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Ê=Xae]o£`�V3\n`
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x'XaÊ�\_o£�m\neyd Y]XZo£`8�m\ne]Xao
^Qohp)��Î�Ï)ÐsÍ[ÑOÎ.Ð�r.ÒÔÓD��e]o{�WX��nd gsÎ)��\udh`!dh`m^ÕÏ.gZo£;mdhgIÐsY[V3o�x���q�\ne[\�Ö

Ñ�o{UW��gZ\ ^ÆÎ)��\ dh`
Í�ÐOY]V3o�x'��qW\ne]\)rs\ux'�mo{`mx�\7ÒK�
��\�e]XZVw\n`=Y¾×jX�xOY]q�\n`cUmx�\ ^ØY[o3x�Y]Um^
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<vÍÙ�nd{x�\c;md{x�X�x���Y]qW\Ø`�dhY]UWe]\�o p�Y[q�X�x}Xa`=Y[\ney�yqmd `�~{\3pzo{e@^
XÛÚ�\ne]\�`=YÜ��o{`
Ê�\ ��Y[XZÊ�\@e]\n~£XZV3\ x¾Ë&��q�\

È
XZ`�\nVÉdhY]Xf�_�yqmd eyd{�¾Y]\ne[X�x'Y[X��nx�ohp)Y]q�\,x�Y]Um^=Xa\ ^¹x'<Wx'Y[\nVcx�pzo{e7\ud{�yqÝo p�Y]qW\ØY[\n`��nd{x�\ x7dhe[\Æx�<=`=Í

Y]qW\ x'XaÞn\ ^*pze[o{V |�o{���WgZ\ne@V3\ d£x'U�e[\nV3\n`
Yyx�Vcd{^=\,;=<¹Y[q�\ÆY���o � d Y]Xao{`md g�Î)��\ d `�X��,dh`m^ßÐOY'Í

V3o�x'��q�\�e]X��)Ð�^=V3Xa`�X�x�Y]eyd Y]Xao{`càßb«Í�á£|ÔdhXZeÌ��eydnpzYn���Oq�XagZ\�Y]q�\�\n`
Ê=Xae]o£`�V3\n`
Yyd g���o£`m^=XZY[XZo£`mxs��\ne]\

e]\�Y]e]Xa\nÊ�\ ^_pze]o£V�;md gZgao�o{`&x'o£U�`m^=Xa`�~�x�Vcd£^=\}`W\ dhe[;=<cY]qW\@x'Y]U�^=XZ\ ^ce]\n~£XZo£`�Ë�i�o{e�Y[q�X�x�Y[\n`=ÍÙ�nd{x�\

x]d V3��ga\��{d)x'Y]e[o{`�~Ü��o{e[e]\ngfdhY[XZo{`�;m\nY���\n\n`@x�<�x�Y]\nV@ÍDY[o{�}qW\nXZ~£q=Y�dh`m^7Y]e[o{�mo�x���q�\ne[X��OV3o{Xfx'Y[U�e]\.Ó®Xa`

Y]qW\�g�dn<�\nej;m\nY���\n\�`_¤Idh`m^3¤�¢ÇÈ
V�×mXfxâpzo£U�`m^"Ë���q�\Idh`md gZ<Wx'Xfx«XZ`m^
X��nd Y]\ x�Y]qmd YKXZYjX�xjY]e]o£�mo�x'�Wq�\ne]Xf�

V3o£X�x'Y[U�e]\)�Oq�X��yq3X�x.��o£`=Y[e]o{gagZXa`�~}Y[q�\�q�\nXZ~£q=YOo pKY[q�\7�¾gZo{U�^�xOdh`m^c`�o{Y.Ê
X���\�ÍãÊ�\neÌx]d=Ë Å YOX�x:pzo£U�`m^

Y]q�dhY@Y]q�\ce]o£gZ\cohp�x'Vcd gZgO�¾gZo{U�^�xRXfx}Y]o&V3o{Xfx'Y[\n`8Y]qW\Ø\�`=Ê
XZe[o{`�V3\�`=Y��Oq�XagZ\,^=\n\n����o£`=Ê�\u��Y]XaÊ�\

e]\�~{XZVw\ x�^=e]<3Y[q�\nXaeO\n`=Ê
XZe[o{`�Vw\n`=Y�Ë
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ÐOY}Y]qW\Ø\�`m^Qohp)Y]qW\Øgao{`�~Æ�m\ne[XZo
^¹ohp)Y]XZVw\���Y]qmd Y7Y]q�\cVcd È=Xa`�~�o p�dÆ^=Xfx]x�\ne]YÌdhY]Xao{`�x'��dh`mx¾�:XaY

X�x}~£o�o
^ÝY[oÆgZo�o{È!;md{�yÈ¹dh`�^Ýx�\n\3Y[q�\cY]\ d Vío p��m\no£��gZ\cY]q�dhY7qmd£^*qW\ngZ�m\ ^8<�o{Uâ��x'oÆ<�o{U��nd `

d{����o{V3�WgZX�x�q7Y]q�Xfx:~£o�dhgãË Å Y�X�xK~{o�o
^cY]o7È
`�o �·Y]qmd YOo{`�\�Xfx:`�o£YOd gZo{`W\�Ë�ÐsY�Y[q�X�x���o£XZ`
Yn� Å ��o{U�gf^

gZXaÈ�\�Y[o_Y[qmdh`WÈ�x�o{V3\)ohp�Y]q�\�Vcd `=<@�m\no{��ga\�Y]qmd Y�qmd£^Øq�\�gZ��Xa`�~}V3\)XZ`cÊ£dhe]Xao{UmxO�Odn<Wx�Ë

Å �Odh`
Y}Y[o�Y[qmdh`�È&Y]qW\3~{U�Xf^�dh`���\cdh`�^Ýx�U����mo{e[Y7Y]qmd Y Å e]\u��\nXZÊ�\u^Øpze]o{V$V@<Æd{^
Ê=Xfx'\ne�|�e�Ë

|�dnÊ
X�^   ËKr.du<
V3o£`m^"���Oq�o�\��=�m\n`m^
\ ^Q�OXZY[qQVw\7Vcdh`
<Æq�o{UWeyx}^
X�x]�¾Umx]x�XZ`�~,q�o �9��o{`
Ê�\ ��Y[XZo{`

��o£e]ÈWx:Xa`_~£\n`�\neÌdhgD�
d `m^3XZ`@�mdhe[Y]X��¾U�g�d e:o Ê�\ne�Y[q�\�Y[e]o£��X��nd gme]\n~£XZo{`�x�Ë Å dhgfx'o}�Idh`
Y�Y]o}Y[qmdh`WÈ_Y[q�\

��o£`=k�^=\n`���\�^=\n�mo�x�XZY]\u^�XZ`�V3\K;
<�|�e�Ë:Î)^=o{`@T
dh`��îq�\�Þ��h�OqWoskmeÌx'YjY]o£g�^�Vw\�dh;mo{UWYKY]q�\�e]\ x�\ dheÌ�îq

o{�W��o£e]Y[U�`�XZY[XZ\ x�XZ`!dhY[V3o�x���q�\ne[X��7x]�¾XZ\n`m�¾\ x���d `m^¨pzo£e�qWX�x�x'U��W��o£e]Y7Y[qmdhYÜdhgZgao �ïV3\�Y]o��WU�eyx�U�\

pzU�e[Y]q�\neO~£eyd£^=UmdhY[\7x�Y]Um^=Xa\ xOXZ`cY]q�XfxOdhe[\ d=Ë Åyð V9~{eyd Y]\�pzUWg«Y[o_Y[q�\�V3\nV7;m\neyxKo p�V_<@�¾o{V3V3XaY]Y[\n\{ñ

|�eÌx�Ë�òÇ\�`�`�\nY[qcr�Ëm��Xfx]�yq=�Idh`�\�en��T�Y]\�Ê�\}T
�yqmduÚ�\ne��mdh`m^,òÇ\�`�Ò�d£�îÈ_pzo£eOY]q�\�XZeO��e[o{V3��Y�e]\nÊ
XZ\��

ohp�Y[q�\}Vcd `=U�x]��e[XZ��Y.d `m^�Y]q�\Üx'U�~£~{\ x�Y]Xao{`mx�Y]qW\n<cVcd{^=\�Y[o3XZV3�We]o Ê�\�XZY�Ë Å �md e]Y[X���U�gfdhe[gZ<3�Idh`
Y

Y]oÆY[qmdh`WÈQV@<Øpz\ngagZo �Ôx�Y]Um^
\n`=Y@Ñ�gZXlpzY]o{`*��U�e]eÌdu<Æpzo{e7�We]o�ohp)e]\ud{^=Xa`�~�Y[q�\3Vcd `=<ÆÊ�\neÌx'Xao{`mx�ohp

Y]qW\�Vcdh`
Umx[��e]Xa��Yn���Oq�Xf�îqw��o{`�x'X�^
\neyd ;�gZ<@XZV3�We]o Ê�\ ^}Y]qW\��Odn<@XZY��Id{x��Oe[XZY]Y[\n`�Ë�T��m\ �¾X�dhgmY[qmdh`�ÈWx

~{o�\ux:Y]o7T
d `m^=<@ò�XZ\¾pzY«�Oq�o�x'\�VÉd{x'Y[\ne]<�d `m^R\¾óc��Xa\n`m��<�o pjd{^
V3XZ`�Xfx'Y[eydhY[XZÊ�\�Vcd Y]Y]\�eyx�� Y]o�o£È_gao{YÌx

ohpô��o{e[e]Xa\ xôpze[o{VõV_<7qW\ d{^"Ë

Ð0~{o�o
^Õ��dhe]Y7o p�Y[q�X�x}��o{e[È¹��o{UWg�^Q`�o£Y_;m\c�mo�x[x'XZ;WgZ\c�OXZY[q8o{U�Y7Y[q�\,^�dhYÌd���e]o Ê
X�^=\u^*;
<

  o{qW`8|�d U�~{qW\ne]Y�<�pze]o£V � ÎsÐ�Ð�ö � T�T�÷jË���o�x'Y�o p�Y[q�\@^�d Yyd�d `mdhga<�x�X�x��Id{x�Vcd£^=\}Umx�XZ`�~cY[q�\

XZ`
ÍDq�o£Umx'\,Ñ�Ð � | Å TGx'ohpzY��Idhe]\w��XZo£`�\n\ne[\ ^¨;
<!|�dnÊ=Xf^   Ëjr.du<
V3o£`m^Qd `m^QpzU�e]Y[q�\ne�^=\nÊ�\�gZo{�m\ ^

;
<_Vcd `=<Üx'Y[Um^=\n`
Yyx�q�\�e]\)dhY � \n�ß��\��=Xf��o��5\ �yq�Ë Å d g�x�o7;�\�`�\�kmY[\ ^Rpze]o£V0�mo ��\�e'pzU�gm�md£�îÈ£dh~£\ x

x'U��îq&d£x�rOg�d ;Æ;=< Å dh`8T�\ dhe[gZ\���d `m^QÏ.e]XK;
<Æ|)dh`!ÒsË�ò�\ngZga\n<�Ë)Ð�gZgjV_<w��o{e[È��Id{x�^=o{`W\7o{`!d

÷mXZ`
U���Í�^
\n;�X�d `c��g�d Y'pzo{e[VÆË

XZX



Å \ x���\u��X�d gZgZ<��Od `=Y�Y]o�Y]qmd `�È@V_<�x'o£U�ey�¾\�o p���o{`
Y]Xa`=U�o£UmxKXZ`mx���XZeÌdhY[XZo{`wx'Xa`m��\ Å e]\�V3\nV7;m\ne�Ö

V@<_V3o£Y]q�\�en�=�OqWo_Xa`mx'Y[XZgZga\ ^_Xa`�V3\�qW\ne.x'Y[e]o{`W~3��o£e]Èc\nY]qWX��{Ë���<,�yq�XZgf^=e]\n`â� Å q�duÊ�\�Y[o_Y[qmdh`�È

`�o�o{`�ga<}pzo{e�;m\nXa`�~7d�x�o{U�eÌ��\�ohpjXa`mx'�WXZeyd Y]Xao{`7pzo{e�Vw\��h;WU�YOd g�x'o�pzo{e�;�\�XZ`�~�x'o7��dhY]Xa\n`
YK�OXZY[q3V3\

dh`�^Ø~{XaÊ�\�U��,V_Um�yq@ohp�o{U�e.��e]\u��XZo£Umx�Y]XaV3\�Y[o{~£\nY]q�\�enË

i�e]o{Vødhgagm��\�o{��ga\�Y]qmd Y�qmd£^_q�\nga�m\ ^_V3\��£Y]q�\ne[\�Xfx:o£`�\�pzo{e��Oq�o Å �nd `3qmd ey^=ga<7\n�=�We]\ x[x:V@<

~{eÌdhY[XZY]U�^=\��vpzo£e.x'U��W��o£e]Y[XZ`�~7V3\.XZ`Éx'o7Vcd `=<7�Idu<Wx���pzo{e�;�\�XZ`�~7Y[q�\�x'o£U�ey�¾\�ohp�\n`�\ne[~{<@d `m^�ù]oh<

Y]q�dhY.È�\n\n�3V3\.~{o£XZ`�~,ËZËaË���qmdh`WÈØú�o£U���Ñ�qmd YydRÖ@V@<@�OXÛpz\�Ë

��q�X�xO��o£e]È3�Id{x.x'U��W��o£e]Y[\ ^Ø;
<3Y]qW\Çpzo£gZgaoh�OXa`�~ � dhY]Xao{`md g:Tv��XZ\n`���\�i�o£U�`m^�d Y]XZo£`�~£eydh`
Yyx¾ñ

Ð��O�ØÍ�û£á=¤£¤hü á£ý=��Ð��O�ØÍÙûhþW¤ná{¡£ÿ{û
��Ð��O�ØÍ�û��=¤��£¡{û£¢=�jdh`m^cÐ��O�ØÍÙ¢{¢{ÿ£¡��
¤n¡=Ë

XZXaX
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ohp�eÌd{^=XfdhY]Xao{`&x�Um�îqGx'\n��dheyd Y]Xao{`&X�xOo{`�ga<Æ��ga\ dhe.XZ`,Y]q�\�gZXZVwXZY�o pI^=XÛÚ�Umx�XZÊ�\}eÌd{^=XfdhY[XZo{`¹Óã��XZqmd g�d£x
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dh`�^���XZq�dhg�d£x���¤nû{ÿ þ=×ÌË Å `,dh`
<3o{Y[q�\neOeÌd{^=XfdhY]XaÊ�\�e]\�~{XZVw\��{Y]qWX�xOx'\��mdheÌdhY]Xao{`,X�x�`�o£Y.d{x.x'XZVw��gZ\��

;m\ �nd Umx'\7Y[q�\7XZ`
Y]\neÌd{��Y[XZo£`�;m\nY���\n\�`�Y]qW\7VcdhY[Y]\ne.d `m^¨Y[q�\}eÌd{^=XfdhY[XZo{`&o Ê�\ne.Y]q�\�eydh`W~{\@ohp�pze]\�Í

t�U�\n`m��Xa\ x�XZ`,Y]q�\@x��m\ ��Y]e[U�VõX�x.tvUWXZY]\Ü��o{Vw��gZ\n��ËOi�o{e.XZ`�x'Yyd `m��\��âx]�nd Y]Y]\�e]XZ`W~_��e[o
��\ x[x'\ x�Xa`�Y[q�\

dhY[V3o�x���q�\ne[\�Vcdn<�gZ\ud{^}Y]o)`�o{`=ÍãgZo
��dhgmY]q�\�e]V3o
^=<
`md V3X��Kx�XZY[UmdhY[XZo{`�x�Ë�ÒKÊ�\n`}Xlp�Y]q�\OXa`=Y[\neyd£��Y]Xao{`mx

dhe[\�x'Um�yq3Y]q�dhYOY]qW\�dhY[V3o�x���q�\ne[\�X�x�XZ`cgZo
�nd g"Y[q�\ne]Vwo
^=<=`�dhV3Xf��\ tvUWXZgZXa;�e]XaU�VÆ� XZYIx'Y]XagZg���o£U�g�^3;m\

pãdhe}pze[o{V$Y]q�\É^=XÛÚ�Umx�XZÊ�\@e]\n~£XZV3\�Ëc��qW\ x'\c�¾o{V3��ga\n�
XZY]Xa\ xspzo£ey��\@Umx}Y]oÆY[e]\ d Y}eÌd{^=XfdhY]Xao{`�d{x7d `

\n�
Y]\ne[`mdhgôx'o{UWey��\@ohpI\n`=Y[e]o£�=<c�Oq�o�x'\3Ê£dhgaU�\@�nd `Q;m\@��o�x'XaY]XZÊ�\7o£e�`�\n~�d Y]XaÊ�\���dh`�^¨XfxÇ~£XZÊ�\n`Æ;
<

\ t�UmdhY[XZo£`8ÓDá
Ë þ�ÿv×yËI^�`
pzo{e]Y[U�`md Y]\nga<���Y]e[\ dhY[XZ`�~@eyd£^=X�d Y]XZo£`&d{x�d `�\n�
Y]\�e]`md gjx'o{UWey��\�qmd{x�Y[q�\7^
X�xÙÍ

d{^
Ê{d `=YÌdh~£\7ohp�e[\ tvUWXZe]Xa`�~@Y]q�\�Ê£dhgaU�\}o p�Y]q�Xfx�x�o{U�eÌ��\7d Y�\nÊ�\ne[<_�mo£XZ`
Y�Xa`�Y]qW\7��o£`=Y[e]o{gjÊ�o{gaU�V3\�Ë

��q�XfxRXfx}Y]q�\ce]\ud{x'o£`·Y]qmd Y_\�Ê�\n`8Y]qWo{U�~£qß��o{`m^
Um��Y]Xao{`�dh`�^Ýeyd£^=X�d Y]Xao{`·d e]\,VcdhY[q�\nVcd Y]X���dhgZgl<

Ê�\ne[<3x�XZV3Xag�dhe�����\�^=o7`�o£Y�Y[e]\ d Y.��o{`m^
Um��Y]Xao{`Gd{xOdh`,\n�
Y]\ne[`mdhgâx'o{UWey��\�ohp�Y]q�\�x'<Wx'Y[\nVÆË

Ñ�o{gagZ\ ��Y[XZ`�~Üdhgag�XZYyx�\ngZ\�V3\n`
Yyx��£Y]q�\�;�Um^
~{\nYO\ t�Umd Y]XZo£`3pzo{eOY]qW\�\�`=Y[e]o{�
<w�ndh`c;m\��Oe]XZY[Y]\n`Éd{x���� � ��³ ® �Ä« � � �u[�³ ³ ® Á é � ¶ {=� ¤
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Ë þ�ûv×
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Y]e[o{�
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Å `cY]q�\�e[\ x'YOo pKY[q�X�x���o£e]È�����\��OXagZg�d£x]x�U�V3\�Y[qmdhYOY[q�\�XZ`
Y]\ne[`mdhg�\n`�\ne[~{<wdh`m^3Y]qW\�\�`=Y[e]o{�
<@��\�e

U�`�XaY�Vcd{x[x�^=\n�m\n`m^Æo{`WgZ<�o£`8Y]\�V3�m\neyd Y]U�e[\����We]\ x[x'U�e[\3d `m^¨Vwo{X�x�Y]U�e[\�Ë Å `ÆY]qWX�x��îq�dh��Y[\nen�"��\

��e[\ x'\n`
YO\n�
��gZXf��XZY�\n�
��e[\ x]x�XZo{`�x:pzo{eOY]qW\ x'\�Ê£dhe[X�dh;WgZ\ x¾Ë

��þ�ÿ ab�(	,�j-/��
����2���j-8��Z
à&\�^
\�km`�\�Y]qW\:Xa`=Y[\ne]`�dhg{\�`�\ne]~£<��m\ne�U�`�XaY�Vcd{x[x"ohpWY]q�\�á�Y]qÜ��o{Vw��o£`�\n`
Y"Xa`}dOV@U�gZY[X���o£V_�mo{`W\n`=Y

_mU�Xf^cd{x o ä ��q smä � ä¸� oº¹ ä Ó®þWËZ¤ ×

�Oq�\ne[\»q�smä�X�x«Y[q�\Oq�\ d Y��nd �md{��XaY�<}d Y���o£`mx'YÌdh`
YKÊ�o{gaU�V3\����%äKXfx«Y]q�\Idh;mx�o{gaU�Y]\.Y]\nVw��\�eydhY[U�e]\�� dh`m^o ¹ ä�Xfx�d7��o£`mx'YÌdh`
Y�o pKXa`=Y[\n~{eÌdhY]Xao{`�Ë���qWX�x�^
\�km`�XaY]XZo£`3X�x�tvUWXZY]\.~{\�`�\neyd g�d `m^c�ndh`3;m\�Umx�\ ^_�OXZY[q

~�d£x'\ x�d{x���\�gZg�d£xÇgaX�t�U�X�^Wx�dh`m^&x'o£gZXf^�x�Ë � o£Y]\��"qWoh��\nÊ�\ne��"Y]qmd Y�pzo{e���o{`�^=\n`mx�\ ^¨VÉdhY]Y[\ne�Y[q�\ne]\

X�x@dhgaV3o�x�Y_`Wo8^=XlÚ�\ne]\n`���\�;m\nY���\�\n`¹q�\ dhYw�nd �md{��XaY]Xa\ x_d Yc��o£`mx'YÌdh`
Y_��e[\ x]x�U�e]\&d `m^·��o£`mx'YÌdh`
Y

Ê�o{gaU�V3\.XZ`cY]qW\}d Y]V3o�x'��qW\ne]Xf��eyd `�~{\�ohp���e]\ x[x'U�e[\ x�Ë
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��q�\w��o{`mx�Yyd `=YÌx�ohp.Xa`=Y[\n~{eÌdhY[XZo{`&XZ`&Y]qW\7XZ`
Y]\ne[`mdhg�\n`�\�e]~{<G^=\�km`WXZY]Xao{`!dhe[\_Xa`Q~£\n`�\neÌdhg�^=XÛp�Í

pz\ne[\n`=Y.pzo{e�\ d{�yq&ohpOY[q�\w��o{V3�mo£`�\n`
Yyx�ËÜÒôÊ�\�`&x'o��jY]q�\w��gao{Um^&��o{`�^=\n`mx[dhY]\wdh`�^QgZXftvU�Xf^Ø�IdhY]\�e

��q�\Üx]dhVw\�XfxsY[e]U�\�pzo£e���gao{Um^cX���\�d `m^�X���\)��e]\ �¾XZ��XaYydhY[XZo£`����Oq�X��yqcVcdhÈ�\)U���Y[q�\7x�o{gZXf^Ø��q�d{x'\�Ë

i�U�e]Y[q�\ne[V3o{e[\��nY]q�\OXa`=Y[\n~{eÌdhY[XZo{`@�¾o{`mx�Yydh`
Yyx�pzo{e�d gZg��IdhY]\�eK��qmd£x'\ xKd e]\O`�o£Y�XZ`m^=\���\�`m^=\n`
YnËj��q�Xfx

X�xK;m\ �nd Umx'\)Y]q�\ne[\�d e]\���\ngZg�^=\�km`�\u^_\n`�\ne[~{<7~�dh�mx�Y[qmdhYIx'\n�md eyd Y]\�Y[q�\�^
XÛÚ�\ne]\�`=Y���qmd£x'\ x�ohpjY[q�\

�Od Y]\ne.x�U�;mx�Yydh`���\�Ë���q�\ne[\�pzo{e[\���XZ`wo{ey^
\neOY]o@o{;�YÌdhXa`�d `�\n�
��gaX���XaYK\n�
��e]\ x[x'Xao{`3pzo{eOY[q�\�XZ`
Y]\ne[`mdhg

\n`�\�e]~{Xa\ x�����\�V_U�x'Y«km`�^ÉY[q�\.e]\ngfdhY]Xao{`mx�q�XZ��x�dhVwo{`�~�Y]q�\�Xa`=Y[\n~{eÌdhY[XZo{`É��o{`mx�Yyd `=YÌx�Y]qmd YOdh�W��\udhe

XZ`¹Y[q�\3XZ`
Y]\�e]`md g�\n`�\�e]~{<!^=\�k�`�XZY[XZo{`âË8i�o{e@x�Um�îq¹��UWe]�mo�x�\��:��\3Umx�\ØY[q�\c\n`
Y]qmd gZ�
<¨pzU�`���Y]Xao{`��

�Oq�Xf�îq,X�x���gao�x�\ngZ<ce]\�g�dhY[\ ^ØY[ocY]q�\�XZ`
Y]\ne[`mdhgj\n`�\ne[~{<�Ë���qW\7e]\ d£x'o{`Æpzo{e)Umx'Xa`�~cY]q�\�\n`=Y[qmdhga�=<cXfx

Y]q�dhYn�K;
<&^=\�k�`�XZY[XZo{`!ohp.g�d Y]\n`
Y�q�\ d Yn�«Y[q�\c^=XlÚ�\ne]\n`���\3d V3o{`W~�Y]qW\_\n`
Y]q�dhgZ�WXZ\ x�ohp.Y[q�\3�IdhY]\�e

��qmd£x'\ x.X�xO\ tvU�dhgjY]o3Y[q�\}gfdhY]\�`=Y.q�\ d Y�e]\nga\ d{x�\�^=U�e]Xa`�~3Y[q�\}Y[eydh`�xÙpzo{e[VcdhY[XZo£`Øpze]o£V d_ga\ x]xOY]oÉd

V3o£e]\Oo{eÌ^=\ne[\ ^R�Wqmd{x�\�Ë���qmdhY�X�x¾�vXlp\§ s �¶§ y �
d `m^+§ ~ dhe]\.Y]qW\�Ê£dh�mo£en��gZXftvUWX�^"�£dh`m^@X���\O\n`
Y]q�dhgZ�WXZ\ x

�m\neOU�`�XaYOVcd{x[x�e]\ x��m\ ��Y]XaÊ�\ngZ<��{Y]q�\�`

§%s���§;y � ¼�s Óm��× Ó®þWË ¡�×§%s���§�~�� ¼ª{yÓm��× Ó®þWË á�×§;yÄ��§�~�� ¼ª¹�Óm��× Ó®þWË þ
×

�Oq�\ne[\�Y]q�\�Y]\�V3�m\neyd Y]U�e[\���X�x�Y[q�\�dh;mx�o{gaU�Y]\�Y]\nV3�m\neÌdhY[U�e]\�d Y��OqWX��yqØY[q�\�Y]eÌdh`mx�XZY]Xao{`,o
�n��U�eÌx

dh`�^�¼�s£Óm��×]�¶¼¸{¾Óm��×[�º¼ª¹�Óm��×âdhe]\OY[q�\.g�dhY[\n`
Y«q�\udhYyxKo p"Ê£d ��o£e]XaÞ dhY[XZo{`â��x'UW;�gZXaVcdhY[XZo{`â�{d `m^ÜpzU�x'XZo£`

dhY.Y]\�V3�m\neyd Y]U�e[\�����e]\ x��m\ ��Y]XaÊ�\ngZ<�Ë

��q�\�e]\ngfdhY[XZo{`�x'q�Xa�Ø;m\nY���\n\n`cY]q�\�Xa`=Y[\ne]`md g"\n`W\ne]~£<cdh`m^3\n`
Y]q�dhgZ�
<3�m\neOU�`WXZYOVcd£x]x�X�x

§<äI�]oÄä � µ ä ¦ ä Ó®þWË ý�×
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�Oq�Xf�îq3pzo{eOXf^=\ d g�~�d{x�\ x.�ndh`c;m\}�Oe[XZY]Y[\n`cd£x

§Ää���oÄä �I½ äñ� ä Ó®þWË���×
�Oq�\ne[\ ½ äI� ½/¾ ¥�¿ ä�X�x�Y]q�\O~�d{xK��o£`mx'YÌdh`
Y�ohp�Y]q�\ªá�Y]q7~�d£xtv ½/¾ X�xjY]q�\�U�`�XZÊ�\�eyx]d g=~�d{x���o£`mx'YÌdh`
Y
dh`�^ ¿ äOXfx:Y[q�\�V3o{ga\ ��U�gfdhe�Vcd{x[x�ohp�Y]qmd YO~�d£x�Ë�Ð�x�XZY.x�Yydh`�^�x���XaY.x'\n\nVÉxôY[qmdhY.Y]qWX�x�^
\�km`�XaY]XZo£`

ohp)\n`
Y]qmd gZ�
<&�ndh`W`�o{Y7;m\cd ����gZXa\ ^QY[oÆgZX�t�U�Xf^�x�dh`m^¹x'o£gZXf^�x�Ë`i.oh��\nÊ�\ne��«��\@È
`�o �0Y[qmdhY7Y[q�\ne]\

X�x7`�o¹^
XÛÚ�\ne]\�`m��\c;m\nY���\n\n`�XZ`
Y]\ne[`mdhgO\�`�\ne]~£<�dh`m^Õ\n`
Y]q�dhgZ�
<8pzo{e@Y]q�\&�¾o{`m^=\�`mx'\ ^��nd{x�\ xRpzo£e

dhY[V3o�x���q�\ne[X��7��o£`m^=XaY]XZo£`mx�ËÆT�oW�K\ tvU�dhY]Xao{`�Ó®þWË��v×Ç�ndh`!;�\Édh����gaXZ\ ^ÆXZ`*x'Um�yq8��d{x'\ux�;
<&x'\nY[Y]XZ`W~

Y]qW\_~�d{x}�¾o{`mx�Yydh`
Y}Y[ocÞn\ne]oWËË^�x�XZ`�~cY[q�\3^
\�km`�XaY]XZo£`Æohp.Xa`=Y[\ne]`md gK\n`�\�e]~{<��5\utvUmd Y]Xao{`�Ó®þ�Ëa¤h×Ì�5Xa`

\ t�UmdhY[XZo£`QÓzþ�Ë-�v×�e]\ x�U�gZYÌx�XZ` §Ää���qC±­äÀ�%ä � o ¹ ä Ó®þWËÛü£×

�Oq�\ne[\�Y]q�\�q�\ d Y.�ndh��d{��XaY'<ÉdhY.��o£`mx'YÌdh`
Y���e[\ x]x�U�e]\�XfxO^=\�km`�\u^Ød£x

qC±­ä���qÀs ä �N½ ä Ó®þWË ÿ�×

Ð�~�dhXZ`Éx'\nY[Y]XZ`W~ ½ äIY]o7Þn\ne[o}��o{U�gf^_e]\ x�U�gZY�XZ`3Y[q�\�\n�
�m\ ��Y[\ ^R;m\nq�duÊ
XZo£e:pzo£e�gZXftvUWX�^�x�dh`m^3x�o{gaX�^�x¾�

�Oq�\ne[\�Y]q�\ne[\�X�x�`�o@^=XlÚ�\ne]\n`���\�;m\nY���\n\�`ØY[q�\�Y���o7q�\ d Y.�ndh��d{��XaY]XZ\ux�Ë

Å Y���o£U�g�^3;m\���o{`
Ê�\n`�Xa\n`
Y:Y[o7�Oe]XaY]\�Y[q�\�XZ`
Y]\�~{eyd Y]Xao{`,��o{`�x'Yyd `=YÌx�XZ`cY]\�e]VcxKohp�Y]qW\�Y]\nVw��\�e'Í

dhY[U�e]\�d `m^3��e]\ x[x'U�e[\�dhY.x'o£V3\�d e];�XaY]eyd e]<3e[\�pz\ne[\n`m��\.�mo{XZ`
YnË�Ñ�d gZgaXZ`�~x�µÀ.dh`�^ µ ÀOY]qW\}d ;mx'o£gZU�Y[\

Y]\�V3�m\neyd Y]U�e[\7dh`�^���e]\ x[x'U�e[\@dhY�Y]qW\}e]\¾pz\ne]\n`���\}�mo{Xa`=Y��"Y]qW\n`ÆY]q�\7\�`=Y[qmdhga�=<cd Y�Y]q�\7e[\�pz\ne]\�`m��\

�mo{Xa`=YOXfx�~{XZÊ�\�`Ø;
< §ºÀ$ä���qC±¬äñ�;À � o ¹ ä Ó®þWË û�×

��q�\ne[\�pzo{e[\��=Y[q�\�\n`
Y]qmd gZ�
<c�ndh`c;m\��Oe]XaY]Y]\�`�d£x

§Ää���qC±­ä�Óm� ä����µÀy× � §�À ä Ó®þWËZ¤�¢v×
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i�\n`���\��=\utvUmd Y]Xao{`mx�Ózþ�Ë ¡nÍDþWË þ
×�XaV3��gZ<7Y[qmdhY)dhYOY[q�\�e]\�pz\�e]\n`m�¾\��mo{XZ`
Y

§ À�y � § Àms �N¼ s Óp� À × Ó®þWËZ¤£¤h×§�À�~W� §�Àms��N¼ª{yÓm�;À�× Ó®þWËZ¤�¡v×§ À�~ � § À�y �N¼ ¹ Óp� À × Ó®þWËZ¤�áv×

^�`=pzo£e]Y[U�`mdhY[\ngZ<���o{`�ga<�Y���o@ohp�Y[q�\ x�\}\ t�UmdhY[XZo£`mx�dhe[\}Xa`m^=\n�m\n`m^
\n`=Y����OqWX��yqØga\ dnÊ�\ x�o{`W\7ohp�Y[q�\

e]\¾pz\ne]\n`���\c��o£`mx'YÌdh`
Yyx7U�`m^=\�k�`�\ ^"Ë � \nÊ�\ne[Y]q�\�gZ\ x[x��«Y[q�\ x�\�d e]\cY]qW\Øe[\ng�d Y]Xao{`mx�q�XZ�mx7Y]q�dhY7V@Umx'Y

;m\@x]d Y]X�xDkm\ ^�;
<cY]q�\7e[\�pz\ne]\�`m��\�Ê£dhgZUW\ xso p�Y]q�\7�IdhY]\�e'ÍÙx'U�;mx�Yyd `m��\7\n`
Y]qmd gZ��Xa\ x�Ë�Ñ�q�o�o�x�XZ`�~cY[q�\

e]\¾pz\ne]\n`���\3Ê£dhgaU�\�o p�Y]q�\c\n`
Y]q�dhgZ�
<8o p�X���\,d£xRY[q�\Æd e];�XaY]eyd e]<¹�¾o{`mx�Yydh`
Y_km�
\ x}Y[q�\�e[\�pz\ne]\�`m��\

Ê£dhgaU�\ xspzo£e�d gZgj�OdhY[\ne���q�d{x'\ux�Ë}Î.`�Y[q�\7o{Y[q�\ne.qmdh`m^��"Y]q�\7e[\�pz\ne[\n`m��\���o£`mx'YÌdh`
Y�pzo{e)^=e]<GdhXae�Xfx

XZ`�^=\n�m\n`m^=\�`=Y�ohp�Y]qW\nVÆËKT�o���Y[q�\�\n`
Y]q�dhgZ�
<}pzo{eOY[q�\�á�Y]qÉ��o{V3�mo£`�\n`
Y�XZ`wY]q�\�_�U�X�^_Xfx:~£XZÊ�\n`3;
<

\ t�UmdhY[XZo£`ÕÓzþ�ËZ¤�¢v×��Oq�\�e]\@Y]q�\@e]\�pz\�e]\n`m�¾\@��o{`mx�Yyd `=YÌxÇpzo{e��Od Y]\ne�Ê{d �mo{e7d `m^QgaX�t�U�X�^Æ�Od Y]\ne�dhe[\
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��q�\�XZ`
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��q�\n`cY[q�\�\n`=Y[e]o£�=<cd YOY]q�\�e[\�pz\ne]\�`m��\��mo{Xa`=YOXfx
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YyxKXZ`7Y[q�\�\��=��e[\ xÙÍ
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® ÀÁy � ® Àms�� ¼�s{Óp�µÀy×
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� L Ó®þWË ý£áv×
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�Oq�\ne[\���\:q�duÊ�\�^=\¾km`�\ ^.p ® ��Ómr s�� r wzy × ¥ r é d£x5Y[q�\�Y[o{Yyd g=�IdhY[\ne«VwXZ�
XZ`�~�eydhY[XZo)dh`m^�p s �çr s ¥ r é
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Å `ÆY]q�Xfx��yqmdh��Y[\nen����\7Umx�\7Y]q�\7;�U�^=~{\nYÇdh`md gZ<Wx'X�x�Y[\ �îqW`�X�t�U�\�Y]oc\ x�Y]XZVÉdhY]\�Y[q�\7Y]\n`�^=\n`m��Xa\ x:L
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Y]Xfdhg�~{o Ê�\ne[`�XZ`W~
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gZXa`m^=\ne�Y]qmd Y
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dhgag��mo�x]x�XZ;�ga\���o{`
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qmd£xsY[o_;m\�g�d e]~{\�\n`Wo{U�~£q�Y]o@\n`m�¾gZo�x�\���o£`=Ê�\ �¾Y]XZo£`���x�\n\�km~{UWe]\@ÓDý
ËZ¤h×ÌË
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ËZ¤ ×

�Oq�\ne[\ËÁÔX�x�Y[q�\_qWo{e]XaÞno{`
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gZXa`m^=\ne��bÑ$X�x�XZYÌx�q�\nXZ~£q=Y��jdh`m^l×�X�x�XZYÌx
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H = R cos(  )φ D = L - 2 R sin(  )φ
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