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�Mn���¦9�=ork��°Ä�o�qrk�x÷q��u�5���um�su¤�k�np�5óYõTmrx �7��t�o"q�m"��� qrnp��t s�zp��t��9¾��½øK�y¦R�³k�x@�5n�{�{�z�x÷sut�{ zp�½Älx m

�7m"��o"q:w�x7t�x7s�q�k\q�k�xU��z¸q�np¤�z�sut��Ks�mr����t�{9¾��½ø:�\n�o��
k�sum�s�� q�x mrn�£7x7{�w�¡Tx7zpxfª�s�q�x {=s�q"q�x7t���sÅq�np�ut^¦³«�ª�x m

z�s�mr��xGªu��zp���Ex7oUó�õ5ª�suz���x7o�suoUzp�½Ä suoK�½®�®\sumrx�m"x7� ����t�n�£7x7{Zñ,ó]{ |õ � ®Q�*®��°ö&¦E�:z�qrk�������kØz�x7oroNÄ´x7z�z

mrx or��z¸ª�x {^}�q�k�n�oOsut����÷s�z�¡�{�n��5n�t�npo"k�x7oÇq��>qrk�xùt���m/q�k^¦M�lx7�7su��o"x³�u��q�k�xlz�su�
�U�u���7m"��o"q�suz�xfª�x t�qrocnptCqrk�x

x�s�o"q�x mrt�¤�sum"qY�u��q�k�xU�E��{�x7z,}�q�k�x���¤�¤yx mr�E��o"qY�E��{�x z^z�s�¡ux7mro:sum"xUt��uq³Älx zpzÇmrx or��z¸ª�x {^}�mrx or��z¸q�npt��En�t

s÷� ����¤�z�npt��Ewyxfq!Älx x7t9ª�x m"¡�ork�s�zpzp�½Ä o/q�m"��� qr��mrxKsut�{=o"q�s�q�n���t¹r	s�� ��mrm"x7�fq�np�ut�o�ñ,ºPst öYn�t�qrk�s�q:mrx7�unp��t^¦

º`xç�
k���o"xçq�k�xnº9st {�su�E¤�npt��bor���
k q�k�s�q�t��=zpsumr�uxçsut��u�÷suz�npx oQ{�n�mrx � q�z¸¡ mrx7zps�q�x {»q��=qrk�xço/q
s�qrnp��t� 

t�x7sumrx o"qUo"qrmr���fq���m"xE���7� ��mNnpt=qrk�xKork�s�zpzp�½Äð¤�sum/q�oN�u�cqrk�x��5��{�x z ¦Qv:�½Älxfª�x m7}Mm"x7o"��z�qrnpt��çzpsumr�ux�ºPst �§o
s�qGqrk�x@x�s�o"q�x mrt o"q�s�q�n���t�oTñ ¡�x7z�zp�½Ä sut�{ mrx { orî���sum"x7oEnpt �Mn���¦ ��öQnpt�{�np�7s�q�x÷qrk�s�q�z��½Ä ó�õTªus�zp��x o

�Enp��k�qEsuz�or� mrx�s��
k²q�� ��¤�¤�x7m5�7m"��o"q�suz�zpx ªux7z�o7¦ �³k�x��(��m"x�sum"��s�t�{ {�x or� x7t�{�n�t�� ï:su£7�7s`¤�zps�q�x\sum"x

�
k�sumrsu� qrx7m"np£7x {Øw�¡�zp�½Äðs�q"q�x t���s�q�n���t ñ ¯u®u®�»Ãó�õ/»½¼ ö&¦>�ùqU¾��½ø���}��7m"��o"qUs�t�{=�5sut�q�zpxQwyx t�x�sÅq�k

q�k�x÷mrx �7x t�qC�÷s����÷sÅq�np�Ks�mr�Eork��½Ä t���ornp�ut�n�·��7sut�q�z¸¡9mrx {����7x { óYõ5ªus�zp��x oQn�t»�7�ut�qrm�suo/qQqr���(��m/q�k�x m

or�u��q�k ��W���8���2X�������p����� Z 0[����8$2\O�%#' }Ç¾u®�®��)* D�% = 6
2X2·��������� }�¾u®u®�¾A�,¦@v:�½Ä´x ª�x m7}Vn¸qQo"x7x �5oUq�k�s�q�qrk�x

zp�½Äù !óYõ  !sut����5suz¸¡�n�o>or�u�5x k��½Ä � ��t�t�x � q�x { Ä�n¸q�k9q�k�x��7mr��o"q
s�zVóYõ5sut��u�÷suz¸¡\wyx t�x�s�qrk9q�k�xKmrx ��np�ut

È­ÉËÊ­ÌÂÍ Î½Ï�Ð�Ñ­Ò�ÓVÔ9Ò�Õ�Õ�ÖVÔØ×cÙ¥Ú�ÓuÛ�Ü ÈËÉ­ÊËÌÝÍ



����á���������â�%K���C�����ã'c��������â�ä������p��âK��â�%E����
&�p
&���¸������	�á���â��������K���f�������Å��â�� Þ=ß¿¾
�u�OÄ�n�{�x7o"¤�mrx7su{Øï:x ����x t�xGorn�zpn��7np���5su���5s�q�n�or�3�(��m"qrk�x7mYq��÷qrk�xCo"����q�k ñ(��z¸q�np¤�z�sut��E�V��t�sE¼c��zp�7sut�np�

����t�x�}����O¼:j�}u�Mn���¦c�°öf¦��³k�xX�÷s�t�qrzpxVw�x7t�x7s�q�kUq�k�xX��z¸q�n�¤�z�sut��³ork��½Ä�oM�ut�z�¡N�E��{�x7mrs�q�xcs�q"q�x t���s�q�n���t

Ä�k�n��
k�npoMn�tGsu� �7��m"{�sut�� xlÄ�n�qrkGx�s�mrzpn�x7mRs�qrqrx7t���s�qrnp��tCo"q���{�npx o � ;n= 0,��-?���@��������� }��½¿�¿�¾
*)U ´µ��2\"���������� }
�½¿�¿�(H� ¦

�³k�x\¹��e{�s�q�s=mrx ªux�suzl��x7t�x m�suz�z�¡`k�np�ukòmrx ornpo/q�n¸ª�n¸q�n�x7oGn�t»q�k�xç�(�umrx�s�mr�@sut�{²s�mr�çm"x7��n���t�oG�u��qrk�x

��t�{�x�sutT� mr��o/q�suzp�ut��K¾��½ø��9ñô�Mnp��¦M���Nö�¦�¨!t@� ��t�q�m�s�o"q�}�sCª�x7m/¡ç������{ç�7��t�{���� qr��m³su¤�¤yx7sumro³sÅq³zp��t��

¤�x7mrn���{�oCw�x7zp�½Ä3suz��5�uo"qUq�k�x5x7t�q�n�mrxØñ(or����qrk�x7m"t�öQ�:z�q�n�¤�z�s�t���¦T��¤�¤�sumrx t�qKm"x7o"npo"qrn�ª�n�q!¡ � ��m"ªux7o��ux x7¤

�ôsuz�zpnpt��>x ªux7tçsÅqczp��t��ux7o"qX¤�x7m"np��{�ocsut�{^}�� ��mrm"x7or¤���t�{�npt���z¸¡�}�¤�k�suorx o´o/q
s�¡Esuw��°ªux:��¯uø7¦c��n��5n�z�sumÇq��Nqrk�x

ó�õQn��÷su�uxu}�t��5z��°ÄËmrx orn�o"q�n¸ª�n�q!¡ç£ ��t�xNÄlsuoY�(�u��t�{\wyx t�x�s�qrk\qrk�x�mrx �7x7t�q:�÷s����÷sÅq�np��sumr��¦

À í§k��ôè�ì��Rè7è¨�ôþ�ý
��o5ork��½Ä�t n�tZ�Mn���¦ �`Ä´x=orx x9s`o/q�m"��t��ò� ��npt�� np{�x t��7x\npt q�k�x�{�npo/q�m"npw���qrnp��t �u��_ s�t�{Z�u��ó�õ

nptZqrk�x9�7m"��o"q\sÅq\¾��½ø\�y¦³�Rnp��¦Ã� ��}ùn�t Ä�k�n��
kÁ_²sut�{Ýó�õ9ªus�zp��x o@�u�Qsuzpz�¯òw�¡ ¯»��� w�npt�oç�u�

q�k�xNorx7�fq�n���tTsumrxN� mr��o"o/ ¥¤�zp�uq"q�x {^}�{�x �5��t�o"q�mrs�q�x oùq�k�xN� ����¤�z�x7{@w�x7k�s�ª�np�u��m³�u�Çq�k�x:q!Äl�E¤�sumrsu�5xfq�x mro7}

or������x7o/q�n�t��bq�k�s�q�s\�7���E�5�ut»�Ex7�
k�sut�npor�hsHJyx7�fq�oGw��uqrk»¤�sumrsu�Ex q�x mro ¦b�³k�xço"¤�s�qrn�suzcmrx �÷s�¤�¤�npt��

ñ,�Rnp��¦R�Ej³ö´�u�$q�k�x�ª�suzp��x o7}�s�� q�x mlq�k�xf¡÷k�s½ªuxNwyx x7t\suo"ornp�ut�x7{Tsu� �7��m"{�npt��Cq���sGm"������k÷�7z�s�ororn¸·���sÅq�np�ut

npt�qr�Qk�n���k5sut�{÷z��½Äm_�sut�{çó�õ�}�m"x7o"¤yx � q�n¸ª�x z�¡�}�mrxfª�x�s�zpoXz�sum"��x��7mr��o"q
s�z�{����÷s�npt�oOÄ�n¸q�k÷�
k�sum�su�fq�x mrnpo/q�n��

¤�k�¡�orn���suzR¤�mr��¤�x7m/q�n�x7o7¦:�³k�x?Â �7zpsuoro"n�·��7s�q�n���t\ÄlsuoNo"x qNs��7�7�umr{�n�t��÷q��÷��zp��w�suzÇ�5��{�x7z�o � U OA�P����1��¿��2
������Ã|���P�¿����� }V�½¿�¿�¬Q*�Ä °$0[� ² OA�Q"#'A0M����� + ���&��2\"�OA� }V�½¿)(����Vnpt sçÄùs�¡9qrk�s�qQs�ª�x7mrsu��xEzpn¸q�k���o"¤�k�x mrnp�

ª�suzp��x7oXsumrx�{�n�o"qrnpt�����npork�x7{��(mr��� sut����5suzp�u��oMª�suzp��x7oc��mOª�suzp��x7ocmrx ¤�mrx orx7t�q�s�q�n¸ª�x:�(�umcsuo"qrk�x7t��uor¤�k�x mrx

ñ(qrk�mrx ork��uzp{� !óYõ � ¾�¯u®�ö&¦´�Å_5qrk�mrx ork��uzp{b���l�½®?Æ7�IÄlsuoY�
k���orx tbq��E{�x zpnpt�x�s�qrxN������{T�7��t�{���� qr��mro ¦

��z�np��k�qùª�sum"n�s�qrnp��t�ol�u�Rqrk�x7o"xUª�suz���x7o³{��5t���q��
k�sut���x�q�k�xU�½ªux7m�s�zpz^¤�n�� qr��mrx�¦

È­ÉËÊ­ÌÂÍ Î½Ï�Ð�Ñ­Ò�ÓVÔ9Ò�Õ�Õ�ÖVÔØ×cÙ¥Ú�ÓuÛ�Ü ÈËÉ­ÊËÌÝÍ



Þ=ß�Ç ����á���������â�%K���C�����ã'c��������â�ä������p��âK��â�%E����
&�p
&���¸������	�á���â��������K���f�������Å��â��
�³k�x��(��mrx7sumr�Usut�{bsum"��x���k�npw�n�q³ª�suzp��x7o�mrx ¤�mrx orx7t�q�s�q�n¸ª�xQ�(�um�sE� ��zp{T�7m"��o"qGñôk�np��k�_çs�t�{�k�np��k�óYõ�}

w�z���x�npt �Mn���¦C��j³öf¦$�³k�xEo/q�m"��t���sut����5suzpn�x7o:wyx t�x�s�qrk qrk�xK��z¸q�np¤�z�sut��=ñôm"x7{ �7��z���m>npt �Mn���¦C��j³ö&}

Ä�k�n��
k5s�zpor�N� ��mrm"x7zps�q�xlÄ�n¸q�k�m"x7��n���t�oO�u��m"x7{���� x7{Eorx npor�Enp�´ª�x7z���� n�qrnpx7o �	È96Q���¹��������� }�¾u®�®u®H� }�sumrxù�E��o/q

¤�m"��w�suw�z¸¡���s���orx {çw�¡K¤�sum"qrn�suz��5x z�q�oco"npt�� xYqrk�x ¡�Ä´����z�{÷x7t�k�sut�� xYqrk�x�sÅqrq�x t���s�q�n���t � U ��G$'�O }��½¿)(�®H�
sut�{b ³n��c�Ex7z�qroNsum"xGnpt�q�x mr� ��t�t�x � q�x {Ø ³ornp�ut�n�·��7sut�q�z¸¡�m"x7{����7xKmrx ornpo/q�n¸ª�n¸q!¡ �:�7��2X�É°�"�% = ���¢����� }$¾u®�®u®H� ¦
v:n���kØq�x7�E¤�x7m�sÅq���m"x7oUsuzp�ut�x�Äl����zp{ zp�½Älx mCó�õ÷w���qCt��uqT_=or�QÊE� npx7t�qrz�¡�}Rsut�{`��tØq�k�xE�uq�k�x7m�k�sut�{�}

ñôo"��zpn�{�öYx zpx � q�m"np�7suzM� ��t�{����fq���m"oEñôx�¦*��¦¸}$��mrsu¤�k�n¸q�xu}^sut��uqrk�x7m>�Ex7�
k�sut�npo"�I��t�{�x7mN{�n�or� ��oro"np��t�ö:Ä´����z�{

mrx {���� x|_�}�w���qNóYõ�o"k�����z�{9t��uq>w�x�sHJyx7�fq�x {^¦��Yx ��np�ut�o��u�O{�sumr�\w�z���xG�7�uzp��mCñôn�t=�Mn���¦��Tj³öY�7����z�{

w�xUm"x7zps�q�x {Tqr�K�5��m"xNnpo"��z�s�qrx7{nL���np{�o���m³�Ex7z¸q³¤y���
�uxfq�o ¦

ºÂnp{�x7or¤�mrx�s�{C¤�sum/q�npsuzu�Ex7z¸q�npt��³nptNq�k�xc�:z�q�n�¤�z�s�t��ù�7m"��o"q�k�s�oRw�x7x tQ¤�m"x ª�np�u��orz¸¡N¤�mr�u¤y��o"x7{ �.D�% = -|0,�³°
���3����� }Ç�½¿�¿u¬Q* È969���Y���M����� }y¾u®u®�®Q* ª 2��A"#"��|���3����� }y¾u®�®�¾&* D�% = 0,�,�.0,�&1·�����5�7��2X�É°�"�% =�}y¾u®�®���* D�% = 6&2X2 }
¾u®�®��)* ª ��8���´�'�OË���«����� }�¾u®�®�¾c� ¦�� q�k�npt²ñ[© ��

�\ö>z�s�¡�x m�Ä�n¸q�k9ª�x m"¡ zp�½Äðª�x zp���7n�q!¡u}Çorn�qr��s�qrx7{ s�qQs

{�x ¤�q�k5�u�Ì© ¾�®�

� ��t�{�x7mcq�k�xY���O¼:j mrx7�unp��t�Älsuocnpt�q�x mr¤�m"x q�x {çsuoXs��÷s����÷s>w���{�¡ � ��= -|0[���³O ² "#'A0
��������� }��½¿�¿u¿Q* ª �#%#'���������������� }�¾u®�®�¾c� ¦Çº»x´or���u��x7o/qMq�k�s�qRqrk�xlzpsumr�uxXo"��suz�x´z��½Äù ~ó�õÅ¶�zp�½Äù Í_u !sut����5suz¸¡

mrxfª�x7suzpx {Gw�¡Qqrk�npo�o"qr��{�¡Csuzpo"�:m"x�L�x � q�oRq�k�n�oRª��uzp���Enpt��u��oÇmrx7�unp��tQ�u��¤�sum/q�npsuz��5x z�q�nptUq�k�x´�5n�{�{�z�x´s�t�{

zp�½Ä´x7mQ�7mr��o"q�¦9«N��mQ·�t�{�npt���oCnp�E¤�z�¡=qrk�s�qQq�k�x5�5n�{�{�zpx5sut�{»zp�½Älx mC� mr��o/q�wyx t�x�sÅq�kòq�k�xçor����q�k�x mrt

��z¸q�n�¤�z�sut��»¤�zps�q�x7su�Áñ,s�qT¤�m"x7o"x7t�q&öçk�suoTz��°Ä mrn���np{�n�q!¡²sut�{Â{�xf�(��mr�Eo@nptÝsò{����fq�n�zpx9�E��{�x�¦ �³k�n�o

or��¤�¤y�um"q�oXq�k�x:�7��t��7x7¤�qù�u�  \"$�&%#'�"]� �½¿�()(H��q�k�s�ql� mr��o/q
suz�q�k�np�
�ux t�npt��CÄùs�olnptE¤�sum/qùs��7�7�u�5¤�z�npo"k�x7{5w�¡

{�n�J���o"x�ork���m/q�x t�npt��Kn�t�sGÄ´x�su�Ts�t�{�{���� qrnpzpxNz��½Älx m³�7mr��o"q�¦

º`x5{�x {���� xç��t�z¸¡Ø�5��{�x7mrs�q�xEó�õ÷ª�suzp��x7o÷ñ,��®�®Î»3óYõ¹»e¯u®�®�öNwyx t�x�sÅq�k ¯�®���� {�x7¤�qrk^}RÄ�k�np�
k

npt�{�np�7s�q�x oKqrk�xT¤�mrx orx t��7x=���>zpn¸q�k��uor¤�k�x mrn��@�÷sut�qrzpx@w�x7t�x7s�q�k q�k�x\or����q�k�x mrt �:z�qrnp¤�zpsut���¦ ����mGqrk�x

suo/q�k�x t���or¤�k�x7m"x�Älx�Ä´����zp{5x���¤�x7� ql�G���
k5or�5suzpz�x7mMª�suz���x7o � x�¦*��¦�}9U OA�P����1��¿��2������TÃ|���P�¿���>� }��½¿�¿u¬H� ¦

È­ÉËÊ­ÌÂÍ Î½Ï�Ð�Ñ­Ò�ÓVÔ9Ò�Õ�Õ�ÖVÔØ×cÙ¥Ú�ÓuÛ�Ü ÈËÉ­ÊËÌÝÍ



����á���������â�%K���C�����ã'c��������â�ä������p��âK��â�%E����
&�p
&���¸������	�á���â��������K���f�������Å��â�� Þ=ß�Ï
º`x5s�oror���7nps�q�xGqrk�npo>·�t�{�npt��TÄ�n¸q�k9q�k�x���t�{�x m"q�k�mr��o/q�x7{ò�lm�su£ npz�n�sut=z�n�qrk���or¤�k�x7m"x � ;/= 0,��-?���q��������� }
�½¿�¿�¾
*P+ �,�.-/������0,�&1&��2E�����¹47698�8����:" }$�½¿�¿�¬H����m³t�xfÄ�z�¡ç�(��m"�5x {@zpn¸q�k���o"¤�k�x mrxu}�sut�{\orx7x�t��Kxfª�n�{�x7t��7x

�(��mK�5sut�q�zpx@{�x7z�s��5n�t�s�q�n���tòw�x7t�x7s�q�k q�k�n�oKorx7�fq�n���t²����q�k�x�¤�zps�q�x7su� suoE¤�mr��¤���o"x7{²�(�umGq�k�x��V��t�s

�(��m/q�k�x m�o"����q�k �.D�% = 6&2X2Ð���n����� }Y¾�®�®�¾
* Ã���´S���5����� }N�½¿�¿u�����umT�(�umTqrk�xØq�m�s�t�orn¸q�np�utÂqr�½Äùsum"{Ëqrk�x

Ñ suo"qrx7m"tçjl��m"{�npz�zpx m�s:qr��qrk�x�ï�  Ñ � ª �#%#'B�����B��������� }�¾u®u®�¾A�,¦M¨¥qck�suocw�x7x t5o"������x o"q�x {Eqrk�s�qVqrk�x7m"�÷suz

Ä´x�su��x7t�n�t��C�u�yq�k�x�z��°Ä´x7mc� mr��o/qlk�s�o´�5sunpt�z�¡Qwyx x7t5su�7� ���5¤�zpnpo"k�x7{Ew�¡Knpt�� mrx7suorx {5�5sut�q�z�x³k�x�s�q/ �L��½Ä
{���m"npt��÷sut=x ¤�npo"��{�x�Ä�n�qrk9sEqrk�npt�t�x7{=z�n�qrk���or¤�k�x7m"x �! #"$�&%#'�" }���¿)()(Q* ª ��8���´�'�O����3����� }�¾u®�®�¾A�,¦³�³k�x mrx

npo´¤�mr�uw�suw�z¸¡5t��Gt�x7x {çq�k�sÅqlq�k�npol�Ex7�
k�sut�npo"�5o´k�suolqr�G¤�x7mro"npo/qù��t�q�n�zym"x7� x7t�q�z¸¡5qr��suzpz��½ÄZ�(��ml¤�sum"qrn�suz

�Ex7z�q³sut�{\mrx7zps�q�x {\sut����5suzpn�x7o´npt@q�k�x�z��°Ä´x7m�� mr��o/qYqr�5{�s�q�x�¦

å@ìcÒ$ý�þ&Ó5o�b�ÿ�e�d±b�ý�é°èuí
�³k�x`orx7n�or�E��zp�u��np�7suz�� ���5¤���t�x t�q�o\�u�Cqrk�x`��ï>j³«N�Y� sut�{L�V¨/��j³«P¤�m"�AI"x7�fq�oTÄlx mrx ·�t�sut�� x7{

w�¡»qrk�x@µ>x7��q�or�
k�x�����m"or�
k���t��uor��x �5x npt�o"�
k�s�� q�ñ,µN����}O���O� ¾u¬���ö&}Mq�k�x\��x ������mro"�
k���t���o
��x t�q�mr���

�R��q�or{�su� ñ,�U�O�$ö�sut�{Gq�k�xl��m"x7x³©Yt�n�ªux7m"orn�q!¡Q�u���lx mrz�npt@ñô�O©��ùöf¦��O©��òs�t�{K�N¨~�X�²ñ ���V�$ö$¤�mr�½ª�np{�x7{

npt�o"q�m"���Ex7t�q�o ¦@�³k�sut���oCqr�9��¦$��or�
k�}X�K¦�jlk��ut���}OµG¦Rjl���Qq�xu}M�R¦�Æ$x7£7sux q�s�}V�R¦R�Nnpx orxu}�¼G¦��Ys�q�k^}

��¦��BÔ�)¬�z�npt���}FÕ�¦����
k�Äùs�zpx7t�w�x7m"��}�ºÃ¦����½¡�x7m }$�R¦�ºÂnp�u��x7m }�sut�{9vQ¦�ºÂnpz��uxQ�(�umYqrk�x7n�m�x�Jy��m/q�o�n�t�qrk�x

¤�m"�AI"x7�fq�o7¦cº`xQs�mrxNnpt�{�x7w�qrx7{Tq��E��¦���mr���Cw���zpzy�(��m³k�x7z�¤��(��z^� ���E�5x t�qro���t@q�k�x��5sut���or� mrnp¤�q�}�qr�÷��¦

����w���z�x ª��(��mXo"qrnp�G��zps�q�n�t���{�npo"�7��o"orn���t^}�s�t�{5qr�Kj�¦��´m�sun¸q�x7t�w�x7m"�Gsut�{çsutçsut���t�¡��E����o´mrxfª�n�x Ä´x7ml�(�um

�7�ut�o"qrmr���fq�n�ªuxQ� ���E�5x t�qro7¦V�:zpz�·��u��mrx oYÄ´x7m"xQ�5su{�xN��o"npt��5�U¹�� � ; �#"#"����������5DF-|0,� =�}^�½¿u¿)(H�,¦

lnbµÖ�b�êcb�ýRì)b�è
��z�zp�Ex7t�{�npt���x m7}���¦¸}�sut�{÷�N¦�����w�wyx zpo7}��V��m"x>sut�{5orn��5¤�z�x³ork�x7suml¤�z�s�qrx�su�E��¤�z�n�� q�}��:z�qrnp¤�zpsut��� !�c��t�s�}

��m"��x7t�qrnpt�sKsut�{��l��z�n�ª�n�s�}�� �#%��ROA�¿O#� = ´�"�0[%#" }�×&Ø�ÙR}���Ú��½��}^�½¿u¿�¬�¦

È­ÉËÊ­ÌÂÍ Î½Ï�Ð�Ñ­Ò�ÓVÔ9Ò�Õ�Õ�ÖVÔØ×cÙ¥Ú�ÓuÛ�Ü ÈËÉ­ÊËÌÝÍ



Þ=ß�Û�Ü ����á���������â�%K���C�����ã'c��������â�ä������p��âK��â�%E����
&�p
&���¸������	�á���â��������K���f�������Å��â��
��z�zp�Ex7t�{�npt���x m7}N��¦¸}N�N¦ Ñ ¦�Ýu��mr{�s�t^}Q�y¦>¹ ¦�Õ�s�¡�}Usut�{L��¦YÆc¦Y¨!o�s��
��o }C�³k�x`x ªu��zp��qrnp��tË�u�Gqrk�x

��z¸q�n�¤�z�sut��� ~�V��t�s�¤�zps�q�x7su�\�u�Oq�k�xQ� x7t�q�mrsuzM�:t�{�x7o }Ì+ �P�P6Q� Z ��GA���7��2X� = �Þ�����¿���[�VD�%�0�� }�×&ØR}Ç�½��¿�Ú
�°����}^�½¿�¿���¦

�>ï�j³«N�:��º`��m"��n�t��:��m"����¤^}���x npo"�5n��Vmrx�L�x7� qrnp��tUnp�5su��xRmrxfª�x�s�zpnpt��Y�HJ�o"x q��u����t�{�x7sutCo"��w�{���� qrnp��t� 

£7�ut�x�x�sum/q�k�î���su��xQz����7s�q�n���t�oùn�t�q��K��� x�sut�np�N�5sut�q�zpx�}�� ���>6&2\� }�ßµÙ9à�}��u����Ú�������}���¿�¿�¿�¦
�ùsuw�x ¡�����}M�Q¦�}M�y¦�����w���z�x ª�}M��¦$��mr���Gw���zpz,}�«�¦�«>t��
��x7t^}Osut�{òÆV¦ÇÆÇs�ª�npx7m }MïY���Ex7mrn���suzM�5��{�x7z�oN�u�

�7m"��o"q�suz�or��s�zpxY�7��t�ª�x � qrnp��t@s�t�{÷¤�s�m"q�npsuz��Ex7z�qrnpt���w�x7t�x7s�q�kEq�k�x:��z¸q�np¤�z�sut��Å ~�V��t�s>¤�zps�q�x7su�^} �7��2X� =
�Þ�����¿������D�%�0�� ¯ �����[� }�á�Ù�ÙR}����u��Ú��)()(�}�¾u®�®�¾�¦

�lx �
��}��y¦�ÆV¦�}�sut�{ç�K¦��^sut�{�q�}��³k�x�t�s�q���m"x:���^��m"����x7t�np���7m"��o"qlnptKq�k�x:�7x7t�qrm�suz���t�{�x7o } NQ��4«�#O#� = ´�"$�
Z �#"$� }�á&â
à�}�{���n[�¸�½®�¦¸�½®�¾u¿�¶�¾u®�®�®)Ý��ù®�®�®�}¸�°¾���}�¾u®�®�¾�¦

�lmrsuoro"xu}�vQ¦¸}��R¦�Æ$x7£7sux q�s�}�¼G¦��Ys�q�k�}FÕK¦����
k�Älsuz�x7t�wyx mr��}�ºÃ¦y���½¡�x m7}�sut�{T¼G¦�v:s�su��}��³k�xQ�l��z�n�ª�n�sut

��z¸q�n�¤�z�sut��\� ��t�{���� q�n¸ª�n�q!¡ sut��u�÷suz¸¡�} NQ�E4«�#O#� = ´�"$� Z �#"$� }Má&â
à�}�{���n>�÷�½®�¦¸�½®�¾�¿�¶�¾u®�®��cÝ��ù®�®�®�} ��¿���}

¾u®�®�¾�¦

jlk��Enpx zp�½Ä�or��n }HÝ�¦¸}��K¦Å�^sut�{�q�}Åsut�{Cj�¦°v�s�wyx mrz�s�t�{^}°�³k�xc�7x t�qrm�suz��:t�{�x�s�tQ�:z�q�n�¤�z�s�t��� ~�V��t�sl�÷s����÷s

w���{�¡u} 4«�#O#� = ´c"$� Z �#"$� ¯ ������� }Ì×Qã$}���(��cÚ���(�¬�}y�½¿�¿�¿�¦
{�xG��npz¸ªus�}��y¦¸}y�:z�q�n�¤�z�s�t��� ~�V��t�sC¼>��z���sut�n��Qjl���5¤�zpx��\���Oq�k�xU�7x t�q�m�s�zR�:t�{�x7o } 4«�#OA�³O�1�´ }�á9à�}Ç���½®�¾¨Ú

���½®u¬�}^�½¿)(u¿�¦
µ>£7n�x Ä´��t�o"��n,}��C¦�¹`¦¸}�sut�{\µG¦�Æc¦���t�{�x mro"��t^}��Vmrx zpnp�Enpt�sum"¡�m"x �(x mrx7t��7x Ñ sum"qrk\�E��{�x7z,} � = ´�"$�Ì�7��2X� =
�Þ�����¿�����Ì X�P�R��2�� }�×&Ø�}�¾u¿���Ú���¯u¬�}y�½¿)(���¦

Ñ wyx mrk�s�m"q" !�Vk�npz�zpnp¤�o7}�µG¦¸}�Æ$���7suz�x�sum/q�k�î���su��x>q����E����mrsu¤�k�¡�� Ñ sum/q�k�î���su��xNor����mr�7xNm"x7��n���t�o }�n�t D���0³"��
-|0[% � OA-/O�1�2���� = ´�ä ��= �#OA2X´B�������Þ2��&%��>0[%#� }�x7{�n¸q�x {Ew�¡GvQ¦�¨¥¡ux7mcsut�{?Õ�¦�vYnpmrsuk�sumrs�}u¤�¤�¦�¬��½�cÚ�¬u����}
jlk�su¤��÷sut\sut�{bv:suzpz,}�ï:xfÄæåX��m"��}$�½¿�¿���¦

È­ÉËÊ­ÌÂÍ Î½Ï�Ð�Ñ­Ò�ÓVÔ9Ò�Õ�Õ�ÖVÔØ×cÙ¥Ú�ÓuÛ�Ü ÈËÉ­ÊËÌÝÍ



����á���������â�%K���C�����ã'c��������â�ä������p��âK��â�%E����
&�p
&���¸������	�á���â��������K���f�������Å��â�� Þ=ß�Û�Û
�Nm�sux wyx m7}³�l¦¸}ùs�t�{ ��¦c��or�
k�}³�³k�mrx xf !{�np�Ex7t�o"np��t�s�z³�5��{�x7z�oK�u��çIÄls�ª�xbªux7zp���7n¸q!¡ sut�{qçN  q��±èR 

ª�x zp���7n¸q!¡Øm�s�qrnp�TnptØq�k�xEor�u��q�k�x mrtò� x7t�q�mrsuzX��t�{�x oCw�¡Øorn��G��z¸q
sut�x ����o�npt�ªux7mro"np��t`�u�ùz����7suzVx�s�m"q�k� 

î���su��xQ{�sÅq
s�} NQ�74«�#O#� = ´�"$� Z �#"$� }�á&â�éù}�¾u®�} ¾u����Ú�¾u®�} ¾�¯u¬�}y�½¿u¿�¿�¦
v�s�wyx mrz�s�t�{^}�j�¦¸}�sut�{\�Q¦���npx qrw�mr���
��}��ùq"q�x7t���sÅq�np�utTqr���E����m�s�¤�k�¡÷n�t÷q�k�x>Ä´x7o/q�x mrtb� x7t�q�mrsuz^�:t�{�x7o��

�L{�xfq
sun�zpx {÷npt�ornp�uk�q´npt�qr�Cq�k�x�o"q�m"��� qr��mrxN����sC�÷s����÷sÅq�np�Ysum"�u} N9��4«�#O#� = ´c"$� Z �#"$� }Ìá&â�ãÇ}�����}¸�°¯��XÚ
����}¸�½¬���}�¾u®�®��u¦

¨!o�s��
��o }���¦¸}l©Y¤�zpn¸� q��u��qrk�xT�7x t�qrm�suz��:t�{�x�s�t²¤�zps�q�x7su�²sut�{ wyx t�{�npt�� ����q�k�x��´��zpn¸ª�npsutò��m"��� zpn�t�xu}

NQ�74«�#O#� = ´c"$� Z �#"$� }�Ù)ßR}���¦ ¾�����Ú���¦ ¾u����}y��¿)()(�¦
Ýu��k�t�o"q��ut^}�µG¦¸}�¹`¦°������o�Ô��o }�sut�{Q�C¦Å�³np�E��m7}°�ùq"q�x7t���sÅq�np�utC�u��o"x7n�or�Enp�VÄùs�ªux7oOn�tQ{�m/¡Qsut�{Cors�q���m�s�qrx7{

mr���
��o7}�¨!¨
}�¹�x �
k�sut�n�or�Eo7} 4«�#O#� = ´�"�0[%#" }9é�éù}�¬�¿���Ú�������}���¿��u¿�¦
Õ�s�¡�}��y¦�¹`¦¸}���¦�jl��n�m�s�}�sut�{5Ý�¦u¼>n�m�su�E��t�q�x�}HåX����t��U�5s�·��³w�su�
��sum"�ùª���z���sut�n��³mr���
��o´s�oVnpt�{�n���s�qr��mro

�u�l�7��t�q�n�t�x7t�q�suz´z�n�qrk���or¤�k�x7m"np�K{�x7zpsu�Enpt�s�qrnp��tbwyx t�x�s�qrk»q�k�x5�:mr��x t�qrnpt�x5�V��t�sb¤�z�s�qrx�su�^}��7x t�q�m�s�z

��t�{�x7o } NQ�74«�#O#� = ´�"$� Z �#"$� }�Ù�ÙR}�¾���} ��¾��cÚ�¾���}*����¿�}y�½¿u¿u��¦
Æ$x7£7sux q�s�}��R¦¸}�µ>npo/q���m/q�n���tCs�t�suz�¡�o"npoOs�t�{K�Å ~µ²�5��{�x7z�zpn�t����u���÷s���t�x qr�uq�x zpz���mrn��X{�s�q
s�n�tCq�k�xùor����q�k�x mrt

�7x t�q�m�s�z$��t�{�x o7}��Vk^¦*µG¦�q�k�x ornpo }���mrx7n�x�©:t�n¸ª�x mrorn¸qcÔs�qY�´x7mrz�npt^}�¾u®�®���¦

¹bs�ª��u��}���¦�¹ ¦�}�¼cx7z���� n�q!¡Ts�t�{bsÅqrq�x t���s�q�n���t\npt\¤�sum"qrn�suz�z�¡5�5�uz�q�x tTmr���
��o } NQ�M4«�#O#� = ´�"$� Z �#"$� }�êµØR}
¯��°���cÚ�¯���(u¿�}��½¿�(�®�¦

¹���t�q�su��t�x m7}¿Ý�¦�}�sut�{b��¦�ÕNx7t�t�xfqrq7}�vY�°Ä qr�÷m"x7�7�ut��7n�zpx�wy��{�¡� ¥Äls�ª�xCsut�{bt���mr�5suz¸ ¥�5��{�x>m"x �(x mrx7t��7x

x�s�m"q�k\�E��{�x zpo\ë�} 4«�#O#� = ´c"$��NQ�Ì X�P��� }�á�×&Ø�}�¾�¾u¿cÚ�¾���(�}y�½¿�¿�¬�¦
¹\¡ux7mro }Ç�y¦yj�¦¸}^�y¦��lx �
��}Ç�K¦��^s�t�{�q�}ysut�{��N¦�º»suz�z�su� xu}�Æ$n�qrk���or¤�k�x7m"np�f ¥or�7suzpx�o"qrmr���fq���m"xGsu� mr��o"o:qrk�x

�l��z�n�ª�n�s�tU�:t�{�x oM�(mr���Lqr���E����m�s�¤�k�np�cn��÷su�ux7o��u��ª�x zp���7n¸q!¡Usut�{�s�q"q�x t���s�q�n���tQ�(��m�çÂsut�{ìè�Äls�ª�x o7}

NQ�74«�#O#� = ´c"$� Z �#"$� }�á&âHßR}�¾���} ¾u����Ú�¾���} ¾�¯�¾�}y�½¿�¿)(�¦

È­ÉËÊ­ÌÂÍ Î½Ï�Ð�Ñ­Ò�ÓVÔ9Ò�Õ�Õ�ÖVÔØ×cÙ¥Ú�ÓuÛ�Ü ÈËÉ­ÊËÌÝÍ



Þ=ß�Ûrà ����á���������â�%K���C�����ã'c��������â�ä������p��âK��â�%E����
&�p
&���¸������	�á���â��������K���f�������Å��â��
�Ms�m"q�£ or�
k^}���¦¸}��l¦����
k�n�zpz�npt���}�s�t�{@Ý�¦��:mrt�{�q�}��³k�x>nptQL���x7t�� xN�u�$¤�s�m"q�npsuz��5x z�qrnpt��U��tçq�k�x�x7z�x7�fq�mrn���suz

w�x7k�s�ª�np��mY�u�V� mr��o/q
suz�mr���
��o$�YÆÇsuw���m�s�qr��m"¡çx���su�Enpt�s�qrnp��t�o7}��5��{�x z��7suzp� ��z�sÅq�np�ut�o�sut�{=�ux7��z�����np�7suz

npt�qrx7mr¤�mrx q�s�q�n���t�o }C� �#%��ÍOA�¿O#� = ´c"�0[%#" }�ßµá9à�}���(�¿cÚ�¾�®���}�¾�®�®�®�¦
��npx qrw�mr���
��}��Q¦�} Ñ t�q!Ä�n��
��zp��t��Cx7npt�x7où�Vm"����m�s��5�Eo"¡�o"qrx7�Eo´£ ��ml����t�o"npo"qrx7t�q�x tT����o/Älx m"q���t�����mr�uororx m

orx npo"�5��z�����n�or�
k�x mòµNs�qrx7t�o¨Ôs�q�£ xZ�5n¸q»�:t�Älx t�{���t��Ásu���\{�n�xZ©Yt�qrx7m"or���
k���t��Á{�x7m»��w�o"��mr¤�qrnp��t� 

oro/q�m"����q���m {�x7m Æ$���5sÅ ~�Vm"npx q�sÅ ~��x7�unp��t^}/Õ�suzpn¸�(��mrt�n�x7t^}÷�Vk^¦ µG¦Gqrk�x7o"npo }�Æ$��{�Ä�np�� ~¹bsA��np�Enpz�n�sut�o~ 

©:t�n�ª�x mro"n�qcÔsÅq�}�¹���t�np�
k^}y�Nx7m"�÷sut�¡u}^�½¿�¿�¬�¦

��npx qrw�mr���
��}��Q¦�}�ç Äùs�ªuxùs�q"q�x7t���sÅq�np�utQo/q�mr��� q���mrxln�tUqrk�xc�ôsu��z�q�s�mrx�sY�u��qrk�xY�½¿�¿�¯MÕN��w�x´x7sum"qrk�î���su�ux�}

NQ�74«�#O#� = ´c"$� Z �#"$� }�á&â�ã$}���������Ú����°¯Å��}�¾u®u®���¦
��npx qrw�mr���
��}��Q¦�}�j�¦�v�suw�x7m"z�sut�{�}���¦���or�
k�}���¦�jlk��ut���}�sut�{@��¦��Nnpx orx�}���ï>j³«N�:�M�*¿�¬U V��x7n�or�Enp� n�q!¡

suz���t��@q�k�x5�>ï�j³«��Y�­q�mrs�ª�x7m"orxçn�t`t���m"qrk�x7m"t jlk�n�zpxu} �3O�" � 2����Q"$� + 4|í }«à�êPîÉé¿ã#ï�ð3ñ ���,� U �#�����
DF6�������� }��V���½¬�}^�½¿�¿���¦

����{�n,}uºÃ¦¸}�sut�{E�U¦�Æc¦�¹bsu�
��npx�}�ïY��t�z�npt�x7sumO�7�utAI"����s�qrx³��m�s�{�npx t�qrocsuzp�u��mrn¸q�k��L�(��mX¾½ ~µ �÷s���t�x qr�uq�x z¸ 

zp��mrnp��npt�ª�x mrorn���t�o } 4«�#O#� = ´c"�0[%#" }hã�ãÇ}^�°���cÚ���(���}�¾u®�®��u¦
���
k�n�zpz�npt���}��l¦¸}�sut�{���¦��Ms�m"q�£ or�
k^}�Â>��sut�qrn�� ¡�npt���¤�sum"qrn�suzy�5x z�ql�(mrsu� qrnp��t@n�t@q�k�xN� mr��o/q:w�x7t�x�s�qrk\qrk�x

jlx7t�qrm�suzÇ��t�{�x7oYsut�{Tq�k�xU�³n�wyxfq
sut\�Vz�sÅq�x�s��^} � = ´c"$� ��= ��-?�Ì�M��2X� =±î`+7ï�}Ì×QãÇ}�¾u�u¿cÚ�¾���¬�}�¾u®�®��u¦
���
k��En�qr£u}y¹`¦¸}�ºÃ¦  ~µG¦�vYx7npt�or��k�t�}�sut�{=�l¦���¦����
k�npz�zpnpt���}���x npor�Enp��}���m�s�ª�n�q!¡\sut�{b¤�x q�m"��zp�u��np�7suz^x ª�n± 

{�x t��7x>�(��m´¤�sum/q�n�s�zy�Ex7z¸qlw�x7t�x7s�q�kçqrk�x>q�k�np�
�ux t�x7{T� x7t�q�mrsuz^��t�{�x�sut@� mr��o/qQñ ¾��f /¾u� ø ��öf}�� �#%��ÍOA�¿OA�
� = ´�"�0[%#" }�×FàHâÇ}����½�cÚ���¾u¬�}���¿�¿�¬�¦

���
k���m"m7}���¦¸}���x npor�Enp�Xo"qrmr���fq���m"xù�u��qrk�xù� x7t�q�mrsuz��:t�{�x�s�tGor��w�{����fq�n���t�£7��t�x´�(mr�u�ðz����7suz�x�sum/q�k�î���s��ux

{�s�q�s�} D�%�0[���P��0 ò7% � �#% = �P0[%���� Z �Í�POA2���D � Z â�á�óÌâ�áR}��Nx7�����umror�
k���t���o
��x t�qrmr���B���uq�o"{�su�\}�¾u®�®��u¦

È­ÉËÊ­ÌÂÍ Î½Ï�Ð�Ñ­Ò�ÓVÔ9Ò�Õ�Õ�ÖVÔØ×cÙ¥Ú�ÓuÛ�Ü ÈËÉ­ÊËÌÝÍ



����á���������â�%K���C�����ã'c��������â�ä������p��âK��â�%E����
&�p
&���¸������	Ká���â������������f�������Å��â�� Þbß�Ûrú
���
k���m"m7}���¦¸}��K¦��:or�
k^}��Q¦��Yn�x q�w�mr���
��}��U¦���mr���Gw���z�z }�s�t�{=j�¦�v:suw�x7mrzpsut�{^}�jl���5¤�zpx��ç¤�s�q"q�x7m"t�o��u�

L���n�{Esut�{K�5x z�qOqrm�sut�or¤���m"qcn�tGq�k�x��7x t�q�m�s�z���t�{�x7sutEor��w�{����fq�np�ut5£ ��t�x³mrxfª�x7suzpx {5w�¡Ks�q"q�x t���s�q�n���t

q��u�5���um�su¤�k�¡u} �7��2�� = �Þ�����¿������D�%�0�� ¯ �����[� }�¾u®�®�¾�}�or��w��En�q"q�x {^¦

���
k�Älsuzpx t�w�x7m"��}FÕ�¦�}�¼G¦��Ys�q�k^}�sut�{ç¼C¦�v:s�su��}���x7t�o"n�qrª�n¸q!¡5o/q���{�npx7oùsu¤�¤�z�npx7{Eq��CsQq!Äl�Å !{�n��5x t�orn���t�suz

mrx orn�o"q�n¸ª�n�q!¡ç�E��{�x7z��(m"��� qrk�x��7x7t�qrm�suz$�:t�{�x7o } 4«�#O#� = ´c"$��NQ�Ì ��P�[� }�á�Ø&âÇ}�¬��u�cÚ�¬)(�¬�}�¾u®�®�¾�¦
���½¡�x m7}³ºÃ¦¸}³sut�{ vU¦X�lm�suo"orx�}Y¨!t�ªux7o"qrnp��sÅq�np�ut �u��s�t����5suzp����o��÷su�ut�x qrnp�@·�x7z�{²ª�sum"n�s�qrnp��t�oKn�t qrk�x

�7x t�q�m�s�z��:t�{�x o:�u�MïÃjlk�n�zpx�sut�{b��º �l��zpn¸ª�n�s�} 4«�#O#� = ´c"$� Z �#"$� ¯ ������� }Ì×µêR}���®�¾u��Ú���®�¾u¬�}�¾u®u®���¦
�³k���mrw�x7m }�j�¦�} Ñ sum/q�k�î���s��ux�zp����s�qrnp��t�oùsut�{çqrk�mrx xf ¥{�np�Ex7t�o"np��t�suz�� mr��o/q
suz^o/q�m"��� qr��mrx�nptçqrk�xUjl�½¡��uqrx

ÆÇsu�uxQsum"x�s�}�� x7t�q�mrsuz�jùsuz�n��(��m"t�n�s�} NQ�74«�#O#� = ´c"$� Z �#"$� }Ìê�êR}P(�¾�¾u¬�Ú
(�¾u��¬�}y�½¿�(���¦
�³k���mrw�x7m }�j�¦�}�sut�{ØµG¦ Ñ wyx mrk�sum/q" !�ck�npzpz�np¤�o }�ÆÇ����s�zRx7sum"qrk�î���su�uxGqr���E����m�s�¤�k�¡\Ä�n¸q�kxL�x���npw�z�xC��m"np{� 

{�n�t���}V� OA-���6&����4«�#O�"�%�0�� }¿×&ØR}P(�®�¿�Ú
(���(�}y�½¿�¿�¿�¦
º`x7oro"x7z,}���¦�}�sut�{EºÃ¦����5n¸q�k^}�ïYx Ä�}�np�E¤�mr�½ª�x {5ªux7mro"np��t5�u��qrk�x���x t�x7m"np�:¹bsu¤�¤�npt��U�³���uzpocmrx zpx�s�orx7{�}

�3O�" � 2����Q"$� + 4|í }�àcÙR}�¯���¿�}^�½¿�¿�(�¦
ºÂk�n¸q��5sut^}�µG¦¸}���¦�¨!o�s��
��o }�Ý�¦  ~ÆV¦�jlk�sÅq�x7zpsunpt�}FÝ�¦ã ~¹`¦�jlk�n��^}�sut�{\�C¦��Rx mrx £u}��ùqrqrx7t���s�qrnp��t��u�Mk�np��k� 

�(mrx î���x7t��f¡Zo"x7npo"�5n��@Äùs�ª�x o@wyx t�x�sÅq�k qrk�xb� x7t�q�mrsuz��:t�{�x�s�tZ¤�z�sÅq�x�s��^} NQ�|4«�#O#� = ´c"$� Z �#"$� }TÙ9à�}
�½¿�}*¿�¾u¿�Ú��½¿�}*¿u����}y�½¿�¿�¾�¦

åX��sut�}¿ôG¦¸}�xfq�suz ¦¸}�����w�{���� qrnp��t=sut�{9�7�uzpzpn�orn���tT¤�mr���7x ororx o�npt�qrk�xG� x7t�q�mrsuzM�:t�{�x7oN� ��t�o/q�m�s�npt�x {9w�¡

�7�ut�ªux7m/q�x7{borx7n�or�Enp�N¤�k�suorx o7}�� ����6&2#� }Fé¿âHêM}�¿�¯�(cÚ�¿�¬���}�¾u®u®�®�¦
�^sut�{�q�}l�K¦¸}´�Q¦V�C¦M¼cx z�suo"�7��}´sut�{ �y¦cÆV¦V�lx �
��}�jl���E¤y��o"n�qrnp��t sut�{ qrk�np�
��t�x oro5�u�:qrk�xTor����q�k�x mrt

��z¸q�n�¤�z�sut��G�7m"��o"q7}y�´��zpn¸ª�nps�} 4«�#OA�³O�1�´ }¿×�×O}^�½®�®u�cÚ��½®�®u¬�}y��¿�¿u��¦

È­ÉËÊ­ÌÂÍ Î½Ï�Ð�ÑLÒ�ÓcÔ=Ò�Õ�Õ�ÖVÔ9×cÙ¥Ú�ÓuÛ�Ü ÈËÉLÊÝÌËÍ



Þ=ß�Û�^ ����á���������â�%E���Q�����ã'c��������â�ä���������â���â�%E����
&�p
&���¸������	Ká���â������������f�������Å��â��

õ ��e��Çêcb û í µ>n�o"q�m"npw���q�np�ut=�u�³�V¨/��j³« s�t�{`��ï>j³«N�Y�­orx npor�E��z�����np�7suzlñôw�zpsu�
�={�npsu�5�ut�{�o
ö>s�t�{

¹�� o"q�s�q�n���t�o@ñ(w�z�s��
� � npm"�7zpx o
ö&¦bºÂk�n�qrx÷� npmr� zpx oC{�x ¤�np�fqCq�k�xçx7¤�n��7x t�qrmrx o��u��x�sum/q�k�î���s��ux7o���orx7{ n�t

q����E����mrsu¤�k�¡�¦���x7� x7t�qOª��uzp��s�t���oRsumrxXnpt�{�np��sÅq�x7{Uw�¡�Ä�k�n�qrxXqrmrn�s�t���zpx o´ñ(ºZj»npo$º»x o"qrx7mrt�jl��mr{�n�zpz�x7m�s�öf}

mrx ��np��tKx t��7z���orx {÷w�¡Kq�k�xY{�suo"k�x7{çz�npt�x³n�oc��z�qrnp¤�zpsut��� !�V��t�s�¼c��z���sut�n��³�7���E¤�z�x���ñ(�>�O¼:j³ö ���&�3DF0,�.GA� }
�½¿)(�¿A� ¦²µ>nKJyx7m"x7t�qEork�su{�npt�� ñ(�(m"���Pzpn���k�qGq�� {�sum"��öKn�t�{�np�7s�q�x o�q���¤�����mrsu¤�k�¡ò�(mr�u� ®Øqr�»�u®�®�®Ø��}

��®�®�®E�Àqr�ç��®�®u®÷��}�sut�{9s�wy�½ª�x���®�®�®5� suz¸q�n�qr��{�x�}ym"x7or¤�x7�fq�n¸ª�x7z¸¡�¦U�lzpsu�
��z�npt�x o:�un�ª�xC¤y��o"n�qrnp��t��u�

q����E����mrsu¤�k�n���o"x7� qrnp��t�o7¦

õ ��e��Çêcb a í ¨!t q�k�x\mrx �7�½ª�x m"¡ q�x o"q�oKÄ´x��7suzp� ��z�s�qrx7{Yr s ªus�zp��x oK�(�umKqrk�xT��n�ªux7t or����mr�7x»ñôw�z�su�
�

{��uqro
ö:s�t�{9mrx �7x7n¸ª�x mKñôo"î���sumrx o
ö���x ���5xfq�m/¡�w�¡��(��m"Älsumr{�q�m�s��7npt��5q�k�mr�����uk9o"¡�t�q�k�xfq�np�Gó|{ | �E��{�x7zpo

ñô{�x ¤�np�fq�x {�w�¡TÄ�k�n�qrx��7��t�q��u��mro�*yt����Gw�x7m"o�s�mrxK�½®&{ � ó]{ | öf}�s�t�{bn�t�ªux7m/q�x7{\q�k�x � nptTq�k�xUo�s��5xNÄls½¡

suoKq�k�x\mrx7suz�{�s�q
s�¦Ý��¡�t�qrk�x qrnp�bsut����5suzpn�x7o�m"x7orx �Gw�z�x�¤�m"x7{��u�5n�t�x7t�q5�7mr��o"q
s�zCñ q���¤�öEsut�{ �5sut�q�zpx

ñôw��uqrqr���÷öEs�q"q�x t���s�q�n���t^¦Lº`x9su{�{�x {Ât���mr�5suz�z�¡ {�n�o"qrmrnpw���q�x { m�sut�{���� t���npo"xbÄ�n�qrk sòo"q�sut�{�sum"{

{�x ª�nps�q�n���t@�u�M®Q����r	s³qr��q�k�x�o"¡�t�q�k�x q�n��Tr	s�{�s�q�s�}�su� �7��m"{�npt��Gq��Ko"q�s�q�n�o"q�n���suz^sut�suz¸¡�o"npoù���M��w�orx7m/ª�x {xr	s
ª�suzp��x o7¦có]{ |õ n�o³�7��z���m/ ¥�7��{�x7{�}���t�m"x7or�uz�ª�x {bm"x7��n���t�o�sum"xNw�z�sut��ux7{�¦´�Vz���orx o:n�t�{�np�7s�q�x���mrn�{\t���{�x o7¦

ÈËÉ­ÊËÌÝÍ Î½Ï�Ð�ÑËÒ�ÓcÔ=Ò�Õ�Õ�ÖVÔØ×cÙ¥Ú�Ó�Û�Ü ÈÝÉLÊÝÌËÍ



����á���������â�%K���C�����ã'c��������â�ä������p��âK��â�%E����
&�p
&���¸������	Ká���â������������f�������Å��â�� Þbß�Û\�
õ �`e��Çêcb ¥ í �����5�u��m�su¤�k�np�\orx � q�n���t�o@s�zp��t��ò¾u®�¦ ¯uø@�y}ù¾���¦*®�ø@�y}lsut�{Â¾���¦ ¯�ø@�y¦³��x7npo"�5n��bó]{ |õ
npoC�7��z���m/ ¥�7��{�x7{^}M��t�mrx or��z¸ª�x { m"x7��n���t�o�s�mrxçw�zpsut���x7{^¦ �lzpsu�
� qrmrnpsut���z�x7oCn�t�{�n���s�qrx5q�k�xç¤y�uorn�qrnp��t`�u�

mrx �7x t�qTªu��zp�7sut���o ¦ ��î���sum"x7oTnpt�{�np�7s�q�x�¤y��o"n�qrnp��t�o÷�u�Umrx7� x7n¸ª�x7m"o7}:o"q
sÅq�np�ut �7��m"mrx7�fq�n���t�oTsum"x=�7��z���m/ 

�7��{�x {^¦´¹���k��Enpo�su{�su¤�q�x {\�(m"��� È96Q���Ð���C������� ¾u®�®�®A� ¦

õ �`e��Çêcb ¶ í ñô�>öUjl�uzp��m~ !�7��{�x {»¹\� np�5su��x � ª 2��A"#"��5��������� }Ç¾�®�®�¾A�cs�zp��t��\¾��½øC�bÄ�n¸q�k �°ªux7m"z�sun�{

�½®&{ � ó|{ | ñôw�zpsu�
�C� ��t�q�����mro7}�m"x �(x7mVqr�Q�Rnp��¦R��öf¦M�lz�s��
�Gorî���sum"x7oXnpt�{�np��sÅq�x�¹��²o"q�s�q�n���t�o7¦ùñ,�³öVjlm"��oro~ 

¤�z��uq����có|{ | sut�{=� ��mrm"x7or¤���t�{�npt��5_çªus�zp��x o:�u�Ox�su�
k ¯Kw�¡=¯E���Bw�n�tb�u�Oqrk�xCo"x7�fq�np�ut ñ(Ä�n¸q�k�n�t\qrk�x

�7m"��o"qCöÂ¯u®�
&� {�x7¤�q�k�ö&}�or���u��x7o/q�npt��>s:� ��mrm"x7zps�q�n���tQw�x q!Ä´x7x tGq�k�x orxlª�suz���x7olñô� ��mrm"x7zps�q�n���t��7��x�ÊE�7n�x7t�q

�u�c ~®�¦ ���°ö&¦�µ>nKJyx7m"x7t�q��7�uzp��m"oN{�x7�5sumr�7s�q�xK{�n�J�x mrx t�q�¤�x qrmr��¤�k�¡�o"np��s�zX{����÷s�npt�o�Ä�n¸q�kØk�n���k sut�{Øzp�½Ä

s�q"q�x7t���sÅq�np�ut=sut�{bmrx7o"npo/q�n�ª�n¸q!¡�}�mrx7o"¤yx � qrn�ª�x z�¡u¦>�³k�mrx ork��uzp{bª�suz���x7o�sumrxQnpt�{�n���s�qrx7{�w�¡�{�suo"k�x7{9z�npt�x o7¦

ñ j³öM�³k�x³or¤�s�qrn�suz�mrx �÷su¤�¤�npt����u��q�k�x³� ��zp��m~ !� ��{�x {Cª�suzp��x7oVmrxfª�x7suzpoV{�n�J�x mrx t�qOor¤�s�qrn�suz�{����5sunpt�oRÄ�n�qrk

�
k�sumrsu� qrx7m"npo"qrnp��¤�k�¡�o"np�7suz:¤�mr��¤�x7m/q�npx o=ñ(zp�½Ä´x7mçs�t�{Z�Enp{�{�z�x@��z¸q�np¤�z�sut��Ø� mr��o/q�}�w�su�
�Åsum"�u}ù�(��m"x�sum"�½öf¦

��x7��n���t�o³��t�o"mrx or��z¸ª�x7{bw�¡çx7n�qrk�x7m³�Ex qrk���{�s�mrx�ork��½Ä�t\�ôsu{�x7{�¦

È­ÉËÊ­ÌÂÍ Î½Ï�Ð�ÑLÒ�ÓcÔ=Ò�Õ�Õ�ÖVÔ9×cÙ¥Ú�ÓuÛ�Ü ÈËÉLÊÝÌËÍ



70˚W 69˚W 68˚W 67˚W 66˚W
23˚S

22˚S

21˚S

20˚S

Puna

C
or

di
lle

ra
E

as
te

rn

Chile Bolivia
Altiplano

Fig. 1

P
ac

ifi
c 

O
ce

an

WC



0

50

100

150

200

0

50

100

150

200

-70 -69 -68 -67

de
pt

h 
(k

m
)

1.67

1.67

10

olongitude (  )

8.3

Fig. 2

1 2 3 4 5 6 7 8 9 10

10   Q-3 -1
p



0

50

100

150

200 -20.5˚

0

50

100

150

200 -21.0˚

0

50

100

150

200

-70 -69 -68 -67

-21.5˚

longitude (  )ο

de
pt

h 
(k

m
)

Altiplano

Fig. 3

Magmatic Arc

10-2 τ * (s)

1 2 3 4 5 6 7 8 9 10

p
-3

10    Q
-1

0 2 4 6-2
i

Moho



0

25

50

75

100-70 -69 -68 -67

1

2

3

45
6

0

25

50

75

100-70 -69 -68 -67

0.0 2.0 4.0

0

25

50

75

100-70 -69 -68 -67
longitude (˚)

0

2

4

6

8

10

10
-3

 Q
p-1

01234
log ρ[Ωm]

log    [    m]ρ Ω

Fig. 4

B

C

A

de
pt

h 
(k

m
)


