh�5F>P^HIJ5AeM5Hzm5J5FXLDL7U�P^C�H#=
� �3���\'��3� + ���29 � $ ,�. �%$&����� . ���1$&!-$ *��\�&* � *��&.°, ���1 "!#�% "� *

�BP¶C�W1P^LKFXM5�IADH°J5P¶C�U1L���QIP^QIA7U�dhM5H°LKGKAKJ^CIGKJ5ADH°GKA7U�P^LK¡�HIADLDH��zU�¡�H�C°J5P¶MVF>¡�FXLDHIJ5A��J5P¶C�W1Sh�5F>P^HIJ5A�M5H
m5J5FXLDL7U�P^C�H¢HIGqM5H�LnQIdXQISTHIP-GDLqM5H�myW1P^M5QIA7U�GKFXW1P¶myW1J5¡#U�P-GRU�m5myW1AKGDHIAnMVJ§�^d>GKA7U���H#= �8d`H�LKGqU�J^LDLKFcmyW#LDLKF>�5dXH
M�O W1�5GDHIP5F>A�MVJT�^d>GKA7U���HBmfU�A�M5H�L+ADQ��fH�¦VFXW1P^L�HIP-GKADHBdXH�L�MVF:9�QIADHIP-GDL�QIdXQISTHIP-GDL�M5Hzd3U_LKGKAKJ^CIGKJ5ADH#=�?BF>P^LKF ��C�W1SiSTH
dXH_STW1P-GKADHd3Ui�^�#J5ADH�pV=><�� ��M5HhP^W1Sh�5ADHIJV¦�m5E^QIP^W1ST�IP^H�L`M5HhGKA7U�P^LKSiFXLDLKFXW1P¢HIGNM5HhADQ��fH�¦VFXW1P¢M5Hhm5J5FXLDL7U�P^C�H
myHIJ5¡�HIP-G�U�m5myW1AKGDHIA�MVJh�^d>GKA7U���H GKA7U�P^LK¡�HIADLDH�W1JADQ�CIJ5ADLKF{ZK=%�;H�L�QIdXQISTHIP-GDL�M5H myW1P^M5QIA7U�GKFXW1P�HIG2drO U�Sim5d>F{�fC�U�GDHIJ5A
QIdXQISTHIP-G7U�F>ADH�M5HCDEfU1]-J^Hh¡�W1FXHLDW1P-GNADHI�#ADW1J5myQ�LcHIPRJ5P¢LDHIJ5d2QIdXQISTHIP-G_U�Sim5d>F{�fC�U�GDHIJ5A�= �BP�LKJ5m5myW#LDH_mfU�ANd3U
LKJ5F>GDH/]-J^HidXH�LU�Sim5d>F{�fC�U�GDHIJ5ADL�QIdXQISTHIP-G7U�F>ADH�LiLDW1P-GhJ5P5F>d3U�GDQIA7U�JV¦¸HIGh]-J^H��;mfU�AC�W1P^LDQ�]-J^HIP-G�"dXH�LhQIdXQISTHIP-GDL
U�Sim5d>F{�fC�U�GDHIJ5ADLNLDW1P-GzJ5P5F>d3U�GDQIA7U�JV¦�=

Coeff. de transmission du diviseur et combineur de puissance

Coeff. de réflexion

Coeff. de transmission des amplificateurs et des pondérations

nporq � pV=><�� � ��E^QIP^W1ST�IP^H�L�M5HeADQ��fH�¦VFXW1P/HIG M5H�GKA7U�P^LKSiFXLDLKFXW1P/M5Hem5J5FXLDL7U�P^C�HeM^U�P^L+d3UcLKGKAKJ^CIGKJ5ADHzGKA7U�P^LK¡�HIADLDH

k`U�P^LNdXH�LN�fU�P^M5H�LcM5HhZ\ADQ�]-J^HIP^C�HhJ5GKF>dXH�L��myW1J5AcW1�5GDHIP5F>AcJ5P^Hhm5J5FXLDL7U�P^C�HS/U%¦VF>S/U�dXH��yM5HIJV¦�C�W1P^MVF>GKFXW1P^L
LDW1P-GzP^Q�C�H�LDL7U�F>ADH�L 	

��dXH�LzM5QIm5EfU1L7U���H�LBU�m5myW1AKGDQ�LBM^U�P^LzCDEfU1]-J^H`¡�W1FXH_M5W1F>¡�HIP-G �IGKADHcGDHIdXLz]-J^HcdXH�LzLKF>�#PfU�JV¦nLDHcADH�C�W1Sh�5F>P^HIP-G
M5HNZrUKJ�W1PRC�W1E^QIADHIP-GDH¬d3UiLDW1AKGKFXH��

��F>d�P^H_M5W1F>GemfU1Lz �U�¡�W1F>ANM5H`m5E^QIP^W1ST�IP^H�LBM5H`ADQ��fH�¦VFXW1P;=
�2W1J5AzC�U�dXCIJ5dXHIAzd3UhADQImyW1P^LDHBZ\ADQ�]-J^HIP-GKFXHId>dXH`M�O J5P^HcGDHId>dXH`LKGKAKJ^CIGKJ5ADH��VP^W1J^L�m5ADW1myW#LDW1P^L�J5P^HNSTW�M5QId>FXL7U�GKFXW1P

S/U�GKAKFXCIFXHId>dXH���LDQImfU�A7U�P-GNdXH�LBMVF:9�QIADHIP-GDLBm5E^QIP^W1ST�IP^H�L`U�m5myW1AKG7U�P-GcMVJn�^d>GKA7U���H#=���PqJ5GKF>d>FXL7U�P-GNdXH`Z[W1AKS/U�d>FXLKSTH



��w ��������� ����� � � ���	� ��� �������	� 	�� ���� � � �%� � � 
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M5H�L�W1P^M5H�L P^W1AKS/U�d>FXLDQ�H�L F>P^CIFXM5HIP-GDH�L�HIG ADQ��fQ�CDE5FXH�L�-dXHBC�W�H�
/CIFXHIP-G�M5HzGKA7U�P^LKSiFXLDLKFXW1P·M5Hzd3U_LKGKAKJ^CIGKJ5ADHzGKA7U�P^L±Y
¡�HIADLDH`myHIJ5G��IGKADH_C�U�dXCIJ5dXQ_HIGBH�LKGzM5W1P5P^Q�H`mfU�Azd3UADHId3U�GKFXW1P©²[pV= p�µ�=

� � � 
 � ������ � � � � �
�


 � ������ � � 	
�

� � ����� � � 	
�

� � � �
�

²[pV= p�µ
��U�Azd3U�LKJ5F>GDH��5W1Pqm5ADHIP^MVA7U�myW1J5AedXH�L�mfU�A7U�ST�IGKADH�Lc³/dXH�LeF>P^MVFXC�H�LzCcmyW1J5AzC�W1Sh�5F>P^HIJ5A�fM�myW1J5AzMVF>¡�FXLDHIJ5A

HIG �/myW1J5AzdXH�LzQIdXQISTHIP-GDLcU�Sim5d>F{�fC�U�GDHIJ5ADLNM5Hcd3U�¡�W1FXH �y=
�BP°¡�W1F>G_]-J^Hd3U/S/U�GKAKFXC�HTx LDH�M5Q�C�W1SimyW#LDHiHIP¢GKADW1FXL`S/U�GKAKFXC�H�L � 	

�
� � � 	

�
� HIG � ����� � = �+W1FXCIF�d3U·M5H�L±YCIAKF>m5GKFXW1P�M5H`C�H�LeS/U�GKAKFXC�H�L 	

� 	
�

� ��HIGKGDH`S/U�GKAKFXC�HhC�W1AKADH�LKmyW1P^MRU�JV¦�ADQ��fH�¦VFXW1P^LBHIGeGKA7U�P^LKSiFXLDLKFXW1P^LBC�®1GDQ_MVF>¡�FXLDHIJ5A�=
� 	

�
� ��HIGKGDH`S/U�GKAKFXC�HhC�W1AKADH�LKmyW1P^MRU�JV¦�ADQ��fH�¦VFXW1P^LBHIGeGKA7U�P^LKSiFXLDLKFXW1P^LBC�®1GDQ_C�W1Sh�5F>P^HIJ5A�=

� ����� � ��HIGKGDHzS/U�GKAKFXC�HNC�W1AKADH�LKmyW1P^M·U�JV¦TGKA7U�P^LKSiFXLDLKFXW1P^L�M5H�L�QIdXQISTHIP-GDLeU�Sim5d>F{�fC�U�GDHIJ5ADL`² � � � M5HzCDEfU1]-J^HQIdXQISTHIP-GcU�Sim5d>F{�fC�U�GDHIJ5A�µ�=
�;H¢G7U��5dXH�U�J�pV= j�ADHIm5ADHIP^M d3U¸M5H�LDCIAKF>m5GKFXW1P�M5H�drO HIP^LDHISh�5dXH M5H�LnS/U�GKAKFXC�H�LqM5W1P5PfU�P-Gqd3U Z[W1P^CIGKFXW1P¶M5H

GKA7U�P^L±Z[HIAKGBM5HcS/U�P5FX�IADH_m5d>J^Le¡�FXLKJ^HId>dXH_HIGedXH�LzH�¦Vm5ADH�LDLKFXW1P^LemyW1J5AzJ5P^H_LKGKAKJ^CIGKJ5ADH`GKA7U�P^LK¡�HIADLDHh¬ip�5A7U�P^CDE^H�L�=

�2W1J5ABF>d>d>J^LKGKADHIA�5m5ADHIP^W1P^LzJ5PRC�U1LemfU�AKGKFXCIJ5d>FXHIANM�O J5P^H_LKGKAKJ^CIGKJ5ADH_M�O W1ADMVADHpiU�¡�H�C
��dXH�LzQIdXQISTHIP-GDLcU�Sim5d>F{�fC�U�GDHIJ5ADLcj�HIGNpiU1M^U�m5GDQ�LBHIPqHIP-GKADQ�HhHIGBLDW1AKGKFXH
	 � � � � 
 � �� � 
 � � � � 
 � �� � 
����
��drO QIdXQISTHIP-GcU�Sim5d>F{�fC�U�GDHIJ5A�<_U1M^U�m5GDQ_HIPRHIP-GKADQ�H`S/U�FXLzmfU1LzHIPRLDW1AKGKFXH
	 � �� � 
����
��d3U�MVF>¡�FXLKFXW1PRM5Hcm5J5FXLDL7U�P^C�H_Q�]-J5F>d>F>�5ADQ�H 	 � �� � 
 � �� � 
 � �� � 
 � � �
��d3U�C�W1Sh�5F>PfU�FXLDW1P¢M5Hcm5J5FXLDL7U�P^C�H_Q�]-J5F>d>F>�5ADQ�H 	 � �� � 
 � �� � 
 � �� � 
 � � =

k`U�P^LzC�H_C�U1L�VdXH�LeS/U�GKAKFXC�H�LBL�O Q�CIAKF>¡�HIP-G 	

� � �
�
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�

��
²[pV= w�µ

� � 

�� � � �
� � �
� � �

��
²[pV= }�µ

� � 

�� � � � �� � � � � � � � �� � � � � � � � �� � � � � �

� � �
� � �

��
²[pV= ��µ

� ����� � 
 � � �� ��
�

��
²[pV= »#µ

��P�J5GKF>d>FXL7U�P-G�drO Q�]-JfU�GKFXW1PR²[pV= p�µ��1W1PGKADW1J5¡�H�dXH�C�W�H�
/CIFXHIP-G+M5H GKA7U�P^LKSiFXLDLKFXW1PiM5H�d3UBLKGKAKJ^CIGKJ5ADH�GKA7U�P^LK¡�HIADLDH
mfU�AKGKFXCIJ5d>FX�IADH 	

� � � 
 � � � � � � �� � � � � � �� � � � � � � � �� � � � � � �� � � �� � � � � � � � �� � � � �� � � ²[pV= v�µ
�BP/ADHIGKADW1J5¡�Hz�5FXHIP/J5P^HzLDW1SiS/U�GKFXW1P�M5HeGKADW1FXL+GDHIAKSTH�L GKA7U�P^LK¡�HIADLDH�L C�W1AKADH�LKmyW1P^M^U�P-GeU�JV¦iGKADW1FXL+¡�W1FXH�L�M�O U�S�Y
m5d>F{�fC�U�GKFXW1P;=�x¢U�FXL�fLKJ5ABdXHhm5ADHISiFXHIAcGDHIAKSTH��yM5H�LBm5E^QIP^W1ST�IP^H�L`M5H_�^d>GKA7U���HGKA7U�P^LK¡�HIADLDHHIGNADQ�CIJ5ADLKF{Z mfU1LDLKF{Z[L
LDW1P-G_U�m5mfU�AKJ^L�=y?�C�HIAKG7U�F>P^H�LcZ\ADQ�]-J^HIP^C�H�L�fdXH�LcADQ��fH�¦VFXW1P^LcLKJ5AcdXH�LcQIdXQISTHIP-GDL_HIGNdrO FXLDW1d3U�GKFXW1P MVJ¢C�W1Sh�5F>P^HIJ5A
M5H`m5J5FXLDL7U�P^C�HcmyHIJ5¡�HIP-GcU�F>P^LKF"U�STHIP^HIANMVJ��^d>GKA7U���HhLKJ5m5m5dXQISTHIP-G7U�F>ADH#=
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������ pV= j �·kcH�LDCIAKF>m5GKFXW1PRM5H�LzS/U�GKAKFXC�H�LBC�W1P^LKGKF>GKJfU�P-GBd3UADQImyW1P^LDH_M5Hcd3UiLKGKAKJ^CIGKJ5ADH`GKA7U�P^LK¡�HIADLDH_M�O W1ADMVADHhp



�#� ��������� ����� � � ���	� ��� �������	� 	�� ���� � � �%� � � 
 ��� ����� � �

� �3���\'�� � ) �%$ � $ ,�. �%$&��� �� ��$ � $ ,�*  "�/� * �  2$ ,�,�. �"! *q��� ��� . ���
�NW1J^LeU�¡�W1P^Le¡�J�]-J^H��VM^U�P^L�dXHcC�U1L�M�O J5P^H`LKGKAKJ^CIGKJ5ADHNGKA7U�P^LK¡�HIADLDH`U�¡�H�CcmyHIJ�M5HN¡�W1FXH�L��F>d�H�LKG�P^Q�C�H�LDL7U�F>ADH

M�O U�m5myW1AKGDHIA`MVJq�^d>GKA7U���H�LDQIdXH�CIGKF{Z M^U�P^LNdXH�LNQIdXQISTHIP-GDL�= �BP^HhLDW1d>J5GKFXW1P¢C�W1P^LKFXLKGDH�¬iSTHIGKGKADHC�H_�^d>GKA7U���HM^U�P^L
dXH�LNQIdXQISTHIP-GDL`M5HhmyW1P^M5QIA7U�GKFXW1P���C�H]-J5F"ADHI¡�FXHIP-G_¬iSTHIGKGKADH�U�J5G7U�P-G`M�O QIdXQISTHIP-GDL`M5H_�^d>GKA7U���H]-J^HM5H_¡�W1FXH�L�=
�BP^H�U�J5GKADH�LDW1d>J5GKFXW1P C�W1P^LKFXLKGDH�¬¢U�m5myW1AKGDHIAiMVJ��^d>GKA7U���H�LDQIdXH�CIGKF{ZNM^U�P^L�dXH·MVF>¡�FXLDHIJ5A�HIG�dXH·C�W1Sh�5F>P^HIJ5ATM5H
m5J5FXLDL7U�P^C�H#=+kcHnm5d>J^L��W1P�U�¡�J ]-J^H�myW1J5A/W1�5GDHIP5F>A/MVJ �^d>GKA7U���HqLKJ5m5m5dXQISTHIP-G7U�F>ADH�� dXH�LiFXLDW1d3U�GKFXW1P^L/HIGTdXH�L
C�W�H�
/CIFXHIP-GDLNM5H`ADQ��fH�¦VFXW1P�HIPRLDW1AKGKFXH_MVJRMVF>¡�FXLDHIJ5AzP^H_M5HI¡#U�FXHIP-GNmfU�A �IGKADH`P-J5dXL�=f�;H_MVF>¡�FXLDHIJ5ABM5H`m5J5FXLDL7U�P^C�H
QIGKJ^MVFXQM^U�P^LBd3UTmfU�AKGKFXH�pV=><hLDHISh�5dXH�U�dXW1ADLNGDW1J5Gc¬�ZrU�F>GNC�W1P-¡�HIP5F>A`M^U�P^LcC�H_G8 �myHhM�O U�m5m5d>FXC�U�GKFXW1P 	^F>d�U�ST�IP^H
M5Hhd3U·LDQIdXH�CIGKF>¡�F>GDQ�U�JV¦qZ\ADQ�]-J^HIP^C�H�LcM�O J5GKF>d>FXL7U�GKFXW1P���M�O QI¡�HIP-GKJ^HIdXL`¯�QIADW#LcM5HhGKA7U�P^LKSiFXLDLKFXW1P°HIP-GKADHdXH�LN�fU�P^M5H�L
HIGBLDH�L�myW1AKGDLzM5H_LDW1AKGKFXHcP^H_LDW1P-GzP5F�FXLDW1dXQ�LeP5F2U1M^U�m5GDQ�L�=

�2W1J5ABADQ�LKJ5STHIA�^M^U�P^Lzd3U�LKGKAKJ^CIGKJ5ADH`GKA7U�P^LK¡�HIADLDH��5dXH�L��^d>GKA7U���H�LBLDW1P-GNU�m5myW1AKGDQ�LzmfU�A
��d3UGKA7U�P^LK¡�HIADL7U�d>F>GDQh]-J5F"U�m5myW1AKGDH`J5Pn�^d>GKA7U���H`GKA7U�P^LK¡�HIADLDH��
��dXH�LeADQ��fH�¦VFXW1P^LB]-J5F"U�m5myW1AKGDHIP-GNM5H�L��^d>GKA7U���H�LzGKA7U�P^LK¡�HIADLDH�LBHIGeADQ�CIJ5ADLKF{Z[L�
��dXH`MVF>¡�FXLDHIJ5ABHIGedXH_C�W1Sh�5F>P^HIJ5AN]-J5F�myHIJ5¡�HIP-GcU�m5myW1AKGDHIABM5H�L��^d>GKA7U���H�LzADQ�CIJ5ADLKF{Z[LzHIGzGKA7U�P^LK¡�HIADLDH�L�
��dXH�LzQIdXQISTHIP-GDLNM5HcmyW1P^M5QIA7U�GKFXW1P�]-J5F�myHIJ5¡�HIP-GcU�m5myW1AKGDHIABM5H�L��^d>GKA7U���H�LzADQ�CIJ5ADLKF{Z[LzHIGzGKA7U�P^LK¡�HIADLDH�L�=
?BF>P^LKF ��J5P^H LKGKAKJ^CIGKJ5ADH+GKA7U�P^LK¡�HIADLDH�U�Sim5d>F{�fC�U�GKAKFXC�H myHIJ5G"HIP_GKE^Q�W1AKFXH�U�m5myW1AKGDHIA"J5P^H�Z[W1P^CIGKFXW1PM5H��^d>GKA7U���H#=

³-J5F>¡#U�P-GzdXHcG8 �myHcM5H`LKGKAKJ^CIGKJ5ADH��5F>d�H�LKGemyW#LDLKF>�5dXHcM5Hcm5AKF>¡�F>dXQI�#FXHIAem5d>J^LzW1JnSTW1F>P^LedXH�LeMVF:9�QIADHIP-GDL��^d>GKA7U���H�L�= �8d
C�W1P-¡�FXHIP-GNHIP^LKJ5F>GDH_M�O W1m5GKF>SiFXLDHIABdrO HIP^LDHISh�5dXH_myW1J5AzW1�5GDHIP5F>AzdXH`�-U��fU�AKF>GBLDW1J5EfU�F>GDQ#=
� M�� M�� 	 lmR`b a �;YVX6lmR%f!h ^`R�U�j �DWNX 	pb U.Y[aS^;T 	pWZY[TVU�RmY

�NW1J^LeU�¡�W1P^L�¡�J�]-J^H���HIP�GKE^Q�W1AKFXH��VM5HBShJ5d>GKF>m5dXH�Lem5E^QIP^W1ST�IP^H�L�myW1J5¡#U�FXHIP-GBU�m5myW1AKGDHIAeMVJ/�^d>GKA7U���HcM^U�P^L
J5P^H�LKGKAKJ^CIGKJ5ADH�GKA7U�P^LK¡�HIADLDH�HIG`]-J;O F>d�H�LKG`U�dXW1ADLcP^Q�C�H�LDL7U�F>ADH�M5HmyW1J5¡�W1F>A`C�W1P-GKAD®1dXHIAhC�H�LNm5E^QIP^W1ST�IP^H�L`myW1J5A
W1�5GDHIP5F>A�d3U_Z[W1P^CIGKFXW1P�M5HB�^d>GKA7U���HcM5Q�LKF>ADQ�H#=^³-J5F>GDH`¬hC�H�L�C�W1P^LKG7U�G7U�GKFXW1P^L��P^W1J^LeU�¡�W1P^LeM5Q�CIFXM5QcM5HNSTW1P-GKADHIA�d3U
ZrU�FXL7U��5F>d>F>GDQcM5HNC�W1P^C�HIm5GKFXW1PqM�O J5PnU�Sim5d>F{�fC�U�GDHIJ5ABM5HBG8 �myHBGKA7U�P^LK¡�HIADLDHNADQImyW1P^M^U�P-Gz¬hC�HIAKG7U�F>P^H�LeC�W1P-GKA7U�F>P-GDH�L
M5Hc�^d>GKA7U���H_HIG�^HIPnmfU�AKGKFXCIJ5d>FXHIANM5Hc�^d>GKA7U���H`ADH�C�W1PV�^�#J5A7U��5dXH#=
� �3���3���\' � *-, !��1$ � �%$&��� � *��('>. ��!102$3� * !#�% "� *
�"UqLKGKAKJ^CIGKJ5ADH/GKA7U�P^LK¡�HIADLDH/QIGKJ^MVFXQ�H/H�LKGhC�HId>dXH/M5HTd3U��^�#J5ADH·pV= j#£V="��d>dXHTmyW#LDLD��M5HiGKADW1FXLh¡�W1FXH�L�=;��d>dXH·H�LKG

C�W1P^LKGKF>GKJ^Q�HM�O J5P¢MVF>¡�FXLDHIJ5ANHIGNM�O J5P�C�W1Sh�5F>P^HIJ5A`M5Hhm5J5FXLDL7U�P^C�H`�^d>GKA7U�P-GDLcQ�]-J5F>d>F>�5ADQ�L��M�O QIdXQISTHIP-GDLcM5H_myW1PVY
M5QIA7U�GKFXW1P�M5HzG8 �myHzM5QIm5EfU1LDHIJ5ADLc²\M�O U�Sim5d>F>GKJ^M5HcQI�-U�dXHN¬T<%µ�HIG�M�O U�Sim5d>F{�fC�U�GDHIJ5ADLeQIdXQISTHIP-G7U�F>ADH�L�J5P5F>d3U�GDQIA7U�JV¦
M5H`�-U�F>P¢a�² � � 	�� � � �� � � 
 � µ��5U1M^U�m5GDQ�LBHIPRHIP-GKADQ�HhHIGzHIPRLDW1AKGKFXH`HIGzFXM5HIP-GKFX]-J^H�LzmyW1J5AzdXH�LeGKADW1FXLe¡�W1FXH�L�=
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nporq � pV= j#£ �·kcH�LDCIAKF>m5GKFXW1P�M�O J5P^H_LKGKAKJ^CIGKJ5ADH`GKA7U�P^LK¡�HIADLDHh¬ip�¡�W1FXH�L
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k`U�P^LzC�HIGKGDH_C�W1PV�^�#J5A7U�GKFXW1P��fd3U�M5H�LDCIAKF>m5GKFXW1PRS/U�GKAKFXCIFXHId>dXHhM5HI¡�FXHIP-G 	
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�� � � �
� � �
� � �
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²[pV=><�j�µ
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 � � �� ��
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��
²[pV=><�p�µ

�"U�ADQImyW1P^LDHNZ\ADQ�]-J^HIP-GKFXHId>dXHhM5H`d3U�LKGKAKJ^CIGKJ5ADH_HIPqGKA7U�P^LKSiFXLDLKFXW1PRH�LKGBU�dXW1ADL 	
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 � � � � � ²[pV=><Iw�µ

�;H�L_�^d>GKA7U���H�L�LDW1P-G�U�m5myW1AKGDQ�LmfU�AhdXH/MVF>¡�FXLDHIJ5A�² � � µ`HIGhdXH/C�W1Sh�5F>P^HIJ5AiM5HTm5J5FXLDL7U�P^C�H¢² � � µ_U�F>P^LKF�]-J^H
mfU�AzdrO H 9�HIGBGKA7U�P^LK¡�HIADLDH`d>FXQU�JV¦qC�W1SimyW1AKGDHISTHIP-GDLzZ\ADQ�]-J^HIP-GKFXHIdXLNM5H�LBM5QIm5EfU1L7U���H�L � � =^�;H`S/U%¦VF>ShJ5S M5H_C�H
�^d>GKA7U���H_H�LKGzW1�5GDHIP-JRdXW1ADLD]-J^H`dXH�LzM5QIm5EfU1L7U���H�LzF>P-GKADW�MVJ5F>GDLzmfU�AzdXH�LeGKADW1FXLzM5QIm5EfU1LDHIJ5ADLBLDW1P-GBQI�-U�JV¦nSTW�MVJ5dXW
�	��= �2W1J5A2W1�5GDHIP5F>A"J5P_¯�QIADWBM5H�GKA7U�P^LKSiFXLDLKFXW1P_mfU�A"H 9�HIG;GKA7U�P^LK¡�HIADLDH ¬�d3U�Z\ADQ�]-J^HIP^C�H � � ��dXH�L;GKADW1FXL;M5QIm5EfU1L7U���H�L
M5W1F>¡�HIP-G �IGKADH Q�]-J5F{YrADQImfU�AKGKFXL�LKJ5A �	� 	 � � � � � � � � � � � � � 
 �	� � � � � � �/HIG � � � � � � � � � � � � � 
 �	� � � � � � ��=
k`U�P^LBJ5P�C�U1LNLKF>Sim5dXHM5H_¡#U�AKF3U�GKFXW1P^LcM5H_m5EfU1LDH_d>F>P^Q�U�F>ADH�LcHIPqZ[W1P^CIGKFXW1P¢M5Hhd3U�Z\ADQ�]-J^HIP^C�H·²\M5QIm5EfU1LDHIJ5ADL

M5HTG8 �myH/d>F>�#P^H·M5HTGKA7U�P^LKSiFXLDLKFXW1P�µ_HIG�M5H/MVF>¡�FXLDHIJ5A ��C�W1Sh�5F>P^HIJ5ATM5H/m5J5FXLDL7U�P^C�H/Q�]-J5F>m5EfU1LDH�L�"d3UqLKGKAKJ^CIGKJ5ADH
GKA7U�P^LK¡�HIADLDH_d3UTm5d>J^LBJ5GKF>d>FXLDQ�HhC�W1P^LKFXLKGDH¬im5ADHIP^MVADHGKADW1FXLNM5QIm5EfU1L7U���H�LBShJ5d>GKF>m5dXH�L`M5H��	�¸¬id3UiZ\ADQ�]-J^HIP^C�HhM5H
Z[W1P^CIGKFXW1P5P^HISTHIP-G 	 � � � ��� � 
 � � � �	� � � � � ��� � 
 � � HIG � � � ��� � 
 � ��� � ��=�kcHBC�HIGKGDHzS/U�P5FX�IADH��-dXH��^d>GKA7U���H
GKA7U�P^LK¡�HIADLDHzU�m5myW1AKGDHeJ5PiS/U%¦VF>ShJ5S ¬NGDW1J^L�dXH�L�ShJ5d>GKF>m5dXH�L M5H ��� HIG+M5H�L�¯�QIADW#L ¬ � � � � � � � ��� HIG � � � ��� � � ���
U�¡�H�C � � ����� � � ��� � � � 
 �yLDW1F>G���� ��� ��� � ��� � � ��� � � � ��� ��� � � � � � ��� �>=>=>=
� �3���3���3� � * !���� ���  "� . "�$ � $3��9

�2W1J5A�J5P/Z[W1P^CIGKFXW1P5P^HISTHIP-G�ShJ5d>GKF{Y8LKG7U�P^M^U�ADM �Vd3UhLKGKAKJ^CIGKJ5ADHNM5W1F>G�m5ADQ�LDHIP-GDHIAeM5H�L�S/U%¦VF>S/U¬_MVF:9�QIADHIP-GDH�L
Z\ADQ�]-J^HIP^C�H�LcM5QIGDHIAKSiF>P^Q�H�LcmfU�ANdXHC�W1P^C�HIm5GDHIJ5A�=yk`U�P^LNdXHC�U1LNM5HM5QIm5EfU1LDHIJ5ADLNd>F>P^Q�U�F>ADH�L`HIPRZ[W1P^CIGKFXW1P¢M5Hhd3U
Z\ADQ�]-J^HIP^C�H��1C�H�CIF5P;O H�LKG�mfU1L�myW#LDLKF>�5dXH�M5H�S/U�P5FX�IADHeLKF>ShJ5d>G7U�P^Q�H#=�kcHIJV¦�LDW1d>J5GKFXW1P^L�LDW1P-G U�dXW1ADL�HIP-¡�FXL7U���H�U��5dXH�L�	

��J5P^HhLKGKAKJ^CIGKJ5ADH�U�¡�H�CM5H�LBM5QIm5EfU1LDHIJ5ADLcC�W1Sim5dXH�¦5H�LBmyHIAKSTHIGKG7U�P-G`M�O W1�5GDHIP5F>AcM5H�LBS/U%¦VF>S/U·¬TM5H�LeZ\ADQ�Y
]-J^HIP^C�H�LeP^W1PqShJ5d>GKF>m5dXH�L�

��J5P^H`LKGKAKJ^CIGKJ5ADHU�¡�H�C_M5H�LzM5QIm5EfU1LDHIJ5ADLzADH�C�W1PV�^�#J5A7U��5dXH�L�=
k`U�P^L+C�HeM5HIAKP5FXHIA C�U1L�1dXH�L+M5QIm5EfU1LDHIJ5ADL+myHIJ5¡�HIP-G+mfU�A+H�¦5HISim5dXH��IGKADHeC�W1P^LKGKF>GKJ^Q�L M5H�m5d>J^LKFXHIJ5ADL+d>F>�#P^H�L+M5H

GKA7U�P^LKSiFXLDLKFXW1P¢HIGcM5HhC�W1SiShJ5G7U�GDHIJ5ADL43Nt C�W1SiSTHdXHhSTW1P-GKADHd3U��^�#J5ADHipV= jV<#=�� EfU1]-J^Hhd>F>�#P^H�C�W1AKADH�LKmyW1P^M
¬J5P^H_C�W1PV�^�#J5A7U�GKFXW1P�M5Hc�^d>GKA7U���H��fU�¡�H�C_J5PnS/U%¦VF>ShJ5S ¬�J5P^HNZ\ADQ�]-J^HIP^C�H_MVF:9�QIADHIP-GDH#=



�#v ��������� ����� � � ���	� ��� �������	� 	�� ���� � � �%� � � 
 ��� ����� � �

Configuration 1 Configuration 2 Configuration 3

nporq � pV= jV< �·��¦5HISim5dXHhM5H`M5QIm5EfU1LDHIJ5AzADH�C�W1PV�^�#J5A7U��5dXH�p�QIG7U�GDLN¬d>F>�#P^H�LBM5HcGKA7U�P^LKSiFXLDLKFXW1P

� M�� M�� �_P>U�WNXN\ U.YVX6lmR f!h ^`R�U�j �DWNX 	pb U.Y[aS^;T 	pWZY[TVU�RmY
�NW1J^L_U�¡�W1P^L_CDE^W1FXLKF+M5H�STW1P-GKADHIA`d3U/ZrU�FXL7U��5F>d>F>GDQiM5H�C�W1P^C�HI¡�W1F>A_J5P U�Sim5d>F{�fC�U�GDHIJ5AhHIP°GDHIPfU�P-G_C�W1Sim5GDH

M5HBC�W1P-GKA7U�F>P-GDH�LeM5H��^d>GKA7U���HNHIP/ADQ�U�d>FXL7U�P-G J5P^HBLKGKAKJ^CIGKJ5ADHcU�Sim5d>F{�fC�U�GKAKFXC�Hz�^d>GKA7U�P-GDH`¬_p`¡�W1FXH�L�Z[W1P^CIGKFXW1P5PfU�P-G
¬���� � ��� �THIG � � � � ��� �^=5�;H_LKJ5�^LKGKA7U�GeJ5GKF>d>FXLDQ_H�LKGeJ5PRLKJ5�^LKGKA7U�GzM5H`G8 �myH`kNJ5ADW��rM�²

� � 
 ��� ��µ�=
� �3��� � �\' �n9�� * �1��$\� . �%$&��� � *-, 9 � 9�� * ��� , � *��&.°, ���1 "!#�% "� *

�2W1J5Aed3UMVF>¡�FXLKFXW1PnHIG�d3UhC�W1Sh�5F>PfU�FXLDW1PRM5HNm5J5FXLDL7U�P^C�H���dXHcMVF>¡�FXLDHIJ5A�M5HNm5J5FXLDL7U�P^C�HN�5F{Yr�fU�P^M5Hc¡�JnM^U�P^L�d3U
mfU�AKGKFXH`pV=><cH�LKG�J5GKF>d>FXLDQ#= �8d�myHIAKSTHIGeM�O U�¡�W1F>AeJ5P/�^d>GKA7U���H`LDQIdXH�CIGKF{Z�U�J5GDW1J5AeM5H�L�M5HIJV¦/Z\ADQ�]-J^HIP^C�H�LeM5HBS/U�P5FX�IADH
LKF>ShJ5d>G7U�P^Q�H#=��8d"U�ST�IP^H`J5Pq¯�QIADWTM5HcGKA7U�P^LKSiFXLDLKFXW1PRHIP-GKADH_dXH�LzM5HIJV¦��fU�P^M5H�LBM5HcZ\ADQ�]-J^HIP^C�H#=
kcH�L�U�Sim5d>F{�fC�U�GDHIJ5ADL � �N?cj#}i²\xRF>P5FXCIF>ADCIJ5F>G�µ+LDW1P-G J5GKF>d>FXLDQ�L myW1J5A+dXH�L�U�Sim5d>F{�fC�U�GDHIJ5ADLeQIdXQISTHIP-G7U�F>ADH�L�=��;H

� �N?cj#}iH�LKGBJ5P�U�Sim5d>F{�fC�U�GDHIJ5ANZrU�F>�5dXH_�5AKJ5F>GNHIGBd3U�AK��H_�fU�P^M5H#= �8d;P^H_P^Q�C�H�LDLKF>GDHU�J^CIJ5P�MVFXLKmyW#LKF>GKF{Z+M�O U1M^U�mVY
G7U�GKFXW1PqHIPnHIP-GKADQ�H`HIGeHIPnLDW1AKGKFXHcHIG�dXH�LeCIF>ADCIJ5F>GDLeM�O U�d>F>STHIP-G7U�GKFXW1P�LDW1P-G�F>P-GDQI�#ADQ�LBU�JnCIF>ADCIJ5F>G�=��8dyH�LKGzU�d>F>STHIP-GDQ
LDW1J^L � � � � =V�"Uh�^�#J5ADH_pV= j#j�m5ADQ�LDHIP-GDHcdXH�LeADQImyW1P^LDH�L�Z\ADQ�]-J^HIP-GKFXHId>dXH�LBM5H`C�HcCIF>ADCIJ5F>G�= �2W1J5AzdXH�L�Z\ADQ�]-J^HIP^C�H�L
��� � ��� ��HIG � � � � ��� � ��drO U�Sim5d>F{�fC�U�GDHIJ5AnH�LKG/U1M^U�m5GDQRHIP�HIP-GKADQ�HRHIG/HIP�LDW1AKGKFXH�² � � � � � � � � � � �oHIG� � � � � � � � � � �Tµ��2F>d�H�LKGJ5P5F>d3U�GDQIA7U�d_² � � � � � � � � � � �Tµ_HIGF>d�m5ADQ�LDHIP-GDH·J5P¸�-U�F>P©ADH�LKmyH�CIGKF>¡�HISTHIP-GTM5H� � � � ��
 � � � � � ��¬ ��� � ��� �iHIG � � � � � 
 � � � ��¬�� � � � ��� �^=V? � � � � ��� � ��d3U�C�W1J5AK�yH`?NxqY8?Nx¤M5HNd3U�^�#J5ADHNpV= j#� ��M5W1P5PfU�P-G�d3Ucm5J5FXLDL7U�P^C�HzM5HzLDW1AKGKFXHzHIPiZ[W1P^CIGKFXW1P·M5Hed3Ucm5J5FXLDL7U�P^C�HzM�O HIP-GKADQ�HNM5HedrO U�Sim5d>F{�fC�U�GDHIJ5A�
myHIAKSTHIGiM�O W1�5GDHIP5F>A�dXH/myW1F>P-GiM5H·C�W1Sim5ADH�LDLKFXW1P 	 � ����� 
 � ��� � � ��=2�;H·ADHIP^M5HISTHIP-GTC�W1AKADH�LKmyW1P^M^U�P-GTH�LKGQI�-U�d2¬ � ��� ��� HIGedXH`ADHIP^M5HISTHIP-GBS/U%¦VF>S/U�d"H�LKGzM5H � ��� ��� �fC�W1SiSTH`dXHcSTW1P-GKADH_d3U�^�#J5ADHhpV= j�»�=
k`U�P^L dXHBC�U1L�M5HzdrO QIGKJ^M5HNM5HeZrU�FXL7U��5F>d>F>GDQNC�W1P^LKFXM5QIADQ�H��-P^W1J^L P^W1J^L�LDW1SiSTH�L d>F>SiF>GDQ�Le¬`J5GKF>d>FXLDHIA�M5H�L d>F>�#P^H�L

SiFXCIADW1AKJ5�fU�P^L+C�W1SiSTHeQIdXQISTHIP-GDL+M5H�myW1P^M5QIA7U�GKFXW1P;=#�"UcLKGKAKJ^CIGKJ5ADH�ADQ�U�d>FXLDQ�H�P;O H�LKG+U�dXW1ADL2mfU1L�ADH�C�W1PV�^�#J5A7U��5dXH��
HId>dXHBZ[W1P^CIGKFXW1P5P^H_¬_J5P^HcM5H�LeM5HIJV¦/Z\ADQ�]-J^HIP^C�H�L�= �NW1J^LzU�¡�W1P^LeCDE^W1FXLKF � � � � ��� �^=��;H�L�dXW1P5�#J^HIJ5ADLzM5H�L�d>F>�#P^H�L
SiFXCIADW1AKJ5�fU�P^L�LDW1P-GU�dXW1ADLM5H � � 
 � � � � � ² � � � � ¬ � � � � ��� ��µ�� � � 
 � � � ² � � ¬ � � � � ��� ��µNHIG� � 
�� ��� � � � ² � � � � ¬ � � � � ��� ��µ�=
³-F;drO W1PnZrU�F>GeJ5Pn�5F>d3U�PRM5H�Lzm5E^QIP^W1ST�IP^H�LBM5Hc�^d>GKA7U���H��^W1P�U 	
��d3UGKA7U�P^LK¡�HIADL7U�d>F>GDQh]-J5F"U�m5myW1AKGDH_M5H�Le¯�QIADW#LN¬���� � � ��� � � � � ��� ��� � � ��� ��� ��� � � ��� � � ��� �^=>=>=
��dXH�LeADQ��fH�¦VFXW1P^LB]-J5F�P;O U�m5myW1AKGDHIP-GN]-JfU1LKF>STHIP-GcU�J^CIJ5Pn�^d>GKA7U���H/²[U�Sim5d>F{�fC�U�GDHIJ5A`¬myHIJnm5AD��LNU1M^U�m5GDQ%µ��
��dXHhMVF>¡�FXLDHIJ5AcHIGBdXHC�W1Sh�5F>P^HIJ5A`M5Hhm5J5FXLDL7U�P^C�H]-J5F�U�m5myW1AKGDHIP-GcJ5PR¯�QIADW�¬ � � � � ��� �·HIGc]-J5F;�^d>GKADHIP-G
dXH�L�Z\ADQ�]-J^HIP^C�H�LzHIPRM5HIE^W1ADLBM5H�Le�fU�P^M5H�LNU�J5GDW1J5ABM5H ��� � ��� �THIG � � � � ��� � �

��dXH�LzQIdXQISTHIP-GDLNM5HcmyW1P^M5QIA7U�GKFXW1P�]-J5F�P;O U�m5myW1AKGDHIP-GcU�J^CIJ5Pn�^d>GKA7U���H·²&d>F>�#P^H�LBM5HcGKA7U�P^LKSiFXLDLKFXW1P�µ�=
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nporq � pV= j#j �·x�H�LKJ5ADH�LzM5H�LzmfU�A7U�ST�IGKADH�Lc³·M5H`drO U�Sim5d>F{�fC�U�GDHIJ5A � �N?cj#}

� �3��� � �3� �·9 ,  � � . � ,T* �·� *-,  "� *-,
�+O U�Sim5d>F{�fC�U�GDHIJ5A`�^d>GKA7U�P-G_M5HG8 �myHGKA7U�P^LK¡�HIADLDHADQ�U�d>FXLDQ�H�LKGcC�HId>J5F�M5Hd3Ui�^�#J5ADHTpV= j#pV=y�;H�LcMVF>STHIP^LKFXW1P^L

MVJ·CIF>ADCIJ5F>GeLDW1P-G � � ��� � � � ��� � � LKJ5A�LKJ5�^LKGKA7U�G�kNJ5ADW��rM�¬ � � � � ��� � �-LDW1F>G � � � ��� � ��� =-�;H�L STH�LKJ5ADH�L
Z\ADQ�]-J^HIP-GKFXHId>dXH�LBH 9�H�CIGKJ^Q�H�LBLKJ5AzC�HIGKGDH_LKGKAKJ^CIGKJ5ADHhLDW1P-GzM5W1P5P^Q�H�LzmfU�AzdXH�L��^�#J5ADH�LNpV= j�w/HIGBpV= j#}V=

nporq � pV= j#p � ³-GKAKJ^CIGKJ5ADH�U�Sim5d>F{�fC�U�GKAKFXC�HT�^d>GKA7U�P-GDH·M5HTG8 �myHiGKA7U�P^LK¡�HIADLDH·U�¡�H�C/MVF>¡�FXLDHIJ5AM5Him5J5FXLDL7U�P^C�HT�5F{Y
�fU�P^M5H

�;H�L`myHIA±Z[W1AKS/U�P^C�H�LhHIP¢�^d>GKA7U���H/U�JV¦°M5HIJV¦�Z\ADQ�]-J^HIP^C�H�L_LDW1P-G_ADQ�C�U�m5F>GKJ5dXQ�H�LhM^U�P^L`dXH�G7U��5dXH�U�J¸pV= pV= �BP
ADHIS/U�AD]-J^Hn]-J^H�M^U�P^L�drO HIP^LDHISh�5dXH���dXH�L�myHIA±Z[W1AKS/U�P^C�H�LiHIP©�^d>GKA7U���HnLDW1P-G�m5ADW�CDE^H�LTM5H�C�HId>dXH�LiMVJ MVF>¡�FXLDHIJ5A
M5Him5J5FXLDL7U�P^C�H��^d>GKA7U�P-GMVJ°G7U��5dXH�U�J©pV=><#=;��P GKE^Q�W1AKFXH��2U�¡�H�CiJ5P�MVF>¡�FXLDHIJ5AhM5H�m5J5FXLDL7U�P^C�HTL7U�P^L`myHIAKGDH�L��J5P
C�W1Sh�5F>P^HIJ5ANM5H`m5J5FXLDL7U�P^C�H_L7U�P^L�myHIAKGDH�LBHIGzM5H�Led>F>�#P^H�LBL7U�P^LemyHIAKGDH�L�VdXHc�-U�F>PRM5H`drO U�Sim5d>F{�fC�U�GDHIJ5ANH�LKGzFXM5HIPVY
GKFX]-J^He¬NC�HId>J5F^M5H�L+U�Sim5d>F{�fC�U�GDHIJ5ADL QIdXQISTHIP-G7U�F>ADH�L�=�? d3UzZ\ADQ�]-J^HIP^C�HeM5H Z[W1P^CIGKFXW1P5P^HISTHIP-G��dXH��-U�F>P�STH�LKJ5ADQeM5H
� � � � � � H�LKG�F>PVZ[QIAKFXHIJ5Ae¬hC�HId>J5F�MVJ � �N?cj#}hQI�-U�d�¬�� � � ��=-�"UMVF:9�QIADHIP^C�HcM5H ��� � � � H�LKG m5AKF>P^CIF>mfU�dXHISTHIP-GMVJ^H·U�JV¦°myHIAKGDH�LhM^U�P^L_dXH/MVF>¡�FXLDHIJ5AhHIG_dXH/C�W1Sh�5F>P^HIJ5A�M5HTm5J5FXLDL7U�P^C�H#=;? ��� ��� ��� � ��dXHi�-U�F>P¸M5H ��� � � �H�LKG�2mfU�ATC�W1P-GKADH���Z[W1AKGDHISTHIP-G·U�GKGDQIP-J^QnmfU�A�A7U�m5myW1AKG/¬¢C�HId>J5FB¬ � � � � � ��� �^=+�NO H�LKG�d3U¢C�W1Sh�5F>PfU�FXLDW1P M5H
m5J5FXLDL7U�P^C�H]-J5F ��U� -U�P-G`QIGDQW1m5GKF>SiFXLDQ�H�¬ � � � � ��� � �fHIP-GKA7U%gXP^HJ5P^H�U�GKGDQIP-JfU�GKFXW1P M5H_drO W1ADMVADH�M5H�� � � ��¬
��� ��� ��� �^= �BP°myHIJ5GhU�J^LDLKF�ADHIS/U�AD]-J^HIA�;LKJ5A`dXHiC�W�H�
/CIFXHIP-GhM5H�GKA7U�P^LKSiFXLDLKFXW1P � � � ��]-J^HIdX]-J^H�Lc¯�QIADW#L_MVJ^L
U�JqMVF>¡�FXLDHIJ5Ae�^d>GKA7U�P-G�²[¬ � � � � ��� ��µ�HIGN¬d3UGKA7U�P^LK¡�HIADL7U�d>F>GDQ·²[¬���� � � ��� � � � � ��� ��� ��µ�=
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nporq � pV= j�w �Tx�H�LKJ5ADH�L�M5H�L mfU�A7U�ST�IGKADH�LN³TM5HBdrO U�Sim5d>F{�fC�U�GDHIJ5Ae�^d>GKA7U�P-GeM5HBG8 �myHNGKA7U�P^LK¡�HIADLDHcU�¡�H�CcMVF>¡�FXLDHIJ5A
M5H`m5J5FXLDL7U�P^C�Hc�5F{Yr�fU�P^M5H
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nporq � pV= j#} �Rx�H�LKJ5ADH�L`M5H�L`mfU�A7U�ST�IGKADH�L³�M5H�drO U�Sim5d>F{�fC�U�GDHIJ5A_�^d>GKA7U�P-GhM5HG8 �myH�GKA7U�P^LK¡�HIADLDHTU�J5GDW1J5AhM5H�L
M5HIJV¦n�fU�P^M5H�LeJ5GKF>dXH�L



� � � �*��� ����� 
 ������������� 	�� ����� ���%� � ��� 
 ��� ����� � � <�£V<
��U�A7U�ST�IGKADH�L �2HIA±Z[W1AKS/U�P^C�H�L

t5ADQ�]-J^HIP^C�H/< t5ADQ�]-J^HIP^C�Hhj
t5ADQ�]-J^HIP^C�H/²ra�3B¯�µ £V= v#� <#= ��w-}
�eU�P^M5H`mfU1LDL7U�P-GDH/² �Tµ � � ��� � � ���
� � � � � � � � � � �� � � � �y²\M5�zµ � � ��� � � � �
� � � � �y²\M5�zµ � � � � � �
� � � � �y²\M5�zµ ��� � � � � �
� � � � �y²\M5�zµ � � � � � �

������ pV= p � �2HIA±Z[W1AKS/U�P^C�HHIPn�^d>GKA7U���H_M5HcdrO U�Sim5d>F{�fC�U�GDHIJ5AB�^d>GKA7U�P-G

�"U`�^�#J5ADH`pV= j#�hmyHIAKSTHIG�M5HcC�W1SimfU�ADHIA�dXH�L�C�W1J5AK�yH�L�?NxqY8?Nx M5HBdrO U�Sim5d>F{�fC�U�GDHIJ5Ae�^d>GKA7U�P-GeHIG�M5HNdrO U�S�Y
m5d>F{�fC�U�GDHIJ5A � �N?cj#}°LDHIJ5dr= �BP ADHIGKADW1J5¡�Hqd3U°MVF:9�QIADHIP^C�HRM5Hn�-U�F>P M5H ��� � � �oMVJ^Hqm5AKF>P^CIF>mfU�dXHISTHIP-GnU�JV¦myHIAKGDH�LBM^U�P^LBdXH_MVF>¡�FXLDHIJ5ANHIGzdXHhC�W1Sh�5F>P^HIJ5AcM5H_m5J5FXLDL7U�P^C�Hc�^d>GKA7U�P-G�=ykcH`S �ISTH��^dXH_myW1F>P-GNM5H_C�W1Sim5ADH�LDLKFXW1P
¬ � � �«M5HBdrO U�Sim5d>F{�fC�U�GDHIJ5A��^d>GKA7U�P-G�H�LKG�QI�-U�dy¬ � � � ��� U�J/d>FXHIJ�M5H ����� � � ��� 
 � ��� � � ��� � � � ����� �V=
x¢U�d>�#ADQ�dXH�L�myHIAKGDH�L�MVJiMVF>¡�FXLDHIJ5A�HIG�MVJiC�W1Sh�5F>P^HIJ5A M5H�m5J5FXLDL7U�P^C�H���dXH�myW1F>P-G�M5H�C�W1Sim5ADH�LDLKFXW1PTH�LKG�U�J5�#STHIP-GDQ
M5HNZrUKJ�W1PRLKF>�#P5F{�fC�U�GKF>¡�H#=
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amplificateur VNA25 

Amplificateur filtrant 

nporq � pV= j#� �/x�H�LKJ5ADH�LzM5H�LeC�W1J5AK�yH�Lz?NxqY8?Nx¤¬ � � � � ��� �iM5HcdrO U�Sim5d>F{�fC�U�GDHIJ5A � �N?cj#}HIGzM5HcdrO U�Sim5d>F{�5Y
C�U�GDHIJ5Ae�^d>GKA7U�P-G

k�O J5PimyW1F>P-G M5H�¡�J^H�ADHIP^M5HISTHIP-G��drO U�Sim5d>F{�fC�U�GDHIJ5A+�^d>GKA7U�P-G H�LKG�1mfU�A+C�W1P-GKADH��#STW1F>P^L+myHIA±Z[W1AKS/U�P-G+]-J^H�dXH
� �N?cj#}V=#�;HeADHIP^M5HISTHIP-G�HIPim5J5FXLDL7U�P^C�HBU �KW1J5GDQ�HzH�LKG M5H���� ��� U�JimyW1F>P-G�M5HeC�W1Sim5ADH�LDLKFXW1P·HIG�dXHeADHIP^M5HISTHIP-G
S/U%¦VF>ShJ5S M5H � ��� ��� � C�W1SimfU�ADQ�L/¬�� ��� ����HIG�� ��� ���omyW1J5AidXH � �N?cj#}¢LDHIJ5dr= ��HIGKGDH�ZrU�F>�5dXH�¡#U�dXHIJ5ATM5H
ADHIP^M5HISTHIP-G_H�LKGcm5AKF>P^CIF>mfU�dXHISTHIP-GhMVJ^H��yHIP^C�W1ADHJ5P^HhZ[W1FXL�yU�JV¦RmyHIAKGDH�LcM^U�P^LcdXHMVF>¡�FXLDHIJ5A`HIGcdXHC�W1Sh�5F>P^HIJ5A
M5Hcm5J5FXLDL7U�P^C�H#=



<�£#j ��������� ����� � � ���	� ��� �������	� 	�� ���� � � �%� � � 
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nporq � pV= j�» �nx�H�LKJ5ADH�LcM5H�LBADHIP^M5HISTHIP-GDL`HIP�m5J5FXLDL7U�P^C�H�U �KW1J5GDQ�H�¬ � � � � ��� �·M5HhdrO U�Sim5d>F � �N?cj#}/HIGNM5H
drO U�Sim5d>F{�fC�U�GDHIJ5AB�^d>GKA7U�P-G

� M�� M�� � XNW6U�R \K^;TQW6aS\ �,lmR`b	YVX6lmR`R;U�WNXZY[PS\5f;a�WBhiU�j �DWNX 	pb U.Y[aS^;T 	pWZY[TVU�RmY
� �3��� $ �\' �����"!#�%$&���2� .^� $3��9 . � ��� $ � ! . �%$&��� � * �  2$ ,�,�. �"! *
�;H/CIF>ADCIJ5F>GADQ�U�d>FXLDQ/H�LKGh�5FXHIP�J5P©U�Sim5d>F{�fC�U�GDHIJ5A��U�¡�H�C/J5P��-U�F>P¸HIP�GKE^Q�W1AKFXH·QI�-U�d�¬qC�HId>J5F�M5HTCDEfU1]-J^H

U�Sim5d>F{�fC�U�GDHIJ5A`QIdXQISTHIP-G7U�F>ADH#=���PRm5A7U�GKFX]-J^H��fdXH�LBmyHIAKGDH�LBM^U�P^LBdXHMVF>¡�FXLDHIJ5ANHIGBdXHhC�W1Sh�5F>P^HIJ5A`M5H_m5J5FXLDL7U�P^C�H
Z[W1P-GB]-J^H`C�H`�-U�F>PRH�LKGzMVF>SiF>P-J^QhM5HNZrUKJ�W1PRLKF>�#P5F{�fC�U�GKF>¡�H#=
�+O U�Sim5d>F{�fC�U�GDHIJ5A �^d>GKA7U�P-G+myHIAKSTHIG+M5H��-U��#P^HIA HIPid>F>P^Q�U�AKF>GDQBU�¡�H�CeJ5PimyW1F>P-G+M5HeC�W1Sim5ADH�LDLKFXW1P/HIP�GKE^Q�W1AKFXH

� Z[W1FXL�m5d>J^L+QIdXHI¡�Q��#LDW1F>G�J5P^HBU�J5�#STHIP-G7U�GKFXW1P·M5H � ������� � � ��=#��PiGDHIPfU�P-G�C�W1Sim5GDHzM5H�L�myHIAKGDH�L+MVJTMVF>¡�FXLDHIJ5AHIG_MVJ°C�W1Sh�5F>P^HIJ5AM5H�m5J5FXLDL7U�P^C�H��ydrO H�¦Vm5ADH�LDLKFXW1P MVJ¢ADHIP^M5HISTHIP-GHIP°m5J5FXLDL7U�P^C�HiU �KW1J5GDQ�Hi�#dXW1�fU�d � ����� HIPZ[W1P^CIGKFXW1PTMVJ�ADHIP^M5HISTHIP-G HIP�m5J5FXLDL7U�P^C�HeU �KW1J5GDQ�HeM5H�CDEfU1]-J^HzU�Sim5d>F{�fC�U�GDHIJ5A QIdXQISTHIP-G7U�F>ADH � 	�� � � ������ H�LKG�M5W1P5P^QmfU�A`d3U·ADHId3U�GKFXW1P¸pV=><�}¢¨ }#j%ª8=��;H�ADHIP^M5HISTHIP-GMVJ MVF>¡�FXLDHIJ5A_M5H�m5J5FXLDL7U�P^C�HiH�LKGcdXH�A7U�m5myW1AKG_HIP-GKADHid3U�LDW1SiSTH
M5H�L�m5J5FXLDL7U�P^C�H�LeM5HNLDW1AKGKFXHcHIG�d3U_m5J5FXLDL7U�P^C�HcM�O HIP-GKADQ�H#=5�;HNADHIP^M5HISTHIP-GzMVJnC�W1Sh�5F>P^HIJ5AzM5HNm5J5FXLDL7U�P^C�HNH�LKG�dXH
A7U�m5myW1AKGBHIP-GKADH_d3Um5J5FXLDL7U�P^C�H_M5H`LDW1AKGKFXH_HIGed3UiLDW1SiSTH_M5H�Lem5J5FXLDL7U�P^C�H�LzM�O HIP-GKADQ�H#=

� ����� 
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	�� � � �
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� � ����� � � 
	� � � � � � � � � �

� ��� � �
� � � ²[pV=><�}�µ

?"¡�H�CzC�HIGKGDHzADHId3U�GKFXW1P�pV=><�} ��W1PT¡�W1F>G ]-J^HedXH�L+ADHIP^M5HISTHIP-GDL�MVJ/MVF>¡�FXLDHIJ5A HIG MVJ/C�W1Sh�5F>P^HIJ5A�M5Hem5J5FXLDL7U�P^C�H
W1P-G�J5P^HBF>P��^J^HIP^C�HNF>SimyW1AKG7U�P-GDH`LKJ5A dXHBADHIP^M5HISTHIP-Ge�#dXW1�fU�dr=V��P·mfU�AKGKFXCIJ5d>FXHIA�5]-JfU�P^M/dXHB�-U�F>P � H�LKG��#A7U�P^M �
drO H�¦Vm5ADH�LDLKFXW1PTMVJTADHIP^M5HISTHIP-G�LDH�LKF>Sim5d>F{�fHemfU�A � ����� 
 � ����� � � 
	� � � �

	�� � � �
����� =#�;H�ADHIP^M5HISTHIP-G �#dXW1�fU�dfM5QImyHIP^MU�dXW1ADLeU�J5G7U�P-GeMVJ·ADHIP^M5HISTHIP-GeM5HNCDEfU1]-J^H`U�Sim5d>F{�fC�U�GDHIJ5AzQIdXQISTHIP-G7U�F>ADHc]-J^HNMVJ·ADHIP^M5HISTHIP-GzMVJ·C�W1Sh�5F>P^HIJ5A

M5H`m5J5FXLDL7U�P^C�H#=
��PRC�W1P^CId>J^LKFXW1P��5myW1J5AedXH`C�W1SimyW1AKGDHISTHIP-GNHIPRU�Sim5d>F{�fC�U�GKFXW1P��^dXHc�-U�F>PRM5Hcd3U�LKGKAKJ^CIGKJ5ADH_H�LKGeF>PVZ[QIAKFXHIJ5AB¬

C�HId>J5F�M5H�L�U�Sim5d>F{�fC�U�GDHIJ5ADLeQIdXQISTHIP-G7U�F>ADH�L�-dXHzmyW1F>P-G�M5HzC�W1Sim5ADH�LDLKFXW1P�H�LKG�U�J5�#STHIP-GDQNM5HeZrUKJ�W1P·LKF>�#P5F{�fC�U�GKF>¡�H
HIGzdXH�LeADHIP^M5HISTHIP-GDLcMVJRMVF>¡�FXLDHIJ5ABHIGzMVJRC�W1Sh�5F>P^HIJ5AcM5H`m5J5FXLDL7U�P^C�H_W1P-GzJ5P^H`F>P��^J^HIP^C�H_F>SimyW1AKG7U�P-GDHLKJ5AedXH
ADHIP^M5HISTHIP-GcHIGedXHc�-U�F>Pq�#dXW1�fU�d2M5Hcd3UiLKGKAKJ^CIGKJ5ADH#=

�8dyH�LKG�M5W1P^CBF>SimyW1AKG7U�P-GzM5HBmyW1J5¡�W1F>AeC�W1P^C�HI¡�W1F>AeM5H�L�MVF>¡�FXLDHIJ5ADL�M5HBm5J5FXLDL7U�P^C�H`U�¡�H�CcM5H�L�myHIAKGDH�L+ZrU�F>�5dXH�L�=
k`U�P^LcdXHC�U1L`MVJ°MVF>¡�FXLDHIJ5AcM5Hm5J5FXLDL7U�P^C�Hh�^d>GKA7U�P-G¬TADQ�LDW1PfU�GDHIJ5A`m5ADQ�LDHIP-GDQiM^U�P^LcC�HSTQISTW1F>ADH��ydXH�LcmyHIAKGDH�L
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M�O F>P^LDHIAKGKFXW1P LDW1P-Gim5AKF>P^CIF>mfU�dXHISTHIP-G/MVJ^H�LTU�JV¦©C�W1J5m5d3U���H�L 	2m5d>J^L�dXH�C�W1J5m5d3U���HqH�LKGhZ[W1AKG��m5d>J^L�dXH�LmyHIAKGDH�L
LDW1P-G ZrU�F>�5dXH�L�S/U�FXL�STW1F>P^L�dXHz�^d>GKA7U���HcH�LKG�LDQIdXH�CIGKF{ZK= �8df ·UhM5W1P^CBJ5P�C�W1Sim5ADW1SiFXLz¬_GKADW1J5¡�HIAeHIP-GKADHNmyHIAKGDH�L�HIG
LDQIdXH�CIGKF>¡�F>GDQ`MVJ��^d>GKA7U���H#= �NQ�U�SiSTW1F>P^L�Vd3UADHId3U�GKFXW1PRpV=><�}�STW1P-GKADH_]-J^HNdrO F>P��^J^HIP^C�H_M5H�LemyHIAKGDH�LeMVJqMVF>¡�FXLDHIJ5A
M5Hm5J5FXLDL7U�P^C�HiH�LKGcSTW1F>P^L`F>SimyW1AKG7U�P-GDHi]-J^HiC�HId>dXH�M5H�L`myHIAKGDH�L`MVJ°C�W1Sh�5F>P^HIJ5A�= �BP¢myHIJ5G_U�dXW1ADL_C�W1P^C�HI¡�W1F>A
J5P^HTLKGKAKJ^CIGKJ5ADH/]-J5F+myW#LDLD��M5HiJ5P�MVF>¡�FXLDHIJ5AhM5Him5J5FXLDL7U�P^C�Hi�^d>GKA7U�P-G��U�STHIPfU�P-GMVJ �^d>GKA7U���H/LDQIdXH�CIGKF{Z �;HIG_J5P
C�W1Sh�5F>P^HIJ5A`M5H_m5J5FXLDL7U�P^C�H_P^W1PR�^d>GKA7U�P-G�yU� -U�P-G`M5W1P^ChmyHIJRM5HhmyHIAKGDH�L�=^?BF>P^LKF �^d3UTLKGKAKJ^CIGKJ5ADHh�#dXW1�fU�dXHhADH�LKGDH
LDQIdXH�CIGKF>¡�HhU�¡�H�C`J5PqADHIP^M5HISTHIP-GBm5d>J^LBQIdXHI¡�Q#=
� �3��� $ �3� �����"!#�%$&���2� .^� $3��9 ��� ��� .5�f*
�+O U�Sim5d>F{�fC�U�GDHIJ5A`M5H_m5J5FXLDL7U�P^C�H_myW#LDLD��M5H_M5HIJV¦nZ\ADQ�]-J^HIP^C�H�LBM�O J5GKF>d>FXL7U�GKFXW1P�ADH�C�W1PV�^�#J5A7U��5dXH�L��myW#LKF>GKFXW1PVY

P^Q�H�LNM5H`S/U�P5FX�IADHhF>P^M5QImyHIP^M^U�P-GDHmyHIP^M^U�P-GNd3Uim5EfU1LDHhM5HhC�W1P^C�HIm5GKFXW1P;=��"UiADQImyW1P^LDHhHIPqZ\ADQ�]-J^HIP^C�HU�J5GDW1J5A
M5H�C�H�L`�fU�P^M5H�L`H�LKG_LDHIP^LKF>�5dXHISTHIP-GhC�HId>dXH�L`MVJ MVF>¡�FXLDHIJ5A`HIG_MVJ°C�W1Sh�5F>P^HIJ5AM5Hm5J5FXLDL7U�P^C�H���LDW1F>G_C�HId>dXHiM�O J5P
�^d>GKADH/¬�J5P�LDHIJ5d+ADQ�LDW1PfU�GDHIJ5AhM^U�P^L_dXHTC�U1LhQIGKJ^MVFXQ#=��2W1J5A�W1�5GDHIP5F>A_J5P°�^d>GKA7U���H/M�O W1ADMVADHTm5d>J^LhQIdXHI¡�Q��;C#O H�LKG
M5W1P^C`dXH`MVF>¡�FXLDHIJ5ABHIGedXH_C�W1Sh�5F>P^HIJ5ANM5H`m5J5FXLDL7U�P^C�H`]-J;O F>d�ZrU�J5GeSTW�MVF{�fHIA�=
��P�M5HIE^W1ADL�M5H�L+Z\ADQ�]-J^HIP^C�H�L�M5HzZ[W1P^CIGKFXW1P5P^HISTHIP-G��dXHNMVF>¡�FXLDHIJ5A�HIG�dXHBC�W1Sh�5F>P^HIJ5AeM5HBm5J5FXLDL7U�P^C�Hz�^d>GKA7U�P-G

U�ST�IP^HIP-GHIP m5d>J^L`J5P ¯�QIADWqM5HiGKA7U�P^LKSiFXLDLKFXW1P�M5HiG8 �myHiLKGKJ5�¸U�J°SiF>d>FXHIJ¸M5H�L_M5HIJV¦°�fU�P^M5H�L�=;kcH�m5d>J^L��d3U
GKA7U�P^LK¡�HIADL7U�d>F>GDQ_M5Hcd3UiLKGKAKJ^CIGKJ5ADHhU�ST�IP^HhU�J^LDLKF�M5H�Le¯�QIADW#LBM5HcGKA7U�P^LKSiFXLDLKFXW1Pq]-J5F;M5QImyHIP^M5HIP-GNM5H�LzQIdXQISTHIP-GDL
M5H_myW1P^M5QIA7U�GKFXW1P;=�³-F2C�H�LNQIdXQISTHIP-GDLcLDW1P-GcM5H_G8 �myH`d>F>�#P^H�LcM5H_GKA7U�P^LKSiFXLDLKFXW1P©²&¡#U�AKF3U�GKFXW1P¢M5H_m5EfU1LDH_d>F>P^Q�U�F>ADH
HIP¸Z[W1P^CIGKFXW1P M5H�d3UqZ\ADQ�]-J^HIP^C�H%µ���dXH�L�¯�QIADW#LTLDW1P-Gid>FXQ�LT¬Rd3UqZ\ADQ�]-J^HIP^C�HnM5H·Z[W1P^CIGKFXW1P5P^HISTHIP-G ��� 	 ��� ��� ��� �
��� � � ��� � � � ��� ��� � � � � � ��� ��=>=>=

�2W1J5AJ5P Z[W1P^CIGKFXW1P5P^HISTHIP-G�ShJ5d>GKF{Y8LKG7U�P^M^U�ADM ��M5HIJV¦ LDW1d>J5GKFXW1P^LLDW1P-GhmyW#LDLKF>�5dXH�L 	"LDW1F>GhW1P�ADQ�U�d>FXLDHTJ5P^H
W1m5GKF>SiFXL7U�GKFXW1PiM5H�L�C�W1SimyW1AKGDHISTHIP-GDL�Z\ADQ�]-J^HIP-GKFXHIdXL�M5H�L2QIdXQISTHIP-GDL+M5H myW1P^M5QIA7U�GKFXW1PTU%�^PiM�O W1�5GDHIP5F>A�m5d>J^LKFXHIJ5ADL
Z\ADQ�]-J^HIP^C�H�L M5H�ADH�C�W1Sh�5F>PfU�FXLDW1P�C�W1E^QIADHIP-GDHNM5H�L�m5J5FXLDL7U�P^C�H�L M5HzCDEfU1]-J^He¡�W1FXH���LDW1F>G+dXH�L+QIdXQISTHIP-GDL�M5HemyW1P^M5Q�Y
A7U�GKFXW1PnLDW1P-G�ADH�C�W1PV�^�#J5ADQ�LzLKJ5F>¡#U�P-G�dXHNLKG7U�P^M^U�ADM·J5GKF>d>FXLDQ#=Vk`U�P^L�dXHBm5ADHISiFXHIAzC�U1L��W1PqU_J5P·Z[W1P^CIGKFXW1P5P^HISTHIP-G
ShJ5d>GKF{Y8LKG7U�P^M^U�ADM�LKF>ShJ5d>G7U�P^Q#=fk`U�P^LedXH_M5HIJV¦VFX�ISTH_C�U1L�^W1PRU�J5PnZ[W1P^CIGKFXW1P5P^HISTHIP-GBShJ5d>GKF{Y8LKG7U�P^M^U�ADMRADH�C�W1PVY
�^�#J5A7U��5dXH#=
k`U�P^LcC�HIAKG7U�F>P^L`C�U1L�fdXH�LNm5E^QIP^W1ST�IP^H�L_M5HhADQ��fH�¦VFXW1P°HIG`M5HhGKA7U�P^LKSiFXLDLKFXW1P°LKJ5ANdXHMVF>¡�FXLDHIJ5A`HIGNdXH�C�W1S�Y

�5F>P^HIJ5A�M5HTm5J5FXLDL7U�P^C�HTmyHIJ5¡�HIP-GiU�STHIP^HIA�MVJ �^d>GKA7U���H·C�W1Sim5dXQISTHIP-G7U�F>ADH#=��;H·C�W1P-GKAD®1dXH·M5H/C�Hi�^d>GKA7U���H·H�LKG
C�HImyHIP^M^U�P-G·C�W1Sim5dXH�¦5HqC�U�AiF>d�ZrU�F>GiF>P-GDHIAK¡�HIP5F>A/dXH�LTC�W1SimyW1AKGDHISTHIP-GDLTZ\ADQ�]-J^HIP-GKFXHIdXL/M5H�LiADQ��fH�¦VFXW1P^L/HIGTM5H�L
GKA7U�P^LKSiFXLDLKFXW1P^L�¬_d3UcZ[W1FXL�M5H�L�U�Sim5d>F{�fC�U�GDHIJ5ADLzQIdXQISTHIP-G7U�F>ADH�L�VMVJ�MVF>¡�FXLDHIJ5A�HIG�MVJ�C�W1Sh�5F>P^HIJ5AeM5HBm5J5FXLDL7U�P^C�H
HIGcM5H�LcQIdXQISTHIP-GDL_M5HmyW1P^M5QIA7U�GKFXW1P;= �BP^H�W1m5GKF>SiFXL7U�GKFXW1P¢�#dXW1�fU�dXHTU�¡�H�CJ5P¢dXW1�#FXCIFXHId�M5HLKF>ShJ5d3U�GKFXW1P CIF>ADCIJ5F>G
LDHISh�5dXHhU�dXW1ADLzF>P^MVFXLKmyHIP^L7U��5dXH#=
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�  �� #�7 +.-/7*7*- �<2S@!1 +.2?3546)":�� 8/3*@!7*&=-
k`U�P^L`J5P^H�CDEfU%gXP^HTM�O QISiFXLDLKFXW1P sBt���drO U�P-GDHIP5P^H/U/myW1J5A`AD®1dXHiM5H�C�W1P-¡�HIAKGKF>AhJ5P^H�W1P^M5HiQIdXH�CIGKADW1S/U��#P^Q�Y

GKFX]-J^H��#J5FXM5Q�HiHIP¢J5P^HiW1P^M5HiQIdXH�CIGKADW1S/U��#P^QIGKFX]-J^HiA7U� �W1P5P^Q�H#=��8d2ZrU�J5G`M5W1P^Ci]-J^HdrO U�P-GDHIP5P^H/U1C�C�HIm5GDHTC�HIGKGDH
QIP^HIAK�#FXH`LDW1J^L�Z[W1AKSTHcM�O W1P^M5H�Le�#J5FXM5Q�H�LzHIGe]-J;O HId>dXHcd3UhA7U� �W1P5P^H_M^U�P^L�d3UMVF>ADH�CIGKFXW1PRM5H�L�J5GKF>d>FXL7U�GDHIJ5ADL�=5?BF>P^LKF �
dXH�LeC�U�A7U1CIGDQIAKFXLKGKFX]-J^H�LBM�O J5P^H_U�P-GDHIP5P^HhLDW1P-GzM5H`M5HIJV¦·G8 �myH�L 	�dXH�LzC�U�A7U1CIGDQIAKFXLKGKFX]-J^H�LzM�O U1M^U�m5G7U�GKFXW1P�M�O F>SimyQ�Y
M^U�P^C�H_HIGzdXH�LzC�U�A7U1CIGDQIAKFXLKGKFX]-J^H�LBM5H`A7U� �W1P5P^HISTHIP-G�=

� 9��"9-� .^� $3��9 ,/,  "� �('>. � .�� � . �%$&��� � ' $\� � 9-� . �"! * � '  2� *q. ��� * �2� *
�2W1J5A�drO U1M^U�m5G7U�GKFXW1P M�O F>SimyQ�M^U�P^C�H���C�H·]-J5F P^W1J^LF>P-GDQIADH�LDLDH��2C#O H�LKGhd3Uq�fU�P^M5H·M5HTZ\ADQ�]-J^HIP^C�H·LKJ5Ahd3U1]-J^HId>dXH
drO U�P-GDHIP5P^HU1C�C�HIm5GDH_drO QIP^HIAK�#FXH#=�³-F;drO W1PRC�W1P^LKFXM5�IADH`d3Uh�^�#J5ADHhpV= j#vTU�µ�M5W1P5PfU�P-GBdXH_LDCDE^QIS/UiM5H`drO U1M^U�m5G7U�GKFXW1P
LKF>Sim5dXHnM�O J5P^HnU�P-GDHIP5P^HqLKJ5A�J5P©��QIP^QIA7U�GDHIJ5ATM5H�ADQ�LKFXLKG7U�P^C�H·F>P-GDHIAKP^H � � �2drO U�P-GDHIP5P^HqH�LKG�STW�M5QId>FXLDQ�H·mfU�A
LDW1P F>SimyQ�M^U�P^C�HqM�O HIP-GKADQ�H � �	� � � 
 � �	� �n² � � � � µhHIGidXHnCIF>ADCIJ5F>G/M�O U1M^U�m5G7U�GKFXW1P M�O F>SimyQ�M^U�P^C�HRH�LKG
C�W1P^LKGKF>GKJ^Q�M5HM5HIJV¦RADQ�U1CIG7U�P^C�H�L 
 � � HIG 
 � � =y³-F2drO U�P-GDHIP5P^HiH�LKGcU1M^U�m5GDQ�H���dXH_ZrU1CIGDHIJ5AcM5H]-JfU�d>F>GDQM5Hhd3U
m5ADHISiFX�IADH/mfU�AKGKFXH/MVJ�CIF>ADCIJ5F>G�HIG_dXH�ZrU1CIGDHIJ5AM5H/]-JfU�d>F>GDQTM5HTd3UnM5HIJV¦VFX�ISTH/mfU�AKGKFXH/MVJ�CIF>ADCIJ5F>GLDW1P-GQI�-U�JV¦
HIGB¡#U�dXHIP-G 	 � 
 � �

�� � ��= �BABd3Ui�fU�P^M5H_mfU1LDL7U�P-GDH_ADHId3U�GKF>¡�HM5H_drO U1M^U�m5G7U�GKFXW1P¢H�LKGNQI�-U�dXH¬ � 	 
 �
� =^�"U�^�#J5ADHTpV= j#v·��µNM5W1P5P^H�d3U·�fU�P^M5H�mfU1LDL7U�P-GDH�ADHId3U�GKF>¡�HiM5H�drO U1M^U�m5G7U�GKFXW1P � 	 HIP¢Z[W1P^CIGKFXW1P M5Hd3U·ADQ�LKFXLKG7U�P^C�HM�O HIP-GKADQ�H/ADQ�MVJ5F>GDH ��

�
M5HidrO U�P-GDHIP5P^H#=2�"U·�^�#J5ADH·pV= j#vnC%µcM5W1P5P^HTJ5P GKA7U1C�Q/CId3U1LDLKFX]-J^HiM5HTd3U�¡#U�AKF3U�GKFXW1P�M5H

C�HIGKGDH/ADQ�LKFXLKG7U�P^C�H·M�O HIP-GKADQ�H�ADQ�MVJ5F>GDH·HIP�Z[W1P^CIGKFXW1P©M5H/d3UnZ\ADQ�]-J^HIP^C�H#= �BP¸ADHIS/U�AD]-J^H·]-J^H��2HIP©M5HIE^W1ADL�M5H�L
Z\ADQ�]-J^HIP^C�H�L�M5H ADQ�LDW1PfU�P^C�H��#C�HIGKGDH�ADQ�LKFXLKG7U�P^C�H�H�LKG�]-JfU1LKF>STHIP-G�P-J5d>dXH�C�H�]-J5F�F>Sim5d>FX]-J^H��#HIPJ5GKF>d>FXL7U�P-G�d3Uz�^�#J5ADH
pV= j#vT��µ��^J5P^H_�fU�P^M5HhmfU1LDL7U�P-GDHM�O U1M^U�m5G7U�GKFXW1P¢]-JfU1LKF>STHIP-GNP-J5d>dXH�HIGNM5W1P^C_J5P^HU1M^U�m5G7U�GKFXW1P°M�O F>SimyQ�M^U�P^C�H
F>AKADQ�U�d>FXL7U��5dXH�HIP¸m5A7U�GKFX]-J^H#= ��U�AiC�W1P-GKADH���U�JV¦�ADQ�LDW1PfU�P^C�H�L�"d3UqADQ�LKFXLKG7U�P^C�H·H�LKGS/U%¦VF>S/U�dXH·C�H·]-J5F�myHIAKSTHIG
M�O W1�5GDHIP5F>AM5H�L_�fU�P^M5H�L_mfU1LDL7U�P-GDH�LhM�O U1M^U�m5G7U�GKFXW1P©QIdXHI¡�Q�H�LHIG`J5P^H·U1M^U�m5G7U�GKFXW1P¸M�O F>SimyQ�M^U�P^C�HTADQ�U�d>FXL7U��5dXH#=
k`U�P^L�C�HBC�U1L�-d3U`�fU�P^M5HNmfU1LDL7U�P-GDHB�#dXW1�fU�dXHNH�LKG�d>FXQ�HBJ5P5FX]-J^HISTHIP-GzU�JV¦/C�U�A7U1CIGDQIAKFXLKGKFX]-J^H�LeM5HBdrO U�P-GDHIP5P^H#= �BP
CDE^HIADCDE^HhM5W1P^CcGDW1J �KW1J5ADLB¬�U1M^U�m5GDHIAzJ5P^H_U�P-GDHIP5P^Hh¬ADQ�LDW1PfU�GDHIJ5ABU�JV¦·Z\ADQ�]-J^HIP^C�H�LeM5HcADQ�LDW1PfU�P^C�H#=^k`U�P^L�dXH
C�U1L`M�O J5P¢Z[W1P^CIGKFXW1P5P^HISTHIP-GhShJ5d>GKF{Y8LKG7U�P^M^U�ADM ��dXH��5J5G`H�LKG`M5W1P^CiM5H�S/U%gXGKAKFXLDHIA`d3U/�fU�P^M5H�mfU1LDL7U�P-GDHiM5HiC�H�L
U�P-GDHIP5P^H�LcU�J5GDW1J5ABM5H�LzMVF:9�QIADHIP-GDH�LzZ\ADQ�]-J^HIP^C�H�LzM5H`ADQ�LDW1PfU�P^C�H�L�=
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nporq � pV= j#v �q��U�A7U1CIGDQIAKFXLKGKFX]-J^H�LBM5H`drO U1M^U�m5G7U�GKFXW1P�M�O F>SimyQ�M^U�P^C�HhM�O J5P^HhU�P-GDHIP5P^H

� 9��"9-� .^� $3��9 ,/,  "� �&* � .�� ���2� * � * ���i� '  2� *q. ��� * �2� *
k�O J5PqmyW1F>P-GBM5Hc¡�J^H`CIF>ADCIJ5F>G�5dXHcA7U� �W1P5P^HISTHIP-G`H�LKGzQ�]-J5F>¡#U�dXHIP-GN¬�M5H�LemyHIAKGDH�L�5HIGzW1PqdXHcSTW�M5QId>FXLDH`mfU�AeJ5P^H
ADQ�LKFXLKG7U�P^C�HeM5H�A7U� �W1P5P^HISTHIP-G�=�k�O J5PimyW1F>P-G M5H�¡�J^H�A7U� �W1P5P^HISTHIP-G�-dXH�L+C�U�A7U1CIGDQIAKFXLKGKFX]-J^H�L+LDW1P-G M5W1P5P^Q�H�L�mfU�A
dXHcMVF3U��#A7U�SiSTH_M5HcA7U� �W1P5P^HISTHIP-G�=��8dymyHIAKSTHIGzM5HN¡�FXLKJfU�d>FXLDHIA�d3UhADQImfU�AKGKF>GKFXW1PRM5Hcm5J5FXLDL7U�P^C�HNA7U� �W1P5P^Q�H_M^U�P^L
drO H�LKmfU1C�H#=5k`U�P^L�dXHcC�U1LeM�O J5P·Z[W1P^CIGKFXW1P5P^HISTHIP-GBShJ5d>GKF{Y8LKG7U�P^M^U�ADM �5d3U�MVF 
/CIJ5d>GDQcADQ�LKFXM5HcM^U�P^L�d3US/U%gXGKAKFXLDHcM5H
C�H`A7U� �W1P5P^HISTHIP-G`U�JV¦nMVF:9�QIADHIP-GDH�LzZ\ADQ�]-J^HIP^C�H�LzM�O J5GKF>d>FXL7U�GKFXW1P;=
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��J5FXLD]-J^H��eC�W1SiSTH°P^W1J^LndrO U�¡�W1P^LRMVF>G��dXH¢A7U� �W1P5P^HISTHIP-G¢M�O J5P^H U�P-GDHIP5P^H¸¬¸ADQ�LDW1PfU�GDHIJ5AqP;O H�LKGnmyW#L±Y
LKF>�5dXHn]-J;O U�J5GDW1J5A/M5H�L�Z\ADQ�]-J^HIP^C�H�LTM5H�ADQ�LDW1PfU�P^C�H��+W1P ¡�W1F>G·U�dXW1ADLiGDW1J5GTM5HnLKJ5F>GDH�drO F>P-GDQIA �IG·M�O J5GKF>d>FXLDHIATJ5P
ADQ�LDW1PfU�GDHIJ5AB¬hL7U�J5GeM�O F>SimyQ�M^U�P^C�HcmyW1J5A�dXH�]-J^HIdyF>d�H�LKG�myW#LDLKF>�5dXHNM5HB�5¦5HIA�dXH�L Z\ADQ�]-J^HIP^C�H�LeM5HNADQ�LDW1PfU�P^C�HcF>PVY
M5QImyHIP^M5HISiSTHIP-GzdXH�L�J5P^H�LzM5H�LzU�J5GKADH�L�=VsBH�LKGDH`¬hS/U%gXGKAKFXLDHIAedrO U1M^U�m5G7U�GKFXW1PRM�O F>SimyQ�M^U�P^C�H_HIG�dXH`MVF3U��#A7U�SiSTH
M5HhA7U� �W1P5P^HISTHIP-Gh¬/C�H�LzZ\ADQ�]-J^HIP^C�H�LNmyW1J5ANJ5P^HhJ5GKF>d>FXL7U�GKFXW1P¢ShJ5d>GKF{Y8LKG7U�P^M^U�ADM�="�NO H�LKGcLKJ5ANC�Hhm5AKF>P^CIF>myH]-J^H
P^W1J^LBU�¡�W1P^Lz�fU1LDQ`drO QIGKJ^M5H_LKJ5F>¡#U�P-GDH#=
� M�� MNL � TFXNR`b X�� a
�"U�ADQImyW1P^LDH·Z\ADQ�]-J^HIP-GKFXHId>dXHqM�O J5P^HqU�P-GDHIP5P^HnmyHIJ5G �IGKADH�J5GKF>d>FXLDQ�H�myW1J5A/U�J5�#STHIP-GDHIATdXH·�^d>GKA7U���HnM�O J5P^H

CDEfU%gXP^HqM5H�GKA7U�P^LKSiFXLDLKFXW1P;= �2W1J5A·C�HId3U ��F>d�ZrU�J5Gid3U�S/U%gXGKAKFXLDHIA/U�JV¦ MVF:9�QIADHIP-GDH�LiZ\ADQ�]-J^HIP^C�H�LTM�O J5GKF>d>FXL7U�GKFXW1P;=
�BP M5H�Lim5AKF>P^CIF>myH�LTC�W1P^LKFXLKGDHn¬¢CIADQ�HIAiJ5P^HqU�P-GDHIP5P^HqM5H���Q�W1STQIGKAKFXHnGDHId>dXHn]-J^HnM5H�P^W1Sh�5ADHIJV¦ STW�M5H�LiM5H
ADQ�LDW1PfU�P^C�H_myHIJ5¡�HIP-GNL�O QIG7U��5d>F>ABHIGN¬iLDQIdXH�CIGKFXW1P5P^HIAcW1JqSTW�MVF{�fHIAzdXH�LzSTW�M5H�LB]-J5F"C�W1AKADH�LKmyW1P^M5HIP-GcU�JV¦qMVF:9�Q�Y
ADHIP-GDL�LKG7U�P^M^U�ADM5L�LDW1J5EfU�F>GDQ�L�=-?BF>P^LKF �-M5HIJV¦iS/U�P5FX�IADH�L�M5HeS/U%gXGKAKFXLDHIA�dXH�L�Z\ADQ�]-J^HIP^C�H�L�M5HzADQ�LDW1PfU�P^C�HzmyHIJ5¡�HIP-G
�IGKADH_J5GKF>d>FXLDQ�H�L 	fLDW1F>GBmfU�ABJ5Pq�^d>GKA7U���HM5H_STW�M5H��fLDW1F>GBmfU�ANJ5P^H_STW�MVF{�fC�U�GKFXW1PRZ\ADQ�]-J^HIP-GKFXHId>dXHM5HhSTW�M5H#=f�;H
�^d>GKA7U���H`M5HcSTW�M5HcC�W1P^LKFXLKGDH_¬hm5d3U1C�HIAzM5H�LeC�W1J5AKGDLzCIF>ADCIJ5F>GDLzQIdXH�CIGKAKFX]-J^H�LzHIGz¬iU�d>F>STHIP-GDHIAzdrO U�P-GDHIP5P^H_M5HcGDHId>dXH
ZrUKJ�W1PT]-J^H�dXH�L�STW�M5H�L�P^W1PTLDW1J5EfU�F>GDQ�H�L�P^HeLDW1FXHIP-G�mfU1L�H�¦5CIF>GDQ�L�=-��HIGKGDH�GDH�CDE5P5FX]-J^HzH�LKG�J5GKF>d>FXLDQ�H�mfU�A+H�¦5HISim5dXH
myW1J5AzdXH�LBU�P-GDHIP5P^H�LcM5H`GDQIdXQIm5E^W1P^H�LBmyW1AKG7U��5dXH�Lh¨ w-�%ª8=^�"UiSTW�MVF{�fC�U�GKFXW1PqZ\ADQ�]-J^HIP-GKFXHId>dXHhM5H`STW�M5H��^]-J^H`P^W1J^L
U�d>dXW1P^L�¡�W1F>AeM^U�P^L�C�HIGKGDHBmfU�AKGKFXH��VC�W1P^LKFXLKGDH`¬hCIADQ�HIA�M5H�L�¯�W1P^H�L�W����VLKJ5F>¡#U�P-G�d3U`Z\ADQ�]-J^HIP^C�H���dXHBSTW�M5HNH�LKG�m5d>J^L
W1J¢STW1F>P^L`U�GKGDQIP-J^Q���STW�MVF{��U�P-GhU�dXW1ADLNdXH�L`C�W1P^MVF>GKFXW1P^L`M5HADQ�LDW1PfU�P^C�H#="��HIAKG7U�F>P^H�L_U�P-GDHIP5P^H�L`ADQ�U�d>FXLDQ�H�LcmfU�A
C�HIGKGDHBGDH�CDE5P5FX]-J^HNLDW1P-G�m5ADW�CDE^H�L�M5HBLKGKAKJ^CIGKJ5ADH�L�M5HzG8 �myHBL7U�J5G�M�O F>SimyQ�M^U�P^C�H#= �8dfP^W1J^L�U`mfU�AKJ�M5W1P^CBF>SimyW1A±Y
G7U�P-GBM�O QIGKJ^MVFXHIABdXH�LemyW#LDLKF>�5F>d>F>GDQ�LzW 9�HIAKGDH�LemfU�ABM5H�LzLKGKAKJ^CIGKJ5ADH�Lz��QIP^QIA7U�dXH�LN¬�L7U�J5GDLzM�O F>SimyQ�M^U�P^C�H_myW1J5AzM5H�L
U�m5m5d>FXC�U�GKFXW1P^L`ShJ5d>GKF{Y8LKG7U�P^M^U�ADM5L�=��+O QIGKJ^M5H���M5H�C�U�A7U1CIGD�IADH��QIP^QIA7U�d ��H�LKG`U�m5m5d>FX]-J^Q�HiU�JV¦�C�U1L`M5H�L`U�P-GDHIP5P^H�L
mfU�GDCDE^L�=
� � � �\'��\' + ����$ � ! . �%$&��� 68��9-:; * ���%$ *��\�&* � * � ��� *
³-FzdrO W1P C�W1P^LKFXM5�IADHndrO U�P-GDHIP5P^HRmfU�GDCDE ADH�CIG7U�P5�#J5d3U�F>ADHRM5Hnd3U��^�#J5ADHRpV= j#��U�µ��+]-J^HId>dXHn]-J^HqLDW1F>GTd3URZ\ADQ�Y

]-J^HIP^C�H�� dXH�L·STW�M5H�L·M5HRADQ�LDW1PfU�P^C�H�L�O QIG7U��5d>FXLDLDHIP-GnLKJ5A·GDW1J5GDHRd3U dXW1P5�#J^HIJ5AnM5HqdrO U�P-GDHIP5P^H#=B��H�CIF`U�ST�IP^H
U�JV¦�C�U�A7U1CIGDQIAKFXLKGKFX]-J^H�L_CId3U1LDLKFX]-J^H�LcM5HdrO U�P-GDHIP5P^HimfU�GDCDE 	�dXH�LBZ\ADQ�]-J^HIP^C�H�L`M5HADQ�LDW1PfU�P^C�H�LKJ5myQIAKFXHIJ5ADHiLDW1P-G
¬/myHIJ¢m5AD��L`ShJ5d>GKF>m5dXH�L_M5H�d3U/m5ADHISiFX�IADH�Z\ADQ�]-J^HIP^C�HiM5HADQ�LDW1PfU�P^C�HTHIGcdXH�L`MVF3U��#A7U�SiSTH�LhM5HA7U� �W1P5P^HISTHIP-G
myW1J5A2dXH�L2STW�M5H�L2mfU�F>ADL2myW#LDLD��M5HIP-G�J5P¯�QIADW`¬zdrO U�¯�F>ShJ5G+M5H drO U�P-GDHIP5P^H��#C�W1SiSTH�dXH STW1P-GKADH�d3Ue�^�#J5ADHepV= j#�B��µ�=
�+O J5P�M5H�L"m5AKF>P^CIF>myH�L�M5H+d3UzSTW�MVF{�fC�U�GKFXW1PhZ\ADQ�]-J^HIP-GKFXHId>dXH�M5H+STW�M5H�C�W1P^LKFXLKGDH�¬em5d3U1C�HIA�J5P_�^d>GKADH�U�JhSiF>d>FXHIJ

M�O J5P^H`U�P-GDHIP5P^H_M5HBZrUKJ�W1Pq¬hCIADQ�HIAzM5H�L�STW�M5H�LeLKJ5A�M5H�L�dXW1P5�#J^HIJ5ADLzMVF:9�QIADHIP-GDH�LzU�JnLDHIF>PnM5HNdrO U�P-GDHIP5P^HT¨ w#w1ª8=
�"UB�^�#J5ADHBpV= p#£`U�µ"m5ADQ�LDHIP-GDHeJ5P^HBU�P-GDHIP5P^HemfU�GDCDETADH�CIG7U�P5�#J5d3U�F>ADHBM^U�P^L�d3U1]-J^HId>dXHzH�LKG�F>P^LDQIADQeJ5P��^d>GKADH�mfU1LDLDH�Y
�fU1L�=f?�Z\ADQ�]-J^HIP^C�Hh�fU1LDLDH��5dXH_�^d>GKADH_P;O U/U�J^CIJ5P¢H 9�HIGNHIGBdXH_m5ADHISiFXHIANSTW�M5HM5H_ADQ�LDW1PfU�P^C�HL�O QIG7U��5d>F>GNLKJ5ABd3U
dXW1P5�#J^HIJ5AcGDW1G7U�dXHM5HhdrO U�P-GDHIP5P^H#= ��U�A`C�W1P-GKADH���¬iZ\ADQ�]-J^HIP^C�Hhm5d>J^LNEfU�J5GDH��fdXH_�^d>GKADH�¹��5dXW�]-J^H�¹_drO QIP^HIAK�#FXH�LKJ5A
d3U�m5ADHISiFX�IADH/mfU�AKGKFXH/M5HidrO U�P-GDHIP5P^H·HIGhdXHiSTW�M5H/M5HiADQ�LDW1PfU�P^C�H/L�O QIG7U��5d>F>GLKJ5A_J5P^HTdXW1P5�#J^HIJ5Am5d>J^L`ZrU�F>�5dXH#=
k`U�P^L dXH�L�M5HIJV¦/C�U1L��dXHzSTW�M5HBM5HzADQ�LDW1PfU�P^C�HNH�LKG dXHzm5ADHISiFXHIA�STW�M5HzF>SimfU�F>A��C�HN]-J5F^myHIAKSTHIG�M�O W1�5GDHIP5F>A�M5H�L
MVF3U��#A7U�SiSTH�L�M5HeA7U� �W1P5P^HISTHIP-Ge]-JfU1LKF{Y8W1SiP5FXMVF>ADH�CIGKFXW1P5P^HIdXL�myW1J5A+dXH�L M5HIJV¦�Z\ADQ�]-J^HIP^C�H�L��C�W1SiSTHzdXHeSTW1P-GKADH
d3U_�^�#J5ADH_pV= p#£��µ�=5��P�m5A7U�GKFX]-J^H��VdXHN�^d>GKADHcF>P��^J^HIP^C�H_U�J^LDLKFydXHNm5ADHISiFXHIAzSTW�M5HcM5HcADQ�LDW1PfU�P^C�H#=5?BF>P^LKF ��F>d�H�LKG
myW#LDLKF>�5dXHcM�O U�¡�W1F>AzJ5P^HcADQ�MVJ^CIGKFXW1PqM5HcG7U�F>d>dXH`M5HNdrO U�P-GDHIP5P^H_�#A � C�H_U�JnM5QIm5EfU1L7U���H_LKJ5m5m5dXQISTHIP-G7U�F>ADHU�m5myW1AKGDQ
mfU�AzdXHN�^d>GKADH#=
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nporq � pV= j#� ��x�W�M5HeM5HzADQ�LDW1PfU�P^C�HBM�O J5P^HBU�P-GDHIP5P^HBmfU�GDCDE/ADH�CIG7U�P5�#J5d3U�F>ADHNHIG�MVF3U��#A7U�SiSTHBM5HeA7U� �W1P5P^HISTHIP-G
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Fi l tre de mode

nporq � pV= p#£ �nx�W�M5H_M5H_ADQ�LDW1PfU�P^C�HM�O J5P^HU�P-GDHIP5P^HhmfU�GDCDE°U�¡�H�ChSTW�MVF{�fC�U�GKFXW1PRZ\ADQ�]-J^HIP-GKFXHId>dXH�M5H`STW�M5HhHIG
MVF3U��#A7U�SiSTHhM5H`A7U� �W1P5P^HISTHIP-GcC�W1AKADH�LKmyW1P^M^U�P-G
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kNF:9�QIADHIP-GDL G8 �myH�L M5H��^d>GKADHzmyHIJ5¡�HIP-G��IGKADHzF>P^LDQIADQ�L M^U�P^L+J5P^HNU�P-GDHIP5P^HBmfU�GDCDE/ADH�CIG7U�P5�#J5d3U�F>ADH#=V�"UN�^�#J5ADH
pV= pV<M5W1P5P^H�M5HIJV¦�H�¦5HISim5dXH�L 	fJ5PR�^d>GKADH�M5HhG8 �myH]-JfU1LKF{Y8HId>d>F>m5GKFX]-J^HHIGNJ5P��^d>GKADHM5HhG8 �myH_Z[HIP-GDH#=1�2W1J5A`C�H
M5HIAKP5FXHIA�VJ5P^HcQIGKJ^M5HcC�W1Sim5dX�IGDH`M5HNd3UC�W1P^C�HIm5GKFXW1PqM�O J5P^H_U�P-GDHIP5P^H_U�¡�H�CNZ[HIP-GDHcH�LKGeM5Q�CIAKF>GDHcM^U�P^L`¨ w-��ª8=���d>dXH
U ��HIP-GKADHzU�J5GKADH��#M5QI�yW1J^CDE^Q�LKJ5A�d3UzADQ�U�d>FXL7U�GKFXW1PTM�O J5P^HeU�P-GDHIP5P^H��5F{Yr�fU�P^M5H ��� � ��� �BY � ��� �NmyW1J5A�d3U1]-J^HId>dXH
dXH�L�mfU�A7U�ST�IGKADH�Lz��Q�W1STQIGKAKFX]-J^H�LBHIGedXH�LeC�U�A7U1CIGDQIAKFXLKGKFX]-J^H�LBM5HcA7U� �W1P5P^HISTHIP-GNLDW1P-GBM5W1P5P^Q�LB¬hd3Uh�^�#J5ADHhpV= p#jV=

a) b)

nporq � pV= pV<��/��¦5HISim5dXH�LeM5HB�^d>GKADHNmyW1J5A�STW�MVF{�fC�U�GKFXW1P�Z\ADQ�]-J^HIP-GKFXHId>dXHcM5HNSTW�M5H 	VU�µ��^d>GKADHc]-JfU1LKF{Y8HId>d>F>m5GKFX]-J^H
HIGe��µ �^d>GKADH_M5HcG8 �myHcZ[HIP-GDH

90

0

−90 90

0

−90

0.895 GHz 2.015 GHz

103mm

66mm

60mm

nporq � pV= p#j��/sBQ�U�d>FXL7U�GKFXW1PqM�O J5P^H_U�P-GDHIP5P^HcmfU�GDCDEq�5F{Yr�fU�P^M5HcmfU�AeSTW�MVF{�fC�U�GKFXW1PnZ\ADQ�]-J^HIP-GKFXHId>dXH`M5HcSTW�M5HcM5H
G8 �myHNZ[HIP-GDH

��H�LU�P-GDHIP5P^H�Li¬·Z[HIP-GDH/LDW1P-GC�W1P^LKGKF>GKJ^Q�H�LM5HiGKADW1FXLhGKADW1P>J�W1P^LM5Hid>F>�#P^H/M5W1P-GhJ5P^H/M5HTd3U�AK��HIJ5A_ZrU�F>�5dXH
mfU�A+A7U�m5myW1AKG�U�JV¦/U�J5GKADH�L�-U�J5GKADHISTHIP-GeMVF>G M�O F>SimyQ�M^U�P^C�HeZ[W1AKGDH#=-�"U`LKGKAKJ^CIGKJ5ADHBLKF>Sim5d>F{�fQ�HBM5HedrO U�P-GDHIP5P^HNH�LKG
M5W1P^CNM5HNG8 �myHNL7U�J5G�M�O F>SimyQ�M^U�P^C�H��5U�¡�H�CNJ5P·GKADW1P>J�W1PnM�O F>SimyQ�M^U�P^C�HNZ[W1AKGDHNHIG�M5HBdXW1P5�#J^HIJ5A�ADQ�MVJ5F>GDH#=��NW1J^L
U�¡�W1P^L�¡�J��VM^U�P^L�dXHcC�U1LeMVJnMVF>¡�FXLDHIJ5A�M5HNm5J5FXLDL7U�P^C�HB�^d>GKA7U�P-GBM5HBd3UhmfU�AKGKFXH_pV=><��V]-J^HBdXH�LeLKGKAKJ^CIGKJ5ADH�Lz¬hL7U�J5GDL
M�O F>SimyQ�M^U�P^C�H`myHIAKSTHIGKGDHIP-GBM5HcmyW#LKF>GKFXW1P5P^HIAzdXH�L�Z\ADQ�]-J^HIP^C�H�LzM5HcADQ�LDW1PfU�P^C�H_M5HcS/U�P5FX�IADH`F>P^M5QImyHIP^M^U�P-GDH#=��8d
LDHISh�5dXH�U�dXW1ADLNF>P-GDQIADH�LDL7U�P-G`M5H_¡�W1F>ANdXH�LBmyW#LDLKF>�5F>d>F>GDQ�LNM5HC�H�LNLKGKAKJ^CIGKJ5ADH�L`¬TL7U�J5GcM�O F>SimyQ�M^U�P^C�HiU�m5m5d>FX]-J^Q�H�L
U�JqC�U1LBM5H�LBU�P-GDHIP5P^H�LBM^U�P^LzJ5PqC�U1Lzm5d>J^Le��QIP^QIA7U�d"]-J^H_C�HId>J5F"M5Hcd3UZ[HIP-GDH#=
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ºBJ^HIdX]-J^H�L�H�¦5HISim5dXH�L�M�O U�P-GDHIP5P^H�L�QIGKJ^MVFXQ�H�L�M^U�P^L�C�HIGKGDHzmfU�AKGKFXHBLDW1P-G�M5W1P5P^Q�L mfU�A d3UN�^�#J5ADHNpV= p#pV=�k`U�P^L

J5P¢C�U1LB��QIP^QIA7U�d �fdrO U�P-GDHIP5P^H�H�LKGBJ5P�ADQ�LDW1PfU�GDHIJ5AcC�W1P^LKGKF>GKJ^QM5H ��GKADW1P>J�W1P^LcM5H_d>F>�#P^H�LcM�O F>SimyQ�M^U�P^C�H�Li²\M5H
d3U�AK��HIJ5ADL�µ�HIGBM5HcdXW1P5�#J^HIJ5ADLNMVF:9�QIADHIP-GDH�L�^LDW1F>G �zY7<`L7U�J5GDLzM�O F>SimyQ�M^U�P^C�H#=

nporq � pV= p#p �·��¦5HISim5dXH�LBM�O U�P-GDHIP5P^H�Lc¬iL7U�J5GzM�O F>SimyQ�M^U�P^C�H

k`U�P^LedXH_C�U1LemfU�AKGKFXCIJ5d>FXHIABM5H`drO U�P-GDHIP5P^HhHIP 3�M5Hcd3Uh�^�#J5ADHhpV= p�w �^]-J5F;H�LKGeJ5P^H_U�P-GDHIP5P^HhLK �STQIGKAKFX]-J^H_¬
M5HIJV¦iL7U�J5GDL+M�O F>SimyQ�M^U�P^C�H���dXH�ADQ�LDW1PfU�GDHIJ5A�H�LKG+Q�]-J5F>¡#U�dXHIP-G�¬cC�HId>J5F^J5GKF>d>FXLDQzM^U�P^L�dXHeMVF>¡�FXLDHIJ5A M5H�m5J5FXLDL7U�P^C�H 	
F>d5H�LKG2myW#LDLKF>�5dXH�M5H�M5QIGDHIAKSiF>P^HIA�dXH�L�C�W1P^MVF>GKFXW1P^L+M5H�ADQ�LDW1PfU�P^C�HeM5H�L�M5HIJV¦m5ADHISiFXHIADL�STW�M5H�Le²[pV=><���µ2HIGz²[pV=><%»#µ�=
� H�LKGBdXH_A7U�m5myW1AKGcM5H�LBF>SimyQ�M^U�P^C�H�L � 
 � �� � = ��� H�LKGBd3U�Z\ADQ�]-J^HIP^C�HM5H_ADQ�LDW1PfU�P^C�H�MVJRm5ADHISiFXHIAcSTW�M5HhHIG� � C�HId>dXH_MVJRLDH�C�W1P^M�=

θ2 , Z2
θ2 , Z2

θ1 , Z1
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L
2
 , W
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c.o. c.o.

nporq � pV= p�w �·��¦5HISim5dXHhM5HcdrO U�P-GDHIP5P^HHIP 3

� 
 ���� � � �� ���� � � � ²[pV=><���µ
� 
 � ���� � � �

���
� � �
�

� � ���� � � �
��� � � � � ²[pV=><%»#µ

? mfU�AKGKF>AnM5HRC�H�L�C�W1P^MVF>GKFXW1P^L��M5HIJV¦�C�W1J5AK�yH�L·myHIAKSTHIGKGDHIP-GnM�O W1�5GDHIP5F>A�J5P^H�QI¡#U�d>JfU�GKFXW1P§]-JfU�d>F>G7U�GKF>¡�H
M5H�L_myHIA±Z[W1AKS/U�P^C�H�LM�O J5P^H/GDHId>dXH/U�P-GDHIP5P^H#=��"UqC�W1J5AK�yHTM5HTd3U·�^�#J5ADH�pV= p#}qM5W1P5P^HTd3U�ADQ�MVJ^CIGKFXW1P©M5HTG7U�F>d>dXH
M5H�drO U�P-GDHIP5P^HTHIP 3 ��mfU�AcA7U�m5myW1AKGh¬·J5P^HTU�P-GDHIP5P^HimfU�GDCDE°ADH�CIG7U�P5�#J5d3U�F>ADH·U� -U�P-G_d3U/S �ISTHZ\ADQ�]-J^HIP^C�HiM5H
ADQ�LDW1PfU�P^C�H/�fU1LDLDH��"HIP Z[W1P^CIGKFXW1P©MVJ¸A7U�m5myW1AKG � HIGMVJ¸A7U�m5myW1AKG�� 
 � �� � ="�"URC�W1J5AK�yH/M5H/d3U��^�#J5ADH�pV= p#�M5W1P5P^HidXHiC�W1SimyW1AKGDHISTHIP-G_Z\ADQ�]-J^HIP-GKFXHId M5H�drO U�P-GDHIP5P^H·U�¡�H�C�dXH�A7U�m5myW1AKGhM5H�L_M5HIJV¦¢m5ADHISiFX�IADH�LcZ\ADQ�]-J^HIP^C�H�L
M5H`ADQ�LDW1PfU�P^C�H � �

�
�
HIP�Z[W1P^CIGKFXW1PRMVJqA7U�m5myW1AKG � =
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K=Z2/Z1

r=10 ou 1/10

r=3 ou 1/3
r=2 ou ½
r=3/2 ou 2/3
r=1

K=0.1      1/3<r<3

K=0.5     1/3<r<3

nporq � pV= p#} �·sBQ�MVJ^CIGKFXW1P�M5HcG7U�F>d>dXH_M5H`drO U�P-GDHIP5P^HhHIP 3�HIPnZ[W1P^CIGKFXW1PRM5H �

0.1 1 10
1

2

3

4

5

6

7

f 2/
f 1

K=Z2/Z1

K=0.1      r=3

r=3 

r=2 
r=1

r=1/2 
r=1/3 

K=0.1      r=1/3

nporq � pV= p#������¡�W1d>J5GKFXW1P�MVJnA7U�m5myW1AKG � �
�
�
M5HcdrO U�P-GDHIP5P^HHIP 3�HIPnZ[W1P^CIGKFXW1PRM5H �
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�BPRADHIS/U�AD]-J^Hh]-J^H`d3UiADQ�MVJ^CIGKFXW1P�M5H_G7U�F>d>dXHhM5QImyHIP^MRMVJqA7U�m5myW1AKG � S/U�FXLNH�LKGzmyHIJqF>P��^J^HIP^C�Q�HhmfU�AzdXH
A7U�m5myW1AKG_M5H�L`dXW1P5�#J^HIJ5ADL��HIP°mfU�AKGKFXCIJ5d>FXHIA_myW1J5A � � � � � � �V=1�2W1J5A � � ���yd3U/G7U�F>d>dXHTM5HdrO U�P-GDHIP5P^H/H�LKG
ADQ�MVJ5F>GDHimfU�A_A7U�m5myW1AKG¬·J5P^HTU�P-GDHIP5P^HTmfU�GDCDE ADH�CIG7U�P5�#J5d3U�F>ADH#=���d>J^L � H�LKGcZrU�F>�5dXH��ym5d>J^L`d3U�ADQ�MVJ^CIGKFXW1P�M5H
G7U�F>d>dXHcH�LKG F>SimyW1AKG7U�P-GDH#=���U�AeC�W1P-GKADH��5C�W1SiSTHBdXHBSTW1P-GKADHIP-GzdXH�L�M5HIJV¦·H�¦5HISim5dXH�LeM5HBd3U`�^�#J5ADHcpV= p#} ��m5d>J^L �

H�LKG`myHIGKF>G`HIG`m5d>J^L`d3U·LDH�CIGKFXW1P�M5Hd3U·d>F>�#P^HiC�HIP-GKA7U�dXH/H�LKGNZrU�F>�5dXH���C�Hi]-J5F+U�J5�#STHIP-GDHTdXH�LcmyHIAKGDH�L�=�?BF>P^LKF ��J5P
C�W1Sim5ADW1SiFXLNHIP-GKADH`ADQ�MVJ^CIGKFXW1P�M5HcG7U�F>d>dXHhHIGeADHIP^M5HISTHIP-GNM5H`drO U�P-GDHIP5P^HhH�LKGeP^Q�C�H�LDL7U�F>ADH#=

�2W1J5A/dXHqC�W1SimyW1AKGDHISTHIP-G/Z\ADQ�]-J^HIP-GKFXHId �+dXHnA7U�m5myW1AKG·M5H�L�Z\ADQ�]-J^HIP^C�H�L � �
�
�
M5QImyHIP^M ¬¢d3U�Z[W1FXLTM5H � HIG

M5H �5="?BF>P^LKF �"C�W1SiSTH/dXH/STW1P-GKADHIP-G�dXH�L�M5HIJV¦�H�¦5HISim5dXH�L�M5H/d3U��^�#J5ADH�pV= p#� �"dXH/A7U�m5myW1AKG�qF>P��^J^HIP^C�H·M5H
ZrUKJ�W1P·F>SimyW1AKG7U�P-GDHNd3U`myW#LKF>GKFXW1P·M5H�L Z\ADQ�]-J^HIP^C�H�L�M5HzADQ�LDW1PfU�P^C�H#= �2W1J5A � � ���-d3U_M5HIJV¦VFX�ISTHBZ\ADQ�]-J^HIP^C�HBM5H
ADQ�LDW1PfU�P^C�H_H�LKGBLKJ5myQIAKFXHIJ5ADHh¬�M5HIJV¦·Z[W1FXLed3U�m5ADHISiFX�IADH 	 � � � � ��� =
?BF>P^LKF �5J5P^H`ADQ�MVJ^CIGKFXW1P�M5H`G7U�F>d>dXHhM5HcdrO U�P-GDHIP5P^HHIP 3�F>SimyW#LDH_]-J^H � � � � ��� =�³-F;drO W1PRLDW1J5EfU�F>GDHhU�¡�W1F>A

� � � � ��� �+F>dBH�LKG/P^Q�C�H�LDL7U�F>ADHRM�O U�J5�#STHIP-GDHIA�d3U°G7U�F>d>dXHRM5HqdrO U�P-GDHIP5P^H#=��"U°myW#LKF>GKFXW1P ADHId3U�GKF>¡�H�M5H�L/M5HIJV¦
m5ADHISiFX�IADH�L`Z\ADQ�]-J^HIP^C�H�L`H�LKGc�5¦5Q�H�mfU�A`dXH�L`M5HIJV¦¢A7U�m5myW1AKGDL���HIG � U�dXW1ADL_]-J^H�d3U/ADQ�MVJ^CIGKFXW1P¸M5HG7U�F>d>dXHTH�LKG
m5AKF>P^CIF>mfU�dXHISTHIP-GcM5QIGDHIAKSiF>P^Q�H_mfU�A � =
� M�� M�� 	 lmR`b a �;YVX6lmR
k`U�P^LcdXH�C�U1L`LKF>Sim5d>F{�fQiM5H�drO U�P-GDHIP5P^HTHIP 3 ��J5P^H�QIGKJ^M5H��fU1LDQ�H�LKJ5Acd3U�LKGKAKJ^CIGKJ5ADHiM�O J5P¢ADQ�LDW1PfU�GDHIJ5Ah¬

L7U�J5GNM�O F>SimyQ�M^U�P^C�HLK �STQIGKAKFX]-J^H_myHIAKSTHIGNM5HhM5QIGDHIAKSiF>P^HIAc]-J^HIdX]-J^H�Lzm5ADW1m5AKFXQIGDQ�LcM5HhC�HIGKGDHU�P-GDHIP5P^H#=yk`U�P^L
J5P C�U1Li��QIP^QIA7U�d ��U�¡�H�CnJ5P^HqU�P-GDHIP5P^HqP^W1P LK �STQIGKAKFX]-J^HnHIGTC�W1P^LKGKF>GKJ^Q�HqM5H � � �nL7U�J5GDLTM�O F>SimyQ�M^U�P^C�H��
drO QIGKJ^M5HhU�PfU�d> �GKFX]-J^H_H�LKGe�yH�U�J^C�W1J5mqm5d>J^LzC�W1Sim5dXH�¦5H#=^kcHcm5d>J^L�5C�HIGKGDH_QIGKJ^M5H`P^HcGKFXHIP-GBmfU1LzC�W1Sim5GDH_M5H�LzH�Z&Y
Z[HIGDL�M5H�L�MVFXLDC�W1P-GKF>P-J5F>GDQ�L�^HIP·mfU�AKGKFXCIJ5d>FXHIA�dXHBA7U� �W1P5P^HISTHIP-G�^]-J5FyC�W1P^LKGKF>GKJ^HNJ5P^HNM5H�L Z[W1P^CIGKFXW1P^L�m5AKF>P^CIF>mfU�dXH�L
M5H`drO U�P-GDHIP5P^H#=

�NW1J^Lhm5ADW1myW#LDW1P^L�M5W1P^C/J5P^H/STQIGKE^W�M5H·M�O QIGKJ^M5H·C�W1Sim5dX�IGDH�M�O J5P^H�U�P-GDHIP5P^H�mfU�GDCDE ¬RL7U�J5GDLM�O F>SimyQ�Y
M^U�P^C�H#= �2W1J5A+C�HId3U ��GKADW1FXL2STW�M5�IdXH�L�W1P-G�QIGDQ�M5QI¡�HIdXW1m5myQ�L 	%J5PSTW�M5�IdXH�M5H�A7U� �W1P5P^HISTHIP-G�#J5P�STW�M5�IdXH�CIF>ADCIJ5F>G
HIGeJ5PnSTW�M5�IdXH_M5HcADHIP^M5HISTHIP-G�=y��HcGKA7U�¡#U�F>d"UhZrU�F>GedrO W1� �KHIGzM�O J5P^H`m5J5�5d>FXC�U�GKFXW1P�U�JRC�W1P5�#AD��L�� �+�+��Y8?���³�HIP
j#£#£�wR¨ p�»%ª8=
� � � �3���\' + ����� �&* � * � .�� ���2� * � * ���
k�O J5PhmyW1F>P-G�M5H�¡�J^H+A7U� �W1P5P^HISTHIP-G�1J5P^H�U�P-GDHIP5P^H�¬zL7U�J5GDL"M�O F>SimyQ�M^U�P^C�H myHIJ5G �IGKADH C�W1P^LKFXM5QIADQ�H C�W1SiSTH

d3UBSiFXLDH�HIP�ADQ�LDH�U�JiM5H Z[HIP-GDH�L�A7U� �W1P5PfU�P-GDH�L�-C�W1SiSTH�dXH�STW1P-GKADHedrO H�¦5HISim5dXH�M5H�d3Uz�^�#J5ADHzpV= p�»�=1�;H�L�STW�M5�IdXH�L
M5HNA7U� �W1P5P^HISTHIP-GNM5H�LeM5HIJV¦·G8 �myH�LeM5HcMVFXLDC�W1P-GKF>P-J5F>GDQ�LBJ5GKF>dXH�L�myW1J5A�d3UhSTW�M5QId>FXL7U�GKFXW1PqM5HNdrO U�P-GDHIP5P^Hh¬L7U�J5G
M�O F>SimyQ�M^U�P^C�H��;U�J5GKADHISTHIP-GhMVF>G��dXH�L`MVFXLDC�W1P-GKF>P-J5F>GDQ�LhM5H�yW1J5G`M5HmfU�GDCDE HIGcdXH�LcL7U�J5GDL`M�O F>SimyQ�M^U�P^C�H���LDW1P-G
M5W1P5P^Q�LBM^U�P^LedrO U�P5P^H�¦5H_k�=
�;HTCDEfU�Sim � �#dXW1�fU�d+A7U� �W1P5P^QimfU�A_drO U�P-GDHIP5P^H/H�LKG`M5W1P^Cid3U�LDW1SiSTHiM5H�L`A7U� �W1P5P^HISTHIP-GDLm5ADW1m5ADH�L_M5H

CDEfU1]-J^HhZ[HIP-GDH�HIP�GDHIPfU�P-G`C�W1Sim5GDH�MVJ¢ADHIG7U�ADM�M5Hm5EfU1LDHHIP-GKADH�CDEfU1]-J^H�MVFXLDC�W1P-GKF>P-J5F>GDQ��;C�W1SiSTHdXHM5W1P5P^H
d3UiADHId3U�GKFXW1P ²[pV=><�v�µh² � 
 � ��

�
µ�=��;HhMVF3U��#A7U�SiSTH�M5H_A7U� �W1P5P^HISTHIP-G_M5H_drO U�P-GDHIP5P^H�H�LKGBGKA7U1C�Q¬imfU�AKGKF>AcM5HhC�H

STW�M5�IdXH#=

� 

��
�

� �
� 	
� � ���

� ���	��
 � ²[pV=><�v�µ
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k`U�P^L�J5P�m5ADHISiFXHIAeGDHISim^L��d3U_�^�#J5ADH`pV= p#vM5W1P5P^HNJ5P^HNSTW�M5QId>FXL7U�GKFXW1PqCIF>ADCIJ5F>GeM�O J5P^H`MVFXLDC�W1P-GKF>P-J5F>GDQ`A7U� �W1PVY
PfU�P-GDH �·m5ADHIPfU�P-GNHIPRC�W1Sim5GDH 	

��dXHcA7U� �W1P5P^HISTHIP-GNm5ADW1m5ADHhM5Hcd3UiMVFXLDC�W1P-GKF>P-J5F>GDQ 	5C�W1P^MVJ^CIG7U�P^C�H � � � �
��dXHnC�W1J5m5d3U���HnmfU�AiA7U� �W1P5P^HISTHIP-G�M5H�L � � �°U�J5GKADH�LTMVFXLDC�W1P-GKF>P-J5F>GDQ�L�	�C�W1P^MVJ^CIG7U�P^C�H�L � � � myW1J5A
� �
 � �

��drO H 9�HIGzM5H�LzSTW�M5H�LzHI¡#U�P^H�LDC�HIP-GDL 	5C�U�mfU1CIF>GDQ�� � � =
��drO H 9�HIGzM5H_C�W1J5m5d3U���H_M5H�LzSTW�M5H�LzHI¡#U�P^H�LDC�HIP-GDL 	5C�U�mfU1CIF>GDQ�� � � =
?�CDEfU1]-J^HhMVFXLDC�W1P-GKF>P-J5F>GDQ � �^W1PRM5Q��^P5F>GBJ5P^H`GDHIP^LKFXW1P � � HIGzJ5PRC�W1J5A7U�P-G � � = �2W1J5ABGDHIP5F>ANC�W1Sim5GDH_M5H�L

C�W1J5m5d3U���H�L��W1P¢C�W1P^LKFXM5�IADH]-J^HhCDEfU1]-J^H_Z[HIP-GDHhA7U� �W1P5PfU�P-GDH�S U�ST�IP^HhJ5P¢C�W1J5A7U�P-G � � � M5HhC�W1J5m5d3U���H#=;��HC�W1J5A7U�P-G+H�LKG2m5ADW1myW1AKGKFXW1P5P^HId�¬zd3UBGDHIP^LKFXW1PiM5H�d3UBMVFXLDC�W1P-GKF>P-J5F>GDQzS � � C�W1SiSTH�dXH�M5W1P5P^H�d3UBADHId3U�GKFXW1Pq²[pV=><���µ�=�"U�ADHId3U�GKFXW1P§²[pV= j#£�µ`M5W1P5P^HidrO H�¦Vm5ADH�LDLKFXW1P�MVJ�C�W1J5A7U�P-G�� � HIP°Z[W1P^CIGKFXW1P�M5HidrO HIP^LDHISh�5dXH·M5H�L`GDHIP^LKFXW1P^LhM5H�L
MVFXLDC�W1P-GKF>P-J5F>GDQ�L�=��2W1J5AzW1�5GDHIP5F>A�J5P·STW�M5�IdXHcL7U�P^L�C�W1J5m5d3U���H��VW1P�CDE^HIADCDE^H`d3UhC�W1P^MVJ^CIG7U�P^C�H � � Q�]-J5F>¡#U�dXHIP-GDH
C�W1SiSTH�M5W1P5P^Q�H�mfU�Acd3UTADHId3U�GKFXW1P ²[pV= jV<%µ�= �BPRZrU�F>G`M5HS �ISTHmyW1J5ANd3U·C�U�mfU1CIF>GDQiQ�]-J5F>¡#U�dXHIP-GDH � � U�¡�H�Cd3U
ADHId3U�GKFXW1P�²[pV= j#j�µ�=5k`U�P^L�dXH`C�U1LeW���dXH�LeH 9�HIGDLeM5H � � � myW1J5A � �
 �·LDW1P-GzC�W1P^LKFXM5QIADQ�LzC�W1SiSTHcP^QI�#d>F>��H�U��5dXH�L
HIGcmyW1J5A � � ���� � � U�J^LDLKF2P^QI�#d>F>��H�U��5dXH�L�ydXH�L`H�¦Vm5ADH�LDLKFXW1P^Li²[pV= j#p�µBHIGT²[pV= j�w�µBM5W1P5P^HIP-G`d3U·C�W1P^MVJ^CIG7U�P^C�HiHIGcd3U
C�U�mfU1CIF>GDQ_Q�]-J5F>¡#U�dXHIP-GDHhM5H`d3U�MVFXLDC�W1P-GKF>P-J5F>GDQ#=



<#<�j ��������� ����� � � ���	� ��� �������	� 	�� ���� � � �%� � � 
 ��� ����� � �

G
kk

C
kk

I
kk

I
k,k−1

I
k,k+1

I
k

V
k

Z
c(k−1)

Z
ck

G
k

C
k

I
k

V
k

Z
c(k−1)

Z
ck

nporq � pV= p#v �ix�W�M5QId>FXL7U�GKFXW1P�CIF>ADCIJ5F>G�M�O J5P^HNMVFXLDC�W1P-GKF>P-J5F>GDQcA7U� �W1P5PfU�P-GDH`M5HzdrO U�P-GDHIP5P^H`¬hL7U�J5G�M�O F>SimyQ�M^U�P^C�H

� � � 
 � � � � � 
 � � � � � � � ²[pV=><���µ
� � 
 �

�
� � � 
 �

�
� � � � � 
 � � � � � � � ²[pV= j#£�µ

� � 
 � � � �
� � � 


�
�
� � � � � � �

� � � � �
�

� � � � � � � �
� � � ²[pV= jV<%µ

� � � 
 � � � �
� � � 


�
�
� � � � � � �

� � � � �
�

� � � � � � � �
� � � ²[pV= j#j�µ

� � 
 �
�
� � � � � � �

� � � ²[pV= j#p�µ
� � 
 � � � ²[pV= j�w�µ

�2W1J5AedXHcC�U1L�M�O J5P^HNGDH�CDE5P^W1dXW1�#FXH_M5HNG8 �myHBSiFXCIADW1AKJ5�fU�P��5dXH�L�H�¦Vm5ADH�LDLKFXW1P^L�M5H � � � HIG � � � LDW1P-GeM5W1P5P^Q�L
mfU�A�dXH�L2ADHId3U�GKFXW1P^LB²[pV= j#}�µ"HIGz²[pV= j#��µ�=#�"UzZ[W1AKShJ5dXH`²[pV= j#��µ2H�LKG�M5QIG7U�F>d>dXQ�HeM^U�P^L�drO U�P5P^H�¦5Hz�N=1�;H�STW�M5�IdXH�J5GKF>d>FXLDQ
myW1J5A;dXH�L;F>SimyQ�M^U�P^C�H�L"C�U�A7U1CIGDQIAKFXLKGKFX]-J^H�L � � HIG�dXH�L;myHIAKSiF>GKGKF>¡�F>GDQ�L;ADHId3U�GKF>¡�H�L2H�LKG"C�HId>J5F-M5H�3cU�SiSTHIADLKG7U1M/¨ }#�%ª �C�W1SiSTHedXH �±J^LKGKF{�fH�drO QIGKJ^M5H�m5ADQ�LDHIP-GDQ�HzHIP/U�P5P^H�¦5H��c=#�;H�L�H�¦Vm5ADH�LDLKFXW1P^L+M5H�L+U1MVSiF>GKG7U�P^C�H�L M5H�A7U� �W1P5P^HISTHIP-G
m5ADW1m5ADH�L � � � LDW1P-GBC�U�dXCIJ5dXQ�H�LBM^U�P^LedrO U�P5P^H�¦5H_k�=
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²[pV= j#��µ

�2W1J5A/drO H�¦Vm5ADH�LDLKFXW1P M5H � � � ��J5P^H�ADHId3U�GKFXW1P H�LKGTM5W1P5P^Q�HqM^U�P^LidXH�d>F>¡�ADHqM5HR��W1Sh�yH�Lq¨ w^<IªzS/U�FXLTHId>dXHC�W1P^C�HIAKP^H_dXH�LNU�P-GDHIP5P^H�LBmfU�GDCDE^LzADH�CIG7U�P5�#J5d3U�F>ADH�L�fmyW1J5AzdXH�LD]-J^HId>dXH�LedXH�LeZ[HIP-GDH�LzA7U� �W1P5PfU�P-GDH�LcHIGzdXH�Le¡#U�dXHIJ5ADL
M5H�LcGDHIP^LKFXW1P^L`LDW1P-GcFXM5HIP-GKFX]-J^H�L�=�k`U�P^LcdXH�C�U1L`M5HdrO U�P-GDHIP5P^HT¬·L7U�J5GDL`M�O F>SimyQ�M^U�P^C�H���C�HP;O H�LKGcmfU1LcdXH�C�U1L�=
�8d+H�LKG_M5W1P^CiP^Q�C�H�LDL7U�F>ADHTM5HiM5QIGDHIAKSiF>P^HIAhdrO U1MVSiF>GKG7U�P^C�H/M5HTC�W1J5m5d3U���H � � � HIP-GKADH/M5HIJV¦�Z[HIP-GDH�LhMVFXLKG7U�P-GDH�LM�O J5P^H`dXW1P5�#J^HIJ5A � � � U�d>F>STHIP-GDQ�H_mfU�ABM5HIJV¦�GDHIP^LKFXW1P^LBMVF:9�QIADHIP-GDH�L � � HIG � � =
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³-F�drO W1PnADHIm5ADHIP^M�dXHcm5AKF>P^CIF>myH`M5H`C�U�dXCIJ5d;M5HcdrO U�P5P^H�¦5H`k �Vd3Uhm5J5FXLDL7U�P^C�HcGDW1G7U�dXH`A7U� �W1P5P^Q�H`mfU�AedXH�LeM5HIJV¦
Z[HIP-GDH�LBH�LKGzM5W1P5P^Q�H`mfU�AzdrO H�¦Vm5ADH�LDLKFXW1P�²[pV= j�»#µ�=
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 � � � � � � � � ��� � � � � � � ²[pV= j�»#µ

U�¡�H�C �� � � � 
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�;H�LzCDEfU�Sim^LeA7U� �W1P5P^Q�LBLDW1P-Ged3ULKJ5myHIAKmyW#LKF>GKFXW1PqM5H�LeCDEfU�Sim^LzA7U� �W1P5P^Q�LemfU�AedXH�LeM5HIJV¦qU�P-GDHIP5P^H�L�=���H�CIF
H�LKG�¡�A7U�F�HIPnC�W1P^LKFXM5QIA7U�P-Gz]-J^HNdXH�L�A7U� �W1P5P^HISTHIP-GDLNM5H�L�M5HIJV¦/Z[HIP-GDH�LeLDW1P-G�F>P^M5QImyHIP^M^U�P-GDL�5C#O H�LKG±Y ¬%Y8MVF>ADH`]-J^H
dXHhA7U� �W1P5P^HISTHIP-GM�O J5P^HhZ[HIP-GDHP;O F>P��^J^HIP^C�HimfU1LNdrO U�J5GKADH#="��HIGKGDHiU�m5m5ADW�¦VF>S/U�GKFXW1P�H�LKG �±J^LKGKF{�fQ�HmfU�AcdXH_ZrU�F>G
]-J^HqdXHqA7U� �W1P5P^HISTHIP-GqM�O J5P^HqZ[HIP-GDHRmyW1J5A � 
 �§²[¬°drO E^W1AKF>¯�W1P-G7U�dXH%µ·H�LKG·]-JfU1LKF>STHIP-G·P-J5dr=�?BF>P^LKF � W1P§U
�� 
 �� � � �� � HIG �� 
 �� � � �� � =-��P/ADHISim5d3UKJ�U�P-GeC�H�L CDEfU�Sim^L�M^U�P^L drO H�¦Vm5ADH�LDLKFXW1P¢²[pV= j�»#µ���d3U`m5J5FXLDL7U�P^C�H
� � M5HI¡�FXHIP-GBd3U�LDW1SiSTH_M5H_]-JfU�GKADHcm5J5FXLDL7U�P^C�H�L 	

� ��J5FXLDL7U�P^C�H � � � 
���� �� � � �� � � �� � � � �� � � �
� ��J5FXLDL7U�P^C�H � � � 
 ��� �� � � �� � � �� � � � �� � � �
� ��J5FXLDL7U�P^C�H � � � 
	��� �� � � �� � � �� � � � �� � � �
� ��J5FXLDL7U�P^C�H � ��� 
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� � �� � � �
� � � HIG � ��� C�W1AKADH�LKmyW1P^M5HIP-GhU�JV¦qm5J5FXLDL7U�P^C�H�LNA7U� �W1P5P^Q�H�LcmfU�ANdXH�LzZ[HIP-GDH�LcHIP�dXH�LNC�W1P^LKFXM5QIA7U�P-G`LDHIJ5dXH�LHIGcdrO H�¦Vm5ADH�LDLKFXW1P¢M5H�L_U1MVSiF>GKG7U�P^C�H�L_Q�]-J5F>¡#U�dXHIP-GDH�L`C�W1AKADH�LKmyW1P^M5HIP^M ¬/C�HId>dXHiM5W1P5P^Q�HmfU�AT²[pV= j#}�µ�=y�;H�L`M5HIJV¦

U�J5GKADH�LTm5J5FXLDL7U�P^C�H�L/LDW1P-G/d>FXQ�H�L·¬¢drO F>P-GDHIA±Z[QIADHIP^C�H�HIP-GKADHqdXH�L/M5HIJV¦©Z[HIP-GDH�L�= ��P C�W1P^LKFXM5QIA7U�P-G�]-J^H � � � 

�
� � � � � � � � � �� ��HIG/]-J^Hnd3U°MVF:9�QIADHIP^C�HRM5HnS/U�ADCDE^H�M5HndrO W1P^M5HRHIP-GKADHqdXH�L/M5HIJV¦ U�P-GDHIP5P^H�L�H�LKGTQI�-U�dXH�¬
� � � � � � � � ��� � � ��drO H�¦Vm5ADH�LDLKFXW1PRM5HcdrO U1MVSiF>GKG7U�P^C�H � � � H�LKGzM5W1P5P^Q�H`mfU�Azd3UADHId3U�GKFXW1P¸²[pV= j#v�µ�=�
 � � � ��H�LKGed3UZ[W1P^CIGKFXW1PRM5H`��H�LDLDHId;M5H`m5ADHISiFX�IADHhH�LKmy��C�H`M�O W1ADMVADHh£V=
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 � � �	� � � �� � � � � � � � � ²[pV= j#v�µ
�;H�LhU1MVSiF>GKG7U�P^C�H�L � � � ]-J5F �ymyW1J5A`dXH�STW�M5�IdXHiCIF>ADCIJ5F>G��ADHIm5ADQ�LDHIP-GDHIP-GhJ5P C�W1J5m5d3U���HTHIP-GKADHidXH�LcZ[HIP-GDH�LC�W1AKADH�LKmyW1P^M5HIP-GNHIPqADQ�U�d>F>GDQ¬�J5P^H`F>P-GDHIA±Z[QIADHIP^C�HM5H�LBW1P^M5H�LBCIADQ�Q�H�LzmfU�AzdXH�LBM5HIJV¦�Z[HIP-GDH�L �nHIG � =5k`U�P^Lzd3U

LKJ5F>GDH��VdXH`GDHIAKSTH/¹IC�W1J5m5d3U���H�¹_H�LKGeJ5GKF>d>FXLDQ`S/U�FXLeF>d;P;O U�M5W1P^C`mfU1LBM5HcADQ�U�d>F>GDQ`m5E- VLKFX]-J^H#=
+ ����� �&* !���� ���&* �T� *��('>. ��� * �2� *

?�mfU�AKGKF>AiM5H·C�H/STW�M5�IdXH�M5H�L�MVFXLDC�W1P-GKF>P-J5F>GDQ�L��J5P¸STW�M5�IdXH�C�W1Sim5dXHIGiM5H·drO U�P-GDHIP5P^HnH�LKGm5ADQ�LDHIP-GDQ·mfU�A�d3U
�^�#J5ADHipV= p#�V=;� EfU1]-J^HGKADW1P>J�W1P°M5Hhd>F>�#P^H �RH�LKGNSTW�M5QId>FXLDQmfU�ANJ5P^Hd>F>�#P^H�M5HhGKA7U�P^LKSiFXLDLKFXW1P°M�O F>SimyQ�M^U�P^C�H
C�U�A7U1CIGDQIAKFXLKGKFX]-J^H � � � � ��HIGBM5HcdXW1P5�#J^HIJ5ANQIdXH�CIGKAKFX]-J^H � � 
	
 � � � =

�2W1J5ABW1�5GDHIP5F>AedXH�LzC�W1P^MVJ^CIG7U�P^C�H�LBQ�]-J5F>¡#U�dXHIP-GDH�L � � �VW1PRU¡�Jn]-J;O F>d�ZrU�d>d3U�F>GBU�¡�W1F>AzdXH�L�¡#U�dXHIJ5ADLeM5H�LeGDHIPVY
LKFXW1P^L ¬`CDEfU1]-J^HzMVFXLDC�W1P-GKF>P-J5F>GDQ#=V�"UcGDH�CDE5P5FX]-J^HzJ5GKF>d>FXLDQ�HemyW1J5A C�HzC�U�dXCIJ5dfH�LKG+J5P^HeSTQIGKE^W�M5HeF>GDQIA7U�GKF>¡�H#=-k`U�P^L
J5P·m5ADHISiFXHIA�GDHISim^L�VW1P·C�U�dXCIJ5dXHNdXH�L GDHIP^LKFXW1P^L � � HIP·m5ADHIPfU�P-GeHIP�C�W1Sim5GDHNJ5P5FX]-J^HISTHIP-G�dXH�L�C�W1P^MVJ^CIG7U�P^C�H�L
HIG+dXH�L�C�U�mfU1CIF>GDQ�L m5ADW1m5ADH�L � � � HIG � � � =-��P^LKJ5F>GDH��-W1P/J5GKF>d>FXLDHedXH�L+GDHIP^LKFXW1P^L�C�U�dXCIJ5dXQ�H�L myW1J5A�U�¡�W1F>A dXHzSTW�M5�IdXH
Q�]-J5F>¡#U�dXHIP-GBU�¡�H�CcC�W1J5m5d3U���H#= ��J5FXLeW1P�C�U�dXCIJ5dXHcJ5P^HNP^W1J5¡�HId>dXHNZ[W1FXL�dXH�L�GDHIP^LKFXW1P^L � � HIP�J5GKF>d>FXL7U�P-GzC�HNSTW�M5�IdXH
M5H·MVFXLDC�W1P-GKF>P-J5F>GDQ#= ��P H 9�H�CIGKJfU�P-Gim5d>J^LKFXHIJ5ADLhZ[W1FXLdXH·m5ADW�C�H�LDLKJ^L�2W1P¸GDHIP^M¸¡�HIADLiM5H�L¡#U�dXHIJ5ADLiLKG7U��5dXH�L�M5H
GDHIP^LKFXW1PqHIGedXHcSTW�M5�IdXH_M5HcdrO U�P-GDHIP5P^HhH�LKGzU�dXW1ADLzM5QIGDHIAKSiF>P^Q#=f��Pnm5A7U�GKFX]-J^H��5P^W1J^LBU�¡�W1P^LzADHIS/U�AD]-J^Q_]-J;O J5P^H
LDHIJ5dXHcF>GDQIA7U�GKFXW1P�LKJ�
TG
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nporq � pV= p#� �·x�W�M5QId>FXL7U�GKFXW1PRCIF>ADCIJ5F>GBM5H`drO U�P-GDHIP5P^H¬�L7U�J5GBM�O F>SimyQ�M^U�P^C�H

�;HNSTW�M5�IdXH`CIF>ADCIJ5F>GeH�LKG�F>P-GDQIADH�LDL7U�P-GemyW1J5A�dXHcC�U�dXCIJ5d�MVJ�m5ADW��^d�M5HNGDHIP^LKFXW1PqHIG�M�O F>SimyQ�M^U�P^C�H#=^�;HNm5ADW��^d
M5H�GDHIP^LKFXW1P���HIG+HIPimfU�AKGKFXCIJ5d>FXHIA+dXH�L�GDHIP^LKFXW1P^L U�JV¦��yW1AKP^H�L+M5H�L+MVFXLDC�W1P-GKF>P-J5F>GDQ�L�-H�LKG�J5GKF>dXHemyW1J5A�dXH�STW�M5�IdXHeHIP
A7U� �W1P5P^HISTHIP-G�=��;H m5ADW��^dVM�O F>SimyQ�M^U�P^C�H�myHIAKSTHIG2M5H�M5QIGDHIAKSiF>P^HIA�dXH�L"myW1F>P-GDL�W��drO U1M^U�m5G7U�GKFXW1PiM�O F>SimyQ�M^U�P^C�H
H�LKGcW1m5GKF>S/U�dXH�myW1J5ANdXH�LcMVF:9�QIADHIP-GDH�LcZ\ADQ�]-J^HIP^C�H�LNJ5GKF>dXH�L�=y�+O F>P-GDQIA �IG`m5AKF>P^CIF>mfU�d+M5Hd3UTSTW�M5QId>FXL7U�GKFXW1P CIF>ADCIJ5F>G
H�LKGed3UZrU�F>�5dXH_C�W1Sim5dXH�¦VF>GDQ_M5H_C�U�dXCIJ5d"C�W1SimfU�ADQ�H¬�J5P^H_LKF>ShJ5d3U�GKFXW1P�QIdXH�CIGKADW1S/U��#P^QIGKFX]-J^H#=���HIGKGDH`m5ADW1m5AKFXQIGDQ
H�LKG�J5GKF>d>FXLDQ�H`M^U�P^L�d3UhmfU�AKGKFXH_pV= pV= jV= wimyW1J5AedXHcM5QI¡�HIdXW1m5myHISTHIP-GBM�O J5PRU�d>��W1AKF>GKE5STH_M5HcLK �P-GKE^��LDH`M�O U�P-GDHIP5P^H�L
mfU�GDCDE^LN¬iL7U�J5GDLzM�O F>SimyQ�M^U�P^C�H#=
� � � �3��� � + ����� �&*�* � * � ! . !-$3��9
��W1SiSTHNW1P/drO U_MVF>G myW1J5A+drO U�P-GDHIP5P^HcHIP 3 �#dXH�L L7U�J5GDL�M�O F>SimyQ�M^U�P^C�HBmyHIJ5¡�HIP-G�HIP-GKA7U%gXP^HIA�J5P^HNU�J5�#STHIPVY

G7U�GKFXW1PnM5H�L�myHIAKGDH�L�-dXH�L�M5HIP^LKF>GDQ�L�M5HNC�W1J5A7U�P-GzQIG7U�P-G�m5d>J^L�F>SimyW1AKG7U�P-GDH�LeM^U�P^L�dXH�L�LDH�CIGKFXW1P^L�W��·dXH�L�d3U�AK��HIJ5ADL
LDW1P-G�m5d>J^L ZrU�F>�5dXH�L�= �8dyH�LKG�M5W1P^CNF>SimyW1AKG7U�P-GzM�O U�¡�W1F>AeJ5P·STW�M5�IdXHc]-JfU1LKF�U�PfU�d> �GKFX]-J^HNmyHIAKSTHIGKG7U�P-GBM5HBSiFXHIJV¦
U�m5m5ADQIE^HIP^M5HIABdXH�Lz¡#U�AKF3U�GKFXW1P^LzQI¡�HIP-GKJ^HId>dXH�LNM5H`drO H�
/C�U1CIF>GDQhHIP�Z[W1P^CIGKFXW1PRM5H`d3U��Q�W1STQIGKAKFXHhCDE^W1FXLKFXH#=
k`U�P^LndrO U�P5P^H�¦5H ����J5P^H C�W1SimfU�A7U�FXLDW1P�M5H�LnSTQIGKE^W�M5H�LRM5H°C�U�dXCIJ5dhMVJ ADHIP^M5HISTHIP-G�M�O J5P^H�U�P-GDHIP5P^H

mfU�GDCDE�ADH�CIG7U�P5�#J5d3U�F>ADH·H�LKGhM5W1P5P^Q�H#="�;H�L_STQIGKE^W�M5H�Lh�fU1LDQ�H�LhLKJ5A`dXH/C�U�dXCIJ5d M5HTdrO QIP^HIAK�#FXHTADQ�U1CIGKF>¡�H/LKGDW�C��Q�H
LDW1J^LNdrO U�P-GDHIP5P^HiLDHISh�5dXHIP-G`SiFXHIJV¦¢C�W1P-¡�HIP5F>A`myW1J5AcdXHC�U1LcM5HdrO U�P-GDHIP5P^H�mfU�GDCDE;= �2W1J5A`drO U�P-GDHIP5P^H�mfU�GDCDE ¬
L7U�J5GcM�O F>SimyQ�M^U�P^C�H���HId>dXH�LcLDW1P-G`U�J^LDLKF"GKAD��LBF>P-GDQIADH�LDL7U�P-GDH�L`C�U�ANdXH_m5ADW��^d�M5HhGDHIP^LKFXW1P�dXH_dXW1P5��M5HhdrO U�P-GDHIP5P^H
H�LKGzC�W1P5P-J�HIGz]-J;O F>d;myHIAKSTHIGBM5H`M5QIGDHIAKSiF>P^HIABdrO QIP^HIAK�#FXH_ADQ�U1CIGKF>¡�H_C�W1SiSTH_dXHcSTW1P-GKADH_d3UADHId3U�GKFXW1P©²[pV= j#��µ�=
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� �
�
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� � � �
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� � � � ��� � � � ²[pV= j#��µ
�"Unm5J5FXLDL7U�P^C�HTA7U� �W1P5P^Q�H·H�LKG�U�J^LDLKF C�W1P5P-J^H·HIGhH�LKGQI�-U�dXH·¬ � � 
 �

��� �� � � � � � � � � � = �BP¸HIP¸M5Q�MVJ5F>GU�dXW1ADL�dXHeZrU1CIGDHIJ5AeM5HB]-JfU�d>F>GDQ�� � M5HzdrO U�P-GDHIP5P^H`M5W1P5P^QBmfU�A � � 
 � � ��� �
� �

=-�"U_ADHId3U�GKFXW1PqpV= p#£_myHIAKSTHIGeU�dXW1ADL
M5HcM5QIGDHISiF>P^HIA�dXHBADHIP^M5HISTHIP-GBHIP·A7U� �W1P5P^HISTHIP-GBM5HNdrO U�P-GDHIP5P^H_¬hL7U�J5G�M�O F>SimyQ�M^U�P^C�H#= ������ H�LKG�drO U�P5�#dXHcM5HmyHIAKGDH�LzMVFXQIdXH�CIGKAKFX]-J^HhHIG�� � d3U�m5ADW�Z[W1P^M5HIJ5ABM5H`myQIP^QIGKA7U�GKFXW1P�M5W1P5P^Q�H_M^U�P^LedrO U�P5P^H�¦5H_�z=

��� 

�

� � � � � ����	� � � � ��� � ²[pV= p#£�µ
�2W1J5AhdXHiSTW1STHIP-G�"dXH�L`myHIAKGDH�L_mfU�AhW1P^M5H�L_M5HTLKJ5A±ZrU1C�HiP;O QIG7U�P-GhmfU1L_m5AKFXLDH�L_HIP�C�W1Sim5GDH��;dXHTC�U�dXCIJ5d M5H

ADHIP^M5HISTHIP-G�P;O H�LKG�H 9�H�CIGKF{Z�]-J^H myW1J5A2dXH�L�U�P-GDHIP5P^H�L�ADQ�U�d>FXLDQ�H�L�LKJ5A�LKJ5�^LKGKA7U�G�¬eZrU�F>�5dXH myHIAKSiF>GKGKF>¡�F>GDQ`²\LKJ5�^LKGKA7U�G
STW1J^LDLDHcmfU�ABH�¦5HISim5dXH%µ�=
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� � � �3��� $ & �&� �f�1$3�%02� * � *R, � ���%0 � ,�*
�;H�L�MVF:9�QIADHIP-GDL�STW�M5�IdXH�L�J5GKF>d>FXLDQ�L�myW1J5A�M5QIGDHIAKSiF>P^HIAedXH�L myHIA±Z[W1AKS/U�P^C�H�LeM�O J5P^H`U�P-GDHIP5P^HNmfU�GDCDER¬_L7U�J5GDL

M�O F>SimyQ�M^U�P^C�HhLDW1P-GBFXLDLKJ^LzM�O J5PqSTW�M5�IdXHhCIF>ADCIJ5F>G�f]-J5F�myHIAKSTHIGNM5H_M5QIGDHIAKSiF>P^HIAcM�O J5P^H`mfU�AKGBdXH`m5ADW��^d"M�O F>S�Y
myQ�M^U�P^C�H`dXHcdXW1P5�TM5HcdrO U�P-GDHIP5P^HhHIGzM5W1P^C`d3USTHIF>d>dXHIJ5ADH`myW#LKF>GKFXW1PRMVJnmyW1F>P-GBM�O U1M^U�m5G7U�GKFXW1P�HIGzM�O U�J5GKADH`mfU�AKG
dXHzm5ADW��^d�M5HzGDHIP^LKFXW1P·]-J5F^myHIAKSTHIG�M5HBM5QIGDHIAKSiF>P^HIA�dXHeA7U� �W1P5P^HISTHIP-GzM5HzdrO U�P-GDHIP5P^HcU�F>P^LKF�]-J^HedXHzADHIP^M5HISTHIP-G
mfU�A drO F>P-GDHIAKSTQ�MVF3U�F>ADH`M5HzdrO QIP^HIAK�#FXHNLKGDW�C��Q�H#=V��HzSTW�M5�IdXHNCIF>ADCIJ5F>G�H�LKG ADHId3U�GKF>¡�HISTHIP-G�myHIJ·C�W1Sim5dXH�¦5HNHIG�C�HIGKGDH
m5ADW1m5AKFXQIGDQ�H�LKGBF>P-GDQIADH�LDL7U�P-GDHmyW1J5ANQId3U��yW1ADHIANJ5P^HhSTQIGKE^W�M5HM5HhLK �P-GKE^��LDHhP-J5STQIAKFX]-J^HM�O U�P-GDHIP5P^H�mfU�GDCDE°¬
L7U�J5GzM�O F>SimyQ�M^U�P^C�H#=
�;H�m5AKF>P^CIF>myHeM5H�C�HIG+U�d>��W1AKF>GKE5STHeH�LKG�M5W1P5P^Qe¬Bd3Uz�^�#J5ADHepV= w-£V=#? mfU�AKGKF>A+M5H�L2mfU�A7U�ST�IGKADH�L���Q�W1STQIGKAKFX]-J^H�L

M5HcdrO U�P-GDHIP5P^H¬�L7U�J5GDLzM�O F>SimyQ�M^U�P^C�H��^J5PnSTW�M5�IdXH_CIF>ADCIJ5F>GBHIGeJ5PnSTW�M5�IdXH_M5HcA7U� �W1P5P^HISTHIP-GNmyHIJ5¡�HIP-G �IGKADH
M5Q��^P5FXL�=��8dXL�myHIAKSTHIGKGDHIP-GBM�O H�LKGKF>STHIAedXH�L�myHIA±Z[W1AKS/U�P^C�H�LeHIPRU1M^U�m5G7U�GKFXW1PqHIGzHIP�A7U� �W1P5P^HISTHIP-GNM5HNdrO U�P-GDHIP5P^H
HIG�myHIJ5¡�HIP-GBU�J^LDLKFyM5W1P5P^HIA�J5P^HNH�LKGKF>S/U�GKFXW1PqM5HBdrO H�
/C�U1CIF>GDQ#=f��H�L�myHIA±Z[W1AKS/U�P^C�H�LeHIPqU1M^U�m5G7U�GKFXW1PnHIG�A7U� �W1PVY
P^HISTHIP-GiLDW1P-GiC�W1SimfU�ADQ�H�LTU�JV¦¸LKmyQ�CIF{�fC�U�GKFXW1P^L�LDW1J5EfU�F>GDQ�H�L�d>FXQ�LiU�JV¦�MVF:9�QIADHIP-GDH�L/U�m5m5d>FXC�U�GKFXW1P^Li]-J^H·M5W1F>G
LKJ5m5myW1AKGDHIA+drO U�P-GDHIP5P^HBShJ5d>GKF{Y8LKG7U�P^M^U�ADM�=5³-J5F>GDHN¬`C�HIGKGDHzC�W1SimfU�A7U�FXLDW1P·HIG�U�JV¦iF>PVZ[W1AKS/U�GKFXW1P^L�M5HeADHIP^M5HISTHIP-G
HIGM5H·MVF>STHIP^LKFXW1P M5HTdrO U�P-GDHIP5P^H���J5P^HTZ[W1P^CIGKFXW1P©M5H·C�W��5G�H�LKGC�U�dXCIJ5dXQ�H#=+��HIGKGDHTZ[W1P^CIGKFXW1P¸myHIAKSTHIG�M5H/¡�Q�Y
AKF{�fHIA/LKFedrO U�P-GDHIP5P^HRC�W1P-¡�FXHIP-G�¬�drO U�m5m5d>FXC�U�GKFXW1P ¡�FXLDQ�H#= ³-FBHId>dXH�P^HqC�W1P-¡�FXHIP-G/mfU1L��J5P^HnSTW�MVF{�fC�U�GKFXW1P M5H�L
C�U�A7U1CIGDQIAKFXLKGKFX]-J^H�LBM5H`drO U�P-GDHIP5P^HhH�LKGzH 9�H�CIGKJ^Q�H_HIGBW1PnADH�C�W1SiSTHIP^C�HhJ5P^HcF>GDQIA7U�GKFXW1P;=
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nporq � pV= w-£ � ��AKF>P^CIF>myHhM5HcdrO U�d>��W1AKF>GKE5STHhM5H_LK �P-GKE^��LDH_M�O J5P^HhU�P-GDHIP5P^H_mfU�GDCDE�¬iL7U�J5GDLzM�O F>SimyQ�M^U�P^C�H
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k`U�P^LzC�HIGKGDHcGKE^��LDH��5C�HIGBU�d>��W1AKF>GKE5STH_P;O UmfU1LeQIGDQcF>Sim5d3U�P-GDQhHIGed3USTQIGKE^W�M5H`M�O W1m5GKF>SiFXL7U�GKFXW1PRP;O U�M5W1P^C
mfU1LhQIGDQiM5QIGDHIAKSiF>P^Q�H#=2�"U�m5AKF>P^CIF>mfU�dXHTm5ADQ�W�C�CIJ5mfU�GKFXW1P¸M5HTC�HiGKA7U�¡#U�F>d�UnQIGDQiM5HTM5QI¡�HIdXW1m5myHIAM5H�L`STW�M5�IdXH�L
M5H�C�W1SimyW1AKGDHISTHIP-G·M5H·drO U�P-GDHIP5P^HqLKJ�
/L7U�SiSTHIP-GTC�W1Sim5dXHIGDLimyW1J5AiW1�5GDHIP5F>ATJ5P^H·�yW1P5P^H�H�LKGKF>S/U�GKFXW1P M5H�L
myHIA±Z[W1AKS/U�P^C�H�L`M5HdrO U�P-GDHIP5P^H�S/U�FXLcLKJ�
/L7U�SiSTHIP-G_LKF>Sim5dXH�LNmyW1J5A �IGKADHhm5d3U1C�Q�L_U�J°C�W�HIJ5AcM�O J5P¢m5ADW�C�H�LDLKJ^L
M�O W1m5GKF>SiFXL7U�GKFXW1P;=f�;H`STW�M5�IdXH`myHIAKSTHIGBM5Hcm5ADHIP^MVADHhHIPqC�W1Sim5GDHhM5H�LzC�W1P-GKA7U�F>P-GDH�LcLKJ5A 	

��drO U1M^U�m5G7U�GKFXW1P�M�O F>SimyQ�M^U�P^C�HhHIPqmfU�AKGKFXCIJ5d>FXHIAzmyW1J5AzdXHcShJ5d>GKF{Y[Z\ADQ�]-J^HIP^C�H��
��dXH�LzMVF3U��#A7U�SiSTH�LNM5HcA7U� �W1P5P^HISTHIP-G_U�JV¦·Z\ADQ�]-J^HIP^C�H�LzM5HcZ[W1P^CIGKFXW1P5P^HISTHIP-G�
��drO H�
/C�U1CIF>GDQhM5HcA7U� �W1P5P^HISTHIP-G�
��dXH�LzMVF>STHIP^LKFXW1P^Lz��Q�W1STQIGKAKFX]-J^H�LBM5H`drO U�P-GDHIP5P^H·²&SiF>P5F3U�GKJ5AKFXL7U�GKFXW1P�µ�=

� M�� M�� �_P>U�WNXN\ U.YVX6lmR f!h ^`R;agU�RmY[aSR`R;a �`U.YVbFc 	 \ U�^/Y_f!h XNj � PSf;U�R`b a
�2W1J5AzSTHIGKGKADH_HIPqQI¡�FXM5HIP^C�H`dXH�LemyW#LDLKF>�5F>d>F>GDQ�LeW 9�HIAKGDH�LemfU�AedXH�LBU�P-GDHIP5P^H�LzmfU�GDCDE�¬�L7U�J5GDLzM�O F>SimyQ�M^U�P^C�H��

J5P H�¦5HISim5dXH°M�O U�P-GDHIP5P^H�¬¸M5HIJV¦§L7U�J5GDLnM�O F>SimyQ�M^U�P^C�H°H�LKGnM5W1P5P^Q°M^U�P^LnC�HIGKGDH�mfU�AKGKFXH#=e�+O U�P-GDHIP5P^H�H�LKG
W1m5GKF>SiFXLDQ�HzmyW1J5A�Z[W1P^CIGKFXW1P5P^HIA�¬`M5HIJV¦�Z\ADQ�]-J^HIP^C�H�L+P^W1PTEfU�AKSTW1P5FX]-J^H�L � ��� �hHIG ��� � ��� �^=#�;H�L+ADQ�LKJ5d>G7U�GDL
W1�5GDHIP-J^LNLKJ5AzC�HIGKGDHhU�P-GDHIP5P^HhLDW1P-GBM5QIG7U�F>d>dXQ�LBM^U�P^Led3U�m5J5�5d>FXC�U�GKFXW1P¢U�JqC�W1P5�#AD��L � �+�+��Y8?���³°¨ p�»%ª8=
� � � � � �\' � *-, !��1$ � �%$&��� � *��('>. ��� * �2� * ��9 .^� $ , 9 *
�+O U�P-GDHIP5P^He¬zL7U�J5G2M�O F>SimyQ�M^U�P^C�H�]-J^H+P^W1J^L�U�¡�W1P^L"J5GKF>d>FXLDQ�H myW1J5A"STW1P-GKADHIA�dXH�L;myW#LDLKF>�5F>d>F>GDQ�L2W 9�HIAKGDH�L"mfU�A

C�HeG8 �myHzM5HzLKGKAKJ^CIGKJ5ADHBH�LKG+m5ADQ�LDHIP-GDQ�HBLKJ5A+d3UN�^�#J5ADHNpV= w^<#=���d>dXHBH�LKG+ADQ�U�d>FXLDQ�HzLKJ5A LKJ5�^LKGKA7U�G ��myW�¦V q²
� � 
 � � �HIG � 
 � � � � � ��µ�=���d>dXHhC�W1SimyW1AKGDHM5HIJV¦qL7U�J5GDLBM�O F>SimyQ�M^U�P^C�H#=��;H�LNL7U�J5GDLBM�O F>SimyQ�M^U�P^C�H���C�W1P-GKA7U�F>ADHISTHIP-G

¬°C�HIJV¦ M5HndrO U�P-GDHIP5P^H¢¬ LDQIdXH�CIGKFXW1P�M5HnSTW�M5Hq¡�J^HqM^U�P^LTd3U°mfU�AKGKFXH�pV= pV=><#=><�� LDW1P-G/ADHId3U�GKF>¡�HISTHIP-G·ZrU�F>�5dXH�L
� 
���� � �V=B��H�CIFcmyHIAKSTHIGnM5HRP^H�mfU1L·GKADW1m M5QI�#A7U1M5HIAndrO H�
/C�U1CIF>GDQ°M5H�drO U�P-GDHIP5P^H#=e�"U�dXW1P5�#J^HIJ5AqM5HRd3U
d>F>�#P^H_C�HIP-GKA7U�dXHhH�LKG�VmfU�ABC�W1P-GKADH��^m5d>J^LeF>SimyW1AKG7U�P-GDHU%�^PRM�O W1�5GDHIP5F>ABdXH`M5Q�C�U�d3U���HhLDW1J5EfU�F>GDQ_M5H�L�Z\ADQ�]-J^HIP^C�H�L
M5H¢ADQ�LDW1PfU�P^C�H � �

�
�

 ��� �V=z�+O U�d>F>STHIP-G7U�GKFXW1P�M5H¢drO U�P-GDHIP5P^H H�LKG�ADQ�U�d>FXLDQ�H¢mfU�AnJ5P^H¢d>F>�#P^H°C�W�U%¦VF3U�dXH#=��BP^H

m5E^W1GDW1�#A7U�m5E5FXHM5HcdrO U�P-GDHIP5P^HhH�LKGzM5W1P5P^Q�H¬d3U�^�#J5ADHhpV= w-jV=

51 mm

24.5 mm 16 mm

27 mm

7.5 mm17 mm9.3 Ω 9.3 Ω26.8 Ω

59.2° 36.6° 25.4°

nporq � pV= w^<��/kcH�LDCIAKF>m5GKFXW1PqM5HNdrO U�P-GDHIP5P^Hh¬L7U�J5GDLeM�O F>SimyQ�M^U�P^C�HcADQ�U�d>FXLDQ�HT²&dXH�L�dXW1P5�#J^HIJ5ADLzQIdXH�CIGKAKFX]-J^H�LzLDW1P-G
M5W1P5P^Q�H�LN¬ � ��� ��µ

� � � � � �3� �·9 ,  � � . � ,/* �/� *-,  "� *-,
�;H�ADHIdXHI¡�Q�MVJ°C�W�H�
/CIFXHIP-GhM5HADQ��fH�¦VFXW1P M5HdrO U�P-GDHIP5P^HTH�LKGcM5W1P5P^Q�mfU�Acd3UT�^�#J5ADHTpV= w-pV= �BP°ADHIS/U�AD]-J^H

]-J^H_drO U�P-GDHIP5P^H_Z[W1P^CIGKFXW1P5P^Hh�5FXHIP°¬iM5HIJV¦nZ\ADQ�]-J^HIP^C�H�LBP^W1PREfU�AKSTW1P5FX]-J^H�L 	 � � � � ��� �/HIG ��� � � ��� �^=^�;H
C�W�H�
/CIFXHIP-GzM5HBADQ��fH�¦VFXW1Pn¬_d3U_m5ADHISiFX�IADHBZ\ADQ�]-J^HIP^C�HNH�LKG�QI�-U�d�¬ � � � � � U�dXW1ADL�]-J;O ¬_d3UhLDH�C�W1P^M5HzZ\ADQ�]-J^HIP^C�HF>d H�LKGhQI�-U�d�¬ � � � � ��=;�+O U1M^U�m5G7U�GKFXW1P ¬�d3U�m5ADHISiFX�IADHiZ\ADQ�]-J^HIP^C�HTmyW1J5AKA7U�F>GL7U�P^LhM5W1J5GDH �IGKADH·U�STQId>FXW1ADQ�HHIP¸STW�MVF{��U�P-GidXQI���IADHISTHIP-Gid3Uq��Q�W1STQIGKAKFXHnM5H/drO U�P-GDHIP5P^HnHIG�d3UqmyW#LKF>GKFXW1P©MVJ¸myW1F>P-GiM�O U�d>F>STHIP-G7U�GKFXW1P;=+�;H�L
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nporq � pV= w-j ����E^W1GDW1�#A7U�m5E5FXHhM5H`drO U�P-GDHIP5P^H¬�L7U�J5GDLzM�O F>SimyQ�M^U�P^C�H_ADQ�U�d>FXLDQ�H

d3U�AK��HIJ5ADLcM5H�LB�fU�P^M5H�LBmfU1LDL7U�P-GDH�LcLDW1P-GBZrU�F>�5dXH�L 	�¬id3Uim5ADHISiFX�IADHhZ\ADQ�]-J^HIP^C�HhW1PRP^HhmyHIJ5GNM5Q��^P5F>ANd3Ui�fU�P^M5H
¬ � � � � � S/U�FXLzd3Ui�fU�P^M5H_ADHId3U�GKF>¡�H�¬ � � � ��H�LKGBQI�-U�dXH¬ � ��HIGc¬�d3UTM5HIJV¦VFX�ISTH`Z\ADQ�]-J^HIP^C�H��^d3U��fU�P^M5HADHId3U�GKF>¡�Hh¬ � � � � � H�LKGBQI�-U�dXHh¬ � � � ��=

0 1 2 3 4 5
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nporq � pV= w-p �n��W�H�
/CIFXHIP-GNM5H`ADQ��fH�¦VFXW1PRM5HcdrO U�P-GDHIP5P^H�¬�L7U�J5GDLzM�O F>SimyQ�M^U�P^C�H_ADQ�U�d>FXLDQ�H

�2W1J5AidXH�L�C�U�A7U1CIGDQIAKFXLKGKFX]-J^H�LiM5H·A7U� �W1P5P^HISTHIP-G�+M5H�LSTH�LKJ5ADH�LiHIP©CDEfU�Sh�5ADHRU�P^Q�CDE^W��rM5HnLDW1P-G�m5ADQ�LDHIPVY
GDQ�H�L°¬ d3U �^�#J5ADH pV= w#w^= �BP�ADHIS/U�AD]-J^H ]-J^H�myW1J5A¢dXH�L¢M5HIJV¦�Z\ADQ�]-J^HIP^C�H�L�NdXH©MVF3U��#A7U�SiSTH H�LKG¢]-JfU1LKF{Y
W1SiP5FXMVF>ADH�CIGKFXW1P5P^HId �hU�¡�H�C©M5H�L¢W1J5¡�HIAKGKJ5ADH�L ¬ � � � M5H�<�£#£ � myW1J5A ��� 
 � � � � ��� ��HIG©<�j#p � myW1J5A
� � 
 ��� � � ��� �^=

�2W1J5AeJ5P^HcU�P-GDHIP5P^HcmfU�GDCDEqCId3U1LDLKFX]-J^H��-dXHNMVF3U��#A7U�SiSTH`M5HBA7U� �W1P5P^HISTHIP-Gc¬_d3UhM5HIJV¦VFX�ISTHBZ\ADQ�]-J^HIP^C�HcM5H
ADQ�LDW1PfU�P^C�HhmyW#LDLD��M5H_J5P�¯�QIADW·M5H_A7U� �W1P5P^HISTHIP-G¬ � 
 � ���#= �BP�¡�W1F>Gc]-J^H_dXHhL7U�J5GcM�O F>SimyQ�M^U�P^C�HmyHIAKSTHIG
P^W1PiLDHIJ5dXHISTHIP-G M5H�M5Q�C�U�dXHIA�dXH�L2Z\ADQ�]-J^HIP^C�H�L�M5H�Z[W1P^CIGKFXW1P5P^HISTHIP-G+S/U�FXL+U�J^LDLKF5M5H�STW�MVF{�fHIA�dXH�L�MVF3U��#A7U�SiSTH�L
M5HcA7U� �W1P5P^HISTHIP-G�=

�2W1J5A·F>d>d>J^LKGKADHIA·drO H 9�HIG·MVJ�L7U�J5G·M�O F>SimyQ�M^U�P^C�H�HIG/drO F>P-GDQIA �IGnMVJ STW�M5�IdXHRCIF>ADCIJ5F>G�M^U�P^L/d3U°m5ADQI¡�FXLKFXW1P
MVJ MVF3U��#A7U�SiSTH M5H¢A7U� �W1P5P^HISTHIP-G�zJ5P¶C�U�dXCIJ5d_M5H�L�m5ADW��^dXLqM5H�GDHIP^LKFXW1P dXH�dXW1P5� M5H¢drO U�P-GDHIP5P^H�¬¸L7U�J5G
M�O F>SimyQ�M^U�P^C�H�H�LKGNADQ�U�d>FXLDQ�¬imfU�AKGKF>A`MVJ�STW�M5�IdXHCIF>ADCIJ5F>GcmyW1J5ANdXH�LNM5HIJV¦qZ\ADQ�]-J^HIP^C�H�LcM5H_Z[W1P^CIGKFXW1P5P^HISTHIP-G�=
��H�L�m5ADW��^dXLeLDW1P-GeC�W1SimfU�ADQ�LB¬C�HIJV¦�M5Q�MVJ5F>GDLeM5HcLKF>ShJ5d3U�GKFXW1P^LzQIdXH�CIGKADW1S/U��#P^QIGKFX]-J^H�LBLKJ5A � � p1k �VC�W1SiSTHcdXH
STW1P-GKADH_d3Uh�^�#J5ADHhpV= w-}V=



<#<�v ��������� ����� � � ���	� ��� �������	� 	�� ���� � � �%� � � 
 ��� ����� � �

180°0°

90°
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2.78 GHz

nporq � pV= w#w �·kNF3U��#A7U�SiSTH�LNM5HcA7U� �W1P5P^HISTHIP-GcHIPqm5d3U�PR� M5H`drO U�P-GDHIP5P^H¬iL7U�J5GDLzM�O F>SimyQ�M^U�P^C�H`ADQ�U�d>FXLDQ�H
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Simulation IE3D
Modèle Circuit
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Simulation IE3D
Modèle circuit

nporq � pV= w-} ����ADW��^dXLBM5HcGDHIP^LKFXW1PRM5H`drO U�P-GDHIP5P^H¬�L7U�J5GDLzM�O F>SimyQ�M^U�P^C�H_ADQ�U�d>FXLDQ�H
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�;HndXW1�#FXCIFXHId � � p1k myHIAKSTHIG�+HIP U�J5GKADH�L�+M5HnC�U�dXCIJ5dXHIA/dXHnCDEfU�Sim�QIdXH�CIGKAKFX]-J^Hq� LDW1J^LidrO U�P-GDHIP5P^H#= �;H�L
d>F>�#P^H�LhM5HTCDEfU�Sim©U�J�SiF>d>FXHIJ�M5Hid3Und3U�AK��HIJ5AhM5HTdrO U�P-GDHIP5P^H/LDW1P-Gh¡�HIAKGKFXC�U�dXH�L�"C#O H�LKG±Y ¬%Y8MVF>ADH/]-J^HidXHTCDEfU�Sim
QIdXH�CIGKAKFX]-J^H�LDH�m5ADW1mfU���H�U�P-G U�¡�H�C+J5PSTW�M5H �e�+x P;O Uz]-J;O J5P^H�C�W1SimyW#L7U�P-GDH�LKJ5F>¡#U�P-G"drO U%¦5H ¯ � � =%�"UzGDHIP^LKFXW1P
U�JRP5F>¡�H�U�J°M5H_d3Uid>F>�#P^HhSiFXCIADW1AKJ5�fU�P°H�LKGcU�dXW1ADLNm5ADW1myW1AKGKFXW1P5P^HId>dXHi¬ � � =y��HIGKGDH�U�m5m5ADW�¦VF>S/U�GKFXW1P°P;O H�LKGBmfU1L
¡#U�d3U��5dXHhU�JqP5F>¡�H�U�J�M5H�LBMVFXLDC�W1P-GKF>P-J5F>GDQ�L��C�U�ANM5H�LzSTW�M5H�LzHI¡#U�P^H�LDC�HIP-GDLNLDW1P-GcU�dXW1ADLzm5ADQ�LDHIP-GDL�=���HImyHIP^M^U�P-G�
C�W1SiSTHndXH�STW1P-GKADHqd3U��^�#J5ADHRpV= w-} �+C�HIGKGDHnSTQIGKE^W�M5HnmyHIAKSTHIGTM5HqC�W1SimfU�ADHIATdXH�L/U�d>d>J5ADH�L/M5H�Lim5ADW��^dXL/M5H
GDHIP^LKFXW1PqLKF>ShJ5dXQ�LemfU�A�� � p1k�HIGeC�U�dXCIJ5dXQ�LemfU�AedXHcSTW�M5�IdXH#=5?¶d3Um5ADHISiFX�IADHNZ\ADQ�]-J^HIP^C�H`M5HcADQ�LDW1PfU�P^C�H ��� �VW1P
myHIJ5GzADHIS/U�AD]-J^HIANJ5P^HU�J5�#STHIP-G7U�GKFXW1P°M5H�LBmyHIP-GDH�LBM5H�LNC�W1J5AK�yH�LcU�JqP5F>¡�H�U�J¢MVJqGKADW1FXLKFX�ISTHhGKADW1P>J�W1P;=���H�CIF
H�LKGM �©U�JV¦�L7U�J5GDLM�O F>SimyQ�M^U�P^C�H�HIGhmyHIAKSTHIG�M�O W1�5GDHIP5F>AJ5P^H/ADQ�LDW1PfU�P^C�H·LKJ5AhJ5P^HTdXW1P5�#J^HIJ5A�m5d>J^L_ZrU�F>�5dXH
]-J^H_myW1J5ANJ5P�mfU�GDCDE°L7U�P^LNL7U�J5GcM�O F>SimyQ�M^U�P^C�H#=;��W1SiSTHdXHhSTW1P-GKADHIP-G`dXH�LNSTW�M5�IdXH�LNM5HhA7U� �W1P5P^HISTHIP-GhM5H
d3Uq�^�#J5ADHnpV= w-� �2dXH�LiCDEfU�Sim^LiQIG7U�P-Gim5ADW1myW1AKGKFXW1P5P^HIdXL/U�JV¦¸¡#U�dXHIJ5ADL�M5H·GDHIP^LKFXW1P ¬�CDEfU1]-J^HnMVFXLDC�W1P-GKF>P-J5F>GDQ��
dXH�L�M5HIJV¦ STW�M5H�L�M5HRADQ�LDW1PfU�P^C�H�P;O H�¦5CIF>GDHIP-GnmfU1L·dXH�L·S �ISTH�L/Z[HIP-GDH�L�A7U� �W1P5PfU�P-GDH�L�= �2W1J5And3U m5ADHISiFX�IADH
Z\ADQ�]-J^HIP^C�H ��� �;GKADW1FXL_Z[HIP-GDH�LhA7U� �W1P5P^HIP-Gim5AKF>P^CIF>mfU�dXHISTHIP-GTM5W1P-GJ5P^H/HIP¸W1m5myW#LKF>GKFXW1P©M5HTm5EfU1LDH��"C�H/]-J5F�U
GDHIP^M^U�P^C�Hz¬zdXQI���IADHISTHIP-G+MVF>SiF>P-J^HIA�d3UNMVF>ADH�CIGKF>¡�F>GDQ�M5H�drO U�P-GDHIP5P^Hz¬zdrO U�¯�F>ShJ5G�= �2W1J5A�d3UNM5HIJV¦VFX�ISTH Z\ADQ�]-J^HIP^C�H
� � ��LDHIJ5dXHISTHIP-G_M5HIJV¦RZ[HIP-GDH�L`C�W1P-GKAKF>�5J^HIP-G_S/U �KW1AKF>G7U�F>ADHISTHIP-GU�J¢A7U� �W1P5P^HISTHIP-G�="�;H�LcCDEfU�Sim^L_CIADQ�Q�L`LDW1P-G
HIP�m5EfU1LDH�HIG�dXHRA7U� �W1P5P^HISTHIP-GRH�LKG�]-JfU1LKF{Y8W1SiP5FXMVF>ADH�CIGKFXW1P5P^HIdr=z�;H�L/Z[HIP-GDH�LnLKF>GKJ^Q�H�L°¹�U�J§M5HId3¬5¹�MVJ§L7U�J5G
M�O F>SimyQ�M^U�P^C�H/P^HiA7U� �W1P5P^HIP-G�mfU1L 	;C�HId3UnSTW1P-GKADH·]-J^Hid3Un¡�FXLKFXW1P STW�MVF{�fC�U�GKFXW1P�Z\ADQ�]-J^HIP-GKFXHId>dXH·M5HiSTW�M5H�L
m5ADQ�LDHIP-GDQ�H_m5ADQ�C�Q�M5HISiSTHIP-GcH�LKGBU�J^LDLKF�¡#U�d3U��5dXH_M^U�P^LzC�H_C�U1L�=

Fréquence f
0

Fréquence f
1

nporq � pV= w-� ��x�W�M5�IdXH�L+M5HeA7U� �W1P5P^HISTHIP-GeM5HedrO U�P-GDHIP5P^HNU�JV¦TM5HIJV¦�Z\ADQ�]-J^HIP^C�H�L M5HeADQ�LDW1PfU�P^C�Hh²&drO U�Sim5d>F>GKJ^M5H
M5H�LzCDEfU�Sim^LNU�JqP5F>¡�H�U�JRM5H�L�Z[HIP-GDH�LBH�LKGem5ADW1myW1AKGKFXW1P5P^HId>dXH�¬d3UG7U�F>d>dXH_M5H�L �f��CDE^H�L�µ

�2W1J5A�C�H ]-J5FhH�LKGRMVJ¶ADHIP^M5HISTHIP-G�cU�J^CIJ5P^H STH�LKJ5ADH¢��U��5dXH P;O U©m5J �IGKADH°ADQ�U�d>FXLDQ�H myW1J5AqdrO F>P^LKG7U�P-G�=
�NW1J^L�P^W1J^LzC�W1P-GDHIP-GDW1P^LNM5W1P^C`M5HNZ[W1J5AKP5F>AedXH�LeADQ�LKJ5d>G7U�GDLzM5H`LKF>ShJ5d3U�GKFXW1PqADQ�U�d>FXLDQ�LemfU�AedXHcdXW1�#FXCIFXHId � � p1k�=5?
� � � � ��� � �^drO H�
/C�U1CIF>GDQiM5HhdrO U�P-GDHIP5P^HADQ�U�d>FXLDQ�HH�LKGcQI�-U�dXH�¬ ��� � � HIG`¬���� � � ��� � �fHId>dXHH�LKGcM5H ��� � � ��=
�BPq¡�W1F>GBM5W1P^C_]-J^H`drO H�
/C�U1CIF>GDQhM5H`drO U�P-GDHIP5P^HH�LKGeGKAD��LzADQ�MVJ5F>GDH#=y��H�CIF;myHIJ5G �IGKADH_H�¦Vm5d>FX]-J^Q`mfU�AzdXH�LemyHIAKGDH�L
F>SimyW1AKG7U�P-GDH�L`MVJ¢LKJ5�^LKGKA7U�G�= �2W1J5A`¡�QIAKF{�fHIA`C�HId3U �fJ5P^HLKF>ShJ5d3U�GKFXW1P M�O J5P�mfU�GDCDE¢ADH�CIG7U�P5�#J5d3U�F>ADHiLKJ5Ac��myW�¦V 
U� -U�P-Gcd3UiS �ISTH`Z\ADQ�]-J^HIP^C�HM5H_ADQ�LDW1PfU�P^C�Hh�fU1LDLDHhUTQIGDQhH 9�H�CIGKJ^Q�H#=��+O H�
/C�U1CIF>GDQ�LKF>ShJ5dXQH�LKGcU�dXW1ADLNQI�-U�dXH¬
� ��� � ��¬ � ��� �^=��BPT¡�W1F>G�]-J^HedXHzL7U�J5G�M�O F>SimyQ�M^U�P^C�HBM5QI�#A7U1M5HBM5HeZrUKJ�W1P/LKF>�#P5F{�fC�U�GKF>¡�HBdrO H�
/C�U1CIF>GDQ#=%�2W1J5A
C�W1Sim5ADHIP^MVADHBdXH�L+m5E^QIP^W1ST�IP^H�L�]-J5FfF>P-GDHIAK¡�FXHIP5P^HIP-GeM^U�P^L C�HIGKGDHNM5QI�#A7U1M^U�GKFXW1P��-P^W1J^L�U�¡�W1P^L�H 9�H�CIGKJ^QBM5H�L LKF{Y
ShJ5d3U�GKFXW1P^L M5H�drO U�P-GDHIP5P^HB¬cL7U�J5GDL�M�O F>SimyQ�M^U�P^C�HBHIP�m5ADHIPfU�P-G J5PTLKJ5�^LKGKA7U�G�L7U�P^L�myHIAKGDHeHIG�M5H�L+C�W1P^MVJ^CIGDHIJ5ADL
mfU�A±ZrU�F>GDL�=f�;H�LNH�
/C�U1CIF>GDQ�LcLKF>ShJ5dXQ�H�LNLDW1P-GcU�dXW1ADLNQI�-U�dXH�Lc¬ � � � � ��myW1J5A ��� 
 � � � � ��� �·HIG � ��� �� myW1J5A
� � 
 ��� � � ��� �^=f��H`LDW1P-GzM5W1P^CcdXH�LemyHIAKGDH�LemfU�AzW1P^M5H�LzM5H`LKJ5A±ZrU1C�H�Le]-J5F�F>P��^J^HIP^C�HIP-GBdXHcm5d>J^L�drO H�
/C�U1CIF>GDQ#=
?�mfU�AKGKF>ANM5H_C�H�LBLKF>ShJ5d3U�GKFXW1P^L��W1PqmyHIJ5GNMVF>ADH_]-J^H`dXH�LBL7U�J5GDLBM�O F>SimyQ�M^U�P^C�H�U�J5�#STHIP-GDHIP-GcdXH�LzmyHIAKGDH�LzS/U�FXL
]-J^HcdrO J5GKF>d>FXL7U�GKFXW1P�M�O J5P�LKJ5�^LKGKA7U�GzM5HcZrU�F>�5dXH`myHIAKSiF>GKGKF>¡�F>GDQhH�LKGeJ5P^H_LDW1d>J5GKFXW1PRmyW1J5AeADQ�MVJ5F>ADH_dXH�LemyHIAKGDH�LzmfU�A
W1P^M5H�LzM5H_LKJ5A±ZrU1C�H`HIGzS/U�F>P-GDHIP5F>ABJ5P^H_H�
/C�U1CIF>GDQhQIdXHI¡�Q�H#=



<�j#£ ��������� ����� � � ���	� ��� �������	� 	�� ���� � � �%� � � 
 ��� ����� � �

� M�� M�� � XNW6U�R \K^;TQW6aS\ �,lmR`b	YVX6lmR`R;U�WNXZY[PS\5f;a�WBhiU�RmY[aSR`R;a �`U.YVbFc 	 \ U�^/YV\ f!h XNj � PSf;U�R`b a
?"¡#U�P-G�M5H+ZrU�F>ADH J5P�5F>d3U�PiM5H�L"Z[W1P^CIGKFXW1P5PfU�d>F>GDQ�L�M5H drO U�P-GDHIP5P^Hz¬BL7U�J5G�M�O F>SimyQ�M^U�P^C�H��1F>d�mfU�A7U%gXG�myHIAKGKF>P^HIP-G

M5HcC�W1SimfU�ADHIABLDH�L�myHIA±Z[W1AKS/U�P^C�H�LzU�¡�H�C`C�HId>dXH�LeM�O J5P^H_U�P-GDHIP5P^H`mfU�GDCDEnADH�CIG7U�P5�#J5d3U�F>ADH_CId3U1LDLKFX]-J^H��VC�Hc]-J5F�H�LKG
ZrU�F>GzM^U�P^LzdXHcG7U��5dXH�U�J¢pV= w^=

��U�A7U�ST�IGKADH�L �2HIA±Z[W1AKS/U�P^C�H�L
��U�GDCDE�ADH�CIG7U�P5�#J5d3U�F>ADH ��U�GDCDE¢¬iL7U�J5GDLzM�O F>SimyQ�M^U�P^C�H

�eU�P^M5H`mfU1LDL7U�P-GDH ��� � ��� �
� � 
 � ��� �
 � ���

sNU� �W1P5P^HISTHIP-G`¬ ��� ºBJfU1LKF{Y8W1SiP5FXMVF>ADH�CIGKFXW1P5P^HId ºBJfU1LKF{Y8W1SiP5FXMVF>ADH�CIGKFXW1P5P^HId
sNU� �W1P5P^HISTHIP-G`¬ � �  QIADW/¬�d3U¡�HIAKGKFXC�U�dXH ºBJfU1LKF{Y8W1SiP5FXMVF>ADH�CIGKFXW1P5P^HId
� 
/C�U1CIF>GDQ¬ ��� � � � ��LKJ5AeSTW1J^LDLDH � � � ��LKJ5AeSTW1J^LDLDH

� ����LKJ5Az��myW�¦V  ����LKJ5Az��myW�¦V 
MVF>STHIP^LKFXW1P©² ��� 
 � ��� �TLKJ5Az��myW�¦V  � 
 � � � � � 
���� � �

������ pV= w ����W1SimfU�A7U�FXLDW1P°M5H�LNmyHIA±Z[W1AKS/U�P^C�H�L`M�O J5P^HiU�P-GDHIP5P^H�mfU�GDCDE¢ADH�CIG7U�P5�#J5d3U�F>ADHTHIGcM�O J5P^HiU�P-GDHIP5P^H
mfU�GDCDE¢¬�L7U�J5GDLzM�O F>SimyQ�M^U�P^C�H

� � � � $ �\' �����"!#�%$&���2� .^� $3��9 ��� ��� .5�f*
�"UiLKGKAKJ^CIGKJ5ADH_QIGKJ^MVFXQ�H`myHIAKSTHIGem5AKF>P^CIF>mfU�dXHISTHIP-GcM5HcmyW#LKF>GKFXW1P5P^HIAzdXH�L�Z\ADQ�]-J^HIP^C�H�LzM5HNZ[W1P^CIGKFXW1P5P^HISTHIP-G

¬�M5H�L�¡#U�dXHIJ5ADL�P^W1P ShJ5d>GKF>m5dXH�L�=+�;H�LiC�U�A7U1CIGDQIAKFXLKGKFX]-J^H�L�Z\ADQ�]-J^HIP-GKFXHId>dXH�LTLDW1P-GiF>SimyW#LDQ�H�L�mfU�Aid3UqZ[W1AKSTH�MVJ
ADQ�LDW1PfU�GDHIJ5A¬·L7U�J5G_M�O F>SimyQ�M^U�P^C�HT]-J5F�C�W1P^LKGKF>GKJ^HidrO U�P-GDHIP5P^H#=;�"U/Z[W1P^CIGKFXW1P�M5Hh�^d>GKA7U���HTH�LKG`M5W1P^C�d>F>SiF>GDQ�H
¬TJ5P°W1ADMVADH·<�²&J5P°LDHIJ5d2ADQ�LDW1PfU�GDHIJ5A�µ�=y��P°M5HIE^W1ADL`M5H�LB�fU�P^M5H�L`M5H_Z\ADQ�]-J^HIP^C�H�M�O J5GKF>d>FXL7U�GKFXW1P���d3U/ADQ��fH�¦VFXW1P
QIG7U�P-GNS/U%¦VF>S/U�dXH��^myHIJRM5H_m5J5FXLDL7U�P^C�H_H�LKGBA7U� �W1P5P^Q�H#=��"U�Z[W1P^CIGKFXW1P5PfU�d>F>GDQM5Hc�^d>GKA7U���HM5H`drO U�P-GDHIP5P^HhmfU�GDCDE
¬L7U�J5G�M�O F>SimyQ�M^U�P^C�H��VGDW1J5GeC�W1SiSTH`C�HId>dXHcM�O J5P^H`U�P-GDHIP5P^H`mfU�GDCDE�ADH�CIG7U�P5�#J5d3U�F>ADH��5P;O U�m5myW1AKGDH`M5W1P^CNmfU1L�M5H
ADQ��KH�CIGKFXW1Pqm5ADW�CDE^HhM5H�Le�fU�P^M5H�LBM5HNZ[W1P^CIGKFXW1P5P^HISTHIP-G�=
� � � � $ �3� �����"!#�%$&���2� .^� $3��9�� .�� ���2� * � * ���
k`U�P^LiJ5P C�U1L���QIP^QIA7U�d ��drO F>P^LDHIAKGKFXW1P M5HnL7U�J5GDLiM�O F>SimyQ�M^U�P^C�HqM^U�P^LiJ5P^HqU�P-GDHIP5P^HnmfU�GDCDE myHIAKSTHIGTM5H

C�W1P-GKAD®1dXHIAdXH�L_MVF3U��#A7U�SiSTH�LM5HiA7U� �W1P5P^HISTHIP-GTU�JV¦°MVF:9�QIADHIP-GDH�L_Z\ADQ�]-J^HIP^C�H�LhM5HZ[W1P^CIGKFXW1P5P^HISTHIP-G�=�?BF>P^LKF �
drO U�P-GDHIP5P^HB¬NL7U�J5G�M�O F>SimyQ�M^U�P^C�H�myHIJ5G�mfU�A�H�¦5HISim5dXHzU�¡�W1F>A+M5HIJV¦�MVF3U��#A7U�SiSTH�L+M5H�A7U� �W1P5P^HISTHIP-G�L7U�P^L2¯�QIADW
M5HiA7U� �W1P5P^HISTHIP-GmyW1J5A_dXH�L_M5HIJV¦°m5ADHISiFX�IADH�L`Z\ADQ�]-J^HIP^C�H�LhM5H�Z[W1P^CIGKFXW1P5P^HISTHIP-G�2C�HT]-J5F�P;O H�LKG_mfU1L`dXHTC�U1L
M�O J5P^H_U�P-GDHIP5P^H_mfU�GDCDEnADH�CIG7U�P5�#J5d3U�F>ADHhCId3U1LDLKFX]-J^H#=���U�AzC�W1P-GKADH��5dXHNZrU�F>GeM�O F>P^LDQIADHIABM5H�LeL7U�J5GDLeM�O F>SimyQ�M^U�P^C�H�L
HIP-GKA7U%gXP^H·J5P^H·M5QI�#A7U1M^U�GKFXW1P M5H/drO H�
/C�U1CIF>GDQ�]-J5F myHIJ5G �IGKADH/d>F>SiF>GDQ�H/mfU�AdrO J5GKF>d>FXL7U�GKFXW1P M�O J5P©LKJ5�^LKGKA7U�G�M5H
ZrU�F>�5dXH`myHIAKSiF>GKGKF>¡�F>GDQ��^C�W1SiSTH`J5PRLKJ5�^LKGKA7U�GzSTW1J^LDLDHcmfU�ABH�¦5HISim5dXH#=



� � � � 
 ��� ��������� � � �������	��
 ���� ��� � ������� <�jV<
�  �� � ) �,+S$'@��!- 2 �@p+.)BADCFEG$'8/HI1*-/7 +.)B- �
k`U�P^L/J5P LK VLKGD�ISTHRM�O QISiFXLDLKFXW1P�sBt���drO U�P-GDHIP5P^HRmyHIAKSTHIG�M5HqC�W1P-¡�HIAKGKF>A�J5P^HRW1P^M5Hq�#J5FXM5Q�H�HIP�W1P^M5H

A7U� �W1P5P^Q�H#=5��W1SiSTHzW1PTdrO Uc¡�J/M^U�P^L+d3UNmfU�AKGKFXHh<#=><#= jV= phU�¡�H�CedXHeG7U��5dXH�U�J�<#= j �#myW1J5A C�HIAKG7U�F>P^H�L�U�m5m5d>FXC�U�GKFXW1P^L�
J5P A7U� �W1P5P^HISTHIP-G�MVF>ADH�CIGKF{ZiH�LKG�P^Q�C�H�LDL7U�F>ADH U%�^P¶M�O U�STQId>FXW1ADHIARdrO H�
/C�U1CIF>GDQ M5H�d3U¸d>F3U�FXLDW1P¶HIGqM5H�d>F>SiF>GDHIA
dXH�L/myHIAKGKJ5AK�fU�GKFXW1P^LnLKJ5A·M�O U�J5GKADH�L�d>F3U�FXLDW1P^L�=�2W1J5AnC�HId3U ��M5H�L·LK VLKGD�ISTH�L·MVF>G�M5HqZ[W1AKS/U�GKFXW1P§M5HR¡�W1FXH�L�W1J
�yH�U�S�Z[W1AKSiF>P5�¸LDW1P-G/J5GKF>d>FXLDQ�L�= �;Hqm5AKF>P^CIF>myHRC�W1P^LKFXLKGDHR¬°J5GKF>d>FXLDHIA/J5P ADQ�LDH�U�J�M�O U�P-GDHIP5P^H�LnU�d>F>STHIP-GDQ�H�L�M5H
S/U�P5FX�IADHRMVF:9�QIADHIP-GDH�L·M5H�ZrUKJ�W1P�¬¢W1�5GDHIP5F>A/J5P^HnADH�C�W1Sh�5F>PfU�FXLDW1P§C�W1E^QIADHIP-GDH�M5H�LTm5J5FXLDL7U�P^C�H�LTA7U� �W1P5P^Q�H�L
mfU�A·CDEfU1]-J^H¢U�P-GDHIP5P^H¢U�J5GDW1J5A·M�O J5P^H�MVF>ADH�CIGKFXW1P�m5AKF>¡�F>dXQI�#FXQ�H�HIGTJ5P^HqADH�C�W1Sh�5F>PfU�FXLDW1P M5H�LKGKAKJ^CIGKF>¡�H�M^U�P^L
dXH�L`U�J5GKADH�L`MVF>ADH�CIGKFXW1P^L�=�k`U�P^L`C�HIGKGDHmfU�AKGKFXH��yP^W1J^LcSTW1P-GKADW1P^L`d3UiZrU�FXL7U��5F>d>F>GDQiM�O J5GKF>d>FXLDHIA`C�H�L`LKGKAKJ^CIGKJ5ADH�L`M5H
Z[W1AKS/U�GKFXW1PRM5H`¡�W1FXH�LemyW1J5AzADQ�U�d>FXLDHIABMVJ��^d>GKA7U���H`Z\ADQ�]-J^HIP-GKFXHIdr=
� M��;MNL � TFXNR`b X�� a

�BP�MVFXLKmyW#LKF>GKF{Z�M5H`Z[W1AKS/U�GKFXW1P°M5Hh¡�W1FXH�Li²\W1J¢M5H_ZrU�FXLDC�H�U�JV¦fµemyHIJ5G �IGKADH�M5Q�CIAKF>GcM5H_ZrUKJ�W1P���QIP^QIA7U�dXHmfU�A
d3U/�^�#J5ADH/pV= w�»�=��8d+H�LKG_C�W1P^LKGKF>GKJ^QTM�O J5P�MVF>¡�FXLDHIJ5AhM5H�m5J5FXLDL7U�P^C�HT]-J5F�ADQImfU�AKGKF>G_d3U�m5J5FXLDL7U�P^C�HiM�O HIP-GKADQ�H/LKJ5A
dXH�LTMVF:9�QIADHIP-GDH�LT¡�W1FXH�L�+M�O QIdXQISTHIP-GDL/M5HnmyW1P^M5QIA7U�GKFXW1P HIP�U�Sim5d>F>GKJ^M5HqHIG/HIP m5EfU1LDHnHIG/HIPV�^P M�O U�P-GDHIP5P^H�L
QIdXQISTHIP-G7U�F>ADH�LBADQImfU�AKGKFXH�LBLKmfU�GKF3U�dXHISTHIP-G�=

D(f/f
0
)

H
0
(f/f

0
)

H
k
(f/f

0
)

H
k+1

(f/f
0
)

H
n−1

(f/f
0
)

d
k

d
k+1

d
n−1

θ

nporq � pV= w�» �q³- VLKGD�ISTH`M5HcZ[W1AKS/U�GKFXW1PRM5H`¡�W1FXH�L

�;HB�5J5G�M5HNC�HIGKGDHNQIGKJ^M5HNH�LKG�M5HBSTW1P-GKADHIA�d3U`ZrU�FXL7U��5F>d>F>GDQNM�O J5GKF>d>FXLDHIA�J5P^HBGDHId>dXHNLKGKAKJ^CIGKJ5ADHNmyW1J5A�U�m5myW1AKGDHIA
¬¸d3U�Z[W1FXLqMVJ§�^d>GKA7U���H LKmfU�GKF3U�d·²&�yH�U�S�Z[W1AKSiF>P5��µ�HIGqMVJ �^d>GKA7U���H¢Z\ADQ�]-J^HIP-GKFXHId �zLDW1F>GqMVJ �^d>GKA7U���H LKmfU�GKFXW�Y
Z\ADQ�]-J^HIP-GKFXHIdr=-k`U�P^L+d3U`LKJ5F>GDH��#P^W1J^L+J5GKF>d>FXLDW1P^L M5W1P^CzJ5P/MVFXLKmyW#LKF>GKF{Zym5d>J^L LKF>Sim5dXHzS/U�FXL C�W1J5A7U�SiSTHIP-G�J5GKF>d>FXLDQ 	
dXH�ADQ�LDH�U�J°d>F>P^Q�U�F>ADH/M�O U�P-GDHIP5P^H�L�=;�;Him5AKF>P^CIF>myHTM5H�^d>GKA7U���HTLKmfU�GKFXW�Y[Z\ADQ�]-J^HIP-GKFXHId�H�LKG`P^Q�U�SiSTW1F>P^L_��QIP^QIA7U�d>F{Y
L7U��5dXH·¬qM�O U�J5GKADH�L�LK VLKGD�ISTH�LhM5HiZ[W1AKS/U�GKFXW1P©M5H/¡�W1FXH�L�=���HTGKA7U�¡#U�F>deU�ZrU�F>GhdrO W1� �KHIGM�O J5P^H/m5J5�5d>FXC�U�GKFXW1P U�J
C�W1P5�#AD��L � �+�+��Y8?���³nHIPRj#£#£�wR¨ p#��ª8=
� � $ �\'��\' � . !#� *  "��� * ��9 ,�*-.  

�BPnADQ�LDH�U�Jqd>F>P^Q�U�F>ADH_M�O U�P-GDHIP5P^H�LNH�LKGzC�W1P^LKGKF>GKJ^QhM5H
	
��J5P�MVF>¡�FXLDHIJ5AeM5HNm5J5FXLDL7U�P^C�HcHIPnHIP-GKADQ�HNF>P-GKADW�MVJ5FXL7U�P-GBM^U�P^L�CDEfU1]-J^Hc¡�W1FXHNJ5P^HBZ[W1P^CIGKFXW1PnM5HNGKA7U�P^L±Z[HIAKG
FXM5HIP-GKFX]-J^H_M5QImyHIP^M^U�P-GNM5H`d3UhZ\ADQ�]-J^HIP^C�H 	 � � ��

�
���

��J5P¸QIdXQISTHIP-G��U�m5myW1AKG7U�P-GT¬nd3UnZ[W1FXLMVJ¸M5QIm5EfU1L7U���H�HIGhJ5P^H/STW�MVF{�fC�U�GKFXW1P M�O U�Sim5d>F>GKJ^M5H���MVF:9�QIADHIP-G
myW1J5AzCDEfU1]-J^H`¡�W1FXH 	 � � � ��

�
� 
 � � � � ��

�
���
� 	
�  � ���

�

�
� �

�§M5H�L�U�P-GDHIP5P^H�L�QIdXQISTHIP-G7U�F>ADH�LiMVFXLKmyW#LDQ�H�LHIP�ADQ�LDH�U�J©HIG�U� -U�P-GiM5H�LMVF3U��#A7U�SiSTH�LiM5HTA7U� �W1P5P^HISTHIP-G
FXM5HIP-GKFX]-J^H�L 	 � � � ��

�
� � ��=5�"UiMVFXLKG7U�P^C�H_HIP-GKADH`drO U�P-GDHIP5P^H �·HIGzdrO U�P-GDHIP5P^H£�H�LKG � � ² � � 
�� ��=



<�j#j ��������� ����� � � ���	� ��� �������	� 	�� ���� � � �%� � � 
 ��� ����� � �

�;H`CDEfU�SimqGDW1G7U�d�A7U� �W1P5P^Q_M^U�P^LeJ5P^H`MVF>ADH�CIGKFXW1PqmfU�AedXHNADQ�LDH�U�JqM�O U�P-GDHIP5P^H�LNL�O H�¦Vm5AKF>STHNmfU�Aed3U�LDW1SiSTH
M5H�L CDEfU�Sim^L A7U� �W1P5P^Q�L�mfU�A CDEfU1]-J^HNU�P-GDHIP5P^HNM^U�P^L C�HIGKGDHBMVF>ADH�CIGKFXW1P;=�?BF>P^LKF �#drO Q�]-JfU�GKFXW1P¢²[pV= pV<%µ�ADHIm5ADQ�LDHIP-GDH
dXH_CDEfU�SimqA7U� �W1P5P^Q_mfU�AzdXHcADQ�LDH�U�JRM�O U�P-GDHIP5P^H�LNM^U�P^Lzd3U�MVF>ADH�CIGKFXW1P � =

� ����� 	 � 
 � � ���� � � � � ���� � � � 
 	
�

�
� � �

� � � ���� � � 	 � � ��� �� � �
�

�

�� � � ²[pV= pV<%µ

k`U�P^L drO Q�]-JfU�GKFXW1P¢²[pV= pV<%µ���W1P/myHIJ5G�MVFXLKGKF>P5�#J^HIA drO H 9�HIG�M5Hzd3U`SiFXLDHzHIP/ADQ�LDH�U�J·M5H�L�U�P-GDHIP5P^H�L�M5H�L�U�J5GKADH�L
H 9�HIGDL�²\MVF>¡�FXLKFXW1PM5H m5J5FXLDL7U�P^C�H HIG"A7U� �W1P5P^HISTHIP-G+m5ADW1m5ADH�M5H CDEfU1]-J^H�U�P-GDHIP5P^H%µ�= �BPM5Q��^P5F>G�U�dXW1ADL2dXH�ZrU1CIGDHIJ5A
M5H`ADQ�LDH�U�J�� � ��

�
� � � mfU�Azd3U�ADHId3U�GKFXW1P¸²[pV= p#j�µ�=

� � ���� � � � 
 

	
�

�
� � �

� � � ���� � � 	 � � ��� �� � �
�

�

�� � � ²[pV= p#j�µ

k`U�P^LhM5HTP^W1Sh�5ADHIJV¦�C�U1L�;W1P�J5GKF>d>FXLDHiJ5P5FX]-J^HISTHIP-GdXH�LhM5QIm5EfU1L7U���H�LhmyW1J5A_ADQ�U�d>FXLDHIAhd3U·Z[W1AKS/U�GKFXW1P¸M5H
ZrU�FXLDC�H�U�JV¦�=-�NO H�LKG±Y ¬%Y8MVF>ADHz]-J;O W1PTC�W1P^LKFXM5�IADHz]-J^H � � � � ��

�
����H�LKG�FXM5HIP-GKFX]-J^H²\W1JiS �ISTH�J5P5F>G7U�F>ADH%µ�M^U�P^L�GDW1J5GDH�L

dXH�L��5A7U�P^CDE^H�L�=5�"UADHId3U�GKFXW1P�²[pV= p#p�µ�M5W1P5P^H_U�dXW1ADL�dXHBZrU1CIGDHIJ5AzM5HNADQ�LDH�U�JnADQ�MVJ5F>G	� � � ��
�
� � ��=V�;HcCDEfU�SimqGDW1G7U�d

A7U� �W1P5P^Q_mfU�AzdXHcADQ�LDH�U�JRM�O U�P-GDHIP5P^H�LNH�LKGzM5W1P5P^Q_M^U�P^LzdrO Q�]-JfU�GKFXW1P¸²[pV= p�w�µ�=

� � � ���� � � � 
 

	
�

�
� � � � 	

� � � ��� �
�
�

�
�

�

�� � � �  � � �

�

�
� � ²[pV= p#p�µ

� ����� 	 � 
 � � ���� � � � � ���� � � ��� � � ���� ��� � � � ���� � � � ²[pV= p�w�µ
�2W1J5AU�¡�W1F>A`J5P°S/U%¦VF>ShJ5S¤M5HA7U� �W1P5P^HISTHIP-G�M5HdrO U�P-GDHIP5P^HimyW1J5A � 
 ��� M^U�P^L`d3U·MVF>ADH�CIGKFXW1P � � ��F>dZrU�J5Gh]-J^HidXH�ZrU1CIGDHIJ5AhM5HiADQ�LDH�U�J ADQ�MVJ5F>GLDW1F>G_S/U%¦VF>ShJ5Sq=���H�CIF H�LKGhM5W1P5P^QTmfU�A_d3UnC�W1P^MVF>GKFXW1P§²[pV= p#}�µ�="�"U

¡#U�dXHIJ5A`M5Hd3U·C�W1P^LKG7U�P-GDH � ����� H�LKGcm5AKFXLDHiU�AK�5F>GKA7U�F>ADHISTHIP-GHIGcP^H�CDEfU�P5��H�mfU1Lcd3U/myW#LKF>GKFXW1P°MVJ¢S/U%¦VF>ShJ5Sq=�"UiC�W1P^LKG7U�P-GDH ����H�LKGed>FXQ�Hh¬ � � mfU�Azd3U�ADHId3U�GKFXW1P¸²[pV= p#��µ�=
� �� 
 � � � � ��� � � � ����� � ��
 ²[pV= p#}�µ

��� � 
 � �	� � �� � ��� � � � ²[pV= p#��µ
�2W1J5AhU�¡�W1F>AcJ5P�SiF>P5F>ShJ5S�M5HhA7U� �W1P5P^HISTHIP-G��dXH�LNADHIG7U�ADM5LcM^U�P^LcCDEfU1]-J^H¡�W1FXH�M5W1F>¡�HIP-G �IGKADHGDHIdXLc]-J^H

d3U C�W1Sh�5F>PfU�FXLDW1P§M5Hqm5J5FXLDL7U�P^C�HRLDW1F>G·M5H�LKGKAKJ^CIGKF>¡�H#=���H�CIFNP;O H�LKG/M5W1P^CqmyW#LDLKF>�5dXHR]-J^HqLKFBC�HIAKG7U�F>P^L·M5QIm5EfU%Y
L7U���H�LBU�ST�IP^HIP-GBm5d>J^LBM5Hi<�v#£ �NmfU�AzA7U�m5myW1AKGNU�JV¦qU�J5GKADH�L�=^?BF>P^LKF �VdXHc�^d>GKA7U���HcZ\ADQ�]-J^HIP-GKFXHId;F>P-GDHIAK¡�FXHIP-GcLKF�dXH�L
¡#U�AKF3U�GKFXW1P^LeM5HBm5EfU1LDHcHIP/Z[W1P^CIGKFXW1PqM5HBd3U`Z\ADQ�]-J^HIP^C�HcMVJ�ADQ�LDH�U�J�M5HcM5QIm5EfU1LDHIJ5ADLeLDW1P-GeLKJ5myQIAKFXHIJ5ADH�Le¬·<�v#£ �1=
� � $ �\'��3� �e$ � ��� .5�f*�, �2. �%$&�54768��9-:; * ���%$ *��
k`U�P^LdXH/MVFXLKmyW#LKF>GKF{ZBM5HiZ[W1AKS/U�GKFXW1P M5HiZrU�FXLDC�H�U�JV¦�m5ADQ�LDHIP-GDQ��"dXHTZrU1CIGDHIJ5A�M5HTADQ�LDH�U�J ²&ADQ�MVJ5F>G�W1J¸P^W1P�µ

M5QImyHIP^M¸¬�d3U·Z[W1FXLhM5Hid3U�Z\ADQ�]-J^HIP^C�HTHIGhM5HTd3UnMVF>ADH�CIGKFXW1P©M5HiA7U� �W1P5P^HISTHIP-G�=��"U�Z[W1AKS/U�GKFXW1P¸M5HiZrU�FXLDC�H�U�JV¦
C�W1P^LKFXLKGDH�¬TS/U%gXGKAKFXLDHIAcdXHC�W1SimyW1AKGDHISTHIP-G_MVJRZrU1CIGDHIJ5A`M5HhADQ�LDH�U�J¢HIPRZ[W1P^CIGKFXW1P°M5Hhd3U/MVF>ADH�CIGKFXW1P¢myW1J5ANJ5P^H
Z\ADQ�]-J^HIP^C�H�M5W1P5P^Q�HnHIGdXH/�^d>GKA7U���H·Z\ADQ�]-J^HIP-GKFXHIdeC�W1P^LKFXLKGDHn¬RS/U%gXGKAKFXLDHIA�dXH�C�W1SimyW1AKGDHISTHIP-GTMVJ¸ZrU1CIGDHIJ5AiM5H
ADQ�LDH�U�J/HIPiZ[W1P^CIGKFXW1P/M5H�d3UNZ\ADQ�]-J^HIP^C�HemyW1J5A�J5P^HzMVF>ADH�CIGKFXW1P·M5W1P5P^Q�H#=��;H�L H 9�HIGDL+M5H�L+M5HIJV¦��^d>GKA7U���H�L+P;O QIG7U�P-G
mfU1L·LDQImfU�A7U��5dXH�L�U�PfU�d> �GKFX]-J^HISTHIP-G� F>dNH�LKGTP^Q�C�H�LDL7U�F>ADHRM�O QIGKJ^MVFXHIA·drO QI¡�W1d>J5GKFXW1P MVJ ZrU1CIGDHIJ5A�M5HnADQ�LDH�U�J�HIP
Z[W1P^CIGKFXW1PRM5H_C�H�LzM5HIJV¦�mfU�A7U�ST�IGKADH�L 	 � HIG �

�
�
=
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 ��� ��������� � � �������	��
 ���� ��� � ������� <�j#p

�NO H�LKGemyW1J5AzC�HId3U�]-J^HNP^W1J^Lem5ADW1myW#LDW1P^LeJ5PqW1J5GKF>d��#A7U�m5E5FX]-J^H��5dXH`MVF3U��#A7U�SiSTH_LKmfU�GKFXW�Y[Z\ADQ�]-J^HIP-GKFXHId"m5ADQ�Y
LDHIP-GDQN¬cd3UN�^�#J5ADHBpV= w-vV= �8d^ADHIm5ADQ�LDHIP-GDHzdrO U�Sim5d>F>GKJ^M5HBP^W1AKS/U�d>FXLDQ�HBQIdXHI¡�Q�HNU�J/C�U�AKADQBMVJiZrU1CIGDHIJ5A M5HzADQ�LDH�U�J/HIP
Z[W1P^CIGKFXW1PnM5HNdrO U�P5�#dXH � HIGeM5HNd3U_Z\ADQ�]-J^HIP^C�HNADQ�MVJ5F>GDH �

�
�
=��;H�L�¯�W1P^H�L�P^W1F>ADH�LeC�W1AKADH�LKmyW1P^M5HIP-GN¬M5H�L�S/U%¦VF>S/U

MVJ�ZrU1CIGDHIJ5A�M5HTADQ�LDH�U�J;=��8d�H�LKGhmyW#LDLKF>�5dXH·U�¡�H�C�C�H/�#A7U�m5E5FX]-J^H��2M5H/ADHImyQIADHIAJ5P^HTZ[W1P^CIGKFXW1P¸m5ADQ�LDHIP-G7U�P-GiJ5P
�^d>GKA7U���Hhm5d>J5GD®1GNZ\ADQ�]-J^HIP-GKFXHIdz²&A7U� �J5ADH�L`¬iGDHIP^M^U�P^C�HE^W1AKF>¯�W1P-G7U�dXH%µ��yJ5PR�^d>GKA7U���Hm5d>J5GD®1GcLKmfU�GKF3U�de²&A7U� �J5ADH�L`¬
GDHIP^M^U�P^C�Hh¡�HIAKGKFXC�U�dXH%µzW1JqJ5Pq�^d>GKA7U���HhSiF{¦VGDH/²&A7U� �J5ADH�LcW1�5d>FX]-J^H�LBW1JRG � CDE^H�L�µzC�W1SiSTH_dXH_STW1P-GKADHhd3U�^�#J5ADH
pV= w-�V=
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nporq � pV= w-v �n³-J5m5myW1AKGz�#A7U�m5E5FX]-J^HhM�O QIGKJ^M5H_MVJn�^d>GKA7U���H_LKmfU�GKFXW�Y[Z\ADQ�]-J^HIP-GKFXHId

� � $ �\'�� � �n9 � 0 .5,�*  "� ,
��W1SiSTHW1PRmyHIJ5GBdXH_ADHIS/U�AD]-J^HIAcM^U�P^LBd3UiADHId3U�GKFXW1P ²[pV= p#p�µ��fdXH`ZrU1CIGDHIJ5ANM5H_ADQ�LDH�U�J�M5QImyHIP^MqZ[W1AKGDHISTHIP-G

MVJ¸C�W1SimyW1AKGDHISTHIP-GTM5H�LM5QIm5EfU1LDHIJ5ADL�HIP�Z\ADQ�]-J^HIP^C�H�	 � � � ��
�
��=��NO H�LKGLKJ5AC�HId3UR]-J^H/drO W1P�¡#U
�KW1J^HIAhmyW1J5A

ADQ�U�d>FXLDHIA·dXHn�^d>GKA7U���H�LKmfU�GKFXW�Y[Z\ADQ�]-J^HIP-GKFXHId`LDW1J5EfU�F>GDQ#=���P�SiFXCIADW�W1P^M5H�L��C�HRM5QIm5EfU1L7U���HRmyHIJ5G �IGKADH�W1�5GDHIP-J
M5HS/U�P5FX�IADH�L_MVF:9�QIADHIP-GDH�L�=;�;H�LcGKADW1FXLcm5AKF>P^CIF>myH�L_LKJ5F>¡#U�P-GDL`LDW1P-G`mfU�A`H�¦5HISim5dXH�J5GKF>d>FXLDQ�H�L 	�dXH�M5QIm5EfU1LDHIJ5Ah¬
�fU1LDH+M5H+d>F>�#P^H�L2M5H+GKA7U�P^LKSiFXLDLKFXW1P���dXH M5QIm5EfU1LDHIJ5A�¬e�fU1LDH+M5H��^d>GKADH+mfU1LDLDH�YrGDW1J5G�HIG;dXH M5QIm5EfU1LDHIJ5A�HIP_ADQ��fH�¦VFXW1P;=

�n9 � 0 .5,�*  "�  " .5,�* � *R� $ � � *-, � * ��� . � , ��$ ,�, $&���
��HeM5QIm5EfU1LDHIJ5A H�LKG�GKAD��L+LKF>Sim5dXHz¬NADQ�U�d>FXLDHIA�m5J5FXLD]-J;O F>dfH�LKG�C�W1P^LKGKF>GKJ^QzM�O J5P^Hed>F>�#P^HzM5H�GKA7U�P^LKSiFXLDLKFXW1P/U1M^U�m5GDQ�H
¬drO F>SimyQ�M^U�P^C�HhM�O HIP-GKADQ�H_M5H`drO U�P-GDHIP5P^HhQIdXQISTHIP-G7U�F>ADHhC�W1SiSTH_dXHcSTW1P-GKADH_d3Uh�^�#J5ADHhpV= }#£V=^?z�^PqM5HcADQ�MVJ5F>ADH
drO HIP^C�W1Sh�5ADHISTHIP-GM5Hhd3U/d>F>�#P^H���F>d�H�LKGNmyW#LDLKF>�5dXHM5HADQ�U�d>FXLDHIA`M5H�LcC�W1J^M5H�L�=yk`U�P^L`C�HC�U1L�yM5H�LNm5E^QIP^W1ST�IP^H�L
LKJ5m5m5dXQISTHIP-G7U�F>ADH�L/M5H·ADQ��fH�¦VFXW1P HIGTM5H�C�W1J5m5d3U���HqU�m5mfU�A7U�FXLDLDHIP-G�=+k`U�P^L�dXH�C�U1MVADHnM5H·P^W1GKADHnQIGKJ^M5H���P^W1J^L
C�W1P^LKFXM5QIADHIADW1P^LB]-J^H_C�H�LzH 9�HIGDLzLDW1P-GzP^QI�#d>F>��H�U��5dXH�L�=
�+O H�¦Vm5ADH�LDLKFXW1P�²[pV= p�»#µ�M5W1P5P^HedXHeM5QIm5EfU1L7U���H � � � ��

�
��U�m5myW1AKGDQ�mfU�A+d3UNd>F>�#P^HzHIP�Z[W1P^CIGKFXW1P/M5HeL7UNdXW1P5�#J^HIJ5A� � �2M5H/d3UqmyHIAKSiF>GKGKF>¡�F>GDQ·ADHId3U�GKF>¡�H�H 9�H�CIGKF>¡�H·MVJ©LKJ5�^LKGKA7U�G

�
����� � HIG�M5H/d3URC�QIdXQIAKF>GDQ�M5H/d3Uqd>J5SiFX�IADH �1= �BPADHIS/U�AD]-J^H_]-J^HcdXH_M5QIm5EfU1L7U���H_H�LKGem5ADW1myW1AKGKFXW1P5P^HId�¬�d3UhZ\ADQ�]-J^HIP^C�H#=
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� � ²[pV= p�»#µ
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nporq � pV= }#£ �·��F>�#P^H_M5H`GKA7U�P^LKSiFXLDLKFXW1P
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�n9 � 0 .5,�*  "�  " .5,�* � *n��� ��� * �2.5,�,�* 4D���� ;�
�;H_m5AKF>P^CIF>myHMVJR�^d>GKADHhmfU1LDLDH�YrGDW1J5GNH�LKGNM5HhADQ�U�d>FXLDHIABJ5P^H_Z[W1P^CIGKFXW1P¢M5H_GKA7U�P^L±Z[HIAKGcM5H_d3U�Z[W1AKSTHM5W1P5P^Q�HhmfU�A
d3U`ADHId3U�GKFXW1P¢²[pV= p#v�µB²[U�J·LKF>�#P^Hzm5AD��L�µ�= � � � � �� � ��� 
 �B]-J^HId>dXHz]-J^HBLDW1F>G d3UNZ\ADQ�]-J^HIP^C�H#=��"U`¡#U�AKF3U�GKFXW1P·M5Hzm5EfU1LDHU�m5myW1AKGDQ�H`mfU�AzJ5P^HcGDHId>dXH_LKGKAKJ^CIGKJ5ADHhH�LKGzM5W1P5P^Q`mfU�Azd3UADHId3U�GKFXW1P©²[pV= p#��µ�=
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 ��� � ²[pV= p#v�µ

� � � �� � � 
 � ��� � ���� � �� � � � � � ²[pV= p#��µ
�"Uq�^�#J5ADHnpV= }V<·m5ADQ�LDHIP-GDH·J5P©STW1P-G7U���H�myW#LDLKF>�5dXH/ADQ�U�d>FXL7U�P-GiJ5P��^d>GKA7U���H�mfU1LDLDH�YrGDW1J5G�= �BP¸ADHIS/U�AD]-J^H

]-J^H�dXHnm5AKF>P^CIF>myHRH�LKGTM5HnADQ�U�d>FXLDHIA·M5HIJV¦©GDHIP^LKFXW1P^L/M5Hn¡#U�dXHIJ5ADL/W1m5myW#LDQ�H�L  � � HIG/M�O   U �KW1J5GDHIATdXHnADQ�LDH�U�JseY±�§M5H`GDHIP^LKFXW1PRM5HhLDW1AKGKFXH  � � U�¡�H�C_J5PRQIG7U���HhLKJ5F>¡�HIJ5ABF>P-¡�HIADLDHIJ5ABmyW1J5Azd>F>SiF>GDHIABdXHhC�W1J5A7U�P-G � � � 	 �5=f��P
L�O U 9yA7U�P^CDE5FXLDL7U�P-GeM5HBd3Uh¡#U�dXHIJ5A�C�W1P-GKF>P-J^H`M5H�L�LKF>�#PfU�JV¦/mfU�A�dXH�L�C�U�mfU1CIF>GDQ�LeM5HNM5Q�C�W1J5m5d3U���HcHIPnHIP-GKADQ�HcHIG�HIP
LDW1AKGKFXH���W1P/W1�5GKFXHIP-G�dXH�L�ADHId3U�GKFXW1P^Lc²[pV= w-£�µ+¬i²[pV= w-j�µ�=-��P/m5ADHIPfU�P-G �

� � 
 ��
� 
 � � � �#W1P/W1�5GKFXHIP-G�d3UBZ[W1P^CIGKFXW1P

M5HcGKA7U�P^L±Z[HIAKG²[pV= w-p�µ�=
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nporq � pV= }V< ����¦5HISim5dXH_M5H`ADQ�U�d>FXL7U�GKFXW1PRM�O J5Pn�^d>GKADH`mfU1LDLDH�YrGDW1J5G

 � � 
  � ²[pV= w-£�µ
 � � 
  � � � � 
 � � �� � 
 � � � ²[pV= w^<%µ
 � 
 �  � � ²[pV= w-j�µ
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� � 
 �
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²[pV= w-p�µ

�2W1J5ARdrO QIGKJ^M5H M^U�P^LqJ5P¶LK VLKGD�ISTH°M5H¢Z[W1AKS/U�GKFXW1P�M5H¢ZrU�FXLDC�H�U�JV¦ ��F>d`ZrU�J5G�ZrU�F>ADH�U�m5mfU�A7U%gXGKADH � �� ��dXH
M5QIm5EfU1L7U���Hn¬Rd3UnZ\ADQ�]-J^HIP^C�H ��� =�kcHIJV¦¸H�¦Vm5ADH�LDLKFXW1P^LmyW#LDLKF>�5dXH�Ln²\LKJ5F>¡#U�P-G�d3UR¡#U�dXHIJ5A�M5H·F&µhLDW1P-GiM5W1P5P^Q�H�L
mfU�AzdXH�LeADHId3U�GKFXW1P^L²[pV= w#w�µ�HIGh²[pV= w-}�µ�=
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 � ��� � ���� � �
��� ���� � ��� � ²[pV= w#w�µ
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 � � � ��� � ���� � �
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�
� ²[pV= w-}�µ

�n9 � 0 .5,�*  "� * � ��9 � * � $&�����H�LM5QIm5EfU1LDHIJ5ADL�LDW1P-G�C�W1P^LKGKF>GKJ^Q�L�M�O J5P©C�W1J5m5dXHIJ5A�MVF>ADH�CIGKF{Zcp1M5� HIGM5H·M5HIJV¦�CDEfU�AK��H�L�FXM5HIP-GKFX]-J^H�LF>S/U%Y
�#F>PfU�F>ADH�Lcm5J5ADH�L`C�W1SiSTH�dXHhSTW1P-GKADHid3Ui�^�#J5ADHTpV= }#jV=y�;H�C�W1J5m5dXHIJ5A��LKF2drO W1P¢m5ADHIP^M¢drO U1C�C���Li<hmyW1J5A`HIP-GKADQ�H��
myW#LDLD��M5HJ5P�U1C�C���L`FXLDW1dXQ�wq]-J5F�H�LKG`m5AKFXL`C�W1SiSTHTLDW1AKGKFXHiHIG`M5HIJV¦ U1C�C�Q�L_C�W1J5m5dXQ�Lhj�HIGhp·LKJ5A`dXH�LD]-J^HIdXL`W1P
m5d3U1C�HdXH�LcCDEfU�AK��H�L�=��"U/S/U�GKAKFXC�HT³RMVJ¢C�W1J5m5dXHIJ5A_M5W1P5P^Q�H�HIP ²[pV= w-��µzmyHIAKSTHIG`M5HC�U�dXCIJ5dXHIA`d3UiZ[W1P^CIGKFXW1P°M5H
GKA7U�P^L±Z[HIAKG²[pV= w�»#µ�MVJRM5QIm5EfU1LDHIJ5A�=
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entrée

sortie
j X(f)

j X(f)

nporq � pV= }#j ����AKF>P^CIF>myH_M�O J5PRM5QIm5EfU1LDHIJ5ABHIPqADQ��fH�¦VFXW1P
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� ²[pV= w-��µ

� � � 
 � � � � � � � 
 � � � � � � �

 � � � � � � �

²[pV= w�»#µ
�2W1J5ANLKF>Sim5d>F{�fHIAzdrO QIGKJ^M5H��fW1Pnm5ADHIP^MndXH�LeE- �myW1GKE^��LDH�LBLKJ5F>¡#U�P-GDH�L 	

� � � 
 �
� � � 	

�  � � � � � 
 �
� � � 	

� �  � ��� � 
 �
	
� � � � 
���� �

?"¡�H�C�C�H�LcC�W1P^MVF>GKFXW1P^L�ydXH�LcC�W�H�
/CIFXHIP-GDL`M5HADQ��fH�¦VFXW1P°HIP°HIP-GKADQ�H�HIG`HIP°LDW1AKGKFXHLDW1P-GcP-J5dXL�=y?«drO U�FXM5H�M5H
C�H�LeC�W1P^MVF>GKFXW1P^LeHIGeM5HNdrO Q�]-JfU�GKFXW1P ²[pV= w�»#µ��VdXHNM5QIm5EfU1L7U���H � � H�LKGeM5Q�MVJ5F>GeHIGeM5W1P5P^QNmfU�A�d3UhADHId3U�GKFXW1P�²[pV= w-v�µ�=
� � H�LKGedrO F>SimyQ�M^U�P^C�HhM5HcP^W1AKS/U�d>FXL7U�GKFXW1PRmyW1J5AzdXH`C�U�dXCIJ5d"M5H�LemfU�A7U�ST�IGKADH�L � � �`MVJRC�W1J5m5dXHIJ5A�=

� � � � � 
 � � � � �	� � � � ��� � ��� � ���� � � � �
� �

²[pV= w-v�µ
k`U�P^LedXHcC�U1LzW���dXH�LzCDEfU�AK��H�LzLDW1P-GzM5H�LzC�U�mfU1CIF>GDQ�LN� �5W1PqU � � � � 
 � �

� � 	 � =V�+O Q�]-JfU�GKFXW1P¸²[pV= w-v�µ myHIJ5GLDHcSTHIGKGKADH_LDW1J^Led3UZ[W1AKSTHT²[pV= w-��µ�=
� � � � � 
 � � � � �	� � � � ��� � ��� � ���� � �	� � � � � � ²[pV= w-��µ

�+O H�¦Vm5ADH�LDLKFXW1PqM5H � � HIP�Z[W1P^CIGKFXW1PqM5H � �� H�LKGeM5W1P5P^Q�HcmfU�Aed3UADHId3U�GKFXW1P�²[pV= }#£�µ��VdXHcmfU�A7U�ST�IGKADH_LKJ5m5m5dXQ�Y
STHIP-G7U�F>ADH � � � H�LKG��5¦5Q`mfU�AedXH`G8 �myH`M5H_C�W1J5m5dXHIJ5AzJ5GKF>d>FXLDQ#=



� � � � 
 ��� ��������� � � �������	��
 ���� ��� � ������� <�j�»

� � � ���� � 
 � � � � �	� � � � ��� � ��� � ���� � ���� ���� � � �� �	� � � � �	� � � � � � � � � �	� � � � 
���� � ²[pV= }#£�µ
�"Ui�^�#J5ADH�pV= }#pim5ADQ�LDHIP-GDHJ5P�H�¦5HISim5dXHM5HM5QIm5EfU1LDHIJ5AcHIPRADQ��fH�¦VFXW1P�J5GKF>d>FXL7U�P-GcJ5P�C�W1J5m5dXHIJ5AcE- ��5AKFXM5H#=

�2W1J5AcC�HC�W1J5m5dXHIJ5A��W1P°U � � � 
 � �	�/HIG � 
 �#=f�"UTADHId3U�GKFXW1P ²[pV= }V<%µzM5W1P5P^H�U�dXW1ADLBd3Ui¡#U�AKF3U�GKFXW1P°M5H_m5EfU1LDH
F>P-GKADW�MVJ5F>GBmfU�AzC�HIGKGDH_LKGKAKJ^CIGKJ5ADH#=
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entrée

sortie

j X(f)

j X(f)

Zc/√2
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Zc Zc
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nporq � pV= }#p �·��¦5HISim5dXH_M5H_M5QIm5EfU1LDHIJ5ABHIPqADQ��fH�¦VFXW1P

� � � ���� � 
 � ��� � ���� � ���� ���� � � �� �	� � � ²[pV= }V<%µ
��HIGKGDH_ADHId3U�GKFXW1P ²[pV= }V<%µzH�LKGzFXM5HIP-GKFX]-J^Hi¬iC�HId>dXHhGKADW1J5¡�Q�HhmyW1J5AzJ5Pq�^d>GKADHhmfU1LDLDH�YrGDW1J5G�²&ADHId3U�GKFXW1P ²[pV= w#w�µKµ�=

��P m5A7U�GKFX]-J^H���dXH�L`mfU�A7U�ST�IGKADH�L � � � HIG � � � M�O J5P GDHId+C�W1J5m5dXHIJ5Ah¡#U�AKFXHIP-GhQIP^W1AKSTQISTHIP-G�HIP°Z[W1P^CIGKFXW1P�M5H�d3U
Z\ADQ�]-J^HIP^C�H���¬`d3UcZ[W1FXL HIP/m5EfU1LDHzS/U�FXL�U�J^LDLKF�HIP�U�Sim5d>F>GKJ^M5HNHIG drO H�¦Vm5ADH�LDLKFXW1P·HIP�U�ADCIG7U�P/P;O H�LKG ¡�A7U�FXHB]-J^HzLKJ5A
J5P^H`m5d3U���H_M5HNZ\ADQ�]-J^HIP^C�H`d>F>SiF>GDQ�H#=

!i$ �&. �
k`U�P^L_d3UnLKJ5F>GDHTM5HidrO QIGKJ^M5H��;d3U·ZrU�FXL7U��5F>d>F>GDQTMVJ �^d>GKA7U���H/LKmfU�GKFXW�Y[Z\ADQ�]-J^HIP-GKFXHId�H�LKGhQIGKJ^MVFXQ�H/HIP J5GKF>d>FXL7U�P-GM5H�L
STW�M5�IdXH�L_M5HTM5QIm5EfU1L7U���HTLKF>Sim5dXH�L_S/U�FXL`myW#LDLDQ�M^U�P-GhM5H�L_C�U�A7U1CIGDQIAKFXLKGKFX]-J^H�L_m5ADW�CDE^H�LhM5Hid3U·ADQ�U�d>F>GDQ#=;?Bm5AD��L
U�¡�W1F>A�QIGKJ^MVFXQN]-J^HIdX]-J^H�L G8 �myH�L�M5HBM5QIm5EfU1LDHIJ5ADL�ADQ�HIdXL��F>dyH�LKG+myW#LDLKF>�5dXHBM�O HIP·GKF>ADHIA�M5HIJV¦/C�U�A7U1CIGDQIAKFXLKGKFX]-J^H�L�M5H
¡#U�AKF3U�GKFXW1P^LBM5Hcm5EfU1LDH � � � ��

�
��M5W1P5P^Q�H�LBCIF{Y8M5H�LDLDW1J^L�=

� � � ���� � 
 � ��
�
��� � �� ]-J^HIdXC�W1P^]-J^H ²[pV= }#j�µ

� � � ���� � 
 � ��� � ���� � ���� ���� � � �� �	� � � � � � �� � � ²[pV= }#p�µ

�BP¸ADHIS/U�AD]-J^H�]-J^H/myW1J5AdXH�Ld>F>�#P^H�LiM5H/GKA7U�P^LKSiFXLDLKFXW1P��2dXH·M5QIm5EfU1L7U���H�HIP � 
 ��� myHIJ5G �IGKADH�]-J^HId{Y
C�W1P^]-J^H#=��2W1J5ATdXH�LTM5QIm5EfU1L7U���H�LTHIP�¹�U�ADCIG7U�P"¹ ��F>d�ZrU�J5GTC�U1LDC�U1M5HIATm5d>J^LKFXHIJ5ADLTC�HId>d>J5dXH�L/MVJ m5ADHISiFXHIA/W1ADMVADH
myW1J5AzU�¡�W1F>A � �� � ��=5k`U�P^LeC�H`C�U1L�VLDW1F>G�dXH`M5QIm5EfU1L7U���H`H�LKGeADQImfU�AKGKF;LKJ5A�dXH�LeC�HId>d>J5dXH�LzM5HNZrUKJ�W1PnFXM5HIP-GKFX]-J^H��
LDW1F>GNC�HIAKG7U�F>P^H�LcC�HId>d>J5dXH�LcM5QIm5EfU1LDHIP-Gcm5d>J^LN]-J^HhM�O U�J5GKADH�L�=�kcH_S �ISTH���F>d2H�LKGBmyW#LDLKF>�5dXHhM5HhC�U1LDC�U1M5HIANdXH�LNMVF{Z&Y
Z[QIADHIP-GDLzG8 �myH�LzM5H`M5QIm5EfU1LDHIJ5ADLBHIGBM�O W1�5GDHIP5F>AcU�F>P^LKF;M5H�L��^d>GKA7U���H�LBLKmfU�GKFXW�Y[Z\ADQ�]-J^HIP-GKFXHIdXLNMVF:9�QIADHIP-GDL�=



<�j#v ��������� ����� � � ���	� ��� �������	� 	�� ���� � � �%� � � 
 ��� ����� � �

� M��;M�� � XN\ a aSR%P �;XNf;aSR`b a�f`^ 	pWZY[TVU
�0ag\ �`U.YVX6l � �,TVa�� ^;aSRmYVX6aSW
��PnF>P^LDQIA7U�P-GedXH�LzM5QIm5EfU1LDHIJ5ADL�¡�J^L�m5ADQ�C�Q�M5HISiSTHIP-GNM^U�P^L�J5P^H`LKGKAKJ^CIGKJ5ADH`M5HNZ[W1AKS/U�GKFXW1PqM5HBZrU�FXLDC�H�U�JV¦ �

P^W1J^LBU�d>dXW1P^Le¡�QIAKF{�fHIAedrO QI¡�W1d>J5GKFXW1P�HIP�Z\ADQ�]-J^HIP^C�H`MVJ�A7U� �W1P5P^HISTHIP-GcW1J��Vm5d>J^Lem5ADQ�CIFXLDQISTHIP-G�^MVJ�ZrU1CIGDHIJ5AzM5H
ADQ�LDH�U�J�ADQ�MVJ5F>G�=5k`U�P^L�dXHcC�U1MVADH`M5HcC�HIGKGDH`QIGKJ^M5H`LKF>Sim5d>F{�fQ�HcM5H�LKGKF>P^Q�H_¬h¡#U�d>FXM5HIAedXHNm5E^QIP^W1ST�IP^H`M5HB�^d>GKA7U���H
LKmfU�GKFXW�Y[Z\ADQ�]-J^HIP-GKFXHId � J5P ADQ�LDH�U�J d>F>P^Q�U�F>ADHRM5Hq]-JfU�GKADH�U�P-GDHIP5P^H�L�H�LKGTJ5GKF>d>FXLDQ#= ?BF>P^LKF ��dXH�L/MVFXLKG7U�P^C�H�L/HIP-GKADH
U�P-GDHIP5P^H�LeLDW1P-GeQI�-U�dXH�L�HIG � � 
 � � =��"U_Z[W1AKShJ5dXH`pV= p#}hM5W1P5PfU�P-GedXH�L ¡#U�dXHIJ5ADL�M5HcM5QIm5EfU1L7U���H � �� ¬ � 
 ���
myW1J5ABdXH�LD]-J^HIdXLBdXH`ZrU1CIGDHIJ5AcM5H_ADQ�LDH�U�J�ADQ�MVJ5F>GNH�LKGBS/U%¦VF>ShJ5S M^U�P^LBd3UTMVF>ADH�CIGKFXW1P � � myHIJ5G �IGKADHLKF>Sim5d>F{�fQ�HmfU�Azd3UADHId3U�GKFXW1P¢pV= }#}V=

� �� 
 � � � � �	� � �� ��� � � � � ��
 ²[pV= }�w�µ
� �� 
 � � � � � ��� � � ����� � ��
 ²[pV= }#}�µ
��� 
 � �	� �� ��� � � � ²[pV= }#��µ

�;HNGDHIAKSTH ���qM5W1P5P^QNmfU�A�drO Q�]-JfU�GKFXW1PqpV= }#�H�LKGeU�m5myHIdXQB�#A7U1MVFXHIP-GzM5HNm5EfU1LDH#=V��P-GKADHNdXH�LeU�d>F>STHIP-G7U�GKFXW1P^L
M5H·CDEfU1]-J^HqU�P-GDHIP5P^H�M�O J5P©ADQ�LDH�U�J©d>F>P^Q�U�F>ADH��2F>d�M5W1F>GiH�¦VFXLKGDHIAJ5P^H�MVF:9�QIADHIP^C�H�M5H/m5EfU1LDH�M5H ��� STW�MVJ5dXW
� � ���cmyW1J5ABW1�5GDHIP5F>AzJ5PnS/U%¦VF>ShJ5S M^U�P^Lzd3U�MVF>ADH�CIGKFXW1P�M5Q�LKF>ADQ�H#=
� � $ �3���\' � . � . � ����� *-, � * ��9 ���&.5�f*
�;H�L�MVF:9�QIADHIP-GDH�L�LKF>ShJ5d3U�GKFXW1P^L�ADQ�U�d>FXLDQ�H�L�M^U�P^L2C�HIGKGDH�QIGKJ^M5H STW1P-GKADHIP-G+]-J^H myW1J5A2J5PhmyW1F>P-G7U���H � � M5Q�LKF>ADQ¬ � 
 ��� ��m5d>J^LKFXHIJ5ADL_MVF3U��#A7U�SiSTH�LhLKmfU�GKFXW�Y[Z\ADQ�]-J^HIP-GKFXHIdXLhLDW1P-G_W1�5GDHIP-J^L�=��8d�H�LKG_M5W1P^C�F>SimyW1AKG7U�P-GhM5H�¡�W1F>A

]-J^HIdXLimfU�A7U�ST�IGKADH�L/F>P��^J^HIP^C�HIP-G�C�H�L/CDEfU�P5��HISTHIP-GDL�=���P ZrU�F>G��F>dXLTLDW1P-G/m5AKF>P^CIF>mfU�dXHISTHIP-GnU�J P^W1Sh�5ADHRM5H
GKADW1FXL 	

��drO H�LKmfU1C�HISTHIP-GHIP-GKADHTdXH�LhU�P-GDHIP5P^H�L�=;x¢U�FXL_C�HimfU�A7U�ST�IGKADHiADH�LKGDHTC�W1P^LKG7U�P-G_myW1J5A_J5P°ADQ�LDH�U�J�M5W1P5P^Q
HIGeF>d;H�LKGzM5W1P^C_CDE^W1FXLKF�J5P^HcZ[W1FXL�myW1J5AeGDW1J5GDH�L�=^k`U�P^Led3U�LKJ5F>GDH`M5HcdrO QIGKJ^M5H��5P^W1J^LBU�¡�W1P^Le�5¦5Q �� 
 ��� �]-J5F�C�W1AKADH�LKmyW1P^M�HIP·Z[W1AKS/U�GKFXW1PqM5HBZrU�FXLDC�H�U�JV¦nU�JnC�U1LeW���dXH�L�dXW1�yH�L�M5HNADQ�LDH�U�JnP;O U�m5mfU�A7U�FXLDLDHIP-GemfU1L�=

��dXH+�#A7U1MVFXHIP-G�M5H+m5EfU1LDH+]-J5F�M5QIGDHIAKSiF>P^H dXH+S/U%¦VF>ShJ5S�LKmfU�GKF3U�d�MVJ`ZrU1CIGDHIJ5A�M5H�ADQ�LDH�U�J;= �8d�H�LKG;P^Q�C�H�LDL7U�F>ADH
M5HT�5¦5HIAJ5P^H·m5EfU1LDH·M5H/ADQ�Z[QIADHIP^C�H � ����� = �BP¸m5ADHIP^M¸mfU�Ad3URLKJ5F>GDH/d3URm5EfU1LDH·M5H/drO U�P-GDHIP5P^Hq£ � � �C�W1SiSTH�ADQ�Z[QIADHIP^C�H#=B��H�mfU�A7U�ST�IGKADH¢myHIJ5GnU�J^LDLKF ��M^U�P^L�C�HIAKG7U�F>P^LqC�U1L� F>P��^J^HIP^C�HIAndXH¢MVF3U��#A7U�SiSTH
LKmfU�GKFXW�Y[Z\ADQ�]-J^HIP-GKFXHIdr=

��drO F>P^MVFXC�HzF^]-J5F5myHIAKSTHIG+J5PTP^W1Sh�5ADHzF>d>d>F>SiF>GDQBM5He¡#U�dXHIJ5ADL�myW#LDLKF>�5dXH�L+M5He¡#U�AKF3U�GKFXW1P/M5Hem5EfU1LDH#=��;HzCDE^W1F{¦
M5H�LeF>P^MVFXC�H�LzF;H�LKGzM5W1P^C_M5QIGDHIAKSiF>PfU�P-G�=

� � $ �3���3� ) �%$ � $ ,�. �%$&��� � *�� $ � � *-, � * ��� . � , ��$ ,�, $&���
k`U�P^LcJ5P¢m5ADHISiFXHIA`GDHISim^L�ydXH�LcM5QIm5EfU1LDHIJ5ADL`J5GKF>d>FXLDQ�LcmyW1J5Acd3U·LKF>ShJ5d3U�GKFXW1P�LDW1P-G`M5H�Lcd>F>�#P^H�L`M5HGKA7U�P^L±Y

SiFXLDLKFXW1P;=^�;HIJ5Az¡#U�AKF3U�GKFXW1PRM5H`m5EfU1LDH`H�LKGzM5W1P5P^Q�H_mfU�Aed3U�ADHId3U�GKFXW1P�pV= }�»�=
� � � ���� � 
 � ��

�
��� 


� � � � � � � ��� � � ����� � ���� ²[pV= }�»#µ
�2W1J5AzC�HIGKGDHcQIGKJ^M5H��VLKF{¦/C�W1PV�^�#J5A7U�GKFXW1P^LzM5HNM5QIm5EfU1LDHIJ5ADLeLDW1P-G�J5GKF>d>FXLDQ�H�L�=V��d>dXH�L�LDW1P-G�ADQ�C�U�m5F>GKJ5dXQ�H�LeM^U�P^L

dXHnG7U��5dXH�U�J§pV= }V=+�;H�L/MVF3U��#A7U�SiSTH�L·LKmfU�GKFXW�Y[Z\ADQ�]-J^HIP-GKFXHIdXL·LKF>ShJ5dXQ�L·C�W1AKADH�LKmyW1P^M^U�P-GDL·LDW1P-G/M5W1P5P^Q�LTmfU�ATd3U
�^�#J5ADH°pV= }�w^= �BP�ADHIS/U�AD]-J^H�]-J^HRdXH�L/myW1F>P-G7U���H�LnM5Q�LKF>ADQ�L � � ¬ � 
 ��� LDW1P-G·�5FXHIP§W1�5GDHIP-J^L�myW1J5A·dXH�L
MVF:9�QIADHIP-GDH�LqC�W1PV�^�#J5A7U�GKFXW1P^L�=6��U�AqC�W1P-GKADH��edXH�L�MVF3U��#A7U�SiSTH�LRLKmfU�GKFXW�Y[Z\ADQ�]-J^HIP-GKFXHIdXLqLDW1P-GnMVF:9�QIADHIP-GDLqM^U�P^L
CDEfU1]-J^H/C�U1L�=��2W1J5AhdXH�LU�J5GKADH�LhC�W1PV�^�#J5A7U�GKFXW1P^L�"F>d H�¦VFXLKGDHTMVJ°�^d>GKA7U���HiZ\ADQ�]-J^HIP-GKFXHId �2U�¡�H�CTd3Unm5ADQ�LDHIP^C�HTM5H



� � � � 
 ��� ��������� � � �������	��
 ���� ��� � ������� <�j#�

P^W1Sh�5ADHIJV¦¯�QIADW#L�M5H A7U� �W1P5P^HISTHIP-G+m5d3U1C�Q�L�MVF:9�QIADHISiSTHIP-G+HIPhZ[W1P^CIGKFXW1P�M5H d3UeZ\ADQ�]-J^HIP^C�H�HIG�M5H d3UBMVF>ADH�CIGKFXW1P
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�2W1J5A�C�H�G8 �myH�M5H�M5QIm5EfU1LDHIJ5ADL�1W1PiU � � � �� � � � ���1=#³-FVdrO W1PJ5GKF>d>FXLDH�J5P�LDHIJ5dVM5QIm5EfU1LDHIJ5A�mfU�A�¡�W1FXH��%dXH�L
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� � $ �3��� $ !i$ �&. �
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CDEfU%gXP^HhM5HcGKA7U�P^LKSiFXLDLKFXW1P;=
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��Hi�^d>GKA7U���HTZ\ADQ�]-J^HIP-GKFXHId�H�¦VFXLKGDHimyW1J5AC�HIAKG7U�F>P^LG8 �myH�LhM5H/M5QIm5EfU1LDHIJ5ADL�C�W1SiSTHTdXH�Lhd>F>�#P^H�LM5HTGKA7U�P^L±Y

SiFXLDLKFXW1P¶M5H¢dXW1P5�#J^HIJ5ADL �±J^MVFXCIFXHIJ^LDHISTHIP-G�CDE^W1FXLKFXH�L�= ��U�ARC�W1P-GKADH��zmyW1J5AnM5H�LqM5QIm5EfU1LDHIJ5ADLqHIP�U�ADCIG7U�P¶P^H
C�W1Sim5ADHIPfU�P-G�]-J;O J5P^HTC�HId>d>J5dXH/M5HTM5QIm5EfU1L7U���HTmfU�Ah¡�W1FXH���F>d+P;O H�LKG_mfU1L_myW#LDLKF>�5dXHTM�O W1�5GDHIP5F>AhJ5P°�^d>GKA7U���H/HIP
Z\ADQ�]-J^HIP^C�H`F>P-GDQIADH�LDL7U�P-G�= �BPn¡�W1F>GBM5W1P^C_]-J^HcdXH_CDE^W1F{¦qM5H�LzM5QIm5EfU1LDHIJ5ADLBH�LKGem5AKF>STW1ADMVF3U�dr=
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�;H�LiADQImyW1P^LDH�L�Z\ADQ�]-J^HIP-GKFXHId>dXH�L/M5H�LTC�W1PV�^�#J5A7U�GKFXW1P^L�<nHIGiw �+U�F>P^LKFz]-J^Hqj¢HIG/} ��W1J HIP^C�W1ADHRp¢HIG/� ��LDW1P-G
FXM5HIP-GKFX]-J^H�L�= �BP¸ADHIS/U�AD]-J^H�M5W1P^C�]-J^H��2]-J^HIde]-J^H·LDW1F>GdrO U�P5�#dXH��2F>deH�LKGmyW#LDLKF>�5dXH·M�O U�m5myW1AKGDHIA�J5P��^d>GKA7U���H
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Z\ADQ�]-J^HIP-GKFXHId�FXM5HIP-GKFX]-J^H��2m5AKF>P^CIF>mfU�dXHISTHIP-GTC�W1P^LKGKF>GKJ^Q/M5H/¯�QIADW#LM5HTA7U� �W1P5P^HISTHIP-G�= ³-J5F>¡#U�P-Gd3URC�W1PV�^�#J5A7U%Y
GKFXW1P¢M5H�LcM5QIm5EfU1LDHIJ5ADL��d3UT�fU�P^M5HmfU1LDL7U�P-GDH�U�J5GDW1J5A`M5Hhd3UiZ\ADQ�]-J^HIP^C�H�C�HIP-GKA7U�dXH�CDEfU�P5��HiHIGNdXH�LN¯�QIADW#LcLDW1P-G
m5d>J^LhW1J STW1F>P^LhP^W1Sh�5ADHIJV¦�HIGhLDQIdXH�CIGKF{Z[L�=;?"¡�H�CTM5H�LhM5QIm5EfU1LDHIJ5ADLhP^W1P d>F>P^Q�U�F>ADH�L�"C�H/]-J5F�P;O H�LKGhmfU1L_STW1PVY
GKADQFXCIF �yF>d�H�LKGcmyW#LDLKF>�5dXH�M�O W1�5GDHIP5F>A_M5H�LN�^d>GKA7U���H�L_MVF:9�QIADHIP-GDL�;L7U�P^LNADHISTW1P-GDQ�H�LU�JV¦�EfU�AKSTW1P5FX]-J^H�L�=�?BF>P^LKF �
CDEfU1]-J^HiC�W1PV�^�#J5A7U�GKFXW1P�myW#LDLD��M5H�M5H�Lcm5ADW1m5AKFXQIGDQ�LcZ\ADQ�]-J^HIP-GKFXHId>dXH�LhMVF:9�QIADHIP-GDH�L_]-J5F�myHIJ5¡�HIP-G_myHIAKSTHIGKGKADHiM5H
C�W1P-GKAKF>�5J^HIA�f]-J^HId"]-J^H`LDW1F>GedrO U�P5�#dXHhM5HcmyW1F>P-G7U���H���U�JV¦nH�¦VF>��HIP^C�H�LBM5HN�^d>GKA7U���H_�#dXW1�fU�dXH�LBM5Hcd3UiCDEfU%gXP^HhsBt�=
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nporq � pV= �#} �·sBQImyW1P^LDH`HIP�Z\ADQ�]-J^HIP^C�H_M5H�LzC�W1PV�^�#J5A7U�GKFXW1P^L`U�¡�H�C`¡#U�AKF3U�GKFXW1PRM5H`m5EfU1LDHcd>F>P^Q�U�F>ADH

� M��;M�� � XNW6U�R%\K^;TQW6aS\ �,lmR`b	YVX6lmR`R;U�WNXZY[PS\5f;a�W6U jkXN\ a�aSR�TVPS\ a>U�^ f!hiU�RmY[aSR`R;aS\
� � $ � $ �\' �����"!#�%$&���2� .^� $3��9�68�f�1� . �%$&��� � * 6 . $ , ! *-.  �
�;HzADQ�LDH�U�J/M�O U�P-GDHIP5P^H�L�H�LKG LKmyQ�CIF3U�dXHISTHIP-G�C�W1P>JIJ/myW1J5A ADQ�U�d>FXLDHIA M5Hzd3UNZ[W1AKS/U�GKFXW1P·M5H�ZrU�FXLDC�H�U�JV¦�=���HIGKGDH

Z[W1AKS/U�GKFXW1PqM5HzZrU�FXLDC�H�U�JnH�LKG���QIP^QIA7U�dXHISTHIP-GBW1m5GKF>SiFXLDQ�HcmyW1J5A�J5P^H`W1JnM5H�L Z\ADQ�]-J^HIP^C�H�LeM5HBZ[W1P^CIGKFXW1P5P^HISTHIP-G
M5W1P5P^Q�H�L�= �2W1J5ATC�HId3U ��dXH�LmyW1P^M5QIA7U�GKFXW1P^LTM^U�P^LTCDEfU1]-J^H·¡�W1FXHnLDW1P-GiW1m5GKF>SiFXLDQ�H�LimyW1J5A�dXH�LZ\ADQ�]-J^HIP^C�H�LiM5H
Z[W1P^CIGKFXW1P5P^HISTHIP-G�=5�;HNm5AKF>P^CIF>myHNMVJ·�^d>GKA7U���HcLKmfU�GKFXW�Y[Z\ADQ�]-J^HIP-GKFXHIdyGDHId�]-J^HBP^W1J^L�drO U�¡�W1P^L�m5ADQ�LDHIP-GDQ`H�LKG�M�O J5GKF{Y
d>FXLDHIA dXH�L ¡#U�AKF3U�GKFXW1P^L�HIPTZ\ADQ�]-J^HIP^C�HNM5H�L myW1P^M5QIA7U�GKFXW1P^L�HIP·M5HIE^W1ADL�M5HBC�H�L+Z\ADQ�]-J^HIP^C�H�L�M5HzZ[W1P^CIGKFXW1P5P^HISTHIP-G�=
�;H�LBMVF3U��#A7U�SiSTH�LNM5H`A7U� �W1P5P^HISTHIP-G_U�JV¦·Z\ADQ�]-J^HIP^C�H�LBM5HcZ[W1P^CIGKFXW1P5P^HISTHIP-GcP^H_LDW1P-GNU�dXW1ADLzmfU1LzSTW�MVF{�fQ�H�L�=
�"U/Z[W1P^CIGKFXW1P5PfU�d>F>GDQ�Z[W1AKS/U�GKFXW1P M5HhZrU�FXLDC�H�U�JV¦°H�LKG`M5W1P^C�FXM5HIP-GKFX]-J^HTU�¡�H�CTW1J°L7U�P^LcJ5GKF>d>FXL7U�GKFXW1P�MVJ��^d>GKA7U���H
Z\ADQ�]-J^HIP-GKFXHIdr=
� � $ � $ �3� �����"!#�%$&���2� .^� $3��9 ��� ��� .5�f* 68��9-:; * ���%$ *��
�;Hi�^d>GKA7U���HiZ\ADQ�]-J^HIP-GKFXHId F>P-GKADW�MVJ5F>GhmfU�Ahd3UnLKGKAKJ^CIGKJ5ADHTmyHIJ5G �IGKADHTW1m5GKF>SiFXLDQTmyW1J5AhM5H�L_myW1F>P-G7U���H�LMVF{Z&Y

Z[QIADHIP-GDL`HIP�STW�MVF{��U�P-G`dXHC�W1SimyW1AKGDHISTHIP-G`Z\ADQ�]-J^HIP-GKFXHId�M5H�LNmyW1P^M5QIA7U�GKFXW1P^L`HIP°M5HIE^W1ADL`M5H�LBZ\ADQ�]-J^HIP^C�H�LcM5H
Z[W1P^CIGKFXW1P5P^HISTHIP-G�=�?BF>P^LKF �fHIP�J5GKF>d>FXL7U�P-G`M5H�LNM5QIm5EfU1LDHIJ5ADLNADH�C�W1PV�^�#J5A7U��5dXH�L�yJ5P¢LK VLKGD�ISTHhM5H_Z[W1AKS/U�GKFXW1P¢M5H
ZrU�FXLDC�H�U�JV¦qGDHId2]-J^H_C�HId>J5F2m5ADQ�LDHIP-GDQhFXCIF"myHIAKSTHIGNM�O U�m5myW1AKGDHIANJ5P^H`Z[W1P^CIGKFXW1P¢M5H`�^d>GKA7U���HM5W1P5P^Q�HhHIGNC�Hh]-J^HId
]-J^H/LDW1F>GhdXHTmyW1F>P-G7U���H·LDQIdXH�CIGKFXW1P5P^Q#=+��Hi�^d>GKA7U���H/myHIJ5G�U�dXW1ADL �IGKADH/m5AKFXLHIP¸C�W1Sim5GDH·M^U�P^Lhd3URC�W1P^C�HIm5GKFXW1P
�#dXW1�fU�dXH_M5H`d3U�CDEfU%gXP^HhM�O QISiFXLDLKFXW1P;=
�;H��^d>GKA7U���HeZ\ADQ�]-J^HIP-GKFXHIdfF>P-GKADW�MVJ5F>G mfU�A+d3UcSiFXLDHzHIPiADQ�LDH�U�J·M�O U�P-GDHIP5P^H�L�H�LKG�J5Pi�^d>GKA7U���HBM5HeG8 �myHeGKA7U�P^L±Y

¡�HIADLDH 	�dXHiLKF>�#PfU�d�M�O HIP-GKADQ�HTH�LKG`MVF>¡�FXLDQ�LKJ5AcGDW1J5GDH�L`dXH�Lc¡�W1FXH�L`m5J5FXL�yM^U�P^L`CDEfU1]-J^H�¡�W1FXH��ydXH�L`LKF>�#PfU�JV¦°LDW1P-G
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STW�MVF{�fQ�L/HIP�U�Sim5d>F>GKJ^M5H�HIG ��W1J HIP m5EfU1LDHRHIG/HIPV�^P d3U¢ADH�C�W1Sh�5F>PfU�FXLDW1P§M5H�L/LKF>�#PfU�JV¦ LDH·ZrU�F>G/M5H�ZrUKJ�W1P
LKmfU�GKF3U�dXH#=��;H`�^d>GKA7U���H_Z\ADQ�]-J^HIP-GKFXHId�U�m5myW1AKGDQhmfU�ABd3UiSiFXLDHhHIPRADQ�LDH�U�J¢H�LKGBM5W1P^ChmyHIJ�LDQIdXH�CIGKF{Z �fL7U�JVZ+M^U�P^LBdXH
C�U1LBM�O J5PqP^W1Sh�5ADHhQIdXHI¡�QhM5H`¡�W1FXH�LBHIGzP;O H�LKGzmfU1Le�fU1LDQ_LKJ5ABM5H�Lem5E^QIP^W1ST�IP^H�LcM5HcADQ��fH�¦VFXW1P;=8��U�ANC�W1P-GKADH��^F>d
H�LKGemyW#LDLKF>�5dXH`M�O W1�5GDHIP5F>ANM5H�Le¯�QIADW#LBM5HcA7U� �W1P5P^HISTHIP-G�=

�2W1J5A`W1�5GDHIP5F>AcM5H�LBm5E^QIP^W1ST�IP^H�LcM5H_G8 �myH_ADQ�CIJ5ADLKF{Z M^U�P^LNJ5P^H_GDHId>dXHLKGKAKJ^CIGKJ5ADH��fF>d;ZrU�J^MVA7U�F>GNCIADQ�HIANJ5P^H
�yW1J^CIdXHnM5H·ADQIGKADW�U1CIGKFXW1P HIP-GKADHnd3U�LDW1AKGKFXH�M5H·d3U�LKGKAKJ^CIGKJ5ADHnHIG�dXH�CIF>ADCIJ5F>GTM�O U�d>F>STHIP-G7U�GKFXW1P�M5H�LTU�P-GDHIP5P^H�L�=
�"URLDW1AKGKFXH/M5H·C�H/LK VLKGD�ISTH/H�LKGd3Unm5J5FXLDL7U�P^C�H/A7U� �W1P5P^Q�H#=��8d+ZrU�J^MVA7U�F>G�M5W1P^C/ADQ�CIJ5myQIADHIAJ5P^H/mfU�AKGKFXH·M5HTd3U
m5J5FXLDL7U�P^C�HnA7U� �W1P5P^Q�HRHIGid3U¢ADQIF>P �KH�CIGDHIA/M^U�P^LidXHnCIF>ADCIJ5F>G�= �BP^HnM5H�LTLDW1d>J5GKFXW1P^LTmyW#LDLKF>�5dXH�LiH�LKGTC�HId>dXHqM5H�d3U
�^�#J5ADHnpV= �#�V=��BP^H�U�P-GDHIP5P^H·ADQ�C�HIm5GKAKFXC�HnH�LKGm5d3U1C�Q�H�U�J©SiF>d>FXHIJ M5H�L�U�J5GKADH�LTU�P-GDHIP5P^H�L�=��;H�C�W1J5m5d3U���H·mfU�A
A7U� �W1P5P^HISTHIP-GTHIP-GKADH·C�H�LU�P-GDHIP5P^H�L�H�LKG_GDHId�]-J;O HId>dXHTADQ�CIJ5my�IADH/J5P^HiZ\A7U1CIGKFXW1P¸M5HTdrO QIP^HIAK�#FXH/A7U� �W1P5P^Q�H/mfU�A
CDEfU1]-J^HqU�P-GDHIP5P^H#=���HIGKGDHnQIP^HIAK�#FXH�ADQ�CIJ5myQIADQ�HnH�LKGTU�Sim5d>F{�fQ�HqHIG�ADQIF>P �KH�CIGDQ�HnM^U�P^LidXH�CIF>ADCIJ5F>G�= ³-J5F>¡#U�P-Gid3U
myW#LKF>GKFXW1P/M5HBC�HeADHIGDW1J5A�-LKJ5F>¡#U�P-G dXH�L QIdXQISTHIP-GDL�M5HemyW1P^M5QIA7U�GKFXW1P�HIG LKJ5F>¡#U�P-G dXH�L C�W1J5m5d3U���H�L�HIP-GKADHNU�P-GDHIP5P^H�L
QISTHIGKGKAKFXC�H�L�HIG_ADQ�C�HIm5GKAKFXC�H��2M5HTShJ5d>GKF>m5dXH�L�yW1J^CIdXH�LhM5HTADQ�LDW1PfU�P^C�HTmyHIJ5¡�HIP-GiU�m5mfU�A7U%gXGKADHIP-GiHIGhCIADQ�HIA�U�F>P^LKF
M5H�Lemy®1dXH�LeADQ�CIJ5ADLKF{Z[L�=

nporq � pV= �#� ����¦5HISim5dXH_M5H`SiFXLDH`HIPnADQ�LDH�U�JRM�O U�P-GDHIP5P^H�LcU�¡�H�ChH 9�HIGDLeADQ�CIJ5ADLKF{Z[L
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��H+STQISTW1F>ADHeUemyW1J5A"�5J5G2M5H+STW1P-GKADHIA�drO F>P-GDQIA �IG�MVJ_�^d>GKA7U���H ADQImfU�AKGKFVLKJ5A"J5P^H CDEfU%gXP^H�M�O QISiFXLDLKFXW1PhA7U1MVFXW�Y
Z\ADQ�]-J^HIP^C�H#=-��HzC�W1P^C�HIm5G M5H��^d>GKA7U���HeADQImfU�AKGKFfH�LKG��fU1LDQeLKJ5A�d3UNmyW#LDLKF>�5F>d>F>GDQeM�O F>P-GDQI�#ADHIA dXW1ADL+M5H�d3U`C�W1P^C�HIm5GKFXW1P
M�O J5PiC�W1SimyW#L7U�P-G�M�O J5PTQISTHIGKGDHIJ5Az²[U�Sim5d>F{�fC�U�GDHIJ5A M5H�m5J5FXLDL7U�P^C�H��#U�P-GDHIP5P^H��#MVF>¡�FXLDHIJ5A�M5H m5J5FXLDL7U�P^C�H#=>=>= µ"J5P^H
W1J/m5d>J^LKFXHIJ5ADL�C�W1P-GKA7U�F>P-GDH�LzM5He�^d>GKA7U���H#=V��PnU1LDLDW�CIF3U�P-G�M5HBS/U�P5FX�IADHcC�W1P-GKAD®1dXQ�HcC�H�L+�^d>GKA7U���H�L`¹ILDH�C�W1P^M^U�F>ADH�L%¹
U�JV¦i�^d>GKA7U���H�L m5AKF>P^CIF>mfU�JV¦�U�STHIP^Q�L�mfU�A dXH�L��^d>GKADH�L�sBt°HIG dXHBMVJ5m5dXH�¦5HIJ5A��W1P/STW1P-GKADHN]-J;O F>d�H�LKG+myW#LDLKF>�5dXHBM5H
ADQImyW1P^MVADHT¬�M5H�Lc�-U��fU�AKF>GDL_M5H�^d>GKA7U���H�m5d>J^L_C�W1Sim5dXH�¦5H�L�yGDHIdXL`]-J^H�C�HIJV¦¢ADHIP^C�W1P-GKADQ�LhM^U�P^L_M5H�L`LK VLKGD�ISTH�L
ShJ5d>GKF{Y8LKG7U�P^M^U�ADM5L�=

�2W1J5A U�STHIP^HIA�C�H�L2�^d>GKA7U���H�L�LDH�C�W1P^M^U�F>ADH�L�L7U�P^L�M5QIGDQIAKFXW1ADHIA�dXH�L"Z[W1P^CIGKFXW1P^L�m5AKF>P^CIF>mfU�dXH�L+M5H�L�C�W1SimyW#L7U�P-GDL�
F>d�H�LKG2P^Q�C�H�LDL7U�F>ADH�M�O J5GKF>d>FXLDHIA�M5H�L�LKGKAKJ^CIGKJ5ADH�L2myW1J5A"dXH�LD]-J^HId>dXH�L�M5H�L"m5E^QIP^W1ST�IP^H�L�M5H+�^d>GKA7U���H�H�¦VFXLKGDHIP-G2F>P-GKAKF>PVY
LD��]-J^HISTHIP-G 	1�^d>GKA7U���HBM5HzG8 �myHeADQ�CIJ5ADLKF{Z �#GKA7U�P^LK¡�HIADLDH���U1CIGKF{Z"W1JTmfU1LDLKF{ZK=��"U`C�W1P^C�HIm5GKFXW1P�M5HzC�H�L C�W1SimyW#L7U�P-GDL
M5W1F>G_U�dXW1ADLcGDHIP5F>A`C�W1Sim5GDHT¬/d3UTZ[W1FXLcM5H�LcC�W1P-GKA7U�F>P-GDH�L_d>FXQ�H�L_¬/d3UTZ[W1P^CIGKFXW1P¢m5AKF>P^CIF>mfU�dXHTHIGcM5H�L`C�W1P-GKA7U�F>P-GDH�L
MVJ��^d>GKA7U���Hh]-J^HcdrO W1PRLDW1J5EfU�F>GDH`F>P^LDQIADHIA�=
?BF>P^LKF �VdXH�LeGKA7U�¡#U�JV¦nSTHIP^Q�LBMVJ5A7U�P-GNC�HIGKGDH`GKE^��LDH`W1P-GNU��yW1J5GKF2¬�m5d>J^LKFXHIJ5ADLzLKGKAKJ^CIGKJ5ADH�L¹7�^d>GKA7U�P-GDH�L%¹1=
�§�;H�MVF>¡�FXLDHIJ5A�M5HRm5J5FXLDL7U�P^C�HR�^d>GKA7U�P-G�myHIJ5G �IGKADH�J5GKF>d>FXLDQ�M^U�P^L�C�HIAKG7U�F>P^H�LnLKGKAKJ^CIGKJ5ADH�L�MVFXLKGKAKF>�5J^Q�H�L�
Z[W1AKS/U�GKFXW1P�M5HnZrU�FXLDC�H�U�JV¦ W1J§U�Sim5d>F{�fC�U�GKFXW1P���myW1J5A�U�STHIP^HIA·J5P �^d>GKA7U���HRM�O W1ADMVADHRd>F>SiF>GDQ©²&J5P�W1J
M5HIJV¦fµ�LKJ5Aem5d>J^LKFXHIJ5ADLeZ\ADQ�]-J^HIP^C�H�LNU�¡�H�C`myW#LDLKF>�5F>d>F>GDQ`M�O F>P^LDQIADHIANM5H�Le¯�QIADW#LzM5H`GKA7U�P^LKSiFXLDLKFXW1P;=

�§�+O U�Sim5d>F{�fC�U�GDHIJ5AM5Hm5J5FXLDL7U�P^C�H��y�fU1LDQ�LKJ5AcJ5P^HiLKGKAKJ^CIGKJ5ADH�GKA7U�P^LK¡�HIADLDH�HIG`J5GKF>d>FXL7U�P-G`dXHiMVF>¡�FXLDHIJ5A`M5H
m5J5FXLDL7U�P^C�Hh�^d>GKA7U�P-G�;U�ST�IP^H�dXH�LNS �ISTH�Lcm5ADW1m5AKFXQIGDQ�L_M5Hh�^d>GKA7U���Hi]-J^HC�HId>dXH�L`MVJ°MVF>¡�FXLDHIJ5A_U�¡�H�C�J5P^H
myW#LDLKF>�5F>d>F>GDQ`M5H`¯�QIADW#LeGKA7U�P^LK¡�HIADLDH�LBLKJ5m5m5dXQISTHIP-G7U�F>ADH�L�=

�§�+O U�P-GDHIP5P^H°�^d>GKA7U�P-GDH H�LKGn�fU1LDQ�H°LKJ5AnJ5P ADQ�LDW1PfU�GDHIJ5A�¬©L7U�J5GDLnM�O F>SimyQ�M^U�P^C�H��BC�H°]-J5Fcd>J5F_M5W1P5P^H
M5H�LTm5ADW1m5AKFXQIGDQ�L/ShJ5d>GKF{Yr�fU�P^M5H�L�=�xRFXL·¬¢mfU�AKG·C�HIG�U�¡#U�P-G7U���H�M5HqmyW#LKF>GKFXW1P5P^HISTHIP-G�M5H�LiZ\ADQ�]-J^HIP^C�H�L
M�O J5GKF>d>FXL7U�GKFXW1P��^d3UhZ[W1P^CIGKFXW1PRM5Hc�^d>GKA7U���HhU�m5myW1AKGDQ�H`mfU�AzdrO U�P-GDHIP5P^HhH�LKGed>F>SiF>GDQ�H¬J5PqW1ADMVADH_J5P;=

� �BP¢ADQ�LDH�U�J�M�O U�P-GDHIP5P^H�LhM5H�LKGKF>P^Q/¬·d3U/Z[W1AKS/U�GKFXW1P�M5HZrU�FXLDC�H�U�JV¦¢myHIJ5G �IGKADH�J5GKF>d>FXLDQ�myW1J5AhU�m5myW1AKGDHIA
MVJ·�^d>GKA7U���HNZ\ADQ�]-J^HIP-GKFXHIdr=���HB�^d>GKA7U���HcmyHIJ5G �IGKADH`W1�5GDHIP-JR]-J^HId�]-J^HcLDW1F>G�dXHNmyW1F>P-G7U���H_LDQIdXH�CIGKFXW1P5P^Q`HIG
U�m5myW1AKGDH`m5AKF>P^CIF>mfU�dXHISTHIP-GcM5H�Le¯�QIADW#LBM5HcGKA7U�P^LKSiFXLDLKFXW1P;=

�;HNm5AKF>P^CIF>mfU�d2U�¡#U�P-G7U���H`M5H`C�HIGKGDHNSTQIGKE^W�M5H`MVJ·�^d>GKA7U���HcADQImfU�AKGKF�ADQ�LKFXM5HcM^U�P^L�dXHBZrU�F>Ge]-J^HNdXH�L �^d>GKA7U���H�L
LDH�C�W1P^M^U�F>ADH�LP^HTP^Q�C�H�LDLKF>GDHIP-G�mfU1LM5H·C�W1SimyW#L7U�P-GDL�LKJ5m5m5dXQISTHIP-G7U�F>ADH�L�S/U�FXLLDW1P-GF>P-GKAKF>P^LD��]-J^HISTHIP-GTM5Q��D¬
m5ADQ�LDHIP-GDLM^U�P^LhdXH�LLKGKAKJ^CIGKJ5ADH�L�U�m5myW1AKG7U�P-GdXH�L_Z[W1P^CIGKFXW1P^Lhm5AKF>P^CIF>mfU�dXH�L�M�O U�Sim5d>F{�fC�U�GKFXW1P W1J¸M5HTA7U� �W1P5P^H�Y
STHIP-G�=�³VU�P^L+C�HIGKGDHeGDH�CDE5P5FX]-J^HBM5H��^d>GKA7U���HeADQImfU�AKGKF �#dXH�L+C�W1P-GKA7U�F>P-GDH�L�LDHIA7U�FXHIP-G�LKJ5m5myW1AKGDQ�H�L+HIP-GKFX�IADHISTHIP-G�mfU�A
dXH�Lz�^d>GKADH�LcsBt HIGNdXHhMVJ5m5dXH�¦5HIJ5A��U�J5�#STHIP-G7U�P-GhU�dXW1ADLNdXHIJ5AcC�W1Sim5dXH�¦VF>GDQ�C�H]-J5F�U�J5A7U�F>GNJ5P^HhF>P^CIFXM5HIP^C�H�LKJ5A
d3UG7U�F>d>dXH`�#dXW1�fU�dXHhHIG ��W1JRLKJ5AedXH`C�W��5GBM5H`drO QISTHIGKGDHIJ5A�=
��H`C�W1P^C�HIm5GzM5HN�^d>GKA7U���HcADQImfU�AKGKF;W1J5¡�ADHcd3Uh¡�W1FXH_¬�M5HNP^W1Sh�5ADHIJ^LDH�LBQIGKJ^M5H�LBU�J^LDLKFy�5FXHIPnLKJ5Aed3UC�W1P^C�HImVY

GKFXW1P M5HqC�W1SimyW#L7U�P-GDL/ShJ5d>GKF{Y[Z[W1P^CIGKFXW1P^L�]-J^HqLKJ5ATdrO W1m5GKF>SiFXL7U�GKFXW1P�M5Hnd3U°ADQImfU�AKGKF>GKFXW1P�MVJ �^d>GKA7U���HRLKJ5ATd3U
CDEfU�F>P^HhsBt�=��8d;H�LKGNU�F>P^LKF;F>P-GDQIADH�LDL7U�P-GNM�O QIGKJ^MVFXHIANM5H�LBC�W1SimyW#L7U�P-GDLBmyW1J5¡#U�P-GNU�STHIP^HIANM5H�L��^d>GKA7U���H�LNMVF>¡�HIADL

<�p#�
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C�W1SiSTH_mfU�ABH�¦5HISim5dXH_dXHc�^d>GKA7U���H_ADQ�CIJ5ADLKF{Z U�m5myW1AKGDQ_mfU�AzdXH�LzADQ�LDH�U�JV¦qM�O U�P-GDHIP5P^H�LBJ5GKF>d>FXL7U�P-GBJ5P^HU�P-GDHIP5P^H
M5HnADQIGKADW�U1CIGKFXW1P�W1J dXHn¯�QIADW°GKA7U�P^LK¡�HIADLDHqMVJ MVF>¡�FXLDHIJ5A/M5Hnm5J5FXLDL7U�P^C�HRU�¡�H�CqC�W1J5m5d3U���HRHIP-GKADQ�HRLDW1AKGKFXH#=+kcH
S �ISTH��"M�O J5P¸myW1F>P-GM5Hi¡�J^H/LK VLKGD�ISTH��;M5H�LhQIGKJ^M5H�Lhm5d>J^L�U�m5m5ADW�Z[W1P^MVFXH�LLKJ5A_d3UnS/U�P5FX�IADH/M5HTADQImfU�AKGKF>AdXH�L
MVF:9�QIADHIP-GDL G8 �myH�L M5He�^d>GKA7U���HBLKJ5A+d3U_CDEfU%gXP^HBsBt°LDW1P-G P^Q�C�H�LDL7U�F>ADH�L LKF^drO W1P/¡�HIJ5G ADQImyW1P^MVADHNU�JTSiFXHIJV¦·¬cJ5P^H
ShJ5d>GKF>GKJ^M5HhM5H_C�W1P-GKA7U�F>P-GDH�LNShJ5d>GKF{Y8LKG7U�P^M^U�ADM5L�=

�2W1J5A`C�W1Sim5dXQIGDHIAcdXH�LBF>P-¡�H�LKGKF>�-U�GKFXW1P^L`LKJ5ABdXH_�^d>GKA7U���HhADQImfU�AKGKF ��drO J5GKF>d>FXL7U�GKFXW1P¢M5HLKGKAKJ^CIGKJ5ADH�LNADH�C�W1PV�^�#JVY
A7U��5dXH�L`J5GKF>d>FXL7U�P-G_C�Hm5AKF>P^CIF>myHiH�LKG_¬·QIGKJ^MVFXHIA�=;��P¢mfU�AKGKFXCIJ5d>FXHIA�;M^U�P^LcdXHiC�U1L`M5H�L`LK VLKGD�ISTH�LcM5HhZ[W1AKS/U�GKFXW1P
M5HTZrU�FXLDC�H�U�JV¦ �"F>d�H�LKGhF>SimyW1AKG7U�P-GTM5H/S/U%gXGKAKFXLDHIAdXHT�^d>GKA7U���H/Z\ADQ�]-J^HIP-GKFXHId�myW1J5A�CDEfU1]-J^H·C�W1PV�^�#J5A7U�GKFXW1P M5H
myW1F>P-G7U���H#=

��U�AcU�F>d>dXHIJ5ADL�^C�W1Sim5GDH_GDHIP-JRM5H�LBMVF 
/CIJ5d>GDQ�LBM�O F>P-GDQI�#A7U�GKFXW1P¢M5H�L��^d>GKADH�L�5S �ISTHhM^U�P^LedXH�LzGDH�CDE5P^W1dXW1�#FXH�L
U1CIGKJ^HId>dXH�L¢²\t���?Nscµ���F>dzmyHIJ5G �IGKADHqF>P-GDQIADH�LDL7U�P-G�M�O F>S/U��#F>P^HIA�M5H�L·U�ADCDE5F>GDH�CIGKJ5ADH�L·myHIAKSTHIGKG7U�P-G�M�O HIP d>F>SiF{Y
GDHIANdrO J^L7U���H#=y�;H�LBZ\J5GKJ5ADLcQISTHIGKGDHIJ5ADL±YrADQ�C�HIm5GDHIJ5ADL`J5GKF>d>FXLDHIADW1P-G_L7U�P^LNM5W1J5GDHd3U/MVF>¡�HIADLKF>GDQ�HIGcM5W1P^Chm5d>J^LKFXHIJ5ADL
¡�W1FXH�LBM5H`GKA7U�F>GDHISTHIP-GcHIPqmfU�A7U�d>dX�IdXH#= �BPqmyHIJ5GNU�dXW1ADLeF>S/U��#F>P^HIANM5H�LBCIF>ADCIJ5F>GDL�^C�W1Sim5dX�IGDHISTHIP-GcF>P-GDQI�#ADQ�LNLKJ5A
LKF>d>FXCIF>J5S ��J5GKF>d>FXL7U�P-G�dXHe�^d>GKA7U���HzADQImfU�AKGKFyHIG+myHIAKSTHIGKG7U�P-G�VMVJTZrU�F>G M5H�L MVF:9�QIADHIP-GDH�L�¡�W1FXH�L m5ADQ�LDHIP-GDH�L��J5P/GKA7U�F{Y
GDHISTHIP-GeMVJ·LKF>�#PfU�d�HIP�U�PfU�dXW1�#FX]-J^HNW1J�HIP/P-J5STQIAKFX]-J^H#=V�+O U1LDLDW�CIF3U�GKFXW1P·M5HBC�H�L�M5HIJV¦/C�W1P^C�HIm5GDL�myHIAKSTHIGKGKA7U�F>G
U�F>P^LKF"M5HcADH�LKmyH�CIGDHIAzdXH�LeP^W1AKSTH�L�=

�2W1J5A�GDHIAKSiF>P^HIAnLKJ5A/J5P^HRmyHIADLKmyH�CIGKF>¡�HRm5d>J^L·��QIP^QIA7U�dXH���dXH�L·LK VLKGD�ISTH�L�¬°Z[W1P^CIGKFXW1P5PfU�d>F>GDQ�L�ADQImfU�AKGKFXH�L�
HIG�mfU1LnLDHIJ5dXHISTHIP-GR¬ �^d>GKA7U���H¢ADQImfU�AKGKF ��myHIJ5¡�HIP-GRU�m5myW1AKGDHIA�dXHIJ5AqC�W1P-GKAKF>�5J5GKFXW1P�¬�drO U�J5�#STHIP-G7U�GKFXW1P�M5H�L
myHIA±Z[W1AKS/U�P^C�H�LBM5H_LK VLKGD�ISTH�LeM5H_C�W1SiShJ5P5FXC�U�GKFXW1P°U1CIGKJ^HIdXLBHIGeZ\J5GKJ5ADL�=5�"¬iHIP^C�W1ADH��fW1J5GKADH`drO QIGKJ^M5H_M5H_C�W1S�Y
myW#L7U�P-GDLBShJ5d>GKF{Y[Z[W1P^CIGKFXW1P^L/²3�^d>GKADH_A7U� �W1P5PfU�P-G�;U�P-GDHIP5P^HiU�Sim5d>F{�fC�U�GKAKFXC�H#=>=>= µ��yF>d2H�LKGBF>SimyW1AKG7U�P-G`M5H_m5ADHIP^MVADH
HIP°C�W1Sim5GDH�d3U·ADQImfU�AKGKF>GKFXW1P M5Hd3U/Z[W1P^CIGKFXW1P°LKJ5AcdrO HIP^LDHISh�5dXHTM5Hd3U·CDEfU%gXP^H/U%�^P°M�O W1�5GDHIP5F>A`d3U�LDW1d>J5GKFXW1P¢d3U
m5d>J^LemyHIA±Z[W1AKS/U�P-GDH_mfU�AzA7U�m5myW1AKGNU�JV¦qU�m5m5d>FXC�U�GKFXW1P^LNLDW1J5EfU�F>GDQ�H�L�=
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x¢U%¦VF>S �8P-GDHI�#A7U�GDH�M ��ADW�MVJ^CIGDL�^t^HI��j#£#£#jV=
¨ j%ª �2=z?BP^MVADH�U�P5Fr= �8P-GKADW�MVJ^CIGKFXW1P¶GDW CISTW#LnA±ZF>P-GDHI�#A7U�GDH�M�CIF>ADCIJ5F>GDL�= �"H�CDE5P5FXC�U�dhADHImyW1AKG���"H�CDE5P5FXC�U�d

�BP5F>¡�HIADLKF>G8 nW�Z�kcHIP5S/U�A � �fj#£#£#pV=
¨ p%ª 3=y��dXW1P^M5H�U�J;=�� ���������
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�	�' �(�)�*	 ���,+������ � ��� �-����� � � ��� �,����	 �����.�/��� ��	 �����(��� =���E^k�GKE^H�LKFXL���BP5F>¡�HIADLKF>GDQ_M5H`��F>STW1��H�L��j#£#£V<#=
¨ w1ª 5^=�k`U��5ADW �zL ��Fr= � STW#L·A±ZGKA7U�P^LDC�HIF>¡�HIAnM5H�LKF>�#P;= �"H�CDE5P5FXC�U�d_ADHImyW1AKG� �BP5F>¡�HIADLKF>G8 �W�Z��F>P �101m5F>P5��L

²r³ ��H�M5HIP�µ��yj#£#£#pV=
¨ }%ª �c=+t5ADW1m5m5FXHIA�=2� ����	 ���'! �3	 �����4$5��6 � �
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� �,����	 �����@?A�	#�.���B	�C.��	���,+�������	D�): �������"E� ��	����(�F���E��6 ����	&,G	����	 ����� ����	&� ���
� = ����	 ��� = ��E^k�GKE^H�LKFXL�
�BP5F>¡�HIADLKF>GDQ_M5H �cU�P-GDH�L�fj#£#£�w^=

¨ �%ª 5^=63cU � ��F>P^HIP;=IH ��	&�,G	����	&�)��JAKL! � ���M�	���>G@! � �N� ON�%8��	�5!��P�N�9��	���	 ����� � � ��� �,����	 �����.� = ��E^k GKE^H�LKFXL�
�BP5F>¡�HIADLKF>G8 nW�Z �BJ5d>J¸²\t2F>P5d3U�P^Mfµ���j#£#£#jV=

¨ »�ª 3= 3cU1LKE^HISiFyU�P^M/?=�3cU �±F>SiF>AKFr=;��W1P^CIJ5AKADHIP-GeMVJfU�d{Yr�fU�P^M·CISTW#L dXW ��P^W1FXLDHBU�Sim5d>F{�fHIADLeU�P^MTADH�C�HIF>¡�HIA
U�ADCDE5F>GDH�CIGKJ5ADH#= �8P9Q ��" � �P�����>" ���4R�S Q.HT� � �)��� �#	��VU �MG�����	 �^j#£#£V<#=

¨ v%ª 3= 3cU1LKE^HISiF2U�P^MR?= 3cU �±F>SiF>AKFr=e��W1P^CIJ5AKADHIP-GNShJ5d>GKF{Yr�fU�P^MRdXW ��P^W1FXLDHU�Sim5d>F{�fHIADLzY GKE^H�W1AK  �fM5H�LKF>�#P
U�P^MRU�m5m5d>FXC�U�GKFXW1P^L�=�H)W�W�WYX �����.�NZ\[ �,� ����]���^�� X C.���	� � X �)� C.Z �5mfU���H�LBj#v#v �Vp#£V<��85-U�P�j#£#£#jV=

¨ �%ª �`=��;H �cU1M^U�P;=E� ����	 ���'! �3	 �����_$`� �a�����������
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����� ��G	�,+������DC���!����,������gPU =���E^k�GKE^H�LKFXL� �BP5F>¡�HIADLKF>GDQ_M5H`��F>STW1��H�L��j#£#£#£V=

¨><�£%ª �N���N= JAK �����T[ �,� ����]���^��/Ub� ^ �,����� Q � �(�)�*	 �����ih�� �,��� ��5#J5P^Hhj#£#£#pV=
¨><#<�ª �NW���F3Uix�W1�5F>dXH ��E^W1P^H�L�=kj cl[ Q@X �)� C�� �,�����
U �N���>"E� ��	���	 ����� �ft^HI� <��#�#�V=
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¨><�j%ª �2=;��F>dXM5LKGDHIF>P;= K �����*	 ���������%	 �����.��8N����	d�����m����	 �����E �(�)�*	 ���,+������ �2CDEfU�m5GDHIAh� pV<#<�£V= �"H�CDE5P5FX]-J^H�LhM5HdrO �8P5��QIP5FXHIJ5A�85#J5F>P�<��#�#£V=
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¨><�}%ª ?=���W�W1P;="��U�mfU��5F>d>F>GKFXH�LeU�P^M�U�m5m5d>FXC�U�GKFXW1P^L�W�Z"L7U ��C�W1J5m5dXH�M�YrADH�LDW1PfU�GDW1A��^d>GDHIADL�= �"H�CDE5P5FXC�U�d;sBHImyW1AKG
? ��j#p �^sBt©x�W1P^W1d>F>GKE5FXC�L�^kcH�Ci<��#�#£V=

¨><��%ª �2=fkcH�Z\A7U�P^W1J5dXM�U�P^M �2=^´°AKF>�#E-G�= K ����	 �����-$ ���������-���D� � ��8��1��� �fCDEfU�m5GDHIAc� j/j#£#£V=��"H�CDE5P5FX]-J^H�LcM5HdrO �8P5��QIP5FXHIJ5A�^x¢U�F"j#£#£#£V=
¨><%»�ª �=���dXW1JfU�¯�¯%U�P5F ���c=�5-U�AKAK  ��U�P^M �2=�aNJ5F>d>dXW1P;=�xRFXCIADW ��U�¡�H�GKA7U�P^LK¡�HIADL7U�dzADH�CIJ5ADLKF>¡�Hn�^d>GDHIADLTJ^LKF>P5�
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���������>G �f�5²[��µ 	 w-p#� �-w#w#w �"<��#�#�V=

¨><�v%ª ����� �`³�=�W�j/�knkQ � � ��� �(����� Q ��� �3	 �����b8��	���\[ X\Q�� �B= � UV[ac Q �P��	&� "b� �^j#£#£#jV=
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¨ jV<�ª x¸= 3BF ��F>G7U � �i=�� LKE5FXM^U ���`=��2U��5J^CDE5F ��U�P^M �i= �cJ5ADW#L7U ��UV=©xRF>P5F3U�GKJ5ADHnL7U ��U�P-GDHIP5PfU°MVJ5m5dXH�¦5HIA
Z[W1GBv#£#£%YrSiE5¯myW1AKG7U��5dXH`GDHIdXHIm5E^W1P^HhJ^LDH�MnF>PRC�HId>d>J5d3U�ABA7U1MVFXWTLK VLKGDHISTL�=�H)W�W�W X �����.�NZ\[ �,� ����]���^��
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¨ }#j%ª sh= ?= � W1A �y=c³�W1STH�C�W1P^LKFXM5HIA7U�GKFXW1P�Z[W1ANW1m5GKF>S/U�d�H�
/CIFXHIP^CI ¢U�P^MRdXW ��P^W1FXLDHhF>PRd3U�AK��HmyW ��HIA`C�W1S�Y
�5F>P^HIADL�= H)W�W�W X �����.�NZ\[ �,� ����]���^�� X C.���	� � X �)� C.Z �5mfU���H�Lh<Iw�»#»���<Iw-v#j �f?BJ5�/j#£#£V<#=

#�7*7*- � -/2
¨ }#p%ª �=�a�=2?BdXH�¦5W1myW1J5dXW#LiU�P^M ³�=��N=2´°J;=¢t5ADH�]-J^HIP^CI -YrF>P^M5HImyHIP^M^U�P-G/H�]-J5F>¡#U�dXHIP-GTCIF>ADCIJ5F>G�STW�M5HId�Z[W1A

SiFXCIADW#LKGKAKF>m§W1myHIPVY8HIP^M U�P^M �-U�m§MVFXLDC�W1P-GKF>P-J5F>GKFXH�L�= H)W�W�W X �����.�NZd[ �,� ����]���^�� X C.���	� � X �)� C.Z �w-j 	><�j#�#v ��<�j�»1j �85#J5d> °<��#��w^=
¨ }�w1ª ��= 5^= �eU�E5d`U�P^M�sh=�a`U�AK�^=�³-F>Sim5dXH¢U�P^M§U1C�CIJ5A7U�GDHRZ[W1AKShJ5d3U1L/Z[W1A/SiFXCIADW#LKGKAKF>m �eF>GKE �^P5F>GDH�LKGKAKF>m

GKE5FXC��P^H�LDL�= �8P<H)W�W�W [ XmX = QFH ��	&Z [ �,� ����]���^�� Q ��" �\Z ��¡�W1d>J5STH�#} �5mfU���H�L_<��V<#< ��<��V<�j �"<���»#»�=
¨ }#}%ª � �B³ ��Yzp�a����2= �e� ��^����������e[ ��!����(� X � �(�)����"-"-�>� �,����	 �����.� Q �P��	&� " � �\[ X\Q � � �\�N��� W +�� � ��"E� ��	

� � W � ���1�	���%	 �����.� " ����������� ����� ���)�����
	 ����� � K UlU � �-kcH�Ccj#£#£#pV=2p�a���� �B³/j#}V=><�£V<N¡�HIADLKFXW1Pn�V= pV= £sBHIdXH�U1LDH_�V=
¨ }#�%ª sh=ya`U�AK�qU�P^M���= 5^=y�eU�E5dr=cxRFXCIADW#LKGKAKF>m¢MVFXLDC�W1P-GKF>P-J5F>GKFXH�L�=-H ��	&��� �
Z � Z W �(�)�*	 ����� �,� �yw-} 	 vV< �Vv�» �15#J5d> <���»1vV=
¨ }�»�ª �i= �N=�aNJ5m5G7U �"sh=2a`U�AK� � ��=;�eU�E5d �2U�P^M �2=2��EfU�AKGKF3UV= [ �,� ���P��	 ��� ��S ���
��� ����� Q � ��	#� ���
��� =�?BAKGDH�CDE

3NW1J^LDH���<��#�#�V=
¨ }#v%ª �z= �=%3cU�SiSTHIADLKG7U1M�=;�+]-JfU�GKFXW1P^L Z[W1A SiFXCIADW#LKGKAKF>m�CIF>ADCIJ5F>G�M5H�LKF>�#P;=��8Paj ���N� Z W � ��� ��������[ �,� ����]���^��

� ���N8NZ ��mfU���H�LBj#�#v �Vj�»1j �"<���»1}V=
¨ }#�%ª �z= �=�3cU�SiSTHIADLKG7U1M·U�P^M �=�5�HIP^LDHIP;=y?eC�CIJ5A7U�GDHzSTW�M5HIdXL�Z[W1A+SiFXCIADW#LKGKAKF>m·C�W1Sim5J5GDHIA±Y U�FXM5H�M�M5H�LKF>�#P;=

�8P<H)W�W�W [ XmX = QFH ��	&Z\[ �,� ����]���^�� Q ��" �\Z �VmfU���H�Lew-£�»��-w-£#� �"<��#v#£V=
¨ �#£%ª 5^= sh=�5-U�STH�LeU�P^M �2= ³�= 3cU�d>dr= [ �,� ���P��	 ��� �Fcd��	&� ����� X C.���	� � �����DUb�����MG�� =�� �+���%�2HIGDHIA �2HIADHI�#AKF>P-J^L��GDM �;<��#vV<#=
¨ �V<�ª x¸= �cF>ADLDCDE5P5F>P5� �2sh= 3=�5-U�P^LDHIP��"U�P^M��= 3= � �BW#LKGDHIA�=·?eC�CIJ5A7U�GDH/STW�M5HId�Z[W1AhW1myHIP�HIP^M�H 9�H�CIGhW�Z

SiFXCIADW#LKGKAKF>mqd>F>P^H�L�=kW �(�)�*	 �����
Z\Se��	,	&Z �;<%» 	><�j#p ��<�j#} �ft^HI��<��#vV<#=
¨ �#j%ª �2=;³-F>d>¡�H�LKGDHIAhU�P^M �2=���HIP^H�M5H �y=_�+]-J5F>¡#U�dXHIP-G_C�U�mfU1CIF>G7U�P^C�H�L_W�Z�SiFXCIADW#LKGKAKF>m°W1myHIP°CIF>ADCIJ5F>GDL�=bH)W�W�W

X �����.�NZ [ �,� ����]���^�� X C.���	� � X �)� C.Z �fj#£ 	 }V<#< �V}V<�� �"<���»1jV=
¨ �#p%ª 3= ?=2´�E^H�HIdXHIA�= �;A7U�P^LKSiFXLDLKFXW1P d>F>P^H�m5ADW1myHIAKGKFXH�LTW�ZNmfU�A7U�d>dXHIdBLKGKAKF>m^LiLDHImfU�A7U�GDH�M �- ©U¢MVFXHIdXH�CIGKAKFXC

LKE^H�HIG�= H)W�W�W X �����.�NZ [ �,� ����]���^�� X C.���	� � X �)� C.Z �;<�p 	><%»1j ��<�v#} �"<��#�#}V=
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�2W1J5AeGDW1J5GzLKG7U�P^M^U�ADM�M5HNGDQIdXQ�C�W1SiShJ5P5FXC�U�GKFXW1P¢M5W1P5P^Q��5M5H�L�C�W1P-GKA7U�F>P-GDH�LNLDW1P-G��5¦5Q�H�L�mfU�AeM5H�L�P^W1AKSTH�L�=
��d>dXH�L_C�W1AKADH�LKmyW1P^M5HIP-G¬·M5H�L_H�¦VF>��HIP^C�H�L`LKJ5A`d3U·]-JfU�d>F>GDQiM5HiC�W1SiShJ5P5FXC�U�GKFXW1P§²\M5QI�5F>G��A7U�m5myW1AKG_LKF>�#PfU�d�LKJ5A
�5AKJ5F>G�=>=>= µ���LKJ5A"d3UeADQ�MVJ^CIGKFXW1PiM�O F>P-GDHIA±Z[QIADHIP^C�H�L+U�¡�H�C�M�O U�J5GKADH�L�LKG7U�P^M^U�ADM5L2HIG�LKJ5A2M�O QI¡�HIP-GKJ^HIdXL2AKFXLD]-J^H�L"d>FXQ�L�¬ed3U
L7U�P-GDQcM5H�L�J5GKF>d>FXL7U�GDHIJ5ADL�= �2W1J5AeH�¦Vm5d>FXCIF>GDHIA�dXH�L�MVF:9�QIADHIP-GDH�LeH�¦VF>��HIP^C�H�LeLKJ5A dXH�L�myHIA±Z[W1AKS/U�P^C�H�LeM�O J5PnLK VLKGD�ISTH
M5HiC�W1SiShJ5P5FXC�U�GKFXW1P��;dXH�Lcm5AKF>P^CIF>mfU�dXH�LhC�W1P-GKA7U�F>P-GDH�LLKJ5AcJ5P QISTHIGKGDHIJ5A �Nx��B³�LDW1P-G_M5QIG7U�F>d>dXQ�L_M^U�P^L_C�HIGKGDH
U�P5P^H�¦5H#=1��H�L2M5W1P5P^Q�H�L2LDW1P-G2GKF>ADQ�H�L2M�O J5PM5W�CIJ5STHIP-G�QId3U��yW1ADQ+mfU�A2drO � �B³ �+²\��J5ADW1myH�U�P �"HIdXH�C�W1SiShJ5P5FXC�U�GKFXW1P
³-G7U�P^M^U�ADM5L �8P^LKGKF>GKJ5GDH%µ�M^U�P^LTdXHqC�U1MVADHqMVJ m5ADW �KHIG � � � � �
	 ²[p � � acHIP^HIA7U�GKFXW1P ��U�AKGKP^HIADLKE5F>m ��ADW �KH�CIG�µ
¨ }#}%ª ��¡�FXL7U�P-G�¬_LKmyQ�CIF{�fHIA+dXH�L Q�]-J5F>myHISTHIP-GDL�M5HeA7U1MVFXW�YrGKA7U�P^LKSiFXLDLKFXW1P�M5HNp�����+��QIP^QIA7U�GKFXW1P°² � �esB? 	 �Nx��B³
�"HIAKADH�LKGKAKF3U�d2sNU1MVFXWi?eC�C�H�LDL�µ�= �2W1J5AzdrO QISTHIGKGDHIJ5A�fdXH�LzLKmyQ�CIF{�fC�U�GKFXW1P^LBLDW1P-GeADHI�#ADW1J5myQ�H�LBLDW1J^LzLDHIm5GzmyW1F>P-GDL 	

� ��J5FXLDL7U�P^C�H`S/U%¦VF>ShJ5S M5H`LDW1AKGKFXH
�§��AKADHIJ5ABHIPnZ\ADQ�]-J^HIP^C�H
�§kN �PfU�SiFX]-J^H`M5H`m5J5FXLDL7U�P^C�H_HIPqLDW1AKGKFXH
� ��J5FXLDL7U�P^C�Hh¬drO QIG7U�G �Nt�t
�¶³-myH�CIGKADH_sBt¸M5H_LDW1AKGKFXH
�¶³-myQ�CIF{�fC�U�GKFXW1P^LBLKJ5AedrO F>P-GDHIAKSTW�MVJ5d3U�GKFXW1P
�¶³-myQ�CIF{�fC�U�GKFXW1P^LBLKJ5Aed3U�STW�MVJ5d3U�GKFXW1P
�2W1J5ANCDEfU1]-J^H`myW1F>P-G�5J5P^H_M5H�LDCIAKF>m5GKFXW1P�M5H�LeSTQIGKE^W�M5H�LBM5H`STH�LKJ5ADH`myHIAKSTHIGKG7U�P-GNM5HcGDH�LKGDHIAzd3U�¡#U�d>FXMVF>GDQ

M5H·drO QISTHIGKGDHIJ5A/H�LKGTM5W1P5P^Q�H#=��;H�LTMVF:9�QIADHIP-GDH�LTLKmyQ�CIF{�fC�U�GKFXW1P^LimyHIAKSTHIGKGDHIP-G/M5H·�5¦5HIAiM5H�LiC�W1P-GKA7U�F>P-GDH�L·HIP
�^d>GKA7U���HcZ\ADQ�]-J^HIP-GKFXHId �fHIPnm5J5FXLDL7U�P^C�H_HIGzHIPqd>F>P^Q�U�AKF>GDQ#=^k`U�P^LzdXH`C�U1MVADH_M5H`C�H`GKA7U�¡#U�F>d"M5H`GKE^��LDHcmyW1AKG7U�P-GBLKJ5A
dXHN�^d>GKA7U���H��^dXH�LBU1LKmyH�CIGDLzLKmyH�CIGKA7U�JV¦nLDW1P-GBM5QIG7U�F>d>dXQ�L�=

#  "� � � 8/&=) �&=@p+.)BA!7*2 �!8/7*8 $'@��B-/2
�gMNL�MNL � � PSb X 	pb U.YVX6lmR%\K^;TQWBhiU�RmY[aSR`R;a
k`U�P^LNdXHM5W�CIJ5STHIP-G_M5HhGKA7U�¡#U�F>d�� � � � �
	 �fF>d�H�LKGNP^W1GDQ]-J^HhdXH�LcC�U�A7U1CIGDQIAKFXLKGKFX]-J^H�Lcm5ADQ�C�W1P5FXLDQ�H�LcmyW1J5A

drO QISTHIGKGDHIJ5AqLDW1P-GnLKmyQ�CIF{�fQ�H�LnU�J§P5F>¡�H�U�J M5HRd3U¸C�W1P5P^H�¦VFXW1P M5H�drO U�P-GDHIP5P^H#=B�NO H�LKG±Y ¬%Y8MVF>ADH°]-J^HRdrO U�P-GDHIP5P^H
P;O H�LKGhmfU1Lhm5AKFXLDH/HIP¸C�W1Sim5GDH·M^U�P^LhdrO QISTHIGKGDHIJ5A�=��NQ�U�P5STW1F>P^L�"M^U�P^LhdXH/C�U1LM�O U�P-GDHIP5P^H·F>P-GDQI�#ADQ�H��2dXHT�-U�F>P
M5H`drO U�P-GDHIP5P^HhH�LKGzLKJ5m5myW#LDQ`QI�-U�d2¬T£�M5��Fr= �8d;H�LKGBU�J^LDLKF;P^W1GDQ_]-J^H��VdXH�LemyHIA±Z[W1AKS/U�P^C�H�LBM5H`drO U�P-GDHIP5P^HU� -U�P-G
J5P�F>SimfU1CIGeLKF>�#P5F{�fC�U�GKF{Z�LKJ5A�dXH�L�myHIA±Z[W1AKS/U�P^C�H�L��#dXW1�fU�dXH�LeMVJnLK VLKGD�ISTH��-J5P^HN¡�HIADLKFXW1P·Z\J5GKJ5ADHcMVJnM5W�CIJ5STHIP-G
F>P^CId>J5A7U�J5P^H_LKmyQ�CIF{�fC�U�GKFXW1PRLKJ5AeJ5PqSiF>P5F>ShJ5S M�O H�
/C�U1CIF>GDQhM�O U�P-GDHIP5P^H#=
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�gMNL�M�� �5U�R`f;aS\ f;a �,TVP�� ^;aSR`b a
�;H�L�fU�P^M5H�L�M5HiZ\ADQ�]-J^HIP^C�H�U�d>dXW1J^Q�H�Li¬qdrO � �esB? ��t�kck LDW1P-G�M5W1P5P^Q�H�L�M^U�P^LhdXH/G7U��5dXH�U�J©?=><#=2k`U�P^L

d3UTLKJ5F>GDH_M5H_drO U�P5P^H�¦5H��fL7U�JVZ�F>P^MVFXC�U�GKFXW1P^LcC�W1P-GKA7U�F>ADH�L�fd3U��fU�P^M5H_J5GKF>d>FXLDQ�HhH�LKGzd3Ui�fU�P^M5H �`²±<��#j#£1x�3B¯IY7<��#v#£
x�3B¯`myW1J5AedrO QISTHIGKGDHIJ5A�µ�=

�eU�P^M5H �+W1FXH`STW1P-G7U�P-GDH �+W1FXH_M5H�LDC�HIP^M^U�P-GDH
²\MVJqSTW1�5F>dXHh¬d3UiLKG7U�GKFXW1PRM5Hc�fU1LDH%µ ²\M5H`d3U�LKG7U�GKFXW1PRM5H`�fU1LDH_U�JqSTW1�5F>dXH%µ

� <��#j#£%Y7<��#v#£ix�3B¯ jV<#<�£%Y jV<%»1£Tx�3B¯
� � <�v#}#£%Y7<��V<�£ix�3B¯ <��#p#£%Y7<��#�#£Tx�3B¯
� � � <%»�<�£%Y7<%»1v#}ix�3B¯ <�v#£#}%Y7<�v#v#£Tx�3B¯
� � <%»�<�£%Y7<%»#»1£ix�3B¯ jV<#<�£%Y jV<%»1£Tx�3B¯
� v#j�w1Y v�w-�ix�3B¯ v#�#�%Y v#��w·x�3B¯
� � v#p#£%Y v�w-£ix�3B¯ v�»1}%Y v#v#}Tx�3B¯

������ ?=>< �·�eU�P^M5H�LBM5HcZ\ADQ�]-J^HIP^C�H � �esB? ��t�kck

�gMNL�M�� 	 U�R;U�^ � f!hiPSjkXN\K\KX6lmR
�;H°M5QI�5F>GqCDE5F>m¶M5H¢drO �Nx��B³ H�LKGnM5H°pV= v�w�x�CIm^L�=B� EfU1]-J^H¢�fU�P^M5H°M5HRZ\ADQ�]-J^HIP^C�H°H�LKGqU�dXW1ADLnMVF>¡�FXLDQ�H

HIP¸C�U�PfU�JV¦�M5HTd3U�AK��HIJ5A�M5Hi�fU�P^M5H�}1x�3B¯TShJ5d>GKF>m5dXH�¦5Q�L�HIP¸t�kck�=2� EfU1]-J^H·C�U�PfU�d myW1AKGDHTJ5P�P-J5STQIADW��
C�W1AKADH�LKmyW1P^M^U�P-GnU�J m5ADW�MVJ5F>G·HIP-GKADHRd3U¢Z\ADQ�]-J^HIP^C�HqmyW1AKGDHIJ^LDHRMVJ C�U�PfU�dcHIGTd3U°d3U�AK��HIJ5A·M5HRC�U�PfU�dr=�?BF>P^LKF �
d3U��fU�P^M5H �THIP QISiFXLDLKFXW1P¶C�W1P-GKFXHIP-G�<�j¸C�U�PfU�JV¦§MVJ C�U�PfU�dh�#�V<�j ¬©�#v#v#v§² � ��� ��� � 
 � � � ��� � x�3B¯°¬
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 � ��� � � �Rx�3B¯�µcHIG_d3U��fU�P^M5H �NHIP ADQ�C�HIm5GKFXW1P©C�W1P-GKFXHIP-G�<�jnC�U�PfU�JV¦ MVJ�C�U�PfU�dB<�£#}#�#jR¬°<�£#v#p#v
²[jV<#<�jV= w·x�3B¯_¬TjV<���»�= �ix�3B¯�µ�=
�gMNL�M�� � � PSb X 	pb U.YVX6lmR`\ aSR �D^`XN\K\ U�R`b a
�"UTm5ADHISiFX�IADH�LKmyQ�CIF{�fC�U�GKFXW1P°HIPRm5J5FXLDL7U�P^C�HC�W1P^C�HIAKP^Hd3UTm5J5FXLDL7U�P^C�HhP^W1SiF>PfU�dXH�M5HhLDW1AKGKFXH#=��;H�Lc]-JfU�GKADH

CId3U1LDLDH�LzM5Hcm5J5FXLDL7U�P^C�H_M5Q��^P5FXH�LzmfU�Azd3UP^W1AKSTHhLDW1P-GzM5W1P5P^Q�H�LBM^U�P^LzdXHcG7U��5dXH�U�J�?= jV=
� d3U1LDLDHi< � d3U1LDLDH_j � d3U1LDLDH_p � d3U1LDLDHcw

�eU�P^M5H ��J5FXLDL7U�P^C�H �"W1d ��J5FXLDL7U�P^C�H �"W1d ��J5FXLDL7U�P^C�H �"W1d ��J5FXLDL7U�P^C�H �"W1d
²\M5��S·µ ²\M5�zµ ²\M5��S·µ ²\M5�zµ ²\M5��S·µ ²\M5�zµ ²\M5��S·µ ²\M5�zµ
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������ ?= j��n� d3U1LDLDH�LzM5H`m5J5FXLDL7U�P^C�H

�;H�L�U�J5GKADH�L�LKmyQ�CIF{�fC�U�GKFXW1P^L�C�W1P^C�HIAKPfU�P-G�d3Ucm5J5FXLDL7U�P^C�HBC�W1P^C�HIAKP^HIP-G�dXHzC�W1P-GKAD®1dXHNM5Hem5J5FXLDL7U�P^C�HBU�¡�H�CNM5H�L
U1LKmyH�CIGDL_M5HiSiFXLDHTHIP ¡�HIF>d>dXH/M5HidrO QISTHIGKGDHIJ5AHIGhM5HTMV �PfU�SiFX]-J^HTM5HTC�W1P-GKAD®1dXH#=2�+O HIP^LDHISh�5dXH·M5HTC�H�L`myW1F>P-GDL
LDW1P-GBM5Q�CIAKF>GDLBM^U�P^LedXH_M5W�CIJ5STHIP-GBMVJ � � � � �
	 ¨ }#}�ª8=
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#  �� � � 8/&=) �&=@p+.)BA!7*2 2S1�$ �B-�2 � -/&0+S$'-�35468;:<)B2S2S)BA!7
�;H�L`LKmyQ�CIF{�fC�U�GKFXW1P^L`LKJ5ANdXH�LKmyH�CIGKADH�M�O QISiFXLDLKFXW1P°LDW1P-G`M5HGKADW1FXLNG8 �myH�L
	fdXH�L`QISiFXLDLKFXW1P^LcM^U�P^LcdXHC�U�PfU�d �

dXH�LzQISiFXLDLKFXW1P^LeE^W1ADLBC�U�PfU�d"HIGedXH�LzQISiFXLDLKFXW1P^LzE^W1ADLe�fU�P^M5H#=
�gM�� MNL � jkXN\K\KX6lmR f;U�R`\ W6a b U�R;U�W
�"UT�fU�P^M5HW�C�CIJ5myQ�HhH�LKGcM5Q��^P5FXHC�W1SiSTHhd3UT�fU�P^M5HM5H`Z\ADQ�]-J^HIP^C�H�U�J5GDW1J5AcM5Hhd3U�Z\ADQ�]-J^HIP^C�HhmyW1AKGDHIJ^LDH

C�W1P-GDHIPfU�P-Gc�#��� M5Hcd3U�m5J5FXLDL7U�P^C�H`QISiFXLDH#=���HIGKGDHc�fU�P^M5H_W�C�CIJ5myQ�H_M5W1F>G��IGKADH`F>PVZ[QIAKFXHIJ5ADHh¬i}1x�3B¯`myW1J5AeJ5P
M5QI�5F>GBCDE5F>mRM5HhpV= v�w�x�3B¯�=
�gM�� M�� � jkXN\K\KX6lmR c;l0TF\ b U�R;U�W
�;H�LhQISiFXLDLKFXW1P^L_E^W1ADLhC�U�PfU�d �2¬·P^HTmfU1L_C�W1PVZ[W1P^MVADH·U�¡�H�CTdXH�LhQISiFXLDLKFXW1P^L_E^W1ADL_�fU�P^M5H��;C�W1P^C�HIAKP^HIP-GdXH�L

QISiFXLDLKFXW1P^LNM^U�P^LNdXH�LcC�U�PfU�JV¦¢U1M �DU1C�HIP-GDLcM �^H�L`¬Td3UTSTW�MVJ5d3U�GKFXW1P°HIGcU�JV¦RP^W1PVYrd>F>P^Q�U�AKF>GDQ�L`M5H�LNSTQId3U�P5��HIJ5ADL
HIG M5H�L�U�Sim5d>F{�fC�U�GDHIJ5ADL�=��;H�L LKmyQ�CIF{�fC�U�GKFXW1P^L�C�W1P^C�HIAKPfU�P-GeC�H�L QISiFXLDLKFXW1P^L�LDW1P-G M5HBM5HIJV¦TG8 �myH�L 	�LDW1J^L�Z[W1AKSTH
M�O J5P �-U��fU�AKF>G/LKmyH�CIGKA7U�dzHIGTLDW1J^L�Z[W1AKSTHnM�O J5P C�U�dXCIJ5dzM5H�drO ?B��+so²\?eM �DU1C�HIP-G �2W ��HIAq� EfU�P5P^HIdBsNU�GKFXW-µ�=
�+O U �KW1J5G·M5Hn�^d>GKADH�L·sBt�P^HqmyHIAKSTHIG/mfU1L·M5HqADQ�MVJ5F>ADHqdXH�L·QISiFXLDLKFXW1P^LTE^W1ADL·C�U�PfU�dNL7U�P^LT�^d>GKADHIA�U�J^LDLKFzdXH�L
QISiFXLDLKFXW1P^LzM5H�LzC�U�PfU�JV¦RU1M �DU1C�HIP-GDL�=
�gM�� M�� � jkXN\K\KX6lmR c;l0TF\ �`U�R`f;a
�;H�L·QISiFXLDLKFXW1P^LTE^W1ADL/�fU�P^M5HRLDW1P-G·C�U�J^LDQ�H�L/mfU�A/dXH�LTSTQId3U�P5��HIJ5ADL�HIG/mfU�A/dXH�L·U�Sim5d>F{�fC�U�GDHIJ5ADL�=���d>dXH�L

ADHI�#ADW1J5myHIP-GqdXH�LnEfU�AKSTW1P5FX]-J^H�L�edXH�Lnm5ADW�MVJ5F>GDLqM�O F>P-GDHIAKSTW�MVJ5d3U�GKFXW1P�HIGndXH�L�m5ADW�MVJ5F>GDLqM5H C�W1P-¡�HIADLKFXW1P�HIP
Z\ADQ�]-J^HIP^C�H#=��+O HIP^LDHISh�5dXH�M5H+C�H�L;QISiFXLDLKFXW1P^L;mfU�A7U1LKF>GDH�L"LDH+LKF>GKJfU�P-G;E^W1ADL;�fU�P^M5H���F>d-H�LKG�myW#LDLKF>�5dXH+M5H�dXH�L�ADQ�MVJ5F>ADH
HIP�J5GKF>d>FXL7U�P-G_M5H�LB�^d>GKADH�L`sBt�=f��P°LDW1AKGKFXH�M�O QISTHIGKGDHIJ5A�ydXH�LNP5F>¡�H�U�JV¦¢M5H�C�H�LcQISiFXLDLKFXW1P^LcM5W1F>¡�HIP-G`ADH�LKmyH�CIGDHIA
dXHz�-U��fU�AKF>GeM5W1P5P^Qz�^�#J5ADHN?=><#=��;H�L P5F>¡�H�U�JV¦·M5HBm5J5FXLDL7U�P^C�HNLDW1P-G�STH�LKJ5ADQ�L�U�¡�H�CNJ5P^HBd3U�AK��HIJ5A�M5HB�fU�P^M5HNM5H
ADQ�LDW1d>J5GKFXW1P ²\sB��´ 	�sBH�LDW1d>J5GKFXW1P¢�eU�P^M�´�FXMVGKE�µzMVF:9�QIADHIP-GDHiLKJ5F>¡#U�P-GNdXH�LN�fU�P^M5H�L�=;��H�LNLKmyQ�CIF{�fC�U�GKFXW1P^LcP^H
LDW1P-GB¡#U�d3U��5dXH�LN]-J^H`myW1J5ANM5H�LeZ\ADQ�]-J^HIP^C�H�LNQIdXW1F>�#P^Q�H�LNM5H_m5d>J^LBM5H/<�j � }1x�3B¯M5H`d3U�Z\ADQ�]-J^HIP^C�HhC�HIP-GKA7U�dXHMVJ
C�U�PfU�d"J5GKF>d>FXLDQ#=8��U�AcH�¦5HISim5dXH��^dXW1ADLBM�O J5P^HQISiFXLDLKFXW1PRLKJ5ABdXH_C�U�PfU�d��#�V<�jR²±<��#j#j � }1x�3B¯�µ��^dXH�LNLKmyQ�CIF{�fC�U�GKFXW1P^L
LKJ5A_dXH�LhP5F>¡�H�U�JV¦�M�O QISiFXLDLKFXW1P^LmyW1J5AhM5H�L_Z\ADQ�]-J^HIP^C�H/C�W1Sim5AKFXLDH�L�HIP-GKADH�<��V<�£1x�3B¯·HIG·<��#j#£1x�3B¯/P^H/LDW1P-G
mfU1Lem5AKFXLDH�LzHIPRC�W1Sim5GDH#=
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nporq � ?=>< � �BF>¡�H�U�JV¦qM5Hcm5J5FXLDL7U�P^C�H`S/U%¦VF>S/U�JV¦qM5H�LzQISiFXLDLKFXW1P^LeE^W1ADLz�fU�P^M5H`myW1J5AedrO �Nx��B³°²\�eU�P^M5H �Kµ
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�2W1J5AidXH/STW�M5�IdXH�M�O J5P^HnU�P-GDHIP5P^H�mfU�GDCDE���C�HIAKG7U�F>P^H�LTC�U�A7U1CIGDQIAKFXLKGKFX]-J^H�L�d>FXQ�H�Li¬Rd3Uqd>F>�#P^H·SiFXCIADW1AKJ5�fU�P
LDW1P-GcP^Q�C�H�LDL7U�F>ADH�L�yC�W1SiSTH�d3U/myHIAKSiF>GKGKF>¡�F>GDQADHId3U�GKF>¡�HiH 9�H�CIGKF>¡�H

� ��� W1J¢drO F>SimyQ�M^U�P^C�HiC�U�A7U1CIGDQIAKFXLKGKFX]-J^H � � =�NW1J^LhP^W1J^Lhm5d3UKJ�W1P^LhFXCIF�M^U�P^LJ5P^H·U�m5m5ADW�¦VF>S/U�GKFXW1P ]-JfU1LKF{Y8LKG7U�GKFX]-J^H#=2�;H�LhmfU�A7U�ST�IGKADH�L�C�U�A7U1CIGDQIAKFXLKGKFX]-J^H�L
M5Hcd3Ud>F>�#P^H_LDW1P-GBM5W1P5P^Q�LemyW1J5AeJ5P^H`m5ADW1mfU��-U�GKFXW1P�M5HcG8 �myH �e�+x
²[U�m5m5ADW�¦VF>S/U�GKFXW1P¢]-JfU1LKF��e�+x°µ�=5?BF>P^LKF �
d3Uhd>F>�#P^HcQIGKJ^MVFXQ�H`H�LKGeC�W1P^LKFXM5QIADQ�H`C�W1SiSTHcP^W1PnMVFXLKmyHIADLKF>¡�HcHIG�dXH�LeC�U�A7U1CIGDQIAKFXLKGKFX]-J^H�Lz]-J5F�d>J5F�LDW1P-GBU1LDLDW�CIFXQ�H�L
² � � � � ��� µ P^H`M5QImyHIP^M5HIP-GBmfU1LBM5Hcd3UZ\ADQ�]-J^HIP^C�H#=

�2W1J5Azm5d>J^LeM5HcM5QIG7U�F>dXLzLKJ5A�dXH�LeC�W1P^C�HIm5GDLzHIGedXH�L�P5F>¡�H�U�JV¦nM�O U�m5m5ADW�¦VF>S/U�GKFXW1PRJ5GKF>d>FXLDQ�L��F>d;H�LKG�P^Q�C�H�LDL7U�F>ADH
M5HcLDHNADHImyW1AKGDHIABU�JV¦qU�AKGKFXCIdXH�LzCIF>GDQ�LeHIPnADQ�Z[QIADHIP^C�H#=5�+O HIP^LDHISh�5dXH_M5H`C�H�L�STW�M5�IdXH�LzLDW1P-GeADHIm5AKFXLeM^U�P^LedXHNd>F>¡�ADH
¨ }�»�ª8=

�% "� � A 3�� �B- 3*-�� (*-/- �B- $��	� ��
� ���������
�"UzSTQIGKE^W�M5H F>P-GKADW�MVJ5F>GDH�mfU�A2´�E^H�HIdXHIA2myW1J5A�C�U�dXCIJ5dXHIA2d3UzmyHIAKSiF>GKGKF>¡�F>GDQ�H 9�H�CIGKF>¡�H�M�O J5P^H d>F>�#P^H SiFXCIADW1AKJVY

�fU�P�mfU1LDLDHNmfU�A�J5P^HNGKA7U�P^L±Z[W1AKS/U�GKFXW1PqC�W1PVZ[W1AKSTH#=f��HIAKG7U�F>P^H�LBU�m5m5ADW�¦VF>S/U�GKFXW1P^LzmyHIAKSTHIGKGDHIP-GzM5HcMVFXLKGKF>P5�#J^HIA
M5HIJV¦nC�U1L 	VdXH`C�U1LzM5H`d>F>�#P^H�Lzd3U�AK��H�L ����� � ��HIGzdXH`C�U1LzM5H`d>F>�#P^H�LBQIGKADW1F>GDH�L ����� � �V=

�2W1J5ABdXH�Led>F>�#P^H�Led3U�AK��H�L�5d3U�myHIAKSiF>GKGKF>¡�F>GDQ_H 9�H�CIGKF>¡�H_H�LKGzM5W1P5P^Q�H_mfU�A 	
� ��� 
 � � � � � � � � � ²\�c=><%µ
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�2W1J5ABdXH�Led>F>�#P^H�LzQIGKADW1F>GDH�L�^d3UmyHIAKSiF>GKGKF>¡�F>GDQ_H�LKGzM5W1P5P^Q�H_mfU�A 	
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�

� � � � �
�

� � � � �	� � � � � � � � � � � � � � ���� � � � � � � � ²\�c= j�µ
�BP©ADHIS/U�AD]-J^H���U�m5AD��LiC�U�dXCIJ5d ��]-J^H/dXH�L�M5HIJV¦¸ADHId3U�GKFXW1P^L�P^H�M5W1P5P^HIP-GimfU1LdXH�L�S �ISTH�L�¡#U�dXHIJ5ADLmyW1J5A

d3U C�W1P^MVF>GKFXW1P�d>F>SiF>GDH ����� 
 � � HIP�mfU�AKGKFXCIJ5d>FXHIA�]-JfU�P^M d3U°myHIAKSiF>GKGKF>¡�F>GDQRADHId3U�GKF>¡�H
� � H�LKGTF>SimyW1AKG7U�P-GDH²

� � � ��µ�=��"UiZ[W1AKShJ5d3U�GKFXW1P M5Hh´�E^H�HIdXHIA�yU�¡�H�CGDW1J5GDH�LNdXH�L`U�m5m5ADW�¦VF>S/U�GKFXW1P^LcADQ�U�d>FXLDQ�H�LNmyW1J5AcW1�5GDHIP5F>AcJ5P^H

<Iw-�



<�}#£ � � ��� ��� � � ������� � ������� � ��� � �����	 � ����� ��� � ��� ���������� ����� �

Z[W1AKShJ5d3U�GKFXW1P�LKF>Sim5dXH��^LDHISh�5dXH_M5W1P^C`myHIJRH�¦^U1CIGDHcmyW1J5ABM5H�Led>F>�#P^H�LzP5F;QIGKADW1F>GDH�LzP5F;d3U�AK��H�L�=
�2W1J5AcdrO F>SimyQ�M^U�P^C�HC�U�A7U1CIGDQIAKFXLKGKFX]-J^H���´�E^H�HIdXHIAcM5W1P5P^HM5HIJV¦qADHId3U�GKFXW1P^LcLKJ5F>¡#U�P-GNdXH�LNM5HIJV¦RC�W1P^MVF>GKFXW1P^L

²&d>F>�#P^H�Lzd3U�AK��H�LBHIGzQIGKADW1F>GDH�L�µ 	
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��� � ��� � � � � � � � ����� � ��� � � � � � 	 �� �� � 	 � ²\�c= p�µ
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� � � 	
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� � �
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� �
� � �� � � ²\�c= w�µ

�;H�L�ADQ�LKJ5d>G7U�GDLiW1�5GDHIP-J^L�mfU�A�´�E^H�HIdXHIAiLDW1P-G�FXLDLKJ^L�M5H/A7U�FXLDW1P5P^HISTHIP-GTGKE^Q�W1AKFX]-J^H�LiHIGiLDW1P-G��M^U�P^LJ5P
C�U1Li��QIP^QIA7U�d � U1LDLDHI¯qQIdXW1F>�#P^Q�L/M5H�Li¡#U�dXHIJ5ADLiADQ�HId>dXH�L/W1�5GDHIP-J^H�LTmfU�A/LKF>ShJ5d3U�GKFXW1P^L/QIdXH�CIGKADW1S/U��#P^QIGKFX]-J^H�L·W1J
STH�LKJ5ADH�L�=2�;H�LhSTW�M5�IdXH�L�]-J^HTP^W1J^L�U�d>dXW1P^Lm5ADQ�LDHIP-GDHIAS/U�F>P-GDHIPfU�P-GiJ5GKF>d>FXLDHIP-GiM5H�L_Z[W1AKShJ5d3U�GKFXW1P^L�m5ADW�CDE^H�L
M5H�C�HId>dXH�M5H´�E^H�HIdXHIAcS/U�FXLcLDW1P-G`C�W1AKAKF>��Q�L`mfU�AT¹ICIJ5AK¡�H�Y[�^GKGKF>P5�f¹myW1J5A`C�W1AKADH�LKmyW1P^MVADHT¬/M5H�LNADQ�LKJ5d>G7U�GDL`M5H
LKF>ShJ5d3U�GKFXW1P^LNQIdXH�CIGKADW1S/U��#P^QIGKFX]-J^H�L�=

�% �� � A 3�� �B- 3*-�� @ : :<- $'2 +.@!3 � �	��
 � ����
 ���
3cU�SiSTHIADLKG7U1MTm5ADW1myW#LDHzHIPR<���»1}`J5P^H�Z[W1AKShJ5d3U�GKFXW1P/�fU1LDQ�HBLKJ5A�dXH�L+GKA7U�¡#U�JV¦TM5He´�E^H�HIdXHIA�]-J5FfMVFXLKGKF>P5�#J^H

dXHC�U1LcM5H�LNd>F>�#P^H�Lcd3U�AK��H�L ����� � ��HIGcM5H�LNd>F>�#P^H�LcQIGKADW1F>GDH�L ����� � ��LKJ5F>¡#U�P-GNJ5P¢mfU�A7U�ST�IGKADH�]RU�m5myHIdXQ
ZrU1CIGDHIJ5ABM5H`ADHISim5d>FXLDL7U���H#=

� ��� 
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� � ²\�c= }�µ

�2W1J5ABdXH�Led>F>�#P^H�Lzd3U�AK��H�L�VdXHcZrU1CIGDHIJ5AB]·H�LKGzM5W1P5P^Q`mfU�A 	
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�

� 	
�� ²\�c= ��µ

�2W1J5ABdXH�Led>F>�#P^H�LBQIGKADW1F>GDH�L�5dXHNZrU1CIGDHIJ5AB]·H�LKGzM5W1P5P^Q`mfU�A 	
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�
� � � ²\�c= »#µ

?"¡�H�Chd3UiZ[W1AKShJ5d3U�GKFXW1P M5H/3cU�SiSTHIADLKG7U1M ��d3U/C�W1P-GKF>P-J5F>GDQiM5H�LcC�W1J5AK�yH�LcH�LKGNADQ�U�d>FXLDQ�Hi¬Td3U/C�W1P^MVF>GKFXW1P¢d>F{Y
SiF>GDH ����� 
 �#=

�2W1J5AedrO F>SimyQ�M^U�P^C�HcC�U�A7U1CIGDQIAKFXLKGKFX]-J^H��VF>d�m5ADW1myW#LDH��-d3¬U�J^LDLKF ��M5HIJV¦/ADHId3U�GKFXW1P^L_²[U�¡�H�C
� ��� CDE^W1FXLKFXHcLKJ5F>¡#U�P-Gd3UiC�W1P^MVF>GKFXW1P�µ 	
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����� � � � ����� � ��� � ��� � � � ����� � � � � � � � � 	 � myW1J5A ����� � � ²\�c= v�µ
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� ��� � � ����� � myW1J5A ����� � � ²\�c= ��µ

3cU�SiSTHIADLKG7U1M�U�P5P^W1P^C�H_]-J^HcdrO HIAKADHIJ5ABADHId3U�GKF>¡�H_LKJ5A
� ��� HIGBLKJ5A � � H�LKGzM5HcSTW1F>P^LBM5HT< �·=
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U�dXW1ADL_]-J^HmyW1J5A`GDW1J5GDH�L`dXH�L_U�J5GKADH�L_C�W1P^MVF>GKFXW1P^LhHIG`GDW1J^LcdXH�L`STW�M5�IdXH�L�ydrO F>SimyQ�M^U�P^C�HTC�U�A7U1CIGDQIAKFXLKGKFX]-J^HTH�LKG
d3U�S �ISTH#=
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nporq � �c= j����¡�W1d>J5GKFXW1P/M5H
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nporq � �N=>< �·kNFXLDC�W1P-GKF>P-J5F>GDQM5H`�yW1J5GzM5H`d>F>�#P^H`SiFXCIADW1AKJ5�fU�P�HIGzLDCDE^QIS/U1LBQ�]-J5F>¡#U�dXHIP-GDL
�"UTM5QIGDHIAKSiF>PfU�GKFXW1P¢M5H�� ��� W1J � � ��� LDHcZrU�F>G�fHIPq��QIP^QIA7U�d �fmfU�ANM5H�LzSTQIGKE^W�M5H�LNM5H_C�U�dXCIJ5d2P-J5STQIAKFX]-J^HmyHIAKSTHIGKG7U�P-GiM�O H�LKGKF>STHIAdrO J5P^H·M5H·C�H�LM5HIJV¦�¡#U�dXHIJ5ADL�=2kcH�L_Z[W1AKShJ5dXH�LiU�PfU�d> �GKFX]-J^H�L¡#U�d3U��5dXH�LLKJ5A�M5H�LM5W�Y

S/U�F>P^H�Lem5d>J^LBW1JnSTW1F>P^LeADH�LKGKADHIF>P-GDLBLDW1P-GNU�dXW1ADLzM5Q�MVJ5F>GDH�LBM5H`C�H�LzLKF>ShJ5d3U�GKFXW1P^LBmfU�AzCIJ5AK¡�H�Y[�^GKGKF>P5�^=y��H_LDW1P-G
C�H�LeADQ�LKJ5d>G7U�GDLB]-J^HcP^W1J^LBU�d>dXW1P^LBH�¦VmyW#LDHIAem5J5FXLzC�W1SimfU�ADHIA�=
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³-F>d>¡�H�LKGDHIABHIGB��HIP^H�M5H � �5HIPqJ5GKF>d>FXL7U�P-Gzd3U�STQIGKE^W�M5H/¹�STHIGKE^W�MqW�Z�d>F>P^H_LDW1J5ADC�H�L �eF>GKERCDEfU�AK��H`ADHI¡�HIADL7U�d8¹ �fW1P-G
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������ �N=>< �n��W�H�
/CIFXHIP-GDL � ��M5H`drO H�¦Vm5ADH�LDLKFXW1PRHISim5F>AKFX]-J^H/²r�N= j�µ

+ ����� �&* � * & �&* � � � �� � � ,T* � �  � 0 � � � 'V�f� $��
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Z\ADQ�]-J^HIP^C�H·M5H/drO U1MVSiF>GKG7U�P^C�HnM5H/�yW1J5G�M5H/d>F>�#P^H·HIP¸GDHIPfU�P-GiC�W1Sim5GDH�MVJ¸A7U� �W1P5P^HISTHIP-GTHIG�M5H/drO H 9�HIG�M5H
d3URM5Q�Z[W1AKS/U�GKFXW1P M5H�L�CDEfU�Sim^L�=+��H·STW�M5�IdXH·P^H·LDQImfU�A7U�P-G�mfU1L�M5H/ZrUKJ�W1P©LKF>Sim5dXH·dXH�L�M5HIJV¦�m5E^QIP^W1ST�IP^H�L
²&A7U� �W1P5P^HISTHIP-G¢HIGRH 9�HIGqC�U�mfU1CIF>GKF{ZIµ���F>d`P;O H�LKGqmfU1LnJ5GKF>d>FXLDQ¢mfU�And3U LKJ5F>GDH#= ��U�ARC�W1P-GKADH��BHIP m5ADHIPfU�P-GRdXH�L
C�W1P^MVF>GKFXW1P^L�LKG7U�GKFX]-J^H�LB²&myW1J5A�J5PTA7U� �W1P5P^HISTHIP-G�C�W1P^LKFXM5QIADQzP-J5dfHIG�myW1J5A+J5P^H�Z\ADQ�]-J^HIP^C�H�ZrU�F>�5dXH%µ��1dXHeSTW�M5�IdXH
GDHIP^M°¡�HIADL`J5P^HTC�U�mfU1CIF>GDQTM5Hi�yW1J5G_M5Hid>F>�#P^HTM5W1P-G_drO H�¦Vm5ADH�LDLKFXW1P ²r�N= p�µcM5QImyHIP^M MVJ A7U�m5myW1AKG ����� HIG_M5H
drO F>SimyQ�M^U�P^C�HhC�U�A7U1CIGDQIAKFXLKGKFX]-J^H � � M5H`d3Ud>F>�#P^H#=

� ���
�



� ��� � � �

� � �����
� � � � � � � � � � � � � � � � ����� � � ��� ��� � � � � � � ��� � � ��� ����� � � ��� ��� � � � � � � � � ²r�N= p�µ

	 MNL�M�� � l/f�
SW6agU�b b TVlmXN\K\ aSj aSRmY f;a�W6U W6lmR �m^;aS^;T��pb lmR`b a �;Y f;a�W6lmR �m^;aS^;T a�!aSb	YVX �ma
+ ����� �&* � * ��. � ��* � ! . 0 � � 0 ��� � 'V� � ���

? mfU�AKGKF>AnM5H�L/ADQ�LKJ5d>G7U�GDL·P-J5STQIAKFX]-J^H�L�m5ADQ�LDHIP-GDQ�L�mfU�Aq³-F>d>¡�H�LKGDHIA�HIG���HIP^H�M5H ��¨ �#j%ª �ea`U�AK�©HIG��eU�E5dcW1P-G
W1�5GDHIP-J J5P^HTH�¦Vm5ADH�LDLKFXW1P HISim5F>AKFX]-J^Hq²r�N= w�µcM5H�� � ��� ���;=2��HId>dXH�Y8CIF+m5ADQ�LDHIP-GDHiSTW1F>P^L_M5H�w � M�O HIAKADHIJ5A_mfU�A
A7U�m5myW1AKGN¬drO Q�]-JfU�GKFXW1P©²r�N= j�µeU1LDLDW�CIFXQ�H_¬d3U�ADHId3U�GKFXW1P¸²r�N=><%µ�myW1J5A ��� � � ����� � �iHIG � �

� � � � �5=
� � ���
�


���� � � � � ��� � ��� �
� ��� � ��� � � �

����� � ��� � � �
����� � ��� � ²r�N= w�µ

+ ����� �&* � *�� $&� , !102�2$\� ������. � ,�* � * � � � , � * � � ��' � � 'V� ��' �
? mfU�AKGKF>A�M5H�LKF>ShJ5d3U�GKFXW1P^L�P-J5STQIAKFX]-J^H�L·�fU1LDQ�H�L�LKJ5A/J5P^H¢U�PfU�d> VLDHRM5HRG8 �myH¸¹�E- ��5AKFXM�YrSTW�M5HRZ\J5d>d ��U�¡�H�¹ �
�cF>ADLKE5P5F>P5��HIG�5-U�P^LDHIP¢W1P-GNm5ADQ�LDHIP-GDQhd3UiADHId3U�GKFXW1P ²r�N= }�µem5ADQ�CIFXLDH¬·£V= j���mfU�ABA7U�m5myW1AKG`¬TC�H�LNLKF>ShJ5d3U�GKFXW1P^L
myW1J5A ��� � � � ����� � � ���THIG

� � � � � �V=
� � ���
�


�� � � � � �� � ²r�N= }�µ
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U�¡�H�C`dXH�LemfU�A7U�ST�IGKADH�L � ��M5W1P5P^Q�LzmfU�AzdXH�LeADHId3U�GKFXW1P^LBLKJ5F>¡#U�P-GDH�L�=
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	 MNL�M�� 	 lmj �`U'TVU�XN\ lmR�f;aS\ f`X !P>TVaSRmYV\]j l/f�
SW6aS\
�BPnJ5GKF>d>FXLDHcd3UADHId3U�GKFXW1P¸²r�N=><%µ myW1J5AemyW1J5¡�W1F>AzC�W1SimfU�ADHIABdXH�L�¡#U�dXHIJ5ADLzM5HcdXW1P5�#J^HIJ5ABM5Hcd>F>�#P^H_¬iU �KW1J5GDHIA

myW1J5A�CDEfU1CIJ5PTM5H�L"STW�M5�IdXH�L�=1�;H�L�C�W1J5AK�yH�L�M5H d3Uz�^�#J5ADHz�N= jBM5W1P5P^HIP-G�d3Uz¡#U�AKF3U�GKFXW1PiM5H � � ��� ����HIPhZ[W1P^CIGKFXW1PM5H �����qmyW1J5AzMVF:9�QIADHIP-GDH�LB¡#U�dXHIJ5ADLzM5H
� � =
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nporq � �N= j � � � ��� ���RHIP�Z[W1P^CIGKFXW1P�M5H �����nmyW1J5ABMVF:9�QIADHIP-GDH�Lz¡#U�dXHIJ5ADLBM5H � �

�BPqADHIS/U�AD]-J^H_]-J^HcdXH`STW�M5�IdXH_M5H`?BdXH�¦5W1myW1J5dXW#LBHIGe´°J��^]-J5F�P^H_LDQImfU�ADH`mfU1LedrO H 9�HIGBM5HcA7U� �W1P5P^HISTHIP-G
HIG`drO H 9�HIG_M5HiLKGDW�C�#U���HTM�O QIP^HIAK�#FXH��;M5W1P5P^HTM5H�L`ADQ�LKJ5d>G7U�GDL_LDHIP^LKF>�5dXHISTHIP-GMVF:9�QIADHIP-GDL�=��2W1J5A ����� � � �ydXH�L
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U�J5GKADH�LiSTW�M5�IdXH�LTLDW1P-G·¬�myHIJ©m5AD��LTQ�]-J5F>¡#U�dXHIP-G�=��2W1J5A/M5H�Lid3U�AK��HIJ5ADLTm5d>J^LiF>SimyW1AKG7U�P-GDH�L�+C�Hn]-J5FzH�LKGiHIP
��QIP^QIA7U�d�dXHhC�U1LNmyW1J5ABdXH�LcU�P-GDHIP5P^H�LcmfU�GDCDE¢ADH�CIG7U�P5�#J5d3U�F>ADH��ydXH�LBSTW�M5�IdXH�LNMVF>¡�HIAK��HIP-G`J5PRmyHIJ;=�?BF>P^LKF �fHIP-GKADH
dXH`STW�M5�IdXH_M5H �cF>ADLDCDE5P5F>P5� � 5-U�P^LDHIPRHIG �BW#LKGDHIA�^�fU1LDQ_LKJ5AzM5H�LBLKF>ShJ5d3U�GKFXW1P^LBP-J5STQIAKFX]-J^H�LNHIGN¬�m5AKFXW1AKF;m5d>J^L
ADQ�U�d>FXLKGDH���HIGdXH�L�STW�M5�IdXH�LiM5Hqa`U�AK�°HIGi�eU�E5deHIGT³-F>d>¡�H�LKGDHIATHIGi��HIP^H�M5H � �2J5P Q�C�U�AKGiS/U%¦VF>ShJ5S�F>PVZ[QIAKFXHIJ5A
¬ � � �¤H�LKGiC�W1P^LKG7U�GDQ#= �2W1J5ATJ5P^HnU�m5m5d>FXC�U�GKFXW1P U�JV¦ U�P-GDHIP5P^H�LimfU�GDCDE^L��W1P©J5GKF>d>FXLDHnM5W1P^C·dXH·STW�M5�IdXH�M5H
�cF>ADLDCDE5P5F>P5� � 5-U�P^LDHIP�HIG �BW#LKGDHIA�U%�^P M5HnADHIP^MVADHqC�W1Sim5GDHRM5HnS/U�P5FX�IADHnADQ�U�d>FXLKGDHqM5H�L/H 9�HIGDLTM5H�LTSTW�M5H�L
QI¡#U�P^H�LDC�HIP-GDLBM5H�LzMVFXLDC�W1P-GKF>P-J5F>GDQ�LcM5H`d3U�AK��HIJ5ADLzF>SimyW1AKG7U�P-GDH�L ����� � �V=

�% �� � @!1 + 3546)":�� 8/3*@!7*&=-
k`U�P^L`C�HIGKGDHmfU�AKGKFXH���W1P¢m5ADQ�LDHIP-GDHiM5HIJV¦�STW�M5QId>FXL7U�GKFXW1P^L`MVJ°L7U�J5G`M�O F>SimyQ�M^U�P^C�H#= �BP^HM5H�LcSTW�M5QId>FXL7U%Y

GKFXW1P^LeZrU�F>GzJ5Pqd>FXHIP�HIP-GKADH_dXH�LeSTW�M5�IdXH�LBM5HhMVFXLDC�W1P-GKF>P-J5F>GDQM5H`�yW1J5GBHIGzdXH�LzSTW�M5�IdXH�LBM5H_L7U�J5GBM�O F>SimyQ�M^U�P^C�H
HIGzdrO U�J5GKADH`STW�M5QId>FXL7U�GKFXW1PRH�LKGeGKF>ADQ�H_MVF>ADH�CIGDHISTHIP-GcM�O J5P^HhU�PfU�d> VLDH_QIdXH�CIGKADW1S/U��#P^QIGKFX]-J^H#=
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d)

nporq � �N= p �n³�CDE^QIS/U1LBADHIm5ADQ�LDHIP-G7U�P-GDLBdXH_L7U�J5GzM�O F>SimyQ�M^U�P^C�HhHIGBLDH�L�STW�M5�IdXH�LBQ�]-J5F>¡#U�dXHIP-GDL

	 M�� MNL � l/f�
SW6aS\ f;P>TFX �mPS\]f;a�W6U f`XN\Kb lmRmYVXNR ^`XZY[P�f;a � lm^/Y
�"U�MVFXLDC�W1P-GKF>P-J5F>GDQ°M5Hq�yW1J5G·myHIJ5G �IGKADHRSTW�M5QId>FXLDQ�HRmfU�A·J5P§U�d>dXW1P5��HISTHIP-GqM5Hqd3U d>F>�#P^HRSiFXCIADW1AKJ5�fU�P

M�O J5P^HcdXW1P5�#J^HIJ5A � � ��� ��GKA7U1MVJ5FXL7U�P-GzdXH�LeM5QI�yW1ADM5HISTHIP-GDLBM5HcCDEfU�SimRU�Jn�yW1ADM�M5HNd3Ud>F>�#P^HcMVJ^LBU�JV¦·STW�M5H�LQI¡#U�P^H�LDC�HIP-GDL�=y��P�J5GKF>d>FXL7U�P-GcdXHhS �ISTHhA7U�FXLDW1P5P^HISTHIP-G_LKJ5ABd3U/MVFXLDC�W1P-GKF>P-J5F>GDQiL7U�J5GcM�O F>SimyQ�M^U�P^C�H��yW1P�myHIJ5G
MVF>ADHz]-J^Hed3Ucd>F>�#P^Hed3Ucm5d>J^L+d3U�AK��Hh² � � � µ�H�LKG�A7U�d>dXW1P5��Q�HBM�O J5P^HzdXW1P5�#J^HIJ5A � � HIG ]-J^Hed3Ucd>F>�#P^Hed3UcSTW1F>P^L+d3U�AK��H
² � � � µ�H�LKGeA7U1C�C�W1J5ADCIFXH_M5Hcd3US �ISTH`dXW1P5�#J^HIJ5A�^C�W1SiSTH`dXHcSTW1P-GKADH`d3Uh�^�#J5ADH�N= p��;=^�"U¡#U�dXHIJ5AzM5H � � H�LKG
M5W1P5P^Q�H`mfU�Azd3U�ADHId3U�GKFXW1P¢�N= �

� � 
 � � ��� � � � � �� � � ²r�N= ��µ
�"U¡#U�dXHIJ5A � � ��� C�W1AKADH�LKmyW1P^Mn¬hJ5P^HcM5H�L�¡#U�dXHIJ5ADLeM5HcMVFXLDC�W1P-GKF>P-J5F>GDQ_M5HN�yW1J5G�=VkcHNm5d>J^L�VC�W1SiSTHNmyW1J5AC�HIGKGDH_MVFXLDC�W1P-GKF>P-J5F>GDQ��fF>d;H�LKG�myW#LDLKF>�5dXH`M5H`M5W1P5P^HIAzJ5P^H_C�U�mfU1CIF>GDQ_Q�]-J5F>¡#U�dXHIP-GDHh¬�drO U�FXM5H`M5H`d3UADHId3U�GKFXW1P¢�N=><#=

�2W1J5AiC�HId3U �2W1P¸C�W1P^LKFXM5�IADH�]-J^HTd3UqMVFXLDC�W1P-GKF>P-J5F>GDQnM5H/d3Und>F>�#P^H·M5H/d3U�AK��HIJ5AS/U%¦VF>S/U�dXH�H�LKGQ�]-J5F>¡#U�dXHIP-GDH�¬
J5P^HTC�U�mfU1CIF>GDQ � � � HIGh]-J^H�d3UnMVFXLDC�W1P-GKF>P-J5F>GDQ�M5Hid3U·d>F>�#P^H/M5Hid3U�AK��HIJ5AhSiF>P5F>S/U�dXH/H�LKG_Q�]-J5F>¡#U�dXHIP-GDH·¬�J5P^H
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C�U�mfU1CIF>GDQ � � � =;�"UqC�U�mfU1CIF>GDQTGDW1G7U�dXH/M5HTd3UqMVFXLDC�W1P-GKF>P-J5F>GDQ � � 
 M5HTd3U·�^�#J5ADH��N= p1C/H�LKG_d3UqMVF:9�QIADHIP^C�H/M5H�LM5HIJV¦nC�W1SiSTH_dXH`M5W1P5P^H`d3U�ADHId3U�GKFXW1P¢�N= »�=

� � 
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�

� � � � � � 

� � 	 � � � � � ��� �

� � �
� �

� ��� �
� � � � ²r�N= »#µ

	 M�� M�� �Q^/Y[TVagj l/f�
SW6a
�;HBSTW�M5�IdXHNm5ADQ�LDHIP-GDQNFXCIFyH�LKG�C�HId>J5F�M5HBd3U`�^�#J5ADH_�N= p1M·]-J5FyH�LKG�C�W1P^LKGKF>GKJ^QcM5HNM5HIJV¦/F>P^MVJ^CIG7U�P^C�H�LeLDQIAKFXH�L� � HIG � � HIGTM�O J5P^HqC�U�mfU1CIF>GDQnmfU�A7U�d>dX�IdXH � � =��;H�Li¡#U�dXHIJ5ADLTM5HqC�H�LTC�W1SimyW#L7U�P-GDL/LDW1P-GTM5W1P5P^Q�H�LTmfU�AidXH�LADHId3U�GKFXW1P^LBLKJ5F>¡#U�P-GDH�L 	

� � 

� � �� � � � � � �

� � ²r�N= v�µ
� � 


� � �� � � � � � �
� � ²r�N= ��µ

U�¡�H�C � � 
 � ��� � � M5W1P5P^Q�H`mfU�A 	
� � � � � � 
 � �

����� � � � �
� �

� � � � � � � � � � � � �
� �

� ��� � � � �
� �

� � �
� � ²r�N=><�£�µ

��HIGKGDH`ADHId3U�GKFXW1P�H�LKGzM5W1P5P^Q�Hh¬i}�� myW1J5A � � � � � � ��HIG � � ���qm5ADW�CDE^H_M5HT<#=
�;H�LiF>P^MVJ^CIG7U�P^C�H�L � � � HIG � � � LDW1P-GTADH�LKmyH�CIGKF>¡�HISTHIP-G/dXH�LiF>P^MVJ^CIG7U�P^C�H�LTmfU�AiJ5P5F>GDQqM5H�dXW1P5�#J^HIJ5A/M5H�Ld>F>�#P^H�LzSiFXCIADW1AKJ5�fU�P^LBM5H`d3U�AK��HIJ5A � � HIG � � =^��d>dXH�LzLDW1P-GBM5W1P5P^Q�H�LzmfU�A 	

� � � 

� � � �

� ���
� ²r�N=><#<%µ

�2W1J5ABd3U¡#U�dXHIJ5ABM5H � � W1PRM5W1P5P^H 	

� � � � � � 
 � � � � � � � � ��� � � � � � �
� � � ��� ��� � � �

� �
� � ��� � � � � � �

� � � ��� � � � ²r�N=><�j�µ
��HIGKGDH`ADHId3U�GKFXW1P�H�LKGzM5W1P5P^Q�Hh¬�<�£�� myW1J5A

� � � � �THIG � � � � � � � � � � ��� �V=
�BP/ADHIS/U�AD]-J^HN]-J^HzdXH�L m5d3U���H�L�M�O J5GKF>d>FXL7U�GKFXW1P�MVJ·STW�MVJ5dXHB�yY±�+Y8�°LDW1P-G ADQ�MVJ5F>GDH�L�HIG�]-J^H��-myW1J5A J5P·L7U�J5G

M�O F>SimyQ�M^U�P^C�H·GKAD��LhZrU�F>�5dXH/mfU�A�H�¦5HISim5dXH��2d3URC�U�mfU1CIF>GDQ � � P^H/GDHIP^M�mfU1L¡�HIADL¯�QIADW5=2k`U�P^LdXH·C�U1LM�O J5P^HSTW�M5QId>FXL7U�GKFXW1PiM�O J5P�L7U�J5G�M�O F>SimyQ�M^U�P^C�H�]-J^HIdXC�W1P^]-J^H`²\HIG�HIPmfU�AKGKFXCIJ5d>FXHIA � � ��� �
 �%µ���W1PJ5GKF>d>FXLDH�dXH STW�M5�IdXHM5QIAKF>¡�Q_M5H`d3U�MVFXLDC�W1P-GKF>P-J5F>GDQM5Hc�yW1J5G�=
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k`U�P^L`C�HIGKGDH/U�P5P^H�¦5H���M5H�LcSTW�M5�IdXH�L_M5H�A7U� �W1P5P^HISTHIP-GM5Hi]-J^HIdX]-J^H�L_MVFXLDC�W1P-GKF>P-J5F>GDQ�LhM�O J5P^Hid>F>�#P^H�SiF{Y
CIADW1AKJ5�fU�P·LDW1P-G M5Q�CIAKF>GDL�= �8dXL�LDW1P-G�HIPTmfU�AKGKFXCIJ5d>FXHIA J5GKF>dXH�L+myW1J5A M5Q�CIAKF>ADHedXHzC�W1SimyW1AKGDHISTHIP-G�HIPTA7U� �W1P5P^HISTHIP-G
M�O U�P-GDHIP5P^H�LBmfU�GDCDE^LzADH�CIG7U�P5�#J5d3U�F>ADH�LNW1J�¬�L7U�J5GDLzM�O F>SimyQ�M^U�P^C�H#=

�  "� � A 3�� �B- 3*- $'@��!A!7*7*-;:<-/7 +%3*- HI1*- �BHI1*-/2 3*)B2S&=A!7 +.)B7I1*),+.8/2
��W1SiSTHedXHeSTW1P-GKADHzd3UB�^�#J5ADHzk�=><��#F>d^H�LKG�myW#LDLKF>�5dXHzM5H�STW�M5QId>FXLDHIA+J5PT]-JfU1LKF{Y8CIF>ADCIJ5F>G�W1J5¡�HIAKG W1JTJ5PTL7U�J5G

M�O F>SimyQ�M^U�P^C�H`mfU�A�J5P^H`W1JnM5H�L�Z[HIP-GDH�²\L�µ A7U� �W1P5PfU�P-GDH�²\L�µ�=��BPn]-JfU1LKF{Y8CIF>ADCIJ5F>GzW1J5¡�HIAKGzH�LKGeQ�]-J5F>¡#U�dXHIP-GN¬hJ5P^H
Z[HIP-GDH�M5Hhd3U�AK��HIJ5A � � U�d>F>STHIP-GDQ�HimfU�AcJ5P^HhGDHIP^LKFXW1P � � C�W1AKADH�LKmyW1P^M^U�P-Gh¬Td3U/GDHIP^LKFXW1P ¬Td3U·MVFXLDC�W1P-GKF>P-J5F>GDQ
²\t2F>�#J5ADHik�=><iUnµ�= �BP°L7U�J5G`M�O F>SimyQ�M^U�P^C�HimyHIJ5G �IGKADH�STW�M5QId>FXLDQmfU�A`d3U/SiFXLDH�HIP°ADQ�LDH�U�J°M5HiM5HIJV¦RZ[HIP-GDH�L
FXM5HIP-GKFX]-J^H�Li²\t2F>�#J5ADHhk�=><_�¢µeW1JRmfU�ABd3UiLKJ5myHIAKmyW#LKF>GKFXW1P�M5HhM5HIJV¦nZ[HIP-GDH�L�^J5P^HhM5H_d3U�AK��HIJ5A � � U�d>F>STHIP-GDQ�H
mfU�A � � HIGzdrO U�J5GKADH_M5H`d3U�AK��HIJ5A � �

	
� U�d>F>STHIP-GDQ�H_mfU�A � � � �^C�W1SiSTH`dXHcSTW1P-GKADH_d3U�^�#J5ADH_k�=><`C%µ�=
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nporq � k�=><	���+]-J5F>¡#U�dXHIP^C�HzMVFXLDC�W1P-GKF>P-J5F>GDQ�L ��Z[HIP-GDH�L�A7U� �W1P5PfU�P-GDH�L 	�U�µ�MVFXLDC�W1P-GKF>P-J5F>GDQNM5He�yW1J5G�#��µ�HIG+C%µ�L7U�J5G
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��MNL�MNL � l/f�
SW6a�f`^ b X6TFb ^`XZY5lm^ �ma>T[Y
�BP^HNZ[HIP-GDHcA7U� �W1P5PfU�P-GDH�U�¡�H�Ccm5d3U�PRM5HcS/U1LDLDHcC�W1SiSTH_C�HId>dXH`M5Hcd3Uh�^�#J5ADH`k�=><_U�µ��^U�d>F>STHIP-GDQ�H_mfU�AeJ5P^H

GDHIP^LKFXW1P � � �VA7U� �W1P5P^H���¬J5P^H`MVFXLKG7U�P^C�H_s �VJ5PqCDEfU�SimRQIdXH�CIGKAKFX]-J^H � � M5W1P5P^Q`mfU�Aed3UADHId3U�GKFXW1P¸²\k�=><%µc¨ w^<�ª8=
�;H`STW�MVJ5dXH � � M5H_C�H_CDEfU�Sim�H�LKGBU�dXW1ADLBM5Q��^P5F;mfU�A²\k�= j�µ�=f�;H`m5d3U�PRM5HcS/U1LDLDH_H�LKGeFXCIF"C�W1P^LKFXM5QIADQ_C�W1SiSTH
F>PV�^P5F �fU�J5GKADHISTHIP-GcMVF>GzW1PqP^HcGKFXHIP-GBmfU1LzC�W1Sim5GDHhM5H�LzMVF:9yA7U1CIGKFXW1P^LBLKJ5AedXH�Le�yW1ADM5LzMVJqm5d3U�PRM5HcS/U1LDLDH#=
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²\k�= j�µ

��MNL�M�� � l/f�
SW6a�f`^ \ U�^/Y f!h XNj � PSf;U�R`b a
��P�J5GKF>d>FXL7U�P-G�dXHBm5AKF>P^CIF>myHNM5HNLKJ5myHIAKmyW#LKF>GKFXW1P��-dXHBSTW�MVJ5dXHNMVJ�CDEfU�SimndXW1F>P-G7U�F>P�A7U� �W1P5P^QNmfU�A�d3U`Z[HIP-GDH �

� � � ²[U�¡�H�CNm5d3U�PnM5HBS/U1LDLDH%µ���M5W1P5P^QNmfU�A�d3U_ADHId3U�GKFXW1P ²\k�= p�µ��VH�LKG�d3UhLDW1J^LKGKA7U1CIGKFXW1PnM5H�L�M5HIJV¦·CDEfU�Sim^LeCIADQ�Q�LmfU�AzdXH�L�Z[HIP-GDH�LBM5Hcd3U�^�#J5ADH_k�=><`C%µ�=
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²\k�= p�µ

�  �� � A 3�� �B- &=) $'&=1*),+�3*19$'@��!A!7*7*-;:<-/7 +
�"U�STW�M5QId>FXL7U�GKFXW1P CIF>ADCIJ5F>GhM5H�L`myHIAKGDH�LcmfU�A`A7U� �W1P5P^HISTHIP-G�H�LKG`��QIP^QIA7U�dXHISTHIP-GM5W1P5P^Q�HTLDW1J^Lcd3U/Z[W1AKSTH

M�O J5P^HRU1MVSiF>GKG7U�P^C�HRM5HnA7U� �W1P5P^HISTHIP-G � =�?BJ P5F>¡�H�U�J�M5H�d3U°MVFXLDC�W1P-GKF>P-J5F>GDQ�� d3U�m5J5FXLDL7U�P^C�HnmyHIADMVJ^HnmfU�A
A7U� �W1P5P^HISTHIP-GNH�LKGeQI�-U�dXH_¬ � � 
 �

� � � � � � =V��d>dXH`H�LKGzU�J^LDLKFyQI�-U�dXH_¬hd3Uhm5J5FXLDL7U�P^C�HcA7U� �W1P5P^Q�H`M^U�P^LedXHcM5HISiF{YH�LKmfU1C�HhU�JqM5H�LDLKJ^LzMVJqm5d3U�PRM5HcS/U1LDLDH#=

��M�� MNL � l/f�
SW6a�f`^ b X6TFb ^`XZY5lm^ �ma>T[Y
³-F+drO W1P C�W1P^LKFXM5�IADHTd3U/�^�#J5ADHTk�= j ��dXH�L_CDEfU�Sim^L_A7U� �W1P5P^Q�LHIP°J5P myW1F>P-G_x~M5HidrO H�LKmfU1C�HimfU�A`d3U·Z[HIP-GDH

LDW1P-GTM5W1P5P^Q�LimfU�A�dXH�L�ADHId3U�GKFXW1P^LR²\k�= w�µHIGq²\k�= }�µ�=��;H�¡�H�CIGDHIJ5ATM5H��2W� �P-GKF>P5�¸C�W1AKADH�LKmyW1P^M^U�P-G �� � � �H�LKG
U�dXW1ADL`M5W1P5P^QmfU�Acd3U/ADHId3U�GKFXW1P ²\k�= ��µBHIGcd3U/m5J5FXLDL7U�P^C�HGDW1G7U�dXHA7U� �W1P5P^Q�H � � M^U�P^LNdXH�M5HISiF{Y8H�LKmfU1C�H�mfU�Acd3UADHId3U�GKFXW1P©²\k�= »#µc² � 
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nporq � k�= j �·kcQ��^P5F>GKFXW1P�M5H�LBU�P5�#dXH�LemfU�AzA7U�m5myW1AKGN¬d3U�myW#LKF>GKFXW1PqM5H`d3UhZ[HIP-GDH`A7U� �W1P5PfU�P-GDH

?�mfU�AKGKF>ANM5HhC�HIGKGDHhH�¦Vm5ADH�LDLKFXW1P©²\k�= »#µ��fW1P�M5Q�MVJ5F>GBdrO U1MVSiF>GKG7U�P^C�H�M5H`A7U� �W1P5P^HISTHIP-G � M5W1P5P^Q�H_mfU�ABd3U
ADHId3U�GKFXW1P¸²\k�= v�µ�=

� 

�

� � � � � � �� ��� � � � ��� �
� � � ���	� � � � � �� � �

� � � � ²\k�= v�µ

��M�� M�� � l/f�
SW6a�f`^�\ U�^/Y_f!h XNj � PSf;U�R`b a
�2W1J5A dXHeL7U�J5G M�O F>SimyQ�M^U�P^C�H���dXH�m5AKF>P^CIF>myHzM5HzC�U�dXCIJ5dfM5H � ADH�LKGDHedXH�S �ISTHzHIPTJ5GKF>d>FXL7U�P-G C�W1SiSTHBCDEfU�Sim

A7U� �W1P5P^Q/drO H�¦Vm5ADH�LDLKFXW1P�²\k�= p�µ�="�+O U1MVSiF>GKG7U�P^C�H�M5HiA7U� �W1P5P^HISTHIP-GiMVJ¸L7U�J5GhM�O F>SimyQ�M^U�P^C�H � � H�LKGhM5W1P5P^Q�H
mfU�Azd3UADHId3U�GKFXW1P©²\k�= ��µ�=
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�;H�5J5G`M5HC�HIGKGDHTU�P5P^H�¦5H�H�LKGcM5Hhm5ADW1myW#LDHIA`M5H�LcSTQIGKE^W�M5H�LcM�O H�LKGKF>S/U�GKFXW1P MVJ¢ADHIP^M5HISTHIP-GhM�O J5P^HiU�PVY
GDHIP5P^HimfU�GDCDE ADH�CIG7U�P5�#J5d3U�F>ADH#=���H�ADHIP^M5HISTHIP-GhP^HiGKFXHIP-G_mfU1L_C�W1Sim5GDHTM5H�L_myHIAKGDH�L`mfU�A_W1P^M5H�LhM5HiLKJ5A±ZrU1C�H#=
?BF>P^LKF ��myW1J5AhJ5P^H·U�P-GDHIP5P^H·LKJ5AhLKJ5�^LKGKA7U�G�¬·ZrU�F>�5dXHTmyHIAKSiF>GKGKF>¡�F>GDQ�²

� � 	 �%µ��;dXHTADHIP^M5HISTHIP-G�H�LKGKF>STQTGKFXHIP-G
C�W1Sim5GDH�M5H+GDW1J5GDH�L2dXH�L;myHIAKGDH�L2H�¦VFXLKG7U�P-GDH�L��C�H ]-J5F-P;O H�LKG"mfU1L"dXH C�U1L2LKJ5A2LKJ5�^LKGKA7U�G�¬em5d>J^L;Z[W1AKGDH+myHIAKSiF>GKGKF>¡�F>GDQ��
myW1J5A+dXH�]-J^HId5dXH�L+myHIAKGDH�L�mfU�A W1P^M5H�L M5HzLKJ5A±ZrU1C�HeM5HI¡�FXHIP5P^HIP-G�P^W1PTP^QI�#d>F>��H�U��5dXH�L��¡�W1F>ADHem5ADQImyW1P^M5QIA7U�P-GDH�L�=��;H
STW�M5�IdXHhm5ADHIP^M�M5W1P^CHIP�C�W1Sim5GDHhdXH�LBmyHIAKGDH�LBmfU�AcC�W1P^MVJ^CIGKFXW1P���dXH�LBmyHIAKGDH�LNMVFXQIdXH�CIGKAKFX]-J^H�L`HIGBdXH�L�¹�myHIAKGDH�L%¹
mfU�AzA7U� �W1P5P^HISTHIP-G�=
�;H�L�MVF:9�QIADHIP-GDH�L�ADHId3U�GKFXW1P^LJ5GKF>d>FXLDQ�H�L�M^U�P^L�C�HIGKGDHnU�P5P^H�¦5H·LDW1P-GGKF>ADQ�H�L�M�O J5P©d>F>¡�ADH·M5HnaNJ5m5G7U�¨ }�»�ªeHIG

M�O J5P�U�AKGKFXCIdXH_Q�CIAKF>GzmfU�Az´�E^H�HIdXHIAh¨ �#p%ª8=

�  "� � 8 �7*),+.)BA!7*2
k`U�P^LzC�HIGKGDH`mfU�AKGKFXH��^dXH�LzM5Q��^P5F>GKFXW1P^LBM5H_C�HIAKG7U�F>P^LzmfU�A7U�ST�IGKADH�LBM5H`drO U�P-GDHIP5P^HhLDW1P-GBM5W1P5P^Q�H�L�=

� MNL�MNL �QP 	pR`XZYVX6lmR%f;aS\ � ^`XN\K\ U�R`b aS\
�2W1J5ANdXHhC�U�dXCIJ5d�MVJqADHIP^M5HISTHIP-G�yW1PRmyHIJ5GNMVFXLKGKF>P5�#J^HIAcM5HIJV¦qm5J5FXLDL7U�P^C�H�L 	5d3Uim5J5FXLDL7U�P^C�H_A7U� �W1P5P^Q�H � �HIGBd3Uim5J5FXLDL7U�P^C�H_myHIADMVJ^H � � =f�;H�LBmyHIAKGDH�LBmyHIJ5¡�HIP-G �IGKADHhM5Q�C�W1SimyW#LDQ�H�LNHIPRGKADW1FXLBmfU�AKGKFXH�L 	^dXH�LzmyHIAKGDH�LBmfU�A

C�W1P^MVJ^CIGKFXW1P�� � �1dXH�L+myHIAKGDH�L MVFXQIdXH�CIGKAKFX]-J^H�L � � HIG+dXH�L+myHIAKGDH�L+mfU�A W1P^M5H�L M5HzLKJ5A±ZrU1C�H#=V��H�L+M5HIAKP5FX�IADH�L myHIAKGDH�L�C�W1SiSTH_W1PqdrO U�M5Q��D¬iMVF>G�VP^H_LDW1P-GzmfU1Lem5AKFXLDH�LzHIPRC�W1Sim5GDH`FXCIFr=
� �\'��\'��\' �h 2$ ,�,�. �"! * � .�� ���2�"9 *

�2W1J5AqJ5P^H U�P-GDHIP5P^H�LKF>Sim5dXH ²[U�P-GDHIP5P^H°mfU�GDCDE¶ADH�CIG7U�P5�#J5d3U�F>ADH mfU�AqH�¦5HISim5dXH%µ��ed3U©LDW1SiSTH°LKJ5AnGDW1J5G
drO H�LKmfU1C�H�M5H d3UBm5J5FXLDL7U�P^C�H A7U� �W1P5P^Q�H�myHIAKSTHIG�#¬BmfU�AKGKF>A�M�O J5PSTW�M5�IdXH�CIF>ADCIJ5F>G�M5H�drO U�P-GDHIP5P^H��#M5H�M5QIGDHIAKSiF>P^HIA
d3U�C�W1P^MVJ^CIG7U�P^C�HM5HcA7U� �W1P5P^HISTHIP-G`U�¡�H�C_d3UADHId3U�GKFXW1P©²\�z=><%µ�=

� � 
 � � � � � ²\�z=><%µ
k`U�P^LedXH_C�U1LzM5HcdrO U�P-GDHIP5P^HhmfU�GDCDEqADH�CIG7U�P5�#J5d3U�F>ADH��fdXH`C�U�dXCIJ5d"M5H � H�LKGzM5W1P5P^Q_M^U�P^LedrO U�P5P^H�¦5H_k�=

<��#}



<��#� � � ��� ��� ��*��� ��	������ � � 	 � �����
� � ��� � ��� � �������

� �\'��\'��3� � * �%� *-, �2. �/!����"�� "!#�%$&���
�;H�LhmyHIAKGDH�LhmfU�AC�W1P^MVJ^CIGKFXW1P LDW1P-G�MVJ^H�L�¬nd3UnADQ�LKFXLKGKF>¡�F>GDQ/M5H�LhC�W1P^MVJ^CIGDHIJ5ADLiC�W1P^LKGKF>GKJfU�P-GdrO U�P-GDHIP5P^H#=

��H�L�myHIAKGDH�LzLDW1P-GzM5H�L�myHIAKGDH�L�mfU�AzH 9�HIG65�W1J5dXH#=5�"U�C�W1P^LKG7U�P-GDH`GKA7U1MVJ5FXL7U�P-Gzd3UhADQ�LKFXLKGKF>¡�F>GDQ`M5H�LeC�W1P^MVJ^CIGDHIJ5ADL
H�LKG�d3U`C�W1P^MVJ^CIGKF>¡�F>GDQ�� ²\HIP�³��%S·µ�= �2W1J5A dXHeCIJ5F>¡�ADH�� � � 
 � � � �

� =��BP/U�J5GKADHemfU�A7U�ST�IGKADHzJ5GKF>d>FXLDQemfU�A+d3UcLKJ5F>GDH
HIG`M5QIAKF>¡�Q�M5Hhd3U/ADQ�LKFXLKGKF>¡�F>GDQH�LKGNd3U/m5ADW�Z[W1P^M5HIJ5A`M5HmyQIP^QIGKA7U�GKFXW1P ��� =�³�W1P°H�¦Vm5ADH�LDLKFXW1P¢H�LKGcM5W1P5P^Q�H�mfU�ANd3UADHId3U�GKFXW1P©²\�z= j�µ�=
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�

� � � � � � ²\�z= j�µ
�2W1J5A C�HIAKG7U�F>P^H�L+STQIGKE^W�M5H�L+M5HeM5QIGDHIAKSiF>PfU�GKFXW1P·MVJiADHIP^M5HISTHIP-G��W1PTM5Q��^P5F>G�dXH�L�myHIAKGDH�L�mfU�A+C�W1P^MVJ^CIGKFXW1P

M5H`d3US/U�P5FX�IADHhLKJ5F>¡#U�P-GDH 	
� � 
 ���

�
� � � � ²\�z= p�µ

U�¡�H�C�� � dXH`C�W�H�
/CIFXHIP-GNM5H_LKJ5AKGDHIP^LKFXW1PqW1JnZrU1CIGDHIJ5ABM5H`]-JfU�d>F>GDQ_M5H`drO U�P-GDHIP5P^HhM5Q��^P5F;m5d>J^LedXW1F>P;=�8d2H�LKGcU�J^LDLKF;myW#LDLKF>�5dXHhM5H_GKA7U1MVJ5F>ADH�C�H�LBmyHIAKGDH�LBmfU�ABdXH_mfU�A7U�ST�IGKADH�M�O U�GKGDQIP-JfU�GKFXW1P°M^U�P^LNJ5P^H_d>F>�#P^H � �² �Bm �%S·µ�M5W1P5P^Q`mfU�A²\�z= w�µ�=
� � 


� � �
� � � �

��� ²\�z= w�µ

� �\'��\'�� � � * �%� *-, ��$&9 �&* !#���1$&:; *-,
�;H�L`myHIAKGDH�L`MVFXQIdXH�CIGKAKFX]-J^H�L_LDW1P-G`dXH�LcmyHIAKGDH�L`M^U�P^LcdXHiLKJ5�^LKGKA7U�G�=y�"U�C�W1P^LKG7U�P-GDHiGKA7U1MVJ5FXL7U�P-GhC�H�LcmyHIAKGDH�L

H�LKGed3U�G7U�P5��HIP-GDHhM5HcmyHIAKGDH_MVFXQIdXH�CIGKAKFX]-J^H � � � � =
�2W1J5A C�HIAKG7U�F>P^H�L+STQIGKE^W�M5H�L+M5HeM5QIGDHIAKSiF>PfU�GKFXW1P·MVJiADHIP^M5HISTHIP-G��W1PTM5Q��^P5F>G�dXH�L�myHIAKGDH�L�mfU�A+C�W1P^MVJ^CIGKFXW1P

M5H`d3US/U�P5FX�IADHhLKJ5F>¡#U�P-GDH 	
� � 
 � � � � � � � � ²\�z= }�µ

�8d�H�LKG`U�J^LDLKF2myW#LDLKF>�5dXHM5HGKA7U1MVJ5F>ADHiC�H�LNmyHIAKGDH�L�fGDW1J5G`C�W1SiSTHmyW1J5AcdXH�LNmyHIAKGDH�LNmfU�A`C�W1P^MVJ^CIGKFXW1P��ymfU�A
dXH`mfU�A7U�ST�IGKADH_M�O U�GKGDQIP-JfU�GKFXW1P¢M^U�P^LzJ5P^H`d>F>�#P^H � � ² �Bm �%S·µ�M5W1P5P^Q`mfU�A²\�z= ��µ�=
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� � � � ��� � � �
� �

� ��� � � � � � � � � � � ²\�z= ��µ
k`U�P^LNdXHhC�U1LcW��

� ��� 	
� � ��U�dXW1ADLNdrO H�¦Vm5ADH�LDLKFXW1P¢LDHhLKF>Sim5d>F{�fHhmfU�Ai²\�z= »#µ�=;��H�CIF�H�LKGN¡�A7U�F2HIP�mfU�AKGKFXCIJ5d>FXHIALKF � � ���`W1J

� � 	 �#=

� � 

�
�
�

� ���
�

� � � � ²\�z= »#µ

� MNL�M�� 	 l a � b X6aSRmY f;ag\K^;T[Y[aSR`\KX6lmR
�;H/C�W�H�
/CIFXHIP-GiM5HTLKJ5AKGDHIP^LKFXW1P©W1J ZrU1CIGDHIJ5AM5H/]-JfU�d>F>GDQ/M5HTdrO U�P-GDHIP5P^H·H�LKGM5W1P5P^QTmfU�AhdXHTA7U�m5myW1AKGM5H

drO QIP^HIAK�#FXHTLKGDW�C��Q�H�� 	 myHIP^M^U�P-G`J5P^HimyQIAKFXW�M5H�mfU�A`drO U�P-GDHIP5P^HTLKJ5A`drO QIP^HIAK�#FXHiJ5GKF>dXH�A7U� �W1P5P^Q�H#=���HId3U·myHIJ5GLDHcGKA7U1MVJ5F>ADH_mfU�A 	
� � 


� � 	
� �

²\�z= v�µ



�� � �*� ����� �	���*	�� �����	� ��� 	�� ��� ��	������ � � <���»

�+O QIP^HIAK�#FXHiLKGDW�C��Q�H�M^U�P^LNdrO U�P-GDHIP5P^HTH�LKGcM5W1P5P^Q�HmfU�AcJ5P^HF>P-GDQI�#A7U�dXHiLKJ5ANdXH¡�W1d>J5STH�LKF>GKJ^Q�LDW1J^LNdrO U�PVY
GDHIP5P^H 	
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� �
� � � �

�
��� � �!�

� � � � �  ²\�z= ��µ

� MNL�M�� �_aSR`f;aSj aSRmY
�"U·M5Q��^P5F>GKFXW1P°MVJ¢ADHIP^M5HISTHIP-G_W1J¢H�
/C�U1CIF>GDQ�myW1J5ANJ5P^H�U�P-GDHIP5P^H�myHIJ5G �IGKADHShJ5d>GKF>m5dXH#=��"U/m5J5FXLDL7U�P^C�H

J5GKF>dXHBH�LKG HId>dXHeGDW1J �KW1J5ADL d3UcS �ISTH��-C#O H�LKG±Y ¬%Y8MVF>ADH � � =��"U`m5J5FXLDL7U�P^C�HemyHIADMVJ^HzmyHIJ5G+mfU�A�C�W1P-GKADHzGDHIP5F>A�C�W1Sim5GDHW1J�P^W1P¢M5H_d3UTm5J5FXLDL7U�P^C�HhADQ��fQ�CDE5FXH � � ��� 	 � 	 � � ¬idrO HIP-GKADQ�H�M5HhdrO U�P-GDHIP5P^H�dXW1ADLD]-J^HhC�HId>dXH�Y8CIF�H�LKGNM5Q�L7U1M^U�m5GDQ�H#=?BF>P^LKF ��F>d- _Uem5AKF>P^CIF>mfU�dXHISTHIP-G+M5HIJV¦hH�
/C�U1CIF>GDQ�L�	�drO H�
/C�U1CIF>GDQ�M�O U�P-GDHIP5P^H � 	 HIG2drO H�
/C�U1CIF>GDQ�M5H+A7U� �W1P5P^HISTHIP-G
��� �5M5W1P5P^Q�LzmfU�AzdXH�LeADHId3U�GKFXW1P^LBLKJ5F>¡#U�P-GDH�L 	

� 	 
 � �� � � � ��� � � � � � � � � � ��� � ²\�z=><�£�µ
��� 
 � �� � � � ��� � �

²\�z=><#<%µ
� CIF �%C#O H�LKG2d3UzM5HIJV¦VFX�ISTH�M5Q��^P5F>GKFXW1Pi]-J5F�H�LKG"J5GKF>d>FXLDQ�H myW1J5A � HIG2W1PiUzM5W1P^C m5d>J^LKFXHIJ5ADL�Q�CIAKF>GKJ5ADH�L2myW#LDLKF>�5dXH�LMVJnADHIP^M5HISTHIP-G 	
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� � � ��� � �� �

²\�z=><�j�µ
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� � � � � 	�
���� � ��� �� ²\�z=><�p�µ

�  �� � 8=+.(*A 3*-/2%3*-�&=@��B&=1 ��3*1 $'-/7*3*-;:<-/7 + 35461*7*-�@!7 +.-/7*7*- �@p+.&'( $'-/&�C
+.@!7 �!1 �B@!) $'-

k`U�P^L C�HIGKGDHBmfU�AKGKFXH��-W1P·QIGKJ^MVFXHzdrO U�P-GDHIP5P^HBmfU�GDCDE·ADH�CIG7U�P5�#J5d3U�F>ADHcM5Hed3U_t2F>�#J5ADHB�z=><#=VºBJfU�GKADHBSTQIGKE^W�M5H�L
M5H�C�U�dXCIJ5d�MVJ`ADHIP^M5HISTHIP-G2M5H+C�HIGKGDH U�P-GDHIP5P^H LDW1P-G;m5ADQ�LDHIP-GDQ�H�L�=�kcHIJV¦_LDW1P-G��fU1LDQ�H�L"LKJ5A�dXH�C�U�dXCIJ5d-M5H�drO QIP^HIAK�#FXH
LKGDW�C��Q�H � 	 HIGBM5HIJV¦nLKJ5AzJ5PqC�U�dXCIJ5d"MVF>ADH�CIGBM5H � � � � �� �

mfU�Ae�5F>d3U�PRM5H`ADQ��fH�¦VFXW1P^LBM^U�P^Led3U�LKGKAKJ^CIGKJ5ADH#=
� M�� MNL � P YVc;l/f;aS\ �`U�\ P>aS\ \K^;T_W6agb U�WNb ^`W f;a�WBhiPSR;a>T �mX6a \ Y[l/b	�0P>a
��W1SiSTH�dXH�STW1P-GKADH�drO Q�]-JfU�GKFXW1PR²\�z= ��µ���myW1J5A�C�U�dXCIJ5dXHIA�drO QIP^HIAK�#FXH�LKGDW�C��Q�H���F>d-ZrU�J5G�M5QIGDHIAKSiF>P^HIA�dXH�CDEfU�Sim

QIdXH�CIGKAKFX]-J^H��¢LDW1J^L2drO U�P-GDHIP5P^H#= �2W1J5A+LKF>Sim5d>F{�fHIA�dXH�C�U�dXCIJ5d �1W1P�C�W1P^LKFXM5�IADH�]-J^H dXH�CDEfU�SimiH�LKG2J5P5F{Z[W1AKSTH�LDHIdXW1P
d3U�EfU�J5GDHIJ5A �B¯ 	fU�F>P^LKF �^W1PqmyHIJ5GBC�W1P^LKFXM5QIADHIAN]-J^H � � � � 
 � � 	 �

� U�¡�H�C � � � ��GDHIP^LKFXW1P�HIPqJ5PRmyW1F>P-G �

MVJnmfU�GDCDE;=5kcHcm5d>J^L�VW1PqC�W1P^LKFXM5�IADH`]-J^H`LDHIJ5dydXHNSTW�M5HcdXW1P5�#F>GKJ^MVF>PfU�d �e�+x H�LKGeH�¦5CIF>GDQ`LKJ5A�drO U�P-GDHIP5P^H#= �BP
myHIJ5GNU�dXW1ADLBC�W1P^LKFXM5QIADHIAN]-J^H � � � �eH�LKGzJ5P5F{Z[W1AKSTH_GKA7U�P^LK¡�HIADL7U�dXHISTHIP-Gi²\LKJ5F>¡#U�P-GBd3UiMVF>ADH�CIGKFXW1P �B ^µ�=^?BF>P^LKF �
d3U�M5QIGDHIAKSiF>PfU�GKFXW1P¢M5Hcd3U�GDHIP^LKFXW1P � dXHcdXW1P5�/M5HcdrO U�P-GDHIP5P^H_myHIAKSTHIGBM5H_C�U�dXCIJ5dXHIAzdrO QIP^HIAK�#FXHhLKGDW�C��Q�HcmfU�Azd3U
ADHId3U�GKFXW1P¸²\�z=><Iw�µ�=

� 	 

�
� �
�

� � � �� � � �

 �
� �
	

 � �

� �
	
� � �

� � � �
�
� � � � � � � �

� 	 

�
� �
�

� �
�
� �

� �
	
� � � �

� � ��� � � � ²\�z=><Iw�µ
�2W1J5ANM5QIGDHIAKSiF>P^HIABdXHcm5ADW��^d"M5H`GDHIP^LKFXW1PqdXHcdXW1P5�/M5H`drO U�P-GDHIP5P^H��fW1PnJ5GKF>d>FXLDH_M5HIJV¦nSTQIGKE^W�M5H�L�=
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nporq � �z=>< �·?BP-GDHIP5P^H_mfU�GDCDEqADH�CIG7U�P5�#J5d3U�F>ADH 	V��Q�W1STQIGKAKFXHhHIGeSTW�M5�IdXH

� �3���\'��\' + 9��%0"��� *R, $\� ��� $ � 9 *
��HIGKGDHhm5ADHISiFX�IADHSTQIGKE^W�M5HhJ5GKF>d>FXLDHhdXH_ZrU�F>GN]-J^H_drO U�P-GDHIP5P^HiLDH_GKADW1J5¡�H�¬id3UTADQ�LDW1PfU�P^C�H#=;³-F2W1P�P^H_GKFXHIP-G

mfU1LNC�W1Sim5GDHhM5H�LNM5QI�yW1ADM5HISTHIP-GDLcM5HhCDEfU�Sim¢HIPR�yW1ADMqM5H_mfU�GDCDE ² � 

�
µ�HIGNM5H_drO F>P��^J^HIP^C�HM5H�LBmyHIAKGDH�L

² � 

�
HIG � 
 �-µcLKJ5A`dXH�m5ADW��^d M5HiGDHIP^LKFXW1P��"U�J5GKADHISTHIP-GMVF>G_LKF+W1P�C�W1P^LKFXM5�IADHT]-J^H�drO U�P-GDHIP5P^H/H�LKG`J5P

ADQ�LDW1PfU�GDHIJ5A � �	�nL7U�P^L`myHIAKGDH���W1P�UnU�dXW1ADL 	 � � � � 
 � � � � � � 
 � �`U�¡�H�C 
 � 
 ��= �BP°J5GKF>d>FXLDHTC�H�ADQ�LKJ5d>G7U�G
QIG7U��5d>FVM^U�P^L2J5PC�U1L"GKAD��L�LKF>Sim5d>F{�fQ myW1J5A2C�U�dXCIJ5dXHIA�drO QIP^HIAK�#FXH�LKGDW�C��Q�H � 	 =	�BP�W1�5GKFXHIP-G�drO H�¦Vm5ADH�LDLKFXW1P�²\�z=><�}�µ�=
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� �� ²\�z=><�}�µ
�2W1J5Aqd3U�m5J5FXLDL7U�P^C�H¢A7U� �W1P5P^Q�H��zW1P¶M5QIGDHIAKSiF>P^H°dXH�L�GDHIP^LKFXW1P^LqU�JV¦§H�¦VGKADQISiF>GDQ�LqMVJ mfU�GDCDE � � � � 


� � � � � � 
 � � =�?BF>P^LKF ��HIP J5GKF>d>FXL7U�P-G/d3U¢ADHId3U�GKFXW1P�²\�z=><%µ��+W1P GKADW1J5¡�HndrO H�¦Vm5ADH�LDLKFXW1P M5H � � M5W1P5P^Q�HnmfU�A²\�z=><���µ�=
� � 
 � � �� ²\�z=><���µ

? mfU�AKGKF>A M5H�L�ADHId3U�GKFXW1P^LN²\�z=><�}�µ�HIGB²\�z=><���µ�HIG+M5Hed3UcM5Q��^P5F>GKFXW1P�²\�z= v�µ���W1PTHIPTM5Q�MVJ5F>G+d3UNADHId3U�GKFXW1P�²\�z=><%»#µ
M5W1P5PfU�P-GBdXHcZrU1CIGDHIJ5AzM5H_]-JfU�d>F>GDQ� � M5HcdrO U�P-GDHIP5P^H#=
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²\�z=><%»#µ

� �3���\'��3� + 9��%0"��� * ���  , !���� ��� ��� *
�2W1J5A+M5QIGDHIAKSiF>P^HIA+dXH�m5ADW��^d5M5H�GDHIP^LKFXW1P��1W1P�J5GKF>d>FXLDH�C�HIGKGDH�Z[W1FXL±Y8CIF�J5PiSTW�M5�IdXH�m5d>J^L�H�¦^U1CIG�M5H�drO U�P-GDHIP5P^H 	

C#O H�LKG±Y ¬%Y8MVF>ADHT]-J^H�drO W1P°m5ADHIP^M°HIP C�W1Sim5GDHidXH�L`M5QI�yW1ADM5HISTHIP-GDLhM5HiCDEfU�Sim�HIG`dXH�LcmyHIAKGDH�L_M^U�P^LcdrO U�P-GDHIP5P^H#=
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�2W1J5A�C�HId3U �-W1P·M5Q��^P5F>G J5P·C�W�H�
/CIFXHIP-G�M�O U�GKGDQIP-JfU�GKFXW1P��#dXW1�fU�dfGDHIPfU�P-G�C�W1Sim5GDHNM5H�L+myHIAKGDH�L mfU�A�C�W1P^MVJ^CIGKFXW1P
HIGzM5H�LemyHIAKGDH�LBMVFXQIdXH�CIGKAKFX]-J^H�L 	 � 
 � � � � � HIP �Bm �%Sq=5�;H`STW�M5�IdXH`J5GKF>d>FXLDQcmyW1J5AzdrO U�P-GDHIP5P^HhH�LKGzC�HId>J5F"M5Hd3U·t2F>�#J5ADHi�z=><#=y?Bm5AD��L_U�¡�W1F>A_M5QIGDHIAKSiF>P^Q � � � �BGDW1J5GcdXHdXW1P5�qM5HdrO U�P-GDHIP5P^H��;W1P°HIP M5Q�MVJ5F>G`dXH�LNADHId3U�GKFXW1P^LLKJ5F>¡#U�P-GDH�LB]-J5F�myHIAKSTHIGKGDHIP-GNM5H`C�U�dXCIJ5dXHIA�� � 
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� � ��� � � � ²\�z=><�v�µ
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� � � � � � �	� ��� � � � � � � �	� ��� � � ²\�z=><���µ

� M�� M�� � P YVc;l/f;aS\ �`U�\ P>aS\ \K^;T_^`R �DXNW6U�R%aSR�TVP � a � X6lmR
�2W1J5AzC�H�L�STQIGKE^W�M5H�L�VW1P·J5GKF>d>FXLDHNdXHNSTW�M5�IdXHcM5HBd3Ut2F>�#J5ADHc�z=><cHIG�W1P·ZrU�F>G�F>P-GDHIAK¡�HIP5F>AzdXHNC�W�H�
/CIFXHIP-GzM5H

ADQ��fH�¦VFXW1P�U�JV¦nH�¦VGKADQISiF>GDQ�LBMVJqmfU�GDCDE���=���H`C�W�H�
/CIFXHIP-GNH�LKGzM5W1P5P^Q`mfU�AzdXH�LeADHId3U�GKFXW1P^LBLKJ5F>¡#U�P-GDH�L 	
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U�¡�H�C�
 � 
 �� � drO U1MVSiF>GKG7U�P^C�HhC�U�A7U1CIGDQIAKFXLKGKFX]-J^HhM5H`d3Ud>F>�#P^H`SiFXCIADW1AKJ5�fU�P;=
 
 � � 
 � � drO U1MVSiF>GKG7U�P^C�HhM5H`�yW1J5GzM5H`mfU�GDCDE
� 
 �� � drO U1MVSiF>GKG7U�P^C�H_ADQ�MVJ5F>GDHhM5Hc�yW1J5GBM5HcmfU�GDCDE;=
� �3���3���\' �·9 ,  � � . �/� * ��. � *-,T* ��� .^�\� � 'V� ��' � � � � �

5-U�STH�LBHIG�3cU�d>d;W1P-GBC�U�dXCIJ5dXQ��^mfU�AzJ5P^H`STQIGKE^W�M5HhU�m5m5ADW�CDE^Q�H��f]-J;O J5PqADQ�LDW1PfU�GDHIJ5ANM5HISiF{Y8W1P^M5H_myW#LDLDQ�M5H
J5P�ZrU1CIGDHIJ5ABM5H_]-JfU�d>F>GDQ_M5W1P-GzdrO H�¦Vm5ADH�LDLKFXW1PRH�LKGzM5W1P5P^Q�H_CIF{Y8M5H�LDLDW1J^L 	
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� �3���3���3� �h.^� !- � !���� ���&* �
�NW1J^LTU�d>dXW1P^L��M^U�P^LTC�HIGKGDH�mfU�AKGKFXH���M5QIG7U�F>d>dXHIATdXHnC�U�dXCIJ5dzMVJ �5F>d3U�P M5H·m5J5FXLDL7U�P^C�HnM^U�P^LiJ5P^H�d>F>�#P^HnM5H

GKA7U�P^LKSiFXLDLKFXW1P ]-J^HIdXC�W1P^]-J^H¸²&mfU1LiZ[W1ADC�QISTHIP-G�¬¢d3U¢ADQ�LDW1PfU�P^C�H%µ�= �NW1J^L/HIP M5Q�MVJ5F>ADW1P^L/dXH�A7U�m5myW1AKG � �
� �



� ��� � �� �

=��NW1J^L�J5GKF>d>FXLDW1P^L�dXH�STW�M5�IdXHeM5H�d3Uct2F>�#J5ADHz�z= jNmyW1J5A�ADQ�U�d>FXLDHIA�dXH��5F>d3U�PTM5H�m5J5FXLDL7U�P^C�H���HIPimfU�AKGKFXCIJ5d>FXHIA
�#A � C�HzU�JZ[W1AKS/U�d>FXLKSTHeM5H�L�W1P^M5H�L�F>P^CIFXM5HIP-GDH�L � ��HIG�ADQ��fQ�CDE5FXH�L� �±=1�+O U�d>F>STHIP-G7U�GKFXW1P·M5H�drO U�P-GDHIP5P^HzH�LKG�m5d3U1C�Q�H
¬J5P^H_MVFXLKG7U�P^C�H � � MVJq�yW1ADM��-U�J^CDE^HhM5H`drO U�P-GDHIP5P^H·² � ��� � � 
 � µ�=

�n9�� * �1��$\� . �%$&��� � *-, �  2$ ,�,�. �"! *-,
?BJ°P5F>¡�H�U�J¸M5HidrO U�d>F>STHIP-G7U�GKFXW1P��2W1P�M5Q��^P5F>Ghd3U·ADQImfU�AKGKF>GKFXW1P©M5H�m5J5FXLDL7U�P^C�HiF>P^CIFXM5HIP-GDH·HIP-GKADHTdXH�L_M5HIJV¦

GKADW1P>J�W1P^LRM5H¢d>F>�#P^H°mfU�Aqd3U¸ADHId3U�GKFXW1P ²\�z= j#j�µ�M5QIAKF>¡�Q�H M5H°d3U©C�W1P^LDHIAK¡#U�GKFXW1P�M5H°GDHIP^LKFXW1P�U�J¶P5F>¡�H�U�J�M5H
drO U�d>F>STHIP-G7U�GKFXW1P 	 � ���  � 
 � � �  � =

� �
� � 


� � � �
	 �

� � � �
	��

²\�z= j#j�µ
?BJnP5F>¡�H�U�JRM5H�Lzd>F>�#P^H�LzM5H`GKA7U�P^LKSiFXLDLKFXW1P��^W1PnmyHIJ5GBM5Q��^P5F>AzdXH�Lz]-JfU�GKADH`ADHId3U�GKFXW1P^LBLKJ5F>¡#U�P-GDH�L 	
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nporq � �z= j �·x�W�M5�IdXH_M5HcdrO U�P-GDHIP5P^H_mfU�GDCDERADH�CIG7U�P5�#J5d3U�F>ADH_J5GKF>d>FXLDQ`myW1J5AzdXHc�5F>d3U�PRM5H`m5J5FXLDL7U�P^C�H

 � 

� 	
� � �

� 	
� � � � � � ²\�z= j#p�µ

 � 

� 	
� � �

� 	
� � � � � � ²\�z= j�w�µ

�� 

� 	
� � �

� 	
� � � � � � ²\�z= j#}�µ

 � 

� 	
� � �

� 	
� � � � ��� ²\�z= j#��µ

?BJnP5F>¡�H�U�J�M5H�LzH�¦VGKADQISiF>GDQ�LBM5HcdrO U�P-GDHIP5P^H���W1PnmyHIJ5GBM5Q��^P5F>AzdXH�LzM5HIJV¦nADHId3U�GKFXW1P^LBLKJ5F>¡#U�P-GDH�L 	

� � 
 �  � ²\�z= j�»#µ
��� 
 � �� ²\�z= j#v�µ

�8d�H�LKG�myW#LDLKF>�5dXHcM�O H�¦Vm5AKF>STHIABHIP^LKJ5F>GDHNdXH�L�m5J5FXLDL7U�P^C�H�LBU�J�P5F>¡�H�U�JqM5H�LzHIP-GKADQ�H�LzHIGeLDW1AKGKFXH�LzM5H�L�GKADW1P>J�W1P^L
M5H`d>F>�#P^H#=

� ��J5FXLDL7U�P^C�Hh¬drO HIP-GKADQ�HhMVJqm5ADHISiFXHIAzGKADW1P>J�W1P 	 � � 
 � � � � � � �  � � �
� ��J5FXLDL7U�P^C�Hh¬d3UiLDW1AKGKFXH`MVJqm5ADHISiFXHIAzGKADW1P>J�W1P 	 � � 
 �  � � � � � � � � �
� ��J5FXLDL7U�P^C�Hh¬drO HIP-GKADQ�HhMVJRM5HIJV¦VFX�ISTH`GKADW1P>J�W1P 	 � � 
 � � � � � � �  � � �
� ��J5FXLDL7U�P^C�Hh¬d3UiLDW1AKGKFXH`MVJRM5HIJV¦VFX�ISTH`GKADW1P>J�W1P 	 � � 
 � �� � � � � ��� � �
?�drO U�FXM5H_M5H�LeADHId3U�GKFXW1P^LBHIP-GKADH_W1P^M5H�L � ��HIG  ��HIGedXH�LzH�¦Vm5ADH�LDLKFXW1P^LzM5H`C�H�Lem5J5FXLDL7U�P^C�H�L�^W1PqHIPqM5Q�MVJ5F>G 	

� � 
 � � � � � � � � � � � �
� 	
� � � � � ²\�z= j#��µ

� � 
 � � � � �
� 	
� � � � � � � � � � � � ²\�z= p#£�µ

� � 
 � � � � � � � � � � � �
� 	
� � � � � ²\�z= pV<%µ

� � 
 � � � � �
� 	
� � � � � � � � � � � � ²\�z= p#j�µ

²\�z= p#p�µ
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� � � �
�n9�� * �1��$\� . �%$&��� � *-, �+* �%� *-,T* �/� *��&. �  2$ ,�,�. �"! * � .�� ���2�"9 *
�2W1J5ABM5QIGDHIAKSiF>P^HIABdXH�LemyHIAKGDH�LzM^U�P^LeJ5P^H`d>F>�#P^H`SiFXCIADW1AKJ5�fU�P��fW1PqLDW1J^LKGKA7U�F>Ged3U�m5J5FXLDL7U�P^C�H`HIPRLDW1AKGKFXH`M5H

d3UBd>F>�#P^He¬Bd3UBm5J5FXLDL7U�P^C�HeHIPiHIP-GKADQ�H#=-��HIGKGDHeMVF:9�QIADHIP^C�HeM5W1P5P^H�dXH�L�myHIAKGDH�L�M5H�d3UBd>F>�#P^H#=1kcH�S �ISTH���U�J�P5F>¡�H�U�J
M�O J5P^H_ADQ��fH�¦VFXW1P��fd3UimyHIAKGDH_mfU�ANA7U� �W1P5P^HISTHIP-G`H�LKGNM5W1P5P^Q�HhmfU�ABd3UTMVF:9�QIADHIP^C�HM5H_d3Uim5J5FXLDL7U�P^C�H_F>P^CIFXM5HIP-GDH
STW1F>P^LNd3Uim5J5FXLDL7U�P^C�HhADQ��fQ�CDE5FXH���]-J5F2H�LKG��M^U�P^LBP^W1GKADH�C�U1L�^d3UTm5J5FXLDL7U�P^C�H�U�J�P5F>¡�H�U�J¢M5Hhd3U/MVFXLDC�W1P-GKF>P-J5F>GDQ#=
�BPqmyHIJ5GzM5W1P^C_Q�CIAKF>ADH 	

� �2HIAKGDH�LBM^U�P^LzdXH�Led>F>�#P^H�L 	 � � 
 � ��� � � ��� 
 � ��� � � � � � � � �#=
� ��J5FXLDL7U�P^C�H`A7U� �W1P5P^Q�H 	 � � 
 � � � � � � � 
 � � � � ��=
� ��J5FXLDL7U�P^C�HcZ[W1J5AKP5FXHh¬drO U�P-GDHIP5P^H 	 � 	 � � � 
 � � � � � 
 � ��� � �

? mfU�AKGKF>ATM5H�L�m5J5FXLDL7U�P^C�H�LiC�U�dXCIJ5dXQ�H�Lim5ADQ�C�H�M5HISiSTHIP-G� W1P myHIJ5GiM5W1P^CnHIP M5Q�MVJ5F>ADHndXH�L�myHIAKGDH�LiHIG�d3U
m5J5FXLDL7U�P^C�H`A7U� �W1P5P^Q�HhM5HcdrO U�P-GDHIP5P^HHIP�Z[W1P^CIGKFXW1PRM�O J5PqmfU�A7U�ST�IGKADHhC�W1SiSTH`mfU�ABH�¦5HISim5dXH � � � � =
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 � � � � � � � � �
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� � � � � � � � � � � �

� 	
� � � � � � � � �
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� � � � � � � � � � � �
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� � � � � ����
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� � �
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� � � � � 	 �
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� �
²\�z= p�w�µ

� � 
 � � � � � � � � � � � � � � � 	 � � � � � � 	 � � � � ����
� � �

�
	
� � � �

�
	
� � � � �

� � �
� 	
� � � � � 	 �

� � � � ����

� � ²\�z= p#}�µ
� * �"� * � * ���
�BPqADHIm5ADHIP^Mnd3UiM5Q��^P5F>GKFXW1P¸²\�z=><�j�µ 	
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�

� � � �
� �U�¡�H�C`dXH`A7U�m5myW1AKGBM5Hcd3U�m5J5FXLDL7U�P^C�H`myHIADMVJ^H`LKJ5Azd3Um5J5FXLDL7U�P^C�H`A7U� �W1P5P^Q�HhM5W1P5P^Q�H`mfU�A 	
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� � � � � � ��� � � � � ��� � �� � � � � � ��� � � � � ��� � � ����

� � ²\�z= p#��µ

�  �� � A :��@ $'@!)B2SA!7 3*-/29:<8=+.(*A 3*-/2 3*- &=@��B&=1 � 3*1 $'-/7*3*-;:<-/7 +935461*7*-
@!7 +.-/7*7*- �@p+.&'(9$'-/&0+.@!7 �!1 �B@!) $'-

� M�� MNL �QRmY[aSR`R;a 	������
	��

�"Uim5ADHISiFX�IADH�U�P-GDHIP5P^HmfU�GDCDE�ADH�CIG7U�P5�#J5d3U�F>ADHJ5GKF>d>FXLDQ�H_myW1J5ANC�W1SimfU�ADHIANdXH�LBSTQIGKE^W�M5H�LNH�LKGNC�HId>dXHhM5H_d3U
�^�#J5ADH��z= p�²\� �<Iw�»%SiS �y´ �c�#£�SiS HIGNE �<ISiS·µNM5H_Z\ADQ�]-J^HIP^C�HM5HhADQ�LDW1PfU�P^C�H � ��� �^= �BP¢J5GKF>d>FXLDHhJ5P
LKJ5�^LKGKA7U�G M5HemyHIAKSiF>GKGKF>¡�F>GDQzQI�-U�dXHB¬i<emyW1J5A+P^H�mfU1L�U�¡�W1F>A�M�O W1P^M5HzM5HzLKJ5A±ZrU1C�H#=�?BF>P^LKF �#LDHIJ5dXH�L+dXH�L�myHIAKGDH�L+mfU�A
C�W1P^MVJ^CIGKFXW1PRHIGzMVFXQIdXH�CIGKAKFX]-J^H�LBLDW1P-Gem5ADQ�LDHIP-GDH�L�=^�;H�LeADQ�LKJ5d>G7U�GDLzM5W1P5P^Q�LemfU�AedXH�LeSTQIGKE^W�M5H�LzLDW1P-GzC�W1SimfU�ADQ�L
¬�C�HIJV¦qM�O J5P^H_LKF>ShJ5d3U�GKFXW1P�LKJ5A�� � p1k�=
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nporq � �z= p �·?BP-GDHIP5P^H_mfU�GDCDEqADH�CIG7U�P5�#J5d3U�F>ADHhJ5GKF>d>FXLDQ�H`myW1J5Aed3UiC�W1SimfU�A7U�FXLDW1P

� � � �\'��\' � * �%� *-, ��$&9 �&* !#���1$&:; *-,
�BP¸C�W1P^LKFXM5�IADH��"M^U�P^LC�Him5ADHISiFXHIAC�U1L�"M5H�L_myHIAKGDH�LhMVFXQIdXH�CIGKAKFX]-J^H�LLDHIJ5dXH�L 	 ��� 
 �5="�;HiG7U��5dXH�U�J©�z=><

M5W1P5P^H`dXH�Le¡#U�dXHIJ5ADLBM5HcADHIP^M5HISTHIP-GcC�U�dXCIJ5dXQ�H�LBHIGzLKF>ShJ5dXQ�H�LzmyW1J5ABMVF:9�QIADHIP-GDH�Lz¡#U�dXHIJ5ADLBM5H � � =
�BP¸ADHIS/U�AD]-J^H�]-J^H��;myW1J5A�C�HIGKGDH�U�P-GDHIP5P^H���dXH�LMVF:9�QIADHIP-GDH�L�STQIGKE^W�M5H�L�M5W1P5P^HIP-GiM5H�LADQ�LKJ5d>G7U�GDL�U�¡�H�C

STW1F>P^LhM5H ��� M�O Q�C�U�AKG_mfU�A_A7U�m5myW1AKG¬·d3U�LKF>ShJ5d3U�GKFXW1P � � p1k�=��;H�L_¡#U�dXHIJ5ADL_M5W1P5P^Q�H�L_mfU�A`dXH�L_MVF:9�QIADHIP-GDH�L
STQIGKE^W�M5H�LzmyHIAKSTHIGKGDHIP-GBJ5P^H`�yW1P5P^H`H�LKGKF>S/U�GKFXW1P�MVJnADHIP^M5HISTHIP-G�=
� � � �\'��3� � * �%� *-, �2. �/!����"�� "!#�%$&���

�BPqC�W1P^LKFXM5�IADH��^M^U�P^LzC�H`M5HIJV¦VFX�ISTH_C�U1L�5M5H�L�myHIAKGDH�LemfU�AzC�W1P^MVJ^CIGKFXW1P�LDHIJ5dXH�L 	 � � � � 
��5=5�;HcG7U��5dXH�U�J�z= jiM5W1P5P^H`dXH�Le¡#U�dXHIJ5ADLBM5HcADHIP^M5HISTHIP-GcC�U�dXCIJ5dXQ�H�LBHIGzLKF>ShJ5dXQ�H�LzmyW1J5ABMVF:9�QIADHIP-GDH�Lz¡#U�dXHIJ5ADLBM5H � � =
�BP¢ADHIS/U�AD]-J^H�]-J^H��fmyW1J5AcC�HIGKGDHiU�P-GDHIP5P^H��ydXH�LcMVF:9�QIADHIP-GDH�LcSTQIGKE^W�M5H�L`M5W1P5P^HIP-G_M5H�LNADQ�LKJ5d>G7U�GDL`¬/myHIJ

m5AD��LhFXM5HIP-GKFX]-J^H�L�S/U�FXLhd3URLKF>ShJ5d3U�GKFXW1P � � p1k�H�LKGHId>dXH·MVF:9�QIADHIP-GDH#=��+O H�LKGKF>S/U�GKFXW1P MVJ�ADHIP^M5HISTHIP-GTLDHISh�5dXH
P^Q�U�SiSTW1F>P^LNC�W1AKADH�CIGDH#=
� � � �\'�� � � * �%� *-, �2. �/!����"�� "!#�%$&��� * �/��$&9 �&* !#���1$&:; *-,

�BP�C�W1P^LKFXM5�IADH��"M^U�P^L_C�HiGKADW1FXLKFX�ISTHTC�U1L�;M5H�L`myHIAKGDH�L_mfU�AhC�W1P^MVJ^CIGKFXW1P¸HIGhMVFXQIdXH�CIGKAKFX]-J^H�L�=;�;HiG7U��5dXH�U�J
�z= piM5W1P5P^H`dXH�Le¡#U�dXHIJ5ADLBM5HcADHIP^M5HISTHIP-GcC�U�dXCIJ5dXQ�H�LBHIGzLKF>ShJ5dXQ�H�LzmyW1J5ABMVF:9�QIADHIP-GDH�Lz¡#U�dXHIJ5ADLBM5H � � HIG � � =��P^C�W1ADH/J5P^HiZ[W1FXL��dXH�LhADQ�LKJ5d>G7U�GDLM5W1P5P^Q�LhmfU�AhdXH�LhMVF:9�QIADHIP-GDH�LSTQIGKE^W�M5H�LLDW1P-GhGKAD��Lhm5ADW�CDE^H�LHIGhADHIPVY
LDHIF>�#P^HIP-GNM5HNZrUKJ�W1PqmyHIAKGKF>P^HIP-GDHhLKJ5AedXHcADHIP^M5HISTHIP-GcM5HcdrO U�P-GDHIP5P^H#=
� M�� M�� �QRmY[aSR`R;a 	������ j l/f;P>TVP
�"U�LDH�C�W1P^M5H�U�P-GDHIP5P^HRJ5GKF>d>FXLDQ�HRmyW1J5A·C�W1SimfU�ADHIA·dXH�L/STQIGKE^W�M5H�L·M5HRC�U�dXCIJ5dNMVJ�ADHIP^M5HISTHIP-G�H�LKG/J5P^H

U�P-GDHIP5P^HzU� -U�P-G�dXH�L�C�U�A7U1CIGDQIAKFXLKGKFX]-J^H�L�LKJ5F>¡#U�P-GDH�L�	 � 
 � � � � � ��� 
 � � � � ��� 
 � � � HIG
� � 
 �#= �2W1J5AC�HeC�U1L�1P^W1J^L�P^W1J^L�d>F>SiF>GDHIADW1P^L�U�JTC�U1L���QIP^QIA7U�dfW��idXH�L�M5HIJV¦�myHIAKGDH�L+LDW1P-G�m5ADQ�LDHIP-GDH�L+M^U�P^L�d3UcLKGKAKJ^CIGKJ5ADH#=��"U

G7U��5dXH�U�J��z= w/M5W1P5P^H`dXH�LeADQ�LKJ5d>G7U�GDLzM5H�LBC�U�dXCIJ5dXLemfU�AzdXH�LzMVF:9�QIADHIP-GDH�LBSTQIGKE^W�M5H�LzHIGzmfU�ABLKF>ShJ5d3U�GKFXW1P�� � p1k�=
�BP ADHIS/U�AD]-J^HR]-J^H���myW1J5ATC�HIGKGDH�U�P-GDHIP5P^H��+dXH�LTSTQIGKE^W�M5H�L/M5W1P5P^HIP-G·M5H�LTADQ�LKJ5d>G7U�GDLTGKAD��LTMVF:9�QIADHIP-GDL�=

�NQ�U�SiSTW1F>P^L��F>dNLDHISh�5dXH¢]-J^HqdXH�L·STQIGKE^W�M5H�L·�fU1LDQ�H�L·LKJ5A·dXHRC�U�dXCIJ5d`MVJ�C�W�H�
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