
HAL Id: hal-00129704
https://hal.science/hal-00129704

Preprint submitted on 8 Feb 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.

Polynomial energy decay rate and strong stability of
Kirchhoff plates with non-compact resolvent

Bopeng Rao, Ali Wehbe

To cite this version:
Bopeng Rao, Ali Wehbe. Polynomial energy decay rate and strong stability of Kirchhoff plates with
non-compact resolvent. 2004. �hal-00129704�

https://hal.science/hal-00129704
https://hal.archives-ouvertes.fr


���������	��
������������������������������� �!"����#��$�����	�%#��&"'	�(�(���)�
�+*-,.�/�0�$1	1��"243����� ��#657��� 18�	���:9;�<�=
>3?+�@�7����#�����A=���=�

B�CEDGF�HJI:KMLON"P�QEH;R?LMSUTWVYX<Z�B�X�[
\^]&_�`badcJef`Egih�j(kmlon�prqtsvuxwyk zWu{ky|�}	q:|�wm~J���b���<|?|/j(w�pE��u{kUj�~�wm~J|�z;�du{�dlW�dqtkypduM|/lW|/}�nf���E|���pd�}�pfw�|0�/�f}�wU~;|�j(q����fwm~=j��du{sJw�ky�dl;j����<�+km}���~�~J����zWu�pfw�|/j�|���s;pfw�ky�dlJj/���@�flJj�|��/s;|�l)w�u{�b� �<|��E�bw�pfkmlwU~;|tj/wy}��dlon?j(w�pE��kmu{k�w��?kml�wU~;|^pE�/j�|/lW��|����:���dqOzJp���w�lG|/j�j����t}�|/j��du{�d|�l)wO���twm~J|:kmlb��l)k�w�|/j(kmq�pfu��z;|/}�pfw��d}/�
 ¢¡o£�¤�¥ ad¦ _Eg<§ TU¨�©�ªJª;Cf«"DJSmQd¬�Fb�®bDGCESU¯°HJCE±:TmQfS²RvF�©�Q²¯M¨�Qd¬�Ff®d�¬�¨�C�HJI��¬�Qf³JTUSUT´¬�¯f®/HJC�Hvµ�©�CE±:D;Q�©(¬�HJFb�/¶
\�·¹¸�_�º ]W» ¡ ef`:eE¼�cJ_�_b½y¾$e�cv`b½ ¥)¿ _fg�ÀEÁ�ÂÄÃEÅ ® ÀEÁ B Å�Æ ® ÁoÆ B Á�Æ ® ÁoÆ B ÁoÇ ¶
È É�ÊtË&Ì@Í^ÎÐÏ?Ñ�Ë&ÒbÍ=ÊÔÓ+Ê?Î4ÕÖÓ+ÒbÊ8Ì@×MØ&Ï¢Ù(Ë&Ø

ÚÛHÜ¬�ªJTm:D;QfDGF�¨�Ý�FÐ�¬�Þ;RJ¯�¬�ªJFr�¬�Qf³;T´SUT´¬�¯�Cfß"Q�¬�ª;T´HÜFbSUQ��¬�Tm©�DJSmQf¬�F?Ý�T´¬�ªàRv¯°H;Qf±:Tm©bQfS³)C�ÞJH;RJQE¨�¯�ß�FbFbRv³)QE©�á�©/C�Ho¬�¨�CESm/¶�â�F/¬�ã!ä7å æ [ ³GF?Q�³GCEÞJH;RJFbRçCEDGF�HÜ�F�¬�Ý�T´¬�ªç�±:CoCE¬�ª³)C�ÞJH;RJQE¨�¯�èé©/C�H;�Tm�¬�TUHJIêCfß"Q�©/SmQf±:DGFbRçD;QE¨�¬�è�ëf®MQfH;RÜQ�¨�TU±:±:FbR�D)Qf¨�¬�è P �Þ;©�ªÜ¬�ª;Qf¬è0ë�ì è P�í.îfïoð ¶�ñ;CESUSUCdÝ�T´H;I^¬�ª;F�¬�ªJF�C�¨�¯êCfß�SUTUHJFbQE¨+F�SmQE�¬�Tm©�T�¬�¯E®0¬�ª;F�ò°TU³J¨�Qf¬�TUCEHêCfßOQ¢¬�ªJTUHF�SmQE�¬�Tm©ODJSmQd¬�F�Tm�IEC�ÞJòEFb¨�H;FbR:³°¯^¬�ªJF"SUTUHJFbQE¨��¯v�¬�F�±ôó
õööööö÷ öööööø

ùEúmú ûêüWý=ùfúmú�þ�ý [ ù í Å T´Hÿã��?å æ����
ù í � ù

��� í Å CEH!è ë �?å æ����
ý=ù"þ
	��Mû����� P ù�þ�� í Å C�Hÿè P �?å æ����� ý=ù
��� þ�	���û���

� � [ ù��� û�ü � ùfúmú��� þ � [ ùfú
��� [ û�� í Å CEHÿè P ��å æ �

	�� ¶ ���

Ý�ªJF�¨�F � í 	 � P � � [ � RJF�HJCE¬�Fb"¬�ªJF^Þ;HJT´¬+HJCE¨�±^QfS&òEF�©(¬�CE¨b® � í 	 � P � � [ � ¬�ªJF:ÞJHJT´¬"¬�QfHJI�F�Ho¬òEF�©(¬�C�¨�®0QEH;RÐÝ�ªJFb¨�F ü�� Å QEH;R Å��  � ��� Ã QE¨�F=DJª°¯v�Tm©�QES ©�CEH;�¬�QEH�¬�/¶! �ªJFt³GCEÞJH;R;Qf¨�¯
"$#&%�')(+* (+,�(.-�/.0�/�1)2�/�34142�/65�78()2:9/�;�78()*=<>,�/@?�A878%�1�9/�/CBED�%�* A>/�34'+* (F9/6GIH8,�* ':JK7C')()/�,�3:-�/MLN()347C')OPH8,�3)Q�BERFBF3+,�/

0S9/$%�9/$TVU@/�'41�7C3)()/�'WBPX>R8YCZ8[SLN()347C'+OPH8,�34Q]\:/�-�/$^PB�_�3478%�1�/C`babTV;c78* d&e�3)7CHNfM*=34;�7�` ,�TV')()347C'+O�Q�` gh3
i \:?@5!LPBj\:H8d d=/�QC/lk678d d&Bj0�HFHC;m[>nCoEBP?M;c/�3)*=1�78%!DM%E* A>/�34')* (VpqH8g�r�/$*=3+,�(�BjJK` sl` r�s�t�ejuCuvYCnCwCXEBjr�/$*=3),�(�B

GI/$O�78%�H8%I`:axTV;c78* d&eb78d * y�/$2NOj/WfMp>782�HNH�` gh3

�



CEDGF�¨�Qd¬�CE¨� � P ® � [ QE¨�F�RvF��)HJFbR�³°¯Ðó
õöö÷ ööø
� P ù í Ã � P � [ � [ ù

��� P ��� [ û � [P � [ ù��� [[ û � [[ � [ ù��� [ P �
� [ ù í 	 � [P û � [[ � � [ ù

��� P ��� [ þ � P � [ � � [ ù��� [[ û � [ ù
��� [ P��	� 	�� ¶ Ã �

ÚÛH�¬�ªJF�©bQE�F�Cfß@�¬�Qd¬�Tm©�ß�F�F�Rv³;Q�©�á°Äó � í ��
 ù ú ® � í ù ú ®J¬�ªJF=�¬�Qf³JTUSUT´¬�¯tCEß&�¯v�¬�F�± 	�� ¶ �E� µ
	�� ¶ Ã � Ý�Q��Ý�FbSUS��¬�Þ;RvTUFbR�³°¯	RJT�«WF�¨�F�Ho¬OQEDJDJ¨�C�QE©�ª;Fb 	 �F�F�� Ç� ®�� À� ®�� � Å� ®�� �P�  ®�� ���  ®�� ÃEÁ� QEH;R¬�ªJF�¨�F/ß�Fb¨�FbH;©/F�<Ý�ªJFb¨�FbTUH � ¶&ÚÛH^¬�ªJTm<Ý�CE¨�áG®oÝ�FÄ©�CEH;�TmRvF�¨<¬�ªJF�©�Q��F�Cfß RJ¯oH)Qf±:Tm©�QES;³GCEÞJH;R;Qf¨�¯©/C�H�¬�¨�C�Sm ��	���� ® �K	���� Ý�ªJTm©�ª�QE¨�FÄIETUòEFbH�³°¯:¬�ªJF�ß�CESUSUCdÝ�TUHJI+TUHo¬�F�I�¨�QESG�¯v�¬�F�±ÿó� � ú û � ù ú

��� þ�� í Å CEH!è P �?å æ � �
� ú ûêù ú þ�� í Å CEH!è P �?å æ � � 	�� ¶ Á �

 �ªJFÐ©/C�H;©/FbDv¬:Cfß�Rv¯°H;Qf±:Tm©�QES�©�CEHo¬�¨�CES�ª;Q��³)FbF�HÜTUH�¬�¨�CvRvÞ)©/FbR�³°¯�¬�ªJF¢QEÞv¬�C�±^Qd¬�Tm©�TUQEH;+TUH¬�ªJF��;H;T�¬�FtRJT´±:FbH;�T´C�H;QfS ©�QE�F 	 �F�F�ñJ¨�QfH;©�TU�� �  � ¶=ÚÛH�¬�ªJF�TUH��;H;T�¬�F=RvTU±:FbH;�TUC�H;QfS�©bQE�Ff®W¬�ª;FRv¯°H;Qf±:Tm©bQfSJ©/C�Ho¬�¨�CESm ß�CE¨�±¹D;QE¨�¬�CEß�T´H)RvTU¨�F�©(¬�RJQf±:D;T´H;IÄ±:F�©�ª;QfH;TU�±^ DJ¨�C�D)Co�F�Rt³o¯�K�Þ;��F�SUS� Ã �  ¶�MCdÝ SUF�¬ ù ³GF"Q=�±:C°Cf¬�ª	�CESUÞv¬�TUC�H:Cfß$�¯v�¬�F�± 	�� ¶ �E� µ 	�� ¶ Á � ¶&V�F�RJF��;HJFÄ¬�ªJF"QE��Cv©/TmQf¬�FbRF�HJFb¨�I�¯�� 	���� ³o¯� 	���� í �Ã�� �"! 	yù [ú þ�ü$#&%=ù ú # [ �(' � þ �"!	) 	yù � ùK�*' � þ �"+-, � # �.# [ þ/# �0# [ � ' è�1 	�� ¶ 2 �
Ý�ªJF�¨�FÄß�CE¨M�±:C°Cf¬�ª	ß�ÞJH;©/¬�TUCEH) ù �43J®vÝ�F"ª;Q²òEFÄDJÞv¬"ó
) 	�ù �53 � í � [ ù

��� [ P � [63��� [ P þ � [ ù
��� [[ � [63��� [[ þ�

� � [ ù
��� [ P � [63��� [[ þ � [ ù

��� [[ � [63��� [ P�� þ Ã 	��$û �� � [ ù
��� P ��� [ � [73

��� P ��� [ �
 �ªJF�H¢Q��¬�¨�QfTUIEªo¬�ß�C�¨�Ý�Qf¨�R:©/C�±:DJÞv¬�Qd¬�TUC�H^IETUòEF� 	 �F�F8� � Å� QEH;R9� �6�  � ó' � 	����'-� í û �-+ , � # �.# [ þ/# �0# [ þ;::::

� ù ú
��� ::::

[ � ' è=< Å � 	�� ¶ Æ �
 �ªJF�¨�F/ß�C�¨�F	�¯v�¬�F�± 	�� ¶ ��� µ 	�� ¶ Á � TU=RvTm��TUD;Qd¬�TUòEF�TUH�¬�ªJF	�F�H;�F:¬�ª;Qd¬=¬�ªJF^FbHJF�¨�IE¯êTm"HJC�HJTUHvµ©/¨�FbQ��TUHJI;¶�>¢C�¨�FbCdòEF�¨b®oRJF�HJCE¬�TUHJIt³o¯8? í 	�ù � ùfú � � � �P� ¬�ª;F��¬�Qf¬�FÄCfß&�¯v�¬�F�± 	�� ¶ �E� µ 	�� ¶ Á � ®vÝ�F©�QEH	ß�C�¨�±tÞJSmQd¬�F�¬�ª;F"DJ¨�C�³JSUF�±iQ��QfH?F�ò�CESUÞv¬�TUC�H;Qf¨�¯�F�@�Þ)Qd¬�TUC�HÐó? ú þBA ? í Å � ? 	 Å � í ?Gë	CED 	�� ¶ � �
Ý�ªJF�¨�F A TU�Q:±^Q�FvTU±^QfSW±:C�HJCf¬�CEHJF"C�D)Fb¨�Qf¬�CE¨�TUHÐQfHÐQfD;DJ¨�C�DJ¨�TUQf¬�F"ZMTUSU³GF�¨�¬OF�HJFb¨�I�¯��D;Q�©/FD¢¶�ÚÛHr¬�ªJF�CEHJF:RvTU±:F�H)�TUCEH)QfS�©bQE�FG� Ã 2  ®�Ý�F�ª;Q²òEF��ª;CdÝ�HÐ¬�ª)Qd¬"F6@oÞ;Qf¬�TUCEH 	�� ¶H� � ª;Q��H;CEHÞJHJT´ß�CE¨�±ôF�H;F�¨�IE¯ÐRvF�©�Q²¯¢¨�Qd¬�FE¶JI°C�Ý�F=¬�ÞJ¨�Hr¬�C	F��¬�Qf³JSUTm�ªÐ¬�ªJF�DGCESU¯°HJCE±:TmQfS�F�HJFb¨�I�¯ÐRvFb©bQ²¯¨�Qf¬�F<ß�CE¨ ¬�ªJF��±:C°CE¬�ª"TUHJT´¬�TmQfS�RJQd¬�Qv¶6 �ª;F�¨�F�Qf¨�F��F�ò�F�¨�QfSoQfDJDJ¨�C�Q�©�ªJFb�Qf³GCEÞv¬ ¬�ªJF�D)C�SU¯oH;CE±:TmQfSF�HJFb¨�I�¯¢RvFb©bQ²¯�¨�Qd¬�Ff¶�V�Ft¨�F/ß�Fb¨O¬�C$� � Ã� ß�C�¨�Ý�Q²ò�F+F6@oÞ;Qf¬�TUCEH¢Ý�T´¬�ª�SUC°©bQfS T´Ho¬�F�¨�HrRJQf±:D;T´H;IJ®� � Æ� ß�CE¨�QE³;�¬�¨�QE©(¬<�¯v�¬�F�±^@³°¯��Fb±:TUIE¨�CEÞJDtQfDJDJ¨�C�Q�©�ªJFb�®0� � À� ß�CE¨�ªo¯°³J¨�TmRJ@�¯°�¬�Fb±^�QfH)RK� Ã�

Ã



ß�CE¨�D;Qf¨�¬�TmQfSUSU¯"RJQf±:DGFbR:�¯v�¬�F�±^@³°¯t±=Þ;S�¬�TUDJSUT´Fb¨��®�� � �  QEH;R � � 2  ß�CE¨�KMT´F� � ³)QE�TU<QfDJDJ¨�C�Q�©�ª�¶ÚÛH�¬�ªJTm=Ý�CE¨�áG®@Ý�F�Ý�TUS´S�QERJQEDv¬tQ�HJC�HJSUT´H;FbQf¨"±:F�¬�ªJCvR�T´Ho¬�¨�CvRvÞ;©�FbR�TUH � � À& ¬�CÐ¬�ªJF?S´TUHJF�Qf¨F6@oÞ;Qf¬�TUCEH 	�� ¶H� � QEH;R^F��¬�Qf³JSUTm�ª=¬�ªJFÄF�HJFb¨�I�¯tRvF�©�Q²¯t¨�Qf¬�FÄQE � � ß�CE¨�¬�ª;F��±:CoCE¬�ª^TUHJT´¬�TUQESJRJQd¬�QTUH�� 	�A � ¶l �ª;F�±:F�¬�ªJCvR	TU�RvTU¨�Fb©(¬�QfH)R^IETUò�Fb@¬�ªJF�CEDv¬�TU±^QfSWRvFb©bQ²¯:¨�Qf¬�FOTUH�¬�ªJF�ÞJH;RJF�¨�S´¯°TUHJI©/C�H�¬�F�F°¬�¶VêF �)¨��¬�Fb�¬�Qf³;S´Tm�ª:¬�ª;F�ß�CESUSUCdÝ�T´H;I+D)C�SU¯oH;CE±:TmQfS)F�HJFb¨�I�¯^RvFb©bQ²¯^¨�Qf¬�Ftó
��� ¡o¥ a ¡��
	 g 	�� j�j(svq�|�wU~;pfw
	� ����� è0ë��íYï pflG� è�ë<ì è P�í-ï��	� Ã ����� ~;|/}�|"|���kUj/w�j�� � Å�pdlG� � ë C�å æ [ j�s;��~�wU~;pfwm�;zGsJw�wykml°n�� 	 � � í � û � ë �&�<|�~Jpf�²| �

	 ��� � � < Å � � C¢è ë pdlG� 	 ��� � �"! �$# P � � � C¢è P �� ~J|�l?�/�f}?pfl;�¢j(q:�b�EwU~�kml)k�wykypfu���pfw�p ?)ë9C�� 	�A � �=wU~;|/}�|¢|%��kUj/w�p����dl;j/w�pfl)w'& � Åç�E|)(zJ|�lG�fkmlon��fl;u{���fl+* ? ë *-,'.0/21�j(s;��~�wm~Jpfw�wm~J|?|�lG|�}�nf� � 	���� ���	wU~;|^j(�²j/w�|/q4365f��798�~Jpdj	pzJ�fu{�dlG�fq=kypfu&��|���pf�^}�pEw�| � � 	���� < � 	 Å � Ã:&
& þB� � � �;! Å � 	�� ¶ Ç �

VêF�H;F�F°¬<©/C�H;�TmRvFb¨�¬�ªJFM�¬�¨�CEHJI"�¬�Qf³;T´SUT´¬�¯f¶ �OCf¬�TU©�F�¬�ª;Qf¬@¬�ªJF�¨�Fb�CESUòEFbHo¬ 	 å þEA � # P�Tm&HJCE¬©/C�±:D;QE©/¬ÄTUHÐ¬�ªJF�F�HJFb¨�I�¯¢�D;Q�©/F�D¢¶  �ª;F�¨�F/ß�CE¨�Ff®�¬�ªJF:©/SmQE��TU©+±:F/¬�ª;C°R;Ä�Þ;©�ªêQE�â�Q��QES´SUF=< TUHoòdQE¨�TmQfH)©/FMDJ¨�TUH;©/TUDJSUF�� Ã�Ã� CE¨�¬�ªJF+�DGFb©/¬�¨�QfS�RvF�©/CE±:DGC��T´¬�TUCEH�¬�ªJF�C�¨�¯�Cfß�I � µ �OQfI�¯oµ�ñ;CETmQE � 2 RvCEH>< ¬�Ý�CE¨�á�TUH�¬�ª;Qd¬�©�QE�Ff¶àV�F¢ª;Q²ò�F�±:FbF/¬^�CE±:F�¬�F�©�ªJHJTm©�QES�RJT0?^©�ÞJS´¬�TUFb=¬�C�Þ)�F¢±:C�¨�FIEFbHJF�¨�QfS0©�¨�T´¬�Fb¨�TmQ�T´H � Á� QEH;R=� �  Cfß@�¬�¨�CEHJI:�¬�Qf³;T´SUT´¬�¯�Cfß�@ ë µÛ�F�±:TUIE¨�CEÞJD:TUH�¬�ª;F+Qf³;�F�H;©�F"Cfß©/C�±:D;QE©/¬�HJF��&CEß)¬�ªJFM¨�Fb�CESUòEFbH�¬b¶M �ªJF�ß�C�S´SUCdÝ�TUHJIM¨�Fb�ÞJS´¬@Tm�Q�©/CEH)�F�@�Þ;F�H;©�F�Cfß� �ªJF�C�¨�Fb± � ¶ �QfH;R	¬�ªJF+©/C�H�¬�¨�Q�©(¬�T´C�H^Cfß ¬�ªJF+�F�±:TUI�¨�C�ÞJDBA ú / ¶
��� ¡o¥ a ¡��
	 gDCFE��f}�pdl;�¢s°j(s;pfu@kml;k�w�kypdu���pfw�p ?GëGC D ��wm~J|�|/lW|/}�nE� � 	���� ���:wm~J|^j(�²j(w�|�q365f��7G8�pdj(�dqMz�w��Ewyky��pdumux���E|���}�|�p²j�|/j�w���Hb|�}�� �

SUTU±ú�I �KJ � 	���� í Å � 	�� ¶ � �
 �ªJF?¨�F��Þ;S�¬�Cfß� �ªJF�C�¨�Fb± � ¶ Ã TmtCEDJ¬�TU±^QfS�TUH�¬�ªJF¢�FbH;�F�¬�ª;Qd¬�¬�ª;F¢F�HJFb¨�I�¯B� 	���� ª;Q�HJC¢ÞJHJT´ß�C�¨�±ÿRJFb©�Q²¯r¨�Qf¬�F�TUHr¬�ªJF:IEFbHJF�¨�QfS@©�Q��FE¶�>¢CE¨�F�Cdò�F�¨b®�Þ;�TUHJI¢Q?�D)F�©(¬�¨�QfS�QfDJDJ¨�C�Q�©�ª�®Ý�F?©�QEH�DJ¨�CdòEF:¬�ª;Qd¬t¬�ª;F	¨�Fb�ÞJS´¬�Cfß  �ªJF�C�¨�Fb± � ¶ � Tm+CEDJ¬�TU±^QfS<ß�CE¨=¬�ªJF�CEHJF�µ�RJT´±:FbH;�T´C�H;QfSDJ¨�CE³JSUF�± 	 �FbF�� Ã 2  � ¶

L M ×OÙ�ÙGNPO�Í�Ø$×MÎÐÊ?×MØ$Ø ÍRQ�O¢Ì@ÍTSÐÙb×OÕVU
 �ªJ¨�CEÞ;IEªJC�Þv¬�¬�ªJTm:D;QED)Fb¨�®�Ý�FrQE��ÞJ±:F�¬�ª;Qf¬	è í è ë2W è P CEß+©/SmQE�X@ZYr�Þ;©�ªÜ¬�ª;Qf¬è ë2[ è P íYîfïoð ¶&V�F �;¨��¬MRvF��)HJF�¬�ªJF�ß�C�SUS´CdÝ�TUHJI+�D;Q�©/FbÄó

\ í^] [ 	 è P � � * � * [_ í �-+-, # �.# [ ' è �
` í � ù C  P 	 ã � ó ù í Å CEH¢è0ë01 � * ù * [ a í �"! 	�ù [ þ�ü9#&%=ùG# [ �(' � �

Á



� í � ù C  [ 	 ã � ó ù í � ù
��� í Å CEH?è0ë 1 � * ù * [ � í ��! ) 	�ù � ùK�*' � �ñJC�¨MQfSUS 	�ù �53 � C  Y 	 ã � �  [ 	 ã � ®;SUF/¬�Þ;�¨�Fb©bQfSUS��Ä¨�FbF�H < �ß�CE¨�±=Þ;SUQ 	 �F�F8� � Å� � ó

�"! ý [ ù 3 ' � í ��!	) 	�ù �53 �*' �
û �-+ � ý=ù�þ�	���û ���� P ù � � 3��� ' è þ �-+ � � ý=ù�:� þ�	���û��� � � [ ù��� � 3 ' è � 	 Ã ¶ ����MCdÝ SUF�¬ ù ³GF�Q��±:CoCE¬�ªr�CESUÞv¬�TUCEH?Cfß�¬�ªJF��¯v�¬�Fb± 	�� ¶ �E� µ 	�� ¶ Ã � ¶ >¢ÞJS´¬�TUDJSU¯°TUHJI 	�� ¶ �E� ³°¯ÐQß�ÞJH;©/¬�TUCEH��KC��8QfH;R	Þ;�T´H;I��Ä¨�F�FbH < �ß�CE¨�±=ÞJSmQ 	 Ã ¶ �E� ®;Ý�F�I�F/¬�ó

�"! 	yùfúmú � þ�ü.%=ùfúmú % � �(' � þ � ! ) 	�ù ��� �(' � þ �"+-, � � ���� ' è þ �-+-, � � ' è þ �-+-, � ùfú��� �
� �
��� ' è í Å �	 Ã ¶ Ã �

 �ªJF�H Ý�F�RvF��)HJF�¬�ªJF�SUTUHJF�Qf¨?CEDGF�¨�Qd¬�CE¨�
	!�%� [ C�� 	 ������ � ®R@ C�� 	 `�G`�� � ® � C
� 	 \�G`�� � QEH;R � P C
� 	 \����� � ³°¯

� 	 ù ��� � ������� í 	yù ��� � � � � ù ��� C����
� � � ��� � a ��� a í 	 � ��� � _ � � � C \ � � � C ` �
� @ ù ��� � a ��� a í 	�ù ��� � a � � ù ���KC ` �
� � P � ��� � � � ��� í 	 � � ��
 � � _ � � � C \ � � � C�� �
� � [ ù ��� � ������� í 	 ��� ù � � � � � _ � � ù ��� C�� �B�¯�ò°TU¨�¬�ÞJF�CfßMâ�Q&F°µ >¢TUSUIE¨�Qf± < �¬�ªJF�C�¨�Fb± 	 �F�F9� Æ� � ®$Ý�F��F�F�¬�ª)Qd¬!	+® @7Tm�¬�ª;F�©�QEHJCEHJTm©bQfSTm�C�±:CE¨�DJªJTm�± ß�¨�CE±���C�Ho¬�C"� � ¨�Fb�DGFb©(¬�TUòEF�SU¯E®oß�¨�CE± ` CEHo¬�CB` � ¶  �ª)QfHJáv�¬�CEI°CE³GCESUFbòP< F�±t³)F�RJRvTUHJIo 	 �FbF�� �  � ®)Ý�F�©�ª;Fb©�á^F�QE�T´SU¯t¬�ª)Qd¬ � ® � P ®P� [ Qf¨�F"©/CEHo¬�T´H°ÞJC�Þ;�CEDGF�¨�Qd¬�CE¨��ß�C�¨¬�ªJF+©�CE¨�¨�F��DGCEH)RvTUHJI+¬�CEDGCESUCEI�T´F�/¶LO��Þ;±:F	¬�ª;Qd¬"	 ù	þ � P ��þ � [ 3/C ` � ®�¬�ªJFbH�Ý�FÐ©�QEH�ß�CE¨�±=ÞJSmQf¬�F^¬�ªJF¢òdQf¨�TmQd¬�TUC�H;QfSF6@oÞ;Qf¬�TUCEH 	 Ã ¶ Ã � Q�Äó
ù úmú þ @R# P 	 	 ù"þ � P �"þ � [ ù ú þ �!�P� í Å � T´H ` �VêF�RvF7�;HJF=¬�ªJF=F�HJFb¨�I�¯?�D;Q�©/F D í � � ` � \ � \�®�F�H;RJCdÝ�F�R?Ý�T�¬�ª¢¬�ª;F=Þ;�Þ;QES TUHJHJFb¨DJ¨�C°RJÞ;©(¬"ó

	 ?M��#? �%$ í � �"! 	 3&#3 þ�ü.% 3 % #3 �(' � þ �"!	) 	yù ��#ùK�*' � þ �"+ , 	+� #�+þ�� #�P�*' è 1 �
� ? í 	yù �43K� � � �P� ��#? í 	 #ù ��#3 �'#� � #�P� CGD � 	 Ã ¶ Á ��MF7Fo¬MÝ�F"TUHo¬�¨�C°RJÞ;©/F�¬�ªJF"SUTUHJF�Qf¨�ÞJH°³)C�ÞJH;RvF�R�C�D)Fb¨�Qf¬�CE¨ A QE�ß�C�SUS´CdÝMOó

� 	�A � í � 	yù �43K� � � �P�)( C D ó 3JC���QEH;R�	 ù"þ � P �+þ � [ 3JC ` � 1 � 	 Ã ¶ 2 �
2



A ? í
�����

û 3
@ # P 	 	 ù�þ � P �"þ � [ 3 þ �!�P�

û � 3��� þ��û 3 þ �

������ � � ? C � 	�A � � 	 Ã ¶ Æ �
>¢CE¨�F�Cdò�F�¨b®°RJF�HJCE¬�TUHJIt³o¯8? í 	yù � ùfú � � � �P� ( ¬�ªJF+�¬�Qf¬�F�Cfß ¬�ªJF"�¯°�¬�Fb± 	�� ¶ ��� µ 	�� ¶ Ã � ®vÝ�F"©bQfHß�CE¨�±=Þ;SUQf¬�FO¬�ªJF+�¯v�¬�F�±7Q��QfH?F�ò�CESUÞv¬�TUC�H;Qf¨�¯�F�@�Þ)Qd¬�TUC�HÐó? úWþ A ? í Å � ? 	 Å � í ? ë CGD � 	 Ã ¶ � �
Ú�¬MTm�F�QE�¯�¬�C�DJ¨�CdòEFO¬�ª;Qf¬ A Tm�Q=±^Q&FvT´±^QESJ±:CEH;Cf¬�C�HJFÄCEDGF�¨�Qd¬�C�¨�TUH�¬�ªJF"FbHJF�¨�IE¯:�D;QE©�F DÐ¶
 �ªJF�H A IEFbHJF�¨�Qd¬�Fb@Q @�ëO�F�±:TUIE¨�CEÞJD�� / 	���� Cfß�©/CEHo¬�¨�Q�©(¬�TUC�H;�C�H�¬�ªJF�F�H;F�¨�IE¯��D;QE©�F D 	 �FbF� Æ� � ¶	 a ¥�
<¥ _�½�`b½ ¥)¿ C�g 	� � ? í 	�ù �53x� � � �P� C � 	�A [ � ��wm~J|�lÐ�<|�~Jpd�d| �

ù C ���� [ 	 ã � ì�� � 	 Ã ¶ Ç �	 a ¥0¥�� g �ÄTUòEF�H ?Gë í 	�ù ë �53�ëP� � ëP� � ë � C � 	�A � ®WÝ�F��C�SUòEF�¬�ªJF+F�@oÞ;Qd¬�T´C�H A ? í ?Gëd¶] �ªJTm±:FbQEH;�¬�ª;Qf¬ õööö÷ öööø
3 í û�ù ë �
	 ù"þ � P �+þ � [ 3 þ �!� í @ 3 ë �
�=û � 3

��� í � ëj�
��û 3 í � ë �

	 Ã ¶ � �
I°TUH;©/FT@ Tm�¬�ªJF+©bQfHJC�HJTm©ÄTU�CE±:C�¨�D;ªJTm�± ß�¨�C�± ` CEHo¬�C ` � QEH;R	�TUH;©/F	3 ë C `�®;¬�ªJFbH¢F�SUTU±:T�µH;Qd¬�TUHJI83J® � QEH;R � TUH 	 Ã ¶ � � ®JÝ�F �)H;R	¬�ª;Qf¬ ù �Qd¬�Tm(�;FbOó

	 ù�þ � P � � ë û � ù ë
��� � þ �

�
� ë û�ù ë � í @ 3 ë þ � [ ù ë ��TUH � � � 	 Ã ¶ À ��O�TUHJI��Ä¨�F�FbH < Oß�C�¨�±tÞJSmQ 	 Ã ¶ ��� ®�Ý�FtT´Ho¬�F�¨�DJ¨�F�¬�F�@�Þ)Qd¬�TUC�H 	 Ã ¶ À � TUHo¬�C	¬�ªJFtß�C�S´SUCdÝ�TUHJI�òdQf¨�TmQdµ¬�TUCEH)QfS�F6@oÞ;Qf¬�TUCEHró

��! � ý [ ù"þ�ü�ý 3bë û 3�ë � � ' � þ �-+ ,�� ý=ù�þ�	��Mû����� P ù"þ �
� ë û � ù ë

��� ��� � ���� ' è
û � + , � � ý=ù��� þ 	��@û��� � � [ ù��� û 	 � ë û	ù ë ��û � [ ù ë

��� [ þÐü � 3�ë�:� � � ' è í Å � � � C�� � 	 Ã ¶ � Å �Ú�¬�ß�CESUSUCdÝM�¬�ª;Qd¬
õööö÷ öööø
ý [ ù í 3bë ûêü�ý 3�ë C ] [ 	 ã � �ý=ù"þ
	���û����� P ù í û!	 � ë û � ù ë

��� � C ] [ 	 è P � �� ý=ù
��� þ�	���û���

� � [ ù��� í 	 � ë ûêù ë �$û�ü � 3 ë��� þ � [ ù ë
��� [ C  # P 	 è P � �

	 Ã ¶ �j�E�

 �ªJF�H0®�¬�ª)QfHJáv�¬�C�¬�ª;F:F�SUSUT´DJ¬�Tm©Ä¬�ªJFbCE¨�¯ 	 �F�FK� � Á� � ®$Ý�F:RvF�RvÞ;©/Ft¬�ª;Qd¬ ù C  ��� [ 	 ã � ¶  �ªJFDJ¨�CoCEß Tm�¬�ª°Þ;�©�CE±:DJSUF�¬�Ff¶
Æ



	 a ¥�
<¥ _�½�`b½ ¥)¿ C�gDC � ~J|t}�|/j��du{�d|/lGw 	 å þ A � # P ����wm~J|���z;|�}�pfw��d} û A kUj+lW�dl (����fqMz;pE�bw�kmlwU~;|=|�lG|�}�nE��j�zJp���| D �	 a ¥0¥���â0F�¬ ?�� í 	yù ���53���� � ��� � � � ³GF+Qt³)C�ÞJH;RvF�R?�F�@�Þ;F�H;©�FÄTUHGD �Þ;©�ª�¬�ª)Qd¬
* ? � * $ < � � ��� ! Å �â0F�¬"ó

#?�� í 	 å þBA � # P ?���� ��� ! Å � �ªJF�H�#?�� í 	 #ù ��� # 3��b��#� �:� #� � � Tm�RvF/¬�F�¨�±:TUHJFbR:³°¯�¬�ªJF�ß�C�S´SUCdÝ�TUHJI+�¯v�¬�F�± ó
õö÷ öø
#3 � í #ù � ûêù � �
Ã #� � í � � þ � # 3 �

��� �
Ã #� � í � � þ #3 � � 	 Ã ¶ � Ã �

Ý�ªJF�¨�F�#ù � TU�¬�ªJF"ÞJHJT @oÞJF"�C�SUÞv¬�TUCEH�Cfß$¬�ªJF"òdQf¨�TmQd¬�T´C�H;QfS)F6@oÞ;Qf¬�TUCEHró
	 #ù ����� � � þ�	 #ù ����� � a þ � +-, % #ù � % � ' è þ � +-, #ù � � ' è í 	yù � þ 3������ � a

þ � + , %=ù � % � ' è þ � + , ù � � ' è û � + , � � � ���� ' è û � + , � � � ' è � � � C�� 	 Ã ¶ � Á �
ß�¨�C�± Ý�ªJTm©�ª	Ý�F�IEF�¬MFbQ��TUSU¯�¬�ª;Qd¬

* #ù � * � <^@ * ?�� * $ � þ�� � ��� !�� � �ªJFÄÞ;�TUHJI+¬�ªJFÄ¬�¨�QE©�FM¬�ªJF�C�¨�Fb±^/®oÝ�F�©�QEH��;H;R�D)Co�T´¬�T´ò�FM©/C�H;�¬�QfHo¬�@é�Þ)©�ª:¬�ª;Qf¬�ß�CE¨�QfSUS
� ! � Ý�F�ª;Q²ò�Ftó
����
� #3��
���

����
	 ,��� . + , 1 þ * #3�� * 	�� �� . +", 1 <^@ * #3�� * � < @ � * #ù � * � þ * ù � * � � � þ�� �I°TUH;©/FM¬�ªJFÄTU±=³GFbRJRJT´H;I�$ß�¨�CE±  P � [ 	 è P � QEH;R �� � [ 	 è P � TUHo¬�C ] [ 	 è P � Qf¨�FO©/C�±:D;QE©/¬�®�Ý�T´¬�ªvµCEÞv¬�SmQE�&Cfß�IEFbHJF�¨�QfSUT´¬�¯f®fÝ�FO©�QEH^QE��Þ;±:F�¬�ª;Qf¬ � # 3 ��:� QEH;R�#3 � ©/CEH°ò�F�¨�IEF��¬�¨�C�HJIESU¯+TUH ] [ 	 è P � ¶�MCdÝ-S´F�¬ 	 � � � ���)ë�³GF+QfH�CE¨�¬�ªJC�HJCE¨�±^QfSG�F�@oÞJF�H;©�F�T´H ] [ 	 è P � ¶<B�¯�B�F���F�S < <TUHJF�@�Þ)QfSUT´¬�¯=Ý�Fá°HJCdÝ ¬�ª;Qd¬
� ��� Å ��T´H ] [ 	 è P �QfH;R�HJCEH��ÞJ³;�F6@oÞJFbH;©/F	Cfß � ��©/CEH°ò�F�¨�IEFb"�¬�¨�CEH;IESU¯rTUH ] [ 	 è P � ¶  �ªJFb¨�F�ß�CE¨�Ff®&HJCEHç�ÞJ³)�F�µ@oÞJF�H;©�F�Cfß #� � í �Ã 	+� � þ #3 � � ©/CEH°ò�F�¨�IEFb$�¬�¨�CEHJI�S´¯�TUH ] [ 	 è P � ¶  �ªJTm D;¨�Cdò�Fb�¬�ª;Qf¬ 	 å þ�A � # PTm�HJCEHvµÛ©/C�±:D;QE©/¬�TUHGD¢¶

�



� � Í=Ù��	Ê?Í=Õ ÒbÓ+Ù^×OÊ?×MÌ���� Î¢×MÑ�Ó�� Ì@ÓÄË$× Ó+Ê?Î>Ø�Ë$Ì@Í=Ê�� Ø�Ë$Ó SÐÒ�ÙGN
Ò/Ë	��U

ÚÛH	¬�ªJTm��Fb©(¬�TUCEH�®vÝ�F �)¨��¬�Fb�¬�Qf³;S´Tm�ª:¬�ª;F"D)C�S´¯°HJC�±:TmQfS;FbHJF�¨�IE¯^RJFb©�Q²¯�¨�Qf¬�F�ß�CE¨M�±:CoCE¬�ª�C�SUÞv¬�TUCEH=CfßGF6@oÞ;Qd¬�TUCEH 	 Ã ¶H� � ¶��OF�F°¬�Ý�F�D;¨�Cdò�F�¬�ªJFM�¬�¨�CEHJI��¬�Qf³JTUSUT´¬�¯Äß�CE¨&¬�ª;F�Ý�F�Qfá��CESUÞv¬�T´C�H�¶VêF=QE��ÞJ±:F�¬�ª)Qd¬�¬�ª;F�¨�F"F�FvTm�¬ � � Å QEH;R � ë C¢å æ [ �Þ;©�ª�¬�ª;Qf¬�®;DJÞJ¬�¬�TUHJI � 	 � � í � û � ë�®Ý�F"ª)Q²òEF=ó
	 � � � � ! �$# P � � � C¢è P QfH;R 	 � � � � < Å � � � C�è�ë � 	 Á ¶ ���


<¡�� � c���g 	� |�w�� P � � [ � # � [ ���� [ C ] [ 	 è P � pdlW� ù j�pfw�kUjm���^wm~J|��/�dumu´�d�@kmlonr���flG�fk�wyky�flJj �õööööö÷ öööööø

ù C���� ý [ ù C ] [ 	 ã �ý=ù�þ�	��Mû����� P ù í � P �dl è P �� ý=ù
�:� þ�	���û��� � � [ ù��� í � [ þ � �� [�b� þ # � [ �dl è P �
ù í � ù

��� í Å �dl è ë �
	 Á ¶ Ã �

� ~J|�l��<|�~Jpf�²| � û �"! ý [ ù�	 � � %=ù �(' � < û �Ã �"!	) 	yù � ùK�*' �
þ @ ë � + , 	5# � P # [ þ # � [ # [ þ/# �� [ # [ �*' è û � + , # � [ 	 � � %=ù �(' è � 	 Á ¶ Á �

� ~J|�}�| @�ë kUj�pÄz;�²j(k�w�km�²|����dl;j(w�pdlGw���|�z;|/lW�dkml°n¢�dl;ux���dl�wm~J|t�E�fq�pfkml ã �	 a ¥0¥�� g LO��Þ;±:F:¬�ª;Qf¬ � P ���� [ C �� � [ 	 è P � QfH;R � [ �)# � [ C  P � [ 	 è P � ¶  �ªJFbH�Ý�F^ª)Q²òEFù C  Y 	 ã � ¶ ���TUHJI��Ä¨�F�F�H>< �ß�C�¨�±tÞJSmQ 	 Ã ¶ �E� Ý�F"ª)Q²òEF=ó
� ! ý [ ù�	 ��� %=ùK�*' � í � ! ) 	yù � ùK�*' �

þ � + � � ý=ù��� þ�	���û���
� � [ ù��� � 	 ��� %=ùK�*' è û � + � ý�ù"þ
	��Mû����� P ù � � 	 � � %=ù ���� ' è

þ �Ã � + 	 ��� � � � � � [ ù��� [ P � [ þ � � [ ù
��� [[ � [ þ Ã  � [ ù��� [ P � [ ù��� [[ þ Ã 	���û���

� � [ ù
��� P ��� [ � [ 1 � 	 Á ¶ 2 �

I°TUH;©/F ù í � ù
��� í Å CEH¢è�ëf®JT´¬�ß�CESUSUCdÝM�¬�ª;Qd¬

%=ù í Å � � P ù í Å � � 	 � � %=ùK�
�:� í 	 ��� � ��ý=ù C�H¢è0ë � 	 Á ¶ Æ �� � [ ù

��� [ P � [ þ � � [ ù
��� [[0� [ þ Ã  � [ ù��� [ P � [ ù��� [[ þ Ã 	���û���

� � [ ù
��� P ��� [ � [ í 	�ý=ùK� [ C�H�è ë � 	 Á ¶ � �

N�H�¬�ªJF"CE¬�ªJFb¨�ª;QfH;R�®JÝ�F"ª;Q²ò�F�ó� � [ ù
��� [ P � [ þ � � [ ù

��� [[ � [ þ Ã  � [ ù��� [ P � [ ù��� [[ þ Ã 	���û���
� � [ ù
��� P ��� [ � [

Ç



! 	���û��� � � � [ ù��� [ P"� [ þ � � [ ù
��� [[0� [ þ Ã � � [ ù

��� P ��� [ � [ 1 � 	 Á ¶ Ç �
ÚÛH;�F�¨�¬�TUHJI 	 Á ¶ Æ � µ 	 Á ¶ Ç � TUHo¬�C 	 Á ¶ 2 � I�TUòEFb

��! ý [ ù�	 ��� %=ùK�*' � ! ��! ) 	yù � ùK�*' �
þ �-+ , � � [ þ # � [ � 	 � � %=ùK�*' è û �"+ , � P � 	 � � %=ùK���� ' è û �-+ , �� [ � 	 � � %�ùK���� ' è

þ 	���û���Ã=� � +-, � � � [ ù��� [ P � [ þ � � [ ù
��� [[ � [ þ Ã � � [ ù

��� P ��� [ � [ 1 � 	 Á ¶ � �
LéRvTU¨�F�©(¬M©/C�±:DJÞv¬�Qd¬�TUC�H^IETUòEF�

::::
� 	 � � %=ù ���� :::: < ::::

� ù
��� :::: þ æ � � � [ ù��� [ P"� [ þ � � [ ù

��� [[0� [ þ Ã � � [ ù
��� P ��� [ � [ 1

,
� 	 Á ¶ À �

::::
� 	 � � %=ùK���� :::: < ::::

� ù
��� :::: þ æ � � � [ ù��� [ P � [ þ � � [ ù

��� [[ � [ þ Ã � � [ ù
��� P ��� [ � [ 1

,
	 Á ¶ � Å �

Ý�ªJF�¨�F"æ í * � *�����. ! 1 Tm�¬�ªJF+RJTUQE±:F/¬�F�¨�Cfß&ã�¶  �ª;F�H�ß�CE¨MQEHo¯�� � Å ®JT´¬�ß�C�SUS´CdÝM<¬�ª)Qd¬

� + , � P � 	 � � %=ùK���� ' è !-û � ÃJ� + , # � P # [ ' è û �
� � + , ::::

� ù
��� ::::

[ ' è
û æ�[� �-+ , � � � [ ù��� [ P � [ þ � � [ ù

��� [[ � [ þ Ã � � [ ù
��� P ��� [ � [ 1 ' è � 	 Á ¶ �j�E�

� +-, �� [ � 	 � � %=ùK���� ' è !-û � Ã8� +-, # �� [ # [ ' è û �
� � +-, ::::

� ù
��� ::::

[ ' è
û æ�[� �-+-, � � � [ ù��� [ P�� [ þ � � [ ù

��� [[ � [ þ Ã � � [ ù
��� P ��� [ � [ 1 ' è � 	 Á ¶ � Ã �

� +-, � [ 	 ��� %=ù �(' è ! û � ÃJ� +-, # � [ # [ ' è û æ [Ã � � +-, # %=ù # [ ' è � 	 Á ¶ � Á �
ÚÛH;�F�¨�¬�TUHJI 	 Á ¶ �P��� µ 	 Á ¶ � Á � T´Ho¬�C 	 Á ¶ �j� ®)Ý�F�CE³J¬�QfTUH�¬�ª;Qf¬

�"! ý [ ù�	 � � %�ùK�(' � 	 Á ¶ � 2 �
! � ! ) 	�ù � ùK�*' � þ � + , # � [ 	 � � %=ù �(' è û � Ã � + , � # � P # [ þ # �� [ # [ þ/# � [ # [ � ' è

þ � 	���û���Ã:� û Ã æ�[� � �"+ , � � � [ ù��� [ P � [ þ � � [ ù��� [[ � [ þ Ã � � [ ù
��� P ��� [ � [ 1 ' è û Ã þ æ�[Ã � �-+ , # %=ù # [ ' è �

�



VêF"C�³v¬�QETUH 	 Á ¶ Á � ³°¯:¬�QEáoTUHJI � � Å �Þ ?:©�TUF�Ho¬�SU¯�SmQf¨�IEFOTUH 	 Á ¶ � 2 � ó
� ! 2 � æ�[

	��Mû��� QEH;R Ã þ æ�[Ã � ��+ , # %=ù # [ ' è=< �Ã �"! ) 	yù � ùK�*' � � � ù C�� �
 �ªJF�©�QE�F � P ® � [ ® # � [ ®��� [ C ] [ 	 è P � ©�QfHr³)F�©/C�±:DJSUF/¬�F�R?³°¯	¬�ªJF��¬�QfH;RJQE¨�R¢RJF�H;�T´¬�¯�QE¨�I�Þvµ±:F�Ho¬� 	 �FbF"â0F�±:±^Q Á ¶ � TUH	KMQEC � �6�  � ¶l �ªJF�DJ¨�CoCEß Tm�¬�ª°Þ;�©�CE±:DJSUF�¬�Ff¶

<¡�� � c���g C  |�w ? ë C � 	�A [ � pflG���=��|�p"j(q:�b�EwU~:j��du{sJw�ky�dl¢����wU~;|Mj(�²j/w�|/q 365f� 598 (9365f� � 8d�
� ~J|�lt�/�f}�pdumu)Å < � <�� � � �<|Ä~;pd�d| �

� (
�
� ! ù [ú � 	����(' � ' ��þ �Ã � (

�
� ! ) 	�ù � ù � � 	����(' � ' � < & P � 	 � � � 	 Å � 	 Á ¶ � Æ �

� ~J|�}�|Z& P kUj�p"zJ�dj�k�w�km�d|t���flJj/w�pfl)w��E|ÛzJ|�lG�fkmlon?�dl * ? ë *),".0/ 1(�	 a ¥0¥�� g >ÐÞJS´¬�TUDJSU¯°T´H;I"¬�ªJF"F�@oÞ;Qd¬�T´C�H 	�� ¶ �E� Ý�T´¬�ª � � %=ù � 	���� Ý�F�CE³J¬�QfTUHró
� (
�
� ! ùfúmúC	 � � %�ùK� � 	����(' � ' �&ûêü � (

�
� ! ý=ùfúmúC	 ��� %=ùK� � 	����*' � '-� í

û � (
�
��! ý [ ù�	 � � %�ùK� � 	����(' � ' � � 	 Á ¶ � � �

ÚÛHo¬�F�I�¨�Qf¬�TUHJIt³°¯^D;Qf¨�¬��C�H�¬�ªJF �;¨��¬�¬�F�¨�± TUH 	 Á ¶ � � � I�TUòEFbOó
� (
�
�"! ù úmú 	 � � %�ùK� � 	����(' � ' � í � ��! ù ú 	 � � %�ùK� � 	���� � ( � û � (

�
�"! ù ú 	 ��� %=ù � � ú 	����(' � ' �

þ � (
�
� ! ù [ú � 	����*' � '-�&û �Ã � (

�
� + , 	 � � � ��ù [ú � 	����*' è '-� � 	 Á ¶ � Ç ��O�TUHJI��&CETUH;©�QE¨�¨��F=< &TUHJF�@�Þ)QfSUT´¬�¯f®o¬�ªJFb¨�F�F�FvTm�¬��Q:©/C�H;�¬�QfHo¬�@ P � Å �Þ;©�ª�¬�ª;Qd¬"ó

� ! ù ú 	 � � %=ùK�*' � <^@ P � 	���� � � ��! Å �
 �ªJF�H?T´¬�ß�CESUSUCdÝM�¬�ª;Qd¬"ó

� �"! ù ú 	 � � %=ùK� � 	����*' � � ( � û � (
�
� ! ù ú 	 ��� %=ù � � ú 	����(' � ' �

!-û @ P � � [ 	 � �0þ � [ 	 � � � þ @ P � (
�

� úC	���� � 	����(' �'! û Á @ P � [ 	 � � � 	 Á ¶ ���j�
ÚÛH;�F�¨�¬�TUHJI 	 Á ¶ �6� � T´Ho¬�C 	 Á ¶ � Ç � I�T´ò�Fb�ó

� (
�
� ! ù úmú 	 � � %�ùK� � 	����(' � ' �

À



! � (
�
�"! ù [ú � 	����(' � ' �&û Á @ P � [ 	 � �&û æ Ã9� (

�
�-+-, ù [ú � 	����*' è '-� � 	 Á ¶ � À �I°TUH;©/F ?)ë�C � 	�A [ � ®0ß�¨�CE± �<¨�C�D)Co�T´¬�T´C�H Ã ¶ � QfH)Rr�F�±:TUIE¨�CEÞJDGF�¬�ª;F�CE¨�¯ 	 �F�F � � Ç� � ®0Ý�Fª;Q²òEFtó � ù C @ ë 	 å æq�   ��� [ � ì�@�[ 	 å æ�� �� � ì @ �P	 å æ�� 9` � �

� � � C @�[ 	 å æ��  ] [ 	 è P ��� � 	 Á ¶ ÃEÅ �
 �ªJF�H?Ý�F"©�QfH?TUHo¬�FbIE¨�Qd¬�F�³°¯^D;Qf¨�¬��C�H�¬�ªJF+�Fb©/C�H;R�¬�F�¨�± TUH 	 Á ¶ � � � ó

û�ü � (
�
� ! ý�ù úmú 	 � � %=ùK� � 	����*' � '-� í 	 Á ¶ Ã �E�

û�ü � (
�
�-+ , � ù úmú��� 	 � � %=ùK� � 	����*' è '-��þ�ü � �"! %=ù ú % 	 � � %�ùK� � 	���� � ( �

û�ü � (
�
�"! %=ù ú % 	 ��� %=ùK� � ú 	����(' � ' �&û ü ÃJ� (

�
�-+ , 	 � � � � # %=ù ú # [ � 	����(' è ' � ��O�TUHJI � QfÞ;©�ª°¯oµ IJ©�ªoÝ�Qf¨ � < �TUHJF�@oÞ;QfSUT´¬�¯f®oÝ�F�IEF�¬"ó

:::: ü ��! %=ù ú % 	 � � %=ùK�*' � :::: < @ [ � 	���� � � ��! Å �Ú�¬�ß�CESUSUCdÝM�¬�ª;Qd¬
ü � �"! %�ù ú % 	 � � %=ùK� � 	����*' � � ( � !Yû Ã @ [ � [ 	 � � � 	 Á ¶ Ã�Ã �

û�ü � (
�
� ! %�ù ú % 	 � � %=ùK� � ú 	����*' � '-�'!-û @ [Ã � [ 	 � � � 	 Á ¶ ÃEÁ �

ÚÛH;�F�¨�¬�TUHJI 	 Á ¶ ÃEÃ � QfH;R 	 Á ¶ ÃEÁ � CEHo¬�C 	 Á ¶ Ã �E� Ý�F�CE³v¬�QfTUH�¬�ª;Qd¬
û�ü � (

�
��! ý�ùEúmú8	 � � %�ùK� � 	����(' � ' �'! û�ü � (

�
�-+-, � ùfúmú��� 	 ��� %=ù � � 	����(' è ' �

û Æ Ã @ [ � [ 	 � �$û ü æÃ � (
�
� +", # %=ù ú # [ � 	����(' è ' � � 	 Á ¶ Ã 2 �

N�H�¬�ªJF"Cf¬�ªJF�¨�ª)QfH;RW®)Þ;�TUHJI 	 Á ¶ ÃEÅ � Ý�FÄª)Q²òEFtó
õööööö÷ öööööø

ý [ ù C ] [ 	 ã � �ý=ù"þ
	���û����� P ù í � P CEH?è P �� ý=ù
��� þ�	��Mû��� � � [ ù��� í � [ û � �� [��� þ #� [ CEH¢è P �
ù í � ù

��� í Å CEH?è0ëj�
	 Á ¶ Ã�Æ �

Ý�T´¬�ª
� P í û � C ] [ 	 è P � � � [ í � C ] [ 	 è P � � # � [ í ü � ù úmú��� C ] [ 	 è P � QEH;R �� [ í û � ù ú��� C ] [ 	 è P � �

� Å



LMDJD;S´¯°TUHJI�â0Fb±:±^Q Á ¶ � ¬�C 	 Á ¶ ÃEÆ � Ý�F�IEF/¬�ó
û � (
�
�"! ý [ ù�	 � � %�ùK� � 	���� < û �Ã � (

�
�"! ) 	�ù � ùK� � 	����(' � ' �

þ @ ë � (
�
� + , � � [ þ � [ þ ::::

� ù ú
�b� ::::

[ � � 	����*' è '-�bû�ü � (
�
� + , � ù úmú��� 	 � � %=ù � � 	����(' è ' � � 	 Á ¶ Ã � ��O�TUHJI 	�� ¶ Á � Ý�F�ª;Q²òEFtó

# ù ú # [ þ # %=ù ú # [ < Ã � # � ú # [ þ # � ú # [ þ # � # [ þ # �0# [ þ ::::
� ù ú
��� ::::

[ � � CEH?è P � 	 Á ¶ ÃoÇ �
ÚÛH;�F�¨�¬�TUHJI 	 Á ¶ � À � ® 	 Á ¶ Ã 2 � ® 	 Á ¶ Ã � � QfH;R 	 Á ¶ ÃoÇ � TUHo¬�C 	 Á ¶ � � � IETUòEF�<¬�ª;Qd¬

� (
�
� ! ù [ú � 	����(' � ' ��þ �Ã � (

�
� ! ) 	�ù � ù � � 	����(' � ' � < Á 	 @ P þ @ [ � � 	 � � � 	 Å �

þ � 	�ütþ
�E� æ þ @ ë � � 	 � � � (
�
� + , � � [ þ�� [ þ ::::

� ù ú
�b� ::::

[ þ � [ú þ�� [ú � ' è '-� � 	 Á ¶ Ã �j�
N�H�¬�ªJF"Cf¬�ªJF�¨�ª)QfH;RW®;ß�¨�C�± 	�� ¶ Æ � Ý�F"ª;Q²ò�F�ó

� (
�
�-+ , � � [ þ�� [ þ ::::

� ù ú
��� ::::

[ � ' è ' � í û � (
�

� ú 	����(' � < � 	 � � � 	 Á ¶ ÃEÀ �I°TUH;©/F ? ë C � 	�A [ � ¬�ªJFbH^RvT´«GFb¨�FbH�¬�TmQd¬�TUHJI�¬�ª;F��¯°�¬�Fb± 	 Ã ¶H� � Ý�T´¬�ª:¨�F��DGFb©/¬�¬�C"¬�ªJFOòdQE¨�TmQf³;S´F� QEH;R	Þ;�TUHJI 	 Á ¶ ÃfÀ � Ý�F�ª;Q²òEF=ó
� (
�
� + , � � [ú þ�� [ú � ' è ' � < � P 	 � � 	 Á ¶ Á�Å �

Ý�ªJF�¨�FÄ¬�ªJF"FbHJF�¨�IE¯�Cfß ª;T´I�ª	C�¨�RJF�¨�� P 	���� Tm�RvF��;H;FbR�³°¯� PMí �Ã * ? ú 	���� * [ í �Ã * A ? 	���� * [ �ñ$T´H)QfSUSU¯=TUH;�F�¨�¬�TUHJI 	 Á ¶ ÃfÀ � QfH;R 	 Á ¶ Á�Å � TUH�¬�C 	 Á ¶ Ã � � Ý�F�CE³J¬�QfTUH 	 Á ¶ � Æ � ®JÝ�T´¬�ª
& P�í Á 	 @ P þ @ [ ��þ � 	�ütþ
�E� æ þ @<ë � � ��þ � P 	 Å �� 	 Å � � �

 �ªJF"DJ¨�C°Cfß Tm�©/C�±:DJSUF/¬�Ff¶

<¡�� � c���g �  |�w ? ë C � 	�A [ � pflG���=��|�p"j(q:�b�EwU~:j��du{sJw�ky�dl¢����wU~;|Mj(�²j/w�|/q 365f� 598 (9365f� � 8d�
� ~J|�lt�/�f}�pdumu)Å < � <�� � � ���<|�~Jpd�d|

� (
�
� ! ù [ú � 	����(' � ' ��þ�ü � (

�
� ! # %=ùfú�# [ � 	����(' � ' �&û � (

�
� ! ) 	�ù � ùK� � 	����(' � ' �

< & [ � 	 � � � 	 Å �0þ �Ã � (
�

� [ 	����(' � 	 Á ¶ Á �E�
� ~J|�}�|Z& [ kUj�p"zJ�dj�k�w�km�d|t���flJj/w�pfl)w<kmlG�E|Ûz;|/lW�E|�l)w���� ? ë �

�j�



	 a ¥0¥�� g >ÐÞJS´¬�TUDJSU¯°T´H;I+F6@oÞ;Qf¬�TUCEH 	�� ¶ �E� Ý�T´¬�ª ù � 	���� QfH;R	Þ;�T´H;I 	 Ã ¶ �E� Ý�FÄC�³v¬�QETUH^¬�ª)Qd¬"ó
� (
�
�"! ù [ú � 	����*' � '-��þ�ü � (

�
��! # %=ùfú�# [ � 	����*' � '-�&û � (

�
�"! ) 	�ù � ù � � 	����(' � ' � í

� � ! ù ú ù � 	����*' � � ( � û � (
�
� ! ù ú ù � ú 	����*' � '-��þ�ü � � ! %=ù ú %�ù � 	����*' � � ( �

û�ü � (
�
�"! %=ùfú*%=ù � úC	����(' � ' ��þ � (

�
�-+-, �dù � 	����*' è '-��þ � (

�
�-+-, � � ù��� � 	����*' è '-�

þ � (
�
� + , � ù ú���

� ù
��� � 	����*' è '-� � 	 Á ¶ ÁoÃ ��O�TUHJI��&CETUH;©�QE¨�¨��F=< &TUHJF�@�Þ)QfSUT´¬�¯f®o¬�ªJFb¨�F�F�FvTm�¬��Q:©/C�H;�¬�QfHo¬�@ � � Å �Þ;©�ª�¬�ª;Qd¬"ó

� �"! ù ú ù � 	����*' � � ( � û � (
�
�"! ù ú ù � ú 	����*' � '-� <+@ � � � [ 	 � ��þ � [ 	 � � �

û @ � � (
�

� ú 	���� � 	����*'-� < Á @ � � [ 	 � � � 	 Á ¶ Á�Á �I°TU±:TUSUQE¨�SU¯+Ý�F"ª;Q²ò�F�ó
ü � �"! %=ù ú %=ù � 	����(' � � ( � û�ü � (

�
�"! %�ù ú %=ù � ú 	����(' � ' � < Á @ Y � [ 	 � � � 	 Á ¶ Á 2 �

ÚÛH;�F�¨�¬�TUHJI 	 Á ¶ ÁEÁ � QfH;R 	 Á ¶ Á 2 � CEHo¬�C 	 Á ¶ Á�Ã � Ý�F�CE³v¬�QfTUH�¬�ª;Qd¬
� (
�
��! ù [ú � 	����*' � '-��þ�ü � (

�
�"! # %=ù ú # [ � 	����(' � ' ��û � (

�
��!	) 	yù � ùK� � 	����*' � '-� < Á 	 @ � þ @ Y � � [ 	 � �

þ � (
�
�"+", �dù � 	����*' è '-�0þ � (

�
��+-, � � ù�:� � 	����(' è ' �0þ � (

�
�-+-, � ùfú���

� ù
��� � 	����(' è ' � � 	 Á ¶ ÁoÆ �

N�H�¬�ªJF"Cf¬�ªJF�¨�ª)QfH;RW®;¬�ª;QEHJáv�¬�C�I°C�³)C�S´Fbò < �TU±=³GFbRJRJT´H;I�Ý�F"CE³v¬�QfTUH^¬�ª;Qd¬
�-+-, ù [ ' è=<^@ � � 	���� � �-+", # %=ù # [ ' è=<^@ � � 	���� � � �;! Å � 	 Á ¶ Á � �

� ªJC°C��TUHJI�� � Å �Þ ?^©/TUF�Ho¬�SU¯^�±^QfSUSWQfH;R�Þ;�TUHJI 	 Á ¶ Á � � Ý�F�ª;Q²òEF=ó
� (
�
��+ , �dù � 	����(' è ' � < �Ã � � (

�
�-+ , � [ � 	����*' è '-�0þ � Ã � (

�
�-+ , ù [ � 	����(' è ' �

< �Ã � � 	 � � � 	 Å ��þ � Ã @ � � (
�

� [ 	����*'-� � 	 Á ¶ Á°Ç �

� Ã



I°TU±:TUSUQE¨�SU¯+Ý�F"ª;Q²ò�F�ó
� (
�
� + , � � ù��� � 	����*' è '-� < �Ã � � 	 � � � 	 Å ��þ � Ã @ � � (

�

� [ 	����(' � 	 Á ¶ Á �j�
QfH;R � (

�
�-+-, � ùfú�b�

� ù
��� � 	����(' è ' � < �Ã � � 	 � � � 	 Å �0þ � Ã @ � � (

�

� [ 	����*'-� � 	 Á ¶ Á�À �
ñ$T´H)QfSUSU¯tTUH;�F�¨�¬�TUHJI 	 Á ¶ Á°Ç � ® 	 Á ¶ Á � � QEH;R 	 Á ¶ ÁEÀ � T´Ho¬�C 	 Á ¶ Á�Æ � Ý�F�CE³v¬�QfTUH�¬�ª;Qd¬�ó

� (
�
� ! ù [ú � 	����(' � ' ��þ�ü � (

�
� ! # %=ùfú�# [ � 	����(' � ' �&û � (

�
� !	) 	�ù � ùK� � 	����(' � ' �< � Á 	 @ � þ @ Y �0þ ÁÃ � � � 	 � � � 	 Å ��þ Á �Ã @ � � (

�

� [ 	����*'-� � 	 Á ¶ 2 Å �
� ªJC°C��TUHJI�� í �Á @ � TUH 	 Á ¶ 2 Å � Ý�F�C�³v¬�QET´H 	 Á ¶ Á �E� ¶	 a ¥0¥���¥ � �T� ¡°¥ a ¡�� 	 g 	)¶	V�F��;¨��¬=QE��Þ;±:F=¬�ª;Qd¬ ?)ë C^� 	�A [ � ¶ � CE±t³JTUHJTUHJI 	 Á ¶ � Æ �QfH;R 	 Á ¶ Á �E� Ý�F�CE³v¬�QfTUH^¬�ª;Qd¬"ó

� �KJ
�

� [ 	����*'-� < & � 	 Å � � 	 � � � � � ! Å 	 Á ¶ 2 �E�
Ý�ªJF�¨�F & Tm�IETUò�F�H�³°¯

& í @ � ��þ * ?Gë * [ ,'.0/21* ?Gë * [ � � � QfH;R @ � Å TU�TUH;RvFbD)FbH;RvFbH�¬MCEß ?Gë �
 �ª;QfH;á°�¬�C^Q�©/SmQE��Tm©bQfS;¨�Fb�ÞJS´¬�Cfß@ZOQf¨�QfÞ F 	 �F�F�� À� � Ý�F�CE³J¬�QfTUH�¬�ª;Qf¬� 	���� < � 	 Å � Ã:&

& þ � � � �;! Å � 	 Á ¶ 2 Ã �
ñ$T´H)QfSUSU¯�³°¯t¬�ªJFÄRvF�H;�T´¬�¯:Qf¨�IEÞJ±:FbH�¬�@Ý�FODJ¨�CdòEF�¬�ªJF�DGCESU¯°HJC�±:TUQESJRvFb©bQ²¯=¨�Qd¬�F 	 Á ¶ Á�Æ � ß�CE¨�QfSUS?)ë	C � 	�A � ¶	 a ¥0¥��=¥�� ��� ¡°¥ a ¡$� 	 gDC ¶:â�F/¬ ? ë C D¢®�¬�ªJF�¨�F�F�FvTm�¬��Q¢�F�@�Þ;F�H;©�F 	 ? �ë � ���)ë TUH � 	�A �©/C�Hoò�F�¨�IEF��¬�C8? ë TUHEDÐ¶  �ªJF�H � � � Å ¬�ªJFb¨�F"F7FvTU�¬� ��� � Å �Þ;©�ª�¬�ª;Qf¬

* ?Gë û ? � �ë * $ � � Ã �ñJ¨�CE±  �ª;F�CE¨�F�± � ¶ � ¬�ªJF�¨�F�F�FvTm�¬� � � Å �Þ)©�ª�¬�ª;Qd¬
* � / 	���� ? � �ë * $ � � Ã � � � � � 	 Á ¶ 2 Á �

 �ªJTm�TU±:DJSUT´F�@¬�ª;Qd¬
* � / 	���� ?Gë * $ < * � / 	���� ? � �ë * $Yþ * ?Gë û ? � �ë * $ < �I� � �l� � �Ú�¬�ß�CESUSUCdÝM�¬�ª;Qd¬

* � / 	���� ? ë * $�� Å � � � � þ�� � �ªJF"DJ¨�C°Cfß Tm�¬�ª°Þ;O©/CE±:D;S´F�¬�FE¶
� Á



� ×�Qf×MÌ@×�Ê?Ñ�×MØ� �  K�¶ L"¶)L�RJQf±^�®�� �����du��f� � zJp���|(j ®)L�©�QERJF�±:Tm© �<¨�F���®0�MFbÝ���CE¨�á � ÀoÇfÆ ¶� Ã� ñ�¶�LMSmQf³;QEÞ�® �$¶ � QfHJH;QE¨��Q¢QfH)R��+¶ § C�±:CE¨�HJTUá)® � lW�dkm}�|��bw�kml)w�|/}(lWpdu�j(w�pE��kmu{k0H�pfw�ky�dl ����<|�p��fu{�	���ds�zWu�|��	|��d�du{sJw�ky�dl�|���s;pfw�ky�dl;j��
	 ¶)X�ò�CESUÞv¬�T´C�H^X @oÞ;Qf¬�TUCEH; Ã 	 ÃEÅEÅ�Ã � ®JDJD0¶ � ÃoÇ µ
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� 2
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