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ikj1l mnlpo qVlsrutvm�wxr�l y5z tx{ yN|~}�l���m ��� t o l�t��WwJr�l ypz ��m��
tv�1lsrut���l ��{vmnlsrH{stx��o yP��lL��wx��tsr ����{�l
m6��� l�{1lsr,����� � �WyP{������nmnls{vm
m~l�o q5l�rut�m�wJr�l ����tx��l ��tJ{ |5l �xl
��{�l�� ��{ m~lsr�o � ypz�qsr�y�q5l�r m6��l �
y5z��Jt��¡lW� t�m �¢yv£ �Jl�{�����m6�¤lW���
ikj1lsr�o tx�¦¥F§�w����¨��|sra��w]o tJ{1� i©l�o q5l�rut�m�wJr�l�ª
« wxr#��ls{���l ypzSm�yPw1�sj mnls���¢� w�� ��z tJ{ yN|~}�l���m ��� j�y�m yxrS� yP���.�
� qJjv��������tx� qsr,yNqVlsr m¬� m�jstvm �sjstx{��JlW� £ �¢m�j mnl�o qVlsrut�m�wxr�l ���
��tJ����lL� m�j�l�r�o yNo l�m�ra��� qsr,yNqVlsr m¬���
­ z £®l qJ��t1�Ll t £®t�r�o tJ{1� t �WyN��� y�|n}¯lL��m ��{vm�y m�j1l�rHo tJ�
� yP{vm~t1��m ° m�j�l � yP��� y�|n}¯lL��m £±t�rHo � tx{1� m�j�l £±t�rHo yN|~}�l���m
� yeyP�¢���#¥]��l�{vm�wstJ���²��°Vm�jJ��� qsr�yF�LlW�³�®�´m´yNq��µtx{1� m�j1lkm¶£%y yN|~}�l���m��
t�r�lk�¡tJ��� m�y |Vl ��{ m�j1lsr�o tJ�sl�§NwJ���Y��|sr¶��wxo tJ{1� m�j1l<m¬£·y yN|~}�l���m��
t�r�l m�j1ls{ �xlW�¸{1lL� m´y jstv�1l m�j1l �dtxo l m~l�o q5l�rut�m�wJr�l��
ikj1l ¹Ll�r,y�m�j �¤t�£ ypz'm�j1lsr�o yB�5�x{stxo ���W��ª
­ z m¬£·y yN|~}�lL�
m�� tsr�l ��{ m�j1lsr�o tx��l�§�w����¨��|sra��w]o £ ��m�j t m�jJ��r��.°
m�j1ls{ m�j1l�� t�r�l tx�¢�~y ��{ m�j1lsr�o tx� lL§�wJ���¨��|sra��w]o £ ��m�j yP{1l
tx{�y�m�j1l�r��
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ikj1l »¼l��¢����w�� tJ{1� m�j1l ½5txjJr�l�{Jj1ls��m<i¾lpo qVlsrutvm�wxr�l ¿P��tJ��l ��ª
�S{v� m�j1lsr�o yNo l
m�ra��� qsr,yNqVlsr m¬� ��tx{ |Vl w���lL� m�y l �´m~t]|J�¨���
j t
m~l�o q5l�rut�m�wJr�l ����tJ��lV� ikj1l �Wy�o o yN{ o lsr��swxr � m�j1lsr�o yNo l�m~lsr
� yP{������´m´� ypz t �P��t��~� |JwJ��| tx{1� m�wx|Vl � yP{vm~tJ��{J��{�� t �JÀpl��
t]o yNwJ{vm ypz o lsr���wJr ��� Á j1ls{ m�j�l m�j1lsr�o yNo l
mnlsr ��� q�wvm
��{ �WyN{�m³t��
m £ ��m�j t £±tsr�o lsr |pyB�5��°®m�j1l o l�r��swxr � l6ÀBq1tJ{1����°
��{���r�l�t�����{�� m�j�l ��l�{���m�j ypzÂm�j1l o l�r���wxr�� �WyP�Yw]o { ÃÄm�j�l �P�¤t��~�
l�ÀBq�tx{1��� |�� t {1l �P�¨���F�Å|���l t]o yNwJ{vm¡Æ
�
ikj1l ���Ll q�yP��{vm mnlpo qVlsrutvm�wxr�l yxr {�y]rHo tJ�:z¯r�lLl ¹1��{�� qpyF��{�m ypz
£±tvmnlsr ��� m�j1l z¯r�lLlW¹1��{�� qpyF��{vm ypz £®tvmnl�r tvm t qsr�l �~�
wxr�l ypz
Ç tvm�o � ikj�l �´mnl�txo È¡qpyF��{vm mnlpo qVlsrutvm�wxr�l y]r {�yxr�o tx�)|pyF���¨��{��
qpyF��{�m ypz £®tvmnl�r ��� m�j1l m�j1l |pyF���Y��{�� qpyF��{vm y5z £±t�m~lsr tvm t
qsr�lW�³�
wxr�l ypz Ç tvm�o �
É {J��m�� y5z qsr�l �~�
wxr�lVª Ê�t�����tx� ÃdÊ�tpÆ
ª ËÍÌ·Î Ï ËÍÐ Ñ�Ò Ó1°
tvm�o y5�WqJj1lsr�l Ã�tvm�o ÆWª Ë@Î1ÔÕÒ Ï ËvÖFË5×YØVÙ5ÚÜÛeÌ·Î Ï
ËLÝ�×�ÞpÖ�ß�à¦Ñ�á â Ó ° o �����¨��o l
mnl�r�� y5z o lsr��swxr � Ã�o o ã)�]Æ ��{ t É È
m�w]|5l |1tsr,yNo l�mnl�r Ã¡½N���Pwxr�l Ç�ä È¯å ypz i<�Åq���lsræÆ
° t wx{��¢m ��tJ�Y��lL�
m´yxrHr¯ª#Ë@Î1ÔÕÒ Ï Þ�ç5Ö%Ò Ò è é ×
ikj1l »¼ls�¢�
��w�� mnl�o qVlsrut�m�wxr�l ����tJ��l �JlW�¸{1lW� m�j1l ���Ll�È¡qpyF��{vm
m~l�o q5l�rut�m�wJr�l t��®¹Ll�r�y �Jl �Pr�lLl »¼l��¢����w���° ÖJê�» °Jtx{1� m�j1l��´m~l�t]o�È
qpyF��{�m¼m~l�o q5l�rut�m�wJr�lÂt�� Ë�Ö5Ö ê »·� iSj1l±�Wq1t���l |5l
m¬£®lLl�{ Ö ê » tx{1�
ËvÖ5Ö ê » o tsr��W� �����N���J���xlL� ��{�m´y yP{1l jxwJ{1��r�lL� l�§Nwstx����{vm~lsr �stJ�¢�
Ã��xlW�Pr�lLl �ÕÆÂyP{ m�j1l o l�r��swxr � ����tx��lV�
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ì l �Pr�lLl o tsr��1��{��5� t�r�l l�À�mnls{1�xlL� |Vls�¢y�£ tx{1� tx|py��1l m�j1lW��l
qpyF��{�m´� |�� m�j1l lL§�wst�m���yP{

í³î Ï ïñðÍò ï®ó
ïSô ódó ò ï ó õ

ËvÖ5Ö êWö

£ j1lsr�l í î ���µm�j1l m~l�o q5l�rut�m�wJr�l yP{ m�j�l »¼ls������w��[����tJ��l tJ{1� ï ðm�j1l ��ls{���m�j ypz m�j�l o lsr���wJr � �WyP��wxo { tvm m�j�l mnlpo qVlsrutvm�wxr�l
��{��N����t�m~lL� |�� m�j1l �Wwx|�����ra��q�mW�
ikj1l ½ptxjxr�ls{xj1l1��m m~l�o q5l�rut�m�wJr�l ����tJ��l �JlW�¸{1lW� m�j1l ���Ll�È¡qpyF��{vm
t�� ØVÙVê�½ tx{�� m�j1l �´mnl�txo È¡qpyF��{vmkt�� ÙBË�ÙVê�½.�

í�î Ï Ë�ÖVÖ
ÙBËvÙ ò ØVÙ ÷ í³ø ö Ñ�ù ò ØVÙ ê
ökú Ï Ú

û ÷ í~ø ö Ñ�ù ò ØVÙ êWökú ×
« ra���F��{stx�Y�²� ½5tJjxr�ls{xj1l1�¢m �xlW�
���P{ jJ��� ����tx��l �~y m�jst�m Ö ê ½ £±t��
m�j1l��WyP���xl �´m)mnlpo qVlsrutvm�wxr�l j1l��WyNwJ��� �sr�l�t�m~l ��{ jJ���<��t]|pyxrut�m´yxr �
tx{1� û ç ê ½ zuyxrÜm�j1l mnlpo qVlsrutvm�wxr�l ypz·m�j1l jxw]o tx{ |pyB�5��� iSj1l
w]qxqVlsr4����tJ��l £±t�� ��tvmnl�r4�
�¨���Nj�m¶� o yB�N�¢�Pl��.�
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Á j1ls{ �N� � l�r�ls{vm m�j1lsr�o yNo l
mnlsr,� tsr�l ��tx�¨��|srut�m~lL� tvm m�j1l
�¤�Ll�ÈdqpyF��{vm tx{1� �´mnl�txo È¡qpyF��{vm mnl�o qVlsrut�m�wxr�l ��° m�j�l
� �F���1l
�W�¨���Pjvm���� �N� � l�r�l�{vm r�l�t��N��{��5� t�m m�j�l qpyF��{vm´� |Vl
m¬£®lLls{B�
ì ���¡�sr�l�q1tx{��s��lW� ��{1�sr�l�t���l o t�r��6l����²� t]|py��1l tJ{1� |Vls��yv£ m�jJ���
rutx{���lV� ¥�Àp�Ll�q�m���yP{�� tsr�l m�j�l �WyP{��´m³tJ{vm Èa��yP�Yw]o l �Jt��
m�j1lsr�o yNo l�m~lsr,��° z yxr £ jJ����j m�j�l o l�t��
wxr�lL� mnl�o qVlsrut�m�wxr�l �
t��Pr�lLl �s��y5��ls��� l��1ls{ zÄt�r z�r,yNo m�j�l ��tJ�¨�Å|1rutvm6��yN{ qpyF��{vm���� ­ {
m�j1lW��l m�j1lsr�o y�o l�m~lsr,� m�j1l ��yN�Yw]o l ��� ��l�q�m �WyP{��´m³tJ{vm tx{1�
m�j1l ��j1tx{���l ��{ �Jt�� qsr�lW�~�
wxr�l ��� w���l�� m�y o l�t��
wxr�l m�j1l
m~l�o q5l�rut�m�wJr�l Ã¡½N���Pwxr�l Ç å�È ä y5z iS��qJ��lsræÆW� ½1y]r m�j1l »¼ls�¢����w��
�¡��tx��lVª

í³î Ï � ð ò � ó
� ô ó¡ó±ò ��ó õ

Ë�Ö5Ö êWö ×
ikj1l t��Pr�lLl�o ls{vm |Vl�m¶£ñl�ls{ �N� � lsr�ls{vm �Jt�� m�j1lsr�o yNo l
mnlsr,� ���
|Vl �´mSt�m �¢yv£ �Jt����xls{�����m���lW���
½����Pwxr�l Ç å�È�� ypz iS��qJ��lsr �
j�yv£µ� t qJ�¢ypm y5z o l�t��
wxr�lL�
m~l�o q5l�rut�m�wJr�l �1lsr,�
w�� q1r�l �~�
wxr�l z yxr t �WyP{��´m³tJ{vm�È¶��yP�Yw]o l �Jt��
m�j1lsr�o yNo l�m~lsr·tvm��1lsr � ��yv£ �xls{�����m¶��� Á j1ls{ £ñl l�À�m�rutxqpyP��tvmnl
m�j1l �´m�r�tJ���Pjvm �¨��{1l m´yv£®t�r���� ¹Llsr,y qsr�lW�~�WwJr�l�°Pm�j�l mnlpo qVlsrutvm�wxr�l
t]qxqsr�yxt���j�l �µm�j�l t]|��~yP�Ywvmnl ¹Ll�r�y tvm

� ó Ï ò Ù�Þ�ØF×�ËvÚ ê ö ×
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zÄlsr�l�{���l qpyF��{�m m�jst�m ��� o yxr�l qsr�lL�s����l��²� r�l�qsr,yB��w1�1��|J��l
m�jstJ{ ls��m�j1lsr.m�j�l ����l�yxr¦m�j�l �´m~l�t]o qpyF��{vm������·m�j1l m�r¶�Åq���l qpyF��{vm
y5z¦£®tvmnl�r¯� iSjJ���<����m�j1l wx{J��§�w1l#mnl�o qVlsrut�m�wxr�lktx{�� qsr�l �~�
wxr�l�t�m
£ jJ���sj £®tvmnl�r�°e£±t�m~lsr¼�st]q�y]r�tx{�� ���Ll �WyFl6Àe���´m ��{ l�§�w����¨��|sra��w]o °
{st]o l��²� t�m ÖF×YÖFË�êL» tJ{1� ��� Ï Ý�×�Ú
	#o o ã)� � iSj1l �)ls�²�J��{ y]r
�¤�Jl�tJ���Jt�� mnlpo qVlsrutvm�wxr�l ����tJ��l ��� �JlW�¸{1lL� �~y m�jstvm�m�j1l m�ra��qJ��l
qpyF��{�m ��� tvm ÙVÞ�ØF×�Ë�ç�� tx{�� m�j1l t]|��~yP�Ywvmnl ¹Llsr,y mnlpo qVlsrutvm�wxr�l
����tvm Ö��µª

� Ï Ù�Þ�ØF×�Ë�ç�

��� �£ j1lsr�l � ���Ím�j1l·yN|���l�r��1l�� qsr�lW�³�
wxr�l·ypzUm�j1l·�Jt��Ím�j1l�rHo yNo l
mnl�r��

ikj1l �¢yv£®lW�´m mnlpo qVlsrutvm�wxr�l m�jst�m ��tx{ |Vl o l�t��WwJr�l�� £ ��m�j t
�xt�� m�j1lsr�o yNo l
mnlsr ��� t]|�yNw�m Ë��µ° tJ{1� r�l�§NwJ��r�l � j1ls�¨��wxo z yxr
m�j1l �Jt������¼ls��yv£ m�jJ���µm~l�o q5l�rut�m�wJr�l j�l��¨��w]o �¨��§�w1l
�Pl �ktx{1� tJ�Y�
ypm�j1lsr �Jt��¡lW� �¨��§�w1l
z�� tvm j����Pj1lsr m~l�o q5l�rut�m�wJr�l ��� �ptvmnl�r�° £ñl
£ ���Y�D�¡lLl m�j1tvm m�j�l ��lL� yP{1� ��t
£ y5z®m�j�l�r�o yB�5�x{stxo ���W� ��tx{ |Vl
w���l�� m�y �xl
��{�l m�j1l t]|v�³yP�Ywvmnl mnlpo qVlsrutvm�wxr�l ����tJ��l £ ��m�j�yPwvm
r�lWzæl�r�l�{1�Ll m´y m�j1l qsr,yNqVlsr m6�¤lW� ypz t q1t�r m6����wJ�¤tsr �
w]|v�nm~tx{���lV�
i©l�o qVlsrut�m�wxr�l �Ât�� �¢yv£ t�m ËvÖ������ j1tv�1l |VlLl�{ o l�t��WwJr�l�� m�jJ���
£±t
���)i¸y �WyN{��1l�r�m:z¯r,yNo »¼ls������w��@m�y �)ls������{SyP{1l o l�r�ls�²� t���}¡w��´m
m�j1l t]|��~yP�Ywvm~l ¹Ll�r,y m~l�o qVl�r�tvm�wxr�lVª

� Ï í î � Ñ ö � ÙVÞ�ØF×�ËvÚ � ×
­ {Âm�j1l z yP�Y�¢y�£ ��{��k£®lSw���l m�j1l±t]|��~yP�YwvmnlkÃ��)ls������{�Æ�mnlpo qVlsrutvm�wxr�l
�¡��tx��lV°e£ j��¤�sj ��� o yV�´mS�WyP{v�1ls{J��l�{vm z yxr��¡�1��l�{�m��¢�P� qJwxrHqpy5�¡lW���
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¥�ÀBqVlsra��o l�{vm~tx� r�lW�WwJ��m�� |�� !¸y�|5l�r m �©yv�x��l Ã Ç �#"#$�È Ç �#% Ç ÆW°
& t���§Nw1l � »Üjst�rH��lW� Ã Ç $(')��È Ç å#" ä Æ tx{1� *�t
��È��Uw��³�¡t�� Ã Ç $+$5å�È
Ç å
,+-�Æ�z yxr�t �JÀplL� t]o yPwx{vm�ypz��xt��ñ�Wy�o |���{1l#m�y m�j�l�l�§�w1tvm6��yP{

� . Ï / �
£ j1lsr�l � ��� m�j1l qsr�l �~�
wxr�lV° . ��� m�j1l ��yP�Yw]o lV° � ���
m�j1l tx|��~yP��w�m~l mnlpo qVlsrutvm�wxr�l tJ{1� / ��� t qsr�y�q�y]r�m���yP{stx�¨��m¬�
� yP{��´m~tx{vmW� Á l ��lLl m�jst�m / ��� qsr,yNqpyxr m6��yP{stx�Nm�y m�j1l ��yP�Yw]o l
|�� ��yPw]|J�¨��{�� m�j1l txo yPwx{�m ypz �xt���° £ jJ����l j�yP���N��{�� m�j1l
qsr�lW�³�
wxr�l tx{�� mnl�o qVlsrut�m�wxr�l �WyP{��´m³tJ{vm � ikj1lsr�l
z yxr�lV°e£®l £ ra��mnl
/ Ï 021 ° £ j�l�r�l 0 ��� t � yP{��´m~tx{vm tx{1� 1 m�j�l {xwxo |Vlsrñypz
o yP��l��swx��lW� ��{ m�j�l �xt����%ikj�l�{B°U£ñl jst��1l

� . Ï 1 0 � ×
ikj1l � yP{��´m~tx{vm 0 ���k��tJ����lL� �©yP��m�¹�o tx{x{ �WyP{��´m³tJ{vm tx{�� z yPwx{1�
l�ÀBq5l�ra��o l�{�m³tJ���²� m�y |Vl

0 Ï Ë5×YØ#	FË
õ

Ë�Ö �©Ó �43 Ñ � Ï 	F×YçFË�Þ
õ

Ë�Ö �6587:9 Ñ �

;
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�S{ t]o yPwx{vm ypz �xt�� ��� ypz�mnl�{ l�ÀBq1r�l �~��lL� ��{ o yP��l ��� �
o yP��l Ã³o yN� Æ ��� m�j1l t]o yNwJ{vm ypz#t �
w]|��´m³tJ{1�Ll m�jst�m �WyN{�m³t���{��
� ��y5�xt���r,y8< � {xw]o |Vlsr 1 = y5z o yP��l��swx��l�° �xl
�¸{1l�� t�� m�j1l
{xw]o |Vl�r4ypz���t�r�|�yN{ t�m´yNo � ��{ Ë�ÙÜ� y5z ô Ó>/ ª

1 = Ï çP×¨ÖVÙVÙ
õ

Ë�Ö Ó � ×
­ z £®l jstv�1l ? o yP��l � ypz t �Wwx|��´m³tJ{1��lV° m�j1l {xw]o |Vlsr ypz
o yP��l��swx��lW� ���<m�j1ls{ 1 Ï ? 1 = � ikj1l � yP{��´m~tx{vm
@ Ï 1 = 0 Ï 	F×¨ØPË Ý 3 ÑsÒ A5ßCB � Ï ÖF×¨Ö+	VÙpÖ5çED BvÎ�ÔÕÒ ÑsÒ A5ßFB �
��� ��tJ����lL� wx{J���1lsr,�¡tx�¸�Jt�� � yP{��´m~tx{vmW� ikj�l qsr�lW�³�
wxr�l�°©��yP�Yw]o lV°
tx{1� mnlpo qVlsrutvm�wxr�l ypz tx{ ���xl�tJ�]�Jt�� t�r�l r�l���t�m~lL� |��

� . Ï ? 1 = 0 � Ï ? @ � ×
ikj1l �1t�ra�¤t]|���lW� � ° . ° tx{�� � �Jl ���sra��|Vl m�j1l o t���r�yV���WyNq����
�nm~tvmnl y5z�t �Jt����)ikj�l o ����r,y5���Wy�qV�¤�µ�´m³t�m~l £·yPwx��� |Vl#�xlW����ra��|VlL�
|�� �F���J��{�� m�j1l q�yV����m6��yP{ tx{1� �1ls�¢yB�s��m¬� ypz<l�t1�sj o yP��l��swx��l ypz
m�j1l �Jt���� �S{ lL§�wstvm6��yP{ £ j��¤�sj r�l���t�m~lW� m�j1l o t���r�yV���WyNq����
�nm~tvmnl �stsra�¤t]|J��lW� ��� ��tJ����lL� tx{ lL§�wst�m���yP{ y5z®�´m~tvmnl�� ��m jJ���Nj�l�r
�xl�{��
��m6��l �<�Wy]rar�l���m6��yP{�� o w��´m |5l o t1�xl m�y m�j1l �¤�Jl�tJ�J�Jt�� ��t�£ �
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