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Bruleur à gaz

Echangeur de chaleur
eau sanitaire

Echangeur de chaleur

température
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solaire
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Pompe solaire

Vanne trois voies
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·5ÁÈ´qÂ�»�ªCâiÂ�ª)³Ï´�·F±�Â�·5Á�ª-ð%Â�«�­¼ª)´qÂ�»�ªF«%«²Â�«N»HÆÇªF³V³nªqÑmªG³n³nªÔ»�ª;Ó{µVªF¹/­�½�³VÂ�«�³;ºªFÄ�®ªG¶²ª�ªG­�¶%ªF¯°±�¹/­¼ªc¶²´q½�µV»�ªF¯°ªF¹/­§Ë
×ÎµV¹�«²µfÑm½3±�Â�¶E½�¶%ªF¹�»�¶²ªCªG¹:·F±�¯°½�­²ªc·Fª�½�Á�ºªG¹�±�¯Þ®ªF¹�ªlÑqÂ�¹�ªÔ¾¿±�¹�·;­¼µn±q¹ _ ´.ºª;­{ºªcµV¹/­¼¶²±�»�Â�µå­¼ªBÚyªG¹�ªGÃ3ªG­FÑl«%Â�¶
³Ï´4³nµnÄq¹�ª8·G±�¶²¶%ªF«%½3±�¹�»È´q¹/­¼ª	µn³�¾y´qÂ�­�·F±�¯°½�¶²ªG¹�»�¶%ª _ ·G±�¯°¯4ª�ºªG­5´l¹i­�Â�¹�ª�¾¿±�¹�·;­¼µV±�¹�»�ª�³n´�»�µVÃTºªF¶%ªF¹�·Gª
»�ª"­¼ªG¯4½�ºªG¶¼´l­²Â�¶²ªíÚ 7 *-, .KJ Ü @ 7 *8, .¿Û:ªG­4¹�±�¹[·F±�¯°¯4ªA»�´q¹�«�³VªF«°´qÂ�­²¶²ªG«4·F´q«4·G±�¯°¯4ª"Â�¹[·F±�ªeo°·FµVªF¹/­
âiÂ�µs¯:Â�³V­¼µV½�³nµVªF¶²´qµV­T·GªG­²­²ª�»�µVÃTºªF¶%ªF¹�·Gª�»�ª:­¼ªG¯4½�ºªF¶¼´Q­¼Â�¶%ª�Û;Ë^×Îµn¹�«²µ�³V±�¶²«%âiÂ�ª"Ú 7 *-, .KJ Ü @ 7 *-, . ÛIrq��Ñ3±�¹�´_ ; ��Ñ{ªG¹A¶²ª;Óq´l¹�·5Á�ª�³V±�¶²«%â�Â�ª	Ú 7 *-, .ZJ Ü @ 7 *-, .ÏÛ"s¸��Ñ _ ½�¶²ªG¹�»AÂ�¹�ª�Äq¶¼´q¹�»�ªÎÓl´q³nªGÂ�¶�·Gª�âiÂ�µ^¶%ªGÓ�µnªG¹/­�®´
¯ãºªF³Ï´l¹�Ä�ªF¶�½�´q¶%¾y´qµå­¼ªG¯4ªG¹i­N³VªF«N»�ªGÂ{Ò°·F±�Â�·5Á�ªF«GË�æcª�¹HÆÇªF«%­�¸�µVªF¹°ªF¹/­¼ªG¹�»�Â�½È´l«Ô·GªBâiÂ�µp«%ªB½È´l«²«²ª�»È´q¹�«�³n´
¶�ºªF´q³nµå­{ºªÔ¯�´lµn«�·Fª;­²­¼ª�­¼ªF·5Á�¹�µnâiÂ�ª)½�ªF¶%¯4ª;­s»�ªC«%µn¯:Â�³nªF¶�³Vªc½�Á�ºªG¹�±�¯Þ®ªF¹�ªC´�ÓqªF·)Â�¹�ªC½�¶�ºªG·FµV«²µn±q¹:´q·G·FªF½{­5´q¸�³Vª
»È´q¹�«�·Gª�·§´q«�¸�µnªG¹"½�¶�ºªG·Fµn«GËpÐ�¹Þ¶�ºªF«²Â�¯ãºªlÑ _ ªF«�­B¶%ªF½�¶�ºªF«%ªF¹/­{ºªGª�»�ª�³Ï´:¾y´9è·G±�¹"«²Â�µåÓl´q¹/­¼ªut

_ Úwv{Û ;
x � � «%µ v�s �
� «%µ v�r � ÚfÕ{Ë ÕqÛ

©�´:Óq´l³nªFÂ�¶ � �°´�ºª;­{ºª�µn»�ªG¹/­¼µVßcºªFª�®´	³gÆØ´qµn»�ªÎ»�ª�¯4ªG«²Â�¶%ªF«TªGÃ3ªF·;­¼Â�ºªGªF«Î«%Â�¶T³gÆÇµn¹�«�­5´q³V³Ï´l­²µn±�¹°¶�ºªGªF³V³nªqË
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©@ª�Ó�±�³VÂ�¯4ªA»�ªA³nµnâiÂ�µV»�ª�»È´l¹�«�³gÆÊºªF·5ÁÈ´l¹�Ä�ªFÂ�¶�»HÆØªF´qÂ�«¼´q¹�µå­5´qµV¶²ª�´ ºª;­{ºªA»�ºªG·F±�Â�½cºªÞªG¹ �¡� ·F±�Â�·5Á�ªF«
Ú$y&%{z{Ûc·G±�¹�»�Â�µn«¼´l¹i­B´qÂ�ÒëºªFâiÂÈ´l­²µn±�¹�«ÅÚfÕ{Ë7�/Û;Ë

) = , |4/2143 5&7 =
, |

5:9 ; ?�*8, = Ú 7 *-, |}@ 7 = , |;ÛA Ú � @ < *-, |;Û~? = , BlÚ 7 B�C�DF, .�G�@ 7 = , |;ÛA RT�� /2143iÚ 7 = , |�\ Ü @ 7 = , |;Û ÚfÕ{Ë.��Û
z ;�a � %>c>cdcd% �¡� f7 = , Ü à ; 7 .�G

ÌÀ´q¹�«�³gÆÇ±�¶²»�¶%ªqÑ�³nªF«4­¼ªF¶%¯4ªG«�®´a»�¶%±�µV­²ª�»�Âë«²µVÄ�¹�ª£ºªGÄ/´q³B¶²ªF½�¶�ºªF«%ªF¹/­¼ªL³fÆÊºªG¹�ªF¶%Ä�µnª�­²¶¼´q¹�«%¾§ºªF¶�ºªFª�ªG¹i­²¶²ª�³Vª
³nµVâiÂ�µn»�ª�»È´q¹�«°³gÆÊºªF·5ÁÈ´l¹�Ä�ªFÂ�¶°»^ÆØªF´qÂ[«²´q¹�µå­5´qµV¶²ªAªG­	³Vª"³nµnâiÂ�µV»�ª�»È´l¹�«	³Ï´�·FÂ�ÓqªÞ»^ÆØ×B¶²½H®ªGÄ�ªqÑN³nªG«	½3ªG¶%­¼ªG«
»È´q¹�«�³VªÀ¯4µV³nµVªFÂA´q¯�¸�µÏ´q¹/­)ª;­�³Ï´�Ól´q¶²µn´l­¼µV±�¹A»HÆÊºªF¹�ªG¶²Ä�µVªÀ»�Â�ª8´qÂ"»�ºªF¸�µV­T»�ª�«²±qÂ�­¼µV¶¼´qÄ�ª�RT�� Ë©@ª:·FµV¶²·FÂ�µV­B«²±�³n´qµn¶%ªÅªG«%­À·G±�¯°½3±�«�ºªFª8»�ª:½�³VÂ�«²µVªFÂ�¶%«Î½È´q¶�­¼µVªF«�t3³Vª�·F±q³n³nªG·G­²ªFÂ�¶�«²±�³n´qµn¶%ªqÑp³gÆÍºªF·5Á�´q¹�Ä�ªGÂ�¶
·FµV¶²·GÂ�µV­Î«²±�³n´qµn¶%ª�ªG­�³nªF«Î·F±�¹�»�Â�µV­²ªF«ÀªF¹/­²¶²ª�·Fª;­�ºªF·5ÁÈ´l¹�Ä�ªFÂ�¶Åª;­À³nª�·F±�³V³nªF·;­¼ªGÂ�¶FË3©@ª:Ó�±�³VÂ�¯4ª8»�ª�³nµVâiÂ�µn»�ª
»È´q¹�«8³Vª°·G±�³n³VªF·;­¼ªFÂ�¶Å«%±�³Ï´lµn¶²ª	´YºªG­{ºª4»�ºªF·F±qÂ�½�ºª�ªG¹�­²¶²±�µV«Å·G±�Â�·5Á�ªG«AÚw�q%��yÛ�·F±q¹�»�Â�µV«¼´q¹/­�´qÂ{Ò1ºªFâiÂÈ´l­²µn±�¹�«
»�µåÃ�ºªG¶²ªF¹/­²µnªF³V³nªG«�ÚgÕ{Ë��iÛ Ë

��� , �]/ ��� � 5&7 � , �5&9 ; ��h ���4�
@�� Ü � Ú 7 � , �g@ 7 B�C�DF, =$� ÛA RTV� /21 � Ú 7 � , �]J Ü @ 7 � , �åÛ ÚfÕ{Ë7�/Û

� ;�a � % Õg% �MfiÑ 7 � ,�J Ü ; 7X� , Z
©@ª�½�¶%ªF¯°µnªF¶°­¼ªG¶²¯°ª�»�ª�»�¶²±�µå­¼ª�¶%ªF½�¶�ºªF«%ªF¹/­¼ªL³Ï´�½�Â�µV«²«¼´l¹�·Fª�«%±�³Ï´qµV¶²ª.·§´q½{­{ºªFª�½�´q¶�³Vª�·F±q³n³nªG·G­²ªFÂ�¶GÑ�³Vª
»�ªGÂ{Ò{µg®ªF¯°ª�­²ªF¶²¯°ª�¶%ªF½�¶�ºªF«²ªG¹/­¼ª.³nªF«�½3ªG¶%­¼ªG«:­¼Á�ªG¶²¯°µnâiÂ�ªG«:ªG­�ªG¹�ßÈ¹ã³nª�»�ªF¶%¹�µnªG¶:»�ºªF·G¶²µå­�³Ï´.½�Â�µn«%«¼´q¹�·Fª
ºªF·5Á�´q¹�ÄEºªGª8ªG¹i­²¶²ªÅ³nªG«)»�µVÃ�ºªF¶%ªF¹/­¼ªG«B·G±�Â�·5Á�ªG«B»�Â.·F±q³n³nªG·G­²ªFÂ�¶�®´�·§´lÂ�«²ªÅ»�Â.»cºªF¸�µå­�RTV� Ë©@ª°Óq±�³nÂ�¯°ª�»�ª°³nµVâ�Â�µn»�ª:»�´q¹�«Å³gÆÊºªF·5ÁÈ´q¹�Ä�ªFÂ�¶Å»�Â�·FµV¶²·FÂ�µV­�«²±q³Ï´qµV¶²ª	´oºªG­{ºª°»�ºªG·F±�Â�½�ºª4ªG¹ � ·F±�Â�·5Á�ªF«
ÚF��%���Ûc·G±�¹�»�Â�µV«¼´q¹/­B´qÂ{ÒoºªGâiÂÈ´l­¼µV±�¹�«)»�µåÃ�ºªG¶²ªG¹i­²µnªG³n³nªG«ÅÚgÕ{Ë � Û Ë

)+3�, �d/21 � 5&7 3(, �5:9 ; ?�*8, 3/Ú 7 *-, ��\6L�@ 7 3(, ��ÛA RTV� /21 � Ú 7 3�, �4J Ü @ 7 3(, �§Û ÚfÕ{Ë � Û
� ;�a � %>c>cdcd% � fiÑ 7 3(,�J Ü ; 7n� , Ü h

©@ªÎ½�¶%ªF¯°µnªG¶Ô­²ªF¶²¯°ª�®´8»�¶%±�µV­²ªB¶%ªF½�¶�ºªF«²ªG¹/­¼ªÀ³Ï´�½�Â�µV«²«²´q¹�·FªÞºªF·5ÁÈ´q¹�Ä�ºªFªÀ´§ÓqªF·�³VªB³VµnâiÂ�µn»�ª�»�´q¹�«C³n´Å·GÂ�Ó�ª�ª;­
³nªÀ«%ªF·G±�¹�»�³n´:½�Â�µV«²«¼´l¹�·FªLºªF·5ÁÈ´l¹�ÄEºªFªA®´�·§´qÂ�«²ªÅ»�ÂÞ»�ºªF¸�µå­T»È´q¹�«T³nªÀ·Gµn¶%·FÂ�µå­T«²±�³n´qµn¶%ª�RTV� Ë
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©@ª�Ó�±�³VÂ�¯°ª:»�ª:³VµnâiÂ�µn»�ª8»È´l¹�«�³nªG«�·F±q¹�»�Â�µå­¼ªF«ÎªF¹/­¼¶%ª�³gÆÊºªF·5ÁÈ´q¹�Ä�ªFÂ�¶GÑH³nª8·FµV¶²·FÂ�µV­B«²±�³n´qµn¶%ª�ªG­�³nª�·G±�³åî
³nªG·G­²ªFÂ�¶�´aºªG­{ºªÅ»�ºªF·F±qÂ�½�ºªÅªF¹ � ��·F±�Â�·5Á�ªF«�Ú��X%(�@Û�·G±�¹�»�Â�µn«¼´l¹i­B´qÂ�ÒëºªFâiÂÈ´l­²µn±�¹�«)»�µVÃ�ºªF¶²ªG¹/­¼µnªG³n³VªF«�ÚfÕ{ËáÖ�Û;Ë

) � , G&/21 � 5&7X� , G5&9 ; ? � , BqÚ 7 B�C�DF, GI@ 7X� , G/ÛA RTV� /21 � Ú 7XW = * W , G�@ 7n� , GqÛ ÚfÕ{ËáÖ�Û
� ;�a � %>c>c>ce% � �gf7nW = * W , G ; 7X� , G�J Ü «²µi��j a ÕM% �l%%�6% � % � % êg%��l% � �Mf7XW = * W , G ; 7 3�, Z «²µi� ; �

7nW = * W , G ; 7 � , è «²µi� ; Ö
7 B-CEDF, G ; 7 B-CEDF, =w� «%µi��j a �6%>c>cdcd% � f7 B-CEDF, G ; 7 B-CEDF, .�G°«%µi� j a � % Õg% �g% êl%��l% � �gf©@ªÀ½�¶²ªG¯4µVªF¶c­²ªF¶²¯°ª4®´:»�¶%±�µV­²ª�¶²ªG½�¶�ºªG«²ªG¹i­²ª8³VªF«C½�ªF¶�­¼ªG«�»�´q¹�«)³nªÎ¯4µV³nµnªGÂ�´l¯:¸�µÏ´l¹i­CªG­)³Vª�»�ªFÂ�Ò�µg®ªF¯°ª

³Ï´:½�Â�µn«%«¼´q¹�·GªLºªG·5ÁÈ´q¹�ÄEºªFªA®´	·F´qÂ�«%ª8»�Â.»�ºªG¸�µV­�RTV� Ëæc±�¹�·GªF¶²¹�´q¹/­�³nª"·Gµn¶²·GÂ�µV­	»�ªÞ·5ÁÈ´lÂ�ÃH´lÄ�ªqÑN»�ªGÂ{ÒDºªF³;ºªG¯4ªG¹/­¼«	³nª"·F±q¹�«%­²µV­¼Â�ªF¹/­§ËÔ©@ªÞ½�¶²ªF¯°µnªG¶�ªF«�­�³Vª
·F±q¹iÓqªF·;­¼ªFÂ�¶°âiÂ�µc½3ªG¶²¯°ªG­�»�ª�·5ÁÈ´qÂ�Ã3ªF¶�³Vª�¸EÉ´l­²µn¯°ªF¹/­:ª;­�³nª4«²ªG·F±�¹�»ãªG«%­	·F±q¹�«%­²µV­¼Â�ºª�»�ªF«�·G±�¹�»�Â�µV­¼ªG«
ªF¹/­²¶²ªÅ·Fª�¯ÞÉªG¯4ªÀ·G±�¹/Ó�ªG·G­¼ªGÂ�¶Îª;­T³Ï´�·FÂ{Ó�ªÅ»�ÂÞ«�¬�«%­§®ªG¯4ªÅ×Î¶%½H®ªFÄqªqË

©@ª4·G±�¹/Ó�ªF·;­¼ªGÂ�¶�ªF«�­�·G±�¹�«%­²µV­²Âcºª4»^ÆØÂ�¹í«²ªFÂ�³Ô¹�±{ªGÂ�»ëÚw¡{Û�»�±�¹/­8³nª	·F±q¯4½�±�¶%­²ªF¯°ªF¹/­ÅªF«�­:¶�ºªGÄ�µV­Å½È´l¶
³gÆÍºªFâiÂÈ´Q­¼µn±q¹íÚfÕ{Ë � Û;Ë

/�¢g5&7 ¢5&9 ; ?£¢�, D Ú 7 D�@ 7 ¢�ÛA RTVU /2143iÚ 7 O , è @ 7 ¢§Û ÚfÕ{Ë � Û
©@ªB½�¶²ªF¯°µnªG¶s­¼ªG¶²¯°ª�®´Å»�¶²±qµV­¼ª)¶%ªF½�¶�ºªF«%ªF¹/­¼ª�³n´À½�Â�µn«%«¼´q¹�·Fª.ºªG·5ÁÈ´q¹�ÄEºªFªÎªG¹/­¼¶²ª�³nªT«%ªFÂ�³p¹�±�ªFÂ�»4»�Â�·G±�¹/Ó�ªG·;î
­¼ªGÂ�¶:ª;­�³gÆØ´qµn¶A®´�³gÆÇµn¹/­{ºªF¶²µVªFÂ�¶Å»�Âã¸EÉ´l­²µn¯°ªF¹/­:ª;­�³nª4»�ªFÂ�Ò�µg®ªF¯°ª�³Ï´Þ½�Â�µn«%«¼´q¹�·Fª�ºªF·5Á�´q¹�ÄEºªGªí®´�·§´qÂ�«%ªA»�Â
»�ºªG¸�µV­T»�ª�·5ÁÈ´lÂ�ÃH´lÄ�ª¤RTVU Ë

Ö�·F±qÂ�·5Á�ªF«.Ú$¥¦% T Û8±�¹/­�ºª;­{ºª�Â{­¼µn³Vµn«�ºªFªF«Å½�±�Â�¶�¯°±�»cºªF³Vµn«²ªG¶�³gÆÊºªGÓ�±q³nÂ�­²µn±�¹�­¼Á�ªG¶²¯°µnâiÂ�ª�»�Âa³nµVâ�Â�µn»�ª�®´
³gÆÇµn¹/­{ºªF¶²µVªFÂ�¶c»�ªF«�·F±�¹�»�Â�µV­²ªF«GÑp´qÂ�­5´l¹i­T»^ÆÊºªGâ�Â�´l­¼µV±�¹�«�»�µVÃ�ºªF¶%ªF¹/­¼µVªF³n³VªF«�ÚfÕ{Ë7ê/ÛcªF¹.±�¹/­�»cºªF·G±�Â�³;ºªlË

) O , C�/2143 5&7 O
, C

5&9 ; ? O , BlÚ 7 B-CEDF, .�GI@ 7 O , CcÛ
A < � , Ck, Ü RTVU /2143iÚ 7nW = * W , C§@ 7 O , CcÛA < � , Ck, à Ú � @QP�Û!RTVU /21e3iÚ 7nW = * W , C§@ 7 O , CcÛA < � , Ck, è Ú$PQRTVU /2143/Ú 7 O , Z @ 7 O , à Û A Ú � @§P�Û!RTVU /2143/Ú 7 O , Ü @ 7 O , à Û²Û�ÚfÕ{Ë.ê�ÛT ;�a � %>cdc>cd%5ÖMf7nW = * W , C ; 7 ¢À«%µ T ; �

7nW = * W , C ; 7 *-, Z «%µ T ; �
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7nW = * W , C ; 7 O , CNJ Ü «%µ T j a �l% � %5Ögf< � , Ck, Ü ; � µV¾ T j a �l% �6% � fÅ«²µV¹�±�¹ < � , Ck, Ü ; �
< � , CN, à ; � µå¾ T j a � %5ÖMf8«%µn¹�±q¹ < � , Ck, à ; �
< � , CN, è ; � µV¾ T ; Õ:«²µn¹�±�¹ < � , CN, è ; �
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«²Â�¶²ªF«Îª;Ò{½�ºªF¶%µn¯°ªF¹/­5´l³nªF«BªGÃ3ªF·;­¼Â�ºªGªF«À«²Â�¶�³gÆÇµn¹�«�­5´q³V³Ï´l­²µn±�¹�½�µn³V±q­¼ª�ªF¹�¾¿±q¹�·G­²µn±�¹�¹�ªF¯°ªF¹/­�´lÂ�³Ï´q¸�±�¶²´l­¼±�µV¶²ª
»HÆÊºªF¹�ªG¶²ÄEºª;­¼µVâ�Â�ªA«²±�³n´qµn¶%ª4»�ªA³fÆÊºªG·F±�³Vª�»HÆÇµn¹�Ä�ºªF¹�µVªFÂ�¶%«�»�Â�·F´q¹/­¼±�¹ã»�ª4çÔ´qÂ�»HËsæcª�­¼¶¼´§Ól´qµV³Ô»^ÆØµV»�ªF¹/­¼µåßÈ·§´mî
­¼µV±�¹.´�ºª;­{ºª�¶�ºªF´q³nµV«�ºª�»È´q¹�«�³Vª�·§´q»�¶%ª�»HÆØÂ�¹Þ­¼¶²´§Óq´lµn³H»�ªÅ»�µV½�³�É±�¯°ª4®´�³gÆØÐNÝK\s©�Ëp©�ªG«B»�ºªG­5´lµn³n«)¹�ªÅ«%±�¹/­Î½�´q«
¶¼´l½�½3ªG³;ºªG«�µV·FµHª;­T½3ªGÂ�Ó�ªG¹/­:ÉªG­²¶²ªÀ­¼¶%±�Â�Ó�ºªF«�»È´q¹�« éúÖ-ëfË

÷ÿÐ�÷ ª çØ�ùûü¥Ù�Õ¤Óïã�Þûú ÕÜâöÓïü�Ø)ÙªÙ�Ø
ÝE±�Â�¶Î¶¼´l½�½3ªG³gÑp³nªÅ¸�Â�­Î»�ªÅ·Fª:½�¶%±Qð%ªG­BªF«�­�³fÆÊºªG³Ï´q¸�±�¶¼´Q­¼µn±q¹.ª;­Î³fÆØµV¯4½�³Ï´q¹/­5´Q­¼µn±q¹A»HÆØÂ�¹�ª�«�­¼¶¼´Q­{ºªFÄqµnªÅ»�ª

·F±q¯4¯4´q¹�»�ª�´§Ól´q¹�·�ºªFª�½�±�Â�¶Ô³nª�«%¬�«%­§®ªF¯°ªÎ«%±�³Ï´qµV¶²ªT·F±q¯:¸�µn¹�ºªB×B¶²½H®ªGÄ�ªqË{©@ªB¸�Â{­C»�ªB³Ï´�½�¶�ºªG«²ªF¹/­²ª�«²ªG·G­¼µV±�¹
ªF«�­�»�ª�½�¶�ºªG«²ªF¹/­²ªF¶Î³n´:·F±�¯°¯4´q¹�»�ª�´q·;­¼Â�ªG³n³VªqË

©@ªF«�Ä�¶¼´q¹�»�ªFÂ�¶%«T¯�´q¹�µn½�Â�³;ºªFªG«)«²±�¹/­B´qÂ"¹�±�¯:¸�¶²ª�»�ª�âiÂÈ´l­¼¶%ªut
P »�ªFÄq¶�ºª�»HÆÇ±�Â�Ó�ªG¶%­²Â�¶²ª8»�ª�³Ï´�Ól´q¹�¹�ªÀ­²¶²±�µVªF«CÓ�±qµnªF«RTV� »�ºªF¸�µV­�»È´q¹�«T³VªÀ·Fµn¶%·FÂ�µå­)·§´l½�­¼ªGÂ�¶RTVU »�ºªF¸�µV­�»È´q¹�«T³n´:¸3±�Â�·F³nªÀ»�ªÅ·5Á�´qÂ�Ã^´qÄ�ª« R^ . ½�Â�µV«²«¼´l¹�·FªÅ»�µn«%«²µV½cºªFª�½È´q¶)³VªÀ¸�¶�ÉÂ�³VªFÂ�¶�®´�Ä/´-�À»È´q¹�«T³Ï´�·GÂ�Ó�ª

Ð�¹A¶�ºª§´l³nµV­{ºªqÑi³nª�»�ºªG¸�µV­c»È´q¹�«C³n´8¸�±�Â�·G³nªÎ»�ªÎ·5ÁÈ´qÂ{ÃH´qÄqª�RTVU ¹�ªB½3ªGÂ�­)½�¶%ªF¹�»�¶²ª�âiÂ�ª�»�ªFÂ{Ò�Óq´l³nªFÂ�¶²«FÑ
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·5ÁÈ´qÂ{ÃH´qÄqªqËpÌÀ´q¹�«T³VªF«)»�ªGÂ{Ò.·§´q«GÑÈ³nªG«�«�­¼¶²´l­{ºªGÄ�µnªG«)ªF¯°½�³n±�¬NºªFªG«�«%±�¹/­B­²¶F®ªG«�«%µn¯°½�³nªG«FË

ÝE±�Â�¶�«²Â�¸/Ó�ªG¹�µn¶N´lÂ{Ò:¸�ªF«%±�µn¹�«sªF¹	ª§´lÂ�·5ÁÈ´qÂ�»�ª)«²´q¹�µå­5´qµV¶²ªqÑQ³Ï´�¯4ªG«²Â�¶%ª 7 O , *�»�ªC³n´B­¼ªG¯4½�ºªG¶¼´l­²Â�¶²ªcªF¹
ÁÈ´qÂ{­)»�ª�·GÂ�Ó�ª�ªF«�­)Â�­²µn³nµV«�ºªGªÎªG­C·F±�¯°½È´q¶�ºªFª°®´:Â�¹�ª�­¼ªG¯4½�ºªG¶¼´l­²Â�¶²ªÎ»cºªF«%µn¶�ºªGª�»�ª�³fÆØªF´qÂA·5ÁÈ´qÂ�»�ªÀ«¼´q¹�µV­5´lµn¶²ª
´q½�½�ªF³;ºªFª 7 O , *-, * = W Ë�ÌÀ´q¹�«E¹�±q­²¶²ªC·F´q«FÑl·FªG­%­¼ª)»�ªG¶²¹�µg®ªF¶%ªcªF«�­N·5Á�±�µV«²µnª°ºªFÄ/´l³nªÅ®´ÎÖ¡��Ë7�&Ë5æÎËq×Bµn¹�«%µgÑm³nª�¸�¶�ÉÂ�³VªFÂ�¶T®´
Ä/´���ªF«�­NªF¹�·G³nªF¹�·5Ácºª)âiÂÈ´q¹�» 7 O , *�ÞoÖ¡�lc7�È@Ñ�lc.��ªG­�»�ºªF·F³VªF¹�·5Á�ºª)â�Â�´q¹�» 7 O , *�s�Ö¡�lc7� A �lc.�{Ël©�ÆÇÁ/¬{«�­{ºªG¶�ºªF«%µn«
µn¹/­²¶²±�»�Â�µV­²ª�½�ªF¶%¯4ª;­�»HÆÊºª;Ó�µV­¼ªG¶@»�ª�¹�±�¯�¸�¶²ªGÂ{Ò�·G¬�·G³nªF«@»^ÆØªG¹�·F³VªF¹�·5Á�ªG¯4ªG¹/­¼«��Q»cºªF·G³nªF¹�·5Á�ªF¯°ªF¹/­¼«�»�ÂÅ¸�¶/ÉÂ�³nªGÂ�¶FË
ÙÍ³ÔªF«%­"®´Þ¹�±q­¼ªG¶�âiÂ�ª�³Vª4¸�¶/ÉÂ�³nªGÂ�¶�®´ÞÄ/´-�4¹HÆÇªF«�­:½È´l«�ªF¹�·F³nªG¹�·5Á�ºª�âiÂÈ´l¹�»a³Ï´A­¼ªG¯4½�ºªF¶¼´Q­¼Â�¶%ª�ªF¹�¸È´q«8»�ª
·FÂ{Ó�ª 7 �Û, *cªF«�­�«²Â�½�ºªG¶²µVªFÂ�¶%ª"®´ � Õ{Ë7�&Ë5æÎË

Ì�ªT³Ï´À¯ÞÉªG¯4ªT¯4´q¹�µg®ªF¶²ªlÑ�³Ï´�­²ªF¯°½cºªF¶²´l­¼Â�¶%ªB¯°ªF«%Â�¶�ºªGªBªG¹�¯°µn³VµnªFÂ�»�ªB·GÂ�Ó�ª 7 CN, *�ªF«�­Ô·F±�¯°½È´q¶�ºªFª�®´Å³n´
·F±q¹�«²µVÄ�¹�ª�·F´q·FÂ�³;ºªFª�½�±�Â�¶�³Ï´�­¼ªF¯°½�ºªG¶¼´l­²Â�¶²ª4®´8³gÆÇªF¹/­¼¶�ºªFªÀ»�Â�ÓqªF¹/­¼µV³n±lî ·F±�¹/ÓqªF·G­²ªFÂ�¶ 7 .�Gq, O , ± = * Ë�©@ª�¸�¶�ÉÂ�³VªFÂ�¶
«FÆÇªF¹�·F³nªG¹�·5Á�ª8»@®ªF«TâiÂ�ª 7 .�Gq, O , ± = *}s 7 Ck, *cªG­�«²ªÅ»�ºªG·F³nªG¹�·5Á�ªÅâiÂÈ´q¹�» 7 .HG�, O , ± = * A �¡� c7�ÚÞ 7 Ck, * Ë
³"´8³"´wé ê »~ãÃ»8¼l¹ÈÁ­½�¹bÂ�¿¤Ê ·¹ÈÔ}Æ�Â�¿E¼6»�Ä}Àë¿�ÇÉ¼�Æ©¹�Â�Â�¹

©�´�¶�ºªFÄqÂ�³Ï´l­²µn±�¹a´q·G­²Â�ªF³V³nª�½�¶�ºªF«%ªF¹/­¼ª.âiÂ�ªF³VâiÂ�ªF«	·§´l¶¼´q·;­{ºªF¶%µn«�­¼µnâiÂ�ªG«:µn¹/­{ºªF¶²ªG«²«²´q¹/­¼ªF«GË�æc±�¯4¯°ª�»�ºªÊðm®´
¯°ªF¹/­¼µV±�¹�¹�ºªlÑ-³n´.«�­¼¶²´l­{ºªGÄ�µnª	»�ª4·F±�¯°¯�´l¹�»�ª	½3±qÂ�¶8³Vª	»cºªF¸�µå­�»�´q¹�«�³n´A¸3±�Â�·F³nª°·F±q³n³nªG·G­²ªFÂ�¶ÅªF«�­�ò�«%Âlo�î
«¼´l¹i­²ªFò8½�Â�µn«%âiÂ�ª�­²¶F®ªG«�½�¶%±{·5Á�ªB»�ªG«c·G±�¹�·F³VÂ�«²µV±�¹�«N»�±�¹�¹cºªFªG«c»È´q¹�«Vé ê�ëfËi×BÓl´q¹/­c»�ª�½�´q¶²³VªF¶N»�ª�³Ï´ÀÄ�ªF«�­¼µV±�¹
»�ª8³Ï´	¸3±�Â�·F³nª�»�ª8·5ÁÈ´qÂ�Ã^´qÄ�ªlÑ3¶%ªFÄ/´l¶²»�±�¹�«B»�ª8½�³nÂ�«B½�¶F®ªF«B·Fª�âiÂ�µ-½�ªFÂ�­�ÉªG­²¶²ª:´l¯ãºªG³nµn±q¶�ºªÀ´qÂ�¹�µVÓqª§´qÂÞ»�ª
³gÆÇªF¹�·F³nªG¹�·5Á�ªG¯4ªG¹i­Ô»�Â	¸�¶�ÉÂ�³nªGÂ�¶�½�±�Â�¶�»�ªG«N¸3ªG«²±�µV¹�«�ªF¹	ª§´lÂ°·5Á�´qÂ�»�ªT«¼´l¹�µV­¼´qµn¶%ªqË�©�´�«�­¼¶¼´Q­{ºªFÄqµnª)´q·;­¼Â�ªG³n³Vª
ªF¹�·F³nªG¹�·5Á�ªT³nª�¸�¶�ÉÂ�³VªFÂ�¶T®´�Ä/´��CâiÂÈ´l¹�»	³Ï´B­²ªF¯°½cºªF¶²´l­¼Â�¶%ªCªF¹�Á�´qÂ�­N»�ªC·GÂ�Ó�ªT»�ªG«²·GªF¹�»°ªF¹	»�ªG«²«²±qÂ�«�»HÆÇÂ�¹�ª
Ól´q³nªGÂ�¶N»�ª�·F±�¹�«%µnÄ�¹�ªqËi×ÎµV¹�«²µfÑ�³Ï´�­¼ªG¯4½�ºªF¶¼´Q­¼Â�¶%ªBªG¹�ÁÈ´qÂ{­c»�ªT·GÂ�Ó�ª�ªG«%­Ô­¼±�Âmð%±�Â�¶²«N«%Â�½�ºªF¶%µnªGÂ�¶²ªB±�ÂãºªGÄ/´q³Vª
®´�·GªG­²­²ªBÓl´q³VªFÂ�¶Ô»�ª�·G±�¹�«²µVÄ�¹�ªlË�©@ªÎ½�¶²±�¸�³g®ªF¯°ª�Ó�µVªF¹/­C»�Â4¾y´qµV­ÔâiÂ�ª�³V±�¶²«%â�Â�ªÎ³nª�¸�¶�ÉÂ�³nªFÂ�¶�ªG«%­)ªG¹�·F³VªF¹�·5Á�ºªlÑ
½È´q«°¯°±�µn¹�«�»�ªL�1ê���³T»HÆÇª§´qÂ[ªF¹/Ó�µn¶%±�¹�«%±�¹/­�·5ÁÈ´lÂ�Ã�ºªG«FËÔÙÍ³TªF«%­4·FªG½3ªG¹�»È´q¹/­�ºª;Ó�µn»�ªG¹i­4âiÂ�ª.³gÆÊºªF¹�ªG¶²Ä�µVª
·F±q¹i­²ªF¹iÂ�ª.»È´q¹�«°·FªG«Ñ�1ê¡��³)¹�ª"«²ªG¶¼´L½È´q«	Â�­¼µV³nµV«�ºªFª�»È´q¹�«	Â�¹�ª.½�ºªG¶²µn±�»�ªA·G±�Â�¶%­²ª"â�Â�µ)«²Â�µå­	³gÆÇªF¹�·G³nªF¹�î
·5Á�ªG¯4ªG¹i­T»�Â.¸�¶/ÉÂ�³nªGÂ�¶FË�æcªF·GµH½�±�Â�¶²¶²´�´§Ó�±�µV¶c½�±�Â�¶C·G±�¹�«�ºªGâiÂ�ªF¹�·Gª8»�ªÀ¶�ºªF»�Â�µn¶%ª�»�ªÎ¾y´9è·G±�¹A«²µVÄ�¹�µåßÈ·§´l­²µVÓqª
³gÆÍºªF¹�ªF¶²Äqµnª	«²±�³n´qµn¶%ª�­¼¶¼´l¹�«%¾§ºªG¶�ºªFªlËsÐ�¹íª;Ã^ª;­§Ñ-«²µÔÂ�¹aªG¹�«²±�³VªFµV³n³nªG¯4ªG¹/­�·F±�¹�«�ºªFâiÂ�ªG¹i­	«%Â�µV­Å·GªG­:ªG¹�·F³VªF¹�·5Á�ª;î
¯°ªF¹/­)»�Â"¸�¶�ÉÂ�³nªFÂ�¶FÑ�³Ï´�ÁÈ´lÂ�­¼ªÎ­²ªF¯°½�ºªF¶²´l­¼Â�¶²ªÀ»È´q¹�«C³nª�Á�´qÂ�­)»�ªÀ³n´�·FÂ{Ó�ª�¶²ª;­5´q¶%»�ªF¶²´:³nªÎ­²¶¼´q¹�«�¾¿ªF¶�­CÓ�ªG¶²«
³nªÀÁ�´qÂ�­�»�ªÅ³Ï´�·FÂ�Óqª8»�ª8³fÆÊºªG¹�ªF¶%Ä�µnª�­²¶¼´q¹�«�¾�ºªF¶�ºªFªÅ½È´q¶T³gÆÊºªF·5ÁÈ´l¹�Ä�ªFÂ�¶B»�Â.·FµV¶²·GÂ�µV­T«%±�³Ï´qµV¶²ªlË3��¹.Óq±�µV­�»�±q¹�·
¸�µVªF¹ãµn·GµcâiÂHÆÇÂ�¹�ª.«²µn¯°½�³Vª�½�¶�ºª;Ó�µn«²µV±�¹�·F±qÂ�¶%­	­¼ªG¶²¯°ª�»�ª"³gÆØ´q½�½�±�¶�­�«²±�³n´qµn¶%ª�½�ªF¶%¯4ª;­²­¼¶²´qµV­:»�ªA¶�ºªG»�Â�µn¶%ª
³nªÞ¹�±�¯:¸�¶²ª�»^ÆØªG¹�·F³VªF¹�·5Á�ªG¯4ªG¹/­"»�Âo¸�¶�ÉÂ�³VªFÂ�¶�®´íÄ/´-�qËcæcªG­²­²ª�½�¶�ºª;Ó�µn«²µV±�¹Y»�ªÞ³gÆØ´q½�½�±�¶%­4«²±q³Ï´qµV¶²ª.½3ªGÂ�­
ºªFÄ�´q³nªG¯4ªG¹i­�Éª;­¼¶%ª�´�Ól´q¹/­¼´qÄ�ªFÂ�«²ªF¯°ªF¹/­�·F±qÂ�½�³;ºªGª�®´	Â�¹�ªÀ½�¶�ºª;Ó�µn«²µV±�¹"»�Â"·F±�¯°½�±�¶%­²ªF¯°ªF¹/­TÂ�­¼µV³nµV«¼´l­²ªFÂ�¶�ªF¹
­¼ªG¶²¯°ªF«:»�ª�¸3ªG«²±�µV¹�«�ªG¹�ª§´qÂ�·5Á�´qÂ�»�ªlËNæcªG­%­¼ª�½�¶%ªF¯°µg®ªG¶²ª�±q¸�«²ªG¶%Ól´l­¼µV±�¹a¯°ªG­�ªF¹,ºªGÓ�µn»�ªF¹�·Gª�³gÆÇµn¹/­{ºªG¶FÉª;­
»HÆÇÂ�­¼µV³nµV«²ªF¶c»�ªF«�½�¶�ºª;Ó�µn«²µV±�¹�«)¯ãºªG­{ºªF±�¶%±�³n±�ÄqµnâiÂ�ªF«cªG­�»�ªF«�½�¶�ºªGÓ�µn«%µn±�¹�«)»�ÂÞ·G±�¯4½�±�¶�­¼ªF¯°ªF¹/­TÂ�­²µn³Vµn«¼´Q­¼ªFÂ�¶FË
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©�´ÅÄ�ªG«%­²µn±�¹°»�ªT³Ï´À¸�±�Â�·F³VªT»�ªT·5ÁÈ´qÂ�Ã^´qÄ�ªT­¼ªG³n³nª)âiÂHÆÇªF³V³nª)ªG«%­�¶�ºª§´l³nµn«�ºªFª�®´�³gÆÇÁ�ªFÂ�¶²ª�´q·G­²Â�ªF³V³nª)½�¶�ºªF«%ªF¹/­¼ª
ºªFÄ�´q³nªG¯4ªG¹i­ÔâiÂ�ªG³nâiÂ�ªF«c·§´q¶²´q·G­{ºªF¶²µV«%­²µnâiÂ�ªF«Ôµn¹/­{ºªF¶²ªG«²«²´q¹/­¼ªF«GË�Ð�¹�ª;Ã^ª;­§Ñi±�¹4Óq±�µV­ÔâiÂ�ªB³nªT¾y´q¸�¶²µV·§´q¹/­Ô»�±�¹�¹�ª
Â�¹�ª�µn¹�»�µV·§´l­²µn±�¹LÄ�¶%±�«²«%µg®ªG¶²ª�»�ª�³gÆÇµn¹�ªF¶%­²µnª	»�Âa¸-É´l­¼µV¯4ªG¹i­FËEæcªG­²­²ª�µn¹{¾¿±�¶²¯4´l­¼µV±�¹HÑH·G±�Â�½�³;ºªFªL®´�Â�¹�ª4Á�µn«Êî
­¼±q¶²µnâiÂ�ªÅ»�ªÅ³Ï´�­¼ªG¯4½�ºªG¶¼´l­²Â�¶²ª8´q¯:¸�µÏ´q¹/­¼ª�»�ªG«ÀÕ � »�ªG¶²¹�µg®ªF¶²ªG«ÎÁ�ªGÂ�¶²ªG«FÑ�ªF«�­�Â�­²µn³nµV«�ºªGªÀ½3±�Â�¶B»�ºª;­¼ªG¶²¯°µn¹�ªG¶
»�ª:¾y´9è·G±�¹�´q½�½�¶%±§Ò�µV¯�´Q­¼µVÓqª�³fÆÊºª;­5´l­�ºªG¹�ªF¶%ÄEºªG­²µnâiÂ�ª�·G±�Â�¶¼´l¹i­�»�Â�¸-É´l­¼µV¯4ªG¹i­FËH©�´�¶�ºªGÄ�Â�³n´l­¼µV±�¹�´q»È´l½�­¼ª�³n´
·F±qÂ�¶²¸�ª�»�ªÀ·5ÁÈ´lÂ�Ã^ªÎªF¹A¾¿±�¹�·;­¼µn±q¹�»�ª�·GªG­�ºªG­¼´l­§Ë�ÙÍ³3¬�´�»�±�¹�·ÀªFÂAÂ�¹Aª;Ã^±�¶�­)»�ªÎ¾y´lµV­�½3±�Â�¶C½�¶²ªG¹�»�¶%ªÀªF¹
·F±q¯4½�­²ª�³gÆØ´q«²½�ªF·;­�»�¬�¹È´q¯°µnâiÂ�ª�»�ÂL·G±�¯4½�±�¶�­¼ªF¯°ªF¹/­�»�ÂL¸EÉ´Q­¼µn¯°ªF¹/­FËHäB¹�ª�ºª;Ó�ªG¹i­²Â�ªF³V³nª	«²±q¹�»�ª	»HÆØ´q¯	î
¸�µn´q¹�·Fª°½�ªFÂ�­�ºªFÄ/´l³nªF¯°ªF¹/­°ÉªG­²¶²ª°ª;Ò{½�³V±�µV­{ºªFª°½È´q¶�³Ï´"¶�ºªGÄ�Â�³Ï´Q­¼µn±q¹�´l·G­¼Â�ªF³n³VªqË-é{µN³n´"·G±�¹�ßp´l¹�·Fª4ªF¹a·GªG­²­²ª
»�ªG¶²¹�µg®ªF¶²ª°ªF«�­�Äq¶¼´q¹�»�ªqÑ�·qÆÇªF«�­%îF®´mîÍ»�µV¶²ª°«²µN«²±�¹�ªF¯°½�³Ï´l·FªF¯°ªF¹/­Å»È´q¹�«8³Vª4¸EÉ´Q­¼µn¯°ªF¹/­�ªG«%­:µV»�ºª§´l³gÑ@´q³V±�¶²«�³n´
¶�ºªGÄ�Â�³n´l­¼µV±�¹í¹HÆÇªGÃ3ªF·;­¼Â�ªG¶¼´�«²µV¯4½�³nªF¯°ªF¹/­�â�Â^ÆØÂ�¹�ªA·F±�¹/­¼¶%ª;î ¶�ºª§´l·G­¼µV±�¹�«²Â�¶:·Fª;­²­¼ªA¯°ªF«%Â�¶²ªAªG¹�ªF«%«¼´§¬/´q¹/­
»�ªA«%Â�µVÓ�¶²ªAÂ�¹�ª�­¼ªG¯4½�ºªG¶¼´l­²Â�¶²ªA»�ªA·F±�¹�«%µnÄ�¹�ªA»�ª.Õ��&Ë5æ,ªF¹/Ó�µn¶%±�¹HË�©@ªAÄ�¶%±�«:µV¹�·F±�¹/Ó�ºªF¹�µnªF¹/­°»�ªA·GªG­²­²ª
¶�ºªGÄ�Â�³n´l­¼µV±�¹AÓ{µVªF¹/­�»�ÂÞ¾y´qµå­BâiÂHÆÇÂ�¹�ª�ºªGÓ�ªG¹/­¼Â�ªG³n³nª8·F±�¹�¹È´qµn«%«¼´q¹�·Fª�»�ªF«Î·G±�¹�»�µå­¼µV±�¹�«T¯ãºª;­{ºªG±�¶²±�³V±�Ä�µVâ�Â�ªF«:®´
Ó�ªG¹�µn¶�¹HÆØªG«%­�½�´q«s½�¶%µn«²ª�ªF¹�·G±�¯4½{­¼ªqËlÐ�¹�ªGÃ3ªG­FÑqªF³V³nªÔ«²ªC½�¶²µVÓqªC»�ª�·§´q¶²´q·G­{ºªF¶²µV«%­²µnâiÂ�ªF«�µn¹/­{ºªG¶²ªF«%«¼´q¹/­²ªF«�­¼ªG³n³nª
âiÂ�ªN³gÆØ´q¹/­¼µV·Fµn½�´l­¼µV±�¹Î»�ªG«�Ä/´qµn¹�«@½È´q«²«%µV¾¿«GËmæcªG­%­¼ªÔ´q¹/­¼µV·Fµn½�´l­¼µV±�¹�³Ï´lµn«²«%ª�Ó�±q³n±�¹/­5´lµn¶²ªG¯4ªG¹/­@³Ï´c­²ªF¯°½cºªF¶²´l­¼Â�¶%ª
»È´q¹�«À³nª:¸EÉ´Q­¼µn¯°ªF¹/­À·5ÁiÂ�­²ªF¶�»�ª�âiÂ�ªG³nâiÂ�ªF«�»�ªGÄ�¶�ºªG«�´§Óq´l¹i­�³Vª:³nª;Ó�ªG¶À»�ÂL«²±�³VªFµn³-½�±�Â�¶�ºªGÓ�µå­¼ªF¶ÎÂ�¹�ª�­¼¶%±�½
Ä�¶²´q¹�»�ªÅ«²Â�¶%·5ÁÈ´qÂ�Ã3ª:»È´l¹�«B³n´°¯4´qµV«²±�¹.½3ªG¹�»È´q¹/­B³Ï´Îð%±�Â�¶%¹cºªFª8ªG­B¶�ºªF»�Â�µV­Î´qµn¹�«²µ@³Ï´	·F±q¹�«²±�¯°¯4´l­¼µV±�¹"»�ª
Ä/´��lË9�À¹�½3ªGÂ�­�µV¯�´qÄqµn¹�ªG¶�ºªFÄ/´q³VªF¯°ªF¹/­Bâ�Â�ª�³nªÅ¸�¶�ÉÂ�³nªFÂ�¶B¹�ª8«FÆÇªF¹�·G³nªG¹�·5Á�ª�½È´q«BâiÂÈ´q¹�»�Â�¹�´q½�½�±�¶%­B«²±Qî
³Ï´lµn¶²ª�µn¯°½3±�¶�­5´q¹/­BÓq´A«%Â�µVÓ�¶²ªlË-Ì�ª�³Ï´�¯ÞÉªF¯°ª�¯�´q¹�µg®ªF¶%ªqÑ3³gÆÇÂ�­¼µV³nµn«²´l­¼µV±�¹�»^ÆØÂ�¹�¯°±{»H®ªG³nª:½�³nÂ�«À½�¶�ºªF·Gµn«�»�Â
¸EÉ´l­²µn¯°ªF¹/­�ªF¹�³VµnªFÂ°ªG­c½�³Ï´l·FªÎ»^ÆØÂ�¹�ªÎ¶²ªG½�¶�ºªG«²ªG¹i­¼´l­¼µV±�¹"´q½�½�¶²±§Ò{µn¯4´l­¼µåÓ�ªT»�ªÎ³fÆØµV¹�ªF¶�­¼µVª�½�´q¶�­²¶²±�µV«ÔÓl´q³VªFÂ�¶%«
»�µåÃ�ºªG¶²ªF¹/­²ªF«FÑ�½3ªG¶²¯°ªG­²­²¶¼´qµå­c»^ÆØªG¹iÓ�µV«¼´qÄ�ªG¶CÂ�¹A«�­¼±�·��l´lÄ�ª�»�ª�³fÆÊºªG¹�ªF¶%Ä�µnªB«²±�³n´qµn¶%ªB»�´q¹�«C³VªÎ¸EÉ´l­²µn¯°ªF¹/­C½�ªF¹�î
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ý Zøþ 7 Ck, =Fÿþ 9 ; ý Ü Ú 7 B-CEDF, =w� @ 7 DÊÛ A ý à Ú 7 D�@ 7 Ck, =Fÿ Û A ý è �4� , U Ú���Ë � Û

©�ÆÊºªGâ�Â�´l­¼µV±�¹A¶�ºªGÄ�µn«%«¼´q¹/­)³Vª�·F±�¯°½�±�¶%­²ªF¯°ªF¹/­C»�ªÀ³n´8­¼ªG¯4½�ºªF¶¼´Q­¼Â�¶%ª�»�ÂA¯°µn³nµVªFÂ4´q¯:¸�µn´q¹/­CªG«%­T»�±�¹�¹cºª
½È´q¶ÅÚ���ËáÕ�Û
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1er noeud

2ème noeud
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"��Ë ��� ê.±{»�ºªG³nµV«¼´l­²µn±�¹A»�Â.¸EÉ´l­²µn¯°ªF¹/­§Ë
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ý m þ 7 Dþ 9¬;�� ±-.Û*F*w. 1 A ý à Ú 7 CN, =$ÿ @ 7 DÍÛ A ý�� Ú 7 B-CEDF, =w� @ 7 DÊÛ A ý ì ��� , U Ú���Ë ÕqÛ
7 Ck, =Fÿ ªG«%­�»�±q¹�·N³Ï´�­²ªF¯°½cºªF¶²´l­¼Â�¶%ª�»�ª�¯:Â�¶ÎºªGâiÂ�µVÓl´q³VªF¹/­@ªG­ 7 Dp·F±�¯°¯°ªs»�ºªÊðm®´)µV¹�»�µnâiÂ�ºª�½�¶�ºªG·�ºªF»�ªF¯°¯4ªG¹i­

¶²ªG½�¶�ºªG«²ªG¹i­²ª�³Ï´�­¼ªG¯4½�ºªG¶¼´l­²Â�¶²ªÅ»È´q¹�«Î³gÆØ´qµV¶B´l¯:¸�µÏ´l¹i­FË�æcªG­%­¼ª8­²ªF¯°½�ºªF¶²´l­¼Â�¶²ª 7 DcªG«%­Î»�±�¹�·8³nªÅ³nµnªG¹�´§ÓqªF·
³nªB¯4±�»H®ªG³nª�»�Â�«%¬�«�­§®ªF¯°ªÀ«²±q³Ï´qµV¶²ªT·F±�¯�¸�µn¹�ºªlË ��� , U ¶²ªG½�¶�ºªG«²ªG¹i­²ª�³gÆÇªF¹�«%±�³nªGµn³n³VªF¯°ªF¹/­NÁ�±�¶%µC�G±�¹/­5´q³�Ä�³n±q¸È´q³s®´
¹�ªB½È´q«C·G±�¹�¾¿±�¹�»�¶²ª�´§ÓqªF· �4� âiÂ�µ�·F±q¶²¶²ªG«²½�±�¹�»í®´�³fÆØªG¹�«²±q³nªFµV³n³VªF¯°ªF¹/­NÄ�³n±q¸È´q³È«²Â�¶C³nª�½�³Ï´l¹�»�ªG«C·§´q½{­¼ªFÂ�¶²«
Ú�� � Ë5æ)ÛCªG­�âiÂ�µ@µn¹/­²ªF¶%Ó�µVªF¹/­�»È´q¹�«T³nªÀ¯°±�»@®ªF³Vª�»�Â.«%¬�«%­§®ªF¯°ª8«%±�³Ï´qµV¶²ª�·G±�¯:¸�µV¹�ºªqË

©�´�»�ªF«%·F¶%µn½�­²µn±�¹a»�ªF«:½È´l¶¼´q¯Þ®ªG­²¶²ªF« ý .)âiÂ�µ�¾¿±q¶²¯°ªF¹/­:³Vª4Ó�ªG·G­²ªFÂ�¶ ý ªF«%­íºªGÓ�µn»�ªG¹/­¼ª�®´�³n´.Ó�Â�ªA»�ªG«
»�ªGÂ{Ò�ºªGâ�Â�´l­¼µV±�¹�«câiÂ�µ�½�¶�ºªF·q®ªG»�ªF¹/­FËp©�ªGÂ�¶c«%µnÄ�¹�µVßÈ·F´l­¼µV±�¹4ªG«%­)»�±�¹�¹�ºªGª�»È´q¹�«c·Fª�âiÂ�µ3«²Â�µå­cª;­)¶¼´q½�½3ªG³;ºªFª	®´
³gÆØ´q¹�¹�ª;Ò{ª�×�Ë

ý Ü µn¹{ïÈÂ�ªF¹�·FªÅ»�ª�³Ï´�­¼ªG¯4½�ºªF¶¼´Q­¼Â�¶%ªÅª Ò�­{ºªF¶%µnªGÂ�¶T«²Â�¶T³nªÀ¯�Â�¶AºªFâiÂ�µVÓl´q³VªF¹/­ é �:®ò�ÍÑVëý à ·F±�ªeo°·GµnªF¹/­�»HÆÊºªF·5ÁÈ´l¹�Ä�ª�»�ªÅ·5Á�´q³nªGÂ�¶
ªF¹/­²¶²ªÅ³nªÀ¯:Â�¶�ºªGâiÂ�µVÓl´q³VªF¹/­TªG­�³gÆØ´qµV¶)´q¯:¸�µVªF¹/­ é �:®ò�ÍÑVëý è µn¹{ïÈÂ�ªF¹�·FªÅ»�ª�³gÆÇªF¹�«%±�³nªGµn³n³VªF¯°ªF¹/­�«²Â�¶�³nªÀ¯:Â�¶�ºªFâiÂ�µVÓl´q³VªF¹/­ éú¯°à ëý ì µn¹{ïÈÂ�ªF¹�·FªÅ»�ª�³gÆÇªF¹�«%±�³nªGµn³n³VªF¯°ªF¹/­�«²Â�¶�³gÆØ´qµn¶c´q¯:¸�µVªF¹/­ éú¯°à ëý Z µn¹�ªF¶%­²µnªÀ»�Â.¯:Â�¶�ºªGâiÂ�µVÓl´q³VªF¹/­ é ���:�ÍÑVëý m µn¹�ªF¶%­²µnªÀ»�ª�³fÆá´qµV¶C´q¯�¸�µnªG¹i­ é ���:�ÍÑVëý�� µn¹{ïÈÂ�ªF¹�·FªÅ»�ª�³Ï´�­¼ªG¯4½�ºªF¶¼´Q­¼Â�¶%ªÅª Ò�­{ºªF¶%µnªGÂ�¶T«²Â�¶T³gÆØ´qµV¶)´q¯:¸�µVªF¹/­ é �:®ò�ÍÑVë

æcª8¯°±�»@®ªF³VªÀ½3ªGÂ�­Î«%ªF¯:¸�³nªF¶)­²¶F®ªF«�«²µV¯4½�³nªqË�ÐN¹.ªGÃ3ªG­FÑp½È´q¶Tª;Ò{ªF¯°½�³VªqÑpµn³H¹^ÆØªG«²«¼´lµnªÅ½È´q«�»HÆØµV»�ªF¹/­²µVßÈªG¶
ª;Ò{½�³Vµn·GµV­¼ªG¯4ªG¹/­@³nª�·G±�¯4½�±�¶�­¼ªF¯°ªF¹/­�»�ªG«�Â�«¼´qÄqªF¶²«GËm×ÎÂ�·GÂ�¹Å­²ªF¶%¯4ªN·F±q¶²¶²ªG«²½�±�¹�»È´l¹i­E´qÂ�Ò�Ä/´qµV¹�«@µn¹/­¼ªG¶²¹�ªG«
¹HÆØ´q½�½È´l¶¼´mÉ ðå­�ª Ò�½�³nµn·GµV­²ªF¯°ªF¹/­�»�´q¹�«s³VªF«ÅºªGâiÂÈ´l­¼µV±�¹�«GËqÌ�ª�³Ï´B¯.ÉªF¯°ªÔ¯�´q¹�µg®ªF¶%ªqÑm³nª�½È´q¶²´q¯Þ®ª;­¼¶%ª�®´ÎµV»�ªF¹/­²µVßÈªG¶
·F±q¶²¶²ªG«²½�±�¹�»È´l¹i­s´qÂ{Ò8¶²ªG¹�±�Â�ÓqªF³V³nªF¯°ªF¹/­E»HÆØ´qµn¶�ªF«�­s·G±�¹�«%­¼´q¹/­§Ëq©�ªG«E¶²´qµn«%±�¹�«-½3±qÂ�¶E·GªF·Gµ�«²±q¹i­�´qÂ8¹�±�¯:¸�¶%ª
»�ª�»�ªGÂ{Ò3ËTÝ�¶²ªF¯°µg®ªG¶²ªG¯4ªG¹i­FÑc»�Âo¾y´qµå­�»�Âë·G±�¯4½�±�¶�­¼ªF¯°ªF¹/­�¾¿±q¶%­¼ªG¯4ªG¹/­"´q³;ºªF´l­¼±qµn¶²ªÞ»�ªF«AÂ�«¼´qÄ�ªG¶²«GÑ)ªF¹
½È´q¶�­¼µV·FÂ�³VµnªF¶)½�±�Â�¶BÂ�¹�ªÅÓ{µV³n³n´	µV¹�»�µåÓ{µV»�Â�ªG³n³nªlÑ�µn³�ªG«%­Î­²¶F®ªG«Î»�µùo4·Gµn³Vª�Óq±�µn¶%ª�µV¯4½�±�«²«%µn¸�³VªÀ»HÆÇµn»�ªG¹i­²µVßÈªG¶Î»�ªG«
·F±q¯4½�±�¶%­²ªF¯°ªF¹/­¼«8½�¶�ºªG·FµV«FË�×Bµn¹�«%µgÑ�µn³NªG«%­�½È´l¶�ª;Ò{ªG¯4½�³Vª�­¼¶F®ªF«8»È´q¹�Ä�ªG¶²ªGÂ{Ò�»�ª4Ó�±�Â�³V±�µn¶�µV»�ªF¹/­¼µåßÈªF¶8Â�¹
¶²ªG¹�±�Â�ÓqªF³V³nªF¯°ªF¹/­-»HÆØ´qµn¶@âiÂ�µ/Ól´q¶%µnª�»È´q¹�«E³Vªs­¼ªF¯°½�«GÑQÁ�±�¶¼´qµV¶²ªs­Í¬�½�µVâ�Â�ªF¯°ªF¹/­§ËQÐ�¹8ª;Ã^ª;­§Ñm³gÆÇ±�Â�ÓqªF¶�­¼Â�¶%ªÔ»�ªF«
¾¿ªF¹HÉªG­¼¶%ªF«�ª;­Î»�ªF«�½�±�¶%­²ªF«Bµn¹�ïÈÂ�ªF¹�·GªF¹/­�Ä�¶²´q¹�»�ªG¯4ªG¹/­�·Fª8»�ªF¶%¹�µnªG¶Bª;­�µV³-ªG«%­B­¼¶F®ªG«Î»�µùo°·Fµn³Vª�»HÆØµV»�ªF¹/­²µVßÈªG¶
·FªÀ­Í¬�½�ªÅ»�ªÅ·G±�¯°½3±�¶�­¼ªG¯4ªG¹i­FË�©�´�»�ªFÂ�Ò�µg®ªF¯°ª�¶¼´qµV«²±�¹AªG«%­�âiÂ�ª8³VªF«)½È´l¶¼´q¯Þ®ªG­²¶²ªF«�®´�µV»�ªF¹/­¼µåßÈªF¶)«%±�¹/­B´qÂ
¹�±�¯�¸�¶²ªÔ»�ª � ËQê�´q³VÄ�¶�ºªN³Ï´)«%µn¯°½�³nµV·FµV­{ºªs»�Â8¯4±�»H®ªF³VªqÑ§·GªF«E½È´q¶¼´l¯Þ®ª;­¼¶²ªG«�±�¹/­�Â�¹�ª�«%µnÄ�¹�µåßÈ·§´Q­¼µn±q¹Å½�Ái¬�«%µnâiÂ�ª
ÚyµV¹�ïÈÂ�ªG¹�·Fª�»�ª�³Ï´À­¼ªG¯4½�ºªG¶¼´l­²Â�¶²ªTª Ò{­{ºªF¶%µnªFÂ�¶²ªqÑ�»�ª�³gÆÇªF¹�«%±�³nªGµn³V³nªF¯°ªF¹/­�ªG­¼·lË Û�»�±�¹�·B«%µ�³VªT¶²ªF¹�±�Â�Ó�ªG³n³VªF¯°ªF¹/­
»HÆØ´qµn¶c±�Â"³nªF«)Ä�´qµn¹�«cµn¹/­¼ªG¶²¹�ªG«)«²±�¹/­�·F±�¶%¶�ºªG³;ºªF«)½�´q¶)ª;Ò{ªF¯°½�³Vª�®´	³fÆØªG¹�«²±q³nªFµV³n³VªF¯°ªF¹/­cª Ò�­{ºªF¶%µnªGÂ�¶)±�Âa®´�³gÆØ´qµn¶
´q¯:¸�µÏ´q¹/­C³VªF«)½È´l¶¼´q¯Þ®ªG­²¶²ªF«cµn»�ªG¹i­²µVßcºªG«CÓ�±�¹/­�¹È´l­²Â�¶²ªG³n³VªF¯°ªF¹/­C¶%ªF¹�»�¶%ª�·F±�¯°½�­¼ªÎ»�ªÀ·FªG«�»�ªF¶²¹�µnªF¶%«FËÈÝ�³VÂ�«
ÄEºªG¹cºªF¶²´q³nªG¯4ªG¹i­FÑH´§Ó�ªG·�«²ªG½�­�½È´q¶²´q¯Þ®ª;­¼¶%ªF«FÑ3µn³-«²ªG¯:¸�³nª8âiÂHÆØµV³E¬�´qµV­�´q«²«%ª5��»�ª�»�ªFÄ�¶�ºªF«À»�ª�³nµn¸�ªF¶�­{ºª8½3±�Â�¶
¶²ªG¹�»�¶%ªÅ·G±�¯°½�­¼ªÀßÈ»H®ªG³nªG¯4ªG¹i­�»�ª�·GªÅâiÂ�µ@«%ª8½�´q«²«%ªÅ»�´q¹�«�Â�¹"¸EÉ´l­¼µV¯4ªG¹/­§Ë

äB¹�ª�´qÂ�­²¶²ª�¶²´qµn«%±�¹�«²ªF¶²´qµV­4âiÂ�ª�³VªF«�´l­²­²ªF¹/­¼ªG«�»�ªÞ·Fª�¯°±�»@®ªF³Vª.«%±�¹/­�¯°±{»�ªF«%­²ªF«GËCæc±�¯°¯°ª.»�ºªÊðm®´
¯°ªF¹/­¼µV±�¹�¹�ºªlÑcµn³�¹�ª�«GÆá´qÄqµV­�¹iÂ�³V³nªG¯4ªG¹i­�»HÆÇÂ�¹ë¯4±�»H®ªF³Vª�½�¶�ºªF·Gµn«�»�ª�«%µn¯:Â�³Ï´l­²µn±�¹�¯�´lµn«�»^ÆØÂ�¹ë¯°±{»H®ªF³nª
Â�­²µn³nµV«²ªG¶�½�´q¶B³n´°¶�ºªFÄ�Â�³Ï´l­²µn±�¹"½�±�Â�¶�´lÂ�Ä�¯°ªF¹/­¼ªG¶B³VªF«�½3ªG¶%¾¿±�¶%¯�´q¹�·FªF«.ºªF¹�ªG¶²ÄEºª;­¼µVâ�Â�ªF«�ª;­Î»�ª8·F±�¹{¾¿±�¶%­B»�Â
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«%¬�«�­§®ªF¯°ª�·G±�¯°½�³nª;­§Ë@ÝE´q¶8·G±�¹�«�ºªFâiÂ�ªF¹/­FÑ�µn³�»�±�µV­°ÉªG­²¶²ª°·§´q½�´q¸�³nª	»�ª°¶²ªG½�¶²±�»�Â�µV¶²ª	³nªG«À­¼ªF¹�»È´q¹�·GªF«:½�¶%µn¹{î
·FµV½È´q³VªF«FË�äB¹�ªÀ«�­¼¶¼´Q­{ºªFÄqµnªÀ»HÆÇµn¯°½�³Ï´l¹i­¼´l­¼µV±�¹�¶%±�¸�Â�«�­¼ª�»�±�µå­)ªF¹�«²Â�µå­¼ª�½�¶�ºª;Ó�ªG¹�µn¶T³nªG«�ºªGÓqªF¹/­¼Â�ªG³n³VªF«TªF¶%¶²ªFÂ�¶²«
ªF¹/­²¶²ªÅ³nªÀ¯°±{»H®ªG³nª�ª;­�³Ï´:¶�ºªF´q³nµå­{ºªlË

öòÐ�ö ��Ö�ØVúÿÓ�ã��¦âXÕ¤Óïã�Þûú ÕÜü ÓJÞ£ü Õ¤Óïã
	ÿü�Ø Ö�Ø)åßý�ÕÜÛïÕ ü ÷Ø[ÓïÛïØ)å
©�´	«�­¼¶%Â�·G­²Â�¶²ªÅ¶²ª;­¼ªF¹iÂ�ªÅ½�±�Â�¶)¯°±{»�ºªG³nµV«²ªF¶c³nªÀ¸EÉ´l­²µn¯°ªF¹/­�´�»�±�¹�·�ºª;­{ºª�½�¶�ºªG«²ªG¹i­{ºªFª"®´	³n´:«²ªG·G­¼µV±�¹.â�Â�µ

½�¶�ºªF·q®ªG»�ªqË�©@ªF«T½È´l¶¼´q¯Þ®ªG­²¶²ªF«TâiÂ�µ@·G±�¯4½�±�«%ªF¹/­T·Fª;­²­¼ªÅ«%­²¶²Â�·;­¼Â�¶%ª�±�¹/­"ºªGÄ/´q³VªF¯°ªF¹/­AºªG­{ºªÀ¯4ªG¹i­²µn±�¹�¹cºªF«GÑÈµn³n«
«²±q¹i­�Ä�¶%±�Â�½�ºªG«TªF¹�«%ªF¯:¸�³Vª8»�´q¹�«T³nª�ÓqªF·G­²ªFÂ�¶ ý Ë

ÝE±�Â�¶�·5ÁÈ´qâiÂ�ª�«�¬{«�­§®ªG¯4ª�ÓqªF¹�»�ÂHÑH³nªÅ¸EÉ´l­²µn¯°ªF¹/­B·5ÁÈ´qÂ�Ã�ºª�«²ªG¶¼´�»�µåÃ�ºªG¶²ªG¹i­FË3ÙÍ³EªF«�­À»�±�¹�·8¹�ºªF·GªF«%«¼´qµV¶²ª
»HÆVÉªG­²¶²ª�·F´q½È´q¸�³Vª�ªF¹o³VµnÄ�¹�ªÞ»�ª�·§´q³V·FÂ�³VªF¶�³n´�Ól´q³VªFÂ�¶4»�ÂYÓ�ªG·G­¼ªGÂ�¶ ý âiÂ�µB½3ªG¶²¯°ªG­²­²¶¼´í»�ª�»�ºªF·G¶²µV¶²ª�³Vª
·F±q¯4½�±�¶%­²ªF¯°ªF¹/­T»�ª�·Fª�¸EÉ´Q­¼µn¯°ªF¹/­FË

©�´�«�­¼¶¼´Q­{ºªFÄqµnª�´q»�±�½{­{ºªFª�½�±�Â�¶"·§´q³V·FÂ�³VªF¶ ý ªF«�­Þ­²¶F®ªF«.«²µV¯4½�³nªqËCÐN³V³nª�·G±�¹�«²µV«%­²ªë®´ã¯ãºªG¯4±q¶²µn«%ªF¶A³Vª
·F±q¯4½�±�¶%­²ªF¯°ªF¹/­�»�Â�¸-É´l­¼µV¯4ªG¹i­Î«²Â�¶ÎÂ�¹�ª�·FªG¶%­¼´qµn¹�ª�½cºªF¶%µn±�»�ªqÑ3»È´q¹�«�¹�±q­¼¶%ª�·§´q«�½�¶�ºªF·Gµn« � ð%±qÂ�¶²«GÑH½�Â�µV«
·F±q¯4½È´l¶²ªF¶)³n´�«²±�¶�­¼µnªÀ»�ÂÞ¯°±{»H®ªF³nª�´lÂ{Ò"¯°ªF«²Â�¶²ªF«�¶�ºªGªF³V³nªF«GË ý ªF«�­BªG¹�«²Â�µV­¼ªÅ¯°±{»�µå¾�ºªÎ»�ª�¾y´9è·G±�¹"µV­{ºªG¶¼´l­²µVÓqª
ð%Â�«%â�Â^Æ¿®´°·Fª�âiÂ�ª�³Ï´�«²±�¶�­¼µVªÀ»�ÂÞ¯°±�»@®ªF³Vª�·F±�¶%¶²ªG«²½�±�¹�»�ªA®´�³Ï´:¶�ºªF´q³nµå­{ºªlË� ºªG¹�ºªF¶²´q³nªG¯4ªG¹/­§Ñ�«%ªFÂ�³Vª�³Ï´"­¼ªG¯4½�ºªG¶¼´l­²Â�¶²ª�»È´q¹�«:³Vª�¸EÉ´Q­¼µn¯°ªF¹/­�ªF«%­:¯4ªG«²Â�¶�ºª�Ä�¶QÉ´l·Fª�®´�Â�¹�ªA«²±�¹�»�ª
»HÆØ´q¯:¸�µn´q¹�·GªqË�é{Â�¶.·Fª;­²­²ª�½�ºªG¶²µV±{»�ªL»�ª � ð%±�Â�¶%«FÑT³nªG«.»�±�¹�¹�ºªGªF«�¯�ºªG­{ºªF±�¶%±�³n±qÄ�µnâiÂ�ªG«FÑC·lÆØªG«%­%îG®´QîÍ»�µn¶²ªL³n´
­¼ªG¯4½�ºªF¶¼´Q­¼Â�¶%ª8ª Ò{­{ºªF¶%µnªFÂ�¶²ª�ª;­Î³fÆØªG¹�«²±q³nªFµV³n³VªF¯°ªF¹/­)Ä�³V±�¸È´q³@»�±qµVÓ�ªG¹/­ÞºªFÄ�´q³nªG¯4ªG¹i­B´§Ó�±qµn¶"ºªG­{ºªÅ¯°ªF«²Â�¶�ºªF«GËHé�µ
­¼ªG³�¹HÆØªG«%­B½È´q«�³nª�·§´l«B³VªF«�½�¶�ºª;Ó{µV«²µV±�¹�«T¯ãºª;­{ºªG±�¶²±�³V±�Ä�µVâ�Â�ªF«)½�ªFÂ�ÓqªF¹/­�ÉªG­²¶²ªÅÂ�­¼µV³nµV«�ºªFªG«FËÈ©�ÆÇÂ�­¼µV³nµV«¼´l­²µn±�¹�»�ªF«
½�¶�ºªGÓ�µn«%µn±�¹�«�¯ãºªG­{ºªF±�¶%±�³n±�ÄqµnâiÂ�ªF«Î½�³nÂ�­QÉ±q­ÀâiÂ�ª°³nªG«À»�±�¹�¹�ºªGªF«Å¯ãºª;­{ºªG±�¶²±�³V±�Ä�µVâ�Â�ªF«À¶�ºªGªF³V³nªF«À½�ªFÂ{­4Éª;­¼¶%ª°Â�¹�ª
¸�±�¹�¹�ªÅ·5Á�±�«%ªqË3ÐN¹ÞªGÃ3ªG­FÑ�«GÆØµV³@«FÆØ´§Ó3®ªG¶²ª8â�Â�ª8³VªF«�½�¶�ºª;Ó{µV«²µV±�¹�«T¯ãºª;­{ºªG±�¶²±�³V±�Ä�µVâ�Â�ªF«)»�µåÃ�®ªG¶²ªF¹/­B«²±�Â{Ó�ªF¹/­Î»�ª
³Ï´	¯ÞÉªF¯°ªÅ¾y´9è·G±�¹�»�ª8³n´°¶�ºª§´q³VµV­{ºªlÑÈªF¹�»^Æá´qÂ{­¼¶²ªG«B­²ªF¶²¯°ªF«B«FÆÇµn³�ªF«�­�½�±�«²«%µn¸�³Vª�»HÆØµV»�ªF¹/­²µVßÈªG¶BÂ�¹�ª8­¼ªG¹�»È´q¹�·Fª
½�±�Â�¶s·F´q¶¼´q·;­{ºªG¶²µn«%ªF¶�³VªF«s»�µåÃ�ºªG¶²ªG¹�·FªG«�ªF¹/­¼¶%ª�½�¶�ºªGÓ�µV«²µn±q¹�«sªG­N»�±�¹�¹�ºªGªF«�¶�ºªGªF³V³nªF«GÑ�´q³V±�¶²«�³nªc³Vªc¾y´qµå­s»HÆÇÂ�­¼µV³nµV«²ªF¶
³nªG«B½�¶�ºªGÓ�µV«²µn±q¹�«Î½�±�Â�¶�³nªÅ·§´q³V·FÂ�³�»�ª ý Ól´4½�ªF¶%¯4ª;­²­²¶²ªÅ»HÆØµV¹/­{ºªFÄq¶²ªF¶B»�µn¶%ªF·;­¼ªF¯°ªF¹/­Î·FªF«BªF¶%¶²ªFÂ�¶²«�»È´l¹�«Î³Vª
¯°±{»H®ªG³nª�»�Â�¸EÉ´l­²µn¯°ªF¹/­§Ë^×ÎÂ�·F±�¹/­¼¶²´qµn¶%ªqÑ@«%µ�³nªF«�»�µåÃ�ºªG¶²ªG¹�·FªG«8ªG¹i­²¶²ª°½�¶�ºª;Ó�µn«²µV±�¹�«�¯ãºªG­{ºªG±�¶²±q³n±�Ä�µVâiÂ�ªF«�ª;­
»�±�¹�¹cºªFªG«�¶�ºªGªF³V³nªF«�½�¶�ºªF«%ªF¹/­¼ªG¹i­sÂ�¹�·F´q¶¼´q·;­§®ªG¶²ªN­¼±�Â�­)®´T¾y´qµV­-´q³;ºª§´l­²±�µn¶%ªqÑGµn³/·F±q¹iÓ�µVªF¹/­�«%µi½3±�«%«²µV¸�³nªN»HÆÇÂ�­¼µV³nµV«²ªF¶
³nªG«)»�±�¹�¹�ºªFªF«B¶�ºªGªF³n³VªF«)½�±�Â�¶)³VªÀ·§´q³V·FÂ�³H»�ª ý Ë

©�´T½�Â�µn«%«¼´q¹�·GªN»�µn«%«²µn½�ºªFªs»È´l¹�«�³nªs¸EÉ´Q­¼µn¯°ªF¹/­�´lÂÀ·F±�Â�¶%«�»�ª�·FªG«-·Gµn¹�âB»�ªF¶%¹�µnªG¶²«{ð%±�Â�¶²«@»�±�µå­ÎºªFÄ�´q³nªG¯4ªG¹i­
ÉªG­²¶²ª�ªF¹�¶²ªFÄqµn«%­²¶�ºªGªqË

×ÎµV¹�«²µfÑ@ªF¹í±q¸�«²ªG¶%Ól´q¹/­:³VªF«LºªFâiÂÈ´l­²µn±�¹�«Å»�Â�¯4±�»H®ªF³Vª�«²µV¯4½�³VµVßcºª�»�Âí¸EÉ´l­²µn¯°ªF¹/­�Ú	��Ë � Û�ªG­�Ú	�{Ë Õ�Û Ñ�±�¹
«FÆØ´q½�½�ªF¶�è·F±�µå­�âiÂ�ª�³VªF«�·G±�¹�»�µå­¼µV±�¹�«.½�¶�ºªG·�ºªF»�ªF¹/­�«%­¼µV½�Â�³VªF¹/­�âiÂ�ªí­²±�Â�­²ªF«�³VªF«�ªG¹/­¼¶�ºªGªF«�ª Ò�±qÄÈ®ªF¹�ªG«�´qÂ
«%¬�«�­§®ªF¯°ª�»�±�µVÓqªF¹/­�´§Ó�±�µV¶�ºª;­{ºª)ªG¹�¶²ªGÄ�µn«�­¼¶�ºªGªF«�´qÂ°·F±�Â�¶%«N»�ªF« � »�ªF¶%¹�µnªG¶²«^ð%±�Â�¶%«FË/ÙÍ³ÈªF«�­�´qµn¹�«%µ�½�±�«²«%µn¸�³Vª)»�ª
«²µV¯:Â�³VªF¶)³nª�·G±�¯4½�±�¶�­¼ªF¯°ªF¹/­�»�ÂÞ¸EÉ´l­¼µV¯4ªG¹/­Î´lÂ�·F±qÂ�¶²«�»�ªÅ·FªG­%­¼ª8¯ÞÉªG¯4ª�½�ºªG¶²µn±�»�ª�ªG­Î´qµV¹�«²µ@·G±�¯4½�´q¶²ªG¶
³Ï´:­²ªF¯°½cºªF¶²´l­¼Â�¶%ª 7 Dc¯°ªF«%Â�¶�ºªGª8¹�±q­{ºªGª 7 DF, C = *T´�ÓqªF·8·FªF³V³nªÀ·F´q³n·GÂ�³;ºªGªÅ½�´q¶B³Vª�¯4±�»H®ªF³VªÀ½3±qÂ�¶TÂ�¹�ª�Óq´l³nªFÂ�¶
»�±�¹�¹cºªFªÅ»�ª ý ¹�±q­{ºª�ºª É7 D;Ú ý Û Ë©�´°«�­¼¶¼´Q­{ºªFÄqµnªÀ·F±q¹�«²µV«%­¼ª�»�±q¹�·�«²µn¯°½�³VªF¯°ªF¹/­�®´�¶�ºªG«²±�Â�»�¶²ªÅ³nªÀ½�¶%±�¸�³g®ªG¯4ªÀ«%Â�µVÓl´q¹/­It

¯4µV¹� 

� »�ªG¶²¹�µVªF¶²«�ð%±�Â�¶²«

Ú 7 DF, C = *E@ É7 D;Ú ý Û²Û à 5:9 Ú���Ë.��Û
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æcª�½�¶²±�¸�³g®ªF¯°ªN»HÆØ±q½�­¼µV¯4µV«¼´l­²µn±�¹�½�±�Â�¶%¶¼´ÅÉªG­²¶²ªÔ¶�ºªF«%±�³nÂÅ½È´q¶-ª;Ò{ªG¯4½�³VªN·5ÁÈ´qâiÂ�ª�ð%±qÂ�¶C®´�¯°µn¹iÂ�µå­�â�Â�´q¹�»
³nªG«)¶²ªG«²«²±qÂ�¶²·GªF«ÎµV¹�¾¿±�¶%¯�´l­²µnâiÂ�ªG«C½3ªGÂ�Ó�ªG¹/­Î¾y´q·Gµn³nªG¯4ªG¹/­�ÉªG­²¶²ª�Â�¹�µVâ�Â�ªF¯°ªF¹/­�»cºªF»�µ;ºªFªG«	®´�·Fª;­²­²ª�­QÉ´q·5Á�ªlË

©�Æá´q³VÄ�±�¶%µV­¼Á�¯4ª4»HÆØ±q½�­¼µV¯4µV«¼´l­²µn±�¹aÂ{­¼µn³Vµn«�ºª�½3±qÂ�¶	¶�ºªF«%±�Â�»�¶%ªÞ·GªÞ½�¶²±�¸�³g®ªF¯°ªF«�ªG«%­4«²µn¯°µn³n´qµn¶%ªL®´�·GªF³nÂ�µ
Â�­²µn³nµV«�ºª�»�´q¹�«°³Ï´�«%­²¶¼´l­{ºªFÄ�µVªA»�ªÞ·G±�¯°¯�´q¹�»�ª"´§Óq´l¹�·�ºªGªÞ»�ºªG·F¶%µV­¼ªÞ´qÂ�½�¶²±�·5ÁÈ´qµV¹ã·5ÁÈ´q½�µå­¼¶²ªlËÔÐN³V³nª�¹^ÆØªG«%­
»�±�¹�·Å½�´q«T»�±�¹�¹�ºªGª8µV·FµfË

öòÐ�� ÒÔÓ�ü¥Ö�Ø Ö�Ø åJØ)ú¥åJãªà¥ãªÙªã�Ó�çØ
äB¹�ªaºª;­¼Â�»�ª�»�ª�«²ªF¹�«²µn¸�µn³nµå­{ºª8ªF«%­�ª;Ã^ªG·G­²ÂcºªFª	½�±�Â�¶�»�ºª;­¼ªG¶²¯°µn¹�ªG¶�³gÆÇµn¹�ï�Â�ªF¹�·Gª�»�ªF«À½�´q¶¼´q¯.®ªG­²¶²ªG«Àâ�Â�µ

·F±q¯4½�±�«²ªG¹/­8³Vª:Ó�ªG·G­¼ªGÂ�¶ ý «%Â�¶�³nªG«Å»�±{ªGÂ{ÒL¹�±�ªFÂ�»�«Å»�Â�¯°±{»H®ªF³nª�«%µn¯°½�³nµåßcºª�¶%ªG­²ªF¹iÂí½�±�Â�¶À»�ºªG·F¶%µn¶²ª	³Vª
·F±q¯4½�±�¶%­²ªF¯°ªF¹/­)»�Â.¸EÉ´l­²µn¯°ªF¹/­§Ë�æcªG­%­¼ª�ºªG­²Â�»�ª�½3ªG¶²¯°ªG­T»�ª�»�ºª;­¼ªG¶²¯°µn¹�ªG¶CâiÂ�ªF³V«�«%±�¹/­�³nªF«c½È´q¶¼´l¯Þ®ª;­¼¶²ªG«
âiÂ�µ^±q¹i­cÂ�¹�ªBµn¹�ïÈÂ�ªF¹�·Gª�«²µVÄ�¹�µVß�·§´l­²µVÓ�ªlË{æcªF«C»�ªG¶²¹�µVªF¶%«c«²±q¹i­Cµn»�ªG¹i­²µVßcºªG«�½�´q¶c³n´8½�¶%±{·�ºªF»�Â�¶%ª�»�ºªG·F¶²µå­¼ªÎ´qÂ
½È´q¶²´qÄ�¶²´q½�Á�ª�½�¶�ºªG·�ºªG»�ªF¹/­§Ñ{·FªGÂ{Ò4â�Â�µ�¶%ªF«�­¼ªF¹/­c¹�ªÎ«%±�¹/­c½È´l«�µV»�ªF¹/­¼µåßcºªF«ÔªG­�Â�¹�ª�Ól´q³nªGÂ�¶�ßÈÄEºªFª�½�Á/¬�«²µVâ�Â�ª;î
¯°ªF¹/­�¶¼´qµV«²±�¹�¹�´q¸�³nªÎ³nªFÂ�¶)ªF«%­B´q«%«²µVÄ�¹�ºªFªlË

ÌÀ´q¹�«Å³nª	·§´l«8½�¶�ºªF·Gµn«Å»�ª4³n´A¯4±�»�ºªF³Vµn«²´l­¼µV±�¹�»HÆÇÂ�¹í¸EÉ´Q­¼µn¯°ªF¹/­FÑ@µn³s«%ª4­¼¶%±�Â�Óqª4âiÂ�ª4³gÆÇµn¹�ïÈÂ�ªF¹�·Gª4»�ªG«
½È´q¶²´q¯Þ®ªG­¼¶%ªF«�Ól´�»cºªF½�ªF¹�»�¶²ª.Ä�¶¼´q¹�»�ªF¯°ªF¹/­°»�ª"³gÆÊºªGÓq±�³nÂ�­²µn±�¹�»�ªF«°·F±�¹�»�µV­¼µV±�¹�«�¯ãºªG­{ºªF±�¶%±�³n±�ÄqµnâiÂ�ªF«GËsÐ�¹
ªGÃ3ªG­FÑi»È´q¹�«Ô³nªG«�ºªGâiÂÈ´l­¼µV±�¹�«BÚ	�{Ë � Ûsª;­�Ú���ËáÕ�Û;Ñ/±�¹	Ó�±qµV­�­¼¶F®ªF«Ô¸�µnªG¹4âiÂHÆÇªF¹[ºªG­{ºª � ±-.Û*F*w. 1Î«²ªG¶¼´�¹iÂ�³pªG­�»�±�¹�·Tµn³
¹�ªT«²ªG¶¼´�½È´q«N¹�ºªG·FªF«%«¼´qµV¶²ª�»HÆÇµn»�ªG¹i­²µVßÈªG¶ ý à Ñ ý ì Ñ ý m�ª;­ ý�� ªF¹°¯ÞÉªF¯°ªC­¼ªF¯°½�«GËi©-´�Ól´q³VªFÂ�¶�»�ªT³fÆØÂ�¹	»HÆÇªF¹/­²¶²ª
ªFÂ�Ò�»�ªGÓ�¶¼´�ÉªG­¼¶%ª.ß{ÒÔºªGªqË�Ì�ª"³Ï´�¯ÞÉªG¯4ª"¯4´q¹�µg®ªF¶²ªlÑs³n±q¶²«²âiÂ�ª.³gÆÇªF¹�«²±�³VªFµn³V³nªG¯4ªG¹i­:«²ªF¶²´�­²¶F®ªF«	¾y´qµV¸�³nªlÑs³nªG«
½È´q¶²´q¯Þ®ªG­¼¶%ªF« ý è ª;­ ý ì ´qÂ�¶%±�¹/­BÂ�¹�ª8µV¹�ïÈÂ�ªG¹�·FªÅâiÂÈ´q«%µåîÍ¹iÂ�³V³nªÀª;­ÎµV³H«²ªG¶¼´4»�±�¹�·Å»È´q¹�Ä�ªG¶²ªGÂ{Ò.»�ª�Ó�±�Â�³V±�µn¶
³nªG«)µn»�ªG¹/­¼µVß�ªF¶FË

©@ª4¸�Â{­8»�ª4³fÆÊºª;­¼Â�»�ª	»�ª°«²ªG¹�«²µV¸�µn³VµV­{ºª�»cºªF·G¶²µV­²ª�®´.·GªG­²­²ª4«%ªF·;­¼µn±q¹�ªG«%­8»�ª4»�±�¹�¹�ªG¶8âiÂ�ªG³nâiÂ�ªF«8¶F®ªGÄ�³nªG«
«²µV¯4½�³nªF«"½�±�Â�¶.»�ºªGß�¹�µn¶Þâ�Â�ªF³n«.«²±q¹i­�³nªG«�½È´q¶²´q¯Þ®ªG­¼¶%ªF«�®´[µV»�ªF¹/­¼µåßÈªF¶.ªF¹£¾¿±�¹�·G­²µn±�¹ »�ªG«�·F±q¹�»�µV­²µn±�¹�«
¯ãºªG­{ºªG±�¶²±q³n±�Ä�µVâiÂ�ªF«

ê�´l­²ÁcºªF¯4´l­¼µVâiÂ�ªF¯°ªF¹/­§ÑÈ³VªF«C¾¿±�¹�·G­¼µV±�¹�«)»�ª�«%ªF¹�«%µn¸�µV³nµV­{ºª�«²±q¹i­B»�ºª;ßÈ¹�µnªG«T»�ª�³Ï´�¾y´9è·G±�¹Þ«%Â�µVÓl´q¹/­²ª
� . | ;��
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´§Ó�ªG·�¨�DF, h ; 7 CN, =$ÿ ªG­!¨�DF, Ü ; 7 D5ËÐ�¹Þ»�ºªG¶²µåÓq´l¹i­�³VªF«AºªFâiÂÈ´l­²µn±�¹�«ÅÚ	��Ë � ÛcªG­�Ú���Ë ÕqÛc½È´q¶)¶¼´l½�½3±q¶%­�´qÂ{Ò ý |QÑÈ±�¹"±�¸{­¼µnªG¹/­àt
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ÌÀ´q¹�«T¹�±q­²¶²ª�·§´l«�½�¶�ºªF·Gµn«GÑÈ·FªF«AºªFâiÂÈ´Q­¼µn±q¹�«)«²±�¹/­�t
R� h Ü ;

�ý Z é 7 B-C�DF, =$� @ ¨�DF, h A Ú�@ ý Ü @ ý à Û � h Ü A ý à � ÜÍÜ ë
R� h à ;

�ý Z é ¨�DF, Ü @ ¨�DF, h A Ú�@ ý Ü @ ý à Û � h à A ý à � Ü à ë
R� h è ;

�
9 ¥�y 9 v Z é ��� , U A Ú�@ ý Ü @ ý à Û � h è A ý à � Üyè ë

R� h ì ;
�ý Z éåÚ�@ ý Ü @ ý à Û � h ì A ý à � Ü ì ëR� h Z ; @ �ý àZ é ý Ü Ú 7 B�C�DF, =$� @ ¨�DF, h;Û A ý à Ú�¨�DF, Ü @ ¨�DF, h;Û A ý è ��� , U ëA �ý Z éåÚ�@ ý Ü @ ý à Û � h Z A ý à � Ü Z ëR� h8m ;
�ý Z éåÚ�@ ý Ü @ ý à Û � h8m A ý à � Ü m%ëR� h � ;
�ý Z éåÚ�@ ý Ü @ ý à Û � h � A ý à � Ü � ëR� ÜÍÜ ;
�ý m é ý à � h Ü A Ú�@ ý à @ ý�� Û � ÜÍÜ ë

R� Ü à ;
�ý m é ¨�DF, h}@ ¨�DF, Ü A ý à � h à A Ú�@ ý à @ ý�� Û � Ü à ë

R� Üyè ;
�ý m é ý à � h è A Ú�@ ý à @ ý�� Û � Üyè ë

R� Ü ì ;
�ý m é �4� , U A ý à � h ì A Ú-@ ý à @ ý�� Û � Ü ì ë

R� Ü Z ;
�ý m é ý à � h Z A Ú�@ ý à @ ý�� Û � Ü Z ë

R� Ü m ; @ �ý àm é � ±8.]*$*w.�1 A ý à Ú�¨�DF, h}@ ¨�DF, Ü Û A ý�� Ú 7 B-CEDF, =w� @+¨�DF, Ü Û ëA ý ì ��� , U A �ý m é ý à � h8m A Ú-@ ý à @ ý�� Û � Ü m%ë
R� Ü � ;

�ý m é 7 B-C�DF, =$� @ ¨�DF, Ü A ý à � h � A Ú�@ ý à @ ý�� Û � Ü � ë
æcªF«ãºªFâiÂÈ´l­²µn±�¹�«�«²±�¹/­°¶�ºªG«²±�³VÂ�ªF«	¹iÂ�¯ãºªF¶²µVâiÂ�ªF¯°ªF¹/­°ªF¹ã¯ÞÉªF¯°ª�­¼ªF¯°½�«�âiÂ�ªíÚ	��Ë � Û8ª;­�Ú	��ËáÕ�Û;Ës©�ªG«

¾¿±�¹�·;­¼µV±�¹�«"»�ªí«%ªF¹�«%µn¸�µV³nµå­{ºª�±�¹/­ ºªFÄ/´q³VªF¯°ªF¹/­ëºªG­{ºª�¹�±q¶²¯ãºªFªF«Þ½È´q¶"³Ï´�Ól´q³nªGÂ�¶"¹�±�¯°µn¹È´l³nª�µn¹�µV­¼µn´q³nªÞ»�Â
½È´q¶²´q¯Þ®ªG­¼¶%ªÀ·F±�¶%¶²ªG«²½�±�¹�»È´q¹/­B»�ªÀ¾y´9è·F±q¹�®´:¾y´q·Gµn³VµV­¼ªG¶c³VªF«T·F±�¯°½È´q¶²´qµn«%±�¹�«GË

©@ªF«�¶�ºªG«²Â�³å­5´l­²«"Ú	\EµnÄ�Ë7��ËáÕ.ªG­ \�µnÄ�Ë7��Ë7�/ÛÀ¯4±�¹/­²¶²ªF¹/­�âiÂ�ªA³VªF«Å¾¿±�¹�·G­²µn±�¹�«:»�ª�«%ªF¹�«%µn¸�µV³nµV­{ºªF«8«²±�¹/­	´q½�î
½�¶%±�Ò{µV¯�´l­²µVÓqªF¯°ªF¹/­�»�Â�¯ÞÉªG¯4ª°±�¶²»�¶²ª�»�ª4Ä�¶¼´l¹�»�ªFÂ�¶:½3±qÂ�¶�³n´Þ½�ºªG¶²µn±�»�ª4·F±�¹�«%µn»�ºªG¶�ºªGªqË�æcªG«:¶�ºªG«²Â�³å­5´l­²«
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fonctions de sensibilite pour la 1ere equation, scalee par la valeur du parametre
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õ6ô
û
�Vô
ûõ �ô
õ6ô"�(ô�õ@ø;ÿ7O � ô-ü$ô
ÿyø;ö,ù(ö,õ$�ô��4ù4ô�ÿt÷;ôHü3�Sö,ü +,ý ù4ú/� ò õ6ô`÷0�Sú$û
� óô + ù(ö2�4ú ý û�û � õ óô
ùAú�O � ô g ô
ùAù4ô � ùZö � ÿ ý ü � ô�Vù4ô�übö2�4ú$þ,ô�V;ô�� ñ ï r ïN �gö,ü +Gý ùAú�� ò õ@ôWþ,öa÷ ý û ñCñ ö,ü ñ�� ü&ô�ù u À�Ê�Ë ÷;ô�übö:
�ö�©ñ�ý ûvÿ � úUþ,ö3û��4ô<Y
u À�Ê�Ë [ u À oÍÌ ¿ gQu À r g Ü;ï�Î rý �� ¿�ô
ÿ��Wü&ô=þGô ñ �4ô � ù + ù ý�� øxö,û
�Wü&ô�ÿ È ¿ � ï Ì ô
ÿ�� ñ ö,ü ñ�� ü óôHø;ö,ùt÷;ú ñLò�ý � ý õ6ú&ô)�ö ñLò ö�O � ôCú/� óô�ù(ö2�4ú ý ûJïå ý�� ùCù óô
ÿ � õ@ô�ù�VW�ö ñLò ö�O � ô@ú/� óô�ù(ö2�4ú ý û0V¤ü&ô~þGô ñ �4ô � ù§¿qô
ÿ�� ñ ö,ü ñ�� ü óôaø ý�� ù u [ u À V{ô�û;ÿ � ú/�(ô u À�Ê�Ëô
ÿ�� ñ ö,ü ñ�� ü óô`øxö3ùB÷;ú ñLò;ý � ý õ@ú$ô,ï�Ï � ö3û;÷ Z gQu À�Ê�Ë r¶o Z gmu À r ô�ÿ1� ø;ü � ÿ�ø�ô��4ú���O � � � û;ôZþ3ö,ü$ô � ù8ø;ù óô�÷ óô�;;û;ú&ô2Vü3�Sö,ü +Gý ù4ú/� ò õ6ôWÿ��Sö,ù4ù �ô��(ô3ïÐ û6þ ý ú���O � ô`ø ý�� ù óô�þ3ö,ü � ô
ù&¿�Ñ u À r V�ü$ô
ÿ�Î4w óô�O � ö2�(ú ý û;ÿ�÷;ú/± óô�ù4ô
û
�4ú&ô
ü$ü&ô�ÿ�÷ óô ñ ù4ú��4ô
ÿ�øxö,ù�üQ�SôE¨�ø;ù4ô�ÿ4ÿ4ú ý ûÜ;ï � ÷ ý ú$þ,ô
û
� �ô��(ùAô�ù óô
ÿ ý ü � ô
ÿQû � õ óô�ù4ú�O � ô
õ6ô
û
� È d w{
 ý ú&ÿ�V È ù4ô�ø;ù óô�ÿ4ô
û
�(ö,û
�®ü&ô�û ý õ � ùAô�÷;ô8þ3ö,ùAúbö � ü&ô
ÿ¤÷;ô÷ óô ñ ú&ÿAú ý û¤ï N �gö,ü +Gý ùAú�� ò õ@ôW÷0��ú&û
� óô + ù(ö2�4ú ý û�û � õ óô
ùAú�O � ô � �4ú&ü$ú&ÿ óôZô
ÿ�� � û�ö3ü +Gý ùAú�� ò õ@ôW÷;ô§Ò � û + ôER¹Ó � �P�(ö÷0� ý ù4÷�ù4ô�Ü2R�ÎaöFþGô ñ ö3÷xö,ø=�(ö2�(ú ý û�÷ � øxö,ÿ�V ñ ô��Zö,ü +Gý ù4ú/� ò õ6ôzô�ÿ1�W÷ óô ñ ù4ú/�`ô
ûY÷ óô��(ö,ú&ü¤÷xö,û;ÿ0Û�wDÝ�ïN ô�û ý õ � ù4ô È ÷;ô@þ3ö,ùAúbö � ü&ô|÷;ô�÷ óô ñ ú$ÿ4ú ý û�ö]÷ ý û ñA� û�ô�ú&û=Ô � ô
û ñ ôÍÿAú + û;ú/; ñ öS�(ú$þ,ô@ÿ � ù~ü$ô)�4ô
õ6ø;ÿû óô ñ ô
ÿAÿ(ö,ú$ù4ô�ø ý�� ùyù óô
ÿ ý�� ÷;ù4ô ñ ôHø;ù ý�� ü3�ô�õ@ô=÷?� ý ø4�(ú&õ6ú&ÿ4ö2�(ú ý ûJï X ûvù4ôDþ,ö3û ñLò ô�Vxø�ü � ÿ È ô
ÿ1� + ù(ö,û;÷?V;ø;ü � ÿü&ô`øxö3ù(ö,õ óô��4ù(ö + ôt÷�ôZüQ�Sô�û��4ù óô�ô��ö ñ ö3ü ñ�� ü&ô
ù�ÿAô
ù(ö�ø;ù óô ñ ú$ÿ
ï�-iüÕ¯6ö�÷ ý û ñK� û ñ
ý õ6ø;ù ý õ@ú$ÿy�ö8�4ù ý�� þGô
ù8ô
û
�4ù4ôü&ô>�4ô
õ6ø;ÿ`÷;ô ñ ö,ü ñ�� ü¤ô��Wübö~ø;ù óô ñ ú&ÿ4ú ý ûv÷;ô�üböaù4ô�ø;ù óô�ÿ4ô�û��(ö2�(ú ý ûY÷;ô�übö + ù(ö3û;÷;ô � ùWõ@ö,û;ú$ø � ü óô
ô,ï«�ú®ü$ô0õ ý ÷0�ô�ü&ôC÷=¯�ûxö,õ6ú�O � ô � �4ú&ü$ú&ÿ óô-ø ý�� ùzùAô
ø;ù óô
ÿAô
û
�(ô�ùCü$ô ñ
ý õ@ø ý ù1�4ô
õ6ô
û
�=÷ � ÿ�¯�ÿ1�T�ô�õ@ôaÿ ý übö3ú&ù4ôñ
ý õ � ú&û óôWø�ù óô
ÿAô
û
�(ô � û;ô ñ ö,ù(ö ñ � óô�ù4ú$ÿ1�(ú�O � ô@â ò ¯ � ù4ú&÷�ô
ãÕV ñ ��ô
ÿ��1R��öSRi÷;ú$ù4ôWÿ4úPü&ô�ÿ óô�O � ö2�(ú ý û;ÿ8÷;ú�± óô
ùAô
û
�(ú$ô
ü$ü&ô
ÿÿ ý û��v÷�ú&ÿ ñ�ý û
�(ú$û � ô
ÿv÷xö,û;ÿvü$ô_�(ô�õ@ø;ÿ g ô
ÿAÿ4ô
û
�4ú&ô
ü$ü&ô�õ@ô�û��v÷ � ô
ÿq�ö�übö�ø�ù óô
ÿAô
û ñ ôä÷?�gö ñ � � öS�(ô � ù4ÿ­� ý�� �
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ý�� ù4ú$ô
û r V¤ü$ô
ÿHù óô�ÿ � ü/�Lö2�4ÿHø;ù óô�ÿ4ô�û�� óô
ÿC÷xö,û;ÿ6ÛÖ®3Ý�ø�ô � þ,ô
û
� �ô��(ùAô � �(ú$ü&ú&ÿ óô
ÿZø ý�� ùHù óô
ÿ ý�� ÷;ùAô|ü&ô~ø;ù ý�� ü3�ô
õ6ô÷0� ý ø=�4ú&õ6ú&ÿ(öS�(ú ý ûÍô
û � û­�(ô�õ@ø;ÿ`ù4ö,ú&ÿ ý û;ûxö � ü&ô,ï

t

dissipP

ëWìÙí î Ü;ï � ð�å ö3ù(ö,õ óô��4ù4ú&ÿ4ö2�(ú ý û ñLò;ý ú&ÿ4ú$ôHø ý�� ù`übö~ø � ú$ÿ4ÿ4ö,û ñ ô­�öa÷;ú&ÿAÿ4ú$ø_ô�ùt÷xö,û;ÿ`ü&ô �c�ö2�(ú$õ@ô�û��
ï



° ± ²´³ µ{¶w·�¸ ×
Ø ¶w·Þ² ¶ È¸ÚÙÃµ2¸ ¿ Û�µ�Â ³ À�²Ç¼ ¶w² ¶Þµ2ÁÃ¼ ·�ÁËÊ Ü Ý�¶ä¸

N ö ÿ1�(ù4ö2� óô + ú&ôÞ÷�ô ñ
ý õ6õÍö3û;÷;ô ý ø=�(ú$õÍö,ü$ôä÷ óô ñ ùAú��4ôÞ÷xö,û;ÿqü$ô ñLò ö,ø;ú/�(ùAôqO � ú~ø;ù óô ñ �ô�÷;ô»ô
ÿ1� � û;ôÿ1�4ù(ö2� óô + ú$ô`÷;ú��4ô	ÞDÏSßxÎDÚ&Ô�ÏSß4à,Ô�á�ÖiÔDï N ô`ø;ù ý�� ü3�ô
õ6ôW÷?� ý ø4�(ú&õ6ú&ÿ4ö2�(ú ý û~ô�ÿ1�yù óô
ÿ ý ü � �ö � ûÍú&û�ÿ1�Lö3û�� v¹½ ÷ ý û;û óô2Võ6ú&û � ú��6�a¯�ø;ú�O � ô�õ@ô�û���Vxô��`ü&ö~ø � ú&ÿAÿ(ö,û ñ ô ý ø=�4ú&õ@ö,ü&ô<�ö~÷;ú&ÿAÿ4ú$ø_ô�ùt÷xö,û;ÿtü$ô �~�ö2�4ú&õ6ô
û
�tô
ÿ�� ñ ö,ü ñ�� ü óô
ô=ÿ � ùÛ v¹½�âPv¹½TdBã Ý�ï ã ô�ÿ1�2ü3� ò;ý ù4ú$§ ý û�÷0� ý ø=�4ú&õ6ú&ÿ4ö2�(ú ý û ñLò;ý ú$ÿ4úQVFÿ ý ú/� � û;ô0] ý�� ù4û óô
ô,ï�-iü�ô�ÿ1�2ú&õ6ø ý ù��Lö,û
�{÷?�göFþ ý ú&ùW�öü3��ô
ÿAø;ù4ú/�{O � ô ñ ô��P�(ôtø � ú&ÿAÿ(ö,û ñ ô ý ø=�(ú$õÍö3ü&ô8ô
ÿ1� ñ ö,ü ñ�� ü óô�ôtÿ � ù�ü&ö � ö,ÿAô`÷;ôtø;ù óôDþ�ú&ÿ4ú ý û;ÿ�õ óô�� óô ý ù ý ü ý�+ ú�O � ô
ÿô���ÿ � ùVübö � ö,ÿAô ÷;ôBõ ý ÷0�ô
ü$ô
ÿQ÷=¯�ûxö,õ6ú�O � ô�ÿK�öWübö�
 ý ú&ÿV÷;ô üQ�Sú$û;ÿ1�(ö,ü&ü&ö2�(ú ý ûzô��®÷ �	�~�ö2�(ú$õ@ô�û
�Fï�-iü�ô
ÿ1� ñ ô�ø_ô�û4R÷xö,û
� óôDþ�ú&÷;ô�û��>O � ô ñ ô�ÿ=õ ý ÷0�ô�ü&ô
ÿZû;ô~ÿ ý û
�Høxö,ÿZøxö,ù1
�ö3ú��(ÿ�V_ô��>O � ô~ü$ô
ÿ=ø�ù óô�þ�ú$ÿ4ú ý û;ÿzõ óô�� óô ý ù ý ü ý�+ ú�O � ô
ÿø�ô � þ,ô
û
� �ô��(ùAô0õ@ö � þ3ö,ú$ÿ4ô
ÿ�ï0Ï � �Sö,÷�þ�ú$ô
û
�>�1R�ú&üQ÷xö,û�ÿ ñ ô�ÿ ñ ú&ù ñ
ý û�ÿ1�Lö3û ñ ô�ÿåä N ô~ÿ ñ�óô
û;ö,ù4ú ý ü&ôCø;ü � ÿZøxö,ù¹Rübö3û�� ñ�ý û ñ ô�ù4û;ôCü&ô ñ ö3ÿ ý �� ü&ô�ÿZø;ù óô�þ�ú&ÿAú ý û�ÿWõ óô�� óô ý ù ý ü ý�+ ú�O � ô�ÿWÿ � ù4ô�ÿ1�4ú&õ6ô
û
�(ÿWü&ô�ÿ ñ�ý û;÷;ú/�(ú ý û;ÿ`ù óô
ô�ü&ü$ô
ÿ
ï¼ ö,û;ÿ ñ ô ñ ö3ÿ ø;ù óô ñ ú$ÿ�V�übö�ø � ú$ÿ4ÿ4ö,û ñ ô<�ö-÷�ú&ÿ4ÿAú&ø�ô
ù ñ ö,ü ñ�� ü óô
ô`ÿ � ùBü&ö � ö3ÿ4ôz÷�ô ñ ô
ÿ õ@ö � þ3ö,ú$ÿ4ô�ÿ8ø�ù óô�þ�ú$ÿ4ú ý û;ÿÿ4ô�ù(ö|ú&û;ÿ �=æ ÿ(ö,û
�4ôCø ý�� ù`ö,ÿAÿ � ùAô
ù � û ò ö � �`÷;ô + ù óô-÷;ô ñ
ý û=
 ý ù1�Wö � ¨ ý�ñ
ñ�� øxö,û
�(ÿ�ï
ç­��� è M #�!$#�J� H � ¦8é� >GIH.'U# �  >%ê')¤_H{#�¥ ¦:ë� C%

-iü®ö�÷ ý û ñ�óô�� óô~û óô ñ ô
ÿAÿ(ö,ú$ù4ôa÷;ôaø�ô
û;ÿAô
ù � û�ô~ÿ1�4ù(ö2� óô + ú$ô~÷0��ú&õ6ø;übö,û
�(ö2�(ú ý û ñ ö,øxö � ü&ô0÷�ôaõ@ú$û;ú&õ6ú&ÿAô
ùü3��ú&û4Ô � ô
û ñ ô=÷;ô ñ ô
ÿtô�ù4ù4ô � ù4ÿ`÷;ôHõ ý ÷ óô
ü$ú&ÿ(öS�(ú ý û@ô��t÷;ô ñ ô�ÿtô
ùAù4ô � ù4ÿ`÷;ô=ø;ù óô�þ�ú&ÿAú ý û�ÿtõ óô�� óô ý ù ý ü ý�+ ú�O � ô�ÿ
ïÉ ý õ6õ@ôH÷ óô¹]ª�ö@õ6ô
û
�4ú ý û;û óô�Vxô
ü$ü&ôHô�ÿ1�Z÷ óô ñ ù4ú��4ô¢�ö|übö:; +�� ù4ô	Î�ï/wGï N ö6ù ý�� �(ú$û;ô�÷0� ý ø=�(ú$õ@ú$ÿ(ö2�4ú ý û ñ ö,ü ñ�� ü$ôû ý û@ÿ4ô � ü&ô�õ@ô�û��Bübö�ø � ú$ÿ4ÿ4ö,û ñ ô ý ø=�4ú&õ@ö,ü&ôB�ö-÷;ú&ÿAÿ4ú$ø_ô�ù8÷;ö,û;ÿ8ü&ô �~�ö2�(ú$õ@ô�û
� ý ø=�(ú$õÍö3ü&ôtõ@ö,ú&ÿ óô + ö,ü&ô�õ@ô�û
�ü&ô�ÿ8Î4w	�4ô
õ6ø óô
ù4ö2� � ù4ô
ÿH÷ � õ ý ÷9�ô
ü$ô + ü ý�� ö,ü ñ
ý ù4ù4ô�ÿ4ø ý û;÷xö3û��4ô
ÿ�ï N ô0ø;ù4ú$û ñ ú$ø_ôC÷;ôaüböÍÿ��(ù4ö2� óô + ú&ôC÷0�Sú$õ<Rø;ü&ö,û
�Lö2�4ú ý û»ù ý��=� ÿ1�4ô ñ
ý û;ÿ4ú$ÿ1�(ôì�öäú$û��4ù ý ÷ � ú$ù4ô � û;ô �_ý���ñ ü&ôY÷;ôYù óô��(ù ý ö ñ �4ú ý û�ø ý�� ù@ÿ � ú$þ�ù4ô � û;ô ý��ø;ü � ÿ4ú$ô � ùAÿz÷;ô ñ ô
ÿCÎ4w	�(ô�õ@ø óô
ù(öS� � ùAô
ÿ
ï ¼ ö,û;ÿ ñ ô~ø�ù ý ]Aô��TV¤ú$üVö óô�� óô0÷ óô ñ ú&÷ óô0÷0��ú&û
�(ù ý ÷ � ú&ùAô � û�ô �_ý��;ñ ü$ô÷;ô�ù óô��(ù ý ö ñ �4ú ý ûv÷;ôC�a¯�ø�ô å - ¼ ÿ � ù`übö	�4ô
õ6ø óô
ù4ö2� � ù4ô�÷xö,û;ÿ`ü$ô �~�ö2�(ú$õ@ô�û
�Fï«�úzü$ô
ÿ@ø;ù óôDþ�ú$ÿ4ú ý û;ÿÍõ óô�� óô ý ù ý ü ý�+ ú�O � ô�ÿ@ÿ ý û
� �_ý û;û;ô
ÿÍô���ü$ô
ÿ@õ ý ÷0�ô
ü$ô
ÿ@øxö,ù1
�ö3ú��(ÿ�V�übö ��ý��;ñ ü&ô�÷;ôù óô��(ù ý ö ñ �4ú ý û-û;ô ñ
ý ùAù4ú + ô
ù4öWø;ùAô
ÿ1O � ôyøxö,ÿVô��2übö`ø � ú$ÿ4ÿ(ö3û ñ ôBô�±_ô ñ �4ú$þ,ô
õ6ô
û
�®÷;ú$ÿ4ÿAú&ø óô�ôB÷xö3û;ÿ2ü$ô �~�ö2�(ú$õ@ô�û
�ÿ4ô�ù(ö	�4ù��ô
ÿ ø;ù ý�ñLò ô=÷;ô ñ ô
ü$ü&ô ñ ö,ü ñ�� ü óô
ôZøxö,ù ü&ö0ù ý�� �(ú$û;ôZ÷?� ý ø4�(ú&õ6ú&ÿ4ö2�(ú ý ûJï
-iü�ô
ÿ��	�ö0û ý �4ô
ùWO � ôzü&ô
ÿB÷;ô � ¨��ý��;ñ ü$ô
ÿB÷;ô=ù óô��(ù ý ö ñ �4ú ý ûÍú&û
�(ô�ù4û;ô�ÿyÿ4ô�ùAþGô�û
�:�ö ñ
ý û
�(ù �ý ü&ô�ùBü&ö0ø � ú$ÿ4ÿ4ö,û ñ ôz÷;ú&ÿAÿ4ú&ø óô
ô=÷xö3û;ÿyü&ô �~�ö2�4ú&õ6ô
û
�FïX ûqô�±_ô���VJ÷xö,û;ÿzüböÍÿ��(ù(öS� óô + ú&ô~÷;ô ñ
ý õ6õÍö3û;÷;ô ý ø=�(ú$õÍö,ü$ô � �(ú$ü&ú&ÿ óô
ôC÷xö,û;ÿ ñ ôaø;ù ý ]Aô��TV_üböÍø � ú&ÿAÿ(ö,û ñ ô_�ö
Ü
í
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optimisation
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t

Utilisée par la stratégie
standard de régulation pour
commuter le bruleur à gaz

Capteurs de température

puissance dissipée
Calcul de la  

Batiment

t

P
d

Un jour

Puissance dissipée
dans le batiment

Sortie optimale Entrée optimale

b
T

minT

le batiment
Température dans

Un jour

+

ë`ìÙíyî Î�ï/w ð «��(ù4ö2� óô + ú&ôH÷0��ú&õ6ø;ü&ö,û
�Lö2�4ú ý û�ù ý��Õ� ÿ��(ô3ï
÷;ú$ÿ4ÿ4ú$ø_ô�ù ÷xö3û;ÿyü&ô �~�ö2�4ú&õ6ô
û
� ö óô�� óô ñ
ý û�ÿ4ú&÷ óô
ù óô�ô ñ
ý õ6õ6ôWþ3ö,ùAúbö � ü$ô`õÍö,û�ú&ø � ü óô
ô3ï Ð û�öCø ��ñ
ý û�ÿ4ú&÷ óô
ù4ô�ùO � ��ô
ü&ü$ô óô��Lö,ú/�0ô�±¤ô ñ �(úUþGô�õ@ô�û��~õÍö,û�ú&ø � ü óô
ô + ù �ö ñ ô�ö �q�_ý û,
 ý û ñ �(ú ý û;û;ô
õ6ô
û
�C÷;ô ñ ô
ÿ~÷;ô � ¨ �_ý���ñ ü&ô�ÿú&û
�4ô
ù4û�ô
ÿ
ï?« � ùZübö�; +�� ùAô�Î�ï/w�VPú&ü{ø�ô � �"
�ö ñ ú&ü&ô�õ@ô�û
� �ô��(ùAô-þ � O � ôCübö ��ý��;ñ ü&ô-übö|ø;ü � ÿZú$û��4ô
ùAû;ôCù óôFö,ü$ú&ÿAô� û;ôÌù óô��(ù ý ö ñ �(ú ý ûoÿ � ùvüböq�(ô�õ@ø óô
ù(öS� � ùAôñ�öÞüQ�Sô�û��4ù óô�ô ÷�ô
ÿ ñ
ý û�þGô ñ �4ô � ùAÿ
ï"É ô��P�4ô ��ý��;ñ ü&ôqû0��ô
ÿ��]ø;ö,ÿû óô ñ ô
ÿAÿ(ö,ú$ù4ôWø ý�� ù ñ
ý û
�4ù �ý ü$ô
ù�übö=ø � ú&ÿAÿ(ö,û ñ ô:�ö�÷�ú&ÿ4ÿAú&ø�ô
ù�V � û;ô`ÿ4ô � ü&ô ��ý��;ñ ü&ôtú&û
�4ô
ù4û�ôWÿAô
ù4ö,ú���ÿ �=æ ÿ(ö,û
�4ô,ï-iü�ÿ��Sö�þp�ô�ù4ô=û óô
ö,û;õ ý ú&û�ÿ6O � ô ñ ô��1�(ôZþ3ö,ùAúbö � ü&ô`ú&û
�(ô�ù4õ óô
÷;ú&ö,ú&ùAôIO � ú_ô�ÿ1�tü&ö8�4ô
õ6ø óô
ù4ö2� � ùAô)�ö-ü3��ô
û
�(ù óô
ô=÷;ô�ÿñ
ý û�þ,ô ñ �(ô � ù4ÿ=ô�ÿ1� � �(ú$ü&ú&ÿ óô
ô=ø ý�� ù ñ�ý õ@õ@ö,û;÷�ô
ùtü3��ô
û ñ ü&ô�û ñLò ô�õ@ô�û��Z÷ ��� ù �� ü$ô � ù�ïÕ-iü{ÿ��SöFþ��ô�ù4ôC÷ ý û ñ O � ôü&ô�ÿW�(ù ý ú&ÿ ��ý��;ñ ü&ô
ÿ`ÿ ý û
�Zû óô ñ ô�ÿ4ÿ4ö,ú&ùAô
ÿ
ïN öYÿ��(ù(öS� óô + ú&ô|÷;ô ñ
ý õ6õÍö3û;÷;ô ý ø=�4ú&õ@ö,ü&ô~ø�ô � �~ö,ú$û;ÿ4ú �ô��(ùAô6þ � ô ñ
ý õ6õ6ô � û ý�� �(ú&ü�ø�ô
ùAõ@ô��P�(ö,û
�÷;ô +2óô
û óô
ù4ô�ùÍ÷;ô�ÿ ñ�ý û;ÿ4ú + û;ô�ÿ ý ø=�4ú&õ@ö,ü&ô�ÿ�V ñ�ý û;ÿAú + û;ô�ÿUO � úWÿ ý û��@ÿ � ú$þ�ú&ô�ÿ@øxö3ù@ü$ô
ÿ<�(ù ý ú&ÿ �_ý��;ñ ü$ô
ÿ6÷;ôù óô��(ù ý ö ñ �4ú ý û�ø�ù óô
ÿAô
û
� óô�ô
ÿ=÷;ö,û;ÿ ñ ô8O � ú{ø;ù óô ñ �ô�÷;ô,ï N öaø � ú$ÿ4ÿ(ö3û ñ ô ý ø=�4ú&õ@ö,ü&ô ñ ö,ü ñ�� ü óô
ôHøxö,ùtü&ö~ù ý�� �(ú&û�ôú&û
�4ô
ùAþ�ú$ô
û
� ñ�ý õ@õ6ô � û;ô ñ�ý õ6õÍö,û�÷;ôÍö�ø;ù4ú ý ù4ú�÷xö3û;ÿ ñ ô@ÿ ñLòBóô�õÍö�ï Ð û�ø ý�� ù4ù4ö,ú��-ÿ��Sú$û��4ô
ùAù ý�+ ô�ù0ÿ � ùübö�û óô ñ ô�ÿ4ÿ4ú/� óô6÷;ô ñ ô��1�(ô6÷;ô
ùAû;ú3�ô�ù4ô3ï X ûäô�±_ô���V9O � �gö,÷�þ�ú$ô
û;÷�ù(ö,ú/�1Riú$ü®ÿ4ú ý û � �4ú&ü$ú&ÿ(ö3ú��=ü&ö�ÿ4ô � ü&ô ñ
ý û�ÿ4ú + û;ôý ø=�4ú&õ@ö,ü&ôC÷;ô��(ô�õ@ø óô�ù(ö2� � ù4ô|÷xö3û;ÿCü$ô �~�ö2�4ú&õ6ô
û
�pä Ð û ø_ô � �-÷;ô�þ�ú$û;ô
ù�÷;ô�ÿCù óô
ÿ � ü��LöS�(ÿHô
ûäø ý�� ù4ÿ � ú��4ôú&û4
 óô
ù4ú$ô � ùAÿ�V3ô
û|ô�±_ô���ü$ô7�(ô�ù4õ6ôyú&û
� óô + ù(ö3ü�÷ � ù óô +�� ü&ö2�(ô � ù å - ¼ ÷;ôtübö ��ý��;ñ ü&ôyôE¨4�4ô
ùAû;ô`÷;ô�þ�ù(ö ñ�ý õ@ø�ô
û�Rÿ4ô�ù ñ ô��1�(ô�ö � ÿ4ô
û ñ ô,ïå-iüJü � ú?
�ö � ÷;ù(ö � û ñ ô
ù1�(ö,ú&û­�4ô
õ6ø;ÿtø ý�� ù`ö,ù4ùAú$þ,ô
ùB�öaübö0þ3ö,ü$ô � ù ÷;ô�übö ñ�ý õ@õ@ö,û;÷�ôöÍø;ùAú ý ùAú�ï á ú&û;ÿAú3VPübö6ø � ú&ÿAÿ(ö,û ñ ô ý ø4�(ú&õ@ö,ü$ô ñ ö,ü ñ�� ü óô
ô0ø;ö,ùzü&ö6ù ý�� �(ú$û;ô0÷?� ý ø4�(ú&õ6ú&ÿ4ö2�(ú ý ûvÿ4ô�ù1�U�ö@ÿ � úUþ�ùAôñ
ý ù4ù4ô ñ �4ô
õ6ô
û
�zü&ö	�(ô�õ@ø óô�ù(ö2� � ù4ô�÷;ô ñ�ý û;ÿ4ú + û;ô ý ø=�4ú&õ@ö,ü&ô3ï
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X û�ø;ü � ÿt÷;ô�übö �_ý���ñ ü&ôH÷�ô-ù óô��4ù ý�ñ ö2�4ú ý ûvö,÷�÷;ú��4ú ý û;û�ô
ü&ü$ôZø�ù óô
ÿAô
û
� óô�ô¢�öaü&ö~ÿ4ô ñ �(ú ý ûvø;ù óô ñ�óô
÷�ô
û
�(ô2V_ü$ôø;ù ý�� ü3�ô�õ@ô�÷0� ý ø=�4ú&õ6ú&ÿ4ö2�(ú ý û=ô
ÿ���ù óô
ÿ ý ü � �öWú$û��4ô
ù�þ,ö3ü&ü&ô�ÿ{ù óô +�� ü&ú$ô
ùAÿV÷�ô�
�ö�©ñ�ý û­�öZõ6ô��P�4ù4ô>�ö.] ý�� ùQü&ô�ÿ2ø;ù ý ;xü$ÿ÷;ôCø � ú&ÿAÿ(ö,û ñ ô ý ø4�(ú&õ@ö,ü$ô-ô��=÷;ô§�(ô�õ@ø óô�ù(ö2� � ù4ô ý ø=�(ú$õÍö3ü&ôH÷xö,û�ÿzü&ô �~�ö2�4ú&õ6ô
û
�Fï X ûrô�±_ô���V ñ ô
ÿ=ø;ù ý ;xü$ÿÿ4ô�ù ý û
�Cÿ � ÿ ñ ô�ø=�(ú � ü&ô�ÿC÷0� �ô��4ù4ô ñLò ö,û +�óô
ÿCÿ���ú&ü®ÿ��göFþ��ô
ùAôAO � ô6übö�ø � ú$ÿ4ÿ4ö,û ñ ô ý ø=�4ú&õ@ö,ü&ô0÷;ú&ÿAÿ4ú&ø óô
ô|÷xö,û;ÿ�ü$ô�~�ö2�4ú&õ6ô
û
�`÷;ú/±.�ô�ù4ôH÷;ôC
�ö�©ñ�ý ûvÿ4ú + û;ú�; ñ ö2�(úUþGôH÷;ô ñ ô
ü&ü$ô ñ ö,ü ñ�� ü óô
ôHøxö3ùtüböaù ý�� �(ú&û�ôH÷0� ý ø=�(ú$õ@ú$ÿ(ö2�4ú ý ûJï5 �ô
õ6ôqÿ4ú ñ ôqû0� óô��(ö,ú���øxö,ÿ�ü$ô ñ ö3ÿ�÷xö,û;ÿ ñ ôqø;ù ý ]Aô��TV ý ûßø_ô � � óô + ö,ü&ô�õ@ô�û��Íú&õ@ö + ú$û;ô
ù)O � ôqü&ô�ÿú&û�ÿ1�(ú/� � �4ÿ2÷�ôyõ óô�� óô ý ù ý ü ý�+ ú$ô�ÿ4ô
ù ý û
� � ú$ô
û
� �ý � ñ ö,ø;ö � ü&ô�ÿ�÷;ô6
 ý�� ù4û�ú&ùV÷;ô
ÿ®ø�ù óô�þ�ú$ÿ4ú ý û;ÿ�õ óô�� óô ý ù ý ü ý�+ ú�O � ô
ÿö ñ � � ö,ü$ú&ÿ óô
ô
ÿYø;ü � ÿ4ú$ô � ùAÿ¢
 ý ú&ÿv÷xö,û;ÿ�übö�] ý�� ùAû óô
ô3ïy-iü�ÿAô
ù(ö3ú���ö,ü ý ù4ÿ­�(ù��ô
ÿ:] � ÷;ú ñ ú&ô � ¨o÷;ô ù óô
ÿ ý�� ÷;ùAôwü$ôø;ù ý�� ü3�ô�õ@ôz÷0� ý ø=�(ú$õ@ú$ÿ(ö2�4ú ý û*�ö ñLò ö�O � ôC
 ý ú&ÿ7O � ô-÷�ôHû ý�� þ,ô
ü&ü$ô
ÿtø;ù óô�þ�ú&ÿAú ý û�ÿtÿ ý û
�`÷;ú$ÿ4ø ý û;ú � ü&ô
ÿ�ï ¼ ö,û�ÿü&ô ñ ö3÷;ù4ô@÷;ô ñ ô@ø;ù ý ]Aô��TVVú&ü8ö óô�� óô@÷ óô ñ ú&÷ óô@÷;ôÍù óô
ÿ ý�� ÷;÷;ùAô�ü&ô6ø;ù ý�� ü3�ô�õ@ô6÷0� ý ø=�(ú$õ@ú$ÿ(ö2�4ú ý û ñLò ö�O � ô �ò ô � ù4ô�ÿ
ï
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¼ ú$þ,ô
ù4ÿAô
ÿCõ óô�� ò;ý ÷;ô
ÿ ý û
� óô�� óô)�4ô
ÿ1� óô
ô�ÿ0ø ý�� ù�õ@ô��P�4ù4ô��ö:] ý�� ù�ü&ô
ÿ�ø;ù óô�þ�ú&ÿAú ý û�ÿCõ óô�� óô ý ù ý ü ý�+ ú�O � ô
ÿö �»ñ
ý�� ù4ÿ|÷;ôYüböU] ý�� ùAû óô
ôq�öÌü3�Sö,ú&÷;ôÍ÷;ô�üQ�Sú$û=
 ý ùAõÍö2�4ú ý û�
 ý�� ùAû;ú&ôvøxö3ù � û;ôYÿ ý û;÷�ô�÷;ô­�4ô
õ6ø óô
ù4ö2� � ùAôô�¨��4ô
ù4û�ô�ô�� � û ñ ö,ø=�4ô � ù~÷?�Sô�û;ÿ ý ü$ô
ú$ü&ü&ô�õ@ô�û
�Fï á �;ñ�� ûàù óô�ÿ � ü/�Lö2�0ø;ù ý�� ö,û
�aû0�Sö óô�� óô ý�� �4ô
û � ô�� ñ ô��P�4ôø;ú$ÿ1�(ô-öaù(ö3ø;ú&÷;ô�õ@ô�û
� óô�� óô-ö � ö,û;÷ ý û óô
ô,ï
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N ö�ÿ1�4ù(ö2� óô + ú$ôÌ÷;ô ñ�ý õ6õÍö,û�÷;ô ý ø=�(ú$õÍö3ü&ô�VBüböàÿ1�4ù(ö2� óô + ú$ô ÷?�Sú$õ@ø;ü&ö,û
�Lö2�4ú ý ûßù ý��Õ� ÿ��(ôäö,ú&û�ÿ4úCO � ôüböYÿ1�4ù(ö2� óô + ú$ô@÷0��ú&÷�ô
û
�(ú/; ñ ö2�4ú ý ûäö � � ý õ@ö2�(ú�O � ô@÷;ô�ÿ0øxö3ù(ö,õ��ô��4ù4ô
ÿC÷ �q�~�öS�(ú&õ6ô
û
� ý û
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ô
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ÿ
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û
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ÿ
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N ô �Õ� �z÷;ô-ü3��ô�¨�ø óô�ù4ú$õ@ô�û��(ö2�(ú ý û�ô
ÿ��=÷;ô ñ�ý õ@ø;ö,ù4ô�ùWü$ô
ÿWø_ô�ù1
 ý ùAõÍö3û ñ ô�ÿW÷�ôCü&ö ñ�ý õ6õÍö,û�÷;ô�÷0� ý ù4ú/R+ ú$û;ô-ö�þ,ô ñ übö|ÿ1�(ù4ö2� óô + ú&ô�÷;ô ñ
ý õ@õ@ö,û;÷;ô ý ø4�(ú&õ@ö,ü$ô=÷ óô�þ,ô
ü ý ø;ø óô�ô0÷xö,û�ÿZü$ô ñ ö,÷;ùAôC÷;ô ñ ôCø;ù ý ]Aô��Fïp@Wû;ôÿ4ô � ü&ô6ú&û�ÿ1�Lö3ü&üböS�(ú ý û óô��(ö,û
�$�öY÷;ú&ÿAø ý ÿAú��4ú ý û0V_ú&ü�öY÷ ý û ñàóô�� óô@û óô ñ ô�ÿ4ÿ(ö3ú&ù4ô@÷;ô6ø_ô�û;ÿ4ô�ù � ûäõ óô ñLò ö,û;ú$ÿ4õ6ôø�ô
ù4õ6ô��1�Lö,û
�B÷;ô ñ
ý õ6õ � �4ô
ù�
�ö ñ ú$ü&ô
õ6ô
û
��÷0� � û;ôZÿ1�4ù(ö2� óô + ú$ôZ÷;ô ñ
ý õ6õ@ö,û;÷;ô:�ö � û;ôzö � �(ùAô,ï4@ZûÍÿAú&õ6ø;ü&ôú&û
�4ô
ù4ù � ø=�4ô � ù8õÍö3û � ô
ü�ö óô�� óôzù óôFö,ü$ú&ÿ óôtô��yø�ô
ùAõ@ô��8÷;ô ñ�ý û;û;ô ñ �(ô�ù ô�û � û;ôZÿ4ô � ü&ô ý ø óô�ù(ö2�4ú ý û<� ý�� �(ô
ÿBü&ô�ÿô
û
�4ù óô
ô�ÿZô��Wÿ ý ù��(ú&ô�ÿ`ÿ ý ú/�Wö � õ ý ÷ � ü$ôA��ú&ô�ü&÷ å ý ú&û
�tÿ ý ú��:�öaü&ö ñ�ý õ6õÍö,û�÷;ô=÷0� ý ù4ú + ú&û�ô,ï-iü óô��(ö,ú�� óô + ö,ü&ô�õ@ô�û
�Qû óô ñ ô
ÿ4ÿ4ö,ú&ùAôB÷�ô8ø ý�� þ ý ú&ù{ÿAú&õ � ü&ô
ù¤ü&ô
ÿ ñ�ý û;÷;ú/�(ú ý û;ÿJõ óô�� óô ý ù ý ü ý�+ ú�O � ô
ÿ�VFô
û-ô�±_ô���Vø ý�� ù"
�ö ñ ú&ü$ú��(ô�ùzü&ö ñ
ý õ6øxö,ù4ö,ú&ÿ ý ûrú$ü óô��(ö,ú��zú&û;÷;ú$ÿ4ø�ô
û;ÿ4ö � ü$ô~÷;ôaø ý�� þ ý ú&ù=ùAô
ø;ù ý ÷ � ú&ù4ôa÷�ô
ÿ ñ
ý û;÷;ú��4ú ý û�ÿ÷0��ô
û;ÿ ý ü&ô�ú&ü$ü&ô
õ6ô
û
�-ô��~÷;ôU�4ô
õ6ø óô
ù4ö2� � ùAô�ö,õ � úbö,û
�(ô6ú&÷�ô
û
�(ú�O � ôÍø ý�� ù0ü$ô
ÿC÷;ô � ¨�ô�¨�ø óô�ù4ú&õ6ô
û
�(ö2�(ú ý û;ÿ�VöFþGô ñ ü&ö ñ�ý õ6õÍö,û�÷;ô�÷0� ý ù4ú + ú&û;ôÍô��6üböqÿ1�4ù(ö2� óô + ú$ô�÷;ô ñ
ý õ6õÍö3û;÷;ôvöFþ3ö,û ñ�óô�ô,ï å ý�� ù ñ ô­
�ö,ú&ùAô�V®ü$ô�ÿ4ú�Rõ � ü&ö2�(ô � ùa÷;ô ñ ö,ø4�(ô � ù4ÿ6ÿ ý ü&ö,ú&ùAô
ÿa÷ óôDþGô
ü ý ø;ø óô�ö � übö ��ý ù4ö2� ý ú$ù4ô@÷0� óô�û;ô
ù +2óô��4ú�O � ôYÿ ý ü&ö,ú&ùAô�÷;ôvü3� X ñ
ý ü$ô÷0��-iû +2óô�û;ú&ô � ù4ÿZ÷ � Éyö,û
� ý ûr÷;ôdy8ö � ÷qö óô�� óô � �(ú$ü&ú&ÿ óô,ïpÉ ôC÷;ô
ùAû;ú&ô�ùzø�ô
ù4õ6ô��Z÷;ôCÿ4ú&õ � ü&ô�ùWü$ô
ÿ ñ ö,ø4�(ô � ù4ÿÿ ý übö,ú$ù4ô
ÿ��ö@üQ�gö3ú&÷;ô-÷;ô0ù óô
ÿAú&ÿ1�(ö,û ñ ô
ÿ óô
ü$ô ñ �(ù4ú�O � ô
ÿ�V_ü$ôCø;ùAú&û ñ ú&ø�ôCô�ÿ1�HÿAú&õ6ø;ü&ô�ô��Hù4ô�ø;ù óô�ÿ4ô
û
� óô_�ö@übö<; +�� ùAôv�ï ��ï @Zû»õ ý ÷0�ô�ü&ô�÷;ô�ÿ ñ�ý ü&ü$ô ñ �(ô � ù4ÿ|ÿ ý ü&ö,ú&ùAô
ÿ~ô�ÿ1�@÷ ý û ñ¢� �4ú&ü$ú&ÿ óô3ï{É ôv÷;ô�ù4û;ú$ô
ù � �(ú$ü&ú$ÿ4ôÍô�û ô�û��4ù óô�ô�÷;ô�ÿ÷ ý û�û óô
ô�ÿyõ óô�� óô ý ù ý ü ý�+ ú�O � ô
ÿ8ù óô
ô�ü&ü$ô
ÿ8õ@ô�ÿ � ù óô
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ý õ@õ@ö,û;÷;ô ý ø=�4ú&õ@ö,ü&ô�ô���ü&öñ
ý õ@õ@ö,û;÷;ô0ÿ1�Lö3û;÷xö,ùA÷Jï X ûÌô�±_ô���V � û;ôaú$û;ô
ù��(ú&ô óô
ü&ôDþ óô
ôaÿ4ú + û;ú/;xô � û�ôaø;ü � ÿ + ù(ö,û;÷�ô~ú&õ6ø ý ù1�Lö3û ñ ôC÷;ôü3�Sö,û
�(ú ñ ú$øxö2�(ú ý ûY÷;ô
ÿ + ö3ú&û;ÿ=ø;ö,ÿ4ÿAú�
>ÿ
ï ¼ ö,û;ÿ ñ ô
ù��Lö,ú$û;ÿ ñ ö,ÿ�V?�a¯�ø;ú�O � ô�õ@ô�û
��÷xö,û;ÿHü$ô ñ ö3ÿH÷;ôaø;übö3û ñLò ô
ùAÿÿ ý übö,ú$ù4ô
ÿ ñLò ö � ±¤ö,û
�(ÿ�V � û|ø òBóô
û ý õ��ô�û;ôt÷;ôtÿ�� ý�ñ5� ö + ôt÷;ô`ü3� óô
û;ô�ù + ú$ô ÿ ý übö,ú$ù4ôyø�ô
û�÷xö,û
��übö�] ý�� ù4û óô�ô`ø ý�� ùübö~û � ú/�Zö óô�� óô ý�� ÿAô
ù�þ óô�ô0ô�û�ÿAú&õ � ü&ö2�(ú ý û�öFþ,ô ñ üböaÿ1�4ù(ö2� óô + ú$ôH÷;ô ñ
ý õ6õÍö3û;÷;ô�öFþ3ö,û ñ�óô�ô,ïX + ö,ü&ô�õ@ô�û
�TV=ö �¥ñ
ý�� ùAÿr÷;ôÞü&ö ñ ö,õ6øxö + û;ôw÷;ôÞõ6ô
ÿ � ù4ô�ÿqõ@ô�û óô
ô2Vzú$ü0ö óô�� óôÞÿ � ø;ø ý ÿ óôÍO � � � û;ôÿ ý û;÷;ô=÷0�Sö,õ � úbö,û ñ ô óô��Lö,ú/� ø;ù óô
ÿAô
û
�(ô3ï N ö-ÿ1�4ù(ö2� óô + ú$ôz÷;ô ñ�ý õ6õÍö,û�÷;ôZÿ��Lö,û�÷xö,ù4÷�ø�ù4ô
û�÷�ô
û ñ
ý õ@ø=�4ôzü&öø;ù óô
ÿ4ô�û ñ ô6÷;ô ñ ô��P�4ô6ÿ ý û;÷;ô|ô�û ú$õ@ø�übö,û
�Lö3û�� � û;ô ñ
ý û��4ù4ô|ù óô
ö ñ �4ú ý û*�4ù��ô
ÿ � ö,ÿ4ú�O � ô�V{÷0� ý �� ü&ô�ÿHø;ú3�ô��(ù4ô�ÿø�ô
ù1
 ý ù4õ@ö,û ñ ô�ÿHô
û ù óô +�� üböS�(ú ý ûrõ@ô�û
�(ú ý û;û óô
ô�ÿHø;ù óô ñ�óô�÷;ô
õ6õ@ô�û
�Fï á ��ñ�� û;ô ñ ö3õ@øxö + û;ô ñ�ý õ@ø;ö,ù(ö2�4ú$þ,ôû0�Sö óô�� óô�õ6ô
û óô�ô-ÿAúQö �;ñ�� û;ô�ÿ ý û�÷;ôC÷?�gö,õ � úbö,û ñ ôHû0��ô
ÿ��zø;ù óô
ÿAô
û
�(ô3ïN ô
ÿtø;ù óô�þ�ú&ÿAú ý û;ÿ õ óô�� óô ý ù ý ü ý�+ ú�O � ô�ÿ ÿAô=ÿ ý û
�WöFþ óô
ù óô
ô
ÿ`÷0��ô�¨ ñ ô
ü&ü$ô
û
�(ôCO � ö3ü&ú�� óô,ï�-iü&ÿyÿAô
ù4ö,ú&ô�û�� � úbö,ú$ÿ óô�ÿ÷;ô6û;ô6÷ ý û;û;ô�ùC÷;ö,û;ÿ ñ ô6ù(ö,ø;ø ý ù��BO � ô6÷;ô�ÿ ñ
ý õ@øxö3ù(ö,ú$ÿ ý û;ÿHø ý�� ù§O � ô
ü�O � ô
ÿ�] ý�� ù4û óô
ô
ÿ ñLò;ý ú$ÿ4ú$ô
ÿCö �ò ö,ÿ4ö,ù4÷¤ï¶É ô��1�(ô óô�� � ÷;ôz÷;ô�þ�ù(ö3ú��7
�ö3ú&ù4ô<�ö0ô
ü$ü&ôWÿ4ô � ü&ô=üQ� ý�� ]Aô��t÷?� � û�ù4ö,ø;ø ý ù1�
ï å ý�� ùy÷�ô
ÿ ñ�ý õ@ø;ö,ù(ö,ú$ÿ ý û�ÿø;ü � ÿvø;ù óô ñ ú&ÿAô
ÿ�VZú$ü=ô
ÿ�� ñ�ý û;ÿ4ô�ú&ü$ü óôq÷;ô ø;ù4ô�û;÷;ùAôä÷;ú$ù4ô ñ �(ô�õ@ô�û
� ñ�ý û
�Lö ñ �röFþ,ô ñ üQ� -iû�ÿ1�(ú/� � ��« � ú&ÿAÿ4ô ÷;ô5 óô�� óô ý ù ý ü ý�+ ú&ô3ïN ö|ø�ù ý�ñ�óô
÷ � ù4ô�÷;ô�õ ý ÷ óô�ü&ú$ÿ(ö2�4ú ý ûÍö � � ý õÍö2�4ú�O � ôZ÷ ���c�ö2�(ú$õ@ô�û��yû0�göaø �ú�ô��4ù4ôHù óôFö,ü$ú&ÿ óô�ôHô
ûvõ �ô
õ6ô�(ô�õ@ø�ÿ�O � ôHü&ô
ÿW�4ô
ÿ��(ÿtø;ù óô
ÿ4ô�û
� óô
ÿW÷xö,û�ÿ ñ ô8O � úJø;ù óô ñ �ô�÷;ô�ô
ÿAÿ4ô
û
�4ú&ô
ü$ü&ô�õ@ô�û��`÷ � 
�ö3ú��y÷�ô
ÿW�(ù ý ø ñ
ý�� ù1�4ô
ÿø óô�ù4ú ý ÷;ô�ÿ ÷0��ô�¨�ø óô�ù4ú&õ6ô
û
�(ö2�(ú ý ûJï X û�ô�±_ô���V�ô
û � û;ôzÿAô
õ@ö,ú&û�ô�V�ü&ô�ÿ øxö,ù4ö,õ��ô��(ùAô
ÿB÷ � õ ý ÷0�ô�ü&ôy�Cû ý ô � ÷;ÿ÷ �U�~�ö2�(ú$õ@ô�û
� ý û
�§�ö-ø_ô�ú&û;ô`ü&ô��4ô
õ6ø;ÿB÷?� �ô��(ù4ôWú&÷�ô
û
�(ú/; óô
ÿ ñ
ý ùAù4ô ñ �(ô�õ@ô�û
�Fï á ú$û;ÿ4úQV ñ ô
ÿBøxö,ù4ö,õ��ô��(ùAô
ÿ ý û
�÷ � �ô��4ù4ô�ô
ÿ��(ú&õ óô
ô�ÿWö�þ3ö,û
�Wü&ôH÷ óô �Õ� �W÷;ô ñLò ö2O � ôCÿAú&õ � ü&ö2�(ú ý ûJï� ý�� �(ô�ÿ ñ ô
ÿ-ù4ô
õ@ö,ù1O � ô
ÿ-ö,õ��ô
û;ô�û��­�övø_ô�û;ÿ4ô�ùBO � ô|÷;ô�ÿ§�4ô
ÿ��(ÿ-ø;ü � ÿHÿAú + û�ú�; ñ ö2�(ú/
>ÿ�V��a¯�ø;ú�O � ô
õ6ô
û
�÷xö,û�ÿ2÷;ô � ¨�þ�ú&ü$übö,ÿ{ú$÷;ô
û
�(ú�O � ô
ÿ ò ö � ú/� óô�ô
ÿ�V«÷ ý ú$þGô�û
� �ô��(ù4ô�õ6ô
û óô�ô
ÿ2ø ý�� ùVô�ÿ1�4ú&õ6ô
ùQü3��ú&û
� óô�ù �ô�� ñ
ý õ6õ@ô�ù ñ úbö,ü÷;ô�übö~ÿ��(ù4ö2� óô + ú&ô�÷;ô ñ
ý õ@õ@ö,û;÷;ô=ö�þ3ö,û ñ�óô
ô3ï



� ± ²´³ µ{¶w·�¸ �

� ÁÃ¼ ½¾À{Ü Ýäµ2Á ¼ Ý ¸¾¶ ³ ¸ ·ìÝ ³ ¸ ½ ¶ÞµQÅ ¸óÝ

É ôZù4ö,ø;ø ý ù1�®ø;ù óô�ÿ4ô
û
�4ôz÷ ý û ñ ü&ö=ÿ1�4ù(ö2� óô + ú$ôt÷;ô ñ
ý õ6õÍö3û;÷;ô`öFþ3ö,û ñ�óô�ôZ÷ óô�þGô�ü ý ø�ø óô
ôZö � übö ��ý ù4ö2� ý ú$ù4ô÷0�Sö � � ý õÍöS�(ú�O � ôH÷�ô-üQ� X�å � N ïåÉ ô��P�(ô�ÿ��(ù(öS� óô + ú&ô�ø;ù óô�ÿ4ô�û��4ôCü$ô
ÿ ñ ö3ù(ö ñ � óô
ùAú&ÿ��(ú�O � ô�ÿ`ÿ � úUþ,ö3û��4ô
ÿ8YR � û�ô0ÿ1�4ù(ö2� óô + ú$ôC÷�ô ñ�ý õ@õ@ö,û;÷�ô ý ø4�(ú&õ@ö,ü$ô � �(ú$ü&ú&ÿ4ö,û
�`÷;ô
ÿZø;ù óôDþ�ú&ÿ4ú ý û;ÿWõ óô�� óô ý ù ý ü ý�+ ú�O � ô
ÿ�
 ý�� ù¹Rû;ú$ô
ÿ`ô
ûYü&ú + û;ô=ø;ö,ùtü3��-iû;ÿ1�4ú�� � �y« � ú$ÿ4ÿ4ô�÷;ôB5 óô�� óô ý ù ý ü ý�+ ú$ô,ïR � û�ô6ÿ��(ù4ö2� óô + ú&ôa÷;ôaõ ý ÷ óô
ü$ú&ÿ(öS�(ú ý ûrö � � ý õ@ö2�(ú�O � ô~÷ �ú�~�ö2�(ú$õ@ô�û
�Fï9É ô��P�4ô6ÿ��(ù4ö2� óô + ú&ô � �4ú&ü$ú&ÿ4ô � ûõ ý ÷0�ô
ü&ôzÿ4ú&õ6ø;ü$ú�; óô<�öA�~û ý ô � ÷�ÿWô�� ñ ö,ü ñ�� ü$ôHô
ûYü&ú + û;ô � øxö,ù4ö,õ��ô��(ùAô
ÿ`÷;ô ñ ô�õ ý ÷0�ô�ü&ô3ïR � û�ôaÿ1�(ù4ö2� óô + ú&ô0÷0�Sú$õ@ø�übö,û
�Lö3ú ý û�ù ý��Õ� ÿ1�(ôaù óôFö,ü$ú&ÿ4ö,û
� + ù �ö ñ ô_�ö�ø;ü � ÿ4ú$ô � ùAÿHù óô +�� üböS�(ô � ù4ÿ å - ¼ ô
ûñ ö,ÿ ñ ö,÷;ô-ü&ôHÿ � ú$þ�ú{÷;ô�übö	�4ô
õ6ø óô
ù4ö2� � ùAô ý ø=�(ú$õÍö3ü&ôz÷;ö,û;ÿ`ü&ô �~�öS�(ú&õ6ô
û
�
ï@Zû;ô ñ ö,õ6øxö + û;ô0÷;ô-õ6ô
ÿ � ù4ô
ÿzô�¨�ø óô
ùAú&õ6ô
û
�Lö3ü&ô
ÿzö@ø�ô
ùAõ@ú$ÿW÷�ô ñ
ý õ@øxö3ù4ô
ùWü&ô�ÿZø�ô
ù�
 ý ù4õ@ö,û ñ ô
ÿZ÷;ôübö=ÿ��(ù4ö2� óô + ú&ôy÷�ô ñ�ý õ6õÍö,û�÷;ôtöFþ3ö,û ñ�óô�ô:�ö�ü&ö=ÿ1�4ù(ö2� óô + ú$ôy÷;ô ñ
ý õ6õ@ö,û;÷;ôyÿ��Lö,û�÷xö,ù4÷¤ï
@Zû;ô`ù óô
÷ �;ñ �(ú ý û|÷;ôü3� ý ùA÷;ù4ô=÷�ô�w �-� ÷;ôHübö ñ�ý û;ÿ ý õ@õ@ö2�(ú ý ûÍ÷�ô + ö,§Hö óô�� óôHõ@ô�ÿ � ù óô
ô3ïÕ-iü ñ
ý û�þ�ú$ô
û
�`û óôFö3û;õ ý ú&û;ÿy÷�ôHû ý �(ô�ùO � ô-ü3��ô
û�þ�ú&ù ý û;û;ô
õ6ô
û
�W÷0��ô�¨�ø óô�ù4ú&õ6ô
û
�(ö2�(ú ý û�û?�Sô�ÿ1�Zøxö,ÿI�(ù��ô�ÿZùAô
ù óô
ÿ4ô�û
�Lö2�4ú�
®÷?� � û�ô-þ�ú&ü$übö~ú$û;÷;ú$þ�ú$÷ � ô
ü$ü&ôù óô�ô
ü$ü&ôHô��KO � ô�÷;ô�û ý õ � ù4ô � ¨­
�ö ñ �(ô � ù4ÿWø_ô � þGô�û��Zú&û4Ô � ô
û ñ ô
ù ñ ô�ù óô
ÿ � ü��LöS�FïN ô
ÿWø_ô�ù4ÿ4ø�ô ñ �(úUþGô
ÿWø ý ÿ4ÿAú � ü$ô
ÿ`ö ñ ôC�(ù4ö�þ3ö,ú$ü¤ÿ ý û
�	YR � û�ô ñ ö,õ6øxö + û;ô�÷;ô�õ6ô
ÿ � ù4ô�ÿWø�ü � ÿ`ù4ô�ø;ù óô�ÿ4ô�û��(ö2�(úUþGôC÷;ô ñ
ý û;÷�ú��(ú ý û;ÿyù óô
ô�ü&ü&ô�ÿ`ø ý�� ù óô�þ3ö,ü � ô
ù`ü&ô�ÿø�ô
ù�
 ý ù4õ@ö,û ñ ô
ÿ`÷;ô�übö~ÿ��(ù(öS� óô + ú&ôH÷;ô ñ
ý õ@õ@ö,û;÷;ô�öFþ3ö,û ñ�óô
ôR@ü$ôH÷ óô�þ,ô
ü ý ø;ø_ô�õ@ô�û
�Z÷?� � û�ø;ù ý ÷ � ú/� ñ
ý õ@õ6ô
ù ñ úbö3üªä
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y8ö,ùAúbö � ü$ô
ÿy÷?� óô��Lö2�W÷ � õ ý ÷0�ô�ü&ô=÷0���zùAø0�ô + ôUY
h?k¹j � � ô�õ@ø óô
ù(öS� � ùAô-÷ � Å´R��ô
õ6ôHû ý ô � ÷Y÷;ô�übö ñ�� þGô ��Ó��
h�l�j ¬ � ô�õ@ø óô
ù(öS� � ùAô-÷ �8� R��ô�õ@ôHû ý ô � ÷�÷�ô-üQ� óô ñLò ö,û + ô � ù`ôFö � ÿ4ö,û;ú��(ö,ú&ùAô ��Ó��
h���j À

� ô�õ@ø óô
ù(öS� � ùAô-÷ ��  R��ô
õ6ôHû ý ô � ÷Y÷;ô�ü3� óô ñLò ö3û + ô � ù ñ ú&ù ñ�� ú/�`ÿ ý ü&ö,ú&ùAô ��Ó��
hS¡ � ô�õ@ø óô
ù(öS� � ùAô-÷ � û ý ô � ÷�÷ �Yñ
ý û�þ,ô ñ �(ô � ù ��Ó��
hX¢�j £ � ô�õ@ø óô
ù(öS� � ùAô-÷ �!¤ R��ô
õ6ô-û ý ô � ÷v÷;ôCü&ö ñ
ý û�÷ � ú��4ô÷ �Yñ ú&ù ñ�� ú/�t÷;ô ñLò ö � ±¤ö + ô ��Ó��
hS¥Ej Ç � ô�õ@ø óô
ù(öS� � ùAô-÷ ��È R��ô
õ6ôHû ý ô � ÷Y÷;ô�übö ñ�ý û;÷ � ú/�(ô÷;ô�übö ��ý��;ñ ü$ô ñ
ý ü$ü&ô ñ �(ô � ù ��Ó��
hX¦aj § � ô�õ@ø�ô
ù4ö2� � ù4ô�÷ �!¨ R��ô
õ6ôHû ý ô � ÷Y÷ �Yñ
ý ü$ü&ô ñ �(ô � ù ��Ó��
h�b � ô�õ@ø�ô
ù4ö2� � ù4ô�÷;ô�ü3�Sö,ú&ù§�ö|üQ�Sú$û
� óô
ùAú&ô � ùy÷;ô�übö~õ@ö,ú$ÿ ý û ��Ó��
© ö3ù(ö,õ��ô��4ù4ô
ÿ ñ�ý û;ÿ1�(ö,û
�(ÿW÷ � õ ý ÷0�ô
ü$ô=÷0���zùAø9�ô + ô)Yª
¦ j § �zú$ù4ôH÷ �!¨ R��ô
õ6ôHû ý ô � ÷Y÷ �Yñ
ý ü$ü&ô ñ �(ô � ù �æõ s �« ��¦ Éyö,øxö ñ ú�� óô ñ ö,ü ý ù4ú�;ÕO � ô=÷ � ü&ú�O � ú$÷;ô=÷ �Yñ ú$ù ñ�� ú��`ÿ ý übö,ú$ù4ô � �+¬ � g ��+ Ó r �« ��� Éyö,øxö ñ ú�� óô ñ ö,ü ý ù4ú�;ÕO � ô=÷ � ü&ú�O � ú$÷;ô=÷xö3û;ÿ`übö ñ�� þ,ô � �+¬ � g ��+ Ó r �«
¦=­W§

Éyö,øxö ñ ú�� óô ñ ö,ü ý ù4ú�;ÕO � ô=ÿ � ù�
�ö ñ ú�O � ôC÷ �Yñ�ý ü&ü$ô ñ �(ô � ù � �+¬ � g ÓHõ s r �«
¡

Éyö,øxö ñ ú�� óô ñ ö,ü ý ù4ú�;ÕO � ô=÷ �Yñ
ý û�þGô ñ �4ô � ù � �+¬ � Ó��® ½ X æ@ñ ö ñ ú/� óô ý ø=�4ú�O � ô�÷ �Yñ
ý ü$ü&ô ñ �(ô � ù � Rs�®
Ë

É ý ô æ6ñ ú&ô�û
�Z÷�ô-ø�ô
ù��(ô�ÿZ÷ �Yñ
ý ü&ü&ô ñ �4ô � ù � �+¬ � g õ s Ó r �¯ kaj ° É ý ô æ6ñ ú&ô�û
�Z÷�ô-ø�ô
ù��(ô�ÿZ÷xö3û;ÿ`ü&ôHõ6ú&ü&ú$ô � ö3õ � úbö3û��y÷;ô�übö ñ�� þ,ô � �-± � Ó��¯
¢Tj ° É ý ô æ6ñ ú&ô�û
�Z÷�ô-ø�ô
ù��(ô�ÿZ÷xö3û;ÿ`ü&ôHõ6ú&ü&ú$ô � ö3õ � úbö3û��÷;ô�übö ñ
ý û;÷ � ú/�(ôH÷ �YñLò ö � ±¤ö + ô � �-± � Ó��¯
¥�j ° É ý ô æ6ñ ú&ô�û
�Z÷�ô-ø�ô
ù��(ô�ÿZ÷xö3û;ÿ`ü&ôHõ6ú&ü&ú$ô � ö3õ � úbö3û��÷;ô�übö ñ
ý û;÷ � ú/�(ôH÷ �Yñ ú$ù ñ�� ú��`ÿ ý übö,ú$ù4ô � �-± � Ó��¯ kaj l É ý ô æ6ñ ú&ô�û
�Z÷�ô8�4ù(ö,û�ÿ1
>ô
ù��W÷;ô ñLò ö,ü&ô � ù`÷;ô�ü3� óô ñLò ö3û + ô � ù÷;ô ñLò ö,ü$ô � ù`ôFö � ÿ4ö,û;ú��(ö,ú&ùAô � �-± � Ó��¯ kaj � É ý ô æ6ñ ú&ô�û
�Z÷�ô8�4ù(ö,û�ÿ1
>ô
ù��W÷;ô ñLò ö,ü&ô � ù`÷;ô�ü3� óô ñLò ö3û + ô � ù
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¢Tj £ 5]ö,ÿAÿ4ô-÷ �!¤ R��ô
õ6ôHû ý ô � ÷Y÷;ô�übö ñ
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