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k»pGs¤|ybds[s[\_j�Ythdp�bdcOmV\A\~ª}�®p�^�bds[\?|y�Ge?\ys��G^¤|y�Gj@c®\ApGkqY[Zd\�pGs�hd\ystpGk���kv\y� j]�Gj]p�^g\_|~p�j]h]^±k»pGs¤�Gj
`ae(��xG\ws[\_^gp�mabdY[`ap�j?pGk �_�  ��( �y��� "A�O`Àª}\_ma^y¥�èqp�j�Y[`aj�b]p�b]^�s�b]jOj]`ajdx±Z]`Vx�Z(^[�®\y\_h�h]`Vx�`VY[�Gmd|y�Ge?\ys£�G^
|ybds[s�\_jTY[mV�+Z]�_�G\¤k»s��Ge?\±s���Yg\_^§pGk�YI�E�O`a|y�GmomV� �	� ¬ î ~¤��Y§��s�\_^gp�mabdY[`Vp�j:pGk �	�_�h(ì�G� ���O`Àª}\_ma^qbd��Ygp� ! � ¬ î ~A��Y§s[\_^gp�mab]Y[`Vp�j]^�YgpEp�^[e(�GmamRYgp�c®\¤bO^g\yk»bOmfk»pGsÅ��²�´A¥
� Z]\�^[�O��Y[`a�Gm±s[\_^gp�mobdY[`Vp�j1pGk?èwè�z ��s�s��_�}^�`a^ieAb]|�Z�map¢�q\ys�Y[Z]�Gj�Y[Z]��YipGkA�OZdpGYgpGxGs£���OZ]`a|

`ae(��xG\_^_¥ � Z]`a^.`a^§j]pGYÅ��^[\ys�`Vp�b]^.�Os[pGcOmV\_ei¦]Z]p¢�q\y�G\ys_¦®^�`aj]|~\¤Y[Zd\A�G`ae pGk=��²�´¿`a^.Ygp:^[�Ge?�Oma\¤Y[Zd\
e?pGY[`Vp�j���Y¹��^�bd¯�|y`V\_j�Y"jEb]e"cR\ys¤pGk��Rp�`aj�Y[^¤k»pGs¹^gY[��Y[`o^gY[`a|y�Gm��GjO�GmV�E^�`a^y¦��Gj]h�jdpGY¤Ygp�s[\y�]s[p}h]b]|~\
Y[Zd\(^[|~\_j]\(�]s[\_|y`a^[\_mV�G¥ Ý p�e?\?Yg\_|�ZOj]`a|y�Gm=hd\yY[�G`oma^t�Gj]h¡�Gj¡pÃ�G\ys[�E`a\y��pGkqY[Zd\(pG�R\ys���Y[`Vp�j�pGk§è§è�z
^g\_j]^[pGs�^§`a^�x�`V�G\_j�`aj�y ëw��R\_m6!$ �zº¥
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e?\yY[Z]pEh?b]^[\_^�Y[Zd\w|~s[p�^�^³¨I|~pGs[s[\_ma��Y[`ap�j?Yg\_|�Z]jO`au�b]\.Ygp¹�Gj]�GmV�}^g\§�±�O�G`as=pGk®^�`ajdx�mV\�\~ª}�®p�^�bds[\.k»s��Ge?\_^y¥
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cR\±s[\_^gYgs�`o|~Yg\_hiYgp(Y[Zd\"|~s�p�^[^³¨I|~pGs[s[\_mo��Y[`Vp�j�Yg\_|£Z]j]`auEbd\G¥
� Zd\¤^gpGk»YI����s[\�µ i � \_h]��²�´R& ¸.b]^[\_hikvpGsÅY[Zd\"��²�´¿�Gj]�GmV�}^[`a^w`ajiY[Z]`a^§Y[Zd\_^[`a^.���G^wh]\y�G\_mVpG�R\_h�cE�

Ý |£Z]ma`a|�¬G\Ðy Ý |�ZOma`a|[¬G\ �°� z���Y§Y[Zd\ � j]`V�G\ys£^[`VYI�+pGk���h]`aj�cObds�x�ZL¥
j�ß_�¢ßáà �wq:å6ç�ç�ø ã	åsq{q:í�m�0�è:éîåxì
� Z]\�|~s[p�^[^³¨I|~pGs[s�\_ma��Y[`Vp�j1`a^��@e(\_�G^[bds[\�pGk{Y[Z]\�^[`ae�`ama��s�`VY���pGk±YI�qp	k»b]jO|~Y[`Vp�j]^(�Gj]h½`a^(b]^[\_h©`aj
��²�´ �Gj]�GmV�}^[`a^��G^��ì�f��YgYg\ys�jÄe(��Y[|£Z]`ajdx1e?\yY[Zdp}hL¥ � Zd\�e?\yY[Z]pEhÄ\_^[^g\_j�Y[`a�GmamV�¶mVpEpG¬E^���Y��Gj
`aj�Yg\ys[s[pGx���Y[`ap�ji��s[\_�?p�j�\_�G|�Z�pGk¼Y[Z]\tYI�qp�`ae(��xG\_^§�GjOhihd\yYg\ys�e(`aj]\_^�Y[Zd\t^[Z]`Vk»Y.`aj:�O`Àª}\_ma^�jd\y\_hd\_h
Ygp��G|�Z]`a\y�G\:Y[Z]\:cR\_^gY¹p¢�G\ys�mo����c®\yY��$\y\_j	Y[Zd\:YI�qp¡��s[\_�G^y¥@ðq��eAb]mVY[`V�fmV�E`ojdx�Y[Z]`a^A^[Z]`Vk»Y"cE�¡Y[Zd\
e(��x�jO`VnO|y��Y[`Vp�j�`aj�e?\yYgs[\_^��R\ys��O`Àª}\_m®pGk�Y[Zd\t`ae���xG\¤�Gj]h�h]`V�}`ah]`ajdx"c��+Y[Zd\±Y[`ae?\thd\_ma�¢��cR\yYI�q\y\_j
`ae���xG\_^.Y[Zd\"�¢�G\ys���xG\��G\_mVpE|y`aYI���w`VY[Z]`oj+\_�G|£Z�`ojTYg\ys[s�pGx���Y[`Vp�j���s[\_�+`a^.hd\yYg\ys�e�`ajd\_hL¥ � Zd\t�]s[p}|~\_^[^
`a^§Y[Zd\_jis[\y�R\_��Yg\_h�k»pGsw\_�G|£Z�`ojTYg\ys[s�pGx���Y[`Vp�j���s[\_�+`ajiY[Zd\¹`ae(��xG\"�Gj]h��(�G\_mVp}|y`VYI���G\_|~YgpGste(����pGk
Y[Zd\tÂOp¢�6`o^�pGc]Y[�G`ajd\_hL¥
²·kÆ�$\¤hd\_^�|~s�`VcR\±Y[Zd\¤�O`Àª}\_m®xGs[\y��¨I^[|y�GmV\"���Gmabd\_^w|~pGs[s[\_^g�Rp�j]h]`ojdx¹Ygp+�Gj�`aj�Yg\ys[s[pGx���Y[`Vp�j���s[\_�(��Y
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klb]j]|~Y[`Vp�j ¢ �v� µ À ÿ V ¸.`oj�Y[Zd\"h]`Vx�`aY[�GmLhdp�e(�G`aji`a^]_

¢ �v� µ À ÿ V ¸oM���¿F� ù���Áv� ù ��µ À ÿ V ¸2�Rµ�� å À ÿ�æ å V ¸ µÇ�E¥ � ¸
�w`aY[Zi`ajTYg\ys�s[pGx���Y[`Vp�j���s[\_�G^wpGk�h]`ae?\_j]^�`Vp�j]^ ¨ (�� �O`VªE\_ma^_¥
²·Y+`o^+|~p�e?�fbdY[��Y[`Vp�j]�Gmama�	�G\ys��ì\~ªE�R\_j]^�`V�G\�Ygp�|y�Gma|yb]ma��Yg\ÁY[Zd\�|~s[p�^[^³¨I|~pGs�s[\_ma��Y[`Vp�j1b]^[`aj]x@Y[Zd\

��cRp¢�G\Ä\_u�b]��Y[`ap�jL¥ � Z]\ß|y�Gma|yb]ma��Y[`Vp�j |y�Gj cR\��®\ys�kvpGs�e(\_h e¹b]|£Z e?pGs�\ß\y¯�|y`V\_j�Y[mV�3b]^[`ajdx
|~pGs[s�\_ma��Y[`Vp�j@Y[Z]\ypGs[\_eü_¹��|~pGs[s[\_ma��Y[`ap�j�`aj¡s�\_�Gm�^g�O�G|~\:`a^t\_uEb]`V���GmV\_j�Y¤Ygp���|~p�e(�OmV\~ª@|~p�j�«[bdx���Yg\
eAb]mVY[`V�fma`a|y��Y[`Vp�j�`aj+¾dp�bds�`V\ysq^g�O�G|~\G¥ � ZO`a^�x�`V�G\_^$kvpGs$Y[Zd\Å|~s�p�^[^³¨I|~pGs[s[\_mo��Y[`Vp�jÁµ»s�\y�]s[\_^g\_j�Yg\_h�cE�+�¤¸e�¢ �v� µ À ÿ V ¸oM»��µ À ÿ V ¸��`�Rµ À ÿ V ¸��
����� ¢ �v� µ��Ýÿ�æd¸6�UM���µS� ÿ ¹ ¸T� � µS�Ýÿ ¹ ¸ µÇ�E¥���¸
�wZ]\ys[\
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^[`ae(�OmV\ys.�Gj]h�|~p�e?�fbdY[��Y[`Vp�j]�Gmama�+mV\_^[^§\~ªE�R\_j]^[`a�G\{Ygp+|y�Gma|yb]ma��Yg\G¥
� Z]\�s[\_^[b]mVY[`ojdx ¨ (¢� |~s[p�^[^³¨I|~pGs[s�\_ma��Y[`Vp�j klb]j]|~Y[`ap�j µ»pGs �YwiuYu�� ÚVÑ � Ó w Ü¤£fÚVÑ�Ü � ¦:�G^�`VY@`a^

^gp�e?\yY[`oe?\_^°¬}jdp¢�Åjf¸®xG\_jd\ys��GmomV�t|~p�j]^[`a^gY[^°pGk]|~p�jTYgs�`acObdY[`Vp�j]^Rk»s[p�eÄYI�qpÅY����R\_^°pGkd|~pGs[s�\_ma��Y[`Vp�jL¥ � Zd\
n]s�^[Y{pGk�Y[Zd\_^[\�`a^±Y[Zd\�h]\_^[`Vs[\_h��O��s�Y[`a|ymV\~¨º�O�G`Vst|~pGs[s�\_ma��Y[`Vp�j¡cR\yYI�q\y\_j�`ohd\_jTY[`o|y�Gmr�O��s[Y[`a|ymV\_^"`aj�Y[Zd\
n]s�^[Yw�Gj]h�^[\_|~p�j]h�`ojTYg\ys[s�pGx���Y[`Vp�j���s�\_�G^y¥ � Zd\¹^g\_|~p�j]hÁ`a^w�Gj�b]j]hd\_^[`as���cOmV\±s��Gj]h]p�e |~pGs[s[\_mo��Y[`Vp�j
cR\yYI�q\y\_j��O��s[Y[`a|yma\:`ae���xG\_^?`aj	Y[Zd\�n]s�^gY�`aj�Yg\ys[s[pGx���Y[`Vp�j���s[\_���Å`VY[Z�h]`ÀR\ys[\_jTYA�O��s[Y[`o|ymV\:`oe(��xG\_^
`aj½Y[Zd\�^g\_|~p�j]hL¥�²�k"Y[Zd\Á^�Z]`Vk»Y�pGk¤\_�G|£Z¶�O��s[Y[`a|ymV\�cR\yYI�q\y\_j�`ajTYg\ys�s[pGx���Y[`Vp�j¶��s[\_�G^i`a^:|~p�j]^gY[�Gj�Y
Y[Zd\_j1Y[Zd\�|~p�jTYgs£`VcObdY[`Vp�j½k»s[p�e,�f��s[Y[`a|ymV\~¨º�O�G`as�^��Å`amam§�Gh]h1YgpGxG\yY[Zd\ysiYgp��]s�pEh]bO|~\����®\_��¬©Y[Z]��Y
`a^�^[`Vx�jO`VnO|y�Gj�Y[mV�ßZ]`Vx�Zd\ysÁY[Z]�Gj�Y[Zd\�jdp�`a^[\��R\_��¬}^��]s[p}h]b]|~\_h6c��ßY[Z]\	s£�Gj]hdp�e |~pGs[s[\_ma��Y[`ap�j]^y¥
� Zd\ÁmVp}|y��Y[`Vp�j1pGk¤Y[Zd\Á�]s�`aj]|y`a�OmV\i�R\_��¬ìs[\_ma��Y[`a�G\�Ygp	Y[Zd\¡|~\_jTYgs�\ÁpGk"Y[Zd\Á`ojTYg\ys[s�pGx���Y[`Vp�j1�Oma�Gjd\
|~pGs[s[\_^[�®p�jOh]^rYgp"Y[Zd\Å|~p�j]^gY[�Gj�Yq^[ZO`VkvY�hd\_^�|~s�`VcR\_h�\_��s�ma`V\ys¢¥ � Z]\wZd\_`Vx�Z�Y=pGkRY[Zd\we(�G`oj?�R\_��¬As�\_ma��Yg\_^
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Ý �fbds�`Vp�b]^��G\_|~YgpGs�^�pGs w Ù � ÚÛÓ �Nu z �w`amamTs[\_^[b]mVYÆ`Vk]Y[Zd\ys�\q`a^r�±mVpÃ�	s£��Yg\qpGkf�O��s[Y[`a|yma\$�O�G`asÆhd\yYg\_|~Y[`ap�jL¥
²·ktY[Z]`a^+pE|y|ybds£^+Y[Z]\Á^[`ax�j]�Gm§Ygp�jdp�`a^[\�s���Y[`Vp	�w`amom§cR\�YgpEp�mVp¢�ñ�Gj]h½Y[Zd\¡e(�G`ajì�R\_��¬ì�Å`amam.kl�Gmam
cR\_mVp¢�4Y[Zd\:cO�G|[¬ExGs[p�b]jOh	j]p�`a^g\�mV\y�G\_mW¥@í±bdY[ma`V\ys£^¤�w`amom=p}|y|ybdsA`ak�¦�k»pGs¹\~ªd�Ge?�Oma\G¦�Y[Zd\i^g\y\_h]`ajdxÁ`a^
jdpGY(^[��Y[`o^gk»�G|~YgpGs£`amV��Z]p�e?pGxG\_jd\yp�b]^y¥½ítbdY[ma`V\ys?hd\yYg\_|~Y[`Vp�j©`a^?�Gjì`ae?�RpGs[Y[�Gj�Y��O��s[Y?pGk{Y[Zd\i�Rp�^gY³¨
�]s[p}|~\_^[^[`ojdx�pGkr��²�´��G\_|~YgpGs±e(���O^§�Gj]hi`o^§h]`a^[|ybO^[^g\_h�`ajie?pGs[\¹hd\yY[�G`amL`aji^g\_|~Y[`ap�j[�E¥#"d¥#"d¥
j�ß¥�oßKÞ ö�íÈ0[¦�/¢í°è$í�ã�è:éîåxì
²³jìpGs�hd\ys�Ygp�\_j]^�bds[\��Gj½pG�]Y[`ae(�Gm§h]\yYg\ys�e(`aj]��Y[`ap�j�pGktY[Zd\�e?\_�Gj½�O��s[Y[`o|ymV\�h]`a^g�fma�G|~\_e?\_j�Y(Y[Zd\
mVp}|y��Y[`Vp�jtpGkdY[Zd\��®\_��¬t`aj±Y[Z]\$|~pGs[s[\_mo��Y[`Vp�jt�Oma�Gj]\=^[Zdp�b]mah±cR\�h]\yYg\_|~Yg\_h¹�G^¼�G|y|ybds���Yg\_mV�¤�G^��®p�^�^[`VcOmV\G¥
Ý `ajO|~\"Y[Zd\�h]`Vx�`VY[�GmÆ`ae(��xG\�h]��Y[��`a^{h]`a^[|~s�\yYg\¹Y[Zd\�|~pGs[s[\_mo��Y[`Vp�jÁ���Gmab]\_^{��s�\Ahd\yYg\ys£e(`ajd\_h�p�j]mV�ik»pGs
`aj�Yg\yxGs��Gmth]`a^[�Oma�G|~\_e?\_j�Y[^y¥ � Zd\¡�G|y|ybds£�G|~�½pGk¹Y[Z]`a^�h]`a^g�fma�G|~\_e?\_j�Y:`a^:Y[Zd\_j¸4 �� �f`ÀªE\_mº¥ � Z]`a^�G|y|ybds��G|~�A`a^��G|y|~\y�OY[��cOmV\�kvpGsrh]`a^[�Oma�G|~\_e?\_j�Y[^¼���O�]s[p��G|�ZO`ajdxÅZO�GmVkdY[Zd\��Å`ahdY[Z¤pGkOY[Zd\q`ojTYg\ys[s�pGx���Y[`Vp�j
��s[\_�}¦]cfbdY.Y[Z]`a^�\ys[s�pGs§�w`amam®cR\¤^[`Vx�jO`VnO|y�Gj�Yqk»pGsw^[e��GmamV\ys§h]`a^[�Oma�G|~\_e?\_j�Y[^y¥
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|~pGs[s[\_mo��Y[`Vp�j��R\_��¬�Ygp�^[b]cd¨º�O`Àª}\_m¼�G|y|yb]s��G|~�G¥ � Zd\?e?\yY[Zdp}h�pGk �@§�u��e�v¨ £ w Ó»Ü �"� z � Ó@©(Ñ �8wiu z `o^te?p�^gY
|~p�e(e?p�jOmV��b]^g\_h°¥ � ^[`aj]x¹Y[Z]`o^$e?\yY[Z]pEh���^[b]`VY[��cfmV\Åklb]j]|~Y[`ap�j+`a^$n]YgYg\_h�Ygp�Y[Zd\t|~pGs[s[\_mo��Y[`Vp�j�h]��Y[�
��Y°Y[Zd\$mVpE|y��Y[`ap�j¤pGk}Y[Zd\=�R\_��¬{c��t|~p�j]^[`ohd\ys���Y[`Vp�jtpGk}\_�G|£Z"pGk}Y[Zd\=Y��$p{jd\_��s[\_^gY¼jd\_`Vx�Z�c®p�b]s�^L`ajtcRpGY[Z
Y[Zd\.ª��GjOh(�?h]`Vs[\_|~Y[`ap�j]^y¥ � Zd\{é±�GbO^[^[`a�Gj?klb]j]|~Y[`ap�j�`a^=e(p�^gY�k»s[\_uEbd\_jTY[ma�Ab]^[\_h(k»pGs�Y[Z]`a^=�Obds[�Rp�^g\G¥
� Z]`o^.`a^.cR\_|y�Gb]^g\¤Y[Z]\"�O��s[Y[`o|ymV\¤`ae(��xG\_^ÅZ]�_�G\A�Gj����]�]s�p_ªd`ae(��Yg\_mV��é±�Gb]^�^[`a�Gji�]s�pGnOmV\¤�Gj]hL¦f^[`aj]|~\
Y[Zd\i|~pGs[s[\_mo��Y[`Vp�j	pGkwYI�qp�é±�Gb]^�^[`a�Gj	k»bOj]|~Y[`Vp�j]^As[\_^[bOmVY[^¹`oj	�Gj]pGY[Zd\ys+é±�Gb]^[^�`a�Gj	k»b]jO|~Y[`Vp�jL¦=`VY�`a^
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s[\yÂO\_|~Y[`Vp�j]^w�GjOh�x�ma��s�\"k»s[p�e ^[b]s[k»�G|~\_^_¥.²�Y±`a^w`oe?�RpGs[Y[�GjTYwYgp�s[\_e?pÃ�G\�p�bdY[ma`V\ys�^§kvs[p�e Y[Zd\¹�G\_|~YgpGs
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±n±�£ Úa³3�5¡�²UÛJÜ�Ý��5¸�²7³
�c¶>·_¸
¹6¶ �iº4»T¼N½�¾$¼ ¸6¹ ½ ·o¿ ¼ ¸ » ¶ ¼�Àiº4º4Ài½6Ài»yÁ ¸ À�Â>¾ÄÃ
¼N» ¶$Å ¾ ¸ Á ¸ ¼Æ¾ÄÇ Å ½�» ¶ ¼�ÈfÉ\ÊËÃ�¼ÆÀ ¸ Á$½y¼ÆÃ�¼ÆÂ�» ¸Ã
À�¾$¼ · Â�» ¶>·¥¸f¸ »yÁ>¾$Ì�Í�ÎÏÂ · Â · » · À�Ð	¾$¼ ¸y¹ ½ · º4» ·oÅ Â Å Ç-» ¶ ¼ ¿ À ¸6·¥¹ È�ÉDÊ ¸ Ì ¸ »T¼ÆÃÑÁ ¸ ¼Æ¾�Ç Å ½/» ¶ ¼<À ¹vÅ Á ¸ » ·¥¹Ò ¼ÆÐ Å	¹N· »2Ì�Ó>¼ÆÐ¥¾µÃ�¼ÆÀ ¸ Á$½y¼ÆÃ�¼ÆÂ�» ¸Ô· Â ¹6¶ Àiº4»T¼N½ÖÕ ·¥¸Ø×�· Ò ¼ÆÂ · Â ¸ ¼ ¹ » ·¥Å Âä"$ÍgÙ�ÍÛÚ ¶>·¥¸Ø· Â ¹ Ð¥Á4¾$¼ ¸ ¾>¼N»yÀ · Ð ¸Å Ç�» ¶ ¼�¾$¼ ¸y·¥× Â Å ÇfÀÜº4Á$½6º Å�¸ ¼Ã
À�¾$¼�È�ÉDÊÝ¼ÆÂ ¹ Ð Å�¸ Á$½y¼Þ ¶>·¥¹6¶ Þ�À ¸Ø¿ Á · Ðo»J» Å ¼ÆÂ ¶ À�Â ¹ ¼Ö» ¶ ¼ ¸ ÀiÇ@¼N»2ÌÀ�Â>¾ ¸6· Ã�º4Ð ·_¹N· »2Ì Å Ç» ¶ ¼¬ÈfÉ\Êß¼và	ºQ¼N½ · Ã�¼ÆÂ�»yÀ�Ð[Þ Å ½yáQÍÚ ¶ ¼�Ç Å	¹ Á ¸ÔÅ ÇU» ¶>·¥¸¸ »yÁ>¾$Ì ·¥¸ » Å Ã+Àiá�¼ÜÈ�ÉDÊâÃ�¼ÆÀ ¸ Á$½y¼ÆÃ
¼ÆÂ�» ¸Å Ç�» ¶ ¼ Ò ¼ÆÐ Å	¹N· »2ÌµÓ>¼ÆÐ¥¾¡Ài»Ö» ¶ ¼Å º[¼ÆÂµ¼ÆÂ>¾ Å ÇUÀã»yÁ ¿ ¼ · ÂµÞ ¶>·¥¹Y¶ À ¶>·o×�¶ À�Ã�º4Ð · »yÁ>¾$¼ ¸TÅ Á>Â>¾µÓ4¼ÆÐ¥¾ ¶ À ¸Ô¿ ¼N¼ÆÂµ¼ ¸ »yÀ ¿ Ð ·_¸y¶ ¼Æ¾-Í�Ú ¶ ¼Ç Å Ð¥Ð Å Þ · Â ×¡¸ ¼ ¹ » ·oÅ Â¤äS"$Í���å
¾$¼ ¸6¹ ½ ·o¿ ¼ ¸ » ¶ ¼ × ¼ÆÂ$¼N½YÀ�ÐJ¼và�º[¼N½ · Ã�¼ÆÂ�»yÀ�Ð ¸ ¼N»yÁ$º · Â ¹ Ð¥Á>¾ · Â × À ¹vÅ Á ¸ » ·¥¹ À�ÐÀiº>º4Ài½YÀi»yÁ ¸Næ » ¶ ¼ ¸ Á ¿	ç ¼ ¹ » ¸fÅ Çè» ¶ ¼ ¸ »yÁ4¾$Ì�À�Â>¾+» ¶ ¼ÏÃ�¼N» ¶>Å ¾ ¸ Á ¸ ¼Æ¾ · Â+» ¶ ¼ ¸ ¼N»�Á$º�À�Â>¾Ü¼và�¼ ¹ Á>» ·oÅ ÂÅ ÇQ» ¶ ¼cÈ�ÉDÊÄ¼và	º[¼N½ · Ã�¼ÆÂ�»yÀ�Ð�º>½ Å	¹ ¼Æ¾>Á$½y¼�Í�é�¼ ¹ » ·oÅ Âó"$Í#"Ô» ¶ ¼ÆÂ ×�Å ¼ ¸�Å Â�» Å ¾$¼ ¸y¹ ½ ·¥¿ ¼�» ¶ ¼ ¹ À�Ð ·¥¿ ½6Ài» ·oÅ ÂÅ Ç�º>½ Å�¿ ¼ÛÃ ·¥¹ ½ Å º ¶$Å Â>¼ÛÁ ¸ ¼Æ¾µ» Å Ã
Àiá�¼
º>½y¼ ¸6¸ Á$½y¼�Ã�¼ÆÀ ¸ Á$½6¼ÆÃ�¼ÆÂ�» ¸ Ài»Ô» ¶ ¼ Å º[¼ÆÂê¼ÆÂ4¾ Å Ç�À�»yÁ ¿ ¼Ç Å ½c» ¶ ¼¬»T¼N½6Ã · Â>Ài» ·oÅ Â · Ã
ºQ¼Æ¾4À�Â ¹ ¼ ¹ À�Ð ¹ Á>Ð¥Ài» ·oÅ Âã¾>¼ ¸y¹ ½ ·o¿ ¼Æ¾ · Â ¹Y¶ Àiº>»T¼N½3��Í
±n±¶µ ²�Ú�ê ë"�<»��� oº ·L�ó���÷¡�� ��Ü�»
�¢ßKÞ0ßáà �>ås--÷íÈq9â°0;-÷å6æq¡ë�0�ç�íÈq
ÎÏÂ+íìà	Ç Å ½6¾ÐB�À ¸ ¼N½ ¸ B�é$ÙiíXî\Õií ¹vÅ º>º[¼N½ Ò Àiº Å Á$½/Ð¥À ¸ ¼N½�ÞUÀ ¸ Á ¸ ¼Æ¾
À ¸ » ¶ ¼cÐ ·o×�¶ » ¸yÅ Á$½ ¹ ¼cÇ Å ½�» ¶ ¼<ÈfÉ\Ê¼và	ºQ¼N½ · Ã�¼ÆÂ�» ¸�· ÂÖ» ¶4·¥¸¸ »yÁ>¾$Ì�Í�è Å º>º[¼N½ Ò Àiº Å Á>½Ð_À ¸ ¼N½ ¸ Ài½y¼ · Â ¶ ¼N½y¼ÆÂ�»yÐ¥Ì¬º4Á>Ð ¸ ¼Æ¾ · Â�Â>Ài»yÁ>½y¼JÀ�Â>¾�Ài½y¼¸ Á · »yÀ ¿ Ðo¼UÇ Å ½/ÀÔÞ · ¾$¼J½YÀ�Â × ¼ Å Ç-È�ÉDÊïÀiº>º)Ð ·¥¹ Ài» ·oÅ Â ¸ Ç@½ Å Ãð» ¶ ¼<À ¹Nñ Á ·¥¸y· » ·oÅ Â Å Ç-À ¹vÅ Â�» · Â�Á Å Á ¸f¸ ¼N½ · ¼ ¸Å Ç · Ã
À × ¼ ¸ Ç Å ½�» ¶ ¼ ¸ »yÁ>¾>Ì Å ÇQ»T½6À�Â ¸y· ¼ÆÂ�»ò Å Þ ¿ ¼ ¶ À Ò ·oÅ Á$½ æ » Å » ¶ ¼ Å Á>»Tº4Á$» Å Ç4º)À · ½ ¸Å Ç[Ð ·o×�¶ »�º)Á>Ð ¸ ¼ ¸Þ · » ¶ Ò ¼N½yÌ ¸y¶$Å ½6»c» · Ã�¼ ¸ ¼Nº4Ài½6Ài» ·oÅ ÂêÇ Å ½ · Ã+À ×�· Â × » ¶ ¼ÛÀ ¹vÅ Á ¸ » ·¥¹ Ò ¼ÆÐ Å	¹N· »2ÌBÓ4¼ÆÐ¥¾-Í÷B · Ã · »yÀi» ·oÅ Â ¸JÅ Ç» ¶ ¼�Àiº>º4Ð ·¥¹ À ¿4· Ð · »2Ì Å Ç/» ¶ ¼ ¸ Ì ¸ »T¼ÆÃË» Å » ¶ ¼�Ã�¼ÆÀ ¸ Á$½y¼ÆÃ
¼ÆÂ�» Å Ç�À ¹vÅ Á ¸ » ·¥¹ Ó>¼ÆÐ_¾ ¸ Ài½y¼�¾$¼ ¸y¹ ½ ·o¿ ¼Æ¾ · ÂÀiº>º[¼ÆÂ>¾ · àÜÎÍÚ ¶ ¼TB�é$ÙiíXî\Õií ·_¸ ÀÔº4Á>Ð ¸ ¼Æ¾ÛÐ_À ¸ ¼N½�Þ · » ¶ ÀØº4Á4Ð ¸ ¼U½y¼Nº[¼N» · » ·oÅ Â�Ç@½y¼ ñ Á$¼ÆÂ ¹ Ì Å Ç[Á$º�» Å Õiíiá î ~�ÍfÚ ¶ ¼À Ò ¼N½YÀ × ¼
º Å Þ�¼N½ Å Çf» ¶ ¼�Ð¥À ¸ ¼N½ ·¥¸ Ùií\� À�Â>¾�¼ÆÀ ¹6¶ Ð ·o×�¶ »ìº4Á>Ð ¸ ¼ ¶ À ¸ À�¾>Á$½6Ài» ·oÅ Â Å Ç/Ù�Õ+î��ií�Â ¸ Ài»
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À�ÞUÀ Ò ¼ÆÐo¼ÆÂ × » ¶BÅ Ç�Õ � í	Í��iÂ4Ã�ä × ½y¼N¼ÆÂ)åYÍ/É\» ·¥¸ À ¹ Ð_À ¸y¸ ÉDÊóÐ¥À ¸ ¼N½cÀ�Â4¾ ¸ ¼ Ò ¼N½6À�Ð-º>½6¼ ¹ À�Á$» ·oÅ Â ¸J¶ À Ò ¼¬» Å¿ ¼Ø»yÀiá�¼ÆÂBÇ Å ½ · » ¸J¸ ÀiÇ@¼¬Á ¸ ¼�ÍUé�º[¼ ¹N· Ó ¹ À�Ð¥ÐoÌ æ ¼NÌ�¼À�Â>¾ ¸ á · Â�¼và	º Å�¸ Á$½y¼Ø» Å ¾ · ½y¼ ¹ » Å ½c½y¼Nò>¼ ¹ »T¼Æ¾�Ð¥À ¸ ¼N½Ð ·¥×�¶ » ¸y¶$Å Á4Ð¥¾ ¿ ¼ØÀ Ò Å�· ¾$¼Æ¾-ÍÚ ¶ ¼�Ð ·o×�¶ » ·¥¸ ¾$¼ÆÐ · Ò ¼N½y¼Æ¾â» Å » ¶ ¼¢ò Å Þô½y¼ ×�·oÅ ÂõÁ>Â4¾$¼N½ ¸ »yÁ>¾>ÌÑ» ¶ ½ Å Á ×�¶ À ¸y· Â × Ðo¼ ¶>·o×�¶º Å Þ�¼N½Ï»T½6À�Â ¸ Ã ·_¸y¸y·oÅ Â Å º4» ·¥¹ À�ÐèÓ ¿ ½y¼�äö¾ · À�Ã�¼N»T¼N½ÏÀiº4º>½ Å à · Ã
Ài»T¼ÆÐ¥Ì � Ã+ÃÜå Ò · ÀÜÀ�Â�íìà	Ç Å ½6¾*BmÀ ¸ ¼N½ ¸&I÷ ·o¿ ½6¼ ¸y¶ ¼N¼N»`&-Ð ·o×�¶ » ¸y¶ ¼N¼N»¬¾$¼ÆÐ · Ò ¼N½yÌ�Á>Â · »NÍÚ ¶ ¼�Á ¸ ¼ Å ÇUÀ�Â Å º>» ·¥¹ À�ÐÓ ¿ ½y¼ Åiø ¼N½ ¸ À�Âù¼ÆÐo¼ÆÃ�¼ÆÂ�» Å Ç¸ ÀiÇ@¼N»2Ì · ÂB» ¶ Ài»Ø» ¶ ¼ÛÐ ·o×�¶ » ·¥¸ ¾$¼ÆÐ · Ò ¼N½y¼Æ¾ ¸ »T½YÀ ·o×�¶ »ì» Å » ¶ ¼¼và	º[¼N½ · Ã�¼ÆÂ�»<Þ · » ¶$Å Á$»ìÁ ¸ ¼ Å Ç�Ã · ½y½ Å ½ ¸ �» ¶ ¼ ¿ ¼ÆÀ�Ã ·¥¸ » ¶ Á ¸ ¼ÆÂ ¹ Ð Å�¸ ¼Æ¾"À�Â>¾`À ¸¸ Á ¹6¶ ½6¼ ñ Á · ½y¼ ¸ ÃÛÁ ¹6¶ Ðo¼ ¸y¸ » · Ã
¼
» Å À�Ð ·¥× Â-Í+Ú ¶ ¼ Å º>» ·¥¹ À�ÐÓ ¿ ½y¼�¾>¼ÆÐ · Ò ¼N½yÌ"À�Ð ¸TÅ À�Ð¥Ð Å Þ ¸ À ¸y· Ã�º4Ð¥¼ÜÃ�¼ÆÀ�Â ¸�Å ÇÏ»T½6À�Â ¸ Çú¼N½y½ · Â × » ¶ ¼ ¿ ¼ÆÀ�Ã ¿ ¼N»\Þ/¼N¼ÆÂ(¾ ·ûø ¼N½6¼ÆÂ�»¼và	º[¼N½ · Ã�¼ÆÂ�»yÀ�Ð ¸ ¼N»yÁ$º ¸ Þ · » ¶ À�Ã · Â · ÃÖÁ4Ã Å Ç¾ ·¥¸ ½6Á$º>» ·oÅ ÂèÍÚ ¶ ¼�üìà	Ç Å ½Y¾rB�À ¸ ¼N½ ¸ &I÷ ·o¿ ½y¼ ¸y¶ ¼N¼N»`&�Á>Â · » ·_¸¸y¶$Å Þ<Â · ÂùÓ × Á$½6¼J"$Í � ÍêÎ³Ð¥À ¸ ¼N½ ¿ ¼ÆÀ�Ã´Þ · » ¶ Àý À�Á ¸y¸y· À�Â · Â�»T¼ÆÂ ¸y· »\Ì
º>½ Å Ó4Ð¥¼ÏÀ�Â>¾�À�¾ · À�Ã
¼N»T¼N½ Å Ç�Àiº>º>½ Å à · Ã
Ài»T¼ÆÐoÌ � Ã
Ãþ¼ÆÂ�»T¼N½ ¸ » ¶ ¼ÔÁ>Â · » · ÂÜ» ¶ ¼Á$º4ºQ¼N½ì½ ·o×�¶ » ¶ À�Â>¾ ¹vÅ ½6Â$¼N½ÆÍ¬Ú ¶4·¥¸ Ã�¼N¼N» ¸ À ¸ ¼ÆÃ · î ¸y· Ð Ò ¼N½6¼Æ¾êÃ · ½y½ Å ½ÏÞ ¶>·¥¹Y¶ º4Ài½6» · À�Ð¥ÐoÌã»T½6À�Â ¸ Ã · » ¸À ¸ Ã
À�Ð_Ðìº Å ½y» ·¥Å Â Å ÇÖ» ¶ ¼ùÐ¥À ¸ ¼N½ ¿ ¼ÆÀ�ÃãÍÑÚ ¶ ¼ê½6¼ÆÃ
À · Â · Â × Ð ·o×�¶ » ·¥¸�· Â�»T¼N½6Â>À�Ð¥ÐoÌÿ½6¼Nò>¼ ¹ »T¼Æ¾¢À�Â>¾¹vÅ Â�» · Â�Á$¼ ¸ Á>Â�» · Ð · »�Ã�¼N¼N» ¸ ÀµÇöÁ>Ð¥Ð¥Ì ¸y· Ð Ò ¼N½6¼Æ¾ÿÃ · ½y½ Å ½Bä@º4Ài½YÀ�Ð¥Ðo¼ÆÐ�» Å » ¶ ¼ ¸ ¼ÆÃ · î ¸y· Ð Ò ¼N½6¼Æ¾ Ã · ½y½ Å ½VåÞ ¶4·¥¹6¶ ½y¼N»yÁ$½6Â ¸ » ¶ ¼ ¿ ¼ÆÀ�Ã ¿ À ¹ áê» Å » ¶ ¼ ¸ ¼ÆÃ · î ¸y· Ð Ò ¼N½y¼Æ¾êÃ · ½y½ Å ½ÏÇ Å ½Ôº)Ài½y» · À�Ð�»T½6À�Â ¸ Ã ·¥¸y¸y·oÅ ÂêÀ�Â>¾½y¼Nò4¼ ¹ » ·oÅ Â-ÍÔÚ ¶ ¼Ûº>½ Å	¹ ¼ ¸y¸ ½y¼Nº[¼ÆÀi» ¸ À�Â>¾�º>½ Å ¾>Á ¹ ¼ ¸ ÀÜÂ>Ài½6½ Å ÞðÐ ·o×�¶ » ¸y¶ ¼N¼N»ØÞ ¶>·¥¹Y¶ê·_¸ì¹vÅ Ã�º4½ ·¥¸ ¼Æ¾Å ÇfÀ ¸ ¼N½ · ¼ ¸ÏÅ Ç Å Ò ¼N½YÐ¥Àiº>º · Â × ý À�Á ¸y¸y· À�Â ¿ ¼ÆÀ�Ã ¸ ÍØÉD» ·_¸ ¼ ¸6¸ ¼ÆÂ�» · À�Ðm» ¶ Ài»Ï» ¶ ¼�Ã · ½y½ Å ½ ¸ Á$½yÇöÀ ¹ ¼ ¸ Ài½y¼º[¼N½yÇ@¼ ¹ »yÐoÌ�À�Ð ·¥× Â$¼Æ¾�» Å ¼ÆÂ ¸ Á$½y¼Û» ¶ Ài»Ô» ¶ ¼ Å Ò ¼N½YÐ¥Àiº Å Çf» ¶ ¼ ý À�Á ¸y¸y· À�Â�º>½ Å Ó4Ðo¼ ¸ º>½ Å ¾>Á ¹ ¼ ¸ À ¹ Ðo¼ÆÀ�ÂÐ ·¥×�¶ » ¸y¶ ¼N¼N»ÖÞ · » ¶ Â Å Ò ·¥¸y·o¿ Ðo¼ ¸ »T½ · º[¼ ¸ÔÅ ½ ¿ ½ ·o×�¶ »¬º4Ài» ¹Y¶ ¼ ¸ ÍBÚ ¶ ¼ÜÃ · ½6½ Å ½ ¸Ô¹ À�Â ¿ ¼ ¸ ¼N¼ÆÂ · Â¡» ¶ ¼Ó × Á>½y¼JÀ�Â>¾
À ¸y¹Y¶ ¼ÆÃ
Ài» ·¥¹cÅ Ò ¼N½6Ð¥ÀFÌ ¸y¶$Å Þ ¸ » ¶ ¼cº)Ài» ¶�Å Ç[» ¶ ¼cÐ¥À ¸ ¼N½ ¿ ¼ÆÀ�ÃãÍ�ÚJÞ Å¬¹ Ì	Ð · Â>¾$½ ·¥¹ À�Ð�Ð¥¼ÆÂ ¸ ¼ ¸Á ¸ ¼Æ¾"» Åµ¹vÅ Â>¾ · » ·¥Å Â"» ¶ ¼�Ð ·o×�¶ » ¸6¶ ¼N¼N»NÍ�Ú ¶ ¼Ü½6¼ ¸ Á>Ðo» · Â × Ð ·o×�¶ » ¸y¶ ¼N¼N» ·¥¸ Õií�Ã
Ã Þ · ¾>¼ÜÀ�Â>¾ � Ã
Ã» ¶>·_¹ á�Ài» · » ¸ Â>Ài½6½ Å Þ�¼ ¸ »cº4Ài½6»NÍ

Optic Fibre
input

Semi−silvered
mirror

Gaussian
beam profiles Fully−silvered

mirror

Laser beam

Cylindrical Lenses

÷ ·o× Á$½6¼I"$Í � _ i ÷ ·o¿ ½y¼ ¸6¶ ¼N¼N»`&>Ð ·o×�¶ » ¸y¶ ¼N¼N»<¾>¼ÆÐ · Ò ¼N½yÌ�Á>Â · »NÍ
��"
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Èf½ Å�¿ Ðo¼ÆÃ ¸ Þ�¼N½y¼�¼ÆÂ ¹vÅ Á>Â�»T¼N½y¼Æ¾¡Þ · » ¶ » ¶ ¼
Ð ·o×�¶ » ¸y¶ ¼N¼N» ñ Á>À�Ð · »\Ì Å Â¡ÀãÂ�Á>Ã ¿ ¼N½ Å Ç Å�¹N¹ À ¸y·¥Å Â ¸· Âã» ¶ ¼ ¹vÅ Á$½ ¸ ¼ Å Ç�» ¶ ¼Ö¼và�º[¼N½ · Ã
¼ÆÂ�»yÀ�Ð�Þ Å ½yáQÍ � ½ ·o×�¶ »ìÀ�Â>¾ê¾>Ài½yá ¸ »T½ · ºQ¼ ¸ ½6Á>Â>Â · Â × º4Ài½6À�Ð¥Ðo¼ÆÐèÞ · » ¶» ¶ ¼ ¸y¶ ¼N¼N»�Þ�¼N½y¼ Å�¿4¸ ¼N½ Ò ¼Æ¾èÍ"Ú ¶ ¼��I÷ ·o¿ ½y¼ ¸y¶ ¼N¼N»���ÞUÀ ¸ ½y¼N»yÁ$½YÂ$¼Æ¾ » Å » ¶ ¼�Ã+À�Â�Á$ÇöÀ ¹ »yÁ$½y¼N½�Ç Å ½�½y¼vîÀ�Ð ·o× Â4Ã�¼ÆÂ�» Å ÇJ» ¶ ¼+Ã · ½y½ Å ½ ¸ À�Â>¾"À�Ð¥» ¶$Å Á ×�¶ù· Ã
º>½ Å Ò ¼ÆÃ
¼ÆÂ�» ¸ Þ/¼N½6¼+Ã
À�¾$¼Ü» ¶ ¼
º>½ Å�¿ Ðo¼ÆÃ À�ÐoÞUÀÆÌ ¸½y¼ÆÃ
À · Â$¼Æ¾�» Å+¸TÅ Ã�¼¬Ð¥¼ ¸y¸ ¼N½c¼và	»T¼ÆÂ�»NÍ�Ú ¶>·¥¸ ÞUÀ ¸ º Å�¸y¸y·¥¿ ÐoÌ
¾>Á$¼Ô» Å Ç@Á$½6» ¶ ¼N½cÃ ·¥¸ À�Ð ·o× Â>Ã�¼ÆÂ�»�¾4Á$½ · Â ×»T½6À�Â ¸6· »NÍÚ ¶ ¼Ûº>½ Å�¿ Ðo¼ÆÃ ÞUÀ ¸Næ�¶>Å Þ�¼ Ò ¼N½ æ ¼ÆÀ ¸y· Ð¥Ì Å Ò ¼N½ ¹vÅ Ã
¼ ¿ Ì ¹ Ài½y¼NÇöÁ>ÐÀ�Ð ·o× Â>Ã�¼ÆÂ�» Å Çf» ¶ ¼�Ð ·¥×�¶ »¸y¶ ¼N¼N»ØÞ · » ¶ » ¶ ¼ ¸ Á ¿	ç ¼ ¹ » ¸ Á ¹Y¶ » ¶ Ài»Ø» ¶ ¼�¾>Ài½yáBº4Ài» ¹Y¶ ¼ ¸ ¼ · » ¶ ¼N½Ô¾ · ¾�Â Å »ÔÀiº>º[¼ÆÀi½ · Âê» ¶ ¼ · Ã
À × ¼Ài»cÀ�Ð¥Ð Å ½JÞ�¼N½y¼ Ò ·¥¸6·o¿ Ðo¼ Å Â>ÐoÌ · Â�Ài½y¼ÆÀ ¸UÅ Ç�» ¶ ¼ · Ã
À × ¼ØÞ ¶ ¼N½y¼Ø» ¶ ¼ÔÀ ø ¼ ¹ » Å Â�» ¶ ¼ ¹vÅ ½6½y¼ÆÐ¥Ài» ·oÅ Â�ÞUÀ ¸Ðo¼ ¸y¸<· Ã�º Å ½y»yÀ�Â�»NÍ

�¢ßKÞ0ßKÞ �ré�ü6éîè\0}mÔ�w0}+�í�q^0çøIöã���ìà�í�ìmç�éáã�0}+
ÎðÈ	�<üÑé�¼ÆÂ ¸y·¥¹ À�Ã
��� Å Á ¿ Ðo¼�é ¶ Á$»T»T¼N½������� ¹ À�Ã�¼N½6ÀÜÞ�À ¸ Á ¸ ¼Æ¾�» Å À ¹Nñ Á · ½6¼½6ÀFÞßÈfÉ\Ê · Ã
À × ¼ ¸Ç Å ½f» ¶>·¥¸f¸ »yÁ>¾$Ì�Í�Ú ¶>·_¸�¹ À�Ã�¼N½6À ¹ À�Â+»yÀiá�¼Ï»2Þ ÅÛ¸ ¼Nº4Ài½6Ài»T¼ · Ã
À × ¼ ¸ Ài»�À¬½y¼ ¸yÅ Ð¥Á$» ·oÅ Â Å Ç��ÆÙ��ií ( �Ní�Ù��º · à	¼ÆÐ ¸ Þ · » ¶ ÀÔÃ · Â · ÃÛÁ>Ã Å ÇèÙií�í�Â ¸�¿ ¼N»\Þ/¼N¼ÆÂ · Ã
À × ¼ ¸ ÍÉD» ·¥¸ º Å�¸y¸y·o¿ Ðo¼/» Å º>½ Å�× ½6À�Ã
Ã
¼c» ¶ ¼c¾$¼ÆÐ¥ÀFÌ æ½y¼ÆÐ¥Ài» · Ò ¼Û» Å À�Â · Â$º)Á$»<»T½ ·¥×�× ¼N½ ¸y·o× Â>À�Ð æ À�Â>¾�» ¶ ¼�¼và	º Å�¸ Á$½y¼Û» · Ã�¼ Å Çf» ¶ ¼ÛÓ>½ ¸ » · Ã
À × ¼�ÍÖÚ ¶ ¼N½y¼ ·¥¸À ¹Y¶$Å�·¥¹ ¼ Å Ç»2Þ Å+Å º[¼N½6Ài» · Â × Ã Å ¾$¼ ¸ » ¶ Ài»Ï¾$¼N»T¼N½6Ã · Â>¼Ï» ¶ ¼¾$¼ÆÐ¥ÀFÌ ¿ ¼N»\Þ/¼N¼ÆÂ�» ¶ ¼¬¼ÆÂ>¾ Å Ç» ¶ ¼Ó>½ ¸ »¼và	º Å�¸ Á$½y¼ Å Ç-» ¶ ¼ ¸ »yÀi½y» Å Ç[» ¶ ¼ ¸ ¼ ¹vÅ Â>¾+¼và�º Å�¸ Á$½6¼�� ¸y¶>Å ½y»fÃ Å ¾$¼ÖäRÙií�í�Â ¸ å�À�Â>¾ÜÐ Å Â × Ã Å ¾$¼Ûä�� ¥ ¸ åYÍ÷ Å ½J» ¶ ¼Øº4Á>½yº Å�¸ ¼ Å Çm» ¶>·¥¸ Þ Å ½6áÜÐ Å Â × Ã Å ¾$¼ÏÞ�À ¸ Á ¸ ¼Æ¾-Í�Ú ¶ ¼ ¹6¶$Å�·_¹ ¼ Å Ç Å º[¼N½6Ài» · Â × Ã Å ¾$¼ØÃ
À�¾$¼Â Å ¾ ·oø ¼N½y¼ÆÂ ¹ ¼ · Âµ» ¶>·¥¸Ô¸ »yÁ>¾>Ì ¸y· Â ¹ ¼Û» ¶ ¼
» · Ã�¼ ¿ ¼N»2Þ�¼N¼ÆÂù¼và	º Å�¸ Á$½y¼ ¸ ÞUÀ ¸ ¾$¼N»T¼N½6Ã · Â$¼Æ¾ Å Â>ÐoÌ ¿ Ì» ¶ ¼
» · Ã�¼ ¸¬Å ÇJ» ¶ ¼ÜÐ¥À ¸ ¼N½ÖÐ ·o×�¶ »º4Á>Ð ¸ ¼ ¸ ÍÜÚ ¶ ¼ ¸ ¼ ¹vÅ Â>¾"¼và	º Å�¸ Á$½y¼ ¹vÅ Â�» · Â�Á$¼ ¸ Ç Å ½ÛÀã» · Ã�¼êä ¹ À�Ð_Ðo¼Æ¾» ¶ ¼ u�������w��Y��� � © � å¾$¼Nº[¼ÆÂ>¾ · Â ×ìÅ Â ¶$Å ÞïÐ Å Â × » ¶ ¼ ¹vÅ Ã
º4Á$»T¼N½�»yÀiá�¼ ¸ » Å º>½ Å�¹ ¼ ¸y¸ » ¶ ¼cÓ>½ ¸ » · Ã
À × ¼�ÍÚ ¶ ¼ÛÁ ¸ ¼N½Ï» ¶ ¼N½y¼NÇ Å ½y¼ ¶ À ¸ Â Å ¾ · ½y¼ ¹ » ¹vÅ Â�»T½ Å Ð Å Ò ¼N½Ô» ¶ ¼Û¾4Á$½6Ài» ·oÅ Â Å Ç�» ¶ ¼ ¸ ¼ ¹vÅ Â>¾�¼và�º Å�¸ Á>½y¼�ÍìÉLÂ» ¶>·¥¸Ø¸ »yÁ4¾$ÌB» ¶ ¼�½y¼ÆÀ�¾ Å Á>»Ï» · Ã�¼Ö»yÀiá�¼ÆÂùÇú½ Å Ã À�Þ · Â>¾ Å Þ · Âê» ¶ ¼ ¹ À�Ã�¼N½6À ¹vÅ Â�»T½ Å Ð ¸TÅ Ç@»2ÞUÀi½y¼
ÞUÀ ¸Ù���!iÃ ¸ Í
�¢ßKÞ0ßkj ö}ëuâ#"�ìmãYmîå6ç�æq:í$�äíAç�é�ü6ì
Î ¸ º[¼ ¹N· À�ÐìÈ�ÉDÊ ¼ÆÂ ¹ Ð Å�¸ Á$½6¼�ÞUÀ ¸ ¾>¼ ¸y·o× Â$¼Æ¾ À�Â>¾ ¿ Á · Ðo»
Ç Å ½Ü» ¶ ¼�º4Á$½6º Å�¸ ¼ ¸
Å Ç¬À�Ð¥Ð Å Ç¬» ¶ ¼êÈfÉ\Ê¼và	ºQ¼N½ · Ã�¼ÆÂ�»yÀ�Ð�Þ Å ½yá ¹ Ài½y½ · ¼Æ¾ Å Á$»ÛÇ Å ½�» ¶>·_¸ » ¶ ¼ ¸y·_¸ Í�Ú ¶ ¼Ü½y¼ÆÀ ¸TÅ Â ¸ Ç Å ½Û¾ Å�· Â ×ê¸yÅ Ài½y¼�ÃÖÁ4Ðo» · º4Ðo¼À�Â>¾ · Â ¹ Ð¥Á>¾$¼ ¸ ÀiÇ@¼N»2ÌãÀ�Â>¾ãº4½6À ¹ » ·¥¹ À�Ð-½y¼ ñ Á · ½6¼ÆÃ�¼ÆÂ�» ¸ ÍÈf½ · Ã
Ài½ · ÐoÌÜ» ¶ ¼ÖÇöÁ>Â ¹ » ·oÅ Â Å Ç�» ¶ ¼Û¼ÆÂ ¹ Ð Å�¸ Á$½y¼ÛÞ�À ¸ » Å º>½y¼ Ò ¼ÆÂ�»ì¼và	»T½6À�Â$¼ Å Á ¸ Ð¥À ¸ ¼N½ØÐ ·o×�¶ »<Ç@½ Å Ã¼ ¸y¹ Àiº · Â × À�Â4¾ ¹ À�Á ¸6· Â × º Å »T¼ÆÂ�» · À�Ð¥Ð¥Ì Ò ¼N½yÌ ¸ ¼N½ ·¥Å Á ¸ À�Â4¾êº[¼N½6Ã+À�Â$¼ÆÂ�»Ï¾>À�Ã
À × ¼�» Å » ¶ ¼Û¼NÌ�¼ ¸ À�Â>¾¸ á · Â Å Ç�» ¶ ¼�¼và�º[¼N½ · Ã�¼ÆÂ�»yÀ�Ð ·¥¸ »NÍÏÉDÂµÀ�¾>¾ · » ·oÅ ÂB» ¶ ¼�¼ÆÂ ¹ Ð Å�¸ Á$½y¼ÖÞ�À ¸ » Å º>½ Å Ò · ¾$¼ÛÀ�Ðo¼ Ò ¼ÆÐ Å Ç ¸yÅ Á>Â>¾· Â ¸ Á>Ð¥Ài» ·oÅ Â æ ½y¼Æ¾>Á ¹N· Â × » ¶ ¼ ¸TÅ Á>Â>¾�Ðo¼ Ò ¼ÆÐ[Þ · » ¶>· ÂÜ» ¶ ¼¬Ð¥À ¿ » Å À�Ã Å ½y¼¬À ¹N¹ ¼Nº4»yÀ ¿ Ðo¼ÔÞ Å ½yá · Â × Ðo¼ Ò ¼ÆÐ æÀ�Ðo» ¶$Å Á ×�¶ ¼ÆÀi½º>½ Å »T¼ ¹ » Å ½ ¸ À�Â4¾¡º4Ð¥Á ×�¸ Þ�¼N½y¼ÜÞ Å ½6Â"Ài»ÖÀ�Ð¥Ð» · Ã
¼ ¸ ¾>Á$½ · Â × ¼và�º[¼N½ · Ã
¼ÆÂ�» ¸¬¹ Ài½6½ · ¼Æ¾Å Á$»cÀi» ¶>·o×�¶ã¸TÅ Á>Â4¾ãÐo¼ Ò ¼ÆÐ ¸ ÍÚ ¶ ¼ ¸yÅ Ð¥Á$» ·oÅ ÂãÀi½y½ · Ò ¼Æ¾ãÀi»cÞUÀ ¸ À ¹ Á ¿4·¥¹ À�Ð¥Á4Ã · Â · Á4Ã ¿[Å à Å Ç ¸6· ¾$¼ÔÐo¼ÆÂ × » ¶ �iÍgÙiÃ æ)¹vÅ Â�»yÀ · Â · Â ×À ¸ »T¼N¼ÆÐ ¸y¹ À ø[Å Ð¥¾ Å Â(Þ ¶>·¥¹6¶ÿ¸ Ð · ¾ · Â ×êÅ º>» ·_¹ À�ÐJ½6À · Ð ¸ Þ�¼N½y¼�Ã Å Á>Â�»T¼Æ¾Ä» Å"¶$Å Ð¥¾ » ¶ ¼�Ð¥À ¸ ¼N½ Å º4» ·¥¹N¸
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÷ ·o× Á$½y¼)�$ÍgÙ*��È�ÉDÊó¼ÆÂ ¹ Ð Å�¸ Á$½y¼
À�Â>¾Ä¾ ·o×�· »yÀ�Ð ¹ À�Ã�¼N½YÀ äö÷ ·o× Á$½y¼��$ÍgÙ�åYÍïÚ ¶4·¥¸ Ã�¼N»
» ¶ ¼�½y¼ ñ Á · ½y¼ÆÃ�¼ÆÂ�»�Ç Å ½Ü» ¶ ¼�Ã · Â · Ã ·¥¸ Ài» ·oÅ Â Å Ç¼và	»T½6À�Â$¼ Å Á ¸ Ð¥À ¸ ¼N½
½6À�¾ · Ài» ·oÅ ÂÿÀ ¸ Þ�¼ÆÐ¥ÐJÀ ¸ º4½ Å Ò · ¾ · Â × À ¸ ¼ÆÀ�Ðo¼Æ¾ Ò Å Ð¥Á>Ã
¼ · Â Þ ¶>·¥¹Y¶ » Å"¹vÅ Â�»yÀ · Â» ¶ ¼êÈ�ÉDÊ ¸ ¼N¼Æ¾ · Â × º)Ài½y» ·¥¹ Ðo¼ ¸ ÍïÎ ¹N¹ ¼ ¸6¸�¶ Ài» ¹6¶ ¼ ¸ Þ/¼N½6¼êÐ Å	¹ Ài»T¼Æ¾ Å Â Ç Å Á>½ ¸y· ¾$¼ ¸ » Å À�Ð¥Ð Å Þ ¼ÆÀ ¸ Ì½y¼Nº Å�¸y· » ·oÅ Â · Â ×ÖÅ Ç» ¶ ¼ Å º>» ·¥¹ À�Ð-½YÀ · Ð ¸ À�Â>¾BÀ ¹N¹ ¼ ¸6¸ » Å » ¶ ¼Ô¼và�º[¼N½ · Ã
¼ÆÂ�»yÀ�Ð-Àiº>º)Ài½6Ài»yÁ ¸ ÍÎ ¸6· Â × Ðo¼ Ò · ¼NÞ · Â × Þ · Â4¾ Å ÞËÞUÀ ¸ º4Ð¥À ¹ ¼Æ¾ Å Â Å Â>¼ Å Ç
» ¶ ¼ ¶ Ài» ¹6¶ ¼ ¸ » Å�¶ ¼ÆÐoºóÞ · » ¶ Ð¥À ¸ ¼N½À�Ð ·¥× Â>Ã�¼ÆÂ�»cÀi»ÏÐ Å ÞóÐ ·¥×�¶ » Å Á$»Tº)Á$»<Ðo¼ Ò ¼ÆÐ ¸ Ícé$Ã
À�Ð¥ÐèÃÛÁ>Ðo» · º)Á$½yº Å�¸ ¼ Å º[¼ÆÂ · Â ×�¸ Þ�¼N½y¼ÛÀ�Ð ¸TÅ Ã
À�¾>¼» ÅÀ�Ð¥Ð Å Þ¢À ¹N¹ ¼ ¸y¸ Ç Å ½U¼ÆÐo¼ ¹ »T½ ·¥¹ À�Ð-À�Â>¾ Å º>» ·_¹ À�Ð ¹ À ¿ Ðo¼ ¸ À�Â>¾�» Å Ðo¼N»Uº4Ài½y» ·¥¹ Ðo¼ ¸ Ç@½ Å Ãþ» ¶ ¼ØÇ Å�×�× ¼ÆÂ>¼N½6Ài» Å ½· Â�» Å » ¶ ¼�¼ÆÂ ¹ Ð Å�¸ Á$½6¼�Í¬ÎìÐ¥Ð Å º[¼ÆÂ · Â ×�¸ìÅ ½ × Àiº ¸Ô· Âê» ¶ ¼�¼ÆÂ ¹ Ð Å�¸ Á$½y¼ÛÞ/¼N½y¼ ¹ Ð Å�¸ ¼Æ¾�À�Â4¾ ¸ ¼ÆÀ�Ðo¼Æ¾�Þ · » ¶¾>Á ¹ »J»yÀiºQ¼ ¿ ¼NÇ Å ½y¼ ¹vÅ Ã
Ã�¼ÆÂ ¹N· Â × À�Â�Ì�¼và	º[¼N½ · Ã�¼ÆÂ�»yÀ�Ð[Þ Å ½yá)Íé	¼ Ò ¼N½6À�ÐQº>½6À ¹ » ·¥¹ À�Ð[¾ ·,+Ü¹ Á>Ðo» · ¼ ¸ Þ/¼N½y¼ Å Ò ¼N½ ¹vÅ Ã�¼ · Â�» ¶ ¼Ø¾$¼ ¸y·¥× Â Å Çm» ¶ ¼Ï¼ÆÂ ¹ Ð Å�¸ Á$½6¼�Í�È�½y¼ Ò ·oÅ Á ¸ÈfÉ\Ê ¸ »yÁ4¾ · ¼ ¸/Å ÇèÃÖÁ ¸6·¥¹ À�Ð4Þ · Â>¾ · Â ¸ »T½6Á>Ã
¼ÆÂ�» ¸.- /cÅ	¹ á	Ð ·ûø í�ÙiÀ�0 ¶ À Ò ¼ÔÃ
À�¾$¼ØÁ ¸ ¼ Å Ç ¸ Ã
À�Ð¥Ð4º[¼N½ ¸ º[¼và¿[Å à	¼ ¸�¸ Á>½y½ Å Á>Â>¾ · Â × » ¶ ¼ ¸ Á ¿	ç ¼ ¹ » Å Ç[» ¶ ¼ ¸ »yÁ>¾>ÌÖ» Å¹vÅ Â�»yÀ · Â+» ¶ ¼ ¸ ¼N¼Æ¾ · Â × º4Ài½y» ·¥¹ Ðo¼ ¸ Í�Ú ¶ ¼c¾ ·o×�· »yÀ�Ð¹ À�Ã�¼N½YÀ Þ�À ¸ Ð Å�¹ Ài»T¼Æ¾ Å Á>» ¸y· ¾$¼µ» ¶ ¼ ¿[Å à æ Ò · ¼NÞ · Â × » ¶ ½ Å Á ×�¶ » ¶ ¼µº[¼N½ ¸ º[¼và[ÍÑÚ ¶4·¥¸�¹ À�Á ¸ ¼Æ¾¢À½y¼Æ¾4Á ¹ » ·oÅ Â · Â · Ã
À × ¼ ñ Á4À�Ð · »2Ì¡¾>Á>¼+» Å�× Ð¥Ài½y¼ÜÀ�Â4¾"¾ ·¥¸6¹vÅ Ð Å Á$½6Ài» ·oÅ Â ¹ À�Á ¸ ¼Æ¾ ¿ Ì ¸ Ã Å á�¼Ü½6¼ ¸y· ¾>Á$¼�ÍÎÏ¾>¾ · » ·¥Å Â>À�Ð¥ÐoÌ æ » ¶ ¼"½y¼ÆÐ_Ài» · Ò ¼ÆÐoÌ ¸ Ã
À�Ð¥Ð¾ · Ã�¼ÆÂ ¸6·oÅ Â ¸�Å Ç�» ¶ ¼ ¿[Å à¢º Å�¸ ¼Æ¾&º>½ Å�¿ Ðo¼ÆÃ ¸ Þ · » ¶ ò Å Þ
!�1
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Å�¿4¸ »T½YÁ ¹ » ·oÅ Â-Í� ÌùÐ Å	¹ Ài» · Â ×B¿[Å » ¶ » ¶ ¼ÜÐ¥À ¸ ¼N½ Å º>» ·_¹N¸ À�Â>¾"» ¶ ¼Ü¾ ·¥×�· »yÀ�Ð ¹ À�Ã�¼N½YÀ · Â ¸6· ¾$¼�» ¶ ¼Ü¼ÆÂ ¹ Ð Å�¸ Á$½6¼
» ¶ ¼× Ð¥Ài½y¼�À�Â>¾¾ ·¥¸y¹vÅ Ð Å Á$½YÀi» ·oÅ ÂÔº>½ Å�¿ Ðo¼ÆÃ ¸ Þ�¼N½y¼ × ½6¼ÆÀi»yÐoÌÔ½y¼Æ¾>Á ¹ ¼Æ¾èÍmÚ ¶ ¼f½y¼ÆÐ¥Ài» · Ò ¼ÆÐoÌÔÐ¥Ài½ × ¼/¾ · Ã
¼ÆÂ ¸y·oÅ Â ¸Å Ç�» ¶ ¼¬¼ÆÂ ¹ Ð Å�¸ Á$½y¼Ô½y¼ÆÃ Å Ò ¼Æ¾B» ¶ ¼º>½ Å�¿ Ðo¼ÆÃ ¸ Þ · » ¶ ò Å Þ Å�¿4¸ »T½6Á ¹ » ·oÅ Â-ÍÚ Å�· Ã�º4½ Å Ò ¼
» ¶ ¼ ¹vÅ Â�»T½YÀ ¸ » Å ÇU» ¶ ¼
½6¼ ¹vÅ ½6¾$¼Æ¾ · Ã
À × ¼ ¸ À�Â>¾ù» Å ÇöÁ$½y» ¶ ¼N½ · Ã
º>½ Å Ò ¼ ¸ ÀiÇú¼N»\Ì ¿ Ì½y¼Æ¾>Á ¹N· Â × Á>Â�Þ�À�Â�»T¼Æ¾ã½y¼Nò>¼ ¹ »T¼Æ¾êÐ ·o×�¶ »J» ¶ ¼ · Â ¸6· ¾$¼ Å Çm» ¶ ¼¬¼ÆÂ ¹ Ð Å�¸ Á>½y¼ØÞ�À ¸ º4À · Â�»T¼Æ¾BÃ
Ài»T» ¿ Ð_À ¹ áQÍüÏº4» ·¥¹ À�Ð½6À · Ð ¸ Þ�¼N½y¼
Á ¸ ¼Æ¾ ¸yÅ » ¶ Ài» · »ØÞ�À ¸ º Å�¸6¸y·o¿ Ðo¼Û» ÅBñ Á ·¥¹ á	ÐoÌ�À�Ð ·o× Âµ» ¶ ¼
¾ ·o×�· »yÀ�Ð ¹ À�Ã
¼N½6ÀÀ�Â>¾ïÐ¥À ¸ ¼N½ Å º>» ·¥¹N¸�¹vÅ Â ¸y·¥¸ »T¼ÆÂ�»yÐoÌ ¿ ¼N»\Þ/¼N¼ÆÂï¼và	ºQ¼N½ · Ã�¼ÆÂ�»yÀ�Ð ¸ ¼N»yÁ$º ¸ ÍóÚ ¶ ¼ ¸ ¼�Þ�¼N½y¼µ¾$¼ ¸y·o× Â$¼Æ¾Ä» ÅÀ�Ð¥Ð Å Þ ¿[Å » ¶ ¶$Å ½ ·,5NÅ Â�»yÀ�Ð�À�Â>¾ Ò ¼N½6» ·¥¹ À�ÐUÀ�Ð ·o× Â>Ã�¼ÆÂ�»���» ¶ ¼ ¹ À�Ã�¼N½6ÀµÀ�Â>¾ Å º>» ·¥¹N¸Û¹vÅ Á>Ð¥¾ ¿ ¼+¼ÆÀ ¸y· Ð¥Ì½y¼Nº Å�¸y· » ·¥Å Â$¼Æ¾ Ò ¼N½y» ·¥¹ À�Ð¥ÐoÌ Á$º Å ½+¾ Å Þ<Â Å Âÿ» ¶ ¼ ¸ Á>º>º Å ½y» · Â ×�¸ »T¼N¼ÆÐJÇ@½6À�Ã�¼ æ ¾>¼NºQ¼ÆÂ4¾ · Â ×êÅ Âÿ» ¶ ¼Â$¼N¼Æ¾ ¸cÅ Çm» ¶ ¼¼và�º[¼N½ · Ã
¼ÆÂ�»NÍ�ìî76ð»T½6À�Â ¸ Ð¥Ài» ·¥Å Â ¸ »yÀ × ¼ ¸ Þ�¼N½y¼¬Ó>»T»T¼Æ¾B» Å À�Ð¥Ð Å Þ�Ó4Â$¼ÔÀ�¾ ç Á ¸ »yÃ�¼ÆÂ�» ¸ » Å » ¶ ¼Ôº Å�¸6· » ·oÅ Â ¸�Å Ç» ¶ ¼¾ ·o×�· »yÀ�Ð ¹ À�Ã�¼N½6À"À�Â4¾ÄÐ¥À ¸ ¼N½ Å º>» ·¥¹N¸ Í�Ú ¶ ¼ ¸ ¼�Þ/¼N½y¼�¼và�»T½y¼ÆÃ
¼ÆÐoÌÿÁ ¸ ¼NÇöÁ>Ð · Â ¸ ¼ Ò ¼N½YÀ�Ð<ÞUÀÆÌ ¸ Í¢Ú ¶ ¼¾ ·o×�· »yÀ�Ð ¹ À�Ã�¼N½6À�»T½6À�Â ¸ Ð¥Ài» ·oÅ Â ¸ »yÀ × ¼ ¶ ¼ÆÐoº[¼Æ¾"» Å ¼ÆÂ ¸ Á$½y¼Ü» ¶ Ài»Ö» ¶ ¼�Ð Å�¹ Ài» ·oÅ Â Å Çc» ¶ ¼ ¸ Á ¿	ç ¼ ¹ » · Â» ¶ ¼�È�ÉDÊþ½YÀÆÞ · Ã
À × ¼+ÞUÀ ¸Û¹vÅ Â ¸y·¥¸ »T¼ÆÂ�» ¿ ¼N»\Þ/¼N¼ÆÂ ¾ ·ûø ¼N½y¼ÆÂ�»¬¼và�º[¼N½ · Ã�¼ÆÂ�» ¸ ÍÜÉD»ÖÀ�Ð ¸yÅ º>½ Å Ò · ¾>¼Æ¾"À¸y· Ã
º4Ðo¼ãÃ�¼ÆÀ�Â ¸�Å ÇÔÀ�¾ ç Á ¸ » · Â × » ¶ ¼BÇ Å�¹ Á ¸�Å ÇØ» ¶ ¼ ¹ À�Ã�¼N½6À ¿ ÌÿÃ Å Ò · Â × » ¶ ¼B»T½YÀ�Â ¸ Ð¥Ài» ·oÅ Â ¸ »yÀ × ¼· Â�» ¶ ¼�Ç Å ½yÞUÀi½6¾µÀ�Â>¾ ¿ À ¹ á�ÞUÀi½6¾ù¾ · ½6¼ ¹ » ·oÅ Â ¸ Þ · » ¶$Å Á>» · Â4À�¾ Ò ¼N½y»T¼ÆÂ�»yÐoÌêÂ�Á>¾ ×�· Â × » ¶ ¼ ¸ ¼N»yÁ$ºùÀ�Â>¾Ã ·¥¸ À�Ð ·o× Â · Â × » ¶ ¼cÓ>¼ÆÐ¥¾ Å Ç Ò · ¼NÞÍ�Ú ¶ ¼<»T½6À�Â ¸ Ð¥Ài» ·oÅ Â ¸ »yÀ × ¼ØÀi»T»yÀ ¹6¶ ¼Æ¾�» Å » ¶ ¼ìÐ¥À ¸ ¼N½ Å º>» ·¥¹N¸ À�Ð_Ð Å Þ�¼Æ¾ñ Á ·¥¹ áBÀ�Â4¾ ¸ ÀiÇ@¼ÖÓ)Â$¼¬»yÁ>Â · Â ×
Å Ç�» ¶ ¼ÛÀ�Ð ·o× Â>Ã�¼ÆÂ�» Å Ç�» ¶ ¼ÛÐ ·¥×�¶ » ¸6¶ ¼N¼N»ìÞ · » ¶ » ¶ ¼Ûò Å Þ¤Ó>¼ÆÐ¥¾�» ÅÜ¿ ¼Ã�¼ÆÀ ¸ Á>½y¼Æ¾-ÍÎ(Ð_À ¿cç À ¹ á¬ÞUÀ ¸ Á ¸ ¼Æ¾Ö» Å Ã
Àiá�¼�À�¾ ç Á ¸ »yÃ�¼ÆÂ�» ¸ » Å » ¶ ¼ Ò ¼N½y» ·¥¹ À�Ð�º Å�¸y· » ·oÅ Â Å Ç$» ¶ ¼/¼và	º[¼N½ · Ã�¼ÆÂ�»yÀ�ÐÀiº>º4Ài½YÀi»yÁ ¸ Þ · » ¶4· Â�» ¶ ¼ÔÓ>¼ÆÐ¥¾ Å Ç Ò · ¼NÞ Å Ç» ¶ ¼ ¹ À�Ã�¼N½6À	Í
�¢ßKÞ0ß¥� ö}ëuâ ó}éÃ+@éêì�üä0�ìo/ àxï¢ìoã�ô�q:å6ìméáç�0�è:éîå6ì
Î � ¼N½yá	Ðo¼NÌ98ÏÁ ¹ Ðo¼ Å Â ·¥¹N¸ Ã Å ¾$¼ÆÐÜÕií�í�Î º4Á>Ð ¸ ¼ × ¼ÆÂ$¼N½6Ài» Å ½ÿÞUÀ ¸ Á ¸ ¼Æ¾ · Â ¹vÅ Â ç Á>Â ¹ » ·oÅ Â Þ · » ¶: À ¿ Ò · ¼NÞó» Å º>½ Å Ò · ¾$¼ÖÀ ¸ ¼ÆÃ · î2À�Á>» Å Ã
Ài»T¼Æ¾ ¸ Ì ¸ »T¼ÆÃ Ç Å ½Ï» ¶ ¼ ¹vÅ Ð_Ðo¼ ¹ » ·oÅ Â Å ÇfÈ�ÉDÊ · Ã
À × ¼ ¸ Ài»Ïº>½y¼vî¸ º[¼ ¹N· Ó>¼Æ¾�º ¶ À ¸ ¼ÔÀ�Â × Ðo¼ ¸UÅ ÇÀ ¹vÅ Á ¸ » ·¥¹ ò Å Þ ¸U× ¼ÆÂ$¼N½6Ài»T¼Æ¾ ¿ Ì�À�Ð Å Á>¾ ¸ ºQ¼ÆÀiá�¼N½FÍ�ÉLÂ Å ½6¾$¼N½J» Å�× Ài» ¶ ¼N½· Â$Ç Å ½6Ã
Ài» ·¥Å Â`À ¿[Å Á$»�» ¶ ¼�½y¼Nº[¼ÆÀi»yÀ ¿4· Ð · »2Ì Å Çì» ¶ ¼BÈ�ÉDÊ ¼và	º[¼N½ · Ã�¼ÆÂ�» ¸Næ ÃÛÁ>Ðo» · º)Ðo¼ÜÃ�¼ÆÀ ¸ Á$½y¼ÆÃ�¼ÆÂ�» ¸äöÁ ¸ Á4À�Ð¥ÐoÌ ¿ ¼N»\Þ/¼N¼ÆÂ�Ù�Õ¬À�Â>¾;!ií�åÞ�¼N½y¼ìÃ+À�¾$¼<Ài»f¼ÆÀ ¹Y¶ º ¶ À ¸ ¼<À�Â × Ðo¼ Å Ò ¼N½ ¸ ¼ Ò ¼N½6À�ÐQÀ ¹vÅ Á ¸ » ·_¹<¹ Ì ¹ Ðo¼ ¸¸TÅ » ¶ Ài»ìÀ Ò ¼N½6À ×�· Â × À�Â>¾ã¼N½6½ Å ½<À�Â>À�ÐoÌ ¸y·¥¸J¹vÅ Á4Ð¥¾ ¿ ¼ ¹ Ài½y½ · ¼Æ¾ Å Á>»c¾>Á$½ · Â × º Å�¸ »Lî8º>½ Å�¹ ¼ ¸y¸6· Â × ÍÎ ¸y¹Y¶ ¼ÆÃ
Ài» ·¥¹ ¾ · À × ½YÀ�Ã ¸y¶>Å Þ · Â × » ¶ ¼ìÈfÉ\Ê ¸ Ì�Â ¹Y¶ ½ Å Â ·_¸ Ài» ·oÅ Â ¸ ¼N»yÁ>º ·¥¸/¸y¶$Å Þ<Â · Â+Ó × Á$½y¼<�$Í=!�ÍÎ ½y¼NÇú¼N½6¼ÆÂ ¹ ¼ ¸y· Â$¼�ÞUÀ Ò ¼ ¸6·o× Â>À�Ð	Ài»fÀØÇ@½y¼ ñ Á>¼ÆÂ ¹ Ì½y¼ÆÐ¥¼ Ò À�Â�»�» Å » ¶ ¼J¼và	ºQ¼N½ · Ã�¼ÆÂ�» ¿ ¼ · Â ×Ï¹ Ài½y½ · ¼Æ¾ Å Á$»ä@» ¶ ¼ØÇöÁ>Â>¾>À�Ã�¼ÆÂ�»yÀ�ÐQ½y¼ ¸TÅ Â>À�Â�»UÇú½6¼ ñ Á$¼ÆÂ ¹ Ì Å Ç�» ¶ ¼Ï»yÁ ¿ ¼ ¿ ¼ · Â ×Û¸ »yÁ>¾ · ¼Æ¾Qå�À�Â>¾ ¸ À�Ã
º4Ðo¼Æ¾�Ài»(�>�? 5ÞUÀ ¸�× ¼ÆÂ$¼N½6Ài»T¼Æ¾ ¿ Ì : À ¿ Ò · ¼NÞ³À�Â>¾ Å Á$»Tº4Á$»Û» Å » ¶ ¼A@ ��: Ù�����1�?¯Ð Å Á>¾ ¸ º[¼ÆÀiá�¼N½ Ò · À�ÀµÈ ·oÅ Â$¼N¼N½Î<îB�Ní�CãÀ�Á>¾ ·¥Å À�Ã�º4Ð · Ó4¼N½Ï» Åê¸ ¼N»Á$º¡» ¶ ¼ÜÀ ¹vÅ Á ¸ » ·¥¹ Ó4¼ÆÐ¥¾µ» ÅB¿ ¼
Ã�¼ÆÀ ¸ Á$½6¼Æ¾-ÍÜé · ÃÛÁ>Ðo»yÀ�Â$¼ Å Á ¸ ÐoÌ æ À!XÊ ¸yñ Á>Ài½y¼JÞUÀ Ò ¼ æ À�Ð ¸TÅÖ¸ À�Ã�º4Ðo¼Æ¾+Ài»<�>D? 5�æ Þ · » ¶ U !XÊE�)� Åiø[¸ ¼N»fÞUÀ ¸ Á ¸ ¼Æ¾+» Å¬× ¼ÆÂ$¼N½6Ài»T¼ØÀF1XÊº4Á>Ð ¸ ¼êÀi»BÀ Ç@½y¼ ñ Á$¼ÆÂ ¹ Ì Å Ç�Ù�? 5 ä · Â » ¶ ¼ ¹ À ¸ ¼¡Þ ¶ ¼N½y¼ æ À ¸B· Âï» ¶>·¥¸�¸ »yÁ>¾>Ì æ » ¶ ¼µÇöÁ>Â>¾>À�Ã�¼ÆÂ�»yÀ�Ð
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÷ ·o× Á$½y¼)�$Í=!*�/È�ÉDÊÝé	Ì�Â ¹Y¶ ½ Å Â ·_¸ Ài» ·oÅ Â ¸ ¼N»yÁ$º
Ç@½y¼ ñ Á$¼ÆÂ ¹ ÌïÞ�À ¸ ÀÄÃÛÁ>Ðo» · º)Ðo¼ Å ÇÛ»\Þ Å åBÞ · » ¶ Þ ¶>·¥¹Y¶ » Å »T½ ·¥×�× ¼N½�» ¶ ¼`º4Á>Ð ¸ ¼ × ¼ÆÂ>¼N½6Ài» Å ½ÆÍ Ú ¶ ¼Ðo¼ÆÀ�¾ · Â × ¼Æ¾ × ¼ Å ½Öº Å�¸y· » · Ò ¼vî ×�Å�· Â × º)Ài½y» Å ÇJ» ¶>·_¸ »T½ ·o×�× ¼N½ · Â × º4Á4Ð ¸ ¼
ÞUÀ ¸Ö· Â · » · À�Ð¥Ð¥Ì ¸ Ì	Â ¹6¶ ½ Å Â ·¥¸ ¼Æ¾Þ · » ¶ » ¶ ¼+º Å�¸y· » · Ò ¼vî ×�Å�· Â ×D5 ¼N½ Å î ¹ ½ Å�¸y¸y· Â ×�Å ÇJ» ¶ ¼�½y¼NÇ@¼N½y¼ÆÂ ¹ ¼ ¸y· Â�Á ¸TÅ�· ¾-Í�Îâ» · Ã · Â × ¾$¼ÆÐ¥ÀFÌ ¹vÅ Á>Ð¥¾¿ ¼ · Â�»T½ Å ¾>Á ¹ ¼Æ¾ ¿ ¼N»2Þ�¼N¼ÆÂ�» ¶ ¼�º Å�¸6· » · Ò ¼vî ×�Å�· Â × º4Ài½y» ¸ÏÅ Ç�» ¶ ¼�»T½ ·¥×�× ¼N½ · Â × À�Â>¾�½y¼NÇú¼N½6¼ÆÂ ¹ ¼ ¸6·o× Â>À�Ð ¸» Å ¸ »T¼NºÄ» ¶ ½ Å Á ×�¶ » ¶ ¼�À ¹vÅ Á ¸ » ·¥¹ê¹ Ì ¹ Ð¥¼êÀi»ÜÀ�Â�Ì ¹6¶>Å�¸ ¼ÆÂ ¸ À�Ã�º4Ðo¼ã½6Ài»T¼�Í�÷ Å ½Ü» ¶ ¼êº4Á$½yº Å�¸ ¼ ¸
Å Ç» ¶ ¼�Þ Å ½yá · Âµ» ¶>·_¸Ô¸ »yÁ>¾$Ì · »ÔÞ�À ¸ ¾$¼ ¹N· ¾$¼Æ¾µ» ¶ Ài»Ã�¼ÆÀ ¸ Á$½6¼ÆÃ�¼ÆÂ�» ¸ Ài»b�Níã¼ ñ Á>À�Ð¥ÐoÌ ¸ º4À ¹ ¼Æ¾ùº ¶ À ¸ ¼¸ »T¼Nº ¸ » ¶ ½ Å Á ×�¶ » ¶ ¼�À ¹vÅ Á ¸ » ·¥¹�¹ Ì ¹ Ðo¼�Þ/¼N½6¼�À�¾>¼ ñ Á>Ài»T¼�» Åã×�· Ò ¼�À ×�Å�Å ¾µ¾$¼ ¸6¹ ½ · º>» ·oÅ Â Å Çf» ¶ ¼Ûò Å Þ¿ ¼ ¶ À Ò ·oÅ Á>½ÆÍc º Å ÂÔ½y¼ ¹ ¼ · º4» Å Ç$Àcº Å�¸y· » · Ò ¼ ×�Å�· Â × »T½ ·¥×�× ¼N½�º4Á>Ð ¸ ¼ æ À ¸ ¼ ñ Á$¼ÆÂ ¹ ¼ Å Ç	» · Ã · Â × º4Á>Ð ¸ ¼ ¸ ÞUÀ ¸mÅ Á$»Tº4Á$»¿ Ì+» ¶ ¼ � ¼N½yá	Ðo¼NÌ�º4Á>Ð ¸ ¼ × ¼ÆÂ$¼N½YÀi» Å ½ì» Å
¸ Ì	Â ¹Y¶ ½ Å Â ·¥¸ ¼Ï» ¶ ¼ Å Á$»Tº4Á$» Å ÇÐ¥À ¸ ¼N½<Ð ·¥×�¶ »Uº4Á>Ð ¸ ¼ ¸ Þ · » ¶ » ¶ ¼¼và	º Å�¸ Á$½y¼ ¸+Å Ç¬» ¶ ¼¡¾ ·o×�· »yÀ�Ð ¹ À�Ã�¼N½6À	Í � ÌÄÀ�¾ ç Á ¸ » · Â × » ¶ ¼ed�È c.: é[f�é ¹vÅ Â�»T½ Å Ð Å Âï» ¶ ¼�º4Á>Ð ¸ ¼× ¼ÆÂ$¼N½YÀi» Å ½ · »fÞUÀ ¸ º Å�¸y¸y·¥¿ Ðo¼J» Å�¸ ¼N»/» ¶ ¼ìÂ�Á>Ã ¿ ¼N½ Å Ç · Â$º4Á$»�»T½ ·o×�× ¼N½Uº4Á>Ð ¸ ¼ ¸ » ¶ Ài»/Þ�¼N½y¼ì½y¼ ¸ º Å Â>¾$¼Æ¾» Å Í�ÉLÂ�» ¶>·¥¸ ÞUÀÆÌ�À�Â�Á4Ã ¿ ¼N½ Å Ç · Ã
À × ¼ ¸J¹vÅ Á>Ð¥¾ ¿ ¼ØÀ ¹Nñ Á · ½y¼Æ¾ãÀi»J¼ÆÀ ¹6¶ º ¶ À ¸ ¼ÔÀ�Â × Ðo¼ æ Ài» · Â�»T¼N½ Ò À�Ð ¸Å Ç�í	ÍgÕ ¸Ææ$¿ ¼NÇ Å ½y¼ · Â ¹ ½y¼ÆÀ ¸6· Â × » ¶ ¼Ï» · Ã · Â × ¾$¼ÆÐ¥ÀÆÌÜÀ�Â>¾�½y¼Nº[¼ÆÀi» · Â × » ¶ ¼Ïº4½ Å�¹ ¼ ¸6¸ » Å�¹ Àiº>»yÁ>½y¼ · Ã
À × ¼ ¸Ài»�» ¶ ¼ ¹Y¶$Å�¸ ¼ÆÂ
Â�Á>Ã ¿ ¼N½ Å Ç4º ¶ À ¸ ¼ ¸ »T¼Nº ¸ » ¶ ½ Å Á ×�¶ » ¶ ¼JÀ ¹vÅ Á ¸ » ·¥¹<¹ Ì ¹ Ðo¼�Í�Ú ¶ ¼UÃ+À · Â�À�¾ Ò À�Â�»yÀ × ¼ Å Ç» ¶>·_¸ »T¼ ¹6¶ Â ·¥ñ Á$¼<ÞUÀ ¸ » ¶ Ài» · »/À�Ð¥Ð Å Þ/¼Æ¾�ÀÛÐ¥Ài½ × ¼ìÂ�Á>Ã ¿ ¼N½ Å Ç�ÈfÉ\Ê�Ã�¼ÆÀ ¸ Á$½y¼ÆÃ�¼ÆÂ�» ¸�Å Ç-» ¶ ¼ÏÀ ¹vÅ Á ¸ » ·¥¹º4Ài½6» ·¥¹ Ðo¼ Ò ¼ÆÐ Å�¹N· »\ÌÖ» ÅØ¿ ¼UÃ
À�¾$¼JÃÖÁ ¹6¶ Ã Å ½y¼ ñ Á ·¥¹ á�ÐoÌÔ» ¶ À�Â�º>½y¼ Ò ·oÅ Á ¸ ¼và�º[¼N½ · Ã
¼ÆÂ�» ¸ Þ · » ¶ Ã
À�Â�Á>À�Ð»T½ ·¥×�× ¼N½ · Â ×�Å Ç ¸y· Â × Ð¥¼ØÈfÉ\ÊßÃ�¼ÆÀ ¸ Á>½y¼ÆÃ�¼ÆÂ�» ¸g- /cÅ	¹ á	Ð ·ûø í�ÙiÀ æ é�á	Á>Ð · Â>ÀÖíG!�08Í÷ Å Á$½ Å Á$»Tº4Á>» ¸y·o× Â>À�Ð ¸ Þ�¼N½y¼ ¸ ¼ÆÂ�»JÇ@½ Å Ã³» ¶ ¼º4Á>Ð ¸ ¼ × ¼ÆÂ$¼N½6Ài» Å ½ Å Â ¹Y¶ À�Â>Â$¼ÆÐ ¸ Ú(�Ø» Å Úh�
ÀiÇ@»T¼N½
!��



¬GS ��SA�& ð�2,×{�MN P`�43TLGLUJ�QRJ�NWV,�
� ¶ À�Â4Â$¼ÆÐ �ì¼ÆÐ_ÀÆÌ-äöÃ ¸ å � · ¾$» ¶ äöÃ ¸ å È Å Ð_Ài½ · »2Ì: À ¸ ¼N½<ÈfÁ4Ð ¸ ¼i� Ú(� Ù�Í=1�!j�1 í	ÍIí�í�í�� U: À ¸ ¼N½<ÈfÁ4Ð ¸ ¼¬Ù Ú<Ù Ù�Í=1�Õj�1 í	ÍIí�í�í�� U÷ Å ½ ¹ ¼kf�à	»T¼N½6Â>À�Ð Úl! í !ií�í îÈ��cü ¹ À�Ã�¼N½6À Úh� Ù�ÍgÕ��m�1 í	Ín� UÚ�À ¿ Ðo¼��$Ín��� � ¼N½yá	Ðo¼NÌ
Õií�í�Î¢º4Á>Ð ¸ ¼ × ¼ÆÂ$¼N½6Ài» Å ½ ¸ ¼N»T» · Â ×�¸ Ç Å ½UÈ�ÉDÊ¢Ã�¼ÆÀ ¸ Á$½6¼ÆÃ�¼ÆÂ�» ¸fÅ Ç-» ¶ ¼<À ¹vÅ Á ¸ » ·¥¹º4Ài½y» ·_¹ Ðo¼ Ò ¼ÆÐ Å�¹N· »2Ì�Þ · » ¶ À ¸6· Â�Á ¸TÅ�· ¾>À�Ð[À ¹vÅ Á ¸ » ·_¹¬· Â$º4Á>» ¸y·¥× Â>À�Ð-Ài»<!��ií�? 5 Í

»T½ ·o×�× ¼N½ · Â × Ío� ¶ À�Â4Â$¼ÆÐcÚl!ùÞ�À ¸ Á ¸ ¼Æ¾Ä» Å`Å Á$»Tº)Á$»+À Â$¼ × Ài» · Ò ¼vî ×�Å�· Â × º4Á>Ð ¸ ¼B» Å » ¶ ¼p�I÷mü / ��ff��ØÚ�f / 8ÏÎ : � · Â$º4Á$» Å Ç/» ¶ ¼�Ð¥À ¸ ¼N½ÆÍÖÚ ¶4·¥¸ ÞUÀ ¸ » ÅB· Â ¸ »T½6Á ¹ »Ï» ¶ ¼�Ð¥À ¸ ¼N½Ô» Åã¿ Ì�º)À ¸y¸Ô· » ¸Ø· Â�»T¼N½6Â>À�Ð¹ Ð Å	¹ á�À�Â>¾óÀÆÞUÀ · »�¼và	»T¼N½6Â>À�Ð» · Ã · Â ×(¸y·o× Â>À�Ð ¸ Çú½ Å Ã · » ¸ �IÈ c<: éjf É^8g� · Â>º4Á$» ¹6¶ À�Â4Â$¼ÆÐRÍ Ú ¶ ¼¾>Á$½YÀi» ·oÅ Â Å Ç�» ¶4·¥¸ì¸6·o× Â>À�Ð ¶ À�¾�» Å�¿ ¼ÖÐ Å Â × ¼ÆÂ Å Á ×�¶ » Å ¼ÆÂ ¸ Á$½y¼» ¶ Ài»ì» ¶ ¼�Ð¥À ¸ ¼N½\� ¸Ï· Â�»T¼N½6Â4À�Ð ¹ Ð Å	¹ á¾ · ¾�Â Å »J½6¼ ¸ »yÀi½y»c»T½ ·¥×�× ¼N½ · Â × Ð ·o×�¶ »Uº4Á>Ð ¸ ¼ ¸/¿ ¼NÇ Å ½y¼Ô» ¶ ¼¬¾ ·¥×�· »yÀ�Ð ¹ À�Ã�¼N½6À ¶ À�¾�Ó)Â ·¥¸y¶ ¼Æ¾ · » ¸J¸ ¼ ¹vÅ Â>¾¼và	º Å�¸ Á$½y¼Üä ¸ ¼N¼g�$ÍgÙ�ÍgÙ�å æ À ¸ » ¶>·_¸ Þ Å Á4Ð¥¾ · Â Ò À�Ð · ¾>Ài»T¼¬» ¶ ¼ ¸ ¼ ¹vÅ Â>¾�È�ÉDÊ · Ã
À × ¼�Íl� ¶ À�Â>Â$¼ÆÐ�Úh� ¸ ¼ÆÂ�»» ¶ ¼ ¸y·o× Â4À�Ð4» Å »T½ ·¥×�× ¼N½J» ¶ ¼ØÓ>½ ¸ »�¼và�º Å�¸ Á>½y¼ Å Ç�» ¶ ¼Ô¾ ·o×�· »yÀ�Ð ¹ À�Ã�¼N½6À	Í�� ¶ À�Â>Â$¼ÆÐ ¸ Ú(�ØÀ�Â>¾�Ú<Ù ¸ ¼ÆÂ�»» ¶ ¼Ïº Å�¸y· » · Ò ¼vî ×�Å�· Â × º4Á4Ð ¸ ¼ ¸ » Å » ¶ ¼q�IÈ c<: éjf É^8g� · Â$º4Á$» Å Çè» ¶ ¼ØÐ¥À ¸ ¼N½U» Å »T½ ·o×�× ¼N½U» ¶ ¼ · Â>¾ · Ò · ¾4Á>À�ÐÐ ·o×�¶ »Jº4Á>Ð ¸ ¼ ¸ Í�ÚmÀ ¿ Ðo¼)�$Ín� ×�· Ò ¼ ¸ ¾$¼N»yÀ · Ð ¸JÅ Ç�» ¶ ¼¬» · Ã · Â ×�¸ ¼N»T» · Â ×�Å Ç�» ¶ ¼ ¸ ¼¬º4Á>Ð ¸ ¼ ¸ À ¸ Á ¸ ¼Æ¾ · Â�» ¶ ¼È�ÉDÊ¤¼và�º[¼N½ · Ã
¼ÆÂ�» ¸ ¾$¼ ¸6¹ ½ ·o¿ ¼Æ¾ · Â ¹6¶ Àiº>»T¼N½ÏÕ�Þ · » ¶ À�ÂBÀ ¹vÅ Á ¸ » ·_¹¬¸y·o× Â>À�Ð-Ài».!��ií�? 5 Í

T1: LIGHT PULSE
TRIGGER 1

TRIGGER 2
T2: LIGHT  PULSE

CAMERA
T4: PCO

T3: FORCE
EXTERNAL

TRIGGER
EXTERNAL

Start image acquisition 

Capture image 1 Capture image 2

TIME

÷ ·o× Á$½y¼)�$Ír�[��È�ÉDÊó» · Ã · Â × ¾ · À × ½YÀ�Ã´äöÂ Å »c» Å+¸6¹ À�Ðo¼�å
Î × ¼ÆÂ$¼N½ ·¥¹ » · Ã · Â × ¾ · À × ½6À�Ã Å Ç<» ¶ ¼ ¸ Ì ¸ »T¼ÆÃ Á ¸ ¼Æ¾ · Ð¥Ð_Á ¸ »T½6Ài» · Â × » ¶ ¼ ¸ ¼ ñ Á$¼ÆÂ ¹ ¼ Å ÇÏ» · Ã · Â ×¼ Ò ¼ÆÂ�» ¸Ô·¥¸ì¸6¶$Å Þ<Â · Â�Ó × Á$½y¼g�$Ír�$ÍØÎÝº Å�¸6· » · Ò ¼vî ×�Å�· Â × º4Á>Ð ¸ ¼¬»T½ ·o×�× ¼N½ ¸ » ¶ ¼Û» · Ã · Â ×Ü¸ ¼ ñ Á$¼ÆÂ ¹ ¼�À�Â>¾» ¶ ¼Ð_À ¸ ¼N½ ·¥¸<· Ã
Ã�¼Æ¾ · Ài»T¼ÆÐoÌ+Ç Å ½ ¹ ¼Æ¾B» Å ÀÆÞUÀ · » ¸6·o× Â>À�Ð ¸ Ç@½ Å Ã À�ÂB¼và	»T¼N½6Â>À�Ð ¸TÅ Á>½ ¹ ¼Þ · » ¶ Þ ¶>·¥¹Y¶ » Å

!�s



%IHKJMLON PRQo¬�SF�& ðA3TLGLUJ�QRJ�NWVutXJ�Y[Z('}ñ\LOP�Q^]Ñ�FPRY*N J��Y�Q�_G`RPaZ�VQ�PRt
»T½ ·¥×�× ¼N½ · Â>¾ · Ò · ¾>Á>À�Ð4Ð ·o×�¶ »/º4Á4Ð ¸ ¼ ¸ ÍÚ ¶ ¼ØÓ>½ ¸ »/¼và	º Å�¸ Á$½y¼ Å Ç�» ¶ ¼ ¹ À�Ã�¼N½YÀ ·¥¸ » ¶ ¼ÆÂ · Â · » · Ài»T¼Æ¾�À�Â>¾�À¸y¶>Å ½y»» · Ã�¼cÀiÇ@»T¼N½yÞ�Ài½Y¾ ¸ » ¶ ¼JÓ>½ ¸ »�Ð ·o×�¶ »�º)Á>Ð ¸ ¼ ·¥¸ »T½ ·o×�× ¼N½6¼Æ¾-Í�Ú ¶ ¼UÓ>½ ¸ »�¼và	º Å�¸ Á$½y¼U» ¶ ¼ÆÂ�¼ÆÂ4¾ ¸ À�Â>¾» ¶ ¼ ¹ À�Ã�¼N½YÀBÀ�Á$» Å Ã
Ài» ·¥¹ À�Ð_ÐoÌ ¿ ¼ ×�· Â ¸ » ¶ ¼ ¸ ¼ ¹vÅ Â>¾µ¼và�º Å�¸ Á>½y¼�À ¸y¶$Å ½y»Ø» · Ã�¼�Ð¥Ài»T¼N½FÍ�Ú ¶ ¼ ¸ ¼ ¹vÅ Â>¾Ð ·¥×�¶ »�º4Á>Ð ¸ ¼ ·_¸ » ¶ ¼ÆÂã»T½ ·o×�× ¼N½y¼Æ¾èÍ�Ú ¶>·¥¸ º>½ Å	¹ ¼ ¸y¸J·¥¸J¹ Ài½6½ · ¼Æ¾ Å Á$» · Â�Ð ·¥×�¶ » ¸ ¼ ¹ Á$½6¼ ¿QÅ à�¼ ¸<¸TÅ » ¶ Ài»cÀÃ · Â · ÃÛÁ>Ã Å Ç¼và	»T½6À�Â$¼ Å Á ¸ Ð ·o×�¶ »J¼ÆÂ�»T¼N½ ¸ » ¶ ¼ ¹ À�Ã�¼N½YÀ
¾>Á$½ · Â × ¼và	º Å�¸ Á$½y¼�Í
±kv^w xpykz;{X|�}M~
{��.�O����~
{����q�(�
Ú ¶ ¼<Ã
À · Â+Çú¼ÆÀi»yÁ$½6¼ ¸fÅ Çè» ¶ ¼ìÈ�ÉDÊ�Àiº>º4Ài½YÀi»yÁ ¸ Á ¸ ¼Æ¾ÜÀi½y¼ ¸y¶$Å Þ<Â · Â�Ó × Á$½y¼<�$ÍgÕÀ�Â4¾+Ài½y¼Ø¾$¼ ¸y¹ ½ ·¥¿ ¼Æ¾· Â�» ¶ ¼¡º>½y¼ Ò ·oÅ Á ¸ã¸ ¼ ¹ » ·oÅ Â��$ÍgÙ�Í Î Ùií�� üìà	Ç Å ½Y¾ : À ¸ ¼N½ ¸ : é$ÙiíXî\Õií ¹vÅ º>º[¼N½ Ò Àiº Å Á$½�º4Á>Ð ¸ ¼Æ¾Ð¥À ¸ ¼N½ ¹ Àiº4À ¿ Ðo¼ Å ÇJ½y¼Nº[¼N» · » ·oÅ Âµ½6Ài»T¼ ¸ Á$ºù» Å Õiíiá*? 5�·_¸¬¹vÅ Â>Â$¼ ¹ »T¼Æ¾ Ò · ÀBÀ�Â Å º>» ·_¹ À�Ð�Ó ¿ ½y¼+» Å » ¶ ¼�I÷ ·o¿ ½6¼ ¸y¶ ¼N¼N»��-Ð ·o×�¶ » ¸y¶ ¼N¼N»¬¾$¼ÆÐ · Ò ¼N½yÌ Å º4» ·¥¹N¸Næ º>½ Å ¾>Á ¹N· Â × ÀãÐ ·o×�¶ » ¸y¶ ¼N¼N»ÖÕií�Ã
Ã Þ · ¾$¼�À�Â>¾��NÃ
Ã» ¶>·_¹ áÄÀi» · » ¸ Â>Ài½6½ Å Þ�¼ ¸ »ãº Å�· Â�»NÍÝÚ ¶ ¼ ¶>·o×�¶ ½y¼Nº[¼N» · » ·oÅ Â ½6Ài»T¼ Å Ç» ¶ ¼µÐ_À ¸ ¼N½ãÀ�Ð¥Ð Å Þ ¸ À ¹N¹ Á>½6Ài»T¼Ã�¼ÆÀ ¸ Á$½y¼ÆÃ�¼ÆÂ�» Å Ç$À ¹vÅ Á ¸ » ·¥¹ Ò ¼ÆÐ Å�¹N· »\ÌÔÀ�Ã�º4Ð · »yÁ4¾$¼ ¸ Á$ºÔ» Å À ¿[Å Á$»�Ùií�Ã ¸a��� ä ¸ ¼N¼fÀiº>º[¼ÆÂ>¾ · àÏÎØåYÍÚ ¶ ¼Ð ·¥×�¶ » ¸y¶ ¼N¼N» ·_¸ À�Ð ·o× Â$¼Æ¾�Þ · » ¶ » ¶ ¼Ô»yÁ ¿ ¼ØÀXà ·¥¸ À�Â4¾ãÀ�È	�cüðé�¼ÆÂ ¸y·¥¹ À�Ã������ ¹ À�Ã�¼N½YÀ�º Å�¸y· » ·oÅ Â$¼Æ¾» Å Ò · ¼NÞ¢À�ÂãÀi½y¼ÆÀ Å Ç · Â�»T¼N½y¼ ¸ »JÀi½ Å Á4Â>¾�» ¶ ¼ Å ºQ¼ÆÂ�¼ÆÂ>¾ Å Çm» ¶ ¼Ø»yÁ ¿ ¼ æ º[¼N½yº[¼ÆÂ>¾ ·¥¹ Á>Ð¥Ài½�» Å » ¶ ¼ÔÐ ·¥×�¶ »¸y¶ ¼N¼N»NÍ

÷ ·o× Á$½y¼)�$ÍgÕ*��È�ÉDÊ¤Àiº4º4Ài½6Ài»yÁ ¸
�X�����W� ë����������h�m�[¦��m�
Ú ¶ ¼ãÇ Å	¹ Á ¸�Å ÇØ» ¶ ¼BÞ Å ½yáÿ¾$¼ ¸y¹ ½ ·o¿ ¼Æ¾ · Â ¹6¶ Àiº4»T¼N½�Õ ·¥¸ » Å »yÀiá�¼�ÈfÉ\Ê Ã�¼ÆÀ ¸ Á>½y¼ÆÃ�¼ÆÂ�» ¸
Å Ç ¶>·o×�¶À�Ã�º)Ð · »yÁ>¾$¼�À ¹vÅ Á ¸ » ·¥¹ Ó4¼ÆÐ¥¾ ¸· ÂùÀ�Â>¾ Ài½ Å Á>Â>¾"» ¶ ¼ Å º[¼ÆÂù¼ÆÂ4¾ ¸¬Å Ç<À ¹ Ì�Ð · Â>¾$½ ·_¹ À�Ð»yÁ ¿ ¼�ÍBÎ�@ ��:Ù�����1�?���� ¹vÅ Ã�º>½6¼ ¸y¸y·oÅ ÂÜ¾$½ · Ò ¼N½ æ ¾$½ · Ò ¼ÆÂ ¿ Ì�» ¶ ¼ : À ¿ Ò · ¼NÞ ¸y· Â$¼cÞUÀ Ò ¼ Å Á$»Tº4Á$»�À�Â>¾+À�ÂÜ¼và	»T¼N½6Â>À�ÐÀ�Ã�º)Ð · Ó>¼N½ æ Þ�À ¸ Á ¸ ¼Æ¾ù» Åµ× ¼ÆÂ$¼N½6Ài»T¼�» ¶ ¼�À ¹vÅ Á ¸ » ·¥¹ Ó>¼ÆÐ¥¾ ¸ Þ · » ¶>· Â¡» ¶ ¼�»yÁ ¿ ¼�Í�ÎìÂ À�¾>Àiº4» Å ½ÖÞUÀ ¸
��í



  Sr¡�S�'�¢\LOP�Q^]¤£FPRY*N J�¥[£FPaN¦H*_GZ
¹vÅ Â ¸ »T½YÁ ¹ »T¼Æ¾¡» Å Ài»T»yÀ ¹6¶ » ¶ ¼�»yÁ ¿ ¼ ¸ ¼ ¹ Á$½y¼ÆÐ¥Ì�» Å » ¶ ¼
Ð Å Á4¾ ¸ º[¼ÆÀiá�¼N½ Å ½ · Ó ¹ ¼�Í�Ú ¶ ¼�À�¾>Àiº>» Å ½ÖÁ ¸ ¼Æ¾» Å Ài»T»yÀ ¹6¶ » ¶ ¼;��iÃ
ÃËü§� ¹ Ì	Ð · Â>¾$½ ·¥¹ À�Ð ¹vÅ º>º[¼N½<»yÁ ¿ ¼Ö» Å » ¶ ¼ÛÐ Å Á>¾ ¸ ºQ¼ÆÀiá�¼N½ ·¥¸<¸6¶$Å Þ<Â · Â�Ó × Á$½y¼�$Í=1�ÍfÚ ¶4·¥¸ ¾$¼ Ò ·_¹ ¼ÏÞUÀ ¸ º>½6¼ ¹N·¥¸y·oÅ Â�Ã
À ¹Y¶>· Â$¼Æ¾ ¿ Ì ¹vÅ Ð¥Ð¥¼ÆÀ × Á$¼ ¸c· Â : ¼F>êÀ�Â ¸ À�Â>¾�Ó4» ¸ Ò ¼N½yÌ ¸ Â�Á × Ð¥Ì· Â�» Å » ¶ ¼ Å º[¼ÆÂ · Â ×+Å Ç�» ¶ ¼�Ð Å Á>¾ ¸ º[¼ÆÀiá�¼N½ æ À�Ð¥Ð Å Þ · Â × » ¶ ¼Ö»yÁ ¿ ¼Û» Å�¿ ¼ÛÃ Å Á4Â�»T¼Æ¾ ¸ ¼ ¹ Á$½6¼ÆÐoÌB» Å » ¶ ¼¸TÅ Á>Â4¾ ¸TÅ Á$½ ¹ ¼�Í�Ê�À ¹ Á>Á4Ã × ½y¼ÆÀ ¸ ¼�ÞUÀ ¸ Àiº>º4Ð · ¼Æ¾ ¿ ¼N»2Þ�¼N¼ÆÂ`À�Ð¥Ð ¹vÅ Â�»yÀ ¹ » · Â ×�¸ Á>½yÇ@À ¹ ¼ ¸ À�Â>¾"Ài»ÛÀ�Ð¥ÐçTÅ�· Â�» ¸ » Å ¼ÆÂ ¸ Á$½y¼Ï» ¶ Ài»JÀ ×�Å�Å ¾ ¸ ¼ÆÀ�ÐQÞ�À ¸ Ã
À�¾>¼�ÍfÚ ¶ ¼ ¹vÅ º>º[¼N½U»yÁ ¿ ¼ Å º[¼ÆÂ ¸U· Â�» Å À ¸ Ã+À�Ð¥Ð ¹ À Ò · »2ÌÀi»c» ¶ ¼ÖÐ Å Á>¾ ¸ º[¼ÆÀiá�¼N½J¼ÆÂ>¾�À�Â ¹ À�Â ¿ ¼ ¹vÅ Â ¸y· ¾>¼N½y¼Æ¾�» Å
¿ ¼¬Àiº>º>½ Å à · Ã
Ài»T¼ÆÐoÌ Å ºQ¼ÆÂ�Ài» ¿[Å » ¶ ¼ÆÂ>¾ ¸ Í

Diaphragm

÷ ·o× Á$½6¼)�$Í=1*�	@ ��: Ù�����1�?ÝÐ Å Á>¾ ¸ ºQ¼ÆÀiá�¼N½cÀ�Â4¾ ¹ Ì�Ð · Â>¾$½ ·_¹ À�Ð4»yÁ ¿ ¼ÔÀ�¾>Àiº>» Å ½

�X�¦���¦¨ �;�����h�m��©G�Xªh�«��¬��4©��m�K¯®°¬X�I©G®±��¬��
Î ¹vÅ º>º[¼N½�»yÁ ¿ ¼ Å Ç · Â�»T¼N½6Â>À�Ð�½6À�¾ · Á ¸ �iÃ
ÃðÀ�Â>¾�ÞUÀ�Ð¥Ð�» ¶>·¥¹ á�Â$¼ ¸6¸ �NÃ
ÃßÞ · » ¶�Å Â>¼ Å Ç4Ó Ò ¼ ¹ Ài½y¼NÇöÁ>Ð¥Ð¥ÌÃ
À ¹Y¶>· Â$¼Æ¾�»T¼N½YÃ · Â>Ài» ·oÅ Â ¸Næ ¼ÆÀ ¹6¶ Þ · » ¶ À¬¾ ·ûø ¼N½y¼ÆÂ�» × ¼ Å Ã�¼N»T½yÌ æ Ó>»T»T¼Æ¾Ü» Å » ¶ ¼ Å º[¼ÆÂ
¼ÆÂ>¾�ÞUÀ ¸ Á ¸ ¼Æ¾· Â » ¶>·¥¸�¸ »yÁ>¾>Ì�Í Î ×�Å�Å ¾ ¸ ¼ÆÀ�Ð ·_¸ÜÅ�¿ »yÀ · Â$¼Æ¾ ¿ ÌÄ» ¶ ¼¡Àiº>º4Ð ·¥¹ Ài» ·¥Å Â Å Ç Ò À ¹ Á>Á4Ã × ½y¼ÆÀ ¸ ¼¡» Å À�Ð¥ÐÂ$¼ ¹ ¼ ¸y¸ Ài½yÌ ¸ Á$½yÇöÀ ¹ ¼ ¸ À�Â>¾ çLÅ�· Â�» ¸ Í�Ú ¶ ¼
Ð¥¼ÆÂ × » ¶p²óÅ ÇU» ¶ ¼
»yÁ ¿ ¼
Ç@½ Å Ã » ¶ ¼�Ð Å Á>¾ ¸ ºQ¼ÆÀiá�¼N½ ¹ À Ò · »2Ì» Å » ¶ ¼ Å ºQ¼ÆÂB¼ÆÂ>¾ Å Ç�» ¶ ¼¬»T¼N½6Ã · Â>Ài» ·oÅ ÂãÞUÀ ¸ ��1ií�Ã+ÃãÍ�Ú ¶ ¼Ô½y¼ ¸TÅ Â>À�Â�»cÇ@½y¼ ñ Á$¼ÆÂ ¹ Ì�Þ�À ¸ Ç Å Á4Â>¾�» Å¿ ¼k!��ií�? 5�¿ ÌêÐ Å�¹ Ài» · Â × ÀÜº>½ Å�¿ ¼ÛÃ ·¥¹ ½ Å º ¶>Å Â$¼ Å Â	î2ÀXà ·¥¸ Ài»Ø» ¶ ¼ Å ºQ¼ÆÂê¼ÆÂ>¾ Å Ç�» ¶ ¼Û»T¼N½6Ã · Â>Ài» ·oÅ ÂÀ�Â>¾µÓ4Â4¾ · Â × À�º>½y¼ ¸y¸ Á>½y¼ÛÃ+ÀXà · ÃÛÁ>Ã ¿ Ì ¸y¹ À�Â4Â · Â × » ¶ ½ Å Á ×�¶ À�½6À�Â × ¼ Å Ç�Çú½y¼ ñ Á$¼ÆÂ ¹N· ¼ ¸Ï¹ Ð Å�¸ ¼�» ÅÀ�ÂÜ¼ ¸ » · Ã
Ài»T¼Æ¾ Ò À�Ð_Á$¼ ¹ À�Ð ¹ Á4Ð¥Ài»T¼Æ¾ÜÁ ¸y· Â ×g³�´�µ·¶a´\¸ Ù ²<æ Þ ¶ ¼N½y¼ ¶a´<·_¸ » ¶ ¼ ¸ º[¼N¼Æ¾ Å Ç ¸TÅ Á4Â>¾-Í�÷ ·o× Á$½y¼�$Í¤C ¸6¶$Å Þ ¸ ÀÔº4Ð Å » Å Ç[» ¶ ¼<Çú½y¼ ñ Á$¼ÆÂ ¹ Ì�½y¼ ¸ º Å Â ¸ ¼ Å Ç[» ¶ ¼c»yÁ ¿ ¼u¹�»T¼N½6Ã · Â>Ài» ·oÅ Âº¹XÐ Å Á4¾ ¸ º[¼ÆÀiá�¼N½ ¸ Ì ¸ »T¼ÆÃ¹vÅ Â$Ó>½YÃ · Â × » ¶>·¥¸ Ò À�Ð¥Á$¼�ÍÚ ¶ ¼Ó Ò ¼Ö»yÁ ¿ ¼»T¼N½6Ã · Â>Ài» ·oÅ Â ¸ Á ¸ ¼Æ¾�Ài½6¼ ¸y¶>Å Þ<Â · ÂBÓ × Á$½y¼(�$Í=��ÍØÎìÐ_Ð ¶ À Ò ¼ÛÀÜÞ�À�Ð_Ðè» ¶>·¥¹ á�Â>¼ ¸y¸

�m�
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÷ ·o× Á$½y¼)�$Í¤CK��÷$½y¼ ñ Á$¼ÆÂ ¹ Ì�½y¼ ¸ º Å Â ¸ ¼ Å Ç»yÁ ¿ ¼u¹�»T¼N½6Ã · Â>Ài» ·oÅ Âº¹XÐ Å Á>¾ ¸ º[¼ÆÀiá�¼N½ ¸ Ì ¸ »T¼ÆÃãÍ
Å Ç½�$ÍgÕiÃ
Ã À�Â>¾ÝÀ ¸ ¸ Á ¹Y¶ ¾ Å Â Å »ùÇ@Á4Ð¥ÐoÌ&½6¼Nº>½y¼ ¸ ¼ÆÂ�»ù¼ · » ¶ ¼N½ À¢ò4À�Â × ¼Æ¾ Å ½ Á4Â$ò4À�Â × ¼Æ¾ß»yÁ ¿ ¼»T¼N½6Ã · Â>Ài» ·oÅ Â ¸Ææ$¿ Á$»cÀi½y¼ ¸yÅ Ã�¼NÞ ¶ ¼N½y¼ · Â ¿ ¼N»2Þ�¼N¼ÆÂ-ÍhffÀ ¹Y¶ »T¼N½6Ã · Â>Ài» ·oÅ Â ¶ À ¸ À�Â · Â�»T¼N½6Â>À�Ðè½6À�¾ · Á ¸Å Ç��iÃ+Ã À�Â>¾ ·¥¸ ¾$¼ ¸y·o× Â>¼Æ¾�» Å�¸ Ð Å » Å Â�» Å » ¶ ¼Û¼ÆÂ>¾ Å Ç�» ¶ ¼ ¹vÅ º>º[¼N½ì»yÁ ¿ ¼Û¾$¼ ¸y¹ ½ ·¥¿ ¼Æ¾êÀ ¿[Å Ò ¼�Þ · » ¶À ¸�¸ Ã Å�Å » ¶ À çLÅ�· Â Å ÂÜ» ¶ ¼ · Â�»T¼N½6Â>À�Ð ¸ Á$½yÇöÀ ¹ ¼ìÀ ¸ º Å�¸y¸y·¥¿ Ðo¼�ÍmÚ ¶ ¼ ¸y¶ Ài½6º+¼Æ¾ × ¼Æ¾�»yÁ ¿ ¼c»T¼N½6Ã · Â>Ài» ·oÅ Â¶ À ¸ À�ÙiíG¾¬¼và	»T¼N½6Â>À�Ðm»yÀiº[¼N½ØÀi» · » ¸ìÅ º[¼ÆÂ�¼ÆÂ>¾ê» Å Àiº>º>½ Å à · Ã+Ài»T¼ÛÀ�Â�Á>Â$ò4À�Â × ¼Æ¾�»yÁ ¿ ¼�Í<Ú ¶ ¼Ç Å Á$½Å » ¶ ¼N½�»T¼N½YÃ · Â>Ài» ·oÅ Â ¸Ö¶ À Ò ¼ ¹ Ài½y¼NÇöÁ>Ð¥ÐoÌùÃ
À ¹Y¶>· Â$¼Æ¾ ½6À�¾ ·¥·fÅ Ç ¹ Á$½ Ò Ài»yÁ$½y¼ Å Â » ¶ ¼ · Â�»T¼N½YÂ>À�Ð�¼Æ¾ × ¼ ¸ ÍÚ ¶ ¼�½6À�¾ ·¥·Å Ç ¹ Á$½ Ò Ài»yÁ$½y¼ æÀ¿ Þ/¼N½6¼ ¹6¶$Å�¸ ¼ÆÂù» Å Ã+Ài» ¹6¶ » ¶>Å�¸ ¼ÜÁ ¸ ¼Æ¾ ¿ ÌµÎU» ·o×«- ÎU» ·o× íG!�08Í�Ú ¶ ¼ ¸ ¼Þ�¼N½y¼��í�Ã
Ã ä ¸yñ Á>Ài½y¼J¼Æ¾ × ¼ ¸ å æ í	Í=!iÃ
Ã æ �NÃ
ÃÝÀ�Â>¾Á��Ã
ÃãÍ�Ú ¶ ¼U»T¼N½6Ã · Â>Ài» ·oÅ Â ¸ Þ�¼N½y¼ ¹vÅ Â ¸ »T½YÁ ¹ »T¼Æ¾· Â"À�Ð¥Á>Ã · Â · Á>Ã¯À�Â>¾ù» ¶ ¼ÆÂ À�Â Å ¾ ·¥¸ ¼Æ¾ ¿ Ð¥À ¹ á¡» Å Ã · Â · Ã ·¥¸ ¼�½y¼Nò>¼ ¹ » · Ò ¼ ¸ Á$½yÇöÀ ¹ ¼ ¸ Ç Å ½ÖÁ ¸ ¼ · Â"È�ÉDÊ¼và	º[¼N½ · Ã�¼ÆÂ�» ¸ Í

÷ ·o× Á$½6¼Â�$Í=�*� ÷ · Ò ¼�»yÁ ¿ ¼�»T¼N½6Ã · Â>Ài» ·¥Å Â ¸ Á ¸ ¼Æ¾-Í : ¼NÇú» » Å ½ ·o×�¶ »��Ëé ¶ Ài½yºþ¼Æ¾ × ¼ æ�/§µ í�Ã
Ã æ/§µ í	Í=!iÃ
Ã æm/§µ �NÃ
Ã æU/§µ ��Ã
Ã
��Ù
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�X�¦���¦� Ã���¬�®±©�����®W¬�ÄÅ©GÆX�«��Çj�����u©G®WÇÉÈ��UÊ°�4ËD®7©GÆ�®°¬Ì©GÆX�Í©G�Xªh�
Î¤È	� � È · ¼ 5NÅ »T½ Å Â ·¥¹N¸ Ã Å ¾$¼ÆÐ��NíG1 � º>½y¼ ¸6¸ Á$½y¼Ï»T½6À�Â ¸ ¾4Á ¹ ¼N½ä@Çú½ Å Ã ¶ ¼N½y¼ Å Â�Þ�Ài½6¾B½y¼NÇú¼N½6½y¼Æ¾�» Å À ¸» ¶ ¼<È�� � »T½6À�Â ¸ ¾>Á ¹ ¼N½Vå ·¥¸ Ã Å Á>Â�»T¼Æ¾ Å Â�» Å » ¶ ¼ ¹vÅ º4ºQ¼N½f»yÁ ¿ ¼F�1ií�Ã
ÃÝÇ@½ Å Ã » ¶ ¼ Å º[¼ÆÂ�¼ÆÂ>¾ÜÁ ¸y· Â ×» ¶ ¼cÀ�¾>Àiº4» Å ½ ¸y¶$Å Þ<Â · Â�Ó × Á>½y¼h�$Í=s�Í�Ú ¶>·¥¸ ¾ ·_¸ »yÀ�Â ¹ ¼JÞUÀ ¸f¹6¶>Å�¸ ¼ÆÂ
» ÅÔ¿ ¼J» ¶ ¼ ¸ À�Ã
¼<À ¸ Á ¸ ¼Æ¾ · Â�» ¶ ¼»2Þ Å Ã ·¥¹ ½ Å º ¶$Å Â>¼�Ã�¼N» ¶$Å ¾¬¼và	ºQ¼N½ · Ã�¼ÆÂ�» ¸-Å Ç$ÎU» ·o×k- ÎU» ·o× íG!�0�» Å À�Ð_Ð Å Þù¼ÆÀ ¸ Ì ¹vÅ Ã�º4Ài½ ·¥¸yÅ Â ¿ ¼N»2Þ�¼N¼ÆÂ½y¼ ¸ Á4Ðo» ¸ Í�É\» ¸6¶$Å Á>Ð¥¾ ¿ ¼¬Â Å »T¼Æ¾ê» ¶ Ài»ÏÀ
» ¶ ½y¼ÆÀ�¾>¼Æ¾B½y¼N»yÀ · Â · Â ×�¿[Å Ðo»cÞUÀ ¸ Á ¸ ¼Æ¾B» ÅÜ¸ ¼ ¹ Á$½y¼ÆÐoÌãÃ Å Á>Â�»» ¶ ¼ÔÈ	� � »T½6À�Â ¸ ¾>Á ¹ ¼N½ · Â�» Å » ¶ ¼ØÀ�¾4Àiº>» Å ½ æ À�Ðo» ¶$Å Á ×�¶ » ¶>·_¸�·_¸ Â Å » ¸y¶>Å Þ<Â Å Â�» ¶ ¼Ô¾ · À × ½YÀ�ÃãÍ�Ú ¶ ¼È	� � »T½6À�Â ¸ ¾>Á ¹ ¼N½ÞUÀ ¸ Á ¸ ¼Æ¾Û» Å Ã Å Â · » Å ½» ¶ ¼ ¸TÅ Á4Â>¾Ûº>½y¼ ¸y¸ Á>½y¼/À�Ã�º)Ð · »yÁ>¾$¼/Þ · » ¶>· Â¬» ¶ ¼U»yÁ ¿ ¼JÀ�Â>¾» Å ¼ÆÂ ¸ Á$½6¼ì» ¶ Ài» · »�ÞUÀ ¸J¸ ¼N» ¹vÅ Â ¸y·¥¸ »T¼ÆÂ�»yÐoÌ ¿ ¼N»\Þ/¼N¼ÆÂ�¼và	º[¼N½ · Ã�¼ÆÂ�» ¸ Þ · » ¶ ¾ ·ûø ¼N½6¼ÆÂ�»�»T¼N½6Ã · Â4Ài» ·oÅ Â ¸ ÍÚ ¶ ¼ Å Á$»Tº4Á$» ¸y·¥× Â>À�Ð-ÞUÀ ¸ À�Ð ¸yÅ ½y¼ ¹vÅ ½6¾$¼Æ¾�» Å ¼ÆÂ>À ¿ Ðo¼À ¹ À�Ð ¹ Á>Ð¥Ài» ·oÅ Â Å Ç�» ¶ ¼¬º>½y¼ ¸y¸ Á$½y¼¬À�Â>¾êÐ · Â$¼ÆÀi½À ¹vÅ Á ¸ » ·_¹ Ò ¼ÆÐ Å	¹N· »2ÌãÀ�Ã�º4Ð · »yÁ>¾$¼�ä ¸ ¼ ¹ » ·oÅ Â�1�Í=!�Ín�FåYÍ

Ú Å Ã Å Á>Â�»Û» ¶ ¼�È	� � »T½6À�Â ¸ ¾4Á ¹ ¼N½ÛÀÍ�NÃ
Ã ¾ · À�Ã
¼N»T¼N½ ¶>Å Ðo¼+ÞUÀ ¸ ¾$½ · Ð¥Ð¥¼Æ¾ · Â�» Å » ¶ ¼ ¹vÅ º>º[¼N½»yÁ ¿ ¼<Ài»�À¾ ·¥¸ »yÀ�Â ¹ ¼ Å Ç��1ií�Ã
ÃþÇú½ Å Ãð» ¶ ¼ Å º[¼ÆÂ+¼ÆÂ>¾ Å Ç[» ¶ ¼ì»T¼N½6Ã · Â>Ài» ·¥Å Â-Í�ÎÏÂ Å » ¶ ¼N½ ¸ Ã
À�Ð_Ð ¶$Å Ðo¼· Â�» ¶ ¼ÛÈ�� � À�¾4Àiº>» Å ½ØÞ�À ¸ À�Ð ·o× Â>¼Æ¾BÞ · » ¶ » ¶>·¥¸ì¶$Å Ðo¼ÛÁ ¸y· Â × ÀD�NÃ+Ã À�Ð¥Ð¥¼ÆÂ�á�¼NÌ�À�Â4¾�» ¶ ¼�¾$¼ Ò ·¥¹ ¼ÞUÀ ¸Û¸ ¼ ¹ Á$½y¼Æ¾ · Â�» Å º4Ð_À ¹ ¼�Á ¸y· Â × À ¸ Ã+À�Ð¥Ð × ½YÁ ¿ ¸6¹ ½y¼NÞ Å Â`» ¶ ¼Ü½y¼ÆÀi½ Å Ç<» ¶ ¼�À�¾4Àiº>» Å ½ÆÍùÎ × À · Â æÒ À ¹ Á>Á>Ã × ½y¼ÆÀ ¸ ¼¬Þ�À ¸ Á ¸ ¼Æ¾ã» Å ¼ÆÂ ¸ Á$½y¼Ø» ¶ Ài»ìÀ ×�Å�Å ¾ ¸ ¼ÆÀ�ÐèÞ�À ¸ Ã
À�¾$¼�Í
Ú ¶ ¼ ¸ ¼ÆÂ ¸y· » · Ò · »\Ì.Î Å Ç�» ¶ ¼�È	� � »T½6À�Â ¸ ¾>Á ¹ ¼N½ ¸ »yÀi»T¼Æ¾ ¿ ÌÏ» ¶ ¼fÃ+À�Â�Á$ÇöÀ ¹ »yÁ$½y¼N½�Þ�À ¸ �$Ír���OÏl�Ní �UÐ Ê(¹XÈ�À	ÍÉLÂ Å ½Y¾$¼N½Ô» ÅB¸ ¼N»Ô» ¶ ¼�À ¹vÅ Á ¸ » ·_¹ À�Ã�º4Ð · »yÁ4¾$¼Þ · » ¶>· Âê» ¶ ¼�»yÁ ¿ ¼ · »ØÞUÀ ¸ Â$¼ ¹ ¼ ¸y¸ Ài½yÌ�» Åã¿ ¼�À ¿ Ðo¼Û» Å¹ À�Ð ¹ Á>Ð_Ài»T¼c» ¶ ¼ ¸TÅ Á4Â>¾�º>½y¼ ¸6¸ Á$½y¼cÐo¼ Ò ¼ÆÐ>Çú½ Å Ã » ¶ ¼cº[¼ÆÀiá�î8» Å î8ºQ¼ÆÀiá Ò Å Ð¥»yÀ × ¼ Å Á$»Tº)Á$» æ*Ñ�Ò�Ò	æ Ã�¼ÆÀ ¸ Á$½y¼Æ¾· ÂãÊ Å Ð¥» ¸Næ Ç@½ Å Ã » ¶ ¼ÖÈ�� � »T½6À�Â ¸ ¾4Á ¹ ¼N½ìÀ�Â>¾ Ò ·_¹ ¼vî Ò ¼N½ ¸ À	Í<Ú ¶ ¼ ¸TÅ Á>Â>¾Bº>½y¼ ¸y¸ Á>½y¼¬Ðo¼ Ò ¼ÆÐ æ�Ó�Ô(²cæ Ài»» ¶ ¼Ôº Å�¸y· » ·¥Å Â Å Çm» ¶ ¼ÖÈ	� � »T½6À�Â ¸ ¾>Á ¹ ¼N½ ·¥¸U×�· Ò ¼ÆÂ ¿ Ìº�

Ó�Ô(²Íµ Ùií�Ð Å�×;ÕmÖº×Ö ´KØ ä��$Ín�Få
Þ ¶ ¼N½6¼ Öº× ·_¸ » ¶ ¼¬¼ ø ¼ ¹ » · Ò ¼�ä@½YÃ ¸ å�º>½6¼ ¸y¸ Á$½y¼ÔÀ�Â>¾ Ö ´ µ ÙiÏp�Ní �UÐ È�À ·¥¸ » ¶ ¼½y¼NÇú¼N½6¼ÆÂ ¹ ¼¬º>½y¼ ¸6¸ Á$½y¼�ÍÚ ¶ ¼Ôº4½y¼ ¸y¸ Á$½6¼ØÀ�Ã
º4Ð · »yÁ>¾>¼iÙ Ö Ù ·¥¸U×�· Ò ¼ÆÂ ¿ Ì

Ù Ö Ù µ Ñ�Ò�ÒÙ�Î ä��$ÍgÙ�å
Ú ¶ ¼Ô¼ ø ¼ ¹ » · Ò ¼Öº>½y¼ ¸y¸ Á>½y¼ØÇ Å ½<À ¸y· Â$¼ØÞUÀ Ò ¼ ·_¸

Ö × µ Ù Ö ÙÚ Ù ä��$Í=!�å
À�Â>¾ ¸yÅ � Ó�Ô(²Íµ Ùií�Ð Å�×qÛ !*Ü=s���ÙbÏe�Ní�Ý ÑGÒBÒ�Þ ä��$Ír��å
ÉD» ·¥¸ » ¶ ¼ÆÂêÀ�Â�¼ÆÀ ¸ Ì ¸ »T¼Nº�» ÅÜ¹ À�Ð ¹ Á>Ð_Ài»T¼Ö» ¶ ¼½y¼ ñ Á · ½y¼Æ¾ãº[¼ÆÀiá�î8» Å î8ºQ¼ÆÀiá Ò Å Ðo»yÀ × ¼ÛÐ¥¼ Ò ¼ÆÐ�Ç Å ½ìÀ ×�· Ò ¼ÆÂ

��!



%IHKJMLON PRQ   SD»�&a¼A3TLGLUJ�QRJ�NWVutXJ�Y[Z('�¢\LOP�Q^]¤£FPRY*N J�¥[»�Q�_G`RPaZ�VQ�PRt
¸TÅ Á4Â>¾�º>½y¼ ¸y¸ Á$½y¼ÔÐo¼ Ò ¼ÆÐ7� Ñ Ò�Ò µ Ù*ÜgÕ�!GCÁÏe�Ní ä\ßàKáâ ã �Uä å ä��$ÍgÕ�å
ÎõÐ Å�Å á�î2Á$º ¹6¶ Ài½y»�ÞUÀ ¸ Ã
À�¾$¼�Á ¸y· Â × ¼ ñ Á4Ài» ·oÅ ÂÍ�$ÍgÕêÀ�Â4¾"º4Ð_À ¹ ¼Æ¾ · Âù» ¶ ¼ãÐ¥À ¿[Å ½6Ài» Å ½yÌ¡» Å À�Ð¥Ð Å Þ» ¶ ¼ ¸yÅ Á>Â>¾ïº>½y¼ ¸y¸ Á$½y¼¡Ðo¼ Ò ¼ÆÐ¬Ài»ã» ¶ ¼¡º Å�¸y· » ·oÅ Â Å ÇÖ» ¶ ¼`È	� � ¸ ¼ÆÂ ¸TÅ ½�» Å(¿ ¼ ¹vÅ Â Ò ¼ÆÂ · ¼ÆÂ�»yÐoÌ ¸ ¼N»» Å » ¶ ¼+½y¼ ñ Á · ½6¼Æ¾ùÐo¼ Ò ¼ÆÐ ¿ ÌùÃ Å Â · » Å ½ · Â × » ¶ ¼�È	� � »T½YÀ�Â ¸ ¾>Á ¹ ¼N½ Å Á$»Tº4Á$» Ò Å Ðo»yÀ × ¼ ¸y·o× Â>À�Ð Å Â À�ÂÅ�¸y¹N· Ð¥Ð Å�¸y¹vÅ º[¼Ø»T½6À ¹ ¼�Í

Hole

Pressure Transducer
PCB Piezotronics 106B

Perspex Adaptor

÷ ·o× Á$½6¼)�$Í=s*�fÈ	� � º4½y¼ ¸y¸ Á$½6¼Ï»T½YÀ�Â ¸ ¾>Á ¹ ¼N½cÀ�¾4Àiº>» Å ½
åX�����nå �æ��©G®WÇj��Êl��Ê°®±Ä�¬�Â�º¬�©
Ú ¶ ¼ÛÐ¥À ¸ ¼N½ Å º>» ·¥¹N¸Næ ¾ ·¥×�· »yÀ�Ð ¹ À�Ã
¼N½6ÀãÀ�Â>¾¡Ð Å Á>¾ ¸ º[¼ÆÀiá�¼N½Tî8»yÁ ¿ ¼vî8»T¼N½6Ã · Â4Ài» ·oÅ Â ¹vÅ Â>Ó × Á$½6Ài» ·oÅ Â�Þ�¼N½y¼Ð Å	¹ Ài»T¼Æ¾ · Â
» ¶ ¼ ¸ ¼ÆÀ�Ðo¼Æ¾�È�ÉDÊ�¼ÆÂ ¹ Ð Å�¸ Á$½y¼ÏÀ ¸ ¾$¼ ¸6¹ ½ ·o¿ ¼Æ¾ · Â ¸ ¼ ¹ » ·oÅ Âç�$ÍgÙ�Í=!�Í/Ú ¶4·¥¸ ¼ÆÂ ¹ Ð Å�¸ Á$½y¼ ¸ ¼N½ Ò ¼Æ¾»\Þ Å Ã+À · Â¢º4Á$½6º Å�¸ ¼ ¸ Í³Ú ¶ ¼¡Ó>½ ¸ » Å Ç�» ¶ ¼ ¸ ¼ùÞ�À ¸ » Å º>½y¼ Ò ¼ÆÂ�»B¼và	»T½6À�Â$¼ Å Á ¸ Ð¥À ¸ ¼N½�Ð ·o×�¶ »�Ç@½ Å Ã¼ ¸y¹ Àiº · Â × À�Â4¾ ¹ À�Á ¸6· Â × À+º Å�¸y¸y·¥¿ Ðo¼ ¸ ÀiÇ@¼N»2Ì ¶ À 5 Ài½6¾µÀ�Â>¾ê» ¶ ¼ ¸ ¼ ¹vÅ Â>¾�Þ�À ¸ » Å º>½ Å Ò · ¾>¼ÖÀ ¸ ¼ÆÀ�Ðo¼Æ¾Ò Å Ð¥Á4Ã�¼ · Â�Þ ¶>·_¹6¶ » Å+¹vÅ Â�»yÀ · ÂB» ¶ ¼¬È�ÉDÊ ¸ ¼N¼Æ¾ · Â × º4Ài½y» ·_¹ Ðo¼ ¸ ÍÎÏÐ ·o× Â4Ã�¼ÆÂ�» Å ÇØ» ¶ ¼�Ð_À ¸ ¼N½ Å º>» ·¥¹N¸ À�Â>¾ ¹ À�Ã�¼N½6À"Þ · » ¶ » ¶ ¼�»yÁ ¿ ¼ã»T¼N½6Ã · Â>Ài» ·¥Å Â ¸ Þ/¼N½6¼B» ¶ ¼ÆÂ¹ Ài½y½ · ¼Æ¾ Å Á$»NÍD�JÀi½y¼NÇ@Á4Ð�À�¾ ç Á ¸ »yÃ�¼ÆÂ�» Å ÇJ» ¶ ¼�À�Â × Ðo¼ ¿ ¼N»\Þ/¼N¼ÆÂ » ¶ ¼ Å º>» ·¥¹ À�Ð/ÀXà ·¥¸ÖÅ ÇJ» ¶ ¼ ¹ À�Ã�¼N½6ÀÀ�Â>¾+» ¶ ¼Ïº4Ð¥À�Â$¼ Å Ç-» ¶ ¼ Å º[¼ÆÂÜ¼ÆÂ>¾ Å Ç-» ¶ ¼ì»T¼N½YÃ · Â>Ài» ·oÅ Â+Þ�À ¸U· Ã
º Å ½6»yÀ�Â�»NÍ�Ú Å º>½6¼ Ò ¼ÆÂ�»UÁ>Â�Þ�À�Â�»T¼Æ¾½y¼Nò4¼ ¹ » ·oÅ Â ¸ Ç@½ Å Ã » ¶ ¼(½y¼ÆÀi½ · Â�»T¼N½6Â4À�Ð�¼Æ¾ × ¼ Å Ç�» ¶ ¼Ä»T¼N½6Ã · Â>Ài» ·¥Å Â äöÀ�Â · Â ¹ ½y¼ÆÀ ¸y· Â × º4½ Å�¿ Ðo¼ÆÃ
���
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Þ · » ¶ Ð¥Ài½ × ¼N½Ô½YÀ�¾ ·¥·mÅ Ç ¹ Á$½ Ò Ài»yÁ$½y¼�»T¼N½6Ã · Â>Ài» ·oÅ Â ¸ åJ» ¶>·_¸ À�Â × Ð¥¼ ¸6¶$Å Á>Ð¥¾ ¿ ¼�À ¸Ô¸ Ã
À�Ð¥Ð�À ¸ º Å�¸6¸y·o¿ Ðo¼�Í? Å Þ�¼ Ò ¼N½ æ À ¸ » ¶ ¼Àiº[¼N½y»yÁ$½y¼ ¹vÅ Â�»T½ Å Ð Å Ç�» ¶ ¼¬Ðo¼ÆÂ ¸ ÞUÀ ¸c¿ ½ Å á�¼ÆÂBÀ�Â>¾ ¸ ¼N»<Ç@Á>Ð_ÐoÌ Å º[¼ÆÂ æ » ¶>·¥¸ Ðo¼Æ¾�» ÅÀ�Â>Ài½y½ Å Þ�¾$¼Nº>» ¶�Å Ç�Ó>¼ÆÐ¥¾èÍÚ ¶>·¥¸�¹ À�Á ¸ ¼Æ¾BÀ�º>½ Å�¿ Ðo¼ÆÃ ¸y· Â ¹ ¼ · Çm» ¶ ¼ Å º>» ·¥¹ À�ÐèÀXà ·¥¸UÅ Çm» ¶ ¼¬Ðo¼ÆÂ ¸ ÞUÀ ¸· Â�» ¶ ¼º4Ð¥À�Â$¼ Å Ç» ¶ ¼ Å º[¼ÆÂã¼ÆÂ>¾ Å Ç» ¶ ¼»T¼N½6Ã · Â>Ài» ·¥Å Â æ » ¶ ¼¬Ç@½ Å Â�»<¼Æ¾ × ¼ Å Ç» ¶ ¼Ô»T¼N½6Ã · Â>Ài» ·oÅ ÂãÞUÀ ¸Å Á$» Å Ç�Ç Å	¹ Á ¸Næ4¹ À�Á ¸6· Â × À ¸ Ð ·o×�¶ » ¿ Ð¥Á$½y½ · Â ×�· Âã» ¶ ¼¬½6¼ ¹vÅ ½6¾$¼Æ¾ · Ã
À × ¼�Í � Å » ¶ º>½ Å�¿ Ð¥¼ÆÃ ¸ Ðo¼ÆÀ�¾�» Å ÀÂ�Á>Ã ¿ ¼N½ Å Ç · Â Ò À�Ð · ¾ Ò ¼ ¹ » Å ½ ¸Ö¹ Ð Å�¸ ¼�» Å » ¶ ¼ ¹ ¼ÆÂ�»T½y¼ Å Çf» ¶ ¼�½y¼ ×�·oÅ Â Å Ç · Â�»T¼N½6¼ ¸ »NÍÛÎ ¹vÅ Ã�º>½ Å Ã ·¥¸ ¼º Å�¸y· » ·oÅ Â�Þ�À ¸ Ç Å Á>Â>¾ ¸TÅ Ã�¼NÞ ¶ ¼N½y¼ ¿ ¼N»2Þ�¼N¼ÆÂµ» ¶ ¼�»2Þ Å ¼và	»T½y¼ÆÃ�¼ ¸ » Å Ã · Â · Ã ·_¸ ¼Ô» ¶ ¼�¼ ø ¼ ¹ »NÍÛÚ ¶ ¼À�¾ ç Á ¸ »yÃ�¼ÆÂ�»
ÞUÀ ¸ Ã
À�¾>¼ ¿ Ì »T½ · À�ÐcÀ�Â>¾(¼N½6½ Å ½ ¿ Ì ¹ Ài½6¼NÇ@Á>Ð_ÐoÌ · Â ¸ ¼N½y» · Â × Þ�¼Æ¾ × ¼ ¸ÜÅ Ç ¹ Ài½6¾ ¿[Å Ài½6¾Á>Â>¾>¼N½/» ¶ ¼¬Ð Å Á>¾ ¸ º[¼ÆÀiá�¼N½JÀ�Â>¾ ¹6¶ ¼ ¹ á · Â × » ¶ ¼ · Ã
À × ¼¬Á ¸6· Â × » ¶ ¼ØÈ��cü · Ã
À × ¼ ¹ Àiº>»yÁ>½y¼ ¸TÅ Çú»\Þ�Ài½6¼�ÍüØÂ ¹ ¼Ö» ¶ ¼ Å º>» ·¥¹ À�Ð�ÀXà ·¥¸<Å Çf» ¶ ¼Û¾ ·o×�· »yÀ�Ð ¹ À�Ã
¼N½6À�Þ�À ¸ À�Ð ·o× Â>¼Æ¾BÞ · » ¶ » ¶ ¼Û»yÁ ¿ ¼»T¼N½6Ã · Â>Ài» ·oÅ Â· »ÔÞUÀ ¸ À ¸6· Ã�º4Ðo¼ Å º[¼N½6Ài» ·oÅ Âù» Å À�Ð ·o× Âµ» ¶ ¼+Ð¥À ¸ ¼N½Ð ·o×�¶ » ¸6¶ ¼N¼N»NÍ+ÉLÂ Å ½6¾$¼N½» Å ¼ÆÂ ¸ Á>½y¼
Ã · Â · ÃÖÁ>Ã¾$¼N»T¼ ¹ » ·oÅ Â Å Ç Å Á$» Å Ç4º4Ð_À�Â$¼fº4Ài½6» ·¥¹ Ðo¼UÃ Å » ·oÅ Â ¸ » ¶ ¼JÂ>Ài½y½ Å Þ�¼ ¸ »º4Ài½y» Å Ç4» ¶ ¼JÐ ·¥×�¶ » ¸y¶ ¼N¼N»�ÞUÀ ¸ Á ¸ ¼Æ¾-ÍÚ ¶>·_¸/·¥¸ Ð Å�¹ Ài»T¼Æ¾BÀiº4º>½ Å à · Ã
Ài»T¼ÆÐ¥Ì��Ní�í�Ã
ÃõÇ@½ Å Ãþ» ¶ ¼ Å Á$»Tº)Á$»JÐo¼ÆÂ ¸ Í�Ú ¶ ¼q�I÷ ·o¿ ½6¼ ¸y¶ ¼N¼N»��>Á>Â · »/ÞUÀ ¸½ Å Á ×�¶ ÐoÌ�Ð Å�¹ Ài»T¼Æ¾ Ài»Ö» ¶ ¼ ¹vÅ ½y½y¼ ¹ » Ò ¼N½y» ·¥¹ À�Ð/º Å�¸y· » ·oÅ Â Å Â`» ¶ ¼ ¸y¹ À øQÅ Ð_¾ · Âù» ¶ ¼ÜÈfÉ\Êâ¼ÆÂ ¹ Ð Å�¸ Á$½y¼�ÍÎÏÂ�è<î76³»T½6À�Â ¸ Ð¥Ài» ·oÅ Â ¸ »yÀ × ¼ÜÀi»T»yÀ ¹Y¶ ¼Æ¾ù» Å » ¶ ¼
Ð¥À ¸ ¼N½ Å º>» ·_¹N¸ Þ�À ¸ » ¶ ¼ÆÂùÁ ¸ ¼Æ¾µ» Å Ó4Â>¼Û»yÁ4Â$¼�» ¶ ¼º Å�¸y· » ·oÅ Â Å Ç�» ¶ ¼ÖÐ ·o×�¶ » ¸y¶ ¼N¼N»NÍcÚ ¶ ¼Ð¥À ¸ ¼N½<ÞUÀ ¸ »yÁ$½YÂ$¼Æ¾ Å Â�À�Â4¾�À�Â�Ài»T»T¼ÆÂ�Á>Ài» Å ½ÔÁ ¸ ¼Æ¾B» Å ½6¼Æ¾>Á ¹ ¼» ¶ ¼
Ð ·¥×�¶ » Å Á$»Tº)Á$»Ø» Å À ¸ ÀiÇ@¼
Ðo¼ Ò ¼ÆÐ�Ç Å ½ Ò · ¼NÞ · Â × Í�Ú ¶ ¼
Ð_À ¸ ¼N½ Å º>» ·¥¹N¸ Þ/¼N½y¼ Ò ¼N½6» ·¥¹ À�Ð¥ÐoÌµÀ�¾ ç Á ¸ »T¼Æ¾Á>Â�» · Ð)» ¶ ¼ÔÂ>Ài½y½ Å Þ/¼ ¸ »Uº4Ài½6» Å Çm» ¶ ¼ÔÐ ·o×�¶ » ¸y¶ ¼N¼N»�ÞUÀ ¸UÅ�¿4¸ ¼N½ Ò ¼Æ¾ Å ÂÜ» ¶ ¼ ¸ Á$½yÇöÀ ¹ ¼ØÀi»U» ¶ ¼ Å º[¼ÆÂ�¼ÆÂ>¾Å Ç-» ¶ ¼Ï»yÁ ¿ ¼<»T¼N½6Ã · Â>Ài» ·oÅ Â-ÍÚ ¶ ¼ ¶$Å ½ ·,5NÅ Â�»yÀ�Ð)º Å�¸6· » ·oÅ Â
À�Â>¾�À�Â × Ðo¼ÏÇ@½ Å Ã Ò ¼N½y» ·_¹ À�Ð)Þ�¼N½y¼ØÀ�¾ ç Á ¸ »T¼Æ¾¸TÅ » ¶ Ài»<» ¶ ¼¬º4Ð¥À�Â>¼ Å Ç» ¶ ¼ÖÐ ·o×�¶ » ¸6¶ ¼N¼N» ¹vÅ�· Â ¹N· ¾$¼Æ¾�Þ · » ¶ » ¶ ¼»yÁ ¿ ¼ØÀXà ·¥¸ ÍÚ ¶ ¼+Ç Å�¹ À�Ðfº4Ð¥À�Â$¼ Å ÇJ» ¶ ¼ ¹ À�Ã�¼N½YÀêÐo¼ÆÂ ¸ ÞUÀ ¸Û¸ ¼N»º>½ ·¥Å ½» Å »yÀiá · Â × À�Â�Ì`Ã�¼ÆÀ ¸ Á$½y¼ÆÃ
¼ÆÂ�» ¸Ö¿ Ì· Â ç ¼ ¹ » · Â ×ì¸TÅ Ã�¼ ¸ ¼N¼Æ¾ · Â × º)Ài½y» ·¥¹ Ðo¼ ¸�· Â�» Å » ¶ ¼/¼ÆÂ ¹ Ð Å�¸ Á$½6¼fÀ�Â>¾Á ¸y· Â × » ¶ ¼f½y¼ÆÀ�Ð�» · Ã�¼ · Ã
À × ¼ ¹ Àiº4»yÁ$½y¼ÇöÀ ¹N· Ð · »\Ì Å ÇU» ¶ ¼+È��cü ¹ À�Ã�¼N½YÀ ¸TÅ Ç@»2ÞUÀi½y¼+» Å ¾$¼N»T¼N½6Ã · Â$¼�Þ ¶ ¼ÆÂ ¸ ¼N¼Æ¾ · Â × º4Ài½6» ·¥¹ Ðo¼ ¸¬· Ð_Ð¥Á>Ã · Â4Ài»T¼Æ¾¿ Ì(Ð Å Þ Å Á$»Tº4Á$»�Ð¥À ¸ ¼N½�Ð ·o×�¶ »+Þ�¼N½y¼ ¿ ½ Å Á ×�¶ » · Â�» Å Ç Å�¹ Á ¸ ÍóüØÂ ¹ ¼ ¸ ¼N» æ » ¶ ¼�»yÁ ¿ ¼B»T¼N½6Ã · Â>Ài» ·oÅ ÂÞUÀ ¸c¹ ¼ÆÂ�»T½6¼Æ¾ ¶$Å ½ ·,5NÅ Â�»yÀ�Ð¥ÐoÌ · Â�» ¶ ¼ · Ã
À × ¼¬Á ¸y· Â × À�»T½6À�Â ¸ Ð¥Ài» ·oÅ Â ¸ »yÀ × ¼À�Â4¾�» ¶ ¼Ôº · à	¼ÆÐQº Å�¸6· » ·oÅ Â ¸Å ÇU» ¶ ¼ ¹vÅ ½6Â>¼N½ ¸¬Å ÇU»yÁ ¿ ¼�»T¼N½6Ã · Â>Ài» ·oÅ ÂùÂ Å »T¼Æ¾èÍÜÚ ¶ ¼+Ç Å	¹ Á ¸ÔÅ ÇU» ¶ ¼ ¹ À�Ã
¼N½6ÀBÞUÀ ¸ Â Å »À�¾ ç Á ¸ »T¼Æ¾ÇöÁ$½y» ¶ ¼N½<¾4Á$½ · Â × À ¸ ¼N» Å Ç�Ã�¼ÆÀ ¸ Á>½y¼ÆÃ�¼ÆÂ�» ¸ » Å À Ò Å�· ¾�À ¹N¹N· ¾$¼ÆÂ�»yÀ�Ð¥ÐoÌãÃ ·¥¸ À�Ð ·o× Â · Â ×�· »NÍ�É\Ç�À�Â�Ì�Ç Å	¹ À�ÐÀ�¾ ç Á ¸ »yÃ�¼ÆÂ�»UÞ�À ¸ Â>¼ ¹ ¼ ¸y¸ Ài½yÌ · »/ÞUÀ ¸ ¾ Å Â$¼ ¿ ÌÜÃ Å Ò · Â × » ¶ ¼ ¹ À�Ã
¼N½6À�Ç Å ½6Þ�Ài½6¾ Å ½ ¿ À ¹ á ¹ Ài½y¼NÇöÁ>Ð¥Ð¥ÌÅ Â · » ¸ »T½6À�Â ¸ Ð¥Ài» ·¥Å Â ¸ »yÀ × ¼�Í
åX�¦���¦é ê��m�U��®W¬XÄ·���I�G©�®°Ç[Ê±�U�
é�¼N¼Æ¾ · Â × º4Ài½6» ·¥¹ Ðo¼ ¸ Þ · » ¶ ÀØÃ�¼ÆÀ�Â�¾ · À�Ã�¼N»T¼N½ Å ÇT�aëèÃóÞ�¼N½y¼ × ¼ÆÂ$¼N½6Ài»T¼Æ¾�Á ¸y· Â × À¬é	ÀiÇ@¼vàg8ì¼ ¿ ¼ÆÐ × ¼N½uìÀi»÷�Ùií�í��¡Ç Å�×µ× ¼ÆÂ$¼N½YÀi» Å ½+Á ¸y· Â ×ê¸ »yÀ�Â>¾4Ài½6¾ Ç Å�× ò4Á · ¾-ÍêÎ ¸y· Â × Ðo¼ ¸y¶$Å ½y» ¿ Á$½ ¸ » Å Çìº4Ài½y» ·¥¹ Ðo¼ ¸ Þ�¼N½y¼À�¾>¾$¼Æ¾B» Å » ¶ ¼ÈfÉ\Êß¼ÆÂ ¹ Ð Å�¸ Á$½y¼Ô» ¶ ½ Å Á ×�¶ À ¸ Ã
À�Ð_Ð ¸ ¼ÆÀ�Ð¥À ¿ Ðo¼¬Àiº[¼N½y»yÁ>½y¼ Å ÂB» ¶ ¼ ¸6· ¾$¼¬À�Â>¾BÀ�Ð_Ð Å Þ�¼Æ¾» Å�¶$Å Ã Å�× ¼ÆÂ ·¥¸ ¼<Ç Å ½�Ó Ò ¼<» Å »T¼ÆÂ�Ã · Â�Á>»T¼ ¸ Í�Ú ¶>·¥¸ À�Ã Å Á>Â�» Å ÇèÇ Å�× Þ Å Á>Ð¥¾ × ¼ÆÂ$¼N½6À�Ð¥Ð¥Ì ¿ ¼ ¸ Á ++¹N· ¼ÆÂ�»À�Â>¾�½y¼ÆÃ
À · Â · ÂBÀ ¸ »yÀ ¿ Ðo¼ ¸ Á ¸ º[¼ÆÂ ¸y·oÅ Â�Ç Å ½ÏÀ ¿[Å Á$»l��Õ+Ã · Â�Á$»T¼ ¸ î/¼ÆÂ Å Á ×�¶ » · Ã�¼Ç Å ½ØÀ ¸ ¼N» Å Ç�1�î°�¼và	ºQ¼N½ · Ã�¼ÆÂ�»yÀ�Ð>Ã�¼ÆÀ ¸ Á$½6¼ÆÃ�¼ÆÂ�» ¸ Þ · » ¶�Å Â$¼ì»T¼N½6Ã · Â4Ài» ·oÅ Â-Í / ¼ × Á>Ð¥Ài½ Ò ·¥¸ Á>À�Ð ¹6¶ ¼ ¹ á ¸ Þ�¼N½y¼<Ã
À�¾>¼ Å Â

��Õ



%IHKJMLON PRQ   SD»�&a¼A3TLGLUJ�QRJ�NWVutXJ�Y[Z('�¢\LOP�Q^]¤£FPRY*N J�¥[»�Q�_G`RPaZ�VQ�PRt
» ¶ ¼ÛÂ�Á4Ã ¿ ¼N½ Å Ç�º)Ài½y» ·¥¹ Ðo¼ ¸ Á ¸y· Â ×Ü· Ã
À × ¼ ¸ ½y¼ ¹vÅ ½6¾$¼Æ¾êÞ · » ¶ » ¶ ¼ÛÈ��cü ¹ À�Ã
¼N½6À ¸yÅ Çú»\Þ�Ài½y¼ ¸TÅ » ¶ Ài»Ã Å ½6¼Ôº4Ài½y» ·¥¹ Ðo¼ ¸J¹vÅ Á4Ð¥¾ ¿ ¼¬À�¾>¾$¼Æ¾ ¿ ¼N»2Þ�¼N¼ÆÂB¼và	º[¼N½ · Ã�¼ÆÂ�» ¸c· Ç�Â$¼ ¹ ¼ ¸y¸ Ài½6Ì�Í
åX�����¦í îbïð#Â�U�O�����G�U¯�U¬T©�������Çj�º���X���
� ¼NÇ Å ½y¼ ¹vÅ Ã
Ã�¼ÆÂ ¹N· Â × À ¸ ¼N» Å ÇÃ�¼ÆÀ ¸ Á$½6¼ÆÃ�¼ÆÂ�» ¸cÅ ÂBÀ�Â$¼NÞ<ÐoÌÜÓ>»T»T¼Æ¾ã»T¼N½6Ã · Â>Ài» ·oÅ ÂãÀ Ò ¼N½ · Ó ¹ Ài» ·oÅ Â¸ Ì ¸ »T¼ÆÃâÞUÀ ¸ Á ¸ ¼Æ¾�» Å
¹Y¶ ¼ ¹ á�» ¶ Ài»U» ¶ ¼¬Ð Å Á4¾ ¸ º[¼ÆÀiá�¼N½ñ¹�»yÁ ¿ ¼u¹�»T¼N½6Ã · Â>Ài» ·oÅ Â ¸ Ì ¸ »T¼ÆÃâÞ�À ¸ º4½ Å º[¼N½6ÐoÌ¸ ¼ÆÀ�Ð¥¼Æ¾¡À�Â>¾¡Þ Å ½yá · Â ×ã¹vÅ ½y½y¼ ¹ »yÐoÌ�Í
Ú ¶4·¥¸ Þ�À ¸ À ¸y· Ã�º4Ð¥¼Öº>½ Å�¹ ¼Æ¾>Á>½y¼ Å Ç ¹Y¶ ¼ ¹ á · Â × » ¶ Ài»ÔÇ Å ½ÀBÕXÊÀ�Ã�º)Ð · »yÁ>¾$¼ ¸y· Â$¼ÏÞUÀ Ò ¼ · Â>º4Á$»f» Å » ¶ ¼ØÐ Å Á>¾ ¸ º[¼ÆÀiá�¼N½äöÀ ¸ ½y¼ÆÀ�¾�Ç Å ½6Ãâ» ¶ ¼ Å�¸y¹N· Ð¥Ð Å�¸y¹vÅ º[¼Ï»T½6À ¹ ¼�å/» ¶ ¼¸TÅ Á4Â>¾�º>½y¼ ¸6¸ Á$½y¼<Ð¥¼ Ò ¼ÆÐ4Þ · » ¶>· Â�» ¶ ¼Ø¾>Á ¹ »/Þ�À ¸�· Â
» ¶ ¼<½y¼ ×�·oÅ Â Å ÇX�1j�iÍgÙ�îB�1�Ù�Í=!i¾ � ä ¹vÅ ½y½6¼ ¸ º Å Â>¾ · Â ×» Å Àµº[¼ÆÀiá�î8» Å î8ºQ¼ÆÀiáÿÈ�� � »T½6À�Â ¸ ¾>Á ¹ ¼N½ Å Á$»Tº4Á$» Å Ç ¿ ¼N»\Þ/¼N¼ÆÂïÙ�����Ã�Ê À�Â>¾Å!j�siÃ�ÊÛÍfÎ ¸TÅ Á>Â>¾º>½6¼ ¸y¸ Á$½y¼�Ðo¼ Ò ¼ÆÐØÐ Å Þ�¼N½ã» ¶ À�Â�» ¶>·_¸�· Â>¾ ·¥¹ Ài»T¼Æ¾ïÀ º>½ Å�¿ Ðo¼ÆÃBÍÝÎìÐ¥Ðì¼ÆÐo¼ ¹ »T½ ·_¹ À�Ð ¹vÅ Â4Â$¼ ¹ » ·oÅ Â ¸ Þ�¼N½y¼¹Y¶ ¼ ¹ á�¼Æ¾ãÀ�Â>¾Ü» ¶ ¼ Ò ¼N½ · Ó ¹ Ài» ·oÅ Â ¸ Ì ¸ »T¼ÆÃþ½y¼Nº[¼ÆÀi»T¼Æ¾-Í�ÉDÇ-» ¶ ¼ ¸TÅ Á4Â>¾
º>½6¼ ¸y¸ Á$½y¼ìÐo¼ Ò ¼ÆÐ ¸ » · Ð¥Ð$½6¼ÆÃ
À · Â$¼Æ¾» Å�Å Ð Å Þ(» ¶ ¼ÆÂ
» ¶ ¼ · Ã�º4Ð ·¥¹ Ài» ·oÅ ÂÛÞ�À ¸ » ¶ Ài»fÀ · ½/Ðo¼ÆÀiá ¸ Þ/¼N½6¼cº>½y¼ ¸ ¼ÆÂ�»�À�Â>¾+» ¶ ¼J»yÁ ¿ ¼JÞ�À ¸ ½y¼ÆÃ Å Ò ¼Æ¾ æ½y¼ ¸ ¼ÆÀ�Ðo¼Æ¾ãÞ · » ¶ Ò À ¹ Á>Á>Ã × ½y¼ÆÀ ¸ ¼À�Â>¾B» ¶ ¼ Ò ¼N½ · Ó ¹ Ài» ·¥Å Âãº>½ Å	¹ ¼Æ¾>Á$½y¼Ô½6¼NºQ¼ÆÀi»T¼Æ¾èÍüÔÂ ¹ ¼¬» ¶ ¼À�Ð_ÐèÀiº>º4Ài½6Ài»yÁ ¸ Þ�À ¸ º>½y¼Nº4Ài½6¼Æ¾BÀ�Â>¾B» ¶ ¼ Å º>» ·¥¹N¸ À�Ð ·o× Â$¼Æ¾ æ » ¶ ¼À ¹N¹ ¼ ¸y¸Ï¶ Ài» ¹6¶ ¼ ¸ìÅ Â» ¶ ¼
ÈfÉ\ÊÑ¼ÆÂ ¹ Ð Å�¸ Á>½y¼�Þ/¼N½6¼ ¸ ¼ÆÀ�Ðo¼Æ¾-Í+é�¼N¼Æ¾ · Â × º4Ài½y» ·¥¹ Ðo¼ ¸ Ç@½ Å Ã » ¶ ¼Üé$Îì÷�fXèò8ì¼ ¿ ¼ÆÐ × ¼N½uìÀi»÷�Ùií�í��Ç Å�×ã× ¼ÆÂ$¼N½6Ài» Å ½ÛÞ/¼N½6¼
» ¶ ¼ÆÂ · Â�»T½ Å ¾>Á ¹ ¼Æ¾ · Â�» Å » ¶ ¼�¼ÆÂ ¹ Ð Å�¸ Á$½y¼
À�Â>¾¡À�Ð_Ð Å Þ�¼Æ¾ù» Å�¶>Å Ã Å�× ¼ÆÂ ·¥¸ ¼�Ç Å ½À�Ç@¼NÞ Ã · Â�Á$»T¼ ¸Ø¿ ¼NÇ Å ½y¼ : À ¿ Ò · ¼NÞ Þ�À ¸¬· Â · » · Ài»T¼Æ¾µ» ÅB¸ ¼N»ÖÁ$º¡» ¶ ¼
À ¹vÅ Á ¸ » ·_¹ Ó>¼ÆÐ¥¾¡À�Â>¾µ» ¶ ¼
Ð¥À ¸ ¼N½Ð ·¥×�¶ »U»yÁ$½6Â>¼Æ¾ Å Â-ÍÚ ¶ ¼ ¸TÅ Á>Â>¾Øº4½y¼ ¸y¸ Á$½6¼�Ðo¼ Ò ¼ÆÐ�Þ · » ¶4· ÂÏ» ¶ ¼�»yÁ ¿ ¼�ÞUÀ ¸ Ã Å Â · » Å ½y¼Æ¾ ¿ Ì Ò · ¼NÞ · Â × » ¶ ¼ Å Á$»Tº4Á>» ¸y·o× Â>À�ÐÇ@½ Å ÃÑ» ¶ ¼ÔÈ	� � »T½6À�Â ¸ ¾>Á ¹ ¼N½ æ ÀiÇ@»T¼N½Jº4À ¸y¸6· Â × » ¶ ½ Å Á ×�¶ ÀÖÈ�� � È · ¼ 5NÅ »T½ Å Â ·_¹N¸ É��UÈ ¸ ¼ÆÂ ¸TÅ ½ ¸y·o× Â>À�Ð¹vÅ Â>¾ · » ·oÅ Â$¼N½Ö»2Ì�ºQ¼;����ÙiÎØÙ�Ù æfÅ Â À�Â Å�¸6¹N· Ð¥Ð Å�¸y¹vÅ º[¼�Í�Ú ¶ ¼+º[¼ÆÀiá�î8» Å î8º[¼ÆÀiá Ò Å Ðo»yÀ × ¼ Å Á$»Tº)Á$»Ç@½ Å Ã» ¶ ¼JÈ�� � »T½6À�Â ¸ ¾>Á ¹ ¼N½�Þ�À ¸ À�¾ ç Á ¸ »T¼Æ¾ ¿ Ì Ò Ài½yÌ · Â × » ¶ ¼ Ò Å Ð_Á>Ã�¼ ¹vÅ Â�»T½ Å Ð Å Â�» ¶ ¼cÀ�Ã�º)Ð · Ó>¼N½ÆÍ�üØÂ ¹ ¼» ¶ ¼ ¸TÅ Á>Â4¾
º>½y¼ ¸6¸ Á$½y¼ÏÐo¼ Ò ¼ÆÐQÞ · » ¶>· Â
» ¶ ¼ì»yÁ ¿ ¼ÏÞUÀ ¸�¸ ¼N»/» Å » ¶ ¼Ï½y¼ ñ Á · ½y¼Æ¾ÜÐo¼ Ò ¼ÆÐQ» ¶ ¼ÏÃ
¼ÆÀ ¸ Á$½y¼ÆÃ�¼ÆÂ�»¸ ¼ ñ Á$¼ÆÂ ¹ ¼ì¾$¼ ¸y¹ ½ ·o¿ ¼Æ¾ · Â ¸ ¼ ¹ » ·oÅ Âi�$ÍgÙ�Ír�ÛÞ�À ¸ » ¶ ¼ÆÂ · Â · » · Ài»T¼Æ¾�À�Â>¾
½6¼NºQ¼ÆÀi»T¼Æ¾
Ç Å ½/¼ÆÀ ¹6¶ÜÅ ÇÀ�Níº ¶ À ¸ ¼À�Â × Ð¥¼ ¸ » ¶ ½ Å Á ×�¶ » ¶ ¼�À ¹vÅ Á ¸ » ·¥¹�¹ Ì ¹ Ð¥¼+Þ · » ¶ù¿ ¼N»\Þ/¼N¼ÆÂÿÙ�Õ�À�Â>¾$!ií�È�ÉDÊ · Ã
À × ¼+º)À · ½ ¸ ½6¼ ¹vÅ ½6¾$¼Æ¾Ài»J¼ÆÀ ¹Y¶ º ¶ À ¸ ¼¬À�Â × Ðo¼�Í�>B¼ÆÀ ¸ Á$½y¼ÆÃ�¼ÆÂ�» ¸ Þ�¼N½y¼¬Ã
À�¾$¼¬Ài»cÀ�Â�Á>Ã ¿ ¼N½ Å Ç · Â�»T¼N½6Â>À�Ð ¸TÅ Á>Â>¾�º>½6¼ ¸y¸ Á$½y¼Ðo¼ Ò ¼ÆÐ ¸ ½6À�Â ×�· Â ×µ¿ ¼N»2Þ�¼N¼ÆÂ��!�1�Í=!i¾ � À�Â>¾Ì�1�s�Ín�N¾ � Ç Å ½
¼ÆÀ ¹Y¶(Å ÇÏ» ¶ ¼ãÓ Ò ¼B»yÁ ¿ ¼�»T¼N½6Ã · Â>Ài» ·oÅ Â ¸ ÍÉD»�Þ�À ¸ ¼và�º[¼ ¹ »T¼Æ¾(» ¶ Ài»
Ài»
» ¶ ¼BÐ Å Þ/¼ ¸ »ÜÐo¼ Ò ¼ÆÐ ¸ » ¶ ¼ãº)Ài½y» ·¥¹ Ðo¼ Ò ¼ÆÐ Å	¹N· »2Ì Þ Å Á>Ð¥¾ ¿ ¼ãÐ Å Þ ¼ÆÂ Å Á ×�¶» ¶ Ài»/Â Å Â	î2Ð · Â>¼ÆÀi½�¼ ø ¼ ¹ » ¸ Þ Å Á>Ð¥¾ ¿ ¼<Â$¼ × Ð ·¥×�·o¿ Ðo¼JÀ�Â>¾�» ¶ ¼ Ò ¼ÆÐ Å	¹N· »2Ì�Ó>¼ÆÐ_¾�Þ Å Á>Ð_¾�½y¼Nº>½y¼ ¸ ¼ÆÂ�»fÀ ¹ Ð Å�¸ ¼Àiº>º4½ Å à · Ã
Ài» ·oÅ Â�» Å º Å »T¼ÆÂ�» · À�Ð-ò Å Þ¬ÍÚ ¶ ¼ ñ Á>À�Ð · »\Ì+À�Â>¾�Á ¸ ¼NÇöÁ>Ð¥Â$¼ ¸6¸�Å ÇmÀ ¸ ¼N» Å Ç · Ã+À × ¼ ¸UÅ ½�º)Ài½y» ·¥¹ Á>Ð¥Ài½/¼và�º[¼N½ · Ã�¼ÆÂ�»yÀ�Ð ¸ ¼N»yÁ$º�Þ�¼N½y¼¼ Ò À�Ð¥Á>Ài»T¼Æ¾¡º4½ ·oÅ ½Ô» Å$æ À�Â>¾ Å	¹N¹ À ¸y·oÅ Â>À�Ð¥Ð¥Ì�¾>Á>½ · Â ×$æ » ¶ ¼ÜÀ ¹Nñ Á ·_¸y· » ·oÅ Â Å ÇUÀ ¸ ¼N» Å Ç�Ã�¼ÆÀ ¸ Á$½y¼ÆÃ�¼ÆÂ�» ¸Á ¸6· Â × À(»T½ · À�Ð Ò ¼N½ ¸y·¥Å Â Å Ç ¸TÅ Ã
¼`È�ÉDÊ ¸TÅ Ç@»2ÞUÀi½y¼ ¹ À�Ð_Ðo¼Æ¾ôógÈfÉ\ÊÏÊ · ¼NÞ(�<º>½ Å ¾>Á ¹ ¼Æ¾ ¿ Ì¢ÈfÉ\ÊÏ»T¼ ¹ ÍÚ ¶4·¥¸ Þ�À ¸ À�Â¡¼và	»T½y¼ÆÃ�¼ÆÐoÌ¡Á ¸ ¼NÇöÁ>Ð» Å�Å Ð�Ç Å ½¬» ¶ ¼ ñ Á ·¥¹ áµ¼ Ò À�Ð¥Á4Ài» ·oÅ Â Å ÇJÈ�ÉDÊ · Ã
À × ¼ ¸ Þ · » ¶>· Â�» ¶ ¼Ð¥À ¿[Å ½6Ài» Å ½6ÌÖÀ�Â>¾ ¸ À Ò ¼Æ¾+ÀÐ Å » Å Ç)» · Ã�¼J» ¶ Ài»�Þ Å Á>Ð¥¾ ¶ À Ò ¼ Å » ¶ ¼N½6Þ ·¥¸ ¼ ¿ ¼N¼ÆÂ ¸ º[¼ÆÂ�» · Â ¹vÅ Â Ò ¼ÆÂ · ¼ÆÂ�»yÐoÌ»T½6À�Â ¸ Çú¼N½6½ · Â × Ð¥Ài½ × ¼¾4Ài»yÀ�Ó4Ðo¼ ¸ » Å » ¶ ¼ Å�++¹ ¼ ¹vÅ Ã�º)Á$»T¼N½cÇ Å ½ìÀ�Â>À�ÐoÌ ¸y·¥¸ À�Â>¾ · Â ¸ º[¼ ¹ » ·oÅ Â-Í
��1



  S   S�õi]¦`°Q�_�LjHj_aY*P<%�J�¥ö]�÷Q�JGNø]n_aY
ù v ù ú }�û�|��.zi�q�<�q{ýü·���B}Bþq|��	��}��.�
Î � ½GìÁ$¼ÆÐUÀ�Â>¾Íÿ ç�� ½ ¶ À�ÐoÇúî · Â ¹6¶ Ã ·¥¹ ½ Å º ¶$Å Â$¼µä ¹ Ài½y»T½ · ¾ × ¼�»\Ì�º[¼;�m�s�Ù æ Þ · » ¶ º>½y¼ÆÀ�Ã
º4Ð · Ó>¼N½ÛÀ�Â>¾º>½ Å�¿ ¼�Ài»T»yÀ ¹6¶ Ã�¼ÆÂ�»Yå�ÞUÀ ¸ Á ¸ ¼Æ¾ïÇ Å ½�º4½y¼ ¸y¸ Á$½6¼êÃ�¼ÆÀ ¸ Á>½y¼ÆÃ�¼ÆÂ�» ¸ Â>¼ÆÀi½ã» ¶ ¼ê»yÁ ¿ ¼�»T¼N½6Ã · Â>Ài» ·oÅ Â-ÍÚ ¶ ¼�½6¼NÇú¼N½y¼ÆÂ ¹ ¼+Ã ·¥¹ ½ Å º ¶$Å Â$¼
Á ¸ ¼Æ¾ùÇ Å ½ ¹ À�Ð ·o¿ ½6Ài» ·¥Å ÂµÞ�À ¸ À�Â Å » ¶ ¼N½ � ½GìÁ>¼ÆÐ�À�Â>¾eÿ ç�� ½ ¶ À�ÐoÇ_î · Â ¹6¶Ã ·¥¹ ½ Å º ¶$Å Â$¼ØÞ · » ¶ã¹ Ài½6»T½ · ¾ × ¼Ô»\Ì�º[¼(�m�!��$ÍÚ ¶ ¼ � ½GìÁ$¼ÆÐØÀ�Â>¾·ÿ ç�� ½ãÈfÁ4Ð ¸ ¼ùé�Ì ¸ »T¼ÆÃ Þ · » ¶ À`»\Ì�º[¼e!j�NíGs · Â$º)Á$»M¹ Å Á$»Tº4Á$»�Ã Å ¾>Á>Ðo¼µÀ�Â>¾: Î.8 · Â�»T¼N½yÇöÀ ¹ ¼ÏÃ Å ¾>Á4Ðo¼<»\Ì�º[¼(CiÕ�!�!ÛÞ · » ¶ È/Á>Ð ¸ ¼ : À ¿4¸6¶$Å º Ò ¼N½ ¸y·oÅ Â½1�Ín� ¸yÅ Çú»\Þ�Ài½y¼ÔÞ�¼N½y¼ØÁ ¸ ¼Æ¾Ü» Å¹ À�Ð ·o¿ ½6Ài»T¼<» ¶ ¼ � ½GìÁ$¼ÆÐQÀ�Â>¾;ÿ ç�� ½�> ·¥¹ ½ Å º ¶>Å Â$¼ ¸ Á ¸ ¼Æ¾ · ÂÜ» ¶ ¼ØÀ�Ð¥Ð Å Ç-» ¶ ¼ì¼và	º[¼N½ · Ã�¼ÆÂ�» ¸ º>½y¼ ¸ ¼ÆÂ�»T¼Æ¾· Â`» ¶>·¥¸ » ¶ ¼ ¸y·¥¸ Í�Ú ¶ ¼ÜÈfÁ4Ð ¸ ¼ ¸ Ì ¸ »T¼ÆÃ ·¥¸ À�È	� ¿ À ¸ ¼Æ¾ ¾>Ài»yÀµÀ ¹Nñ Á ·¥¸y· » ·¥Å Â ¸ Ì ¸ »T¼ÆÃ À�Â>¾ ¶ À ¸�· Â	î¿ Á · Ðo»�Ç@Á4Â ¹ » ·oÅ Â ¸ À�Â>¾
º>½ Å�¹ ¼Æ¾>Á>½y¼ ¸ » Å À�Ð¥Ð Å Þ » ¶ ¼ØÀ ¹N¹ Á$½6Ài»T¼ ¹ À�Ð ·o¿ ½6Ài» ·oÅ Â Å ÇmÃ ·¥¹ ½ Å º ¶>Å Â$¼ ¸ Í�É\» ¶ À ¸¸ » Å ½y¼Æ¾�Ç@½y¼ ñ Á$¼ÆÂ ¹ ÌÖ½y¼ ¸ º Å Â ¸ ¼U¾>Ài»yÀÏÇ Å ½�À�Ð_Ð � ½GìÁ>¼ÆÐ�À�Â4¾iÿ ç�� ½�Ã ·_¹ ½ Å º ¶$Å Â$¼ ¸ À�Â>¾�À�Ð¥Ð Å Þ ¸ º>½6¼ ¹N·¥¸y·oÅ ÂÃ�¼ÆÀ ¸ Á>½y¼ÆÃ�¼ÆÂ�» ¸cÅ Ç�º>½y¼ ¸y¸ Á>½y¼ÔÀ�Â>¾ãº ¶ À ¸ ¼�Í
åX�nå��W� "����h�m��®°¯�U¬T©���Ê.Ã �[©GÆX���
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Probe Microphone (B&K 4192 Type)

Reference Microphone (B&K 4134 Type)

PHASE(deg)

REF(mPa)

PROBE(mV)

SINE WAVE (f = f0)

Measuring Amplifier (B&K 2609 Type)

Pulse System

Coupling Device

÷ ·o× Á>½y¼)�$Ín�Níj��f�à�º[¼N½ · Ã
¼ÆÂ�»yÀ�Ð ¸ ¼N»yÁ>ºBÇ Å ½<º>½ Å�¿ ¼ÔÃ ·¥¹ ½ Å º ¶>Å Â$¼ ¹ À�Ð ·o¿ ½6Ài» ·¥Å Â
�KC
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Ú ¶ ¼ ¸ Ì ¸ »T¼ÆÃ Á ¸ ¼Æ¾êÇ Å ½Ï» ¶ ¼Öº>½ Å�¿ ¼ÖÃ ·¥¹ ½ Å º ¶>Å Â$¼ ¹ À�Ð ·¥¿ ½6Ài» ·oÅ Â ·¥¸ì¸6¶$Å Þ<Â · Â�÷ ·o× Á$½y¼g�$Ín�Ní	Í¬Î¸ ¼ÆÀ�Ð¥¼Æ¾ ¹vÅ Á$º4Ð · Â × ¾$¼ Ò ·¥¹ ¼ìº>½ Å Ò · ¾$¼Æ¾ ¿ Ì � ½GìÁ$¼ÆÐ)À�Â>¾;ÿ ç�� ½ ¸ º[¼ ¹N· Ó ¹ À�Ð¥Ð¥ÌÖÇ Å ½ ¹ À�Ð ·o¿ ½6Ài» ·oÅ Â+º4Á$½yº Å�¸ ¼ ¸ä c Îìí�í���í+º>½ Å�¿ ¼¬Ã ·¥¹ ½ Å º ¶$Å Â$¼Øá · »Yå/Þ�À ¸ Á ¸ ¼Æ¾-ÍÚ ¶ ¼ � ½GìÁ$¼ÆÐìÀ�Â>¾Âÿ ç�� ½Ü»2Ì�º[¼��m�s�Ù ¶ À�ÐoÇúî · Â ¹Y¶ Ã ·¥¹ ½ Å º ¶$Å Â$¼BÞ · » ¶ À`Ù�!�ÕiÃ+Ã Ð Å Â ×$æ ÙiÃ
Ã¾ · À�Ã�¼N»T¼N½/º4½ Å�¿ ¼ìÀi»T»yÀ ¹6¶ Ã�¼ÆÂ�»Ûä@» ÅÛ¿ ¼ ¹ À�Ð ·o¿ ½YÀi»T¼Æ¾)åÞUÀ ¸J· Â ¸ ¼N½6»T¼Æ¾ · Â�» Å ÀÛÙiÃ
Ã ¶$Å Ð¥¼ · Â+» ¶ ¼ ¸y· ¾$¼Å Ç/» ¶ ¼ ¹vÅ Á$º4Ð · Â × ¾$¼ Ò ·¥¹ ¼�À�Â>¾ ¸ ¼ÆÀ�Ðo¼Æ¾¡Á ¸6· Â × º)Á$»T»2Ì�ÍÛÎ � ½GìÁ$¼ÆÐÀ�Â>¾�ÿ ç�� ½Ø»2Ì�º[¼k�m�!�� ¶ À�ÐoÇ_î · Â ¹6¶Ã ·_¹ ½ Å º ¶$Å Â$¼ æ º>½ Å Ò · ¾ · Â × » ¶ ¼+½6¼NÇú¼N½y¼ÆÂ ¹ ¼ ¸y·o× Â4À�Ð æ ÞUÀ ¸¸y¹ ½6¼NÞ/¼Æ¾ · Â�» Å » ¶ ¼
» Å º Å ÇJ» ¶ ¼ ¹vÅ Á>º4Ð · Â ×¾$¼ Ò ·¥¹ ¼�¼ÆÂ ¸ Á>½ · Â × À ×�Å�Å ¾ ¸ ¼ÆÀ�ÐRÍ�Î ¸ Ã
À�Ð¥ÐÐ Å Á>¾ ¸ ºQ¼ÆÀiá�¼N½¬Ð Å�¹ Ài»T¼Æ¾ · Âê» ¶ ¼ ¿ À ¸ ¼ Å Ç/» ¶ ¼ ¹vÅ Á>º4Ð · Â ×¾$¼ Ò ·¥¹ ¼¬À ¹ »T¼Æ¾êÀ ¸ » ¶ ¼ ¸TÅ Á4Â>¾ ¸TÅ Á$½ ¹ ¼ÔÇ Å ½c» ¶ ¼ ¹ À�Ð ·o¿ ½YÀi» ·oÅ Â�º>½ Å	¹ ¼Æ¾>Á$½y¼�ÍÚ ¶ ¼ÔÈ�½ Å�¿ ¼ÔÃ ·¥¹ ½ Å º ¶$Å Â$¼Øº>½y¼ÆÀ�Ã�ºãÞUÀ ¸ Â Å »<Ó>»T»T¼Æ¾ãÞ · » ¶ À�Ã Å ¾$¼N½6Â � ½GìÁ>¼ÆÐ-À�Â>¾æÿ ç�� ½Jº4Ð¥Á ×À�Â>¾Þ�À ¸ Â Å » ¹vÅ Ã�º4Ài» ·o¿ Ðo¼�Þ · » ¶ » ¶ ¼ · Â$º4Á$» ¸TÅ	¹ á�¼N» Å Ç>» ¶ ¼/ÈfÁ4Ð ¸ ¼ ¶ Ài½Y¾$Þ�Ài½6¼�Ím÷ Å ½» ¶>·¥¸ ½y¼ÆÀ ¸TÅ ÂÖ» ¶ ¼Å Á$»Tº)Á$» Ò Å Ðo»yÀ × ¼ ¸y·¥× Â>À�Ð	Çú½ Å Ãð» ¶ ¼Jº>½ Å�¿ ¼JÃ ·¥¹ ½ Å º ¶$Å Â$¼ ¶ À�¾�» Å¬¿ ¼Jº4À ¸6¸ ¼Æ¾�» ¶ ½ Å Á ×�¶ À � ½GìÁ$¼ÆÐ$À�Â>¾ÿ ç�� ½�»2Ì�º[¼ØÙ�1iíGs�À�Â4À�Ð Å�× Á$¼ÔÃ�¼ÆÀ ¸ Á$½ · Â × À�Ã
º4Ð · Ó>¼N½ ¿ ¼NÇ Å ½y¼ ¹vÅ Â>Â$¼ ¹ » ·¥Å Â�» Å » ¶ ¼ØÈ/Á>Ð ¸ ¼ ¶ Ài½6¾$ÞUÀi½y¼Á ¸6· Â × À ¸ »yÀ�Â>¾4Ài½6¾ � 8§� ¹vÅ Â>Â$¼ ¹ » Å ½ÆÍ�Ú ¶ ¼cÃ�¼ÆÀ ¸ Á$½ · Â × À�Ã�º4Ð · Ó>¼N½�À�Ð¥Ð Å Þ ¸ » ¶ ¼<À ¹vÅ Á ¸ » ·¥¹ º>½6¼ ¸y¸ Á$½y¼Ðo¼ Ò ¼ÆÐ�» ÅÜ¿ ¼Ö½y¼ÆÀ�¾�Ç@½ Å Ã ÀÜ¾ · À�Ð Å Â�» ¶ ¼ÖÇ@½ Å Â�»<º4À�Â$¼ÆÐmÀ�Â>¾ê» ¶ ¼ × À · Â�Ðo¼ Ò ¼ÆÐm» Å+¿ ¼ÖÀ�¾ ç Á ¸ »T¼Æ¾-ÍcÚ ¶ ¼× À · ÂÿÐ¥¼ Ò ¼ÆÐä · Âÿ¾ � å ·¥¸�¸ ¼N»
À�Â4¾ÿÂ Å »T¼Æ¾ Å Â ¹ ¼ã» ¶ ¼ ¸y·o× Â>À�ÐU» Å » ¶ ¼BÐ Å Á>¾ ¸ º[¼ÆÀiá�¼N½ ·¥¸�¸ »yÀi½6»T¼Æ¾ ¿ Ì¹Y¶$Å�Å�¸6· Â × À¬Ð¥¼ Ò ¼ÆÐ4Ài»fÞ ¶>·¥¹6¶ » ¶ ¼<Â$¼N¼Æ¾>Ð¥¼ Å Â
» ¶ ¼ÏÀ�Â>À�Ð Å�× Á$¼ì¾ · À�Ð$½y¼ÆÃ+À · Â ¸ À ¿[Å Ò ¼Ïí�¾ � À�Â>¾ ¿ ¼ÆÐ Å ÞÇöÁ>Ð¥Ð ¸y¹ À�Ðo¼¬¾>¼Nò>¼ ¹ » ·oÅ Â-ÍÚ ¶ ¼+½6Ã ¸Å Á$»Tº)Á$» Ò Å Ðo»yÀ × ¼BÀi»ÛÇöÁ>Ð¥Ð ¸6¹ À�Ðo¼�¾>¼Nò>¼ ¹ » ·oÅ Â�ä · Í:¼�ÍµÞ ¶ ¼ÆÂù» ¶ ¼�Â$¼N¼Æ¾4Ðo¼ Å Â`» ¶ ¼�¾ · À�Ð½y¼ÆÀ�¾ ¸ Ã+ÀXà · ÃÛÁ>Ã Å Çg�NíiÊ¬å ·¥¸ Ú �Ní�ÊÛÍÎ í�¾ � × À · Â ½y¼ÆÀ�¾ · Â × Ç@½ Å Ã » ¶ ¼ã¾ · À�Ð ¹vÅ ½y½y¼ ¸ º Å Â>¾ ¸ » ÅÀ Ò Å Ðo»yÀ × ¼�½y¼ÆÀ�¾ · Â × äöÀ�Ð ¸TÅ Ç@½ Å Ã » ¶ ¼Û¾ · À�Ðúå Å Çl�vÊÛÍ[Ú Åã¹ À�Ð ¹ Á>Ð_Ài»T¼Ö» ¶ ¼�Â Å Ã · Â>À�Ð ¸TÅ Á>Â4¾�º>½6¼ ¸y¸ Á$½y¼Ðo¼ Ò ¼ÆÐÏä · Â"¾ � å¬Ã�¼ÆÀ ¸ Á$½6¼Æ¾ ¿ Ì¡» ¶ ¼+º4½ Å�¿ ¼+Ã ·¥¹ ½ Å º ¶$Å Â$¼ ×�· Ò ¼ÆÂ`» ¶ ¼ Å Á>»Tº4Á$» Ò Å Ð¥»yÀ × ¼ Ñ	��
� Ç@½ Å Ã» ¶ ¼ � ½GìÁ$¼ÆÐ�À�Â>¾�ÿ ç�� ½<»\Ì�º[¼
Ù�1iíGs�À�Â>À�Ð Å�× Á$¼�Ã�¼ÆÀ ¸ Á>½ · Â × À�Ã�º4Ð · Ó4¼N½<» ¶ ¼ÛÇ Å Ð_Ð Å Þ · Â × ¼ ñ Á>Ài» ·oÅ Â ·¥¸Á ¸ ¼Æ¾��
8 Å Ã · Â>À�ÐèÈ�½ Å�¿ ¼Ô¾ � ½6¼ÆÀ�¾ · Â ×FµEÓ�ÔF²�� ����� �����Iµ Ùií�Ð Å�× ä Ú �Ní Ñ ��
� å�� ý À · Â�é�¼N»T» · Â × ä��$Í=1�å

Ú ¶ ¼µÈ/Á>Ð ¸ ¼`é	Ì ¸ »T¼ÆÃ ¸y· ÃÛÁ>Ðo»yÀ�Â$¼ Å Á ¸ ÐoÌÄÃ�¼ÆÀ ¸ Á>½y¼ ¸ » ¶ ¼¡º>½6¼ ¸y¸ Á$½y¼µÇ@½ Å Ã » ¶ ¼ � ½GìÁ$¼ÆÐÔÀ�Â>¾Eÿ ç�� ½»\Ì�º[¼i��!j�a��½y¼NÇú¼N½6¼ÆÂ ¹ ¼+Ã ·¥¹ ½ Å º ¶$Å Â$¼
À�Â>¾"Á ¸ ¼ ¸ » ¶ ¼ ¸ » Å ½y¼Æ¾ùÇ@½y¼ ñ Á$¼ÆÂ ¹ Ì�½y¼ ¸ º Å Â ¸ ¼
¾4Ài»yÀãÇ Å ½Ö» ¶>·¥¸Ã ·_¹ ½ Å º ¶$Å Â$¼Ô» Å º>½ Å Ò · ¾$¼À
ò)Ài»<½y¼ ¸ º Å Â ¸ ¼�ÍUÚ ¶ ¼ÖÃ
À × Â · »yÁ>¾$¼ Å Ç�» ¶ ¼ ¹vÅ ½y½y¼ ¹ » ·¥Å Â Ó�ÔF²�������� × ��� � � �» Å » ¶ ¼Ôº>½ Å�¿ ¼¬Ã ·¥¹ ½ Å º ¶$Å Â$¼ ·¥¸ » ¶ ¼N½y¼NÇ Å ½y¼��
Ó�Ô(²�������� × ��� �!� � µEÓ�Ô(² � ×�"$# Ó�Ô(²�� ����� �%��� ä��$Í¤C�å

Þ ¶ ¼N½y¼ Ó�Ô(² � ×�" ·¥¸ » ¶ ¼ ¸TÅ Á>Â>¾�º>½6¼ ¸y¸ Á$½y¼ÔÐo¼ Ò ¼ÆÐ�Ã�¼ÆÀ ¸ Á$½y¼Æ¾ ¿ Ì�» ¶ ¼Ô½y¼NÇ@¼N½y¼ÆÂ ¹ ¼ÖÃ ·¥¹ ½ Å º ¶>Å Â$¼�Í�Ú ¶ ¼È/Á>Ð ¸ ¼ ¸TÅ Ç@»2ÞUÀi½y¼ ·_¸
· Â · » · À�Ð ·¥¸ ¼Æ¾ À�Â>¾(À¡½YÀ�Â>¾ Å Ã Â Å�·_¸ ¼ ¸y·o× Â>À�Ð · Â » ¶ ¼BÇ@½y¼ ñ Á$¼ÆÂ ¹ Ì ½6À�Â × ¼ Å ÇÔíXî�iÍ=1Xáj? 5Ö·¥¸U× ¼ÆÂ$¼N½6Ài»T¼Æ¾êÀ�Â>¾ ¸ ¼ÆÂ�» Ò · À�À�ÂBÀ�Ã�º4Ð · Ó>¼N½U» Å » ¶ ¼ ¸ Ã
À�Ð_ÐQÐ Å Á>¾ ¸ º[¼ÆÀiá�¼N½ · Â�» ¶ ¼ ¹vÅ Á>º4Ð · Â ×¾$¼ Ò ·¥¹ ¼�Í�Ú ¶ ¼ × À · Â ¸ ¼N»T» · Â ×Å ÂÜ» ¶ ¼ � ½GìÁ$¼ÆÐ4À�Â>¾;ÿ ç�� ½�»\Ì�º[¼ÏÙ�1iíGsÛÃ�¼ÆÀ ¸ Á$½ · Â × À�Ã�º4Ð · Ó4¼N½ ·¥¸f¸ ¼N»�» Å
���
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X: 380
Y: −159.5

÷ ·o× Á$½y¼§�$Ín�����UÈ ¶ À ¸ ¼¬¾ ·ûø ¼N½y¼ÆÂ ¹ ¼ ¿ ¼N»2Þ�¼N¼ÆÂBº>½ Å�¿ ¼ÔÀ�Â>¾B½y¼NÇú¼N½6¼ÆÂ ¹ ¼Ã ·¥¹ ½ Å º ¶$Å Â$¼ ¸
���Ní�¾ � À�Â>¾�» ¶ ¼ ¸TÅ Á>Â4¾�º>½6¼ ¸y¸ Á$½y¼�Ðo¼ Ò ¼ÆÐÀ�¾ ç Á ¸ »T¼Æ¾�» Å ½y¼ÆÀ�¾«�Ní�¾ � Å Â�» ¶ ¼�¾ · À�Ð æ[×�· Ò · Â × À�» Å »yÀ�Ð¸TÅ Á>Â4¾Üº4½y¼ ¸y¸ Á$½6¼ÏÐo¼ Ò ¼ÆÐ[½6¼ÆÀ�¾ · Â ×ÛÅ Ç	�ÆÙií�¾ � Í>Ú ¶ ¼ÔÈfÁ>Ð ¸ ¼ ¸ Ì ¸ »T¼ÆÃ ·_¸ » ¶ ¼ÆÂ · Â · » · Ài»T¼Æ¾�À�Â>¾ ¸ À�Ã
º4Ðo¼ ¸» ¶ ¼
¾>Ài»yÀ�Ç@½ Å Ã ¼ÆÀ ¹Y¶ùÅ Ç�» ¶ ¼
Ã ·¥¹ ½ Å º ¶$Å Â$¼ ¹6¶ À�Â>Â$¼ÆÐ ¸ Í�ÎÏÂ¡À�Á$» Å�¸ º[¼ ¹ »T½6Á>Ã Å ÇU¾>Ài»yÀ�Ç@½ Å Ã ¼ÆÀ ¹Y¶¹6¶ À�Â>Â$¼ÆÐ ·¥¸ ¾ ·¥¸ º4Ð_ÀÆÌ�¼Æ¾ Å Â ¸6¹ ½y¼N¼ÆÂµÇú½ Å Ã Þ ¶>·¥¹6¶ » ¶ ¼�À�Ã�º4Ð · »yÁ>¾$¼ Å Çf» ¶ ¼�»2Þ ÅB¸y·o× Â>À�Ð ¸Ï·¥¸ ½y¼ÆÀ�¾µÀi»ÀBÇ@½y¼ ñ Á$¼ÆÂ ¹ Ì Å Ç�!��ií�? 5 À ¸ Á ¸ ¼Æ¾ · Â¡» ¶ ¼+ÈfÉ\Ê³¼và	º[¼N½ · Ã�¼ÆÂ�» ¸¬· Â ¹Y¶ Àiº>»T¼N½�Õ�ÍãÚ ¶ ¼ ¸y·¥× Â>À�Ð�Ç@½ Å Ã» ¶ ¼�º>½ Å�¿ ¼ÛÃ ·¥¹ ½ Å º ¶>Å Â$¼ ·¥¸Ï×�· Ò ¼ÆÂ · Â Ò Å Ðo» ¸Næ À�Â4¾ê» ¶ ¼ ¸6·o× Â>À�ÐmÇú½ Å Ã¯» ¶ ¼Û½y¼NÇ@¼N½y¼ÆÂ ¹ ¼�Ã ·¥¹ ½ Å º ¶$Å Â$¼· Âã¾ � ä@½y¼ÖÙií�ëèÈÀ�åÔÍ�ÉDÂãÀ�¾>¾ · » ·oÅ Â æ » ¶ ¼ ¹ ½ Å�¸6¸ î ¹vÅ ½y½y¼ÆÐ¥Ài» ·¥Å Â ¿ ¼N»2Þ�¼N¼ÆÂã» ¶ ¼Ô»\Þ Å�¸y·o× Â>À�Ð ¸�×�· Ò ¼ ¸ » ¶ ¼Â Å Ã · Â>À�Ð$º ¶ À ¸ ¼Ï¾ ·oø ¼N½y¼ÆÂ ¹ ¼ ¿ ¼N»2Þ�¼N¼ÆÂ�» ¶ ¼<»\Þ Å Ã ·¥¹ ½ Å º ¶$Å Â$¼ ¸ ÍÚ ¶>·_¸f·¥¸ ¾ ·¥¸ º)Ð¥ÀÆÌ�¼Æ¾ÜÀ ¸ ÀÖÇ@Á4Â ¹ » ·oÅ ÂÅ Ç�Ç@½y¼ ñ Á$¼ÆÂ ¹ Ì · ÂÜÓ × Á$½y¼.�$Ín���iÍ/Ú ¶ ¼ ¸y·¥× Â>À�Ð4Ç@½ Å Ãâ» ¶ ¼Øº>½ Å�¿ ¼ØÃ ·¥¹ ½ Å º ¶$Å Â$¼ ·¥¸ ½y¼ Ò ¼N½ ¸ ¼ ¿4· À ¸ ¼Æ¾ æ$¸TÅ» ÅÛÅ�¿ »yÀ · Â�» ¶ ¼Ïº ¶ À ¸ ¼ ¹vÅ ½y½y¼ ¹ » ·oÅ Â'& ������� × ��� � � � Ç Å ½U» ¶ ¼Ïº>½ Å�¿ ¼ìÃ ·¥¹ ½ Å º ¶$Å Â>¼c» ¶ ¼ Ò À�Ð¥Á>¼ì½y¼ÆÀ�¾ÜÇ@½ Å Ã» ¶ ¼ ¹ ½ Å�¸6¸<¹vÅ ½y½y¼ÆÐ_Ài» ·oÅ ÂBÀi»<!��ií�? 5Ö·¥¸<¹vÅ ½y½y¼ ¹ »T¼Æ¾ ¿ Ì�» ¶ ¼À�¾>¾ · » ·oÅ Â Å Ç	��iíG¾�ÍÚ ¶ ¼
Ç Å Ð_Ð Å Þ · Â × Ò À�Ð_Á$¼ ¸ Ài½y¼ ×�· Ò ¼ÆÂùÇ Å ½Ö» ¶ ¼+À�Ã�º4Ð · »yÁ>¾$¼ ¸ØÅ ÇJ» ¶ ¼ ¸6·o× Â>À�Ð ¸ � Ñ ��
� µ !��$ÍgÙiÃ�Ê�(é	È : � ×�" µ ����Í=!i¾ � ä@½6¼ãÙií�ëèÈÀ�åYÍùÚ ¶ ¼Üº>½ Å�¹ ¼Æ¾>Á>½y¼Ü¾$¼ ¸6¹ ½ ·o¿ ¼Æ¾"À ¿[Å Ò ¼ ×�· Ò ¼ ¸ÁÓ�ÔF²�������� × ��� � � � µ
# Ù*Ü=!%)+*³À�Â>¾,& ������� × ��� � � � µ # ÙiíjÜgÕ�¾�Í

��s
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-§v�[ \m�.�O|��(�^]qûÀ�O}B�<�
_a` bdcfehgji�kRlm`jgni�l%o�g bqpQosrt�uRpRgjvwkxriytzlmpY{R|�bdehgj}xr~e%lm`jkRl%�N` r~gjpRi�g �qu�o�gjp�osb.t�bq��{	`jgntzl%osr}Y�Rb�c
{	uxrpRbq��rpRl�lmpR}�tzlmp�b%��rz|�l�}xrzrz{�rz|�{	u+�wi�gjtzlm`�kRpR}xrz|�i�o�lmpR}Rgjpx��bm��c�uRl%o�gji��mbqgjpx��bqp�����uRgji�gji
r��hos|�r��r` ��kRisrz��kR`xgjp�o�uRr�bm��osrp=l%�	isos|�lmt�o��Rr`j}�bm���	kRgn}�}x�wp	lm�^gjtziac�uxrz|�r�g o�tzlmp^��r�}Rg + tzkR` o�osb
}x|�ldc�{	u+�wi�gjtzlm`���rlmpRgjpR����|�bq�Zo�uxr:t�bq��{	`ngjtzl%osr}��^l%o�uxr�:l%o�gjtzlm`���bm|���kR`jl%o�g bqpRi�^��uxr^�^l� sbm|
��rpxrz�Ro¡bm��kRi�gjpx�'¢�£�¤Q|�l%o�uxrz|�o�uRlmp�bmo�uRrz|��Rb�c¥ehgji�k	lm`jgji�l%o�g bqp�osrt�uRpRgnv+kxri�gji2o�uRl%o�gjo�lm`j` b�c�i
��bmo�u��mrpxrz|�lm`¦v+kRlm`ng o�l%o�g emr§bm�	isrz|�e�l%o�g bqp	i�lmpR}'vwkRlmp+o�g o�l%o�g emr2lmpRlm`j�wi�gni�bm��o�uxr2rp�o�g |�r§�Rbdc¨�	r`j}��

© rzemrz|�lm`�lmkxo�uxbm|�i - © g ewgnlmp !mªx« £�px�ql%|�} ª%¬x« / bht�h`jg!� ¬q® l «Xÿ rzrz��r ��!�0 uRldemr'bm�	isrz|�emr}?pxbqph¯
`jgjpRrl%|��	bdcV��ruRldewg bqkR|�l%o�l%{�rz|�o�kx|�ri�lmpR}^bm{°rp�rp	}Riabm��c�bwbw}Rc�gjpR}���k	i�gjtzlm`xgjpRi�os|�kR��rp+o�i�lmpR}
pxbmosr}±o�uRl%o²o�uxr�i�uRl%{�r2bm��o�uRr2bm{�rpRgjpx�={	`jld�wi²lmp,gn��{�bm|�o�lmp�o�|�bq` r�gjp³o�uRr�o��+{�r�bm���°ru	lehg bqkx|
bm�	isrz|�emr}��2��b'gjp�emri�o�g �ql%osr�o�uxr�r��°rt�o§bqpLo�uRr�`jbwtzlm`almt�bqkRiso�gntzlm`��RbdcB��ruRldewgjbqkx|�bm�´t�uRlmpR�qgjpx�
o�uxrL�mrzbq��rzos|��8bm��o�uxrµbm{�rp�rp	}8bm��l?��kRi�gjtzlm`$gjpRi�os|�kR��rp+oHl%o'i�bqkRpR}8` rzemr`ji¶t�bq��{	l%|�l%�	` r
osbµo�uxbqisr���rlmi�kx|�r}?gjp·|�rlm`�gjp	isos|�kR��rp+o�i « o�uRgni�c´bm|�¸{R|�risrp+o�i�lLisrzo�bm��r��h{�rz|�gj��rp+o�i�o�uRl%o
uRldemr·��rzrp¹tzl%|�|�g r}~bqkxoLkRi�gjpx�ºo�uxr·¢�£�¤»osrt�uRpRgnv+kxr¸osbygnp�emriso�gj�ql%osr·bqpRr¸bm�^o�uRr·i�gn��{	` riso
{�bqi�i�g �N` r�|�rz{	|�risrp+o�l%o�g bqpRi�bm��l$c�bwbh}xc�gjpR}�gjpRi�os|�kR��rp+oz��¼y` rpx�mo�u�bm��t�bm{R{�rz|�o�kx�	gnpx��c�g o�u��Remr
gjp+osrz|�t�u	lmpx�mrl%�	` r^osrz|��^gjpRl%o�g bqp	i « rlmt�u¸c�g o�u�l'}Rg!��rz|�gjpx��` rzemr`�bm�´|�bqkRpR}Rpxri�i « uRlmi2�°rzrp�kRisr}
��bm|�o�uRgji�{Nkx|�{�bqisrm��¼EuRg �qu�lm��{N`jg o�kR}xr§isbqk	pR}¶�Rr`j}'u	lmi���rzrp��mrpxrz|�l%osr},c�g o�uRgnp=o�uRr¡o�kx��r§�+�
l�` bqkR}Ri�{°rl%mrz|�lmpR}¶��rlmi�kR|�r��rp+o�i�uRlemr§��rzrp¶�^lm}xr²bm�¦o�uxr§lmt�bqkRi�o�gjt²{	l%|�o�gjtz` r�emr` bhtzg o½�=�Rr`j}
 �kRiso�bqkxo�i�gn}xr$o�uxr¡bm{�rp�rpR}�kRi�gjpx��¢�£�¤��

��uRr�{	|�rzewgjbqkRi§t�uRl%{	osrz|2uRlmi¡lm` |�rlm}x�±}Rrzo�lmgj` r}Lo�uxr^l%{R{Nl%|�l%o�kRi§lmpR}µ{	|�bwt�r}	kx|�ri$kRisr}L��bm|
o�uxr���rlmi�kx|�r�^rp�o�i$�^lm}xr�gjp'o�u	gji�i�o�kR}x�m����u	gji�t�u	l%{Rosrz|$�°rz�qgnpRi�c�gjo�u³l=�R|�g rz�a}xri�t�|�gj{Ro�g bqp'bm�
o�uxr��	lmt�+�m|�bqk	pR}Losb�o�uRgji²c´bm|�N����uxr�¢�£�¤¥|�ri�kR` o�i²c�gn`j`¾o�uxrpL��r�{R|�ri�rp�osr}µgjp±o�uxr�t�bqp+osr��wo�i
bm����bmo�u±emr` bhtzg o½�±lmpR}³embm|�o�gjtzg o½�,�Rr`j}Ri�osb¶rpRl%�	` r�l¶}xrzo�lmgj` r}±v+k	lm`jg o�l%o�g emr�}xri�t�|�gj{Ro�g bqp'bm��o�uxr
��rlmi�kR|�r}��Rb�c¨�Rr`j}Ri�
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_ag �qkx|�r ª �jì%í © t�uxr�^l%o�gnt'}Rgjl%�m|�lm�îi�uxbdc�gnpx�,o�uRr���bqkx|^lmt�bqk	iso�gjtzlm`j` �·�mrpxrz|�l%osr}V�RbdcI|�rz�qg bqpRi
bm�	i�rz|�emr}��w�=£�px�ql%|�}'lmp	}'ï¦l%�	l%osrHð £�px�ql%|�} ª%¬%ñ lmpR}'}	gji�tzkRi�i�r}�gjp�isrt�o�g bqp ª � ® �jì%�

-)v�ò ó��hû¾ô¡õl|��²]i�q�
é���¨��W� öp��¬�÷aÊ°®W¬X�U�I����Çj�����u©G®WÇµø��ºËD�
ù�bqph¯½`jgjpRrl%|almt�bqk	iso�gjtzlm`x��ruRldewg bqkR|al%o�bm|�g �	t�riac�lmi�pxbmosr}��w� © g ewgnlmp�gnpHì smúmª ð © g ehgjlmp úmª�ñ ����uxr
lm��{N`jg o�kR}xr�bm�´o�uxr:isbqkRp	}L�Rr`j}Lc�lmi2i�uxb�c�pµosb³l���rt�o2o�uRr^lmt�bqkRiso�gjt�|�ri�gjiso�lmpRt�r:bm�´l'tzgj|�tzkR`jl%|
bm|�gj�	t�r�gjp�l�{	`jl%osr�{	`jlmt�r}�l%o�o�uRr�rpR}2bm�	l�o�kx��rm��£�pHì smª%¬ £�px�ql%|�}2lmpR}�ï¦l%�	l%osr§ð £�pR�ql%|�} ª%¬%ñ kRisr}
kRi�r}�i���bmmr�{	l%|�o�gntz` riaosb¡ehgji�kRlm`jgnisr�o�uRr��RbdcVbqkRo�i�gj}xr�l§pwkR�2��rz|abm��bm|�g �	t�riabm��}Rg!��rz|�rp+o�i�g ûzr�l%o
l=|�lmpx�mr�bm��lmt�bqkRiso�gnt�lm��{N`jg o�kR}xri�osbHgnp�emriso�gj�ql%osr�o�uRr�`jgnpx¶�°rzo�c�rzrp±o�uxr�pxbqph¯½`ngjpxrl%|�lmt�bqk	iso�gjt
gj�^{°r}	lmpRt�r�lmpR}?o�uxr,��bm|��:l%o�g bqp?bm�$embm|�o�gjt�riHlmpR}± srzo�iz�8��uxr��Rb�cYehgji�kRlm`jgni�l%o�g bqp?gj}xrp+o�g �Rr}
��bqkx|²�RbdcE|�rz�qg bqp	i���bm|$o�uxr�|�lmpx�mr�bm��bm|�gj�	t�r�}	gjlm��rzosrz|�i²iso�kR}Rgjr}³c�u	gjt�u,e�l%|��'c�g o�u,��|�rv+kxrp	t��
lmpR}·lmt�bqkRiso�gnt=lm��{N`jg o�kR}xr³ü�i�rzrH�	�qkx|�r ª �jìdý��Lþ�rz�qgjbqpyì=bhtztzkx|�i�l%o�` b�cQlm��{	`jg o�k	}xri¡lmpR}·uRlmi
iso�l%o�gjbqpRl%|��±embm|�o�gjt�ri´ �kRiso§bqkxo�i�gj}xr�o�uxr�bm|�g �Nt�r�r}x�mri§c�g o�uLbqkRo½c�l%|�}�tzg |�tzk	`jl%o�g bqp?ü���rlmp��	bdc
}Rgj|�rt�osr}Lbqkxo§bm�´o�uxr^bm|�g �Nt�r�lm`jbqpx��o�uxr:l��xgji « is�h�^��rzos|�gjtzlm`j` �,bqpµrg o�uxrz|¡i�gn}xr�bm��o�uxr:bm|�g �	t�r�ý��
��uRr�i�g ûzr�bm��o�uxrisr�embm|�o�gjt�ri�gnpRt�|�rlmisri�c�g o�u�lmt�bqkRiso�gnt�lm��{	`ng o�kR}xrm��¼�o�i�`jg �qu+o�` ��uRg �quxrz|�lmt�bqk	iso�gjt
ªm®
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	�������
lm��{	`ng o�kR}xri�|�rz�qg bqp ® bhtztzkx|�iac�gjo�u�i�o�l%o�g bqpRl%|���embm|�o�gjt�ri�tzg |�tzkR`jl%o�gjpx�$gjp�o�uxr�bm{R{�bqi�gjosr´}Rgj|�rt�o�g bqp
ü�gjp+c´l%|�}'tzg |�tzkR`nl%o�g bqpNý�osb:o�uRbqisr2gjp�|�rz�qg bqp�ì%�´£�p³|�rz�qg bqp úw« l%o���r}	gjkR�Qlmt�bqkRiso�gnt2lm��{	`ng o�kR}xri «
o�kx|��NkR` rp+o�r���rt�o�i��°rz�qgnp=lmpR}¶l�{	kR`ni�l%osbm|��² srzo�gni�i�kR{°rz|�{°bqi�r}^c�g o�u=embm|�o�gjt�ri�tzgj|�tzkR`jl%o�gjpR��lmi�gjp
|�rz�qg bqp ® ��¼ ó �R|�rl%+¯�o�ux|�bqkx�qu��qosb�|�rz�qg bqp���bwtztzkx|�i�l%o�u	g �qu:lm��{N`jg o�kR}xri�gni�}xri�t�|�g ��r}�gjp�c�uRgnt�u
{	kR`ni�l%osbm|��� �rzo�i$l%|�r�{R|�bh}RkRt�r},lmpR},embm|�osr��,|�gnpx�qi�l%|�r�i�uxr},{�rz|�g bh}Rgjtzlm`j`j�m��¼²g |$gji�{°rz|�g bw}	gjtzlm`j` �
}x|�ldc�pLgjp±}Rg!��kRisr` �¶bqpLbqpxr�i�gj}Rr2bm��o�uRr�bm|�g �	t�r�lmpR}±r��w{�r`j` r}±lm` bqpx�Ho�uxr�l��xgji²bqpLo�uxr�bmo�uxrz|�
��uxrz|�r³gji:lmpylemrz|�l%�mr±bqkRos�Rbdc lm` bqpx��o�uxr,l��xgjiHlmpR}ºgjpR�Rbdc pxrl%|:o�uxr±i�gj}xri:bm�§o�uxr³bm|�g �	t�rm�
��uxr§lmt�bqkRi�o�gjt¡lm��{	`ng o�kR}xr²l%o�c�uRgjt�uH|�rz�qg bqp��^gji�l%oso�lmgnpxr}�gji�|�rz{�bm|�osr}¶osb^��r$c´r`j`�}xrz�	pxr}H��bm|
��bqiso²bm��o�uxr�bm|�g �Nt�ri�osrisosr}¾�$��uRgji�c´bm|�³i�uxbdc´r}±o�uRl%o$o�uxr�pRbqph¯½`jgjpxrl%|�r��°rt�o�i§bm�Nisrz|�emr}Ll%|�r
}xrz{�rpR}xrp+o§bqpµo�uxr=lmt�bqkRiso�gjt:emr` bwtzgjo½�µlm��{	`jgjo�kR}xr « ��|�rv+kRrpRt��±lmp	}µbqp�o�uxr:�mrzbq��rzos|��µbm��o�uxr
bm|�g �Nt�rm��³rlmi�kx|�r�^rp�o�i±bm�^o�uxr·pxbqph¯½`jgnpxrl%|,lmt�bqkRi�o�gjt�|�ri�gjiso�lmpRt�r¸bm�:lmp bm|�g �	t�r¸c�rz|�r6�^lm}xr¸�+�
£�px�ql%|�}BlmpR}¹£�i�gjpx��ð £�px�ql%|�}���� ñ kRi�gjpx�yo�uxr?�R|�isoµuRl%|���bqpRgjt·t�bq��{�bqpxrp+o�iµbm�:o�uxr?emr`jbwtzg o�� «
��rlmi�kR|�r}�kRi�gnpx�'uxbmo�¯�c�g |�r:lmpxr��bq��rzos|���gjpLo�uxr:bm|�g �	t�r « lmp	}�{R|�ri�i�kx|�rm�=£�o¡c�lmi���bqkRp	}Lo�uRl%o
o�uxr�lmt�bqkRi�o�gjt�|�ri�gniso�lmpRt�r�c�lmi�{R|�bm{�bm|�o�g bqp	lm`+osb2o�uxr�bm|�g �	t�r��	bdcVemr` bhtzg o���l%o�uRg �qu�isbqkRpR}�`jrzemr`jiz�
ï¦l%osrz|�iso�k	}Rg ri��+���$gji�isr`juxbm|�i�o2lmpR}·e�lmp � g  spR�qlml%|�}xrp ð �$gji�isr`juRbm|�iso�� ¬%ñ�« lmpR}¸�+�¸¢�rzosrz|�i� "!#%$ ð ¢�rzosrz|�i& "! #�$ smú%ñ�« i�uxb�c�r}�o�uRl%o¡o�uxr=t�bqpRiso�lmp+o2bm��{R|�bm{�bm|�o�g bqp	lm`jg o½�³�°rzo�c�rzrp¸o�uxr^lmt�bqkRi�o�gjt
lm��{	`ng o�kR}xr�lmpR}�lmt�bqkRiso�gnt�|�ri�gjiso�lmp	t�r�c´lmi�}Rrz{°rp	}xrp�oabqp�o�uxr�i�uRl%|�{	pxri�i�bm�°o�uxr�r}x�mr�bm�°l$o�kx��r
osrz|��^gnpRl%o�g bqp��

¼¨pwkR����rz|�bm�¾r��h{�rz|�gj��rp+o�lm`°lmpR}Ho�uxrzbm|�rzo�gjtzlm`�iso�kR}	g ri�gnp�osb�o�uxrisr§pxbqph¯½`ngjpxrl%|�r���rt�o�i�uRldemr
��rzrp¶tzl%|�|�g r}¶bqkxo��w�=isrzemrz|�lm`¾lmkxo�uxbm|�i�('�bqk	pR}Rl%|��:`nl�mrz|�isrz{Nl%|�l%o�g bqp�gji´c´r`j`�wpRbdc�pHosb�bhtztzkx|
}Rkxr¶osb���|�gjt�o�gjbqpRlm`´��bm|�t�ri:l%o�r}x�mri:l%o�o�uxr�bm{�rp6rpR}Vbm�²lLo�kx��rm�6��uxr�t�bqpRisrvwkxrp+o^embm|�osr��
��bm|��^l%o�g bqpµlmpR}µi�uxr}R}RgjpR�=|�ri�kR` o�i$gjpµlm}R}Rgjo�g bqpRlm`�rpxrz|��m�L}Rgji�i�gj{	l%o�g bqp��2¼²t�bqkRiso�gntzlm`�rpxrz|��m�Lgji
t�bqp+emrz|�osr}=gnp�osb¡|�bmo�l%o�g bqpRlm`RrpRrz|��m��lmpR}:gji��m|�lm}RkRlm`j`j��}Rgji�i�g {	l%osr}�lmi�uxrl%o��w����|�gjt�o�gjbqpRlm`h��bm|�t�riz�
��uxr2�mrzbq��rzos|���bm��o�uxr¡osrz|��^gjpRl%o�g bqp³l��°rt�o�i²o�uxr2i�os|�rpx�mo�u,bm��o�u	gji�pxbqph¯½`ngjpxrl%|���ruRldewg bqkR|�lmpR}
o�uxr²lmi�isbhtzgjl%osr}=lmt�bqk	iso�gjtzlm`Nrpxrz|��m�:` bqi�iz��_Rbm|�l�i�uRl%|�{=r}x�mr}=o�kx��r��Rbdc8isrz{	l%|�l%o�g bqp:bhtztzkx|�i�bqp
��bmo�u�gjpx�Rb�c lmpR}¶bqkxos�Rb�c¡��_xbm|�l�|�bqkRpR}xr}Hosrz|��^gnpRl%o�g bqpHembm|�osr��'i�uxr}R}	gjpx��gji´r��w{�rt�osr}�osb^��r
l^��kRt�u³` ri�i�i�gj�qpRg �	tzlmp+o�` bqi�i���rt�uRlmpRgji��Zð þ�bht�h`jg!� ¬q® l ñ �

© rzemrz|�lm`^lmkxo�uxbm|�iµu	lemrV{R|�risrp�osr}��Rbdc ehgji�k	lm`jgji�l%o�g bqp	i³bm�2 �rzoµ��bm|��^l%o�gjbqp�lmpR}Eembm|�osr��
i�uxr}	}Rgjpx�¨l%o6i�uRl%|�{.lmpR}.i�v+k	l%|�rºr}x�mr}.pxbmûzû` ri ð �$gji�i�r`juxbm|�iso�� ¬x«*) b%���^lmp	i s�s�ñ � _a` b�c
ehgji�kRlm`jgni�l%o�g bqpRi$lmpR}�¢�£�¤Q��rlmi�kx|�r��rp+o�i2uRldemr=��rzrp��:lm}xr^bm��o�uxr:isbqk	pR}µ{R|�bh}RkRt�r}L�w�Lo�uxr
t�bqlm` ri�t�rp	t�r2bm��lmt�bqk	iso�gjtzlm`j` �H�mrpxrz|�l%osr}³embm|�osr��¶|�gjpx�qi�{R|�bw}Rk	t�r}Hl%o�l:i�uRl%|�{¶r}x�mr}'pRbmûzû` r¡l%o
uRg �qu¶emr`jbwtzg o���lm��{	`jg o�k	}xri´�+� © t�uR|�lm�Uð © t�ux|�lm� ¬qú�ñ �

é��¦¨��¦¨ +��UÇj�º¬�©������«��,Fîçïð ®°¬�©GÆ��pÈ	�UÊW�4��,kÅ����®WÇj��Ê<��Çj�����u©G®WÇ[�
þ�rt�rp+o?c´bm|���w� þ�bht�h`jg!� ð þ�bwt�w`ng!� ¬q® l « þ�bwt�w`ng!� ¬ ì ñ uRlmi6kRi�r}¥¢�£�¤Fosb��^rlmi�kx|�ryo�uxr
emr` bhtzg o½�¹�Rr`j}¹l%oµo�uxr?bm{�rp¹rpR}Ebm�=l8t��h`jgjpR}R|�gjtzlm`¡o�kR�°rm� ��uxr·osrz|��^gjp	l%o�g bqpEgj��{�r}RlmpRt�r
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c�lmi³tzlm`jtzk	`jl%osr}~kRi�gjpx�?emr` bhtzg o½� }Rl%o�lºbm�Ro�lmgjpxr}~kRi�gjpx�V¢�£�¤îlmpR}¨o�uxr�{R|�ri�i�kx|�rµ��rlmi�kx|�r}
c�gjo�u¨lº{	|�bm��r��^gjt�|�bm{Nuxbqpxrm� © bq��r·}RgML:tzk	` o�g ri�c´rz|�r���bqkRpR} gjp~lmtztzkR|�l%osr` �~}xrzosrz|��^gjpRgjpR�
o�uxr±{	uRlmi�r±bm��o�uxr±emr` bwtzgjo½�8i�g �qpRlm`��ON´bq�^{	l%|�gjisbqp�c�g o�uygj��{�r}Rlmp	t�r±��rlmi�kx|�r��rp+o�i��^lm}xr
c�gjo�u±l'o½c´b,�^gjt�|�bm{	uxbqpxr���rzo�uxbh}Vð ¼�o�g � ¬ ì ñ i�uxb�c�o�uRl%o¡o�uxr�|�ri�kR` o�i$�qlmgjpRr}�kRi�gjpR�=o�uxr=¢�£�¤
osrt�uRpRgjvwkxr�l%|�r·t�bqpRi�gji�osrp�o�` � uRgj�quxrz|'�	kxo³��bq`j`jbdcZo�uxr·i�lm��r¸os|�rpR}�� ¼îi�gj�^gn`jl%|�{R|�bht�r}Rkx|�r
gji={R|�ri�rp�osr}8�w� © hkR`jgjp	l�gjpEð © wk	`jgjpRl ¬qú�ñ �O�³rlmi�kx|�r��rp+o�i'uRldemrL�°rzrp8�^lm}RrLk	i�gjpx�·¢�£�¤
bm��lmt�bqkRiso�gntºisos|�rlm�:gjpx�¨emr` bhtzg o��B�Rr`j}Ri�l%o·uRg �qu¥lm��{	`jg o�k	}xriµgjp�l iso�lmpR}RgjpR� c´ldemr�o�kx��r
ð þ�bwt�w`jg � ¬q® l « N�lm�^{R��r`j` ¬m¬x« © uRl%|�{�rP� s�ñ � © o�kR}Rg ri,bm�¶lmt�bqkRiso�gjt6{	l%|�o�gjtz` r·emr` bwtzgjo½�¹�Rr`j}Ri
lmpR}Llmt�bqkRi�o�gjt�isos|�rlm�^gnpx�¶emr` bwtzgjo½�±�Rr`j}Ri�bqkxo�i�gj}Rr�osbqpRr^uxbq` ri$kRi�gjpR�H¢�£�¤.uRlemr^|�rzemrlm` r}Lo�uxr
{R|�risrpRt�r�bm�m �rzoaisos|�kRt�o�kR|�ri¦c�uRgjt�u2e�l%|��2gjp2}	g |�rt�o�g bqp2c�g o�u���|�rvwkxrpRt��¡lmp	}�lmt�bqkRi�o�gjt�lm�^{	`jg o�kR}Rr
ð þ�bwt�w`jg � ¬q® l « þ�bwt�w`ng!� ¬q® � « © hkR`jgjpRl ¬q®h« © hkR`jgnpRl ¬qª%ñ �

¢�£�¤¹uRlmi���rzrp¶l%{R{	`jg r}=osb�o�uxr§��rlmi�kR|�r��rp+o�bm�¦o�uxr§lmt�bqkRiso�gnt$emr` bwtzgjo½�H�Rr`j}¶gjpHo�uxr§uxrlm}
 sbqgjp+o¦bm�Rl��	kxosr²ð '�lm����rz|��mrz| ¬ ì « '�lm�2��rz|��mrz| ¬q®h« '�lm����rz|��mrz| ¬ � « '�lm�2��rz|��mrz| ¬qª�ñ � © o�kR}Rg ri¦bm�
o�uxr�lmt�bqkRiso�gjt�emr` bhtzg o½���Rr`n}^l%o�o�uRr�r��xg o�bm�¾l¡�Nlmi�i�|�rz�	r��^{°bm|�o�bqp=l�` bqkR}Ri�{°rl%mrz|²ðK�'bm|�rlmk ¬qªw«f is{�bqi�g osb ¬qú�ñ�« gjp�lmt�bqkRi�o�gjt^c�lemr¶�qkRgj}Rri:ð '´bqkRt�uxrz|�bqp ¬ � ñ�« lmpR}¸gjp�l³�^rt�uRlmpRgntzlm`�embhtzlm`���bq`j}
��bh}xr`�ð '´|�kxrt�mrz| ¬ � ñ uRlemr�lm`jisb���rzrp'�^lm}xrm�

-)v^w Q�\=R Sô{(T�]i���4T
£�p�o�uxr���bq`j` b�c�gjpx�§isrt�o�g bqp:l§|�rzehg rzc?bm��o�uxr���rlmi�kR|�r��rp+o�i��^lm}xr�k	i�gjpx�$¢�£�¤ gjia�qg emrp���¼8`jl%|��mr
lm��bqk	p�o�bm�²¢�£�¤ }Rl%o�lLc�lmi��mrpxrz|�l%osr}ºgjp·o�uRgji�i�o�kR}x� « lmpR}?�:lmp��6gjp+osrz|�riso�gjpx�Lr���rt�o�i^c´rz|�r
bm�	i�rz|�emr}���¼ isr` rt�o���rzc�bm��o�uxrisr�|�ri�kR` o�i�l%|�r�{R|�ri�rp�osr}Huxrz|�r�gnp:lmp:l%ososr�^{Ro�osb�{R|�risrp+o�bqp	` �
o�uxr¡�^bqiso�gjp+osrz|�riso�gjpR�x�

é������W� U��ºË ��¯��Ê°®7©G�����$¯�m�����X�G�ºÂ�º¬�©G�
¼�o�o�uxr�` bdc´riso�isbqkRp	}¶{R|�ri�i�kR|�r§` rzemr`ji�r��xlm�^gjpxr}�gjp¶o�u	gji�c�bm|�Hg o�c�lmi�emrz|�gj�Rr}¶o�uRl%o�o�uxr§�	bdc
�Rr`n}�tzlmp^��r�t�bqpRi�gn}xrz|�r}�l¡�mbwbh}^|�rz{R|�risrp�o�l%o�gjbqp^bm��{�bmosrp�o�gjlm`R�Rbdc¡��¼�o´` bdcylmt�bqkRiso�gjt�{	l%|�o�gjtz` r
emr` bhtzg o��Vlm��{	`jg o�k	}xri³ü ¬ � ª ¯Hìz�^i ��� ý^o�uxr±t�bm|�|�ris{�bqpR}Rgnpx��lmt�bqkRiso�gjt © os|�bqk	uRlm`�pwkR���°rz|�i^l%|�r
`jl%|��mrz|�o�uRlmp'ì2ü ÓWV � � ��rzo�c�rzrp,ì ® lmpR}X�qý�lmpR}�o�uxr��	bdcºgji�r��w{�rt�osr}^osb2�°r���|�rzr���|�bq��lmp+��pxbqph¯
`jgnpxrl%|�{	uxrpRbq��rpRl:lmp	},i�uRbqkR`j}���r�gj|�|�bmo�l%o�g bqpRlm`�����uRgji�gji�gjp,l%�m|�rzr��rp+o$c�g o�u'bm�Nisrz|�e%l%o�g bqpRiz��²rz{�rpR}RgjpR�,bqp?o�uRr��mrzbq��rzos|��6bm��o�uRr�o�kx��rHosrz|��^gjpRl%o�g bqp6o�uRr��RbdcI|�rzo�lmgjpxr}?{�bmosrp+o�gjlm`!¯½`jg mr
��ruRldewg bqkR|���bm|�isbqkRpR}¸{R|�ri�i�kx|�r=`jrzemr`ji���rlmi�kx|�r}·c�gjo�uRgjp�o�uRrHo�kR�°rHl%o�o�uxrH{°bqi�g o�g bqp¸bm��o�uxr
¢YNY'BisrpRisbm|�bm�¡ì ú �w�Z�%}['¥��bm|�o�uxrHi�uRl%|�{¸r}x�mr}·osrz|��^gjpRl%o�gjbqp�kx{�osb6ìF�\�w� s }['¥��bm|�o�uxrH��bqiso
|�bqk	pR}xr}Hosrz|��^gjp	l%o�g bqp��

¼²i'r��h{�rt�osr} « o�uRr�|�bqkRp	}xr} o�kx��r�osrz|��:gjpRl%o�g bqpRi'r��huRgj�	g osr} o�uxr·tz` bqisriso±i�gj�^gn`jl%|�g o��ºosb
{�bmosrp+o�gjlm`¾�Rb�c b�emrz|§l^c�gj}Rrz|�}x�hpRlm�^gjt§|�lmpx�mrm����uxr2o�kx��r¡osrz|��^gjp	l%o�g bqpRi�c�g o�u'i�uRl%|�{°rz|�gjpRpxrz|
r}x�mr�i�uRbdc´r}Vlµ}xrz{	l%|�o�kR|�r=��|�bq�î`jgnpxrl%|���ruRldewgjbqkx|�l%o^` bdc´rz|:isbqkRp	}¸{	|�ri�i�kx|�rHlm��{N`jg o�kR}xri�
ª �
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ü�l�ý�¢�rl%�bqkxos�	bdc ü��°ý�¢�rl%�gjpx�Rb�c

_ag �qkx|�r ª � ® í�¢�£�¤8��rlmi�kx|�r��rp�o�bm�°{�bmosrp+o�gjlm`h�Rb�c�l%o�` b�cºisbqkRp	}�` rzemr`jiz�a¤�r` bhtzg o½���^l%�qp	g o�kR}xr
t�bqp+osbqkx|�i�c�g o�u¡i�os|�rlm�^`jgjpRri¾��bm|�o�uxr�þ µ ìz�^�¨osrz|��:gjpRl%o�g bqp�l%o´ì ú �w�Z�%}['²�0b²|�rz�¡l%|�rlmi�|�rz{R|�risrp+o
o�uxr§osrz|��:gjpRl%o�g bqp�c�lm`j`�` bhtzl%o�g bqpRi�

¼�o²o�uxr�`jbdc´riso²`jrzemr`ji��^rlmi�kx|�r}6ü�l%{R{R|�bd�hgn�^l%osr` ��ì ú �w� ª }['�ý�o�uxr�emr` bwtzgjo½�'�Rr`n}Ri���bm|²lm`n`¦o�kx��r
osrz|��^gnpRl%o�g bqpRi�c�rz|�r�ri�isrp+o�gjlm`j`j����|�rzr���|�bq�<lmp+�³pxbqph¯½`ngjpxrl%|���ruRldewgjbqkx|��¼²p��³}Rrzewgjl%o�gjbqp'��|�bq�
{�rz|���rt�o�` ��i��w�^�^rzos|�gjtzlm`x�Rb�cºc�lmi�}	kxr�osb2o�uxr���lmt�o�o�uRl%o�t�bqp+emrt�o�g bqpHtzkx|�|�rp+o�emr` bhtzg o�g ri�c�g o�uRgjp
o�uxr�¢�£�¤VrpRtz`jbqi�kx|�r´c�rz|�r�t�bq�^{	l%|�l%�	` r�c�gjo�u2o�uxr�lmt�bqkRi�o�gjt´{	l%|�o�gjtz` r´emr` bhtzg o½��lmpR}�c�rz|�r�}	gML:tzkR` o
osb:r`ngj�^gjpRl%osr§t�bq��{N` rzosr` �¶��|�bq�I��rlmi�kx|�r��rp�o�i²l%o�o�uxri�r�` b�c~lm��{	`jgjo�kR}xriz��¼�o²uRg �quxrz|�i�bqkRpR}
lm��{	`ng o�kR}xri�o�uRr�t�bqp+emrt�o�g bqp�emr` bhtzg o�g ri�c�rz|�r´pxrz�q`jg �qgj�	` r�t�bq��{	l%|�r}2c�gjo�u¡o�uxr�lmt�bqkRiso�gjt�emr` bhtzg o½�
lmpR}Vi�bµo�uRgji�c�lmi:pxbmo^l�{R|�bm�	` r�'�6¼�oH` bdc<lm��{	`jg o�k	}xri�o�uRgji�{R|�bm�	` r� c´lmi=�^gjpRgn�^gjisr}¸�+�
lm`j` b�c�gjpx��o�uxr�lmg |�c�g o�uRgnp=o�uRr¡rpRtz` bqi�kR|�r$osb:isrzoso�` r¡��rz��bm|�r¡lmp+�¶�^rlmi�kx|�r��rp+o�i�c´rz|�r¡�^lm}Rrm�

_ag �qkx|�r ª � ® i�uxb�c�i:lL{	lmgj|�bm�²emr`jbwtzg o��?�^l%�qpRg o�kR}Rr¶t�bqp+osbqkx|={	` bmo�i�c�gjo�u?isos|�rlm�^`jgnpxri�l%o
{�bqgjp+o�i¦gjp2o�uxr�lmt�bqkRi�o�gjt�t��htz` r�t�bm|�|�ris{�bqpR}	gjpx��osb$�^l��hgn��kR� gjpx�Rb�c·lmp	}¡bqkxos�Rb�c6��bm|al�|�bqkRpR}xr}
o�kx��r�osrz|��^gjpRl%o�gjbqp,c�g o�uLl=|�lm}RgjkRi�bm�´tzkR|�e�l%o�kR|�r�þ µ ìz�^� l%o^ì ú �w�Z�%}['²�¦¼²i§tzlmpL��r�isrzrpLo�uxr
gjpx�	bdc¨lmpR}¶bqkxos�	bdc l%|�r2is�h�^��rzos|�gjtzlm`�lmp	}�}Rg!��kRisr§l%o�o�uRgji�i�bqkRpR}�` rzemr`�����uxr§c´ldemr�¯���|�bqp�o�i²gjp
��|�bqp�o¦bm�wo�uRr�t�rp+os|�r�tz` bqi�r�osb�o�uxr�bm{°rp2rpR}¡l%|�r´l%{R{R|�bd�hgn�^l%osr` �²{	`jlmpxr�c�lemriz����uxr�isos|�rlm�^`ngjpxri
uRldemr��°rzrpµtzlm`ntzkR`jl%osr}µgjpc�³l%o�`nl%��kRi�gjpR�:o�uxr ó isos|�rlm�^i�`jgjt�r���t�bq�^�:lmpR}��2��uRrisr�}xri�t�|�g ��r�o�uxr
{	l%o�uRi���bq`j`jbdc´r}��+�¶gj�^l%�qgnpRl%|��=�:lmi�i�` ri�i�{	l%|�o�gjtz` ri�{N`jlmt�r}'gjp¶o�uxr2�Rbdc¡�

_ag �qkx|�r ª � ú i�uxb�c�i�o�uxr²emrt�osbm|��^l%{�l%o��^l��xgj��k	�¥bqkRos�Rbdc8��bm|�o�uxr²þ µ ìz�^�.osrz|��^gnpRl%o�g bqp
l%o$ì ú �w�Z�%}['²�x¤�r` bwtzgjo½�^{R|�bm�	` ri�bm�¾o�uxr�emrz|�o�gjtzlm`°emr` bwtzgjo½�:t�bq��{�bqpxrp+o�i�gjp=o�uxr�|�lm}	gjlm`Nlmp	}=l��xgjlm`
}Rg |�rt�o�g bqpRi´l%|�r¡i�uxb�c�p¶l%�°b�emr¡lmpR}¶osb�o�uxr$|�g �qu+o´bm��o�uxr$emrt�osbm|��:l%{¾����uxr${	`jlmpRri���|�bq�.c�uRgnt�u
o�uxr�emr` bhtzg o��·{	|�bm�	` ri�l%|�r�o�l%mrpyl%|�r'gjpR}	gjtzl%osr}6�+�¸o�uxr'|�r}?}	lmi�uxr}?`jgjpRri�bqpVo�uxr'emr` bhtzg o½�
emrt�osbm|:�^l%{¦��¼�i�tzlmp6��r¶isrzrp6o�uxrz|�r�gji�lLi�`jgj�qu�o�lmis�h�^��rzos|��¸�°rzo�c�rzrpVo�uxr�` rz��o�lmpR}·|�g �qu+o
uRlmpR}¶i�gn}xri´bm��o�uxr$|�lm}	gjlm`°emr` bwtzgjo½�H{R|�bm�	` r²{	` bmo « �	kRo´o�uRr²�	bdc¨tzlmp���r§t�bqpRi�gj}Rrz|�r}Hosb��°r$emrz|��
pxrl%|�`j�Hl��xgjis�h�^��rzos|�gnt%����uxr¡i�uRl%{�r¡bm�ao�uxr¡emr` bhtzg o½��{	|�bm�	` ri�bqp³bqkxos�RbdcEl%|�r2l:�^g |�|�bm|�gj�^l%�mr
bm��o�uxr¡emr` bhtzg o½�¶{R|�bm�	` ri�bqp'gjpR�Rbdc¨gjp¶��bmo�u�o�uRr§|�lm}Rgjlm`�lmpR}³l��hgjlm`¾{	` bmo�iz�
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_ag �qkx|�r ª � ú í�¢�£�¤¥emr`jbwtzg o��,emrt�osbm|��^l%{�l%o2{°rl%±bqkxos�Rb�c���bm|¡o�uxr^þ µ ìz�^� osrz|��^gnpRl%o�g bqpµl%o
ì ú �w�Z�%}['²�Rþ�lm}Rgjlm`aü�osbm{°ý�lmpR}¶l��hgjlm`�ü�|�g �qu+o�ý�emr` bhtzg o��:{R|�bm�N` ri�l%o�l�isrz|�g ri´bm�¾o�gn��ri´o�ux|�bqkx�qu=o�uxr
lmt�bqkRi�o�gjt�t��wtz`jr�l%|�r�lm`jisb§i�uxb�c�p��>b²|�rz��l%|�rlmi�|�rz{R|�risrp+o�o�uxr�osrz|��^gnpRl%o�g bqp�c´lm`n`x` bwtzl%o�gjbqpRiz�aþ�r}
}Rlmi�uxr}�`jgjpxri�|�rz{R|�risrp+o�{	`jlmpxri�gnp¶c�uRgjt�u�emr` bhtzg o½�H{R|�bm�	`jri�l%|�r2��rlmi�kR|�r}��
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ü�l�ý�¢�rl%�bqkxos�	bdc ü��°ý�¢�rl%�gjpx�Rb�c

_ag �qkx|�r ª �K�xí�¢�bmosrp+o�gjlm`w�Rbdc6l%��bdemr�lmp�gj}xrlm`jgji�r}§{	gjisosbqp�` bhtzl%osr}�gnp¡o�uxr�{	`jlmpxr�bm�xo�uxr�bm{�rp2rpR}��
¤�r` bhtzg o½���^l%�qp	g o�kR}xr¡t�bqp+osbqkx|�i�c�g o�u�isos|�rlm�^`jgjpxri���bm|�l=isbqkRpR}�`jrzemr`¦lmpR}�bm{�rp�rp	}'` bhtzl%o�g bqp
t�bm|�|�ri�{°bqp	}Rgjpx�§osb�o�uxr�þ µ ìz�^��osrz|��^gjpRl%o�g bqp=l%o�ì ú �w�Z�%}['y��rlmi�kR|�r}:kRi�gjpx�¡¢�£�¤��=b²|�rz�^l%|�rlmi
|�rz{R|�risrp�o�o�uRr=ü�gj�^l%�qgjp	l%|��xý�o�kR�°r$c�lm`j`¾` bhtzl%o�g bqpRi�t�bm|�|�ris{�bqpR}RgjpR��osb:o�uxr¡¢�£�¤B}Rl%o�lh�

_xbm|�t�bq��{	l%|�gnisbqpµo�uxr^{�bmosrp+o�gjlm`�lmt�bqkRi�o�gjt^emr` bhtzg o��±�	r`j}µl%��bdemr=l'{	gjisosbqpµ` bhtzl%osr}�gnpµo�uxr
{	`jlmpRr�bm��o�uxr:bm{�rp�rp	}�uRlmi2�°rzrp¸tzlm`jtzkR`jl%osr}¸p+k	��rz|�gjtzlm`j`j� « lmi�}xri�t�|�g ��r}µgjp�isrt�o�g bqpd�+� ® � ú �N´bqp+osbqkx|�{	` bmo�i�i�uxb�c�gjpx�±o�uxr��^l%�qpRgjo�kR}xr:bm��o�uxr¶emr` bhtzg o½�¸�Rr`j}·l%o��:l��hgj��kR� bqkxos�Rb�cIlmpR}
gjpx�	bdc?l%��bdemr�o�uxr�gj}xrlm`ngjisr}�tzlmisr�bm�Nl${	`nlmpxr�{Ngjisosbqp�l%|�r�i�uxb�c�p�gjp��R�qkx|�r ª �K�x� © os|�rlm�^`ngjpxrial%|�r
lm}R}xr}¡osb�gjpR}	gjtzl%osr�o�uxr��Rb�c·}	g |�rt�o�g bqp���¼��qlmgjp « o�uxr��Rbdc·gji¾is�h�^��rzos|�gntzlm`qlmpR}2}	g!��k	israbqp2gjpx�	bdc
lmpR}2bqkxos�Rbdc2�a��uxr�isos|�rlm�:`jgjpxri�i�uxbdc6i�`jgj�qu�o�` �$` ri�i�tzkx|�e%l%o�kx|�r�o�uRlmp�gnp¡o�uxr�r��w{�rz|�gj�^rp�o�lm`+tzlmisr «
lmpR}¶i�gjp	t�r²o�uRr²o�kR�°r$c�lm`j`ji�lmpR}Hr}x�mri�l%|�r$pRbmo�o�l%mrp'gjp+osb�lmtzt�bqk	p�o�gnp=o�uRr$�^bw}xr`°o�uxr$�Rb�c¨gjp
o�uxrisr§l%|�rlmi�gji�pRbmo�gn}xrlm`�� ) b�c�rzemrz| « o�uxr$bdemrz|�lm`j`�l%�m|�rzr��rp+o���rzo½c´rzrp�o�uxr§��bh}xr`j` r}HlmpR}Ho�uxr
r��h{°rz|�gj��rp+o�lm`j` �:}xrzosrz|��^gjpxr}¶{�bmosrp+o�gjlm`��Rb�c�i�gji��mbwbh}��

_ag �qkx|�r ª � ª i�uxb�c�i�o�uxr,t�bm|�|�ris{�bqpR}Rgnpx�Lemr` bwtzgjo½�6emrt�osbm|H�:l%{�l%o^{�rl%·bqkxos�Rbdc<��bm|=o�uxr
��bh}xr`j` r}Btzlmi�r�c�gjo�uBo�uxrº|�lm}Rgjlm`^lmpR}¥l��hgnlm`^emr` bhtzg o½�B{	|�bm�	` riz� ��uxrylm��{	`jgjo�kR}xr6bm��o�uxr
bqi�tzgj`n`jl%o�g bqp�u	lmi���rzrp6lm}� �kRisosr}·isbLo�uRl%o�o�uxr¶emr` bwtzgjo½��gjp¸o�uxr¶{	`jlmpRr§ �kRiso�l%��b�emr�o�uxr={Ngjisosbqp
gji�o�uxr�i�lm��r�lmi�o�uxr�emr` bhtzg o½�±��rlmi�kx|�r}³��|�bq�<o�uxr�¢�£�¤��^rlmi�kx|�r��rp+oz�»��uRr2�Rb�c�i�gnp³��bmo�u
o�uxr$¢�£�¤~��rlmi�kR|�r��rp+o�i´lmp	}=gjp=o�uxr$gj}xrlm`jgnisr}:tzlmisr§l%��bdemr§l�{	gjisosbqpHl%|�r§gjp:�mb+bh}¶l%�m|�rzr��rp+oz�
��uxrz|�r$l%|�r¡isbq��r¡i�kx�	o�` r§}Rg!��rz|�rpRt�ri�gjpHo�uxr§�Rb�c~}Rg |�rt�o�g bqpHc�uRgjt�u�l%|�r¡��bqiso�`jgjmr` �^osb^��r§}Rkxr
osb�t�bqp+emrt�o�g bqpºtzkR|�|�rp+o�i�c�g o�uRgnp�o�uxr'¢�£�¤ rpRtz` bqi�kx|�r�lmpR}6o�uxr'pxbqpx¯½gj}xrlm`���bh}xr`j`jgnpx�³bm�²o�uxr
o�kx��rHr}x�mriz�6��uxr¶|�lm}Rgjlm`´emr` bhtzg o���{R|�bm�N` ri�lm`jisbµl%{R{�rl%|�osbµ��r¶vwkRlm`jgjo�l%o�g emr` ��i�gn�^gj`jl%|�c�g o�u
l��xgjlm`�lmpR}�osr��{�bm|�lm`�is�h�^��rzos|��m�¶��uxrz|�r:gji2l³isos|�gjwgjpR�¶i�gj�^gj`jl%|�g o½�±gjpµo�uxr=|�l%osr:bm��t�u	lmpx�mr=bm�
l��xgjlm`�emr` bhtzg o½�¶lm��{	`ng o�kR}xr$c�g o�u�}	gjiso�lmpRt�r¡gjp¶o�uRr¡l��hgjlm`¦}Rg |�rt�o�g bqp¾�

��uRr:l��hgnlm`�emr` bhtzg o½�µ{	|�bm�	` ri¡l%|�r:r��xlm�^gjpxr}µ��kx|�o�uRrz|2kRi�gjpR�'l³pxbm|��:lm`jgji�l%o�g bqp�{R|�bht�r}Rkx|�rm�
_ag |�iso�`j� « o�uxr��^l%�qpRg o�kR}Rri�bm��o�uxr�l��hgjlm`¦emr` bhtzg o½��{R|�bm�	` ri���|�bq�Yo�uxr�¢�£�¤B}Rl%o�lHl%o²rlmt�u±bm��o�uxr
{	uRlmi�r�isosrz{	i§ü�r��xt�rz{Ro´o�uxr�o�c�b�{	u	lmisr�isosrz{Ni�c�g o�u:pxrl%|�¯�ûzrz|�b�lm��{	`jg o�k	}xri�c�uRgnt�u^c´rz|�r²|�r� srt�osr}

ª �
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_ag �qkx|�r ª � ª í�£�}xrlm`jgjisr}=¢�bmosrp�o�gjlm`°�Rb�c8emr` bwtzgjo½�^emrt�osbm|��^l%{¶l%o´{°rl%�bqkRos�Rbdc l%��bdemr§l�{	gjisosbqp
` bhtzl%osr}�l%o�o�uxr:bm{�rp�rpR}��¶þ�lm}Rgjlm`�ü�osbm{°ý$lmpR}¸¼��xgjlm`½ü�|�gj�qu�o�ý²emr`jbwtzg o��µ{R|�bm�	`jri¡l%o�l,isrz|�g ri2bm�
o�gj�^ri$o�ux|�bqkx�quµlmt�bqkRi�o�gjt^t��htz` rm�^��uxr^isbqk	pR}L` rzemr`�gji$rvwkRg e%lm` rp+o§osb�o�uxr^¢�£�¤.�^rlmi�kx|�r��rp+o
bm��o�uxr¶þ µ ìz�^�Zosrz|��:gjpRl%o�g bqp·l%oHì ú �w�Z�%}e'fb²|�rz��l%|�rlmi�|�rz{R|�risrp+o�o�uxr:o�kx��r=c´lm`j`�` bhtzl%o�g bqpRi
t�bm|�|�ris{�bqpR}Rgjpx��osb±o�uxrH¢�£�¤I}Rl%o�lh�,þ�r}¸}Rlmi�uxr}�`jgnpxri¡|�rz{	|�risrp+o2{	`jlmpRri2gjp�c�uRgjt�u�emr` bhtzg o½�
{R|�bm�	` ri�l%|�r2��rlmi�kx|�r}��

ª �
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R=1mm PIV data at 136.6dB

_ag �qkx|�r ª �Z�wí�ù�bm|��^lm`jgji�r}�l��xgjlm`hemr` bhtzg o����:l%�qpRg o�kR}xr�lmi�l§��kRpRt�o�gjbqp�bm��l��xgjlm`x}Rgjiso�lmp	t�r´��bm|���bmo�u
o�uxr$¢�£�¤~��rlmi�kR|�r��rp+o�bm�¾o�uRr²þ µ ìz�^�.osrz|��^gjp	l%o�g bqp=l%o§ì ú �w�Z�%}['ylmpR}Ho�uxr²{	gjisosbqp	gjt���bh}xr`
bm��{°bmosrp+o�gjlm`��	bdc¡�

��|�bq� o�uRgji$tzlm`jtzkR`nl%o�g bqpNý�c�rz|�r^pxbm|��^lm`jgnisr}³�w�,}	g ewgn}Rgjpx�^�w�³o�uRr^�^l��hgn��kR� l��xgjlm`�emr` bhtzg o½�Ll%o
o�uRl%o¡{NuRlmisrm�=��uRgji§{R|�bw}Rk	t�r}µl'isrz|�g ri¡bm�´emr`jbwtzg o��µ{R|�bm�	`jri$c�g o�u�lm��{N`jg o�kR}xri$��rzo�c�rzrp�ûzrz|�b
lmpR}³bqpxrm�´¼E��rlmp,e%lm`jkxr¡lmpR},lmi�isbhtzgjl%osr},i�o�lmpR}Rl%|�}�rz|�|�bm|�bm�ao�uxr�pxbm|��^lm`jgnisr}�l��hgnlm`¾emr` bhtzg o½�
l%o§rlmt�u¸l��hgnlm`a{°bqi�g o�g bqp,c´lmi¡tzlm`ntzkR`jl%osr}�gjpg�,l%o�`jl%�¾����uRgji²c�lmi§o�uxrpL{	`jbmososr}�lmi§l¶��k	pRt�o�g bqp
bm��l��xgjlm`�}Rgniso�lmpRt�r���|�bq� o�uRr�bm{�rpLrpR}Llm` bqpR�Hc�g o�uLl�pxbm|��^lm`jgnisr},l��xgjlm`�emr` bhtzg o½�L}Rl%o�lH��|�bq�
o�uxrH��bw}Rr`j` r}�}Rl%o�l6ü�pxb±lemrz|�l%�qgjpR�,c�lmi�pxrt�ri�i�l%|���i�gjpRt�r^o�uxr={R|�bm�	`jr:l%o�lm`n`�{	uRlmisrHisosrz{	i�gji
gj}xrp+o�gjtzlm`�ý��²��uxr�|�ri�kR` o�bm��o�uRgji�{R|�bht�r}Rkx|�r2��bm|$o�uxr�¢�£�¤�lmpR}±��bw}Rr`j` r}³}	l%o�l=t�bm|�|�ris{�bqpR}Rgjpx�
osbHo�uxr�þ µ ìz�^� osrz|��^gjp	l%o�g bqp³l%o�ì ú �w�Z�%}['¹gji²i�uxbdc�p³gjp,�R�qkx|�r ª �Z�w�²¼²i²tzlmp,��r�isrzrp±o�uxrz|�r
gji�lmp³r��ht�r`j`jrp�o�l%�m|�rzr�^rp�o�c�g o�u¶��rzo½c´rzrp³o�uRr§r��w{�rz|�gj�^rp�o�lm`�lmpR}'o�uxrzbm|�rzo�gjtzlm`¦|�ri�kR` o�i��³bw}Rr`j`jgjpx�=o�uxr��Rbdc�l%o§o�uRr�bm{�rpLrpR}Llmi§o�u	l%o$l%��b�emr^l¶{	gjisosbqpL` bhtzl%osr}µ}Rg |�rt�o�`j�³l%o§o�uxr
bm{�rp�gji�lmp�b�emrz|s¯½i�gj��{N`jg �	tzl%o�g bqp�lmp	}�o�uxr�r��hlmt�o´}xrzo�lmgj`jiabm�°o½c´b¡|�ri�kR` o�i�tzlmpRpxbmo��°r�r��h{�rt�osr}�osb
l%�m|�rzr2t�bq�^{	` rzosr` �m� ) bdc´rzemrz| « o�uRr§|�ri�kR` o�i�i�kR�m�mriso�o�uRl%o�o�uxr§emr` bhtzg o��=�Rr`n}H�^rlmi�kx|�r}¶��bm|�o�uxr
þ µ ìz�^�.osrz|��^gjpRl%o�gjbqp=l%o§ì ú �w�Z�%}['�c�g o�uH¢�£�¤~gji´l2�mbwbh}Hl%{	{R|�b�xgj�^l%o�gjbqp:osb�{�bmosrp�o�gjlm`°�Rb�c¡��³bw}xr`n`jgjpx��o�uxr¡{�bmosrp+o�gjlm`��Rb�c~l%o�o�uxr§bm{�rp�rp	}�bm��l�o�kx��r¡lmi�o�uRl%o�l%��b�emr�l�{	gji�osbqp'l%{R{�rl%|�i
osb���r� skRi�o�g �Rr}HgjpH�°bmo�u�l�vwkRlm`jg o�l%o�gjemr$lmp	}�v+kRlmp+o�g o�l%o�g emr¡i�rpRisrm����uRr²tzlm`jtzk	`jl%o�g bqp�lmpR}�kRi�r²bm�
o�uxr${	gji�osbqpRgjt�{°bmosrp+o�gjlm`��Rb�c¨��bh}xr`�gjpHo�uxr$riso�gj�^l%o�g bqp¶bm��rpxrz|��m�H` bqi�isri�kRi�gjpx��embm|�osr��¶i�bqkRpR}
o�uxrzbm|��¶gji�}Rri�t�|�g ��r}¶gjp�t�u	l%{Rosrz|h�+�

£�p:o�uRr���bq`j` b�c�gjpx��isrt�o�g bqpRi§ü ª � ú � ® ¯ ª � ú � ª ý�l�pwkR����rz|�bm�¦¢�£�¤~emrt�osbm|��^l%{	i�l%|�r$}Rgjis{	`nl�mr}��
_xbm|�tz`jl%|�g o½�Hl��	|�g rz�¾}xri�t�|�g {Ro�g bqp:bm��isbq��r$bm��o�uxr$��rl%o�kx|�ri�gji�pxbdc �^lm}xrm��£�pHrlmt�u�emrt�osbm|��^l%{
l,c´ldemrz��bm|��îgni�i�uRbdc�p·gjp�o�uRrHkx{	{°rz|�` rz��o�t�bm|�pxrz|d�,��uRgni2i�uxb�c�i�o�uxr=osr�^{°bm|�lm`���bm|�� bm��o�uxr
lmt�bqkRiso�gnt�{Nl%|�o�gjtz` r�emr` bwtzgjo½�:lmpR}¶l�|�r}¶�^l%|�mrz|�gji´kRisr}=osb�gjpR}Rgjtzl%osr�o�uxr²{°bqgnp�o´gjp:o�uRr²lmt�bqkRi�o�gjt
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t��htz` r:c�uxrz|�r^o�uxrH��rlmi�kx|�r��rp�o�gji��^lm}xrm�'��uxr=c´ldemrz��bm|�� gni¡�mrpxrz|�l%osr}·�w��tzlm`jtzkR`jl%o�gnpx�³l%o
rlmt�u�isosrz{�o�uxr$lmt�bqkRiso�gjt²embq`jkR�^r²emr`jbwtzg o��=ldemrz|�l%�mr}�bdemrz|�l�{N`jlmpxr� �kRiso´bqkxo�i�gn}xr�o�uRr²bm{�rp=rpR}
bm��o�uRr�o�kR�°r�lmi§}xri�t�|�gj�°r},gjp±isrt�o�g bqpi�w� ú � ® �2��uRr�|�ri�kR` o²bm��o�uxr�tzlm`jtzkR`jl%o�gjbqp,gji$gjp+osrz|�{�bq`jl%osr}
osb��qg emr:o�uxr:tzkx|�emr^i�uxbdc�p¾�^¼�}R}	g o�g bqpRlm`j`j� « l¶|�rz��rz|�rp	t�r:lmt�bqkRiso�gjt^{	l%|�o�gjtz` r�emr` bhtzg o��±emrt�osbm|�gji
i�uRbdc�pLgjp±o�uxr�kx{R{�rz|²|�g �qu+o§t�bm|�pxrz|§bm�´rlmt�uµemrt�osbm|��^l%{�lmi§l¶ewgni�kRlm`�lmgj}��2��uRr�`jbwtzl%o�g bqp	i$bm�
o�uxr�o�kx��r�osrz|��^gjpRl%o�gjbqpRi�l%|�r²i�uxbdc�p^gjp��m|�rz�^lmp	}�o�uxr�bm{�rpRgjpR�¡gjp�o�uxr�o�kR�°r�gji�i�uxb�c�p^gjp^c�uRg osrm�
��c´b't�bqp+osbqkx|2�^l%{	i§l%|�r:lm`jisb�i�uxb�c�pµosb'lm`j`jbdc�o�uxr^}	gjisos|�g �Nkxo�g bqpRi�bm��emr` bhtzg o��±lmpR}Lembm|�o�gjtzg o½�
osb^��r$rlmi�gj`j�=bm�	i�rz|�emr}��

é������¦¨ ê�ÆX�O�G�kjJle¬�ø���¬XÄ��U�Ym½©��m��·®W¬��º©G®W��¬
��uRr�i�uRl%|�{¨r}R�mr}~osrz|��:gjpRl%o�g bqp c�lmi±}xri�g �qpxr}¨osb��^gj�:gjtLlmp kRpR�	lmpx�mr} o�kx��rµc�gjo�u o�uRgjp
c�lm`j`jiVü�_ag �qkx|�rd�x�Z�qýµlmi�i�o�kR}Rg r}Er��h{�rz|�gj��rp+o�lm`j` �¨�w�n�$gji�isr`juRbm|�isoµlmpR}Be%lmp � g  spR�qlml%|�}xrp
ð �$gji�i�r`juxbm|�iso�� ¬%ñ lmpR}¡¢�rzosrz|�iB �! #%$ ð ¢�rzosrz|�io "! #%$ smú�ñ �p'�rtzlmk	isr�bm�ho�uxr�i�{°rtzgnlm`%�mrzbq��rzos|��§bm�ho�uRgji
osrz|��:gjpRl%o�g bqp³�RbdcBisrz{	l%|�l%o�g bqp,l%o²o�uxr�o�kx��r2r}x�mri²c�lmi²r��w{�rt�osr}±osb=bhtztzkx|§l%o²|�r`jl%o�g emr` �'`jbdc
emr` bhtzg o��¶lm�^{	`jg o�kR}Rri���bmo�u�bqp³gjpx�Rb�c¨lmpR}�bqkxos�Rb�c « uRlmi�osrpRgjpx��o�uxr2bqpRisrzo�bm��pxbqph¯½`jgnpxrl%|�g o�g ri�
¼²i¦r��h{�rt�osr} « o�uRgji�is{�rtzgjlm`�tzlmisr�i�uRbdc´r}�}xrz{Nl%|�o�kx|�r���|�bq� `jgjpxrl%|���ruRlehg bqkx|�l%o�isbqk	pR}¡{R|�ri�i�kx|�r
` rzemr`ni « ��rlmi�kx|�r}ºc�gjo�uRgjp6o�uxr±o�kx��r,l%oHo�uxr³{�bqi�gjo�g bqpVbm�§o�uxrL¢BNC'Qos|�lmpRi�}	kRt�rz| « lmiH` bdc lmi
ìF�Rì%� s }['8c�g o�u�` bhtzlm`jgjisr}Hembm|�osr��³isos|�kRt�o�kx|�ri��mrpxrz|�l%osr}'bqkxo�i�gn}xr$o�uxr¡osrz|��^gnpRl%o�g bqpHbqp�bqkxos�Rb�c
lmpR},}x|�ldc�p³gjp+osb:o�uRr2o�kx��r2bqp±gjpx�	bdc¡�C'´��ìF� ú �Z�%}[' o�uxr��	|�iso�i�gj�qpRi�bm�° srzo�}x|�g emrp³isos|�rlm�^gjpx�
l%|�r=bm�	isrz|�emr}·c�gjo�u�l'{NkR`ji�l%o�gj`jr$ �rzo�bqp·bqkxos�Rbdc lmpR}·isos|�bqpx�±gjpx�Rb�c¥tz` bqi�r=osb±o�uxrHbm{°rp�rpR}
` rlm}	gjpx�¡osb�o�uxr²{R|�risrp	t�r�bm�¦l���rlmpHbqkxo�c´l%|�}� srzo´�Rbdc l�i�uxbm|�o�}Rgjiso�lmp	t�r���|�bq�.o�uxr�bm{�rp=rpR}��
��uRr�bqp	isrzo§bm�´i�kRt�u�pRbqph¯½`jgjpxrl%|${	uRrpxbq��rpRlHc�lmi¡��bqiso§|�l%{Ngj}LlmpR}µisos|�g hgjpx�Hc�g o�uLo�uRr^i�uRl%|�{
r}x�mr}'osrz|��^gjpRl%o�gjbqp��

qPrtsvuvw0xzyv{|w0}p}W~a�|��s
w@�t~6��w��
'´rzo½c´rzrp�ìF� ª �Z�%}e'¨lmpR}µìF�\�%}['8l�os|�lmpRi�g o�g bqpHosb:lmp�kRpwkRi�kRlm`°�Rb�c |�rz�qgj��r$c�lmi�bm�	isrz|�emr}�o�uRl%o
c�lmi�pxbmo�|�rz{R|�bh}RkRt�r}�c�g o�u'lmp+�Hbm�ao�uxr2bmo�uxrz|�osrz|��^gjpRl%o�g bqp	iz����uxr�¢�£�¤¹|�ri�kR` o�i�i�uxbdc�gnpx��o�uRgji
�Rb�c8|�rz�qgj��r§l%|�r§gjp=�R�qkx|�r ª ���+����uRgji�|�rz�qgj��r§gji�t�uRl%|�lmt�osrz|�gjisr}¶�w�:{�rz|�g bh}Rgjt�embm|�osr��¶i�uxr}R}RgjpR� «
o�uxr�{	|�risrpRt�r�bm��l�isos|�bqpx��bqkRo½c�l%|�}H srzo§bqpµbqkxos�Rb�c���|�bq� o�uxr^t�rp+os|�r^bm�´o�uxr�bm{�rpLrpR}µlmpR}
gjpR�RbdcVt�bqpRt�rp+os|�l%osr}=osb�l§|�rz�qg bqp^tz` bqisr�osb2o�uxr�o�kR�°r�c�lm`j`jia|�ri�kR` o�gjpR�$gnp� �rzo�}R|�g emrp^isos|�rlm�^gjpx�x�
��uRr�lmt�bqkRiso�gnt�{	l%|�o�gjtz` r�emr` bhtzg o½�±lm��{	`jg o�k	}xr2gji�ì%�����^i ��� �¡¼�|�bqkx�qu±riso�gj�^l%o�gjbqp,bm��o�uxr���rlmp
is{�rzr}Lbm��{R|�bm{Nl%�ql%o�g bqpµbm�´o�uxr^embm|�o�gjt�ri « �^lm}Rr��+�L}Rg ehgj}RgjpR�:o�uxr:}	gjiso�lmpRt�r���rzo½c´rzrp�embm|�o�gjt�ri
�w�¶o�uxr2{�rz|�g bh}¶bm��o�uxr�lmt�bqkRiso�gjt�t��wtz` r « �wgjr`j}Ri�l:e�lm`jkRr¡bm��l%��bqkxo2ì%�jì ª �^i ��� ��bm|²l^embm|�osr��±l%o�l
}Rgniso�lmpRt�r�bm� ® �^�¹��|�bq�¹o�uxr´o�kx��r�r��xg oai�` b�c�gjpx��osb ¬ ��� ª �^i ��� l%oal$}Rgjiso�lmp	t�r�bm�t�%�^�'��£�oai�uxbqkR`j}
��r^pxbmosr}µo�u	l%o2o�uxr^tzkx|�emr:gjpµo�uxr^kR{R{�rz|¡` rz��o¡t�bm|�pxrz|2bm��o�uxr�emr` bhtzg o��µemrt�osbm|��^l%{ « i�uxb�c�gjpx�
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bm��o�uxr¡bm{�rp�rpR}��

é��¦���¦� +�°g±�· ©��U��·®W¬X�I©G®±�T¬
¼²i·}	gji�tzkRi�i�r} gjp.isrt�o�g bqp ª � ú �jì « l%o ì ú �w����}[' o�uxry�Rb�c �	r`j}¥l%o6o�uxrybm{�rp.rpR} bm�,o�uxr
þ µ ¬ �^� osrz|��^gnpRl%o�g bqpµgji§{�bmosrp+o�gjlm`!¯½`jgjmr�gnpµpRl%o�kx|�r^c�g o�uµis�h�^��rzos|�gjtzlm`�gnpx�Rbdc¥lmpR}Lbqkxos�Rb�c¡�
¼²i2o�uxr¶isbqkRp	}�{R|�ri�i�kx|�r:`jrzemr`�c�gjo�uRgjpµo�uxrHo�kx��r:gjp	t�|�rlmisri�o�uxr:emr`jbwtzg o����Rr`j}���rt�bq��ri�` ri�i
is�h�^��rzos|�gntzlm`�c�g o�u�o�uRrH�	bdcQ�Rr`j}	i2bqp?gjpR�Rbdc lmpR}6bqkxos�Rb�cQ��rt�bq�^gjpx�L��bm|�r�}Rgji�o�gjpRt�oz���$p
bqkxos�Rb�c o�uxr³emr` bhtzg o��ºgjpVo�uRr±t�rp+os|�lm`²|�rz�qg bqpyisos|�rpx�mo�uRrpRiz�²�$pygjpx�	bdcYo�uRr³�	kRgn}Vemr` bhtzg o½�
��rt�bq��ri�isos|�bqpR�mrz|³tz` bqisrz|�osb?o�uxrµo�kR�°r±c�lm`j`ji¶c�g o�uyo�uxrµt�bq���	gjpxr}8|�ri�kR` oHbm��t�|�rl%o�gnpx�Vlmp
bqkxo�c´l%|�}¡ srzo�c�u	gjt�u^tzlmpH��r�bm�	i�rz|�emr}:b�emrz|�o�uxr�rp+o�g |�r�lmt�bqkRiso�gjt²t��wtz`jrm� f �xlm��{	` r�¢�£�¤¨gn�^l%�mri
bm��gnpx�RbdcQlmpR}·bqkxos�	bdcQ��bm|�o�uRgji�o½�w{�rHbm���RbdcIl%|�r¶i�uxbdc�p6gjp·�R�qkR|�r ª �jìmì'��bm|�o�uxr�þ µ ¬ �^�
osrz|��^gnpRl%o�g bqp�l%o�l^isbqk	pR}¶{R|�ri�i�kx|�r$` rzemr`�c�g o�u	gjp:o�uRr¡o�kx��r « ��rlmi�kx|�r}³l%o�o�uxr¡{�bqi�g o�g bqpHbm��o�uxr
¢BNC'�os|�lmpRi�}RkRt�rz| « bm�´ìF�\�w� s }[' lmpR}�l�{	l%|�o�gjtz` r§emr` bhtzg o½��lm��{N`jg o�kR}xr Ù � � � Ù µ ì%� ª ìz�^i ��� �

��uRr�lmis�h�^��rzos|��,}xrzemr` bm{	i²��kx|�o�uxrz|$lmi²o�uxr�emr`jbwtzg o��³lm��{	`ng o�kR}xr2gnpRt�|�rlmisriz�$��uxr�bqkxos�Rb�c
emr` bhtzg o½�,tz` bqisr2osbHo�uxr�c´lm`n`¦gjpRt�|�rlmisri�lmp	}³��bqkRpR}	l%|��H`nl�mrz|§isrz{	l%|�l%o�gjbqp³��rz�qgjpRi�osbHl���rt�o$o�uxr
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�	lmt�^gjp+osb¡o�uxr�o�kR�°r�bqp:gjpx�	bdc¡�a��uxr�i�os|�rpx�mo�uHlmpR}:i�gjûzr�bm��o�uxrisr�embm|�osr��=isos|�kRt�o�kR|�ri�gjp	t�|�rlmisri
lmi�o�uRr2isbqkRpR}¶{	|�ri�i�kx|�r$`jrzemr`¾gjpRt�|�rlmi�riz�

qPrtsvuvw0xz�ew=�|w0s
³�u�~art�´s
w0�/~a��w
_ag �qkx|�r ª �jì ® i�uxb�c�i'lVt�bq��{N` rzosr�isrz|�gjri¶bm��¢�£�¤ emrt�osbm|LlmpR} t�bqp�osbqkR|,�^l%{	i³i�uxbdc�gjpx�6o�uxr
lmt�bqkRi�o�gjt�{Nl%|�o�gjtz` r²emr` bhtzg o½�^�	r`j}:��bm|�o�uxr§þ µ ¬ �:� o�kx��r²osrz|��^gjp	l%o�g bqp=l%o§ì ª �w� ® }['Bü���rlmi�kx|�r}
l%o�o�uxr=¢YNY'Bos|�lmp	i�}RkRt�rz| ý��,��uxr=lmt�bqk	iso�gjt={	l%|�o�gjtz` r:emr` bwtzgjo½��lm��{N`jg o�kR}xr^gni ª � ª �%�^i ��� �³��uxr
pxbm|��^lm`jgjisr}'{R|�ri�i�kR|�r�lmpR},emr` bhtzg o½�,c´ldemrz��bm|��^i$��bm|$o�uRgni���rlmi�kx|�r��rp+o²l%|�r�i�uRbdc�pLgjp³�R�qkx|�r
ª �jì ú ��¼�i§tzlmpL��r�isrzrpLo�uxr�{R|�ri�i�kx|�r�lmpR}±emr` bwtzgjo½�±�Rr`j}Ri²l%|�r�iso�gj`j`�ri�isrp+o�gjlm`j`j�³i�gjpwkRisbqgj}	lm`¦l%o
o�uRgni�isbqkRpR}�` rzemr`���$kx|�gjpx�§o�uxr�bqkxos�Rbdc8iso�l%�mr²bm��o�uxr�lmt�bqk	iso�gjt�t��htz` r�ü�{	uRlmisr²isosrz{	i ® ¯µ�qý�o�uxr��Rbdc8gji�bm�Nisrz|�emr}
osbL��rHi�os|�bqpx�mriso^pxrl%|�o�uRr¶t�rp+os|�r'lmpR}6tz` bqi�rHosbµo�uRr¶gnpRpxrz|�c´lm`j`´bm��o�uxr¶o�kx��r=osrz|��:gjpRl%o�g bqp���$kx|�gnpx�Vo�uxr6gjpx�Rb�c iso�l%�mr6bm�^o�uRr·lmt�bqkRi�o�gjt¸t��htz` r ü�{	uRlmisr6isosrz{	ig�d¯�ì ¬h« ìdý,lmg |±gni³gjpRgjo�gjlm`j` �
}x|�lc�pVgnp�osb¸o�uxr³o�kx��r'��bqi�o=isos|�bqpR�q` �?tz` bqisr³osb·o�uxr±gjpRi�gj}RrHc�lm`j`�bm�§o�uRr³o�kx��r'osrz|��:gjpRl%o�g bqp
ü��R�qkR|�r ª �jì ® ü��+ýsý�lmpR}±o�uxrp'}Rg ��kRi�r` �^��|�bq�Ilm`j`�}Rgj|�rt�o�g bqpRiz��§p�bqkxos�Rb�cºo�uxr�lmgj|�c�g o�uRgnp�o�uRr���bqkRpR}Rl%|���`jl�mrz|�r��hgjo�i�o�uxr�bm{�rp�rp	}^l%o�l§|�r`jl%o�g emr` ��uRg �qu
emr` bhtzg o���gjo�rpRt�bqkRp+osrz|�i´l§|�rz�qg bqp:bm�¾iso�l%o�g bqpRl%|���lmg |¾ sk	iso�bqkxo�i�gj}Rr�o�uxr�osrz|��:gjpRl%o�g bqp��W'´bqkRpR}Rl%|��
`jld�mrz|�i�rz{	l%|�l%o�g bqp�bwtztzkx|�i�l%o�o�uxr:|�gj�qu�o2lmpR�q` r}�gjp	i�gj}xr�r}x�mr=bm��o�uxr:osrz|��^gjpRl%o�g bqp¾�H��uRr:uRg �qu
is{Nl%o�gjlm`²emr` bwtzgjo½�y�m|�lm}Rg rp+o�{R|�risrp+o'l%o�o�uxr�` bhtzl%o�g bqp8bm��o�uxrLo�kx��rLr}x�mr�lmi¶o�uxr�isrz{Nl%|�l%osr}
uRgj�qu�emr` bhtzg o�����bqkRpR}Rl%|���`jl�mrz|^gj�^{	gjpx�mri�bqp6o�uRgji�iso�l%�qpRlmp+o^lmg |�|�ri�kR`jo�i�gnp�o�uxr¶�mrpxrz|�l%o�g bqp
bm��`jbwtzlm`jgnisr}�embm|�o�gjtzg o½�m�$c�pR`ng mr=gjp¸o�uxr�i�g o�k	l%o�g bqp�c�g o�u�o�uRr¶i�uRl%|�{·osrz|��^gjpRl%o�gjbqp « c�uxrz|�r=o�uxr
embm|�o�gnt�ri§l%|�r��mrpxrz|�l%osr}�lmp	}±i�uxr}±{°rz|�g bw}	gjtzlm`j` � « |�rl%oso�lmt�uR�^rp�o¡bhtztzkx|�i$bqpLo�uRr�bqkRosrz|§�	lmpx�mr
lmpR}·l±embm|�osr��6|�gjpx�±gji2�mrpRrz|�l%osr}6c�uRgjt�u¸tz`ngjpx�qi�osbµo�uxr=bqkRo�i�gj}xrHr}x�mri�bm��o�uxr¶osrz|��:gjpRl%o�g bqp��
��uRr=}xrzemr` bm{N��rp�o�bm��o�uRgji�embm|�osr��6isos|�kRt�o�kx|�r=gji���bqiso�isos|�g hgjpx�q` �L}Rgji�{	`jl�mr}¸gjp¸{	uRlmisrHisosrz{	i�%¯µ�w�_�$p	t�r�o�uxr�gjpx�	bdcV{	l%|�o�bm�°o�uRr�lmt�bqkRiso�gjt�t��wtz` r�uRlmi���rz�qkRp�o�uRgniaembm|�osr��^|�gjpx�¡gni�}x|�lc�p��	lmt�
gjp+osb�o�uxr§o�kx��r

¤�bm|�osr��,isos|�kRt�o�kR|�ri�l%|�r�o�u+k	i��mrpxrz|�l%osr}±bqp³bqkxos�Rbdc « c�gjo�u'gjpRt�|�rlmi�gjpx�^i�g ûzr�lmpR}³i�os|�rpx�mo�u
lmi$o�uxr�lmt�bqkRi�o�gjt�emr` bwtzgjo½�,lm�^{	`jg o�kR}Rr�gjpRt�|�rlmisri « c�uRgnt�u±tz`jgjpx�Hosb¶o�uxr�o�kx��r�c�lm`j`ji$l%o$o�uxr�rpR}
bm�ao�uxr�osrz|��^gjpRl%o�gjbqp'}Rkxr¡osb=|�rl%oso�lmt�u	��rp�o$bm�ao�uxr��°bqk	pR}Rl%|��H`jl�mrz|���§p'gjpx�Rb�c~lmg |²gji�}x|�lc�p
}Rg ��kRi�r` �,gjp+osb'o�uxr:o�kx��r^��|�bq�Ulm`j`�}	g |�rt�o�g bqpRi2tzlmkRi�gjpx�³o�uxr^embm|�osr��¸i�os|�kRt�o�kx|�ri¡osb³��r:i�kRt�mr}
�	lmt�±gnpRi�gj}xrm�¡¼²i§o�uxr�lmt�bqkRi�o�gjt�{	l%|�o�gntz` r�emr`jbwtzg o��±lm�^{	`jg o�kR}Rr�gjpRt�|�rlmisri§o�uxr�gjpx�	bdcE��rt�bq��ri
t�bqpRt�rp+os|�l%osr}�osb�|�rz�qg bqpRi$bm��isos|�bqpx�¶�Rb�c tz` bqisr�osb�o�uRr�c´lm`j`ni�bm�´o�uxr�o�kx��r�bm{�rpRgjpx�x����uRgji$gji
r��h{�rt�osr}=osb�tzlmkRisr²embm|�o�gjt�ri´osb���r��mrpxrz|�l%osr}HgnpRi�gj}xr�o�uRr�o�kx��r�bqp=gjpR�Rbdcy�	kxo�o�uRgji�tzlmp	pxbmo���r
t�bqpx�	|���r}¶r��h{°rz|�gj��rp+o�lm`j` �:gjp¶o�u	gji�iso�kR}R�m�
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_ag �qkx|�r ª �jì ª í�ù�bm|��^lm`jgjisr}2emr` bhtzg o½�¶ü��	`jkxr�ý¾lmpR}2{	|�ri�i�kx|�r�i�g �qp	lm`ji�ü�|�r}°ý¾��rlmi�kx|�r}�l%o�o�uRr�bm{�rp
rpR}'bm{°rp³rpR}'bm��o�uRr2o�kx��r§��bm|�o�uxr�i�uRl%|�{,r}x�mr}'osrz|��:gjpRl%o�g bqp,l%o�ì�� ® � ú }['²��¼�`nisb:i�uxb�c�p'��bm|
t�bq��{Nl%|�gjisbqp�gji�o�uxr§|�rz��rz|�rpRt�r2i�gj�qpRlm`�ü�¯�¯�¯�ý�i��wpRt�ux|�bqpRgnisr}Hc�g o�u¶o�uxr¡os|�g �m�mrz|�isbqkx|�t�rm�

��uxr^��rt�u	lmpRgji�� �w�Lc�uRgjt�uLo�uRgji$embm|�osr���|�gnpx�¶{	lmg |¡gji$�mrpxrz|�l%osr}¸l%{R{�rl%|�i$osb,��r�i�gj�^gj`jl%|
osb=o�uRl%o���bm|�o�uRr¡�Rbdc¹bm�	isrz|�emr}³c�gjo�u�o�uxr�i�uRl%|�{³r}R�mr}'osrz|��^gnpRl%o�g bqp³l%o�ì ª �+� ® }['²�8�$p³gjpR�Rbdc
isos|�bqpx�2�Rb�cytz`jbqisr�osb�o�uxr�c´lm`j`°tzlmkRisri���bqkRpR}Rl%|���`nl�mrz|�isrz{	l%|�l%o�g bqpHl%o´o�uxr²gnpRpxrz|�|�gj�qu�o´lmpx�q` r}
r}x�mr�lmpR}'gjp+c´l%|�}�tzg |�tzkR`jl%o�gnpx��embm|�osr���|�gjpx���mrpxrz|�l%o�gjbqp³gjpRi�gj}xr²o�uxr¡o�kx��rm�_�$p�bqkRos�Rbdc¹isos|�bqpx�
�Rb�c gjpHo�uxr$bm{R{�bqi�g osr$}Rg |�rt�o�g bqp¶tzlmkRi�ri��Rbdc¨isrz{Nl%|�l%o�g bqp�lmpR}Hembm|�osr��¶�mrpxrz|�l%o�g bqp¶bqkRo�i�gj}xr²o�uxr
o�kx��rm�?¼²}R}Rg o�g bqp	lm`j` � « o�uxr³gnpx�RbdcQ�mrpRrz|�l%osr}Vembm|�o�gnt�ri:l%|�r'r��h{�r`j` r}��6��uxr'i�os|�rpx�mo�u?bm�²o�uxr
bqkxo�c´l%|�}^tzg |�tzkR`nl%o�gjpx�$embm|�osr��^|�gjpR�$gni�isos|�bqpx�mrz|�o�uRlmp^o�uxr�gnp�c�l%|�}�tzg |�tzk	`jl%o�gjpx�$embm|�osr�� « k	pR`jg mr�gjp
o�uxr²tzlmisr²bm��o�uxr�i�u	l%|�{:r}x�mr²c�uxrz|�r�o�uxr�o�c�b�embm|�osr��H|�gjpx�qi�l%|�r²t�bq��{Nl%|�l%�	` r�gnp:isos|�rpR�mo�u�����uRgji
kRp+�	lm`jlmp	t�r^r��w{N`jlmgjpRi§c�u��Lo�uxr=embm|�osr���|�gjpR��{	lmg |2bm�Nisrz|�emr}¸��bm|�o�uxr=þ µ ¬ �:�Uosrz|��:gjpRl%o�g bqp
l%o�ì�� ® � ú }['.os|�ldemr`ji�bqp?lL��kRt�u6��bm|�r�tzkx|�emr}·os|�l� srt�osbm|��6lmpR}·|�bmo�l%osri�o�ux|�bqkR�qu·l%��bqkxo s%¬
}xrz�m|�rzri « c�uRgn` r§gjp�o�uxr2i�uRl%|�{'r}x�mr},tzlmisr�l%o�ì ª �+� ® }['¨o�uRr¡embm|�osr��'{	lmg |�os|�lemr`ji²gjp'lmp,lm`j��bqiso
isos|�lmg �qu�o�`ngjpxr§lc�l����|�bq�Qo�uxr2o�kx��r²r}R�mr¡c�g o�u�pxb:�q` bm�	lm`�|�bmo�l%o�g bqp¾�

¼²i�o�uxrz�2��b�emr´��kx|�o�uRrz|¦��|�bq�~o�uRr�bm{�rp¡rp	}2o�uxr´bqkxo�c´l%|�}�tzg |�tzkR`jl%o�gjpx��embm|�osr���|�gjpR��rp�os|�lmgjpRi
o�uxr�i�kx|�|�bqkRp	}Rgjpx�²lmg |�lmpR}���rz�qgjpRiaosb2}R|�lcVlmg |�gjp���|�bq��o�uxr�i�gj}xri « ��rzr}Rgnpx�¡lmg |�gjp+osb§o�uxr�t�rp+os|�lm`
ü�is�hp+o�uxrzo�gjtdý� srzo,ü�{	uRlmi�r³isosrz{´�qý��8��uxr'i�k	t�o�g bqpViso�l%�mr,bm�²o�uRr'lmt�bqkRiso�gjt,t��wtz` r³o�uxrp?��rz�qgjpRiz�
��uR|�bqkx�quxbqkxo´o�uRgji�i�o�l%�mr2lmg |�gji�}x|�lc�p�gjp+osb�o�uxr§o�kx��r§��bqiso�i�os|�bqpx�q` �Htz` bqisr§osb^o�uxr§o�kR�°r$c�lm`j`ji
lmpR}6l±|�r�^p	lmp�o�bm��o�uRr�bqkxo½c�l%|�}, srzo^tzlmp?iso�gj`j`���rHisrzrp¾�¸¼Yi�o�l%�qpRl%o�g bqp?{�bqgjp+o�gni�bm�Nisrz|�emr}
 �kRiso�bqkxo�i�gn}xr$o�uxr§bm{�rp¶rpR}�}Rkx|�gnpx��gnpx�Rbdc2�a��uxr¡iso�l%�qpRl%o�g bqp'{°bqgnp�o�tzlmp���r§isrzrp�o�ux|�bqkx�quxbqkxo
gjpR�Rbdcºlmp	}=��b�emri´��|�bq�.l2t�bwbm|�}RgnpRl%osr�bm��ü ¬h« �+ý�o�ux|�bqkR�qu,ü ¬h« �qý « ü ¬h« �mý « ü ¬h« �qý�osbHü ¬h« ª ý�gjp:{	uRlmisr
isosrz{Ni�� « � «=sw« ì ¬ lmp	}�ì%�

��uxr§emr` bhtzg o½��lmpR}�{	|�ri�i�kx|�r²c�lemrz��bm|��^i���bm|�o�uRgji���rlmi�kx|�r�^rp�o�gni�i�uxbdc�p'gjp��R�qkR|�r ª �jì ª �
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��uxr�emr`jbwtzg o���gji�pxbqph¯½i�gnp+kRi�bqgj}Rlm`hl%o�o�uRgji�i�bqkRpR}�` rzemr` « i�uxbdc�gjpx�¡l¡}Rgj{�t�bm|�|�ris{�bqpR}RgjpR�²c�g o�u�o�uxr
¢�£�¤ �^rlmi�kx|�r��rp+o�l%o�{	u	lmisr§isosrz{ ú ü��R�qkx|�r ª �jìF�+ý «  sk	iso�{R|�g bm|�osb�o�uxr§r� srt�o�g bqp�bm��o�uxr§embm|�osr��
isos|�k	t�o�kx|�rm��¼�i�c�g o�u^o�uxr§tzlmisr$bm�¾o�uRr$i�uRl%|�{Hosrz|��^gjpRl%o�gjbqp=l%o$ì ª �+� ® }['yo�uRgji´�^l�=��r²}RkRr�osb�lmp
lm}R}Rgjo�g bqpRlm`	}R|�l%����bm|�t�r§tzlmkRisr}¶�w�^o�uxr§gjp+c�l%|�}=tzgj|�tzkR`jl%o�gjpR�2embm|�osr��H|�gjpx���mrpxrz|�l%osr}�bqp¶gjpx�	bdc¡�
��uxr�{R|�ri�i�kR|�r�i�g �qp	lm`Rgji�i�o�gj`j`xi�gjpwkRisbqgn}Rlm`xgjp:p	l%o�kx|�r « t�bqpR�R|��^gjpR�§o�uRl%o�o�uRr�bm�	isrz|�emr}:}Rgji�osbm|�o�g bqp
gjp=o�uxr§emr` bhtzg o½�Hgji�}Rkxr²osb^pxbqph¯½`jgnpxrl%|��	bdc {	uxrpRbq��rpRl�|�l%o�uxrz|�o�uRlmp�uRl%|���bqpRgjt�}Rgjisosbm|�o�gjbqp=bm�
o�uxr¡` bqk	}Ris{�rl%mrz|�

é��¦���nå +�°g±��¦��· ��¬��n+·° �U¯ ©��U��·®W¬X�I©G®±�T¬��
��uxr=þ µ ¬ �^�Ulmp	}ºìz�^�Uosrz|��^gjpRl%o�gjbqpRi2i�uRbdc¥l,p+k	�2��rz|¡bm��i�gn�^gj`jl%|�gjo�g ri²osb³o�uxr=|�lmpx�mr:bm�
�Rb�c¨��ruRlehg bqkx|�bm�	i�rz|�emr}'��bm|�o�uxr¡þ µ ¬ �^�Qosrz|��:gjpRl%o�g bqp�����uxrz|�r¡gji�l��	bdc¨|�rz�qgn��r¡gjp¶c�uRgnt�u
embm|�o�gjt�ri�l%|�rH�mrpRrz|�l%osr}?bqp6bqkxos�Rb�cIlmpR}6}x|�ldc�p·�	lmt�·gjp·osb±o�uRrHo�kR�°rHbqp?gjpx�	bdc.��bm|�rlmt�u
bm�$o�uxrisr'osrz|��^gjpRl%o�g bqp	iz�º��uxr,isbqkRpR}?` rzemr`�l%o:c�u	gjt�u6o�uRgni�bwtztzkR|�i:gji:}Rg!��rz|�rp�o���bm|:rlmt�uºbm�
o�uxr'osrz|��^gjpRl%o�g bqp	iz�º_xbm|Ho�uxr³þ µ ¬ � ú �^� lmpR}ºþ µ ìz�^�»osrz|��^gjp	l%o�g bqp « r��wosrz|�p	lm`�embm|�osr��
�mrpxrz|�l%o�gjbqp^��rz�qgjpRi�l%o�isbqkRpR}�{	|�ri�i�kx|�r�` rzemr`ji�bm��l%|�bqkRp	}'ì��
�x� ª }['ºlmp	}'ì����w����}['V|�ris{�rt�o�g emr` � «
t�bq��{	l%|�r}¨osb ì ª �w� ® }e'Z��bm|³o�uxr�þ µ ¬ �:�Fosrz|��^gnpRl%o�g bqp�� ��uxr�t�bm|�|�ris{�bqpR}Rgjpx�?lmt�bqkRi�o�gjt
emr` bhtzg o½��lm��{N`jg o�kR}xri�l%|�r�l%{R{R|�bd�hgj�:l%osr` �,ìmì%�K�0���^i ��� lmpR}µìF�x�Z�
�q�^i ��� �

© gn�^gj`jl%|�`j� « l¡os|�lmpRi�g o�gjbqp�osb2embm|�osr��:i�uRr}R}Rgjpx�$gji�bm�Nisrz|�emr}^��bm|�rlmt�u:bm��o�uxri�r�osrz|��^gjp	l%o�g bqpRi «
l%�qlmgjp=l%o�l¡uRg �quRrz|�isbqkRpR}�{R|�ri�i�kx|�r�`jrzemr`x��bm|�rlmt�u=osrz|��^gjpRl%o�gjbqp�lmi�o�uxr�|�lm}RgjkRiabm��tzkx|�e%l%o�kx|�r�bm�
o�uxr´gjpRpxrz|�r}x�mr´gnpRt�|�rlmisriz�a_xbm|ao�uxr�þ µ ¬ � ú �^�¹osrz|��:gjpRl%o�g bqp2o�uxr�embm|�osr���i�uxr}R}	gjpx��os|�lmpRi�g o�g bqp
bhtztzkx|�i�l%o�ì����w����}['¥ü Ù � � � Ù µ ìF�x�Z�%�^i ��� ý���_xbm|²o�uxr2þ µ ìz�:�Iosrz|��^gnpRl%o�g bqp�o�uxr2o�ux|�ri�uxbq`n}'gji
l%o�ì�� s �jìz}e'.ü Ù � � � Ù µ ì s � úmú �^i ��� ý�lmpR}'bhtztzkx|�i�l%o²l:emr` bhtzg o½�'lm��{N`jg o�kR}xr§tz` bqi�r2osb:o�uRr�kx{R{�rz|
��rlmi�kR|�r��rp+o�`jgj�^gjoz�

��uRrisr�o½c´b³�Rb�c�|�rz�qgj�^ri¡l%|�r�emrz|��µi�gj�:gj`jl%|$gjpµl%{R{�rl%|�lmpRt�r^��bm|¡rlmt�u�bm��o�uxr^þ µ ¬ �^� «
¬ � ú �^�Ilmp	}µìz�^�Qosrz|��^gnpRl%o�g bqpRi�lmpR}�uRldemr2lm` |�rlm}R�:��rzrp�i�uxb�c�p¶��bm|�o�uxr¡tzlmisr¡bm��o�uxr¡i�vwkRl%|�r
r}x�mr}�osrz|��^gjpRl%o�g bqp¾�|'´r` bdc�o�uxr�embm|�osr����mrpxrz|�l%o�g bqp:|�rz�qgj��r�lmpxbmo�uRrz|��Rbdcº|�rz�qgj��r�gjiabm�	i�rz|�emr}
��bm|§rlmt�u�bm�´o�uxrisr�osrz|��^gjpRl%o�g bqp	i « �	kxo§gji$��bqiso¡tz`jrl%|�` �,i�rzrp�gjp±o�uxr^þ µ ¬ � ú �^� osrz|��^gnpRl%o�g bqp
l%o�ì ª �+�jìz}[' « lmpR}Lgji$i�uxb�c�pLgjp±�R�qkx|�r ª �jì��w����uRgji��RbdcB|�rz�qgn��r�gni²t�uRl%|�lmt�osrz|�gnisr}L�+�^ �rzo$�Rb�c
}Rg |�rt�o�` �Lbqkxo½c�l%|�}6��|�bq�Uo�uRrHt�rp+os|�r¶bm��o�uxrHbm{�rp�rpR}·bqp¸bqkxos�Rb�cIlmpR}¸lmgj|�}x|�lc�p·gjp·��bqiso
isos|�bqpR�q` �µ��|�bq� o�uRrHi�gn}xri¡bqp6gjpx�	bdc¡�±��uRgji�gji�lmp�r��xlm��{	` rHbm�a srzo�i�os|�rlm�^gjpx�x�i�$p·lemrz|�l%�mr
o�uxrz|�r�gji�l^|�rz�qg bqp'bm�abqkxo�c´l%|�},�Rb�c gjp���|�bqp+o�bm�ao�uxr¡bm{�rp'rp	} « lmpR}'l:|�rz�qg bqp³bm�agnp�c�l%|�}��Rb�c
pxrl%|�o�uRr¡r}x�mri�bm��o�uxr¡o�kR�°rm�
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gji�lmt�o�kRlm`n` �Hu	l%{R{�rpRgjpx�x�
¼²i�{R|�rzehg bqkRi�` �§}Rgni�tzkRi�isr}2c�g o�u2o�uxr´i�uRl%|�{�r}x�mr}�lmpR}�þ µ ¬ �^�¹osrz|��:gjpRl%o�g bqpRi « ��bqkRpR}	l%|��

`jld�mrz|�isrz{	l%|�l%o�g bqpEbqpBgnpx�RbdcîtzlmpBtzlmkRi�r·o�uRr·�mrpRrz|�l%o�g bqpEbm�¶l�embm|�osr��¹|�gnpx��c�g o�u gnp�c�l%|�}
tzg |�tzk	`jl%o�g bqp, �kRiso:gjp	i�gj}xr¶o�uxr'bm{�rpºrpR}��¸�§pVgjpx�Rb�cI�Rb�c isrz{Nl%|�l%o�g bqpVbhtztzkx|�i:l%o:o�uxr±i�lm��r
r}x�mr�c�g o�u,l:�Rb�c emr`jbwtzg o��³gjp³o�uxr�bm{	{°bqi�g osr�}Rgj|�rt�o�g bqp'|�ri�kR` o�gjpR�^gjp³lmp±bqkxo�c´l%|�}Ltzg |�tzkR`jl%o�gjpx�
embm|�osr��6|�gjpx�: �kRiso�bqkxo�i�gj}RrHo�uRrHbm{�rp6rpR}¾�¸¼�o^isbqkRp	}·`jrzemr`ji�l%��bdemr'o�uxr¶embm|�osr��?�mrpxrz|�l%o�g bqp
o�ux|�ri�uxbq`j} « lmiH}Rgji�tzkRi�isr}Vl%��bdemr « �mrpxrz|�lm`j` �6bqpR`j�·o�uRr,bqkxo�c´l%|�}�tzg |�tzkR`jl%o�gjpx��embm|�osr��º|�gjpR��gji
bm�	isrz|�emr}�bqkxo�i�gj}xr:o�uRr:o�kx��r:��bm|�o�uxrHþ µ ¬ �^� «�¬h« ú �^� lmpR}yìz�^� osrz|��^gjpRl%o�gjbqpRiz�'¼��°b�emr
o�uRgjia` rzemr`Rembm|�osr���i�uxr}R}RgjpR��bhtztzkx|�i�lmpR}���bmo�u�gjp+c�l%|�}�lmpR}�bqkxo½c�l%|�}�embm|�osr���|�gjpx�qiatzlmp���r�isrzrp
r��hosrz|�pRlm`j` � « lmi�o�uxrz�H{R|�bm{	l%�ql%osr�lc�l����|�bq�Qo�uxr§bm{�rp�rpR}¾�

£�p�o�uRgni2tzlmisr « uxb�c�rzemrz| « o�uxr=isosbm|���gji2i�`ng �qu�o�`j�±}Rg �°rz|�rp+oz��£�o�l%{R{�rl%|�i2o�uRl%o2c´rl%�embm|�osr��
|�gjpR�qi�c�g o�u?gjp+c´l%|�}?lmp	}6bqkxo½c�l%|�}Vtzg |�tzkR`jl%o�g bqp?l%|�r'i�o�gj`j`´�mrpxrz|�l%osr}ºbqpVgjpx�Rb�cQlmpR}?bqkxos�Rb�c
|�ris{�rt�o�g emr`j�m�¶��uxr^embm|�osr���|�gjpx�'�mrpxrz|�l%osr}�bqp¸bqkxos�Rb�c.l%{R{�rl%|�i2osb³r��hrz|�o�l³osbm|�vwkxr:bqp¸o�uxr
gjp+c´l%|�}�tzg |�tzkR`jl%o�gjpx�¸embm|�osr���|�gjpx��c�uRgjt�uytzlmkRisri�gjo=osb ó ` rl%{R��|�bm���´o�uxrLbqkxo½c�l%|�} tzg |�tzkR`jl%o�gjpx�
embm|�osr��¨b�emrz|,o�uxrµ|�r�^lmgjpR}xrz|�bm��o�uxr�bqkxo½c�l%|�}¨{Nl%|�o�bm��o�uxr�lmt�bqkRiso�gnt�t��wtz`jrm�<��uxr�gnp�c�l%|�}
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l%|�bqkRp	}�o�uxr=bqkxo�i�gj}Rr:bm��o�uxrHbqkxo�c´l%|�}6tzg |�tzkR`jl%o�gjpx�³embm|�osr��¸o�ux|�bqkx�qu¸lmp6lmpx�q`jr:bm��l%��bqkxo¶ì�� ¬
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bm��ewgjrzc~kRisr}�gjp¶o�u	gji�iso�kR}R�m�

-)v ù ü·�<�qûX��]*TI}B�<�*T
��uRr�|�ri�k	` o�i�bm�¦o�uxr§¢�£�¤~��rlmi�kx|�r��rp�o�i�uRldemr$|�rzemrlm` r}¶o�uRl%o�rlmt�u¶bm�¦o�uxr$o�kx��r�osrz|��^gnpRl%o�g bqpRi
tzlmp �°rVtz`nlmi�i�g �Rr}BgnpEosrz|��^i�bm��l¨`ngj�^g osr}EpwkR�2��rz|�bm��}Rgniso�gjpRt�oL�Rb�c»|�rz�qgj�^riz� ¼�o¸`jbdc
lmt�bqkRi�o�gjt¡emr` bhtzg o��'lm��{	`jg o�k	}xri�pxbqph¯½`jgnpxrl%|�r��°rt�o�i$l%|�r�pxrz�q`jg �qgj�	` r§lmpR}'o�uRr¡emr` bhtzg o½���Rr`n}'tzlmp
��r�}xri�t�|�gj�°r}·osb�lL�mbwbw}ºl%{R{R|�bd�hgj�:l%o�g bqp?lmi^lL{�bmosrp�o�gnlm`��Rbdc2�6¼²i�o�uxr'lmt�bqk	iso�gjt¶emr` bhtzg o½�
lm��{N`jg o�kR}xr�gjpRt�|�rlmisri�o�uxr�i�uRl%|�{�r}x�mr}�osrz|��:gjpRl%o�g bqp��mb+ri�o�ux|�bqkx�qu�l�isrz|�g ri�bm�	}Rgjiso�gnpRt�o¾embm|�osr��
i�uRr}R}Rgjpx�µ|�rz�qgj��riz�~��uxr,þ µ ¬ �^� «�¬ � ú �^� lmpR}¹ìz�^� osrz|��^gjpRl%o�gjbqpRi:i�uRbdc o�uxr,tz`jbqisriso
i�gn�^gj`jl%|�gjo½�$osb§bqpxr�lmpxbmo�uxrz|�gjp�o�uxrgj|�bm�Nisrz|�emr}��Rb�c?�°ru	lehg bqkx|����uxrz|�r�gjial§}Rgjiso�gnpRt�o¦os|�lmp	i�g o�g bqp
osbµl,�RbdcQ|�rz�qgn��rHgnp�c�u	gjt�u¸embm|�osr��?i�uxr}R}Rgnpx�³lmpR}³ srzo���bm|��^l%o�gjbqp¸��rt�bq��r�gj�^{°bm|�o�lmp�o�` bqi�i
��rt�uRlmpRgji��^iz�:��uRr^lmt�bqkRiso�gjt^lm�^{	`jg o�kR}Rr�l%o�c�uRgjt�uLo�uRgji§os|�lmpRi�g o�g bqpLbhtztzkx|�i2tz` rl%|�` �µ}xrz{�rpR}Ri
isos|�bqpx�q` �:bqp³o�uxr§�mrzbq��rzos|���bm��o�uxr¡osrz|��^gjpRl%o�g bqp¾�

£�o$uRlmi²�°rzrp±i�uxb�c�pLgjp,o�uRgji²t�uRl%{Rosrz|§o�u	l%o$¢�£�¤¥��rlmi�kx|�r�^rp�o�i²bm��o�uxr�lmt�bqkRi�o�gjt�{	l%|�o�gjtz` r
ì ®m®



¿�ÿ   ÿ[-��F�[�°¥a\t¹DG�F�Kt
emr` bhtzg o½� {R|�bdehgj}xri¸lmp¥gnp�e%lm`jkRl%�	`jrºgjpRi�gj�qu�o�gnp�osb¹lmt�bqkRiso�gjtzlm`j`j�B�mrpxrz|�l%osr} pxbqph¯½`jgnpxrl%|��Rb�c
{	uxrpRbq��rpRlh� ��uxry}xrzemr` bm{	�^rp�o¸bm�'gjp�osrz|�lmt�o�g bqpRi¸�°rzo�c�rzrp.embm|�osr��.isos|�kRt�o�kx|�ri�lmpR}¥o�uxr
lmt�bqkRiso�gnt³�Rr`n}ºtzlmpy��r³bm�	isrz|�emr}�b�emrz|�o�uxrLt�bqkx|�isr±bm�2lmpylmt�bqkRiso�gjt±t��wtz`jrm�¹��u	gji:l���bm|�}Ri¶l
��rzososrz|§kRpR}xrz|�i�o�lmpR}Rgjpx��o�u	lmp±gni�b%��rz|�r}L�w�³lmt�bqkRiso�gjt�isos|�rlm�:gjpx�¶��rlmi�kx|�r�^rp�o�i$lm` bqpxr�bm|$�+�
bmo�uxrz|��Rbdc¨ehgji�k	lm`jgji�l%o�g bqpHosrt�uRpRgjvwkxriz�

ì ®mú
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ì ® �



ü·�q��zg�O{X|»º

¼ 46;�> MN@<5ºAHMxCB@ M°> TU46X 5 @YKµ4 > 46587:9<;=4?> 4?@BA=7

C¹D C¹TU4V@ 4V@YXY4?X T M	TU467 ½ MhAHG / 021

º)v�[ \m�.�O|��(�^]qûÀ�O}B�<�

¼�o�`jbdc¥lmt�bqk	iso�gjt:lm�^{	`jg o�kR}Rri « o�uxr:��ruRldewgjbqkx|§bm��o�uxr:lmt�bqkRi�o�gjt^�Rr`n}�pxrl%|2o�uRr^bm{�rpµrpR}�bm�
l=|�risbqpRlmp+o�o�kR�°r�gji�c´r`j`�kRpR}xrz|�i�osb+bh}'gjp³osrz|��^i²bm��`jgjpxrl%|²lmt�bqkRiso�gjtzi$lmpR}³o�uxr�` bwtzlm`��Rb�c c´r`j`
}xri�t�|�g ��r}¶�+��l�{�bmosrp+o�gjlm`��Rb�c ��bh}xr`��´¼�i�o�uxr2isbqkRp	}�{R|�ri�i�kx|�r$c�g o�uRgnp¶o�uxr¡o�kx��r¡gjpRt�|�rlmisri «
uxb�c�rzemrz| « ` bhtzlm`jgjisr}·pxbqph¯½`ngjpxrl%|�r��°rt�o�i^i�kRt�u?lmi�lmt�bqkRi�o�gjt¶isos|�rlm�^gjpR�Llmp	}¸embm|�osr��6i�uRr}R}Rgjpx�
gjpRt�|�rlmi�gjpx�q` �yl��°rt�o±o�uxr¸�Rbdc �°ru	lehg bqkx|³l%o±o�uxr�bm{�rp¨rp	}¨bm��o�uxr�o�kR�°rm� ��uxri�r�r���rt�o�i
lm}R}Rgjo�g bqpRlm`j` �6|�ri�kR` o¶gjp�lmp gnpRt�|�rlmisrµgjp�o�uxrL|�rlm`${	l%|�o¶bm��o�uxrLosrz|��^gjpRl%o�gnpx�¸gj�^{°r}	lmpRt�r,bm�
o�uxr�o�kx��r'lmpR}ºuRlemr³gn��{	`jgjtzl%o�gjbqpRi�gjp6o�uxr³iso�k	}x�¸lmpR}ºt�bqpRisos|�kRt�o�gjbqp?bm��c´bwbw}xc�gjpR}6��k	i�gjtzlm`
gjpRi�os|�kR��rp+o�iz�

��uRr�}xrzo�lmgj` r} �mrzbq��rzos|��~bm��o�uxr�osrz|��:gjpRl%o�g bqp~bm��o�uxr�bm{�rp rpR}¨bm�^lºo�kx��r�{	`jld�wi,lmp
gj��{�bm|�o�lmp+o'|�bq`jr¸gjp~o�uxr¸isos|�rpx�mo�u¹bm��o�uxr�r���rt�o�iµ}xri�t�|�gj�°r}~l%�°b�emrm� £�p¨o�u	gji³t�uRl%{Rosrz|µlmp
r��h{°rz|�gj��rp+o�lm`�osrt�u	pRgjvwkxr:�	lmi�r}�bqp6¢�£�¤Q��rlmi�kx|�r�^rp�o�i�bm��o�uxrHlmt�bqkRiso�gjt={	l%|�o�gjtz`jr:emr` bhtzg o½�
�Rr`j}�l%o�o�uxr´bm{�rp�rp	}�bm�°l²o�kx��r´gjp�c�u	gjt�u�l$uRg �qu�lm��{	`jg o�k	}xr�isbqk	pR}2�	r`j}�uRlmi��°rzrp��mrpxrz|�l%osr}
�w�'l=` bqk	}Ris{�rl%mrz|�c�gn`j`���r2}xri�t�|�g ��r}�����uRgji�c�bm|�³c�gj`j`�lmgj�<osbHbm�Ro�lmgjp,o�uxr�lmt�bqkRi�o�gjt2embq`nkR��r
�Rb�c ��|�bq� o�uxr·¢�£�¤»emr` bwtzgjo½�~�^l%{Ni,gjp~bm|�}xrz|±osbylm`n` bdc o�uxr·osrz|��^gjpRl%o�gnpx�ºgj��{�r}Rlmp	t�r�osb
��r'tzlm`jtzkR`jl%osr}ºl%o=l�pwkR���°rz|�bm�$isbqkRp	}V` rzemr`ji^k	i�gjpx�µisbqkRp	}6{R|�ri�i�kR|�r�` rzemr`���rlmi�kx|�r��rp+o�i
�^lm}xr¡k	i�gjpx��l�{R|�bm��r§�^gjt�|�bm{	uxbqpxrm����uRr¡lm}R}Rg o�g bqp	lm`Nr���rt�o�bm�ao�uxr§bqkxo�t�bq�^r¡bm��t�uRlmpx�qgnpx��o�uxr
osrz|��^gnpRl%o�g bqp'{	|�bm�	` r§bm��o�uxr�bm{�rp'rpR}³bm��l^o�kx��r�lmpR}³uxb�c o�u	gji�l���rt�o�i²o�uxr2|�rlm`�{	l%|�o�bm��o�uxr
osrz|��^gnpRl%o�g bqp�gn��{�r}RlmpRt�r�c�gj`n`a�°rHgjp+emriso�g �ql%osr}��'¼QvwkRlm`jg o�l%o�gjemr:rze%lm`jkRl%o�g bqp�bm��o�uxr:{	u+�hi�gjtzlm`
�Rb�c���rt�uRlmpRgji��:i�t�bqp+os|�g �	kxo�gnpx�§osb2o�uxr�bm�	isrz|�emr}=` bqi�isri�c�gj`j`h��r��:lm}xr��w�^t�bq��{	l%|�gji�bqp�bm��o�uxr
osrz|��^gnpRl%o�g bqp�gj��{�r}Rlmp	t�r²|�ri�kR` o�i�c�gjo�u�¢�£�¤¹emrt�osbm|²�^l%{	iz�

ì ®mª
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º(v�ò ó��hû¾ô¡õl|��²]i�q�
í���¨��W� Ul®W¬��m�O���G����®±�I©G®±�T¬o®°Â�h�º�X��¬�Çj�
¼²i�}xri�t�|�gj�°r}·gjp·isrt�o�g bqp ® � ®w« gjp·bm|�}xrz|���bm|^lLiso�lmpR}RgjpR�,c�lemr'osbµri�o�l%�	`jgji�u¸c�g o�u	gjp¸l±o�kx��r
i�k[L:tzg rp+o:isbqkRpR}ºc´ldemr,rpRrz|��m�º��kRiso^��r³|�rz�Rrt�osr}º�Nlmt�ºgjp+osb�o�uRr³o�kx��r'��|�bq�»gjo�i:rpR}	i^osb
�^lmgnp�o�lmgjp�o�uxr¶iso�l%o�g bqpRl%|��·isbqkRpR}��Rr`j}��,£�p¸o�uxr¶tzlmisr¶bm��lmp·bm{�rp�rpR}Rr}�o�kx��r « lmi�l±isbqkRpR}
c�lemr±|�rlmt�uRri=o�uRr,bm{�rpVrp	}ºg o=rpRt�bqkRp+osrz|�i=lmpyl%�R|�kR{Ro:t�u	lmpx�mr±gnpºlmt�bqkRiso�gntzlm`�t�bqpR}	g o�g bqpRi
|�ri�kR` o�gjpx�^gnp'l:i�k	}R}xrp³t�uRlmpx�mr�gjp'lmt�bqkRi�o�gjt�gn��{�r}RlmpRt�rm����uRgji�|�ri�kR` o�i�gjp'{	l%|�o�bm��o�uxr�isbqkRpR}
c�lemr$��rgjpx�§|�rz�	rt�osr}=�Nlmt�:gjp+osb2o�uRr�o�kx��r�lmp	}^o�uxr²|�r�^lmgjp	}xrz|���rgjpx�¡os|�lmpRi��^g ososr}=lmi�isbqkRpR}��
��uRr´lmt�bqkRi�o�gjt�gj��{�r}RlmpRt�r�l%oao�uxr�bm{°rp�rpR}�bm�Nl$o�kx��r « bm��osrp�tzlm`j` r}�o�uxr�|�lm}	gjl%o�g bqp�gj��{�r}RlmpRt�rÂ � « gji�l�t�bq��{	` r��^vwkRlmp+o�g o½��o�uRl%o´tzlmp:��r�is{N`jg o�gjp+osb2|�rlm`NlmpR}:gj�:l%�qgjpRl%|���{	l%|�o�i�lmpR}^gji�}xrz�	pxr}
lmi�o�uRr¡|�l%o�g b�bm�ao�uxr¡lmt�bqkRi�o�gjt§{R|�ri�i�kx|�r Ö lmpR}'o�uxr¡embq`jkR�^r§�Rbdc¨|�l%osr&Ã�í

Â �hµ¯¿ �iÄ�Å µ
ÖÃ ü��w�jìdý

c�uRrz|�r o�uRr¹|�rlm`L{	l%|�o8bm��o�uxrE|�lm}	gjl%o�g bqp gj��{�r}RlmpRt�r « ¿ « gjiyo�uxrE|�lm}Rgjl%o�g bqp |�ri�gjiso�lmpRt�r
t�bm|�|�ris{�bqpR}Rgjpx�²osb2o�uRr�}Rgji�i�g {	l%o�g bqp�bm��rpxrz|��m����|�bq�Bo�uxr�bm{°rp:rpR}��a��uxr�|�lm}Rgjl%o�g bqp�|�rlmt�o�lmpRt�r «Å¸« gji�o�uxr�gj�^l%�qgjpRl%|��µ{	l%|�o�bm��o�uxr¶|�lm}Rgnl%o�g bqp¸gn��{�r}RlmpRt�r=lmp	}¸|�r`jl%osri�osbLo�uxr¶�	kRgj}¸gjpxrz|�o�gjl
l%|�bqk	pR}¶o�uxr§rpR}�bm�ao�uxr§o�kR�°rm�

��uxr��mrzbq��rzos|��:bm��o�uxr²bm{�rp:rpR}=bm�¾l�o�kx��r�{	`jld�wi´lmpHgj��{�bm|�o�lmp+o�|�bq` r²gjp:}Rrzosrz|��^gjpRgnpx�§o�uxr
e%lm`jkxri´bm�¦��bmo�uHo�uxr§|�lm}	gjl%o�g bqp=|�ri�gjiso�lmp	t�r$lmp	}¶|�rlmt�o�lmpRt�rm��_Rbm|�lmp�kRpx�	lmpR�mr}:o�kx��r§ï¾rzehgjpxrÇÆ
© t�u�c�gjpx�mrz|�ð ï¾rzehgjpxrÇ�\� ñ i�uxbdc´r}�o�uRl%o�gjp�o�uxr�`ngjpxrl%|a|�rz�qgj��r¡ü�g�� rm�a��bm|�` bdc�lmt�bqkRiso�gjt�lm��{N`jg o�kR}xri
l%o�o�uxr²bm{�rp=rp	}=bm�¦o�uxr$o�kx��r�ý�o�uxr$|�lm}	gjl%o�g bqpHgj��{�r}RlmpRt�rÇÂ � � � � gji´�qg emrpH��bm|�` bdc ��|�rvwkxrpRtzg ri
ü�g�� r¡i�kRt�u�o�u	l%o�È=É�Ê ìdý´�w�Ní

Â � � � �qµfË ü�È=Éhý�Ì� �gÄ È�Í ´�Î Â � ü��w� ® ý

c�uRrz|�rPÈ¶gji�o�uxr§c�lemrpwkR�2��rz| « É:o�uxr§o�kR�°r$|�lm}	gjkRi « Í ´lµ ¬jÜ �hì úmú É�gji�o�uxr2k	px�	lmpx�mr}Ho�kx��r$rpR}
t�bm|�|�rt�o�g bqp³lmpR}cÂ �	µÐÏ ´ ¶¸�Ó gji�o�uxr�t�uRl%|�lmt�osrz|�gniso�gjt2gn��{�r}RlmpRt�r§bm��l^o�kR�°r§bm��t�|�bqi�i�i�rt�o�g bqpRlm`
l%|�rl Ó gjp�lmg |�

_Rbm|Ho�uRr±i�lm�^r,o�kx��r,�	kxo:c�g o�uVo�uxrLlm}R}Rgjo�g bqpVbm�¡lmp8gjpx�NpRg osr��	lmpx�mrLl%oHo�uxr,bm{�rp�rpR} «
ù�bq��kR|�l� "! #%$MÑ ð ù�bq��kx|�lX� ¬%ñ ��bqkRpR}¶o�uRr2`jgjpxrl%|�|�lm}Rgjl%o�g bqp�gj�^{°r}	lmpRt�r$osb^��rmí

Â � � � �iµÒË ü�È=Éxý�Ì
® �gÄ È�Í�Ó Î Â � ü��w� ú ý

c�gjo�u¶o�uxr§�	lmpx�mr}�o�kR�°r§rp	}'t�bm|�|�rt�o�g bqp®Í�Ó µ ¬jÜ � ® ì��%É	��$lm`j�^bqp�o� �! #%$ ð �$lm`j��bqp+o ¬ ì ñ ��bqkRpR}�o�uRr�|�lm}Rgjl%o�g bqp�gn��{�r}RlmpRt�r���bm|�o�kx��riac�g o�u�l§pwkR�2��rz|
bm�$}Rg!��rz|�rp+o��	lmpx�mri^�w�?p+k	��rz|�gjtzlm`�i�gn��kR`nl%o�g bqp6lmpR}?�w�·r��h{�rz|�gj��rp+o�i�c�g o�uºlmpVgj��{�r}RlmpRt�r
ì ® �
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isrpRi�bm|��þ�rz�Rrt�o�gjbqpRi���|�bq�<o�uxr2r}R�mri�bm��tzgj|�tzkR`jl%|��Nlmpx�mri²c�rz|�r�i�uxb�c�p³osbHuRlemr�l=i�g �qpRg �Ntzlmp�o
r���rt�oz�

¼�o^uRgj�qu¸lmt�bqkRi�o�gjt�lm��{	`jgjo�kR}xri2pRbqph¯½`jgjpxrl%|�r���rt�o�i���rz�qgjp·osbLl���rt�o^o�uxr¶�Rb�c �°ru	lehg bqkx|
��bmo�u³gjp	i�gj}xr§lmpR}³bqkxo�i�gj}xr2o�uxr2o�kx��rm� f ��rt�o�i²i�kRt�u±lmi�lmt�bqk	iso�gjt�isos|�rlm�^gjpR�,ü�isosrlm}x�'pxbqpx¯�ûzrz|�b
o�gj��r�¯½ldemrz|�l%�mr}¶�	kRgn}���bmo�g bqpRi�ý « i�uxbht��c�lemr²��bm|��^l%o�g bqp,ü�}Rrz��bm|��:l%o�g bqp:bm��o�uxr�bm��o�uxr�lmt�bqkRi�o�gjt
c�lemr=lmi2g o§{R|�bm{	l%�ql%osri�lm` bqpx��o�uxr:o�kx��r�ý�lmp	}µembm|�osr��µ��bm|��^l%o�g bqpºü�l'`jbwtzlm`jgnisr}±r��°rt�o�l%o¡o�uxr
bm{�rp§rpR}§bm�ho�uxr�o�kx��r�ý�uRlemr���rzrp§bm�	isrz|�emr}¾��¼�o�i�kRt�u2uRg �qu¡isbqk	pR}§` rzemr`ji¦o�uxr�`jgjpRrl%|�rv+kRl%o�gjbqpRi�w� ® lmpR}®�w� ú l%|�r¡pxb=` bqpx�mrz|�e%lm`jgj}µð £�px�ql%|�}���� ñ �
í��¦¨��¦¨ ö$��¬�÷aÊW®°¬X�m�O���G����®W�º©G®W��¬o®°¯�h�U�X��¬�Çj�
�$pRt�r�pxbqph¯½`ngjpxrl%|�r���rt�o�i$��rz�qgjp³osb¶l%{R{�rl%|$l%o²o�uRr�bm{�rp,rpR}³bm��l={	g {�r2gjo²gji�bm��osrpLkRi�rz��kR`¦osb
t�u	l%|�lmt�osrz|�gjisr�o�uxr��Rbdc?{Nuxrpxbq��rpRl§gnp�osrz|��^i�bm�	o�uRr�lmt�bqkRiso�gjt © os|�bqkRuRlm`hpwkR�2��rz| ÓpÔ ü�rv+k	l%o�g bqp
® �jì s ý´�	lmi�r}¶bqp¶o�uxr§{	g {�r�|�lm}RgjkRi « lmpR}¶o�uxrP�,lmt�u,p+kR����rz|�Õ ü�rvwkRl%o�g bqp ® � ® ìdý��Nlmisr}¶bqp¶o�uxr
lmt�bqkRiso�gnt�emr` bhtzg o½��lm��{	`jg o�k	}xr�l%o�o�uRr�bm{�rp¡rpR}¾����uxr´pxbqph¯½`jgnpxrl%|¾��ruRlehg bqkx|¦bm�	lmp¡bm{�rp�rpR}xr}
{	g {�r�uRlmia{R|�rzehg bqkRi�` �§��rzrp���bw}Rr`j` r}��+�*�$gji�isr`nuxbm|�isoalmpR}�e%lmp � g  spx�qlml%|�}xrp'ð �$gji�isr`juRbm|�iso�� ¬%ñ
lmpR}¸�+��¢�rzosrz|�i� �! #%$ ð ¢�rzosrz|�i& "! #�$ smúx« ¢�rzosrz|�i smú � ñ �,_Rbm|^uRg �qu © os|�bqkRuRlm`�p+kR����rz|�lmt�bqkRi�o�gjt
�Rb�c�i²ü�u	g �qu:��|�rvwkxrpRt���bm|�` bdc8lmt�bqkRiso�gnt�emr` bhtzg o��:lm��{	`jgjo�kR}xr�ý�o�uxr²|�ri�k	` o�i�bm���$gji�i�r`juxbm|�iso´lmpR}
e%lmp � g  �px�qlml%|�}Rrp¶��bm|�l�i�uRl%|�{�r}x�mr}�o�kR�°r§i�kR�m�mriso�lmp'lm}R}Rgjo�g bqpRlm`�pxbqph¯½`jgnpxrl%|´t�bqp+os|�g �Nkxo�g bqp
osb^o�uxr2osrz|��^gjpRl%o�gjbqp�gj��{�r}RlmpRt�r$�qg emrp��w�°íÂ �%�Â � µ×Ö Ü Õ Ü ÓpÔ �Ø Ü ü��w�K�+ý

c�uxrz|�r=o�uxr¶{	l%|�lm��rzosrz| Ö c´lmi���bqkRpR}·�w��p+k	��rz|�gjtzlm`´i�gj��kR`jl%o�g bqp¸osbL��r=��rzo½c´rzrp ¬ �Z�LlmpR}8ì
ð �$gji�isr`nuxbm|�iso�� ¬%ñ �

í��¦¨��¦� +��UÇj�º¬�©�Ë;���\ÙÌËD®7©GÆo©G�Xªh�$©��m��·®W¬��º©G®W��¬��
þ�rt�rp+o2c´bm|�±�+�L¼�o�g �¸ð ¼�o�gj� ¬qúh« ¼�o�g � ¬ � ñ kRi�gjpR�¶l¶o�c�b±�^gjt�|�bm{Nuxbqpxr�osrt�uRp	gjv+kRr^uRlmi¡i�uxb�c�p
o�uRl%o¡o�uRr^|�lm}Rgjk	i$bm��tzkR|�e�l%o�kR|�r^bm��o�uxr:gjp	pxrz|§r}x�mr^bm��l�o�kx��r�osrz|��:gjpRl%o�g bqp�gni¡`jgjpxmr}Losb±lmpR}
uRlmi�l:i�g �qpRg �Ntzlmp�o�r���rt�o�bqp�o�uxr§��ruRldewgjbqkx|�bm�ao�uxr§|�rlm`�{	l%|�o�bm��o�uRr§osrz|��^gjpRl%o�gnpx��gj��{�r}RlmpRt�r
bm��lmpLbm{°rpLrp	}xr}Lo�kx��r�l%o¡uRg �quµlmt�bqkRiso�gnt�lm��{	`jg o�k	}xriz�2��uRr�r��w{�rz|�gj�^rp�o�lm`aisrzo�kx{�k	isr}L�+�
¼�o�g �:gni�i�uxbdc�p'gjp¶�R�qkx|�r;�w�jì%�

��uRrµo½c´bº�^gjt�|�bm{Nuxbqpxrµosrt�u	pRgjvwkxr�gji¶�	lmisr}¨bqp o�uxrµ{	`jlmpRrµc´ldemr¸u+�+{�bmo�uxri�gni « i�b?o�uRl%o
l?`jgjpRrl%|=|�r`nl%o�g bqpRi�uRgj{���rzo½c´rzrp o�uxrL{R|�ri�i�kx|�rLlmpR}8emr` bhtzg o��ylm��{N`jg o�kR}xriHgji¶lmi�i�k	��r}�ü�g�� rm�
Ö µ×Ï ´ ¶ � ý��(Ú�i�gjpx�¡o�uRgni���rzo�uxbh}:gjo�gji�{�bqi�i�gj�	` r�osb��^rlmi�kx|�r�o�uRr�{R|�ri�i�kx|�r�lmpR}:emr` bhtzg o½�^l%o�lmp��
t�|�bqi�i�isrt�o�g bqp'bm�al�o�kx��rm����uRr¡lmt�bqkRiso�gjt§emr`jbwtzg o���l%o�o�uxr¡bm{�rp¶rpR}�bm��o�uxr¡o�kR�°r¡gni��qg emrp��w�Ní

� µ Ä Ö �Â �HÛ � Ì t�bqi�ü�È ² � ý # t�bqi�ü�È ² Ì ýi�gjp�È�ü ² � # ² Ì ý ü��w� ª ý

ì ® �
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Multiplexer

Amplifier
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PC Lock−in amplifier
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_ag �qkx|�r;�w�jì%í´��c�b^�:gjt�|�bm{	uxbqpRr§osrt�uRpRgnv+kxr§r��h{�rz|�gj��rp+o�lm`�isrzo�kx{,kRisr}¶�w�¶¼�o�gj�,ð ¼�o�g � ¬ � ñ

Ü"Ü"Ü"Ü"Ü"Ü"Ü"Ü"Ü"Ü"ÜÝ"Ý"Ý"Ý"Ý"Ý"Ý"Ý"Ý"Ý"Ý
Þ"Þ"Þ"Þ"Þ"Þ"Þ"Þ"Þ"Þ"Þß"ß"ß"ß"ß"ß"ß"ß"ß"ß"ß à"à"à"à"à"à"à"à"à"à"à

á"á"á"á"á"á"á"á"á"á"á
â"â"â"â"â"â"â"â"â"â"âã"ã"ã"ã"ã"ã"ã"ã"ã"ã"ã

r

4.5mm

16mm

20°

_ag �qkx|�r9�w� ® í:��c´b±o½�w{°ri�bm��{Ng {�r^osrz|��^gjp	l%o�g bqp��mrzbq��rzos|��¸iso�kR}	g r}���bmo�u·gjp�o�u	gji2iso�k	}x��lmpR}
�w�H¼�o�gj�,ð ¼�o�g � ¬ � ñ ý�ï¾rz��ozí�þ�bqkRp	}xr}�o�kx��r$r}x�mri�c�g o�u¶|�lm}Rgjk	i�bm�atzkR|�e�l%o�kR|�r§| µ ¬h«	¬ � úw« ì�lmpR}�q�^�'��þ�g �qu+ozí © uRl%|�{�r}x�mr}�o�kx��r§c�g o�u¶��rzemr`¾lmpR�q` r§bm� ®%¬G¾ �

c�uRrz|�r�o�uxr�os|�lmpRi���rz|���kRpRt�o�gjbqp Û � Ì µ Ò âÒ � gji�o�uRr�|�l%o�g b§bm��{R|�ri�i�kx|�ri���rlmi�kx|�r}^l%o�o�uRr�{�bqi�g o�g bqpRi
bm��o�uxr¡o�c�bH�^gjt�|�bm{	uRbqpxri�lmpR} ² � « ² Ì l%|�r2o�uxr2}Rgji�o�lmpRt�ri�bm�ao�uxr¡o�c�bH�^gjt�|�bm{	uRbqpxri���|�bq�Qo�uxr
bm{�rp¶rpR}�����uxr¡pxbm|��^lm`ngjisr}¶osrz|��^gnpRl%o�g bqp�gj��{�r}Rlmp	t�r$gni�o�uxrp'tzlm`jtzkR`nl%osr}³kRi�gnpx�xí

Â × �%äÂ � µ Ä Û � Ì i�gjp¾ü�È ² � ý # i�gjp¾ü�È ² Ì ýt�bqi�ü�È ² Ì ý # Û � Ì t�bqi�ü�È ² � ý ü��w�Z�qý

��uxrLr��w{�rz|�gj�^rp�o�lm`§��rlmi�kx|�r��rp+o�i�bm��o�uxrµ|�rlm`${	l%|�o�bm��o�uxr�pxbm|��^lm`jgjisr}yosrz|��:gjpRl%o�g bqp
gj�^{°r}	lmpRt�r¸ü�lmt�bqkRiso�gnt,|�ri�gjiso�lmpRt�r�ý^{R|�bh}RkRt�r}º�+��¼�o�g �·l%|�rLi�uxbdc�pygjpº�R�qkx|�rc�w� ú ��¼�iHtzlmp
��r^isrzrp¸o�uxr:|�l%osr:bm��gjpRt�|�rlmi�r:bm��rpxrz|��m��` bqi�i2}xrz{�rpR}Ri$bqp¸o�uxr=|�lm}RgjkRi$bm��tzkR|�e�l%o�kR|�r^bm��o�uxr
gjp	pxrz|�r}x�mr2bm��o�uxr¡osrz|��:gjpRl%o�g bqp���¼�`ji�b^pxbmosr}'c�lmi�l^}	gji�t�bqp+o�gjp+k	g o½�Hgjp¶o�uxr2�^l%�qp	g o�kR}xr§bm��o�uxr
lmt�bqkRi�o�gjt§|�ri�gniso�lmpRt�r§��bm|�t�rz|�o�lmgjp�osrz|��^gjpRl%o�g bqp'�mrzbq��rzos|�g ri�l%o�is{�rtzg �	t$lmt�bqkRiso�gnt¡lm��{	`jgjo�kR}xriz�

��uxr³�^l� sbm|Ht�bq�^{°bqpRrp�o�i=lmpR}Vbm{�rz|�l%o�gjpR�¸t�bqpR}Rgjo�g bqpRi^kRi�r}ºgjp?o�uRr³{R|�ri�rp�o^c´bm|�?c´rz|�r
}xr`ng ��rz|�l%osr` �Ymrz{	o~o�uxr i�lm��r¥lmi o�uxbqisr k	isr}Z�w� ¼�o�g � ð ¼�o�g � ¬qúh« ¼�o�g � ¬ � ñ osbYrp	i�kx|�r
t�bq��{Nl%|�l%�	gj`jgjo½���°rzo�c�rzrp=|�ri�k	` o�iz�a��uxr�o�kx��r�osrz|��:gjpRl%o�g bqpRi�kRisr}:gnp�o�uRgji�i�o�kR}x��c�rz|�r�gj}xrp+o�gjtzlm`
ì ® �
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_ag �qkx|�r��w� ú í±þ�rlm`�{Nl%|�o^bm�²o�uxr'osrz|��^gnpRl%o�g bqp?gj��{�r}Rlmp	t�r¶lmi=lµ��kRpRt�o�g bqp6bm�²o�uxr³lm��{N`jg o�kR}xr
bm��o�uRr¶lmt�bqk	iso�gjtHemr` bhtzg o½�·l%o�o�uxr¶bm{°rp·rpR}·��bm|�o�uxrH�Remr'}Rg!��rz|�rp+o�osrz|��:gjpRl%o�g bqpRi�i�uxb�c�p6gjp
�R�qkx|�ro�x�Z�w�'ü � ý © u	l%|�{Lr}x�mr ( ü © v+kRl%|�r�ý�þ µ ¬ �^� ( üµæ�ý§þ µ ¬ � ú �^� ( ü�ç'ý²þ µ ìz�^� ( ü�èmý
þ µ �q�^� ( ü�¯�éN¯�ý�ê�vwkRl%o�g bqpc�w�K�Hc�g o�u Ö$µ ¬jÜ � ( ü�épé|é ý�Â ¸ Â �lµ �\Õ ¸ ú%ë ü���|�bq� ¢�rzosrz|�iX "! #%$ð ¢�rzosrz|�io �! #�$�ì ú%ñ ý ( ü�¯�¯�¯�ý´rvwkRl%o�g bqp	i��w� ® ü�` b�c�rz| ý�lmpR}��w� ú ü�kx{R{�rz| ý���_x|�bq�Y¼�o�gj�,ð ¼�o�g � ¬ � ñ �
osb6o�uxbqisrLkRisr}��+��¼�o�g �·lmp	}�c´rz|�rL�^lmpwkx��lmt�o�kR|�r}º�w�Vo�uxrLi�lm��rLosrt�uRpRgjtzgjlmpygjp�o�uxrLi�lm��r
c´bm|�wi�uxbm{·gnp�ï¦¼CÚh�Fl%o�o�uxr¶Ú�p	g emrz|�i�g o@ír¶}Rk��,lmgjpxr « ï¦r9�,lmpRiz�L��uxrHt�bq��{R|�ri�i�g bqp�}x|�g emrz|�i
kRisr}¸gjp¸�°bmo�u¸iso�kR}Rgjri¡c´rz|�r=o�uRrHi�lm�^r±ü�î�'�ï ��bh}xr` ® ���\� ) ý�lmpR}¸o�uxrHt�bqkx{	`jgjpR�³}xrzehgjt�r:��bm|
��bqkRp+o�gjpx�±o�uxr�t�bm{R{�rz|�o�kx��r=bqp+osbµo�uxr�isbqkRp	}·i�bqkx|�t�r¶c´lmi�lm`nisbµgj}xrp+o�gjtzlm`´osbµo�uxr¶bqpxr�kRisr}
�w��¼�o�g �x����uRr¶t�bm{	{°rz|�o�kx��rHc´lmi�o�uxr�i�lm�^r¶`jrpx�mo�u « }Rgjlm�^rzosrz|^lmpR}·o�uRgjt�hpxri�i����uxr¶i�lm��r
��bh}xr`�bm�$¢BNY'¥os|�lmpRi�}	kRt�rz|�c´lmi=kRisr}6osb���rlmi�kx|�r�o�uxr�{R|�ri�i�kx|�r¶c�gjo�uRgjp¸o�uxr�o�kx��r�l%o^o�uxr
i�lm��r�}Rgjiso�lmpRt�r§��|�bq�Qo�uRr§bm{°rp'rpR}'gjp¶��bmo�u�iso�kR}	g riz�

ºÇï<ð ñ®ò(ó�~ }M�q�	�O}B�<� }M~õô9òX�i���qû�ò�~õòX�CT°]*óHò�~öò��.�4�/ò�û��i�i}:÷2]*ò
¼²p^riso�gj�:l%osr�bm��o�uxr�pRbqph¯½`jgjpxrl%|�rpRrz|��m�^` bqi�i�l%o�o�uxr�bm{�rp�rp	}^bm��o�uxr�o�kR�°r�tzlmp=��r��^lm}xr��w�^l
tzlm`jtzkR`nl%o�g bqp¡bm�ho�uxr�|�rlm`q{	l%|�o¾bm�xo�uxr�osrz|��^gjpRl%o�g bqp2gj��{�r}RlmpRt�r�l%o�o�uxr�bm{�rp¡rp	}§bm�Rl�o�kx��rm����uRgji
isrt�o�g bqpH}xri�t�|�g ��riao�uxr�kRi�r�bm�¾¢�£�¤¨}Rl%o�l2gnp^t�bqp� �kRpRt�o�g bqp:c�g o�u�{R|�ri�i�kx|�r��^rlmi�kx|�r��rp+o�i´�^lm}xr

ì ® ì
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c�gjo�u=l�{R|�bm��r²�^gjt�|�bm{	uRbqpxr�osb^tzlm`jtzk	`jl%osr$o�uxr�|�rlm`N{Nl%|�o�bm�¾o�uxr$osrz|��^gjp	l%o�g bqp=gn��{�r}RlmpRt�rm����uxr
osrz|�� ó osrz|��^gjpRl%o�gjbqp±gn��{�r}RlmpRt�r���gji§kRisr}µuRrz|�r « |�l%o�uxrz|2o�uRlmp ó |�lm}Rgnl%o�g bqpµgj��{�r}RlmpRt�r���ü�c�u	gjt�u
gji�kRisr}·osbL}xri�t�|�g ��r^rpRrz|��m�¸` bqi�isri�l%o�lmp·bm{�rp�rp	}¸isbq`jr` ��}Rkxr=osb±o�uRrHi�k	}R}xrp�t�uRlmpx�mr�gjp
t�|�bqi�i^isrt�o�g bqpRlm`�l%|�rl�ý�i�gjp	t�rHo�uRr³��rzo�uxbh}?kRisr}?uxrz|�r'lm`jisb���rlmi�kR|�ri^t�bqp+os|�g �	kxo�gjbqpRi�osbµo�uxr
gj�^{°r}	lmpRt�r§}Rkxr$osb:pxbqph¯½`ngjpxrl%|�` bqi�i���rt�uRlmp	gji��^iz�

¼�o±uRg �qu isbqkRpR} {	|�ri�i�kx|�r�` rzemr`ji±pxbqph¯½`jgjpRrl%|�{R|�bm{	l%�ql%o�g bqp r���rt�o�i±tzlmp¹` rlm}~osbykx{	{°rz|
uRl%|���bqpRgjt:�mrpxrz|�l%o�g bqp6c�gjo�uRgjp�l±o�kx��rLð ) g |�i�t�u+��rz|�� ì � ñ � © gnpRt�r:o�uxr�t�bqpRt�rz{	o�bm�²gj��{�r}RlmpRt�r
c�gjo�uRgjp2l$o�kR�°r�gji�bqpR` �2e�lm`jgn}���bm|�l§��bqpxb%¯���|�rvwkxrpRt��2c�lemr�lmp�l%{R{R|�bd�hgj�:l%o�g bqp�c´lmi�gjp+os|�bh}RkRt�r}
osb§lm`j` b�c¸o�uRr´osrz|��^gjpRl%o�g bqp�gj��{�r}Rlmp	t�r�osb$��r�riso�gj�:l%osr}���bm|arlmt�u^bm�Ro�uxr´o�kx��r�osrz|��:gjpRl%o�g bqpRi�l%o
l�|�lmpx�mr²bm�¦isbqkRp	}^{R|�ri�i�kx|�r�`jrzemr`jiz�('´�:t�bqpRi�gn}xrz|�gjpx�2bqpR` ��o�uxr²�R|�iso´uRl%|���bqpRgnt�t�bq��{�bqpxrp+o�i´bm�
o�uxr2{R|�ri�i�kR|�r¡lmpR}�embq`jk	��r¡emr` bhtzg o½�'i�g �qpRlm`ji�o�uRr2gj}xrl�bm��l:osrz|��^gjpRl%o�gjbqp'gj��{�r}RlmpRt�r§|�r�^lmgjpRi
kRi�rz��kR`�ð £�px�ql%|�}���� ñ �

��uxr§osrz|��^gjp	l%o�g bqp�gj��{�r}RlmpRt�r;Â � gji��qg emrp'�+�°í

Â �Tµ Ù Ö ÙÙ Ã Ù6ù`ú�ûªü"ý � üvþ�ÿ ü��w���mý

c�uRrz|�r Ù Ö Ù lmp	} Ù Ã Ù l%|�r$o�uxr§�^l%�qpRg o�k	}xri´bm�¦o�uxr§�R|�iso´u	l%|���bqpRgjt²t�bq��{�bqpxrp+o�i�bm�¦o�uxr${R|�ri�i�kx|�r
lmpR}¶embq`nkR��r¡emr` bhtzg o��¶lm�^{	`jg o�kR}Rri´lmp	} & Ò lmpR} & 
 l%|�r¡o�uxr2|�r`jl%o�g emr¡{NuRlmisri�bm��{R|�ri�i�kx|�r§lmpR}
emr` bhtzg o��¸|�ri�{°rt�o�gjemr` �m� � g o�u6wpRbdc�` r}R�mr'bm��o�uRr'{	uRlmisr'}	g!�°rz|�rpRt�r¶�°rzo�c�rzrpº{R|�ri�i�kx|�r�lmpR}
emr` bhtzg o��^l%o�o�uxr�bm{°rp:rpR}^bm��o�uxr�o�kx��r�g o�gni�o�uxrz|�rz��bm|�r�{°bqi�i�g �	` r�osb�tzlm`jtzkR`jl%osr�o�uxr�osrz|��:gjpRl%o�g bqp
gj�^{°r}	lmpRt�r§g �¦o�uxr§{	|�ri�i�kx|�r¡lmpR}¶embq`jkR��r§emr`jbwtzg o���l%|�r¡hpxbdc�p¾�

¼²i�i�k	�^gjpx�:t��h`jgjp	}x|�gjtzlm`�is�h�^��rzos|�� « o�uRr�embq`jk	��r2emr` bhtzg o��³l%o$o�uxr�bm{�rp,rpR}±gji�tzlm`ntzkR`jl%osr}
�w��is{	`jg oso�gnpx�$o�uxr�o�kx��r�t�|�bqi�i�isrt�o�g bqp=gjp+osb2lmpRpwkR`jl%|�|�rz�qgjbqpRi�rlmt�u:c�gjo�u^lmp=lmi�isbwtzgnl%osr}^emr` bhtzg o½�
��rlmi�kx|�r}���|�bq�¹o�uxr�¢�£�¤º�^l%{Ni�ü�i�rzr�i�rt�o�g bqp&�w� ú � ® ý���£�oai�uxbqk	`j}¡��r�pxbmosr}�o�uRl%o�gjp2o�u	gji�i�o�kR}x�¡g o
uRlmi���rzrp¶t�uRbqisrp�osb�riso�gj�:l%osr§o�uxr§lm��{	`jg o�k	}xr�lmpR}¶{NuRlmisr$bm�¦o�uxr§�	|�iso�uRl%|���bqpRgnt�t�bq��{�bqpxrp+o
bm��o�uxr¡embq`jk	��r§emr` bhtzg o½�¶�w�={�rz|���bm|��^gjpR��l^pRbqph¯½`jgjpxrl%|�`jrlmiso�i�vwkRl%|�ri��Ro�c�g o�u'l�i�gjpRr§c´ldemr�l%o
o�uxr§��kRpR}	lm��rp�o�lm`���|�rvwkxrpRt��Hbm�ao�uxr§o�kx��r:ü ú � ¬�) û�ý��

��uxr�pxbm|��^lm`jgnisr}Llmt�bqkRiso�gjt�|�ri�gjiso�lmpRt�r ¿ � tzlmp�o�uxrpµ��r�riso�l%�	`jgji�uxr}±�+�,o�l%wgjpR��o�uxr�|�rlm`
{	l%|�o=bm��o�uxrµ��rlmi�kx|�r}yosrz|��:gjpRl%o�g bqp8gj��{�r}Rlmp	t�rgÂ � lmpR}8}Rg ehgj}Rgjpx�µ�w�ºo�uRrLt�uRl%|�lmt�osrz|�gniso�gjt
gj�^{°r}	lmpRt�r�� � í ¿ � µ�� Õ Â �Â ��Ø ü��w�Z�qý

��uxr³�Rb�c�i¶��rlmi�kx|�r}�gjpºo�uRgjiHiso�kR}x�Vl%|�r±uRgj�quR` �?pxbqph¯½`jgnpxrl%| « o�uxrz|�rz��bm|�r±o�uxr±}Rrz�	pRg o�g bqp
bm�²gj��{�r}RlmpRt�r¶gji�pxbmo^isos|�gnt�o�` ��e%lm`jgj}�� ) bdc´rzemrz| « o�uxr¶c´bm|�·gnp¸o�u	gji�t�uRl%{Rosrz|=gji��	lmisr}6bqp?l
i�gn��{	`jg �Ntzl%o�g bqp�lmp	}:l%ososr��{Ro�i�osb2rze%lm`jkRl%osr�c�uRl%o�gni�uRl%{R{�rpRgjpR�²osb�l¡`jgjpRrl%|�gjisr}�emrz|�i�g bqp�bm��o�uxr
lmt�bqkRi�o�gjt§�Rr`j}�l%o�pxbqph¯½`jgjpRrl%|�lm�^{	`jg o�kR}Rriz�
ì ú%¬
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í��¦���W� îç�G�U�����X�G��¯�m�����X�G�ºÂ�º¬�©G�
¼���osrz|�t�bq��{N` rzo�g bqp¹bm�=l8isrz|�gjri,bm�=¢�£�¤ ��rlmi�kR|�r��rp+o�iµlyi�rz{	l%|�l%osr?isrzoµbm�:i�gn��kR`jo�lmpxrzbqkRi
|�rt�bm|�}	gjpx�qi^bm�2o�uxr±�:l� �bm|¶lmt�bqkRiso�gjtzlm`$i�gj�qpRlm`ji^c�lmi¶�^lm}xr,osb6lm`n` bdc {	uRlmisr±}Rg!��rz|�rpRt�riHlmpR}
lm��{	`ng o�kR}xri�osb'��r���rlmi�kx|�r}¾� © gj�qpRlm`ji²��rlmi�kx|�r}Vü�gnpL¤�bq` o�i�ý²c´rz|�rmí$o�uxr^isbqkx|�t�r³ü�|�rz��rz|�rpRt�r�ý
i�gjpwkRisbqgn} « o�uxr´¢BNY'µos|�lmpRi�}RkRt�rz|�bqkxos{	kxo�lmpR}2o�uRr�bqkxos{	kRo¾��|�bq�~l�'�| ìkxr`�lmpR} ÿ   � |¦�^gjt�|�bm{	uxbqpxr
c�g o�u2l ®mª �^�¹` bqpx��lmpR} ® �^�~}Rgnlm��rzosrz|¦{R|�bm�°r�l%oso�lmt�uR��rp+oa{	`jlmt�r}¡l�i�uxbm|�o�ü�hpxb�c�pNý�}Rgniso�lmpRt�r
��|�bq�~o�uRr�bm{�rp�rpR}�bm�Ro�uxr´o�kx��rm� © gnpRt�r�o�uxr�¢�£�¤V��rlmi�kR|�r��rp+o�iac�rz|�r�is�hpRt�uR|�bqpRgjisr}2c�g o�u�o�uxr
isbqkx|�t�r:i�gjpwkRisbqgj} « lmi�}Rri�t�|�g ��r}µgjp�i�rt�o�g bqpi�x� ® �K� « o�uxri�r=lmt�bqkRiso�gntzlm`���rlmi�kx|�r��rp+o�i¡rpRi�kx|�r}
o�uRl%o§o�uxr:{	uRlmisr�}Rg!��rz|�rpRt�r���rzo�c�rzrpµo�uRr��R|�iso¡uRl%|���bqpRgjt�t�bq��{�bqpxrp+o�i§bm�´o�uxr�{R|�ri�i�kx|�r�lmpR}
emr` bhtzg o½�2�Rr`j}Ri¾t�bqk	`j}¡��r�tzlm`ntzkR`jl%osr}�l%o�l�{�bqgjp�o�gjp¡o�uxr´lmt�bqkRiso�gjt��Rr`j}¾�¦��uxr�{R|�bm��r��^gjt�|�bm{	uxbqpxr

PCO
Camera

Probe Mic

X−Y Translation

Termination

_ag �qkx|�rP�w�K�xí�ï¦rz��ozí��:gjt�|�bm{	uxbqpRr�{�bqi�g o�gjbqpRgjpx��isrzo�kx{¾��þ�g �qu�ozí�{Nuxbmosbm�m|�l%{	u¶i�uxb�c�gjpx��i�gn`juxbqkxrzososr
bm��{R|�bm��r¡�^gjt�|�bm{Nuxbqpxr${�bqi�g o�g bqpxr}¶l%��bdemr�o�uxr§o�kx��r§osrz|��^gnpRl%o�g bqp��

c�lmi2��bqkRp+osr}�emrz|�o�gjtzlm`j` �±bqp�lmp è ¯��Qos|�lmpRi�`nl%o�g bqp�iso�l%�mr=c�g o�uLo�uxr^{	|�bm��r^lm`jg �qpxr}Lc�gjo�uµo�uxr
t�bm{R{�rz|Ho�kx��r±lmi¶}xrz{	gnt�osr}�gjp��R�qkx|�r��w�K�x����uxr±{�bqi�g o�g bqpºbm�¡o�uxr±{R|�bm��r³o�gj{�c�lmi�lm}� �kRisosr}
kRp+o�gj`�g o,c�lmi�` bhtzl%osr}Bl%oµo�uxr?t�rp+os|�r?bm�:o�uxr6osrz|��:gjpRl%o�g bqpEl%oµl8}Rgjiso�lmpRt�r?t�bm|�|�ris{�bqpR}Rgjpx�
osb�o�c�b·gjp+osrz|�|�bm�ql%o�g bqp�l%|�rlmi±ü úm® {	g!�hr`ji�ý�l%��bdemr,o�uxr'bm{�rp?rpR}¾�º£�o^c´lmiHgj��{�bm|�o�lmp+o�osb���r
l%�	` r�osb,��rlmi�kx|�r���bmo�uµo�uRr�{R|�ri�i�kR|�r�lmpR}µemr` bhtzg o½�µl%o¡o�uRr:i�lm��r^is{Nl%o�gjlm`�{�bqi�g o�g bqpLlmpR}�o�uRgji
}Rgji�o�lmpRt�r=c�lmi�t�uRbqisrp?l%��osrz|^gnpRis{�rt�o�g bqp�bm��os|�gjlm`´¢�£�¤Iemrt�osbm|:�^l%{Ni�lmp	}·pRbmo�gjpx�±o�uRl%o��q`jl%|�r
{R|�bm�N` r�^i�tzlmkRi�r},o�uRr�¢�£�¤�lmpRlm` �hi�gji�isbm��o½c�l%|�r�osb={R|�bw}Rk	t�r2lmpxbq�^lm` bqk	i�emrt�osbm|�i$tz` bqi�r�osbHo�uxr
bm{�rp�rpR}���¼�o�l^}Rgjiso�lmp	t�r§bm� úm® {	g!�hr`ji¡ü�l%{R{R|�bd�hgn�^l%osr` � ¬ �����^�=ý´o�uxr2emrt�osbm|�i�c´rz|�r¡|�r`jgjl%�	` rm�
¼²}� sk	iso���rp+o�i^osb�o�uRr,uxbm|�gjûzbqp�o�lm`�lmpR}Vemrz|�o�gntzlm`�{�bqi�g o�gjbqp6bm�§o�uxr³{R|�bm�°r�o�gj{ºc´rz|�r,�^lm}Rr'�+�
�^l%hgjpx��i��^lm`j`°t�u	lmpx�mri�c�g o�u=o�uxr è ¯��¹os|�lmp	i�`jl%o�g bqpHiso�l%�mr « lmpR}¶��bqp	g osbm|�r}H�+�=o�l%wgnpx��}Rg �qg o�lm`
{	uxbmosbm�m|�l%{	uRi�kRi�gjpx�³o�uxrH¢YN��Ytzlm��rz|�lh�µ¼�p¸r��xlm��{	` rH{	uxbmosbm�m|�l%{Nu¸gji�i�uxb�c�p¸bqp¸o�uRr:|�g �qu+o
uRlmpR}¶i�gn}xr�bm���R�qkx|�rP�w�K�x����uRr²}Rgniso�lmpRt�r§gjp={	g!�hr`ji���|�bq�.o�uxr$bm{�rp¶rpR}Hbm�¦o�uxr$osrz|��:gjpRl%o�g bqp=osb
o�uxr�{R|�bm��r§o�g {,t�bqk	`j}�o�uxrp³�°r���rlmi�kx|�r}³��|�bq�Io�uxr�}Rg �qg o�lm`¾gn�^l%�mri�lmp	}'o�uxr¡{	|�bm��r2lm}� �kRisosr}

ì ú ì
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lmtzt�bm|�}	gjpx�q` �±kRp�o�gn`ao�uxr:t�bm|�|�rt�o�{�bqi�g o�g bqpLc�lmi2lmt�uRg rzemr}����$pRt�r:gjpLo�uRr:t�bm|�|�rt�o�{°bqi�g o�g bqp±o�uxr
}Rgj�qg o�lm`�gj�^l%�mri�bm��o�uxr¡{	|�bm��r$gnp�` bwtzl%o�gjbqp�c�rz|�r¡|�rzo�lmgjpxr}'��bm|���kxo�kx|�r§|�rz��rz|�rpRt�rm�
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PCB Data
Least Squares Fit

_ag �qkx|�r;�w� ª í�ï¾rlmi�o © vwkRl%|�ri��Ro�bm�a¢BNC'yi�g �qpRlm`¾l%o2ì ú �w����}e' ��bm|�o�uxr2þ µ ¬ �^�Qosrz|��^gnpRl%o�g bqp��

��uxr±i�bqkRpR}�{R|�ri�i�kR|�r,` rzemr`²c�gjo�uRgjpVo�uRr,o�kx��r±c´lmi¶lm}� �kRisosr}yosb6o�uxrL|�rvwkRg |�r}�` rzemr`$lmi
{R|�rzewg bqk	i�` �=}Rri�t�|�g ��r}�ü�isrt�o�gjbqp��x� ú � ú ý��²ï¦l%�wewg rzc c´lmi�o�uxrp,kRisr}'osb¶i�gj��kR` o�lmpRrzbqkRi�` �=bqkxos{	kxo
l§i�gnpxr�c´ldemr�osb¡o�uRr�` bqkR}Ris{�rl%mrz|�osb2i�rzo�kx{�o�uxr�i�bqkRpR}��Rr`j}�lmp	}�|�rt�bm|�}�o�uR|�rzr�isrz{	l%|�l%osr²gjpx{	kRo
i�gj�qpRlm`jiz����uxr§o�ux|�rzr2gnpx{	kxo�i�g �qp	lm`ji�c´rz|�rmí�ìdý�o�uxr¡|�rz��rz|�rpRt�r2gnpx{	kxo�i�g �qp	lm`�osb:o�uxr�` bqkR}Ris{�rl%mrz|
ü���rz��bm|�r�{	lmi�i�gjpR�=o�ux|�bqkx�quLo�uxr�lm��{	`jgj�Rrz| ý (¦® ý�o�uxr^t�bqpR}	g o�g bqpxr}±bqkxos{	kRo²embq`jo�l%�mr:i�g �qpRlm`���|�bq�
o�uxrH¢BNY' {R|�ri�i�kx|�r^os|�lmp	i�}RkRt�rz|�` bhtzl%osr}yì�� ¬ �:� ��|�bq� o�uxrHbm{�rp�rpR} (�ú ý§o�uRrHt�bqpR}	g o�g bqpxr}
embq` o�l%�mr�i�g �qpRlm`���|�bq�Qo�uRr§{R|�bm��r¡�^gjt�|�bm{Nuxbqpxr§` bhtzl%osr} ¬ �����^�IbqkRo�i�gj}xr§o�uxr2bm{°rp¶rp	}���§pRt�r^lmtzv+k	g |�r} « o�uxr^i�g �qpRlm`ji$c´rz|�r:lmpRlm`j�wisr}µgnpi�³l%o�`jl%�¸kRi�gjpx��isr`j�n¯�c�|�g ososrpLisbm��o�c´l%|�r:osb
��rlmi�kx|�r�o�uxr�lm�^{	`jg o�kR}Rri°lmp	}§{	uRlmisri¾bm�w�	|�iso¾uRl%|��^bqpRgjtat�bq��{�bqpxrp+o�i¾bm�hrlmt�u�bm�+o�uRr�|�rz��rz|�rpRt�r
lmpR},{R|�bm��r��^gjt�|�bm{	uRbqpxr¡embq` o�l%�mr^i�gj�qpRlm`jiz�²��uxr�¢�|�bm��r��^gnt�|�bm{	uxbqpxr�embq` o�l%�mr^lm��{	`ng o�kR}xr§c�lmi
��rlmi�kx|�r}±lmpR},t�bqp+emrz|�osr}µgjp+osb:{	|�ri�i�kx|�r�lm��{	`ng o�kR}xr¡lmpR},o�uxr�{	uRlmisr�}Rg!��rz|�rpRt�r & Ò ��rzo½c´rzrp
o�uxr�|�rz��rz|�rpRt�r�gjpR{	kxo�i�g �qpRlm`hlmpR}�o�uxr�{R|�ri�i�kx|�r�i�g �qpRlm`w��|�bq�¹o�uxr�{R|�bm��r´�:gjt�|�bm{	uxbqpRr´��rlmi�kx|�r}��

_Rbm|²o�uRr�¢BNC' os|�lmpRi�}	kRt�rz| « o�uxr�i�gj�qpRlm`¦lm��{N`jg o�kR}xr§c�lmi²riso�gj�^l%osr}LkRi�gjpx�:lmp±kRp+c�rg �qu+osr}
pxbqpx¯½`jgjpxrl%|�` rlmi�o�i�vwkRl%|�ri���rzo�uxbh}³ð ¢�|�ri�iÀ "! #%$[ì ®�ñ gjp9b$ù�Ú²¢�ïW�$�Vosb��Ro�o�uRr�lm��{	`jgjo�kR}xr�lmpR}
{	u	lmisr2bm��l ú � ¬�) û^i�gjpxr�c´ldemr�osbHo�uRr���rlmi�kx|�r}±}Rl%o�lh�§��uxr�}Rrtzgji�g bqp,osb�kRisr2o�u	gji�osrt�uRpRgjvwkxr
c�lmi��Nlmisr}³bqp,o�uxr���lmt�o²o�uRl%o�o�uxr�¢YNY'¨i�gj�qpRlm`¦t�bqpR}	g o�g bqpxrz|²gji�}xri�g �qpxr}'��bm|$uRg �qu³lm�^{	`jg o�kR}Rr
��rlmi�kx|�r��rp+o�i�lmpR}·o�uxrH`jbdc´riso^lm��{	`jgjo�kR}xr:��rlmi�kx|�r��rp+o�i�gjp�o�u	gji�c�bm|��c�rz|�r� �kRiso�l%�°b�emr
o�uxr¡`jbdc´riso�` rzemr`�bm��g o�i�bm{°rz|�l%o�gjpx��|�lmpx�mr¡lmp	}'i�uxb�c�r},uRg �qu�` rzemr`ji�bm��vwkRlmp+o�gji�l%o�g bqp��

_ag �qkR|�r��w� ª i�uxbdc�i�l��Ro�c�g o�u=}Rl%o�l2�^rlmi�kx|�r}Hl%o�ì ú �w����}['²�x��uxr�}Rl%o�l�gni�uRg �qu	` ��vwkRlmp+o�gjisr}
lmpR}³o�uRgji�gji�tz` rl%|�` ��pxbmo�lmp±gj}xrlm`¦�Ro�bm��o�uxr�}Rl%o�lh� ) bdc´rzemrz| « i�gjp	t�r¡o�uxr�}	l%o�l:�ql%o�uxrz|�r}³��|�bq�
ì úm®



¾�ÿ ¡qÿ[¿@5�	°£hDª�0��3?DM�"�ÀDö£�1/5F�
�"���:5�£P5`��ø2�	:5�£;5<�=3W365F��.���D?å%%5
o�uxr'¢YNY'.os|�lmpRi�}Rk	t�rz|�c´lmi^k	isr}?bqpR` �¸osb��qg emr'lL|�rz��rz|�rpRt�r³{R|�ri�i�kR|�r�lm��{	`jg o�k	}xr « lmpR}?c�lmi
pxbmo�k	isr}'gjp'lmp+��tzlm`jtzkR`jl%o�gjbqpRi « o�uRgni�c´lmi�pxbmo�t�bqpRi�gj}xrz|�r}�osb=��r¡l:i�g �qp	g �	tzlmp+o�{R|�bm�	` r�'����uxr
lm��{	`ng o�kR}xr�ü�o�uxr�ri�isrp+o�gjlm`a{	gjrt�r�bm�´gjpR��bm|��:l%o�g bqpLpxrzr}xr}L��|�bq� o�uRgji²{R|�bwt�r}RkR|�r�ý�l%{R{�rl%|�i$osb
��r�i�`jg �qu+o�` �¡kRpR}Rrz|�riso�gj�^l%osr}�l%o�o�u	gjiaisbqkRpR}�` rzemr`�����uRr�`jrzemr`hbm�°vwkRlmp+o�gji�l%o�g bqp�gjp�o�uxr�|�rt�bm|�}xr}
i�g �qp	lm`x|�r}RkRt�ri�|�l%{	gj}R`j��lmi�o�uRr�isbqkRpR}^{R|�ri�i�kR|�r�` rzemr`Rgjp	t�|�rlmisri « isb¡o�uxr²kRpR}xrz|�ri�o�gj�^l%o�g bqp�c�lmi
bqpR` �=|�rlm`j` �¶l�{R|�bm�N` r�Ql%o�o�uxr2`jbdc´riso�` rzemr`��

¼ isrt�bqp	}º{R|�bm�	` r�îc�gjo�uVo�uxr,|�rt�bm|�}xr}y¢BNY'Yi�g �qpRlm`ji^c´lmiH}Rgji�t�b�emrz|�r}Bü�o�uRl%o:c�lmi¶pxbmo
bm�	isrz|�emr}�bqp�o�uxr�bqi�tzgj`n` bqi�t�bm{�r�os|�lmt�r�}Rkx|�gnpx��o�uxr�t�bqkR|�isr�bm�No�uRr�r��w{�rz|�gj�^rp�o�lm`wc´bm|�xý�l%o�i�bqkRpR}
{R|�ri�i�kx|�rµ` rzemr`ji³l%�°b�emrºì�� ª }['²��_ag �qkR|�r��w�Z�Vi�uRbdc�i'lºt�bq��{	l%|�gji�bqp8bm��o�uRr�i�gj��kR` o�lmpxrzbqkRi�` �
��rlmi�kR|�r}?i�g �qpRlm`ni���|�bq� o�uxr�{R|�bm��r��^gjt�|�bm{Nuxbqpxr�lmpR}?o�uxr'¢YNY'.os|�lmpRi�}	kRt�rz|^l%o³ì����%}['²��¼
i�g �qp	g �	tzlmp+o,}Rgji�osbm|�o�g bqp~gnp¨o�uxr6}xrt�r` rz|�l%o�gnpx��{�bqi�gjo�g emr�{	l%|�o±bm�^o�uxr·¢BNY' i�g �qpRlm`�pxrl%|Lo�uxr
�^l��xgj�^l§gjiabm�Nisrz|�emr} « c�uxrz|�rlmi�bqp	` ��i�`ng �qu�o�}	gjisosbm|�o�g bqp�gniabm�	isrz|�emr}^gnp�o�uxr�{R|�bm��r��^gjt�|�bm{	uxbqpxr
i�g �qp	lm`�pxrl%|�o�uxr2�:gjpRgj�^lh�
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_ag �qkx|�r9�w�Z�wí^ù�bm|��:lm`jgjisr}�¢YNY'Bos|�lmp	i�}RkRt�rz|�lmpR}�¢�|�bm��r:�^gjt�|�bm{Nuxbqpxr^i�g �qp	lm`ji2l%oHì����%}['���bm|
o�uxr¡þ µ ¬ �^�Qosrz|��^gjpRl%o�g bqp

��u	gji�}Rgjisosbm|�o�gjbqp?�^l�6��r�lmpºgjpR}	gjtzl%o�g bqp·bm�²pRbqph¯½`jgjpxrl%|�{R|�bm{	l%�ql%o�g bqp?c�gjo�uRgjp·o�uxr'o�kx��rm�) bdc´rzemrz| « o�uxr�{R|�ri�i�kx|�r��Rr`n}���rlmi�kx|�r}:c�g o�u�o�uxr�{R|�bm��r��^gjt�|�bm{	uxbqpxr�lmpR}=¢�£�¤�bm�	i�rz|�e�l%o�gjbqpRi
bm��o�uxr�emr` bwtzgjo½���Rr`n}���bm|¸o�uxryþ µ �q�:� osrz|��^gnpRl%o�g bqp<ü��	�qkx|�r ª �jìv�mý���bmo�u.i�kx�m�mriso¸o�uRl%o
o�uxr�lmt�bqk	iso�gjtµ�Rr`n} l%o³o�uxrµo�kx��rµosrz|��:gjpRl%o�g bqp c�gj`j`$iso�gj`j`�ü�kRp	}xrz|'o�uxr�t�bm|�|�rt�o³osrz|��^gnpRl%o�g bqp
t�bqpR}Rgjo�g bqpRi�ý���ruRldemr�gjp³lmp'ri�isrp+o�gjlm`j`j�¶`ngjpxrl%|��^lmp	pxrz|�l%o�ì����%}['²�°��u	gji�uRlmi�o�uxr�gj�^{	`jgjtzl%o�g bqp
o�uRl%o¡o�uRr:isbqkRpR}L�	r`j}Lc�g o�uRgnp,o�uRr^o�kx��r^gji§lm`jisb³ri�isrp+o�gjlm`j` �±`jgjpxrl%|¡l%o:ì����%}e'�lmpR}�` rlm}	i§o�uxr
lmkxo�uxbm|�osb�o�uxr§t�bqpRtz`nkRi�g bqp=o�uRl%o�o�uxr${R|�bm�N` r�¥�:l�=pRbmo´��r²c�g o�uHo�uxr§isbqkRp	}:�Rr`n} « �Nkxo�|�l%o�uxrz|
c�g o�u2o�uxr�¢YNY'µos|�lmp	i�}RkRt�rz|ag o�isr` � « bm|�o�uxr�c´ld�2gjp2c�uRgjt�u2g o�gji¦��bqk	p�osr}�bqp�osb$o�uxr´l%{R{	l%|�l%o�k	iz��£�o
�^ld���°r�o�uRl%o�l%o�i�kRt�u=u	g �qu^lm��{	`ng o�kR}xri�i�os|�kRt�o�kx|�lm`	ewgj�R|�l%o�g bqpRi�rg o�uxrz|�c�g o�uRgjp�o�uRr�os|�lmpRi�}RkRt�rz|

ì úmú
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bm|�gjp:gjo�i�i�kR|�|�bqkRpR}	gjpx�qi�tzlmkRi�r²kRp+c�lmp�osr}¶t�bqp+o�lmt�o´c�g o�u:o�uRr²}Rgnl%{	ux|�l%�q� c�uRgjt�u^|�ri�k	` o�i�gjp:o�uxr
bm�	i�rz|�emr}'}Rgji�osbm|�o�g bqp��

£���g o'gji¶o�uxrp¨lmi�i�kR��r} o�u	l%o'o�uxr�¢YNY' os|�lmpRi�}Rk	t�rz|³��rlmi�kx|�ri't�bm|�|�rt�o�` � l%o³lm`n`$o�gj��ri
r��xt�rz{Ro�c�uxrp=o�uxr§}Rgjisosbm|�o�g bqp:gji´{R|�risrp�o « g o�gji�{�bqi�i�g �	`jr�osb�|�rt�bqpRisos|�k	t�o�lmp¶l%{R{	|�b�xgj�^l%o�g bqp=osb
o�uxr¡i�g �qpRlm`�o�uRl%o�c´bqkR`j}¶��r¡��rlmi�kx|�r}'gjp¶o�uRr2gj}xrlm`�tzlmisr2c�g o�u�pxb:}	gjisosbm|�o�g bqp¾�a��b:}xb�o�u	gji�o�uxr
}Rgnisosbm|�osr}¸{	l%|�o�i�bm��o�uxr¶{R|�bm�N` r�Ui�gj�qpRlm`ji�l%|�rH}	gjis|�rz�ql%|�}Rr}¸lmpR}·o�uxr¶` rlmiso�i�vwkRl%|�ri���rzo�uxbh}
gji�k	isr}?osb��Ro�o�uRr³lm��{	`jgjo�kR}xr¶lmpR}?{	uRlmi�r�bm�$l�i�gjpxr¶c�lemr³c�g o�u?lmpºlm}R}	g o�g bqpRlm`Y�PN b%��isrzo
osbµo�uxr³|�r�^lmgjpRgnpx�±}	l%o�lh�V��uxr'i�g �qp	lm`´gni�o�uxrp?|�rt�bqpRi�os|�kRt�osr}VlmpR}Vo�uxr�embq` o�l%�mr,lm�^{	`jg o�kR}Rr
riso�gn�^l%osr:kRisr}�osb,tzlm`jtzkR`nl%osr^o�uxr^{R|�ri�i�kx|�rm�=��uxr^bm|�gj�qgjpRlm`�lmpR}µ|�rt�bqpRisos|�kRt�osr}¸¢BNY'Bi�g �qpRlm`ji
l%o�ì����%}['~l%|�r�i�uxb�c�p,gnp��R�qkx|�r*�w���+����uxr�}Rl%o�l:��|�bq�Yo�uxr2|�rt�bqp	isos|�kRt�osr}±i�g �qpRlm`ni�l%�m|�rzr�c�g o�u
o�uxr���rlmi�kx|�r�^rp�o�i²�^lm}xr���|�bq�Yo�uxr2bqi�tzgj`j` bqi�t�bm{�r¡|�rlm}Rgjpx�qi�l%o²o�uxr¡o�gn��r2bm��o�uxr2r��w{�rz|�gj�^rp�o «
lmpR}=�qg emr$isrpRi�gj�	` r�e%lm`jkxri���bm|�o�uxr²{R|�ri�i�kx|�r�lmp	}H`ngjpxrl%|�emr`jbwtzg o��:lm��{	`ng o�kR}xr�c�g o�uRgjp�o�uRr�o�kx��rm�
��uRr�i�g �qpRlm`ji�|�rt�bqpRi�os|�kRt�osr}^gjp�o�u	gji�c´ld��c´rz|�r�o�uxrz|�rz��bm|�r�t�bqp	i�gj}xrz|�r}�lmtzt�rz{	o�l%�	` r���bm|�|�rz��rz|�rpRt�r
{	kR|�{�bqisriz�
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PCB Data
Least Squares Fit

ü�l�ý ü��°ý
_ag �qkx|�rC�w���+í�ü�l�ý��²|�g �qgjpRlm`w¢BNY'·os|�lmp	i�}RkRt�rz|�i�g �qp	lm`wl%o�ì����%}['·��bm|�o�uRr�þ µ ¬ �^�Bosrz|��:gjpRl%o�g bqp��
ü��°ýCN�bm|�|�rt�osr}³i�g �qpRlm`�lmpR}'pRbqph¯½`jgjpxrl%|�` rlmi�o�i�vwkRl%|�ri��Ro�bm�at�bm|�|�rt�osr}±¢BNC'yi�g �qpRlm`

��uxr�¢BNY'6embq`jo�l%�mr²lm��{N`jg o�kR}xr�c�lmi�t�bqp+emrz|�osr}Hosb�l¡{R|�ri�i�kR|�r�lm��{	`jgjo�kR}xr�i�gj��{N` �2�w��kRi�gjpx�
o�uxr¡i�rpRi�g o�g ehg o��:}Rl%o�l��qg emrp��w�Ho�uxr¡�^lmpwkx��lmt�o�kR|�rz|����uRgni�c�lmi�o�uxrp�t�bqp+emrz|�osr},osb © ¢�ï�kRi�gjpx�
rvwkRl%o�g bqp ® �Z�w��£�p¸lm`j`´gjpRi�o�lmpRt�ri2c�g o�uRgjp�o�uRgji�c�bm|��c�uxrp·l±�^rlmi�kx|�r��rp+o�gji�i�lmgj}¸osb±uRldemr
��rzrp��^lm}xr�l%o�l�t�rz|�o�lmgjp © ¢�ï « k	pR` ri�i�bmo�uxrz|�c�gjisr¡iso�l%osr} « g o�uRlmi���rzrp'tzlm`ntzkR`jl%osr}'kRi�gjpx��o�uRgji
��rzo�uRbw}��

¼²p�ri�o�gj�^l%osrHbm��o�uxrHlmt�bqk	iso�gjt^emr`jbwtzg o���lm��{	`ng o�kR}xr Ù � � � Ù l%o�o�uxr=bm{°rp¸rpR}�bm��o�uxr:o�kx��r
c�lmi2�^lm}Rr=kRi�gnpx��o�uxr^{R|�ri�i�kx|�r^i�g �qpRlm`���rlmi�kx|�r}��w�Lo�uxr=¢YNY'Eos|�lmpRi�}RkRt�rz|�`jbwtzl%osr}�c�g o�uRgjp
o�uxr�o�kx��r�l%o´l�}Rgjiso�lmp	t�r�bm��ì��%tz� ��|�bq�¥o�uxr�bm{�rp^rp	}���_xbm|�o�uxr�i�gj�^{	`jg �Rr}�tzlmisr²bm�¾l2i�o�lmpR}Rgjpx�
c�lemr'gjp6lµ` bqi�i�` ri�i�o�kx��r¶bm{°rp6l%o���bmo�u·rpR}Ri�c�gjo�u�{	`nlmpxr=c�lemr³{R|�bm{	l%�ql%o�g bqp?lmp	}6{°rz|���rt�o
|�rz�	rt�o�g bqp¸l%o�rlmt�u6rp	}�o�uxrH��bq`j` bdc�gjpx�'rvwkRl%o�g bqp·tzlmp·�°rHkRisr}¸osb±tzlm`ntzkR`jl%osrHo�uxrH�:l��hgj��kR�
ì ú �
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lmt�bqkRiso�gnt§emr` bhtzg o½��lm��{	`ng o�kR}xr$l%o�o�uxr¡bm{�rp¶rpR}¾í

Ù � � � Ù µ Ù Ö Ù ¸�Ï ´ ¶ Ü ü��w� ì ý
c�uxrz|�r Ù Ö Ù gji§o�uxr^�:l��hgj��kR� {	|�ri�i�kx|�r�lm�^{	`jg o�kR}Rr���rlmi�kx|�r}�l%o2l'{°bqi�g o�g bqpLuRlm` �´c´ld�µlm` bqpx�
o�uxr¡o�kR�°r¡`jrpx�mo�u�����uRr2uRlm` �a` rpx�mo�u�bm�ao�uxr2o�kx��r¡kRisr}'gjp¶o�u	gji�iso�kR}R�=c�lmi ®mú tz�<c�uxrz|�rlmi�o�uxr
¢BNC'�os|�lmpRi�}RkRt�rz|�c´lmi�` bhtzl%osr}?l%o�l,}	gjiso�lmpRt�rHbm��ì��%tz� ��|�bq� o�uxrHbm{°rp·rpR}¾�L��uRgji2�^rlmpRi
o�uRl%o�o�uxr§¢YNY'�gni�pxbmo���rlmi�kx|�gnpx��o�uRr$�:l��hgj��kR� {R|�ri�i�kx|�r²lm��{	`jgjo�kR}xr²c�g o�uRgjp:o�uxr§o�kx��r « �	kxo
l^e%lm`jkxr¡i�`jg �qu+o�` �H`jbdc´rz|��_�gj�qkx|�rÀ�w�Z�:i�uxbdc�i�o�uxr�{R|�ri�i�kR|�r¡lm��{	`jgjo�kR}xr§lmi�l:{�rz|�t�rp�o�l%�mr�bm��o�uxr
�^l��xgj��kR� lm��{	`jg o�k	}xr2c�gjo�uRgjp'o�uRr�o�kR�°r�lmi§l¶��kRpRt�o�g bqp,bm��}Rgniso�lmpRt�r���|�bq� o�uxr�bm{°rp±rpR}±��bm|
o�uRgji�i�gj��{	`ng �Rr}¶tzlmisrm����uRr¡{R|�ri�i�kx|�r¡��rlmi�kR|�r}'�w��o�uxr2¢YNY' os|�lmpRi�}RkRt�rz|�l%o�ì��%tz� ��|�bq�Yo�uxr
bm{�rp�rpR}�gji	 skRi�o�b�emrz|�ì ¬�� ` b�c�rz|�o�uRlmp�o�uRl%o�lmiac´bqkR`j}���r���rlmi�kx|�r}�g �Ng o�c´rz|�r�` bhtzl%osr}�l%o�o�uxr
t�rp+os|�r§bm�¦o�uxr§o�kR�°r�ü ®mú tz�=ý��´��uRgji�t�bm|�|�ri�{°bqp	}Ri�osb^l�}	g!�°rz|�rpRt�r²gnp=o�uRr¡isbqkRpR}={R|�ri�i�kx|�r$` rzemr`
bm�¦` ri�i�o�u	lmp±ìz}e'V��rzo½c´rzrp¶o�uxr²{R|�ri�i�kR|�r���rlmi�kx|�r}¶l%o�o�uxr�{�bqi�gjo�g bqp^bm�¾o�uRr$¢YNY'ºi�rpRisbm|�lmpR}
o�uxr:�:l��hgj��kR� {	|�ri�i�kx|�r�c�g o�uRgjpLo�uRr^o�kx��rm�=��uRr:lmt�bqkRiso�gjt:emr` bhtzg o½�µlm��{	`ng o�kR}xri§tzlm`jtzk	`jl%osr}
kRi�gnpx�§rv+k	l%o�g bqp9�w� ì l%|�r�o�uxrz|�rz��bm|�r�lm`ji�b�l%��bqkxo�ì ¬�� osbwb�` b�c¡����uxrisr���rlmi�kx|�r�^rp�o�i�l%|�r²kRisr}
osb:rp	i�kx|�r2t�bqp	i�gjisosrpRt���gjp'o�uxr2isbqkRp	}³` rzemr`¦c�g o�uRgjpHo�uxr�o�kx��r¡��rzo½c´rzrp³r��h{�rz|�gj��rp+o�i�lmpR},l%|�r
pxbmo�kRi�r}'gjp�lmp+�¶tzlm`ntzkR`jl%o�g bqpRi����gj��r§}Rgj}�pRbmo�{°rz|��^g o�t�bm|�|�rt�o�g bqp³osb^o�uxrisr2e�lm`jkRriz�
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_ag �qkx|�rB�w�Z�wí�¢�|�ri�i�kx|�r�lm��{	`jg o�k	}xr�lmi�l�{�rz|�t�rp�o�l%�mr´bm�xo�uxr´�^l��hgn��kR� lm��{	`jgjo�kR}xr�lmi�l���k	pRt�o�g bqp
bm��}Rgjiso�lmp	t�r¡��|�bq�Qo�uxr2bm{�rp���bm|�l:iso�lmpR}RgjpR��c´ldemr�gjp³l&�\�%tz�Yo�kR�°r2bm{°rp³l%o���bmo�u�rpR}Ri�c�g o�u
ûzrz|�b:gn��{�r}RlmpRt�r§l%o�o�uxr¡bm{�rp¶rpR}	iz�

_xbm|�o�uRr�{R|�bm�°r²�^gjt�|�bm{Nuxbqpxr�o�uRr²embq`jo�l%�mr¡i�g �qpRlm`N|�r�^lmgjpRr}:c´r`j`°t�bqpR}Rg o�g bqpRr}^o�ux|�bqkR�quxbqkxo
o�uxr�|�lmpx�mr²bm�¾��rlmi�kx|�r�^rp�o�iz����uxr�lm��{N`jg o�kR}xr�lmp	}:{	u	lmisr�bm�¾o�uRr��R|�i�o�uRl%|��^bqpRgjt�t�bq��{�bqpxrp+o
bm��o�uxr�i�gj�qpRlm`¦c´rz|�r���rlmi�kR|�r}±�+�³k	i�gjpx�Hisbq��r��	lmi�gjt���kRpRt�o�g bqpRi²gjpc�³l%o�`nl%�µosb¶tzlm`ntzkR`jl%osr�o�uxr
_Rlmiso�_xbqkR|�g rz|��¦|�lmp	is��bm|��<ü�_a_a��ý�bm��o�uxr²i�g �qpRlm`	lmp	}:osb�r��wos|�lmt�o´o�uRr²�^l%�qp	g o�kR}xr²lmpR}:{NuRlmisr�bm�
o�uxr�{�rl%�` bwtzl%osr}:l%o ú � ¬�) û²gjp�o�uxr�|�ri�k	` o�lmp�oa��|�rvwkxrpRt���}xbq�^lmgjp�}Rl%o�l:ü���bm|�o�uxr�{	|�risrp+o�c�bm|�

ì úmª



-/.0�214365�	C¾�ÿ�¿@5�	°£hDª�0��3?DM�"�ÀDö£�1/5F�
�"���:5�£;5:��ø2�	:5�£;5<�=3aø��zÀH�`1/5��&5����%5F��1�D 145�øCÁHDa3E.i»87a¼
o�uRgni�c�lmi§lm` c�l�hi$o�uxr�`jl%|��mriso²{�rl% « lmi²r��h{°rt�osr}°ý��o�$pRt�r�o�uxr��^l%�qpRg o�k	}xr¶ü�gnp,¤�bq`jo�i�ý�bm��o�uxr
�R|�iso�uRl%|���bqp	gjt´bm�°o�uRr�{R|�bm��r��^gjt�|�bm{	uxbqpxr�i�g �qp	lm`xc´lmi�riso�l%�	`jgni�uxr}�l¡t�bm|�|�ris{�bqpR}Rgjpx�${R|�ri�i�kx|�r
lm��{N`jg o�kR}xr�c´lmi�tzlm`jtzkR`jl%osr}¶�w�=kRi�gjpx��o�uxr§�qlmgjp�isrzoso�gjpR����|�bq� o�uxr¡t�bqp	}Rg o�g bqpRgnpx��lm��{N`jg �Rrz|§ü�lmi
pxbmosr}�l%o�o�uRr§o�gj��r$bm����rlmi�kx|�r��rp+o�ý´lmpR}¶rvwkRl%o�g bqp¶�x�Z��lm` bqpx��c�g o�u¶�^l%�qpRg o�kR}Rr²tzlm`jgj�R|�l%o�g bqp
}Rl%o�l�ü�isrzr³isrt�o�g bqp �x�K�+ý�osb�tzlm`ntzkR`jl%osr'o�uxr�b�emrz|�lm`j`�isbqkRpR}6{R|�ri�i�kx|�r�` rzemr`���rlmi�kx|�r}V�+�·o�uxr
{R|�bm�°r$�^gjt�|�bm{	uxbqpxr Ó�Ô(² Òz�s�	� × ����uxr§lmt�bqkRi�o�gjt§{R|�ri�i�kx|�r$lm��{	`jgjo�kR}xr Ù Ö Ù l%o�o�uxr§{R|�bm�°r²o�g {�c�lmi
o�uxrp³tzlm`jtzkR`jl%osr}��w�H|�rl%|�|�lmpx�qgnpx��rv+k	l%o�g bqp ® �Z��gjp³t�bqp� sk	pRt�o�g bqp¶c�g o�u¶rvwkRl%o�g bqp ® � ® osb^�qg emrmí

Ù Ö Ù µ Ú ® Ö ´ ì ¬ ßàKá ý�
�����â ã ü��w�jì ¬ ý

¼²p·_�_a� bm��o�uRr=|�rz��rz|�rpRt�r¶i�gjpwkRisbqgn}�c�lmi�o�l%mrp?lmp	}¸o�uRr={	u	lmisr:bm��o�uRrH�	|�iso�u	l%|���bqpRgjt
c�lmi�riso�l%�	`jgni�uxr}HgjpHo�uxr§i�lm��r$c´ld�Hlmi���bm|�o�uxr${R|�bm��r$�^gjt�|�bm{Nuxbqpxrm����uxr${	uRlmi�r²}Rg �°rz|�rp	t�r & Ò
��rzo½c´rzrp^o�uRr��R|�iso�uRl%|���bqpRgjtzi�bm��o�uxr�{	|�bm��r��^gjt�|�bm{	uRbqpxr�lmpR}�|�rz��rz|�rpRt�r�i�gjp+k	i�g bh}�i�g �qpRlm`jiac�lmi
o�uxrp,tzlm`jtzkR`jl%osr}±�w�'i�kx�Ros|�lmt�o�gjpx�^o�uxr�{	uRlmisr�bm��o�uxr�{R|�bm��r2�^gjt�|�bm{	uxbqpxr2i�g �qpRlm`¾��|�bq�<o�uRl%o²bm�
o�uxr$|�rz��rz|�rpRt�r�i�g �qpRlm`��a£�o�c´lmi�gj��{�bm|�o�lmp+o�osb^o�l%mr�gjp�osb^lmtzt�bqk	p�o�o�uRr§{	uRlmisr§t�bm|�|�rt�o�gjbqp�osb�o�uxr
{	u	lmisr�bm�¾o�uxr�{R|�bm��r��^gnt�|�bm{	uxbqpxr�l%o ú � ¬�) û$�°rz��bm|�r²i�kx�Ros|�lmt�o�gjbqp��a£�p=lm}R}Rg o�g bqp « t�bqpRi�gn}xrz|�l%o�g bqp
bm�°o�uxr�r���rt�o�bm��o�uxr�|�rzemrz|�isr�¯��	gnlmisr}^pRl%o�kx|�r�bm�H'�| ìkxr`RlmpR} ÿ   � |��:gjt�|�bm{	uxbqpRri�c´lmi�o�l%mrp=gnp�osb
lmtzt�bqkRp+oz����uRgji�gji�r��h{	`jlmgjpRr}Hgnp���bm|�r2}xrzo�lmgn`�gjp�isrt�o�g bqp��x�K�x�

í������¦¨ ðb��ÊW��¯�����UÊW��Ç[®7©��E¯�m�����X�G�U¯�U¬T©G�
_xbm|2o�uxr�{	kx|�{�bqisr�bm��o�u	gji$iso�kR}x�±g o$c´lmi§lmi�i�kR��r}Lo�uRl%o§o�uxr��	bdcB��|�bq� o�uxr�r��xg o$bm��o�uxr�o�kx��r
gji²t��h`jgjpR}x|�gjtzlm`j` �His�w�:��rzos|�gjt�l%�°bqkRo�o�uxr�o�kx��r�l��hgji��Ú²i�gjpx�=o�uRgji²lmi�i�kR�^{Ro�g bqp±g o�c�lmi²{�bqi�i�g �	`jr
osb³tzlm`ntzkR`jl%osr:o�uRr^embq`jkR��r:�	kh�µ{	lmi�i�gnpx��o�ux|�bqkx�qu�l'{	`jlmpRr^l'i�uxbm|�o�}Rgjiso�lmpRt�r:��|�bq�Uo�uxr^bm{�rp
rpR}¶bm��o�uxr¡o�kR�°r$��|�bq�Qo�uxr§emr`jbwtzg o����^l%{	iz�_�$kRo�`jg rz|�i�lmi�isbhtzgjl%osr}³c�g o�u¶�q`jl%|�r¡`ngj�^g o�uxbdc tz` bqisr
osbµo�uxr¶bm{�rp6rpR}·o�uxrisr'tzlm`ntzkR`jl%o�g bqpRi�tzlmp6��r��^lm}xrm�6_x|�bq�îgnpRis{�rt�o�g bqp·bm��o�uxr'¢�£�¤ }Rl%o�l «
emrt�osbm|�i²l%o�l:}Rgjiso�lmpRt�r2bm� úm® {	g!�hr`ji¡ü�l%{R{R|�b� ¬ �����^�=ý���|�bq�Qo�uxr2bm{�rp�rp	}�bm��o�uxr¡o�kx��r§c´rz|�r
pxbmo�i�g �qpRg �	tzlmp+o�` �Hl��°rt�osr}±lmpR}�t�bqkR`j}'�°r¡k	isr}¶��bm|�o�uxr2tzlm`jtzkR`nl%o�g bqp��

� ³��������a³�u�~ar/� ��w\u�{|rH}
'´rz��bm|�r¡tzlm`jtzkR`jl%o�gnpx��o�uxr$embq`jkR��r$emr` bhtzg o½� « o�uxr¡i�g o�kRl%o�gjbqpHgni´i�gj��{	`jgj�Rr}^�w�=�^l%hgjpx��kRi�r²bm��o�uxr
l��xgjlm`´is�w�:��rzos|���lmpR}·o�l%hgjpx�Lo�uxr¶lemrz|�l%�mr³bm��emr` bhtzg o½�¸e�lm`nkxri�l%o^�^rlmi�kx|�r��rp+o�{�bqgjp�o�i�bqp
is�h�^��rzos|�gjtzlm`j` ��bm{R{�bqi�g osr²i�gj}xri�bm�¾o�uxr�o�kR�°r²l��hgniz����uRgji�|�r}RkRt�ri�o�uxr$}Rl%o�l2�w�^uRlm` �¾lmp	}:` rldemri
l±isrzo�bm��emr` bhtzg o½��}	l%o�l,t�bqpRi�gjiso�gjpx�³bm��l,}	gji�t�|�rzosr¶isrz|�g ri�bm��{�bqgjp+o�i2|�lm}	gjlm`j` �±bqkxo½c�l%|�}Ri���|�bq�
o�uxr�o�kx��r�l��hgji�ü��R�qkR|�r*�w� ì ý�����uxrisr�{�bqgjp+o�i²l%|�r�`nl%�°r`n` r}�ì�� ® � ú � Ü,Ü,Ü ���ygjp³o�uRr�}	g |�rt�o�g bqp±lc�l�
��|�bq� o�uxr�o�kx��r�l��xgji§lmpR}±o�uxr�emrz|�o�gntzlm`�t�bq��{�bqpxrp+o²bm��emr` bhtzg o½�±lmi�isbhtzgjl%osr}µc�g o�u±rlmt�uµ{�bqgjp�o
gji! � �$��uxr�isrz{	l%|�l%o�g bqp±gjp±�^�<bm��rlmt�uµ��rlmi�kx|�r��rp+o�{�bqgjp+o�gni#"%$µlmpR}±o�uxr�}Rgji�o�lmpRt�r2��|�bq�
o�uxr2o�kx��r2l��hgni�osb:rlmt�uL��rlmi�kx|�r�^rp�o�{°bqgnp�o�gji!$	�N����uxr¡embq`jkR�^r¡emr` bhtzg o½�cÃ��Ho�uR|�bqkx�qu'rlmt�u
ì ú �
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Tube Axis

n

1
2

3
4

v(n)

A(n)
∆x(n) x

_�gj�qkx|�r;�w� ì í�¤�bq`nkR��r§emr` bhtzg o½��tzlm`jtzk	`jl%o�g bqpRi���bm|�l��xgjlm`j` �His�h�^��rzos|�gjt$�	bdc�i

l%|�rl�r`jr��rp�o'& � lmi�isbhtzgjl%osr}'c�gjo�u¶rlmt�u±��rlmi�kx|�r�^rp�o�{�bqgjp+o(��gjizí

Ã � µ & �  � ü��w�jìmìdý

��uxr�l%|�rl)& � gji� sk	iso�o�uxr�}Rg!��rz|�rpRt�r�gjp³l%|�rl:��rzo½c´rzrp±o½c´b�t�bqpRt�rp�os|�gjt�tzgj|�tz` ri�bm��|�lm}Rgjg*�*"%$
lmpR}�ü+� # ìdý	"%$¦í

& � µ ë Û � Ì # ü+� # ìdý Ì Þ "%$ Ìµ ë ü ® � # ìdý	"%$ Ì ü��w�jì ® ý

£�pQo�uxr¨i�gjo�kRl%o�g bqpQc�uRrz|�r o�uxr o�kx��r {	lmi�i�ri?o�ux|�bqkx�quIo�uxr~t�rp+os|�r¨bm�Lbqpxr¨{	l%|�o�gjtzkR`jl%|
gjp+osrz|�|�bm�ql%o�g bqp·l%|�rl « o�uxrp¸osbµtzlm`jtzkR`jl%osr=o�uxrHembq`jkR��r=emr` bwtzgjo½��o�ux|�bqkx�qu�l±tzg |�tzkR`nl%|2{	`jlmpRr:l%o
o�uxr²bm{�rp:rpR}=bm�¾o�uxr²o�kx��r « o�uxr�rvwkRl%o�g bqpH��bm|�o�uxr�embq`nkR��r�emr`jbwtzg o��=gji�t�uRlmpR�mr}�i�`jg �qu+o�` �m����uxr
i�kR�.b�emrz|!�µgji´��|�bq� ¬ osb^p¶c�g o�u¶p µ ¬ ��rgjpx��o�uxr¡gjpR}Rr��:|�rz��rz|�|�gjpx��osb�o�uxr¡gjp+osrz|�|�bm�ql%o�gjbqp�l%|�rl
t�bqp+o�lmgjpRgjpx��o�uRr¡t�rp�os|�lm`�l��hgni « lmpR}�o�uxr�l%|�rl^gjizí

& � µÒË �, ë "%$ Ì í-� µ ¬
®%ë �*"%$/Ì í-��.¨ì ü��w�jì ú ý

��uRr�osbmo�lm`�embq`jkR��r�emr` bhtzg o½��Ã c�lmi$rze�lm`jk	l%osr}�lmt�|�bqi�i$o�uxr�r��xg o$bm��o�uRr�o�kR�°r���bm|§rlmt�uµbm�
o�uxr¶ì ¬ ¢�£�¤ ��rlmi�kR|�r��rp+o�i$o�ux|�bqkx�qu,o�uxr�lmt�bqkRiso�gjt�t��htz` r�l%o$rlmt�uµisbqkRp	}±`jrzemr`�k	i�gjpx�=rg o�uxrz|
rvwkRl%o�g bqpÀ�w�jì ® bm|¦rvwkRl%o�g bqpo�w�jì úw« }xrz{�rpR}RgjpR�´bqp2o�uxr�i�g o�kRl%o�g bqp�����uRgji¾lmp	lm` �wi�gji�c�lmi¦{�rz|���bm|���r}

ì ú �



-/.0�214365�	C¾�ÿ�¿@5�	°£hDª�0��3?DM�"�ÀDö£�1/5F�
�"���:5�£;5:��ø2�	:5�£;5<�=3aø��zÀH�`1/5��&5����%5F��1�D 145�øCÁHDa3E.i»87a¼
kRi�gjpx�&�³l%o�`jl%�,�+�¶i�kR�:�^gjpx�9Ã � bdemrz|#�µ��|�bq�Qo�uxr§o�kx��r¡l��xgji�osb^o�uxr§o�kR�°r§c�lm`j`�í

Ã µ0/ � Ã � ü��w�jìF�+ý

1 s
s�rts ³e�|³2��3�yv~ay
��uRr:rz|�|�bm|�gjp¸o�uxr�l%��bdemr�tzlm`jtzkR`nl%o�g bqp·c´lmi�bm�Ro�lmgnpxr}��w�¸k	i�gjpx�'o�uRr¶i�o�lmpR}Rl%|�}¸rz|�|�bm|�bqp·o�uxr
��rlmp±lmi�isbhtzgjl%osr}±c�g o�u³o�uxr�emr` bwtzgjo½�³��rlmi�kx|�r��rp+o�i$l%o�rlmt�uL{°bqgnp�o�gnp³o�uxr�lemrz|�l%�mr}�emrt�osbm|
�^l%{Niz�:��uxr=iso�lmpR}Rl%|�}�rz|�|�bm|¡bqp�o�uxr:��rlmp�c´lmi�tzlm`jtzkR`jl%osr}¸}Rkx|�gjpR�Ho�uRr^{�bqiso�¯�{R|�bht�ri�i�gjpR��bm�
o�uxr�¢�£�¤¨}Rl%o�l2l%o�o�uxr�i�lm�^r�o�gj��r�lmi�o�uxr�lemrz|�l%�qgjpR��{R|�bwt�ri�i�c�uxrz|�rz�w��o�uxr ®mª ü�bm|´i�b+ýaemr` bhtzg o½�
emrt�osbm|��^l%{	i=l%o:rlmt�u�{NuRlmisr³isosrz{�c�rz|�r³|�r}Rk	t�r}Vosb�bqpRr,lemrz|�l%�mr}8emr` bwtzgjo½�?emrt�osbm|��^l%{¾�
��uRrz|�rz��bm|�r�rlmt�u��^rlmi�kx|�r��rp+o¡{�bqgjp+o4�?bqpµrlmt�u¸emrt�osbm|��:l%{�t�bqpRi�gji�o�i§bm�´l³��rlmpµemr` bhtzg o½�
5 � c�g o�u�lmp'lmi�isbhtzgjl%osr},iso�lmpR}Rl%|�}'rz|�|�bm|�bqp�o�uRr¡��rlmp6"% �

 �� µ 5 %�478"9 �� ü��w�jì ª ý

��uxr¡rz|�|�bm|²gjp�o�uxr2embq`jkR��r¡emr`jbwtzg o��'l%o�rlmt�u±�^rlmi�kx|�r��rp+o�{�bqgjp+o�gjp'l:emrt�osbm|§�^l%{:"9Ã �
gji��qgjemrp��+��iso�lmp	}Rl%|�}¶rz|�|�bm|�t�bq�2�	gnpRl%o�g bqp'��rzo�uRbw}Ri�lmií

"9Ã�� µ Ã�� "% � � µ &��;"% %� ü��w�jì��qý

c�uRrz|�r·gjoLu	lmiL�°rzrpElmi�i�kR��r}Eo�uRl%oLo�uxr?rz|�|�bm|Lgnp o�uRrVl%|�rl tzlm`jtzkR`jl%o�gjbqp¹gni±pRrz�q`jg �qg �	`jr¸gjp
t�bq��{Nl%|�gjisbqpHosb�o�uxr$emr` bhtzg o½�Hrz|�|�bm|2ü�i�gjpRt�r$o�uxr$rz|�|�bm|�gjp ) V gji´bm��o�uxr$bm|�}xrz|�bm��bqpxr¡u+k	pR}x|�r}xo�u
bm��l³�:gj`j`jgj�^rzos|�r�ý��=��uRr�rz|�|�bm|�gnp�o�uxr^osbmo�lm`´embq`jk	��r^emr` bhtzg o½�<"¶Ã l%o�l'{	l%|�o�gntzkR`jl%|¡{	u	lmisr:gji
o�uxrp'bm�Ro�lmgjpxr}¶�w��i�kR�^�^gnpx�%"¶Ã � gnp�v+kRlm}R|�l%o�kx|�rmí

"9Ã µ»Ë=/ � ü>& � "% � ý Ì Î �â ü��w�jìv�mý

� �|s@?twBApu�u�~6�|�
��bLbm�Ro�lmgjp?lLe%lm`jkxrH��bm|^o�uRr¶lm�^{	`jg o�kR}Rr «<Ù Ã Ù lmpR}6{	uRlmi�r &DC bm��o�uRrH�	|�iso�uRl%|���bqp	gjt:bm��o�uxr
embq`jk	��r�emr` bhtzg o½� « c�gjo�u:lmi�isbhtzgjl%osr}Hrz|�|�bm|´riso�gj�:l%osri « l�c´rg �qu�osr}Hpxbqph¯½`ngjpxrl%|�`jrlmiso�i�vwkRl%|�ri��Ro
bm��o�uxr$embq`jkR��r²emr` bhtzg o½�¶lmpR}Hrz|�|�bm|�}Rl%o�l�c�lmi��^lm}xrm����uRr²��kRpRt�o�gjbqp:�Rososr}¶osb�o�uRr$}	l%o�l�c�lmi�l
i�gnpxr$c´ldemr2bm�a��|�rv+kxrp	t��Lü�E	ý ú � ¬�) ûmí

³ ü Ô ý µ & Î�F ��ü ®%ë E Ô �6* ý ü��w�jì��qý
c�uxrz|�r�¼ lmpR}g'Bl%|�r�o�uxr^{Nl%|�lm��rzosrz|�i§osb³�°r��	ososr} « pRlm��r`j�,o�uxr^lm�^{	`jg o�kR}Rr�lmpR}�{	uRlmisr

bm�´o�uxr:i�gj�qpRlm`�� b$pwkx{	` bmo§c�lmi2t�uxbqisrp�osb'{�rz|���bm|�� o�uxr:tzkx|�emr:�Roso�gjpx�¶{R|�bht�r}Rkx|�r�c�uRgjt�uµkRisri
ì ú �



¾�ÿ ¡qÿ[¿@5�	°£hDª�0��3?DM�"�ÀDö£�1/5F�
�"���:5�£P5`��ø2�	:5�£;5<�=3W365F��.���D?å%%5
o�uxr��,l%|�v+k	l%|�}h¯½ï¾rzemrp+��rz|��¡lm` �mbm|�gjo�uR�Qð ¢�|�ri�io "! #%$[ì ®�ñ osb2uxr` {�{R|�rzemrp+o�}Rg emrz|��mrp+o�riso�gj�:l%osriz�
_x|�bq� gnpRg o�gjlm`2�qkxri�isriµ��bm|Lo�uxr6e�lm`nkxri±bm�G&»lmp	} * o�uxr?isbm��o½c�l%|�rVg osrz|�l%o�gjemr` � t�bq��{Nkxosri
gj��{	|�bdemr}Eriso�gn�^l%osri�lmpR}Bt�bqp+o�gjpwkxriµkRp+o�gj`�o�uxr?riso�gj�^l%osri�t�bqp�emrz|��mrºosb¨o�uxr6�	pRlm`�e%lm`jkxrm�b$pwkx{	` bmo§lm`ji�bH{	|�bdehgj}xr}Lgjpx��bm|��^l%o�gjbqp±l%��bqkxo$rz|�|�bm|§riso�gj�^l%osri¡gnp,o�uRr^lm��{	`jg o�k	}xr�lmpR}L{NuRlmisr
lmi$c´r`j`almi$�qg ewgnpx�=o�uRr�|�r}RkRt�r}Lt�uRg ¯½i�v+k	l%|�r�e%lm`jkxr «IH Ì J « bm��o�uxr��	pRlm`�riso�gj�^l%osr^lmi§l¶��rlmi�kx|�r
bm��o�uxr¡�mbwbw}RpRri�i�bm���Roz�

£�p^o�uxr²gj}xrlm`Ntzlmisr H Ì J i�uxbqkR`j}^�°r�bm��bm|�}xrz|$ì « c�gjo�u^e%lm`jkxri���kRt�u=`jl%|��mrz|�o�uRlmp±ì�gjp	}Rgjtzl%o�gjpx�
l^pwkR���°rz|�bm�a{�bqi�i�gj�	` r²{R|�bm�	` r�:i�c�g o�u¶o�uxr¡�	ozí�kRpR}xrz|�riso�gj�^l%osr}¶rz|�|�bm|�i « rz|�|�bm|�i�o�uRl%o�l%|�r2pxbmo
pxbm|��:lm`j` ��}Rgjisos|�g �	kxosr} « bqkxo�`jg rz|�i�{R|�risrp+o$gjp'o�uxr�}Rl%o�l « bm|$lH{°bwbm|�` ��t�uxbqisrp±�Roso�gjpx�=��k	pRt�o�g bqp��
¼¹e�lm`nkxr§bm� H Ì J¸��kRt�u³` ri�i�o�uRlmp�ì�gjpR}Rgjtzl%osri�o�u	l%o�o�uxr¡rz|�|�bm|�riso�gj�:l%osri��^ld���°r§osbwb:`jl%|��mr¡bm|
o�uRl%o�o�uRr¡iso�l%o�gjiso�gjtzlm`�lmi�i�kR�^{Ro�g bqpRi�l%��bqkxo�o�uxr2}	l%o�l^l%|�r2pxbmo� �kRiso�gj�Rr}��

��uRr�tzkR|�emr��Roso�gjpx�${R|�bht�r}Rkx|�r´kRi�r}�uxrz|�r�gjiapxbmo�r��h{°rt�osr}^osb§{R|�bh}RkRt�r´|�r}RkRt�r}�t�u	g!¯½i�vwkRl%|�r
e%lm`jkxri�bm�	bm|�}Rrz|�ì´bqpRt�r�o�uRr´bqp	isrzoabm�Npxbqph¯½`ngjpxrl%|��Rbdc6r���rt�o�i�gji�bm�	isrz|�emr}�i�gjpRt�r´o�uxr�{R|�bht�r}Rkx|�r
bqpR` ���Ro�i�l�i�gjpx�q` r²uRl%|���bqp	gjt�t�bq��{�bqpxrp+o�osb�o�uxr�embq`jkR��r²emr` bhtzg o½�:}	l%o�l�lmpR}Hg o´gji�c´r`j`Nwpxb�c�p
o�uRl%o�i�k	t�u'pxbqpx¯½`jgjpxrl%|�r���rt�o�i�tzlmp���r§lmi�isbhtzgjl%osr}�c�gjo�u=o�uRr§�mrpxrz|�l%o�g bqp�bm�akx{R{�rz|�uRl%|��^bqpRgjtziz�
��uxr�|�r}Rk	t�r},t�uRg!¯½i�vwkRl%|�r�e�lm`nkxr���|�bq� o�uxr�i�gjpwkRisbqgn}Rlm`¾` rlmiso�¯½i�v+kRl%|�ri$�Ro²}Rb+ri « uxb�c�rzemrz| « �qg emr
lmp'gjp	}Rgjtzl%o�g bqp¶bm�ao�uxr2`ngjpxrl%|�g o��:bm��o�uxr¡embq`jk	��r¡emr` bhtzg o½��i�gj�qpRlm`�lmpR}'uxrp	t�r2tzlmp'��r¡kRisr}³lmi�l
vwkRlm`jg o�l%o�g emr^�^rlmi�kx|�r�bm��o�uxr^pxbqpx¯½`jgjpxrl%|�gjo½�³bm�´o�uxr^�	bdc¡��£�o2gji§lm`ji�b'gjp�osrz|�riso�gjpx��osb³pRbmosr^o�uxr
{�bqgjp+o�i§gjpµo�uxr:lmt�bqk	iso�gjt^t��htz` r:l%o¡c�uRgjt�u�o�uxr:��rlmi�kR|�r}µembq`jkR�^r�emr` bwtzgjo½�µ}xrz{	l%|�o�i2��|�bq� o�uxr
gj}xrlm`ngjisr}¶`jgjpxrl%|�lmt�bqk	iso�gjt§��ruRldewg bqkR|�

qPr��>�p��wK?tw;�arI�\~?uL3 s
w@yM���?uvy
¢�`jbmo�i¦bm�xo�uxr´e%l%|�gjl%o�g bqp2bm�Rembq`jkR��r�emr` bwtzgjo½�¡b�emrz|�bqpxr�lmt�bqkRi�o�gjt�t��htz` r�l%|�r�i�uxbdc�p�gjp2�R�qkx|�rip�w�jì ¬
osbÀ�w�jìF����bm|�rlmt�u=bm�No�uxr��Remr�osrz|��^gnpRl%o�g bqpRi�iso�k	}Rg r}��a��uxr�isbq`ngj}��	`jlmt��`jgnpxr�|�rz{R|�risrp+o�i�o�uRr�`jgjpxr
bm����riso��Ro���|�bq� o�uxr�pRbqph¯½`jgjpxrl%|�`jrlmiso�¯½i�vwkRl%|�ri´tzkx|�emr��	oso�gjpx�¡{R|�bwt�r}RkR|�r « c�g o�u^o�uxr��^l��xgj��kR�
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kRi�gjpx��rv+k	l%o�g bqp��w�Z�^lmp	}�{	` bmososr},l%�qlmgjpRiso�o�uRr2gj}xrlm`jgnisr}¶`jgjpxrl%|�lmt�bqkRi�o�gjt¡emr` bhtzg o��¶lm�^{	`jg o�kR}RrÙ � � � Ù l%o�o�uxr�bm{�rpHrpR}=bm�¦o�uxr²o�kx��r$lmi���rlmi�kx|�r}=�w�=t�bqp+emrz|�o�gjpx��o�uxr²{R|�ri�i�kx|�r��^rlmi�kx|�r��rp+o
�^lm}Rr�l%o²o�uxr�`jbwtzl%o�g bqp³bm��o�uxr�¢BNY'¨os|�lmpRi�}Rk	t�rz|�kRi�gnpx�^rvwkRl%o�g bqpc�w� ì ��£�o�i�uRbqkR`j}'��r¡|�rtzlm`j` r}
��|�bq�Ui�rt�o�g bqpd�w� ú �jì=o�u	l%o�o�uxrHisbqkRpR}�{R|�ri�i�kx|�r:` rzemr`´��rlmi�kR|�r}��w�µo�uxrH¢BNY'Bos|�lmpRi�}RkRt�rz|�gji
l%|�bqk	pR}³ìz}['�osbwb�` b�c¡����uxrz|�rz��bm|�r²o�uxr$`jgjpxrl%|´lmt�bqkRiso�gjt²emr` bhtzg o��:lm��{	`jgjo�kR}xr Ù � � � Ù l%o�o�uRr�bm{�rp
rpR}�gni´k	pR}xrz|�riso�gn�^l%osr}¶�+�¶l%��bqkxo§ì ¬�� ��¼²i�o�uxr¡¢YNY'ºos|�lmpRi�}RkRt�rz|�c�lmi�bqpR`j�=kRisr}¶osb�rp	i�kx|�r
t�bqpRi�gjisosrpRt��µgjpLo�uxrHlmt�bqkRiso�gjt:lm��{	`jg o�k	}xr�c�g o�uRgjpLo�uRr^o�kx��r���rzo½c´rzrp�r��h{�rz|�gj��rp+o�i « lmp	}�pxbmo
kRi�r}�gjp¶o�uxr2gj�^{°r}	lmpRt�r§tzlm`jtzkR`jl%o�g bqp	i « o�uRgji�}xbwri�pxbmo�i�g �qpRg �	tzlmp+o�` �Hl��°rt�o�o�uxr§|�ri�kR`jo�iz����gj��r
}Rgn}�pRbmo�lm`j` bdcVt�bm|�|�rt�o�g bqp�osb¡o�uRr�e�lm`jkRr�bm� Ù � � � Ù « �Nkxoao�uxr�r��°rt�o�bm�No�uRgni�t�bm|�|�rt�o�g bqp�c´bqkR`j}���r�l
�^gnpxbm|�|�r}	kRt�o�g bqpHgjp:o�uRr��m|�lm}	g rp�o´bm�¾|�ri�kR` o�iz��ê�|�|�bm|�i´gjp:o�uRr²pxbm|��^lm`jgjisr}=lmt�bqkRiso�gjt²|�ri�gjiso�lmpRt�r
c´rz|�r¡tzlm`jtzkR`nl%osr}³lmi�}xri�t�|�g ��r}�gjp�isrt�o�g bqp®�w� ú � ú �

_ag �qkR|�rc�w�jì��6i�uxbdc�i¶o�uRr±|�ri�kR` o�iHbm�2o�uRrLlmt�bqk	iso�gjt±|�ri�gji�o�lmpRt�rµtzlm`jtzkR`jl%o�g bqp	i=��bm|�rlmt�u¨bm�
o�uxr2�Remr2osrz|��:gjpRl%o�g bqpRi�iso�kR}Rg r}¾�´¼²`jisb:i�uxbdc�p³��bm|$t�bq��{	l%|�gjisbqp'l%|�r�o�uxr�`ngjpxrl%|�{R|�r}Rgjt�o�g bqpRi�bm�
ï¦rzewgjpRr>Æ © t�u�c�gnpx�mrz|´ð ï¦rzewgjpRr��\� ñ ��bm|�lmp2k	px�	lmpx�mr}§o�kR�°r�lmpR}§bm�Rù�bq��kx|�lÀ "! #%$MÑ ð ù�bq��kR|�lX� ¬�ñ
��bm|�l�o�kx��r§c�g o�u�lmp³gjpx�	pRgjosr��	lmpR�mrm�

¼�o�` b�cQlmt�bqkRiso�gjt¶lm��{	`ng o�kR}xri�g o�tzlmp6��rHisrzrp6o�uRl%o�o�uxrz|�r¶gji�l,t�bqp+emrz|��mrpRt�r³osbdc�l%|�}Ri�l
e%lm`jkxr§i�`jgj�qu�o�` �=uRg �quxrz|�o�uRlmp'o�uxr¡`jgjpxrl%|�{R|�r}Rgjt�osr}¶|�ri�k	` o�bm��ù�bq��kR|�l® "! #%$MÑ ð ù�bq��kx|�lX� ¬%ñ ��bm|
lm`j`�osrz|��^gnpRl%o�g bqpRi=r��ht�rz{	o�o�uxrµþ µ �q�^� osrz|��:gjpRl%o�g bqp��B��uRrz|�r±gniHpRb·bm�wehg bqkRiHr��w{N`jlmpRl%o�g bqp
��bm|,o�u	gji³{	|�bm�	` r� bm�^o�uxr��Nkxo,g oL�^ld�¨��r¸lmi�isbhtzgjl%osr}¹c�g o�u¹t�bqp+emrt�o�g bqpBtzkx|�|�rp+o�i,c�g o�uRgjp
o�uxr�¢�£�¤.rpRtz` bqi�kR|�r��°rgnpx�=bm�´t�bq��{	l%|�l%�N` r^�^l%�qpRg o�k	}xr�osb³o�uxr^lmt�bqkRiso�gjt�emr`jbwtzg o��±lm�^{	`jg o�kR}Rr
tzlmkRi�gjpx�6l·i�`jg �qu+o=�	kRoHi�gj�qpRg �	tzlmp+oH}	gjiso�kx|��NlmpRt�r³bm��o�uxrLemr` bwtzgjo½�y�Rr`j}yl%o'` bdcZlm��{N`jg o�kR}xri�
��uRrHþ µ �q�^� osrz|��^gjp	l%o�g bqp�osrp	}Ri�osbdc�l%|�}Ri�l±e%lm`jkxr2 skRi�o�l%��bdemr�o�uRr¶ï¦rzewgnpxr¶Æ © t�u+c�gjpx�mrz|
ð ï¦rzewgjpRr��\� ñ |�ri�kR` o´��bm|�lmp�kRpx�	lmpR�mr}=o�kR�°r§lmi�r��h{�rt�osr}��(�$lm`j��bqp+o�ð �$lm`j��bqp+o ¬ ì ñ ��bqkRpR}Ho�uxr
r���rt�o$bm��lH�	pRg osr2tzgj|�tzkR`jl%|²�	lmpx�mr�c´lmi²osb¶|�lmgji�r�o�uxr�osrz|��^gnpRl%o�g bqp±gj��{�r}RlmpRt�r2i�`jg �qu+o�` ��l%�°b�emr
o�uxr�kRpR�	lmpx�mr}�`jgjpRrl%|�{	|�r}Rgjt�o�g bqp¾����uxr�bm�	i�rz|�emr}^t�bqp+emrz|��mrpRt�r���bm|�o�uxr�þ µ �q�^�Eosrz|��:gjpRl%o�g bqp
gji�gjp'l%�m|�rzr��rp+o$c�g o�u�r��h{�rt�o�l%o�g bqpRi²i�gjpRt�r2o�uxr2o�kx��r§osrz|��:gjpRl%o�g bqpRi�kRisr}'l%|�r2bm���	pRgjosr§c�gj}xo�u
lmpR}�tzlmp	pxbmo���r¡t�bqpRi�gj}Rrz|�r}¶os|�kR` �HkRpx�	lmpR�mr}��

£�o?tzlmpQ��r isrzrp o�uRl%o?o�uxr¨`jgnpxrl%|¸{	|�r}Rgjt�o�g bqp	i·pRbE`jbqpx�mrz|Vuxbq`j}.c�uxrp.o�uxr¨lmt�bqk	iso�gjt
lm��{N`jg o�kR}xri=l%|�r�lmi�uRg �qu8lmi¶o�uxbqi�rµ��bqkRp	}�gjpyo�uxrL|�lmpR�mrµbm����rlmi�kR|�r��rp+o�i��^lm}xrµgjpyo�uRgji
iso�k	}x�'ü�rv+kRgje�lm` rp+o´osb�o�uxbqi�r���bqkRpR}:c�g o�uRgjp^|�rlm`	c´bwbw}xc�gjpR}^gjp	isos|�kR��rp+o�i�{N`jl�hgjpx����bm|�o�gni�i�gj��b+ý
lmpR}^o�uRl%o�o�uxr�lmt�bqkRiso�gjt�|�ri�gjiso�lmp	t�r�gji�}Rrz{°rp	}xrp�o�bqp:o�uxr�lmt�bqk	iso�gjt�emr` bhtzg o��^lm��{	`jg o�k	}xr�c�g o�uRgjp
ì ª%¬
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_ag �qkx|�rX�w�jì��wí�þ�rlm`�{	l%|�o2bm�´o�uRr:pxbm|��^lm`ngjisr}Losrz|��^gnpRl%o�g bqp�gj�^{°r}	lmpRt�r���bm|��Remr^osrz|��^gnpRl%o�g bqp
�mrzbq��rzos|�gjri�lmi�l^��kRp	t�o�g bqp¶bm��o�uRr2lmt�bqkRiso�gjt¡emr` bwtzgjo½��lm��{	`jgjo�kR}xr Ù � � � Ù �
o�uxr�o�kx��rm�¡��uxr��mrpxrz|�lm`aos|�rpR}Lgji²��bm|$o�uxr�|�l%osr�bm�´gjpRt�|�rlmisr�bm��o�uRr�lmt�bqk	iso�gjt�|�ri�gniso�lmpRt�r�c�g o�u
lmt�bqkRiso�gnt§emr` bhtzg o½��lm��{	`ng o�kR}xr²osb^|�r}Rk	t�r§c�g o�u�gjpRt�|�rlmi�gjpx��|�lm}RgnkRi�bm��tzkR|�e�l%o�kR|�rm�

_xbm|�o�uxr²i�uRl%|�{=osrz|��^gjp	l%o�g bqp^o�uxrz|�r²gji�lmp=gnpRg o�gjlm`xi�u	l%|�{HgnpRt�|�rlmisr�o�uxrp:i�k	}R}xrp:}R|�bm{=gjp:o�uxr
lmt�bqkRiso�gnt$|�ri�gjiso�lmp	t�rm����uxr²{°rl%=e�lm`nkxr§t�bm|�|�ris{�bqpR}Ri�osb�o�uxr$os|�lmpRi�g o�g bqpHosb�o�uxr$�R|�iso´|�rz�qgj�^r²bm�
embm|�osr���i�uxr}R}	gjpx� « }xri�t�|�g ��r}�gjp�i�rt�o�g bqp ª � ú � ®w« gjp�c�uRgnt�u�embm|�osr���|�gjpx�qi���|�bq�¹{R|�rzewg bqk	i�lmt�bqkRi�o�gjt
t��htz` ri$}Rg!��kRisr2lmpR}³{R|�bm{	l%�ql%osr�i�`jbdc�` �m����uxr�}R|�bm{±gnp'o�uxr�lmt�bqkRiso�gjt�|�ri�gniso�lmpRt�r2bhtztzkx|�i$l%o²o�uxr
i�lm��r�lmt�bqkRiso�gjt�lm��{	`ng o�kR}xr¡lmi�o�uxr�i�rt�bqpR}³|�rz�qgj��r2bm��embm|�osr��,i�uxr}R}	gjpx�^}xri�t�|�g ��r}'gjp³i�rt�o�g bqp
ª � ú � ® ��¼���osrz|²o�uRgji�gjpRg o�gjlm`�{�rl%�o�uxr�lmt�bqkRiso�gjt�|�ri�gji�o�lmpRt�r2t�bqp+o�gjp+kRri�osb=|�gjisr2i�osrlm}Rgj` �H�	kxo�l%o$l
` ri�i�rz|�|�l%osr¡o�uRlmp³gjp¶o�uxr¡gjpRgjo�gjlm`°|�gjisrm�

��uRr�i�uRl%{�r�bm��o�uxr�{	` bmo���bm|�o�uxr�þ µ ¬ �:��osrz|��^gnpRl%o�g bqp�gji�|�l%o�uxrz|�t�bq��{	`ngjtzl%osr}:lmpR}^o�uxrz|�r
gji¾pRb�bm�wewg bqk	i¾i�gjpx�q`jr��^l%|�mrz|�bm�Ri�kRt�u�l�os|�lmp	i�g o�g bqp « lm` o�uxbqkx�qu2i�kRt�u�l�os|�lmp	i�g o�g bqp¡tzlmp���r�tz` rl%|�`j�
bm�	isrz|�emr}:gjp�o�uRr�¢�£�¤8emr` bwtzgjo½�^�^l%{	i���bm|´lmp:lmt�bqkRi�o�gjt�emr` bhtzg o���lm�^{	`jg o�kR}Rr´bm�|�+�Z�����:i ��� ����uxr
i�tzl%ososrz|^bm�Nisrz|�emr}?gjp·o�uxr�}Rl%o�l±��bm|�o�uxr�þ µ ¬ �^� osrz|��^gjp	l%o�g bqp¸gni��^bqiso^`jg mr` �µosbL��r�}Rkxr
osb¶o�uxr�gjpRiso�l%�Ngj`jg o��Hbm��o�uxr�emr` bwtzgjo½�³�	r`j},l%o§lmt�bqkRi�o�gjt�lm��{	`jg o�k	}xri�tz`jbqisr�osb�o�uRr�o�ux|�ri�uxbq`j}±l%o
c�uRgnt�u6o�uxr'os|�lmpRi�g o�g bqp6osb�embm|�osr��ºi�uxr}R}	gjpx�±bwtztzkx|�iz�º¼²i�o�uxr³lmt�bqkRi�o�gjt�emr` bhtzg o½�?lm��{N`jg o�kR}xr
gjpRt�|�rlmisri�osbdc�l%|�}Ri�o�uxr¡o�ux|�ri�uxbq`j}Ho�uxr¡�	bdc~kRp	}xrz|��mbwri�l^isrz|�gjri�bm�ai�g �qpRg �	tzlmp+o�t�uRlmpR�mri���|�bq�
i�gj�^{	` r�`jgjpRrl%|���ruRlehg bqkx|�(�²�	i�rz|�e�l%o�gjbqpRi�bm��o�uxr�emr` bhtzg o½��{R|�bm�	` r�l%o�o�uxr�o�kx��r�osrz|��^gjpRl%o�gjbqp^l%o
gjpRt�|�rlmi�gjpx��i�bqkRpR}�` rzemr`jiai�uxb�c6�:l%|�mr}�}xrzewgnl%o�g bqp2��|�bq� o�uxr�gj}xrlm`jgnisr}§{	`jlmpRr�c�lemrz��|�bqp�o�i����uxr

ì ª ì
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¢�£�¤.emrt�osbm|��:l%{	i¡i�uxb�c o�uRl%o2o�uxr^r���rt�o�i2bm�¦ �rzo2��bm|��:l%o�g bqp�lmpR}Lembm|�osr����mrpxrz|�l%o�g bqp¸l%o¡o�uxr
o�kx��r�r}x�mri�gjpRt�|�rlmi�gjpx�q` ��}Rgji�o�kx|��	i�o�uxr$emr` bwtzgjo½�:�	r`j}=gnp:o�uRgni�|�rz�qgjbqp�����uRgji�c�gj`j`	��r²}Rgni�tzkRi�isr}
��kx|�o�uxrz|�gnp�isrt�o�g bqp��w�Z�w�

¼²pºl%{	{R|�b�xgj�^l%osr`j�6`ngjpxrl%|:gjp	t�|�rlmisr,gnp?o�uxr³|�rlm`�{	l%|�o:bm�$o�uxr³osrz|��^gjpRl%o�gjpR��gj��{�r}RlmpRt�r
gji�bm�	isrz|�emr}6��bm|�o�uxr�þ µ ¬ � ú �^� osrz|��:gjpRl%o�g bqp6kx{6osbµlmp6lmt�bqkRiso�gjt¶emr` bhtzg o��¸lm��{	`ng o�kR}xr=bm�
ì ® �^i ��� c�uxrz|�r�o�uxrz|�r=gji§l'i�`jgj�qu�o¡}Rgj{±��bq`j` b�c�r}��+�Ll't�bqp+o�gjp+kRr}µ|�gjisr�l%o2l³` ri�isrz|¡|�l%osrm�:��uxr
¢�£�¤�emrt�osbm|��^l%{	i$i�uxb�c�lmp±gnpRt�|�rlmisr�gjp±pxbqph¯½`jgnpxrl%|��	bdcB{	uxrpRbq��rpRl=��bm|$o�uRgji²osrz|��:gjpRl%o�g bqp
gjp^o�uxr�ehgjtzgjpRg o���bm��o�uRgni�}Rg { ( uxbdc´rzemrz| « o�uxr��	bdc�}Rb+ri��°ru	lemr�gnp^l2��bm|�r�`jgjpxrl%|���lmi�u	g bqp�bdemrz|�l
`jl%|��mrz|�|�lmpx�mr§bm�¦emr`jbwtzg o�gjri�o�uRlmp���bm|�o�uxr§osrz|��^gjp	l%o�g bqpRi´c�g o�u¶l�i�uRl%|�{°rz|�gjp	pxrz|�r}x�mrm�_îmrzo��	bdc
lmpR}±embm|�o�gnt�ri$�mrpxrz|�l%osr}�l%o$o�uxr�gjpRpRrz|�r}x�mri¡bm��o�uxr�o�kx��r�r��xg o§l%|�r�bm�	isrz|�emr}Losb¶gnpRt�|�rlmisr�gjp
isos|�rpx�mo�u�c�g o�u�gnpRt�|�rlmi�gjpR�¡lmt�bqkRiso�gjt�emr`jbwtzg o���lm��{	`jg o�k	}xr$ü�lmi�bm�	isrz|�emr}�c�g o�u�o�uRr�i�uRl%|�{:lmp	}^þµ ¬ �:�Iosrz|��^gnpRl%o�g bqpRi�ý « �	kxo�o�uxr2}Rrzemr` bm{	��rp+o���|�bq�Yi�gj��{	` r§`jgnpxrl%|��Rbdc o�ux|�bqkx�qu³osb^embm|�osr��
i�uRr}R}Rgjpx��gji���bm|�r¡�m|�lm}RkRlm`�lmp	}�o�l%mri�{N`jlmt�r§bdemrz|$l�c�gj}Rrz|�}R�wpRlm�:gjt$|�lmpx�mrm�

��uxr=}Rl%o�l,��bm|�o�uxrHþ µ ìz�^� osrz|��:gjpRl%o�g bqp¸i�uxbdc lmp·gjpRt�|�rlmisrHgjp�o�uRr=|�rlm`�{	l%|�o�bm��o�uxr
osrz|��:gjpRl%o�g bqp�gn��{�r}RlmpRt�r^gjpµ{	|�bm{�bm|�o�g bqpLosb³o�uRr=lmt�bqkRiso�gnt^emr` bhtzg o½�µlm��{N`jg o�kR}xr^kR{�osb,l%��bqkxo
ì ª �^i ��� �V¼���bdemr,o�uRgji�` rzemr`�o�uRr'¢�£�¤<emrt�osbm|¶�^l%{	i�i�uRbdcYlmpVgnpRt�|�rlmisr'gjp?pRbqph¯½`jgjpxrl%|��	bdc
��ruRldewg bqkR|¾gjpR}Rgjtzl%o�gnpx��o�uxr�iso�l%|�o¦bm�wo�uRr�os|�lmpRi�gjo�g bqp$osb�embm|�osr��2i�uRr}R}Rgjpx�x����uxrisr���rlmi�kx|�r��rp+o�i
l%|�r�l%o§o�uxr�kx{	{°rz|²rpR}Lbm��o�uxr�|�lmpx�mr�bm��lmt�bqk	iso�gjt�lm��{	`ng o�kR}xri�{	u+�wi�gntzlm`j` ��{�bqi�i�g �N` r2osb'iso�k	}x�
c�gjo�u~o�uxr?l%{R{Nl%|�l%o�kRiµkRisr} « lmpR}Eg o±c�lmiµbqpR` �¨{�bqi�i�g �	` r�osb ehg rzc o�uxr?t�bq��{	`jrzosr}E|�rz�qgj��r
os|�lmp	i�g o�g bqpH��bm|�bqpxr¡isbqk	pR}�` rzemr`���bm|�o�uRgni�osrz|��^gjpRl%o�gjbqp��

��uxr�emrt�osbm|��^l%{Ni���bm|�o�uxr²þ µ �q�^�¥osrz|��^gjp	l%o�g bqp=i�uxbdc8��k	t�u¶��bm|�r²{�bmosrp�o�gjlm`N�Rb�c�¯½`jg mr
��ruRldewg bqkR|¦bdemrz|�o�uRr�c�uxbq`jr�|�lmpx�mr´bm�	��rlmi�kx|�r��rp+o�ia�^lm}xrm�a��uRgji�gji¦gjp�vwkRlm`jg o�l%o�g emr´l%�m|�rzr��rp+o
c�gjo�u6o�uxr,gj�^{°r}	lmpRt�r'}Rl%o�l « c�g o�u?e%lm`jkxri=tz` bqisriso:osb�o�uxr±`jgjpxrl%|�{R|�r}Rgjt�o�g bqpRi�º¢�£�¤ emrt�osbm|
�^l%{Ni´i�uxbdc¨o�uRr²{	|�risrpRt�r$bm��embm|�osr��H�mrpRrz|�l%o�g bqp'l%o�uRgj�quHlmt�bqk	iso�gjt$emr` bhtzg o½�¶lm��{	`ng o�kR}xri « �	kxo
pxb³os|�lmpRi�g o�gjbqpµosb³embm|�osr��·i�uxr}R}Rgnpx�¶c´lmi�bm�	isrz|�emr}¸��bm|2o�uRgji2osrz|��^gjp	l%o�g bqpµbdemrz|�o�uxr=|�lmpx�mr=bm�
��rlmi�kx|�r��rp+o�i��^lm}xrm�

ºPï�- ükj'_ ô%eCó`a:Tlj'cnmoa	fDpqf;mkjr_ba�û�óIj�ô9p%j#c*òs_öò=fDp%j(� óHò(T�]9i	f4T
_ag �qkx|�ri��w�jìv�8osb �w� ® ìºi�uxb�c l¨t�bq�^{	l%|�gjisbqp�bm�Ho�uRrºpxbm|��^lm`ngjisr}Eosrz|��^gnpRl%o�g bqpB|�ri�gjiso�lmpRt�r
|�ri�kR` o�iHtzlm`jtzkR`jl%osr}8kRi�gnpx�¸¢�£�¤Zc�g o�uºo�uRbqisrµtzlm`jtzkR`jl%osr}8�w�º¼�o�g �¨ð ¼�o�g � ¬qúx« ¼�o�gj� ¬ � ñ kRi�gjpx�
o�uxrHo½c´bµ�^gjt�|�bm{Nuxbqpxr=�^rzo�uxbw}¸��bm|�rlmt�u6bm��o�uxrHo�kx��r:osrz|��:gjpRl%o�g bqpRi�,¼²i�tzlmp·��r=i�rzrp « o�uxr
��rlmi�kx|�r��rp+o�i��^lm}Rr�kRi�gnpx��¢�£�¤�l%|�r¡bm��o�uxr2i�lm��r2bm|�}Rrz|�bm���^l%�qpRgjo�kR}xr¡lmpR},l%|�r�gjp'�mrpxrz|�lm`
uRgj�quxrz|�o�uRlmp�o�uxbqi�r¡riso�gj�^l%osr}³kRi�gjpx��o�uxr2o½c´b:�^gjt�|�bm{Nuxbqpxr§osrt�u	pRgjvwkxrm�

��uxrµ¢�£�¤ |�ri�kR` o�i¶��bm|'o�uxr�i�u	l%|�{ osrz|��^gjp	l%o�g bqp�ü��R�qkx|�r��w�jìv�mý'l%|�r�gjp8tz` bqi�r�l%�m|�rzr��rp+o
c�gjo�u,o�uRr�|�ri�kR` o�i²bm�Y�$gji�isr`juRbm|�iso§lmpR}Le%lmp � g  �px�qlml%|�}RrpVð �²gni�isr`juxbm|�iso�� ¬%ñ tzlm`jtzkR`nl%osr}µkRi�gjpx�
rvwkRl%o�g bqp��w�K� « c�gjo�u=��bqi�o´bm��o�uxr§}Rl%o�l���lm`j`jgjpx�2�°rzo�c�rzrp'o�uxr$r��wos|�r�^r²e%lm`jkxri�tzlm`jtzk	`jl%osr}¶c�g o�uÖ¯µ ¬jÜ �³lmpR} Ö·µ ì%��¼�o�lmt�bqkRiso�gjt=lm��{	`jgjo�kR}xri$��r` bdc¥o�uxr:os|�lmpRi�g o�g bqp�osb³embm|�osr��¸i�uxr}R}RgjpR�
ì ªm®
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Sharp (PIV)
Sharp (Atig)
Disselhorst (β = 0.6)
Disselhorst (β = 1)
Flanged
Unflanged

Flow Transition

_ag �qkx|�rÒ�w�jìv�+í N´bq��{	l%|�gnisbqp bm�?o�uxr¥|�rlm`�{	l%|�o¨bm�?o�uxr osrz|��^gjpRl%o�g bqpUgj��{�r}RlmpRt�r lmi¹l
��kRpRt�o�g bqp bm��lmt�bqkRi�o�gjt�emr` bhtzg o��¨lm��{	`jg o�k	}xr Ù � � � Ù tzlm`jtzkR`jl%osr}¹kRi�gnpx�6o½c´by��rzo�uRbw}Ri³��bm|,o�uxr
i�uRl%|�{Vosrz|��^gjp	l%o�g bqp�í³¢�£�¤Z��rlmi�kx|�r��rp+o�i,ü�isbq`ngj}V`jgjpRri�ý ( ��c´b��^gjt�|�bm{	uxbqpxr'��rzo�uRbw}¹ü�¼�o�g �
ð ¼�o�g � ¬qúx« ¼�o�g � ¬ � ñ ý'ü � ý�� ��uxr±`jgjpxrl%|�{	|�r}Rgjt�o�g bqp	i���bm|=�	lmpx�mr}ylmpR}ºk	px�	lmpx�mr}?o�kR�°ri=l%|�r
i�uxb�c�pLü�¯�¯�¯�ý�� © uRl%|�{=osrz|��^gjp	l%o�g bqp���_xbm|�t�bq��{	l%|�gnisbqp:o�uRr�|�ri�kR` o�i´tzlm`jtzkR`jl%osr}HkRi�gjpR�¡rv+k	l%o�g bqp�w�K�:l%|�r�i�uxbdc�p�ü�¯�éh¯�ý´c�gjo�u Ö�µ ¬jÜ ��lmp	} Ö�µ ì%�

o�uxr2¢�£�¤E|�ri�kR` o�i�l%|�r�gjp�l%�m|�rzr��rp+o�c�g o�u�o�uxr ÖÉµ ì§|�ri�kR` o�bm���$gji�isr`nuxbm|�isoz��¼�o�o�uxr2lmt�bqkRi�o�gjt
emr` bhtzg o½�=lm��{	`jg o�k	}xri�l%��bdemr²o�uxr²�Rbdc8os|�lmp	i�g o�g bqp « lmpR}=�°r`jbdc ª �^i ��� « o�uxr²gn��{�r}RlmpRt�r�|�ri�kR` o�i
l%�m|�rzr��°ri�o´c�g o�u�rvwkRl%o�g bqp��w�K�^c�g o�u Ö�µ ¬jÜ �w�

¼�o�g ��bm�Nisrz|�emr}�o�uxr§{	|�risrpRt�r$bm�a}Rgji�t�bqp+o�gjpwkRg o�g ri´gjp¶isbq��r§bm�auRgji���rlmi�kR|�r��rp+o�i « pxbmo�l%�	`j�
l%o�ì ¬ � ª �:i ��� ��bm|�o�uxr�þ µ ¬ �^�Iosrz|��^gjpRl%o�gjbqp�ü��R�qkx|�ro�w�jì��qý « l%o�ì ª �K�q�^i ��� ��bm|�o�uRr�þ µ ¬ � ú �^�
osrz|��^gnpRl%o�g bqp?ü��R�qkx|�r��w�jì ì ý�lmpR}�l%o¡l%|�bqkRpR} ®%¬ � ª �^i ��� ��bm|$o�uxr^þ µ ìz�^� osrz|��^gjpRl%o�gjbqp6ü��	�qkx|�r�w� ®%¬ ý��.£�oHc´lmi�i�kRis{�rt�osr}yo�uRl%o�o�uxrµtzlmkRisrLbm�2o�uRrisrµ}Rgji�t�bqp+o�gjpwkRg o�g ri=t�bqkR`j}y��r±t�bqpRpRrt�osr}
c�g o�u6lLt�u	lmpx�mr'gjp·�RbdcQ|�rz�qgj��rm�¸��uxr�¢�£�¤Yemr` bhtzg o½�¸emrt�osbm|=�^l%{Ni�bm�Ro�lmgjpxr}6gjp6t�u	l%{Rosrz| ª
gjpR}Rrzr}'t�bqpx�R|��<o�uxr�{R|�risrpRt�r�bm��l:os|�lmpRi�g o�g bqp³osb=l=embm|�osr��,i�uRr}R}Rgjpx��|�rz�qgj��rm����uRr2emr` bhtzg o½�
lm��{	`ng o�kR}xri�l%o¾c�uRgjt�u¡o�uxrisr��	bdc�|�rz�qgj��r�t�u	lmpx�mri¦bhtztzkx|�gji�bm�	isrz|�emr}¡osb���r�i�g �qpRg �	tzlmp+o�` �²` bdc´rz|
o�uRlmp�o�uRbqisr¡bm�	isrz|�emr}'�w�¶¼�o�gj�^��bm|�o�uxr2þ µ ¬ �^�Iosrz|��^gjpRl%o�g bqp « �Nkxo�l%{R{�rl%|�i�osb=�°r¡i�`jg �qu+o�` �
` b�c�rz|��	kxo�gjp¶�mbwbw},l%�m|�rzr��rp+o���bm|�o�uxr¡þ µ ¬ � ú �^� lmpR}'þ µ ìz�^�Yosrz|��^gjpRl%o�gjbqpRiz��_xbm|²o�uxr
þ µ ¬ �^�¨osrz|��:gjpRl%o�g bqp2o�uxr��	bdc·|�rz�qgj��r�os|�lmpRi�g o�gjbqp§bwtztzkR|�i�l%oalmp�lmt�bqkRiso�gjt�emr` bhtzg o½�¡lm��{N`jg o�kR}xr
ü���rlmi�kR|�r}~l%o'o�uRr�¢BNY' os|�lmpRi�}RkRt�rz|�ýHbm�X�+�Z�����^i ��� « ��bm|³o�uxr�þ µ ¬ � ú �^� osrz|��^gjpRl%o�gjbqp¨l%o
ìF�x�Z�%�^i ��� lmpR}H��bm|�o�uxr$þ µ ìz�^�.osrz|��^gjpRl%o�gjbqp:o�uxr²�Rb�cy|�rz�qgj��r�t�uRlmpx�mr$��rz�qgjpRi´l%o²ì ì � ú �:i ��� �

ì ªmú
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Vortex shedding
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_ag �qkx|�r*�w�jì��wíÀN´bq�^{	l%|�gjisbqp,bm��o�uRr�|�rlm`a{	l%|�o$bm��o�uxr�osrz|��:gjpRl%o�g bqpLgj��{�r}Rlmp	t�r�lmi¡lH��kRpRt�o�g bqp
bm��lmt�bqkRiso�gjt�emr` bwtzgjo½� lm��{	`jgjo�kR}xr Ù � � � Ù tzlm`jtzkR`jl%osr}~kRi�gjpx�6o�c�by��rzo�uxbh}Ri���bm|'o�uxr�þ µ ¬ �^�
osrz|��:gjpRl%o�g bqp�ía¢�£�¤ �^rlmi�kx|�r��rp+o�i2ü�isbq`ngj}=`ngjpxri�ý ( ��c´b��^gjt�|�bm{	uRbqpxr²�^rzo�uxbw}µü�¼�o�g �³ð ¼�o�gj� ¬qúw«
¼�o�g � ¬ � ñ ý�ü � ý�����uxr�`ngjpxrl%|´{R|�r}Rgjt�o�gjbqpRi���bm|´�Nlmpx�mr}=lmp	}Hk	px�	lmpx�mr}:o�kx��ri�l%|�r$i�uxb�c�pLü�¯�¯�¯�ý��
_a` b�c¨|�rz�qgj��ri�l%|�r2uRg �qu	`jg �qu+osr}Hgnp¶|�r}��
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Vortex shedding
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_ag �qkx|�r*�w�jì ì íÀN´bq�^{	l%|�gjisbqp,bm��o�uRr�|�rlm`a{	l%|�o$bm��o�uxr�osrz|��:gjpRl%o�g bqpLgj��{�r}Rlmp	t�r�lmi¡lH��kRpRt�o�g bqp
bm�²lmt�bqkRiso�gjt¶emr` bhtzg o��¸lm��{	`ng o�kR}xr Ù � � � Ù tzlm`ntzkR`jl%osr}?kRi�gnpx�³o�c�b��^rzo�uxbw}	i���bm|�o�uxr�þ µ ¬ � ú �^�
osrz|��:gjpRl%o�g bqp�ía¢�£�¤ �^rlmi�kx|�r��rp+o�i2ü�isbq`ngj}=`ngjpxri�ý ( ��c´b��^gjt�|�bm{	uRbqpxr²�^rzo�uxbw}µü�¼�o�g �³ð ¼�o�gj� ¬qúw«
¼�o�g � ¬ � ñ ý�ü � ý�����uxr�`ngjpxrl%|´{R|�r}Rgjt�o�gjbqpRi���bm|´�Nlmpx�mr}=lmp	}Hk	px�	lmpx�mr}:o�kx��ri�l%|�r$i�uxb�c�pLü�¯�¯�¯�ý��
_a` b�c¨|�rz�qgj��ri�l%|�r2uRg �qu	`jg �qu+osr}Hgnp¶|�r}��

ì ª �
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_ag �qkx|�r&�w� ®%¬ íÀN´bq��{Nl%|�gjisbqp,bm��o�uxr�|�rlm`�{Nl%|�o$bm��o�uxr�osrz|��^gnpRl%o�g bqpLgj��{�r}RlmpRt�r�lmi§lH��k	pRt�o�g bqp
bm��lmt�bqkRiso�gjt�emr` bwtzgjo½� lm��{	`jgjo�kR}xr Ù � � � Ù tzlm`jtzkR`jl%osr} kRi�gjpx�6o�c�by��rzo�uxbh}Ri¶��bm|,o�uxr�þ µ ìz�^�
osrz|��^gnpRl%o�g bqp�í�¢�£�¤ �^rlmi�kx|�r��rp+o�i¡ü�isbq`jgn}H`ngjpxri�ý ( ��c´b��:gjt�|�bm{	uxbqpRr²��rzo�uRbw}�ü�¼�o�g �³ð ¼�o�gj� ¬qúh«
¼�o�g � ¬ � ñ ý�ü � ý�����uxr²`ngjpxrl%|�{	|�r}Rgjt�o�g bqp	i���bm|��	lmpR�mr}Hlmp	}=kRpR�	lmpx�mr}=o�kx��ri�l%|�r§i�uxb�c�pLü�¯�¯�¯�ý��
_a` bdc~|�rz�qgj��ri�l%|�r2uRg �quR`ng �qu�osr}¶gjp¶|�r}��
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_ag �qkx|�r&�w� ® ì%íÀN´bq��{Nl%|�gjisbqp,bm��o�uxr�|�rlm`�{Nl%|�o$bm��o�uxr�osrz|��^gnpRl%o�g bqpLgj��{�r}RlmpRt�r�lmi§lH��k	pRt�o�g bqp
bm��lmt�bqkRiso�gjt�emr` bwtzgjo½� lm��{	`jgjo�kR}xr Ù � � � Ù tzlm`jtzkR`jl%osr} kRi�gjpx�6o�c�by��rzo�uxbh}Ri¶��bm|,o�uxr�þ µ �q�^�
osrz|��^gnpRl%o�g bqp�í�¢�£�¤ �^rlmi�kx|�r��rp+o�i¡ü�isbq`jgn}H`ngjpxri�ý ( ��c´b��:gjt�|�bm{	uxbqpRr²��rzo�uRbw}�ü�¼�o�g �³ð ¼�o�gj� ¬qúh«
¼�o�g � ¬ � ñ ý�ü � ý�����uxr²`ngjpxrl%|�{	|�r}Rgjt�o�g bqp	i���bm|��	lmpR�mr}Hlmp	}=kRpR�	lmpx�mr}=o�kx��ri�l%|�r§i�uxb�c�pLü�¯�¯�¯�ý��

ì ªmª
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Sharp
R = 0mm
R = 0.3mm
R = 1mm
R = 4mm

_ag �qkx|�rÇ�w� ®m® íCN´bq��{	l%|�gjisbqp¶bm��o�uxr2lmt�bqkRiso�gnt§{	l%|�o�gjtz`jr²emr`jbwtzg o�����rlmi�kx|�r}¶c�g o�u�¢�£�¤ ü�emrz|�o�gjtzlm`
l��xgji�ý�c�gjo�u6o�uxr³lmt�bqkRiso�gnt�emr` bhtzg o½�?lm��{	`ng o�kR}xr Ù � � � Ù ��rlmi�kx|�r}?c�g o�u?o�uRr'¢BNY' os|�lmp	i�}RkRt�rz|
ü�uxbm|�g ûzbqp�o�lm`	l��hgji ýakRi�gjpR�§o�uxr�`jgjpRrl%|�l%{R{R|�bd�hgj�:l%o�g bqp��a��uxr��m|�rz��}Rlmi�uxr}^`jgjpRr´|�rz{R|�risrp+o�i�rvwkRlm`
¢�£�¤ElmpR}'¢YNY'8��rlmi�kx|�r�^rp�o�iz�

£�p8o�uxrLr��h{°rz|�gj��rp+o�i�tzl%|�|�g r}8bqkxo��w��¼�o�gj� ð ¼�o�g � ¬qúh« ¼�o�gj� ¬ � ñ�« o�uxr�lmt�bqkRiso�gjt�{	l%|�o�gjtz` r
emr` bhtzg o���c´lmi?tzlm`ntzkR`jl%osr}.��|�bq� o�uRr�{R|�ri�i�kx|�ryi�g �qpRlm`H��rlmi�kR|�r}.�+� l¹¢BNC'»os|�lmp	i�}RkRt�rz|
ü�gj}Rrp�o�gjtzlm`�osb'o�uxr:bqpRr:kRisr}�gnpµo�uRgji¡i�o�kR}x�LlmpR}���bqkRp+osr}�l%o�o�uxr:i�lm�^r^{�bqi�g o�g bqpµlm` bqpR�'o�uxr
` rpR�mo�u:bm��o�uxr�o�kR�°r�ý�c�g o�u=o�uxr§lmi�i�k	��{Ro�g bqp=bm�¾{	`jlmpRr�c�lemr§{R|�bm{	l%�ql%o�g bqp¶kRi�gjpR�2rvwkRl%o�g bqp��w� ì �
_ag �qkx|�r��w� ®m® i�uRbdc�i=lµ{	` bmo^bm�$o�uxr±lmt�bqkRiso�gjt'{	l%|�o�gjtz` r³emr` bwtzgjo½�?lemrz|�l%�mr}8b�emrz|=o�uRr,l%|�rl�bm�
o�uxr�bm{�rpLrpR}Lbm�´o�uxr�o�kx��r�tzlm`jtzkR`nl%osr}µ��|�bq� o�uxr^¢�£�¤¥embq`nkR��r�emr` bhtzg o½�L��rlmi�kR|�r��rp+o�i:ü�lmi
}xri�t�|�g ��r}�gjp^isrt�o�g bqp9�w� ú � ® ý�lmi�l¡��kRpRt�o�g bqp�bm��o�uxr�lmt�bqk	iso�gjt�{	l%|�o�gjtz` r�emr` bhtzg o½� Ù � � � Ù tzlm`ntzkR`jl%osr}
��|�bq�Io�uRr¡{R|�ri�i�kx|�r2��rlmi�kx|�r��rp+o�i��^lm}Rr2�w�Ho�uRr�¢BNC'8os|�lmpRi�}Rk	t�rz|�kRi�gnpx��rv+k	l%o�g bqp®�w� ì ��¼²i
tzlmp:�°r�isrzrp « o�uxr���rzo�uxbh}:lmi�i�kR�^gjpR�§{	`jlmpxr�c�lemr${R|�bm{Nl%�ql%o�g bqp:kRp	}xrz|�riso�gj�:l%osri�o�uxr�lmt�bqk	iso�gjt
emr` bhtzg o���lm�^{	`jg o�kR}Rria�°r`jbdc�l%��bqkxo ª �:i ��� lmpR}�b�emrz|�riso�gj�:l%osri�bm|�kRpR}Rrz|�riso�gj�^l%osri���bm|´uRg �quxrz|
lm��{N`jg o�kR}xri¦�+��l²e�l%|��hgjpx�²}xrz�m|�rzr�}xrz{�rpR}	gjpx��bqp�o�uxr�o�kx��r´osrz|��^gjpRl%o�gjbqp�k	isr}�lmpR}�c�uxrzo�uxrz|abm|
pxbmo�pxbqph¯½`jgjpRrl%|¾` bqi�i¾��rt�uRlmpRgji��^i¾l%|�r´gj��{�bm|�o�lmp+oz��_xbm|�r��hlm��{N` r « l�¢BNY'L��rlmi�kx|�r��rp+o¦�qg ehgjpx�
lmp·lmt�bqkRiso�gjtHemr` bhtzg o���bm�2ì ¬ �^i ��� kRp	}xrz|�riso�gj�:l%osri2o�uxr¶lmt�bqkRiso�gnt=emr`jbwtzg o�����bm|�o�uRrHþ µ �q�^�
osrz|��:gjpRl%o�g bqp��+��l%{	{R|�b�xgj�^l%osr`j� ® �^i ��� lmpR}�b�emrz|�riso�gj�:l%osri�o�uxr¶lmt�bqkRiso�gjt=emr` bhtzg o½�¸��bm|�o�uxr
i�u	l%|�{=osrz|��^gjpRl%o�g bqpH�w�:o�uxr§i�lm�^r$lm�^bqkRp�oz����uRgji´�^l�¶uRldemr¡l�i��^lm`j`°�	kxo�pxbmo�gjtzl%�	`jr²l���rt�o�bqp
o�uxr�|�ri�kR` o�i�{R|�bh}RkRt�r}��w��¼�o�g �¡lmpR}��^ld��uRr` {�osb§{	l%|�o�gjlm`j`j�§r��w{	`nlmgjp�o�uxr�}Rgji�t�|�rz{NlmpRt��¡��rzo½c´rzrp
o�uxr§|�ri�kR` o�i���rlmi�kx|�r}��w�=o�uRr¡o½c´b=}Rg �°rz|�rp+o���rzo�uxbh}Riz�

¢�bqi�i�g �	` ��bm�°��bm|�r�gj��{�bm|�o�lmpRt�r�gnp�}xrzosrz|��^gjp	gjpx�$o�uxr�osrz|��^gnpRl%o�g bqp^gj�^{°r}	lmpRt�r�gjiao�uxr�r���rt�o
bm�a}Rg |�rt�o��^rlmi�kx|�r��rp+o�bm�ao�uxr§{	u	lmisr§bm�ao�uxr2lmt�bqkRiso�gnt§embq`jkR��r§emr`jbwtzg o��m��_ag �qkx|�r;�w� ®mú i�uxb�c�i
o�uxr±o�ux|�rzr±{	uRlmi�r±��rlmi�kx|�r��rp+o�i¶pxrzr}xr}yosb?tzlm`jtzkR`jl%osr±o�uxr±osrz|��^gjpRl%o�gjbqp�gj�^{°r}	lmpRt�r,lmi¶l
��kRpRt�o�g bqp¹bm�Hlmt�bqkRiso�gjt?emr`jbwtzg o�� lm��{N`jg o�kR}xrm� �'bm|�{	uxbq` bm�qgjtzlm`n` � « o�uRr?�m|�l%{	uEbm�:o�uRr?{	uRlmisr
ì ª �
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}Rg!��rz|�rpRt�r²��rzo½c´rzrp�{R|�ri�i�kx|�r$lmpR}Hembq`jkR��r$emr` bhtzg o��Hi�uRbdc�p¶gjpH�R�qkx|�rh�w� ®mú ü�l�ý�gji´emrz|��Hi�gj�^gj`jl%|
osb³�m|�l%{	uµbm��o�uxr^osrz|��^gjpRl%o�g bqp�gj��{�r}RlmpRt�r^tzlm`jtzk	`jl%osr}�kRi�gjpx��¢�£�¤Zü��R�qkx|�r �w�jì��qý2i�kx�m�mri�o�gjpx�
o�uRl%o�o�uxr:{NuRlmisr=�^rlmi�kx|�r��rp+o2{N`jl�hi�l,}xrzosrz|��^gnpRgjpx�'|�bq` r^bqp¸o�uxr=bm�Nisrz|�emr}·i�tzl%ososrz|�bm��o�uxr
}Rl%o�lh�
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_�gj�qkx|�r»�w� ®mú í ¢�u	lmisr»�³rlmi�kx|�r��rp+o�izí ü�l�ý
¢�uRlmisrf}Rg!��rz|�rpRt�rf��rzo½c´rzrp o�uRr {R|�ri�i�kx|�r
lmpR} embq`jkR��r emr`jbwtzg o��.i�g �qpRlm`jiz� ü��°ý·¢�uRlmisr
lmpx�q` r.bm�ºo�uxr.{R|�ri�i�kx|�r¥i�g �qpRlm`¸|�r`jl%o�g emr osb
|�rz��rz|�rpRt�rºi�g �qp	lm`�� ü�tdýµ¢�uRlmisrºlmpR�q` rVbm�¶o�uxr
embq`jkR��r�emr` bhtzg o½�Li�g �qp	lm`�|�r`jl%o�g emr�osb�|�rz��rz|�rpRt�r
i�g �qpRlm`�� ê�|�|�bm|yriso�gj�:l%osriyl%|�r o�l%mrp ��|�bq�
o�uxr�pxbqpx¯½`jgjpxrl%|´` rlmiso�¯½i�vwkRl%|�ri´�Ro´lm` �mbm|�g o�uR�.gjpb$p+kR{	` bmoz�

ü�tdý

_ag �qkx|�ri_�w� ®mú ü��°ý�lmpR}³ü�tdý�i�uxb�cºo�uxr�{	|�ri�i�kx|�r�lmpR}^embq`jk	��r�emr` bhtzg o½��{NuRlmisr���rlmi�kx|�r��rp+o�i
|�r`jl%o�gjemr~osb.o�uxr~|�rz��rz|�rpRt�rEi�g �qp	lm` « |�ris{�rt�o�g emr` �m� ��uRrisr~�m|�l%{NuRiºgj`n`jkRisos|�l%osr~o�uRl%o�g oygji
�	kRt�o�k	l%o�g bqpRi§gjpLo�uxr^�^rlmi�kx|�r}L{	u	lmisr�bm��o�uRr�embq`jkR��r�emr` bhtzg o��±}RkRr�osb�o�uxr^}xrzemr` bm{	�^rp�o¡bm�
pxbqph¯½`ngjpxrl%|��Rb�c�{	uRrpxbq��rpRl§o�u	l%o�}xrzosrz|��:gjpxr�o�uxr²i�tzl%ososrz|�bm��o�uRr�gj��{�r}RlmpRt�r�}Rl%o�l2��rlmi�kx|�r}
�w��¢�£�¤���£�o�gji�bm��pxbmosr�o�uRl%o�o�uxr�{	|�ri�i�kx|�r�{	uRlmisr��^rlmi�kx|�r��rp+o���bm|�o�uRr�þ µ ¬ �:��osrz|��^gnpRl%o�g bqp
l%{R{�rl%|�i���bm|�{	uxbq`jbm�qgjtzlm`j` �±emrz|���i�gj�:gj`jl%|§osb³o�uRr=gj��{�r}Rlmp	t�r:tzkx|�emrH��rlmi�kx|�r}���bm|�o�uxrHi�lm��r
osrz|��^gnpRl%o�g bqp¡�w�2¼�o�g �²c�g o�u�l�i���b+bmo�u�|�gji�r�c�g o�u�l�}	gji�t�bqp+o�gjp+k	g o½�§l%oao�uxr�`jbwtzl%o�g bqp�bm�Ro�uxr´embm|�osr��
i�uxr}	}Rgjpx�²os|�lmpRi�gjo�g bqp��¦£�o�l%{R{�rl%|�i�o�u	l%o�gjpR}Rg |�rt�o���rlmi�kx|�r��rp+o�bm�°o�uxr�embq`jkR��r�emr`jbwtzg o���{NuRlmisr
�w�HkRi�r²bm�a{R|�ri�i�kx|�r$i�g �qp	lm`ji�lm` bqpxr¡tzlmpRpRbmo���kR`n` �^o�l%mr�gnp�osb^lmtzt�bqkRp+o�o�uxr§r���rt�o�i�bm��pxbqpx¯½`jgjpxrl%|
�Rb�c {	uRrpxbq��rpRlh��£�o�gni�o�uxrp,r��w{�rt�osr}±o�uRl%o²o�uRgji�gji�i�kxr�gji�o�uxr��^l� sbm|²tzlmk	isr�bm��}	gji�t�|�rz{	lmp	t��
��rzo½c´rzrp'o�uxr§|�ri�kR` o�i��^rlmi�kx|�r}¶c�gjo�u¶o�uxr¡o½c´b=}	g!�°rz|�rp�o���rzo�uRbw}Ri�

ì ª �
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0.4 _ag �qkx|�rY�w� ® �xí�_a` bdc6|�rz�qgn��r§ì%�a¼�emrz|s¯
l%�mr}yemr` bhtzg o½�y�^l%�qpRg o�k	}xr,t�bqp+osbqkx|
�^l%{Ni c�g o�u i�os|�rlm�^`jgjpRrizí ü�l�ý¹þµ ¬ �^� osrz|��^gnpRl%o�g bqp.l%o Ù � � � Ù µ
®*Ü � ª
��Î ��� � ü���ý þ µ ¬ � ú �^�
osrz|��:gjpRl%o�g bqp�l%o Ù � � � Ù µ � Ü � ì ��Î ��� �
ü�tdý.þ µ ìz�^� osrz|��^gjpRl%o�g bqp l%oÙ � � � Ù µ ®*Ü �%� ��Î ��� �

ü�tdý

ºPï�º ükj'_ ô%eCó`a:Tlj'cnmoa	fDp Q�\=R T2f/óHòteh_badc�õru�òXûvfDj�ów_xe�ô*T
£�|�|�rz�qkR`nl%|�g o�g ri²gjp±o�uxr^gj��{�r}Rlmp	t�r���rlmi�kx|�r��rp+o�i§�^lm}xr^kRi�gjpx�¶¢�£�¤¥gjp±�R�qkx|�riP�w�jì��¶osb��w� ®%¬
tzlmp¸��r:isrzrp·l%o�lmt�bqkRi�o�gjt:emr`jbwtzg o�gjri�` b�c�rz|�o�uRlmp¸o�uxbqisrHl%o�c�u	gjt�u�o�uxr:os|�lmp	i�g o�g bqp�osb³embm|�osr��
i�uRr}R}Rgjpx��bhtztzkx|�iz����uxrisr2l%{R{�rl%|²osb=gjp	}Rgjtzl%osr¡o�uxr�{R|�risrp	t�r2bm��pxbqph¯½`ngjpxrl%|��Rb�c {	uRrpxbq��rpRl
��r` b�cµo�uRgji�os|�lmpRi�g o�g bqp��8'´�$r��xlm�^gjpRl%o�g bqp$bm�xisos|�rlm�^gjpx��emr` bhtzg o���emrt�osbm|a�^l%{	i�ü�emr`jbwtzg o��$emrt�osbm|
�^l%{Ni¦o�gj�^r�¯½lemrz|�l%�mr}:bdemrz|�bqpxr�lmt�bqkRiso�gnt�t��htz` r�ý�gjp�t�bqp� sk	pRt�o�g bqp�c�g o�u�{	l%|�o�gjtz` r�emr` bhtzg o½��emrt�osbm|
�^l%{Ni�o�ux|�rzr2�:lmgjp'pxbqph¯½`ngjpxrl%|��Rb�c¨|�rz�qgj��ri�uRlemr���rzrp'gj}xrp+o�g �Rr}¶��bm|�o�uxr2þ µ ¬ �^� «N¬ � ú �^�
lmpR}:ìz�^�¨osrz|��:gjpRl%o�g bqpRi¦c�uRgjt�u¡isrzr�~osb�t�bm|�|�r`nl%osr�c�gjo�u§o�uxr�gj�^{°r}	lmpRt�r�g |�|�rz�qk	`jl%|�g o�g ri�¾��uxrisr
|�rz�qgn��ri�uRldemr¡��rzrp'�^l%|�mr}�bqp³o�uxr§�R�qkx|�ri�gjp¶|�r}'lmp	}�l%|�r2pwkR�2��rz|�r}µì¡osb ú �

þ�rz�qgj��r�ì�bhtztzkx|�i§l%o§emr` bhtzg o½�Llm��{	`ng o�kR}xri�bm��l%{R{	|�b�xgj�^l%osr` �·ì%� ª �^i ��� osb ª �^i ��� ����uxr
�^lmgnp¸��rl%o�kx|�ri:bm��o�u	gji�|�rz�qgj��r�l%|�r,lµisos|�rlm�^gjpR�H �rzo���|�bq� o�uxr³t�rp+os|�r'bm�²o�uxr�osrz|��:gjpRl%o�g bqp
lmpR}±o�uxr�{R|�risrpRt�r�bm��lHc´rl%±gjp+c�l%|�}Ltzg |�tzkR`jl%o�gnpx�:embm|�osr��µ|�gnpx�§ �kRiso§l%��bdemr�o�uxr�osrz|��:gjpRl%o�g bqp
c�lm`j`jiz����u	gji¡|�rz�qgn��r=isrzr�:i2osbLt�bm|�|�ris{�bqpR}�osb,|�rz�qg bqp ú }xri�t�|�gj�°r}��+�µ£�px�ql%|�}¸lmpR}¸ï�l%�	l%osr
ð £�px�ql%|�} ª%¬%ñ ü�isrt�o�g bqp ª � ® �jìdý��§���+{	gntzlm`¦isos|�rlm�:gjpx�:emrt�osbm|¡�:l%{	i���|�bq�<o�uRgji�|�rz�qgj��r���bm|²o�uxr�þµ ¬ �^� «R¬ � ú �^�YlmpR}µìz�:�Qosrz|��^gjp	l%o�g bqpRi�tzlmp���r§isrzrp'gjp¶�	�qkx|�rP�w� ® �x�Y�$p¶�	|�iso�gjpx{	|�ri�i�g bqp	i
ì ª �
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4.5 _ag �qkx|�rC�w� ®mª í�_a` bdc?|�rz�qgn��r ® ��¼�emrz|s¯
l%�mr}8emr` bhtzg o½���^l%�qpRg o�kR}Rr,t�bqp+osbqkx|
�^l%{	i¹c�gjo�u isos|�rlm�^`jgjpxrií ü�l�ý¹þµ ¬ �^� osrz|��^gjp	l%o�g bqp l%o Ù � � � Ù µ� Ü ì � ��Î ��� � ü��°ýZþ µ ¬ � ú �^�
osrz|��^gnpRl%o�g bqp�l%o Ù � � � Ù µ ìmì Ü �0� ��Î ��� �
ü�tdý.þ µ ìz�^� osrz|��:gjpRl%o�g bqp l%oÙ � � � Ù µ ìF� Ü �
� ��Î ��� �

ü�tdý

g oHisrzr�^i¶o�uRl%oHo�uRgjiH�^l����r,}Rkxr,osb6�Rbdc isrz{	l%|�l%o�g bqp8l%oHo�uRr±i�u	l%|�{�bqkRo�i�gj}xr,r}x�mrLbm�¡o�uxr
osrz|��^gnpRl%o�g bqp�}Rkx|�gjpx�$o�uxr�gjpR�Rbdc?{	l%|�o�bm�No�uRr�lmt�bqkRiso�gjt�t��wtz`jrm��£�pRis{�rt�o�g bqp�bm��o�uxr�¢�£�¤ylmt�bqkRi�o�gjt
{	l%|�o�gntz` r�emr`jbwtzg o���}Rl%o�l²|�rzemrlm`ni « uxbdc´rzemrz| « o�uRl%oao�uxr�tzlmkRisr�bm�	o�uxr�gjp+c´l%|�}�tzgj|�tzkR`jl%o�g bqp�gji�}Rkxr´osb
o�uxr�embm|�osr��'|�gjpx�:o�uRl%o�gji��mrpxrz|�l%osr},c�g o�uRgnp¶o�uxr2o�kx��r¡bqp±gjpx�	bdc¨��rgjpx��r��h{�r`j` r}�bqp³bqkxos�Rb�c¡�
��uRgni^{R|�bht�ri�i¶uRlmi¶lm` |�rlm}R�V��rzrp�}Rgni�tzkRi�isr}�gjp�|�r`jl%o�g bqp�osb6o�uxrµþ µ ¬ � ú �^� lmpR}yþ µ ìz�^�
osrz|��^gnpRl%o�g bqpRi�gnp�isrt�o�g bqp ª � ú �K�x�´¤�r`jbwtzg o��'�^l%�qpRg o�k	}xr¡lmpR}�embm|�o�gntzg o½�'t�bqp+osbqkx|$�^l%{	i���bm|�rlmt�u
iso�l%�mr�bm�No�uxr�lmt�bqkRiso�gjt�t��htz` r�t�bm|�|�ris{�bqpR}	gjpx��osb§o�uRr�i�os|�rlm�^gjpx�²|�ri�k	` o�i�uxbdc�p�gjp��R�qkR|�rY�w� ® �	ü���ý
tzlmp'��r§isrzrp,gjp¶�R�qkx|�r ª �jì��w�

¼²t�bqkRiso�gjt8�	bdc�iVgnp |�rz�qgj��r ® t�bqpRi�gjiso6bm�,rgjo�uxrz|VlBc´rl%¥bm|ºgnpRi�g �qpRgj�	tzlmp�o³ srzo?c�g o�u
isos|�rpR�mo�uxrpRgjpx�¶embm|�o�gnt�ri¡�mrpxrz|�l%osr}¸}Rkxr�osb'��bqkRpR}	l%|��³`jld�mrz|2isrz{	l%|�l%o�gjbqp�l%o§o�uxr:gjp	i�gj}xr�r}x�mr
bqp bqkxos�	bdc l%{	{°rl%|�gjpx�6bqkxo�i�gj}Rrµo�uxr�osrz|��^gnpRl%o�g bqp��I��uRrisrµ|�bmo�l%osr¸gnp o�uxrµbm{R{�bqi�g osr�i�rpRisr
osb·o�uxbqisrL��rp�o�gjbqpxr}�gnpV|�rz�qgj�^r¸ì±��uRgji:|�rz�qgj��r,bwtztzkx|�i=l%oHemr` bhtzg o½�ºlm�^{	`jg o�kR}Rri���rzo½c´rzrp
l%{R{R|�b�xgj�^l%osr` � ª � ª �^i ��� lmpR} ���^i ��� ��bm|=o�uxrLþ µ ¬ �^� osrz|��^gjpRl%o�gjbqp « ��rzo½c´rzrpBìmì%�K�q�^i ���
lmpR}?ì ú � ¬ �^i ��� ��bm|§o�uxr^þ µ ¬ � ú �^� osrz|��^gnpRl%o�g bqpLlmpR}µl%o§��rzo½c´rzrpVìF�x�Z�%�^i ��� lmp	}?ì��w�Z�%�^i ���
��bm|Ho�uRr±þ µ ìz�^� osrz|��^gjp	l%o�g bqp�� © os|�rlm�^gjpR��emr` bhtzg o½��emrt�osbm|³�^l%{	i=��bm|H|�rz�qgj��r ® ��bm|¶o�uxr
þ µ ¬ �^� «¦¬ � ú �^�UlmpR}Vìz�^� osrz|��^gjpRl%o�g bqp	i²l%|�r:i�uxb�c�pµgjpL�R�qkx|�r&�w� ®mª �=��uRgji²|�rz�qgj�^r^gji$o�uxr

ì ª ì
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_ag �qkx|�rY�w� ® �wí�_a` bdc6|�rz�qgn��r ú �a¼�emrz|s¯
l%�mr}yemr` bhtzg o½�y�^l%�qpRg o�k	}xr,t�bqp+osbqkx|
�^l%{Ni c�g o�u i�os|�rlm�^`jgjpRrizí ü�l�ý¹þµ ¬ �^� osrz|��^gnpRl%o�g bqp.l%o Ù � � � Ù µ� Ü ��� ��Î ��� � ü���ý þ µ ¬ � ú �^�
osrz|��:gjpRl%o�g bqp�l%o Ù � � � Ù µ ìF� Ü � ¬%��Î ��� �
ü�tdý.þ µ ìz�^� osrz|��^gjpRl%o�g bqp l%oÙ � � � Ù µ ì ì Ü úmú
��Î ��� �

ü�tdý

i�lm�^r�lmiao�uRr´embm|�osr����mrpRrz|�l%o�g bqp�|�rz�qgj�^r�}Rri�t�|�g ��r}�gjp2|�r`jl%o�g bqp�osb$o�uxr�þ µ ¬ �^�Eosrz|��:gjpRl%o�g bqp
gjp�isrt�o�g bqp ª � ú � ú �����w{	gjtzlm`h¢�£�¤º|�ri�kR` o�i�i�uxbdc�gjpx�²o�uxr�lmt�bqkRiso�gjt�{	l%|�o�gjtz` r´emr` bwtzgjo½��lmp	}�embm|�o�gjtzg o½�
�Rr`n}Ri�t�bm|�|�ris{�bqpR}Rgnpx��osb^o�uRgji��Rb�c~|�rz�qgn��r¡tzlmp���r¡isrzrp³gnp¶�R�qkx|�r ª �jì ® �'´rzo�c�rzrp³|�rz�qgj��ri§ì$lmpR} ® gji�l�os|�lmpRi�g o�g bqpRlm`N�Rbdc |�rz�qgj��r$c�uxrz|�r$t�u	l%|�lmt�osrz|�gjiso�gntzi�bm�¦��bmo�u
|�rz�qgn��ri�l%|�r�{	|�risrp+oz�Çîqrzo${R|�bh}RkRt�o�g bqp,gji�bm�Nisrz|�emr} « embm|�osr��±|�gjpx�qi��mrpxrz|�l%osr}Lbqp±bqkxos�	bdc�l%o
o�uxr¶gjpRpRrz|�r}x�mr¶��rt�bq��r�isos|�bqpR�mrz|^lmpR}6gjpx�Rb�c.�mrpRrz|�l%osr}6embm|�osr��6|�gjpx�qi�l%|�r¶bm�	isrz|�emr} « �	kxo
osb:l=` ri�isrz|�r��wosrp+oz����uRgji��Rb�c~|�rz�qgn��r2t�bqkR`j}'{°rz|�uRl%{	i�uRldemr2��rzrp'isrz{	l%|�l%osr` �'tz`jlmi�i�gj�Rr} « �	kxo
lmi�g o�l%{R{�rl%|�i�osbµ��r�lLos|�lmpRi�g o�g bqp·��rzo½c´rzrp?o½c´b�|�rz�qgj�^ri�c�g o�u?t�u	l%|�lmt�osrz|�gjiso�gntzi�bm����bmo�u?g o
c�lmi^}xrtzgj}Rr}?pxbmo^osbx�º��uRr�os|�lmpRi�g o�gjbqpRlm`�iso�l%�mr³gji^bm�	isrz|�emr}Vl%oX�x� ì �^i ��� ��bm|^o�uxr'þ µ ¬ �^�
osrz|��:gjpRl%o�g bqpylmpR}yl%o��w� ì �:i ��� ��bm|¶��bmo�uºo�uxrµþ µ ¬ � ú �^� lmpR}Eìz�^� osrz|��^gjp	l%o�g bqpRiz�¹¼���osrz|
o�uRgni�os|�lmpRi�gjo�g bqpRlm`¾iso�l%�mr�o�uxr�osrz|��^gjp	l%o�g bqp�|�ri�gniso�lmpRt�r�}R|�bm{	i�bm|²o�uxr�|�l%osr2bm��gjp	t�|�rlmisr2|�r}RkRt�ri
i�gj�qpRg �	tzlmp+o�` �m����uRgji��^ld����r�|�r`jl%osr}^osb¡o�uxr�t�ri�i�l%o�g bqp�bm��o�uxr� srzo�isos|�rlm�^gnpx�§r��°rt�o´lmi�o�uxr��	bdc
 �kR��{	iaosb�l¡|�rz�qgn��r�gjp�c�uRgjt�u^embm|�osr��^�mrpxrz|�l%o�g bqp=��rt�bq��ri´l¡��bm|�r�r"L:tzg rp+o�` bqi�i���rt�uRlmp	gji����

þ�rz�qgj��r ú gji�t�uRl%|�lmt�osrz|�gnisr}H�+��isos|�bqpR�� srzo���bm|��^l%o�g bqpHlmpR}^{�rz|�gjbw}Rgnt�embm|�osr��=i�uxr}R}	gjpx�§lmpR}
uRlmi�lm` |�rlm}x�:��rzrp¶}Rgji�tzk	i�isr}Lü���bm|�r��xlm��{	` r$gjp¶isrt�o�g bqp ª � ú � ú ý��´��uxr$gjp+osrz|�lmt�o�g bqp¶��rzo½c´rzrp¶o�uxr
ì�� ¬
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 srzoalmp	}�embm|�o�gjt�ri�gji�isos|�bqpx�§gjp�o�uRgni¦|�rz�qgn��rm�pê��hlm�^{	` r�isos|�rlm�^gjpR�²emrt�osbm|��^l%{	i���bm|�o�u	gji¦|�rz�qgj��r
l%|�r¡i�uRbdc�p'gnp¶�R�qkx|�rP�w� ® �w����uRgji��Rb�c¨|�rz�qgj��r¡gni�bm�	isrz|�emr}'l%o�emr` bwtzgjo½�¶lm��{	`jg o�k	}xri�gjp¶r��ht�ri�i
bm�(�+� ì �^i ��� ��bm|�o�uxr¡þ µ ¬ � �:� osrz|��^gjpRl%o�gjbqp « ìF�x�Z�%�^i ��� ��bm|�o�uxr¡þ µ ¬ � ú �:�Qosrz|��^gjp	l%o�g bqp�lmpR}
ì ì � ú �^i ��� ��bm|¡o�uxr^þ µ ìz�^� osrz|��:gjpRl%o�g bqp�����u	gji²�Rbdc�|�rz�qgj��r�t�bm|�|�ris{�bqpR}	i$osb'o�uxr�embm|�osr��
i�uxr}	}Rgjpx��|�rz�qgj�^r2}xri�t�|�gj�°r}�gnp'isrt�o�g bqp ª � ú � ú �����w{	gjtzlm`¦¢�£�¤B|�ri�kR` o�i�i�uxbdc�gjpx�^}xrzo�lmgj`ni�bm��o�uxr
lmt�bqkRiso�gnt2{	l%|�o�gjtz` r¡emr` bhtzg o��³lmpR},embm|�o�gjtzg o����Rr`j}Ri�t�bm|�|�ris{�bqpR}Rgnpx��osb=o�u	gji��	bdc¹|�rz�qgj��r�tzlmp,��r
isrzrp'gnp¶�R�qkx|�r ª �jìF�x�

£�o^l%{R{�rl%|�i�o�uRl%o^g o�gji�{�bqi�i�gj�	` rHosbµ�m|�bqkx{?o�uxr�osrz|��:gjpRl%o�g bqpRi�gjp·osrz|��:i�bm��o�uxr�o��+{�ri�bm�
�Rb�c¥|�rz�qgn��ri¡bm�	i�rz|�emr}��'¼²i2}Rgji�tzkRi�isr}�l%��b�emr « o�uxr=lmt�bqkRi�o�gjt^�Rb�c�i�lmi�isbhtzgjl%osr}�c�g o�uµo�uxrHþµ ¬ �^� «�¬ � ú �^� lmpR}·ìz�^� osrz|��^gjpRl%o�gjbqpRi�i�uRl%|�r�lHisrz|�gjri�bm��t�uRl%|�lmt�osrz|�gniso�gjt�pxbqph¯½`jgnpxrl%|��Rb�c
{	l%ososrz|�p	i¡bdemrz|�o�uxr:|�lmpx�mr:bm��isbqk	pR}�` rzemr`ji�iso�kR}Rgjr}��:£�o2gji�pxbmo¡{�bqi�i�g �N` r « uxb�c�rzemrz| « osb,{	`jlmt�r
rg o�uxrz|�o�uxr¡i�uRl%|�{¶osrz|��^gjp	l%o�g bqpHbm|�o�uxr§þ µ �q�^� osrz|��^gnpRl%o�g bqp¶gjpHo�uxr§i�lm��r§�m|�bqkR{¶i�gjpRt�r$o�uxr
osrz|��^gnpRl%o�g bqp¶�mrzbq��rzos|�gjri�l%|�r2i�g �qpRg �	tzlmp+o�` �H}Rgji�i�gn�^gj`jl%|�

¼²i$�^g �qu+o���r�r��w{�rt�osr} « o�uxr�þ µ �q�^� osrz|��^gjpRl%o�gjbqp,i�uRbdc�i²o�uxr��m|�rl%osriso¡i�gj�^gj`jl%|�g o½�Hosb
o�uxbqisrLlm` |�rlm}R�V��rp�o�gjbqpxr}��¨£�pR}xrzr}��Rbdc {	l%ososrz|�pRi=i�gj�^gj`jl%|:osb¸|�rz�qgn��ri:bqpRr±lmpR}�o½c´b?l%|�r
bm�	isrz|�emr}�� ) bdc´rzemrz| « lmi²o�uxr�r��wosrp+o$bm��o�uxr�|�bqkRpR}Rgnpx��bm��o�uxr�gjpRpxrz|�r}x�mr�gji�i�k	t�u±o�uRl%o²o�uxrz|�r
gji:bqpR` �·bqpxr³r}x�mr±l%o=c�uRgjt�uV�°bqk	pR}Rl%|��6`jl�mrz|¶isrz{	l%|�l%o�g bqpºtzlmp�bwtztzkR|:o�uxr±}xrzo�lmgj`ji:bm�§o�uxrisr
|�rz�qgj�^ri�l%|�r�isbq�^rzc�uRl%o�}Rg �°rz|�rp+o�osb2o�uRbqisr�lmi�isbhtzgjl%osr}:c�g o�u�` ri�i�|�bqkRpR}xr}�osrz|��^gjpRl%o�g bqp	iz��_Rbm|
r��xlm��{	` r « l¡�Rbdcºi�gj�^gj`jl%|�osb¡|�rz�qgn��r¡ì�gjiabm�	i�rz|�emr} « c�g o�u�embm|�o�gjt�ri��mrpxrz|�l%osr}^bqp:gjpx�Rb�cVl%o�o�uxr
bqkxo�i�gn}xr¡r}x�mr��	kxo�c�gjo�u³pxb$ srzo « lmpR}³l=�Rbdc¹i�gj�^gn`jl%|�osb=|�rz�qgj��r ® gji�bm�	i�rz|�emr} « c�g o�u�embm|�o�gnt�ri
�mrpxrz|�l%osr}=bqp�bqkxos�	bdc�l%o�o�uxr�bqkxo�i�gj}xr�r}x�mr�lmp	}:l´ srzoz����uxra srzo�lmpR}�embm|�o�gjt�ri�gnp�o�uRgji�tzlmisr²l%|�r
vwkRg osr�isrz{	l%|�l%osr�gjp�is{	lmt�r�lmpR}�}xb¡pRbmo�gjp�osrz|�lmt�o�isos|�bqpx�q` �m����u	gjiagjiao�uxr�|�ri�k	` o�bm��l${	uxrpRbq��rpxbqp
hpxbdc�p¶lmi´o�uxrPN´bqlmpR}Rl�r���rt�o�bm|´o�uRr²osrp	}xrpRt��^bm�¦l���bqkRpR}	l%|���`jl�mrz|�osb�|�r�^lmgjpHl%oso�lmt�uRr}�osb
l§t�bqp+emr���i�kx|���lmt�rm�a_ag �qkR|�rY�w� ® �¡gj`j`jk	isos|�l%osri�o�uxr�r��°rt�o�bm�	r}x�mr�|�bqkRpR}Rpxri�i¦bqp��Rb�cºisrz{	l%|�l%o�g bqp��

Flow
Direction

Flow
Direction

_ag �qkx|�r;�w� ® �+íBê���rt�o�bm�ar}x�mr¡|�bqkRp	}Rpxri�i�bqp��	bdc~isrz{Nl%|�l%o�g bqp

��uRr¨i�uRl%|�{Qosrz|��:gjpRl%o�g bqpQlm`ji�b�kRpR}xrz|��mbwri?lBisrz|�gjri?bm�,�	bdcF|�rz�qgn��r¨t�uRlmpR�mriVc�uRgnt�u
kR` o�gn�^l%osr` �V` rlm}yosb?l·os|�lmpRi�g o�gjbqpºosb6embm|�osr�� i�uxr}R}	gjpx��lmpR}� srzo¶{R|�bh}RkRt�o�g bqp�lmi�gjpº|�rz�qgj��r
úw« lm` o�uxbqkR�quLo�uxrz|�r�l%|�r�isbq��r�i�g �qp	g �	tzlmp+o²}Rg �°rz|�rp	t�riz�¡��uxrz|�r�gji$l¶i�gj�:gj`jl%|�g o��¶c�g o�u±o�uxr�þ µ

ì��hì
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�q�^� osrz|��^gnpRl%o�g bqp�gnpµo�uRl%o�o�uxrz|�r¶gji¡bqpR`j�±bqpRr:r}x�mr¶l%o�c�uRgjt�u��Rbdc isrz{	l%|�l%o�g bqp¸tzlmp·bhtztzkx| «
lm` o�uRbqkx�qu�o�uxr�r}R�mr�i�uRl%|�{Npxri�i�` rlm}Ri�osb2vwkRg osr�}Rg!��rz|�rp+o���ruRlehg bqkx|d��¼²i�{R|�rzehg bqkRi�` ��}Rgni�tzkRi�isr}
gjpHisrt�o�g bqp ª � ú � ® �Rbdc¨isrz{Nl%|�l%o�g bqp¶bhtztzkx|�i�l%o�l�|�r`jl%o�g emr`j�=` b�c8lmt�bqk	iso�gjt§lm��{	`ng o�kR}xr²lmpR}Ho�ux|�rzr
�^lmgnp¶embm|�osr��'i�uxr}R}Rgnpx��|�rz�qgj��ri�l%|�r§bm�	isrz|�emr}��

ºPï	y ükj'cqûti�]*Tladj'c*T
£�o�isrzr�^i�tz` rl%|�o�u	l%o�o�uxr�i�uRl%{�r�bm�°o�uRr�osrz|��^gnpRl%o�g bqp�{	`nl�hi�lmp:gj�^{°bm|�o�lmp�o�|�bq`jr�gjp^}xrzosrz|��^gjpRgjpR�
o�uxr¶` rzemr`´bm��rpxrz|��m��` bqi�i�}Rkxr=osbLo�uxr={	|�bw}	kRt�o�g bqp�bm��pxbqph¯½`jgjpRrl%|��Rb�c {	uxrpxbq��rp	l³l%o�uRg �qu
lmt�bqkRi�o�gjt?lm��{	`jgjo�kR}xriz�»¼²pBgjpRt�|�rlmisr}Bgj��{�r}RlmpRt�r?l%oµo�uxr?osrz|��^gjpRl%o�g bqp¹c�gn`j`2|�r}RkRt�r6o�uxr
{R|�bm{°bm|�o�g bqp:bm�almt�bqkRiso�gntzlm`�rpxrz|��m�=|�rz�Rrt�osr}��	lmt�H}Rbdc�p¶o�uxr§o�kR�°r$osb^�^lmgnp�o�lmgjpHo�uxr¡i�o�lmpR}Rgjpx�
c�lemrm� ) rpRt�r « gjpHo�uxr¡tzlmisr¡bm�al�|�rlm`¾gjp	isos|�kR��rp+o´{	`jl�mr}'�+�¶l���k	i�gjtzgjlmp « o�uxr§o�uxr¡lm�^bqkRp�o�bm�
rpxrz|��m�Hgjp+os|�bh}RkRt�r}¶l%o�o�uxr¡gnpx{	kxo�rpR}�bm��o�uxr¡gjpRisos|�kR��rp+o´��kRiso���r${R|�bm{�bm|�o�g bqp	lm`j` �^��bm|�r§��bm|
lmp�gjp	isos|�kR��rp+o�c�g o�u�i�uRl%|�{�r}x�mri�o�uRlmp�bqpxr�c�g o�u�|�bqk	pR}xr}�r}x�mri�osb¡�^lmgnp�o�lmgjp�l²�qg emrp:isbqkRpR}
` rzemr`�c�gjo�uRgjp,o�uxr���bm|�r�bm�´o�uxr�gjpRi�os|�kR��rp+oz�¡£�p,bmo�uRrz|¡c�bm|�}Ri « lmpµgjpRi�os|�kR��rp+o�c�gjo�u,|�bqkRpR}xr}
r}x�mri�c�gj`n`x{	`jld�^��bm|�r�r"L=tzg rp�o�`j�^lmpR}:tzlmpHo�uxrz|�rz��bm|�r��°r�{	`jld�mr}=��bm|�r�` bqkR}	` ��c�g o�u^` ri�i�r���bm|�o
o�uRlmp'bqpxr§c�g o�u�i�u	l%|�{'r}x�mriz�

��uxrV¢�£�¤ osrt�uRpRgjvwkxr?{R|�bdehgj}xriµlmp�gjp+e%lm`jkRl%�	` r6osbwbq`���bm|���rlmi�kx|�gjpx�8o�uxrVosrz|��:gjpRl%o�g bqp
gj�^{°r}	lmpRt�r�l%o¦o�uxr�bm{�rp¡rpR}�bm�xl�|�ri�bqpRlmp�o�o�kx��rm�¦£���{�bm|�o�lmp+o¦gjpx��bm|��^l%o�g bqp�l%��bqkxo¾o�uxr�embq`jkR��r
emr` bhtzg o���lm��{	`ng o�kR}xr´lmpR} « ��bqiso�gj�^{°bm|�o�lmp�o�` � « {	u	lmisr¡ü�o�uRl%o�tzlmpRpxbmoa��r�gjpx��rz|�|�r}���|�bq�¹{R|�ri�i�kx|�r
��rlmi�kx|�r��rp+o�i�c�g o�u³`jgnpxrl%|�l%{R{R|�b�xgj�^l%o�g bqpRi ý�gji��^rlmi�kx|�r}±}Rg |�rt�o�`j�m��N´bq��{	l%|�gnisbqp���rzo½c´rzrp
��rlmi�kx|�r}^gj�^{°r}	lmpRt�r�}Rl%o�l�lmpR}�emr` bhtzg o½��emrt�osbm|��^l%{Ni��qg emri´lmp:ri�isrp�o�gnlm`	kRpR}Rrz|�iso�lmpR}Rgnpx�$bm�
o�uxr§{Nu��hi�gjtzlm`��Rb�c~{	uRrpxbq��rpRl�|�ris{�bqpRi�g �	` r²��bm|�o�uxr¡pxbqph¯½`jgnpxrl%|�` bqi�isri�bm�	isrz|�emr}��

ì�� ®
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yhï�[ \�c#f4óIj(�^]qûvfDadj'c
��uxr�osrz|��^gjpRl%o�gjbqp2gj��{�r}Rlmp	t�r�bm�Rlmp2bm{�rp�rpR}xr}2o�kx��r�l%o�u	g �qu2isbqk	pR}¡` rzemr`ji�tzlmp��°r�rze�lm`nkRl%osr}
kRi�gnpx��¢�£�¤ �+�V}	g |�rt�o=�^rlmi�kx|�r��rp+o�i=bm�¡lmt�bqkRiso�gjt,{	l%|�o�gjtz`jr'emr` bhtzg o½�ºgnpVt�bqp� �kRpRt�o�g bqpºc�g o�u
{R|�ri�i�kx|�r´��rlmi�kx|�r�^rp�o�i « lmi�i�uxbdc�p�gjp�o�uxr�{R|�rzehg bqkRi�t�uRl%{	osrz|����uRgji���rzo�uxbh}��qgjemri�l$��rlmi�kx|�r
bm��o�uxr�isos|�rpR�mo�u,bm��o�uxr�lmt�bqk	iso�gjtzlm`a` bqi�isri$l%o²o�uxr�bm{°rp±rpR},bm��l=o�kx��r2�	kRo�bqpLg o�i�bdc�pL}xbwri
pxbmo��qg emr�lmp��·gjpx��bm|��^l%o�g bqp¸l%��bqkxo�o�uRr={	u+�hi�gjtzlm`´��rt�uRlmp	gji��^i�c�uRgnt�u·l%|�r=o�uRr¶tzlmk	isr=bm��o�uxr
bm�	isrz|�emr}?` bqi�isriz�¸¢�£�¤Yemrt�osbm|:�^l%{Ni�lmi�i�gjiso��w�¸lm`j` b�c�gjpx�±lµv+k	lm`jg o�l%o�g emr¶lmi�isri�i���rp�o�bm��o�uxr
�Rb�c�lmpR}=tzlmp=lm`j`jbdcºo�uRr��^lmgjp=` bqi�i���rt�uRlmpRgji��^i�osb��°r�gj}xrp+o�g �Rr}�ehgji�kRlm`j`j�Hü�t�u	l%{Rosrz| ª ý�����uRgji
t�u	l%{Rosrz|�r��hlm�:gjpxri�l���rzo�uxbh}=��bm|�o�uxr§p+k	��rz|�gjtzlm`Nrze�lm`nkRl%o�g bqpHbm��pxbqpx¯½`jgjpxrl%|�lmt�bqkRiso�gjtzlm`�` bqi�isri
}Rkxr�osb�embm|�osr����mrpxrz|�l%o�gjbqp�l%oao�uxr�bm{°rp�rpR}�bm�	l�o�kx��r�gjp¡c�uRgjt�u�l²uRg �qu2lm�^{	`jg o�kR}Rr�isbqkRpR}2�Rr`j}
uRlmi´��rzrpH�mrpxrz|�l%osr}'kRi�gjpx��l�` bqk	}Ris{�rl%mrz|����uxr²r��°rt�o�bm��o�uxr$�mrzbq��rzos|��Hbm�¾o�uxr$osrz|��^gnpRl%o�g bqp
bm��o�uxr¡o�kx��r§bqp�o�uxri�r2` bqi�isri�gji�r��hlm�:gjpxr}��

£�o�gji�o�uxr§lmgj�Qbm��o�uRgji�t�uRl%{Rosrz|�osb:l%{	{	` �^o�uxr§embm|�osr���i�bqkRpR}¶lmpRlm` �hi�gji���rzo�uRbw}¶osb�o�uxr¡¢�£�¤
}Rl%o�l±�qlmgjpxr}6gjp·t�u	l%{Rosrz| ª osbL}Rr��bqpRisos|�l%osr¶o�uxrH�Rr��xg �	gj`ng o½�Lbm��o�uRrH¢�£�¤Iosrt�uRpRgjvwkxr¶lmpR}·osb
t�bq��{	l%|�r2o�uxr�gj��{�r}RlmpRt�r§|�ri�kR` o�i�tzlm`jtzkR`jl%osr}±kRi�gjpR�^o�uRgji��^rzo�uxbw},c�g o�u³o�uxbqisr�tzlm`jtzkR`jl%osr},�+�
}Rg |�rt�o���rlmi�kx|�r�^rp�o�i�bm�aemr` bhtzg o��¶lmp	}�{R|�ri�i�kx|�rm�

¢�rz|�g bh}Rgjt�embm|�osr���i�uxr}R}	gjpx��gjpR}RkRt�r}=�w�=lmp�lmt�bqkRiso�gnt$�Rr`j}¶uRlmi���rzrpHbm�	isrz|�emr}��w�=i�rzemrz|�lm`
lmkxo�uxbm|�i^l%o^bm|�g �Nt�ri^lmpR}Vl%o=o�uxr�bm{�rp?rpR}Ri�bm�$o�kx��ri'ð £�px�ql%|�} ª%¬R« £�pR�ql%|�}���� « ¢�rzosrz|�i ì ú l «
¢�rzosrz|�i ì ú � ñ lmpR}±gji�l^c´r`j`¦hpxb�c�p³}Rgni�i�g {	l%o�gjemr2��rt�u	lmpRgji�� ð © lm`jg hkR}R}Rgnp � úh« �$gji�isr`juRbm|�iso�� ¬x«) bdc´ro� ¬%ñ �L�¦bµvwkRlmp+o�g ���µo�uRrH` bqi�isri�lmi�isbhtzgjl%osr}·c�g o�u¸embm|�osr��¸�mrpxrz|�l%o�g bqp6lmpR}¸i�uxr}R}RgjpR�³l%o
o�uxr§bm{�rp¶rpR}¶bm�al�o�kx��r§l���rzo�uxbh}���bm|�o�uRr§rze�lm`jk	l%o�g bqp¶bm��¢�£�¤¹emr` bhtzg o½�¶�^l%{	i�kRi�gjpx��embm|�osr��
isbqkRp	},o�uRrzbm|��Vü�isrt�o�g bqp ® �Z�qý$gni$bqkxo�`jgjpxr}¾�*N´bq��{Nl%|�gjisbqpL��rzo½c´rzrpµo�uxr�|�ri�kR` o�i$bm�´o�uxr�embm|�osr��
isbqkRp	}±tzlm`ntzkR`jl%o�g bqpRi§lmp	}Lo�uxr�embm|�o�gjtzg o��,�	r`j}Ri$��rlmi�kx|�r}L��|�bq�Zo�uxr^¢�£�¤ emrt�osbm|��^l%{	i¡lm`j`jbdc
��bmo�u�vwkRlm`jgjo�l%o�g emr´lmp	}�vwkRlmp+o�g o�l%o�g emr�}xri�t�|�g {	o�g bqpRi¾bm�	o�uxr´lmt�bqk	iso�gjtzlm`hr���rt�o�bm�	embm|�osr���i�uRr}R}Rgjpx�
bqp'` bqi�isri�bdemrz|²o�uxr¡lmt�bqkRi�o�gjt¡t��htz` rm�

��uRr�isbqkRpR}�{	|�bw}	kRt�o�g bqp���rt�u	lmpRgji���gnp^l§e%l%|�g rzo½��bm��isb2tzlm`n` r} ó lmg |�|�rzr}H�qbm| ó �Nkxr��q��k	i�gjtzlm`
ì�� ú
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c�gnpR}?gjpRisos|�kR��rp+o�i^i�kRt�uºlmi=o�uxr'�	kxosr,bm|:o�uxr,|�rt�bm|�}xrz|HuRlmiH` bqpx����rzrpVl%osos|�gj�	kxosr}Vosb¸o�uxr
{R|�risrpRt�r�bm���Rb�c�isrz{Nl%|�l%o�g bqpHlmpR}^embm|�osr��^�mrpRrz|�l%o�g bqpHlmi�l2o�uRgjp^lmg |¾ �rzo�gj��{	gjpR�mri�bqp:lmp=r}x�mrm�
£�o¡gji§l��^l%ososrz|�bm�´}xrz�Nl%osr^lmi§osb'c�uxrzo�uRrz|§o�uxr�embm|�o�gjtzg o��L�mrpxrz|�l%osr}�lmt�o�i2lmi2l�isbqkRp	}µisbqkx|�t�r
bm|�lmi�l±` bqi�i���rt�u	lmpRgji�� « bm|�g ��g o�lmt�o�i�isbq`jr` ��lmi�l,{�rz|�o�kx|��Nl%o�g bqpµosb±o�uxr=lmg |� srzo�lmt�o�gjpx�±osb
{R|�bw}Rk	t�r²o�uRr¡gjpRiso�l%�	gn`jg o½�:o�uRl%o�}x|�gjemri�o�uxr2gjpRgjo�gjlm`� �rzo�bqi�tzgj`j`jl%o�g bqp¾�ê��wosrp	i�g emr |�rt�rp�oEc´bm|� �+�ö'�lm����rz|��mrz|BuRlmiEgjp�emri�o�g �ql%osr} o�uxr¥isbqk	pR}Z�mrpxrz|�l%o�g bqp
��rt�uRlmpRgji�� l%o�o�uxry`jl%�	gjk	� gjpBo�uxrºuRrlm}8 sbqgjp�o�bm�'l¨�	kxosr�kRi�gjpx� ¢�£�¤ ð '�lm�2��rz|��mrz| ¬ ì «'�lm���°rz|��mrz| ¬q®h« '�lm�2��rz|��mrz| ¬ � « '´lm����rz|��mrz| ¬qª�ñ � ¼�{R{N`jgjtzl%o�g bqp bm�^embm|�osr��BisbqkRpR} o�uxrzbm|��
ü�isrt�o�gjbqp ® �Z�qý´osb�o�uxr¡��rlmi�kR|�r}�¢�£�¤ }Rl%o�l�u	lmi�lm`j` bdc´r}�o�uxr$embm|�osr��'isbqk	pR}H{°b�c�rz|�}RrpRi�g o��:osb
��r�tzlm`ntzkR`jl%osr} « ` rlm}Rgnpx�^osb¶o�uxr�t�bqpRtz`jkRi�gjbqp³o�uRl%o²o�uxr�isbqkRp	}'{R|�bh}RkRt�o�gjbqp³��rt�uRlmpRgji�� gjp³�	kxr
gjp	isos|�kR��rp+o�i�|�ri�kR` o�i²isbq` r` �¶��|�bq�Yo�uRr�embm|�osr��LisbqkRpR}³{R|�bh}RkRt�r}³�+��o�uxr� srzoz����b=rpRl%�N` r�i�k	t�u
l�tzlm`jtzk	`jl%o�g bqp « '�lm���°rz|��mrz|2�^l%mri¡o�c�b,isrz{	l%|�l%osr^isrzo�i¡bm�´¢�£�¤ ��rlmi�kx|�r��rp�o�i��_ag |�i�o�` � « o�uxr
emr` bhtzg o��±�	r`j}µ{R|�bh}RkRt�r}L�w�µlmp�lmg |� �rzo�gj��{	gjpR�qgjpx�Hbqp�o�uxr:`nl%�	gjkR� bm��l��	kRosr:gji¡��rlmi�kx|�r}��
© rt�bqp	}R` � « l=��rlmi�kx|�r�^rp�o�bm��o�uxr2lmt�bqkRiso�gnt2emr` bhtzg o����Rr`j}'gji��^lm}xr�l%o�o�uxr�`nl%�	gjkR� c�gjo�u�o�uxr
isbqk	pR}³�	r`j}±�mrpxrz|�l%osr}µ�w�,l¶` bqkR}	is{�rl%mrz|²osb�|�rz{R|�risrp+o§lmpµg |�|�bmo�l%o�g bqp	lm`�lmt�bqk	iso�gjt�|�rz��rz|�rpRt�r
�Rb�c¡�

¼²i�}xri�t�|�g ��r}2gjp�isrt�o�g bqp ® �Z� « osb§tzlm`jtzkR`jl%osr�o�uxr�lmt�bqkRi�o�gjt´{°b�c�rz|��mrpRrz|�l%o�g bqp�bm|�}Rgji�i�g {	l%o�g bqp
kRi�gjpx�³embm|�osr��?i�bqkRpR}·o�uxrzbm|��6g o�gji�pxrt�ri�i�l%|��¸osbµhpxbdcY�°bmo�u6o�uRrHemr`jbwtzg o��¸�	r`j}6lmi�isbhtzgjl%osr}
c�gjo�uBo�uxrºembm|�o�gjtzg o½��}	gjisos|�g �Nkxo�g bqpBlmpR} o�uxr¹ü�o�uxrzbm|�rzo�gjtzlm`�ý�|�rz��rz|�rpRt�r�lmt�bqkRi�o�gjt¹ü�{�bmosrp+o�gjlm`�ý
emr` bhtzg o�� �Rr`j} o�uRl%o±c´bqkR`j} ��r�{	|�risrp+o³gjp¨o�uRr¸l%�	isrp	t�r�bm�^lmp+� embm|�o�gjtzg o��m�U�¦by��lmtzgj`jg o�l%osr
o�uxri�r§|�rv+k	g |�r��rp+o�i�gjp¶o�uRgni�iso�kR}x�¶¢�£�¤¹�^rlmi�kx|�r��rp+o�i�c´rz|�r2�:lm}xr§bm�ao�uxr§bm{�rp�rpR}�bm��o�uxr
o�kx��r¡l%o�l:|�lmpx�mr¡bm��lmt�bqkRi�o�gjt¡lm��{	`ng o�kR}xri�c�gjo�u¶�Remr�}Rg �°rz|�rp+o�o�kx��r§osrz|��^gnpRl%o�g bqp��mrzbq��rzos|�g ri
ü�isrt�o�gjbqp��x� ú � ® ý��´¼�o�`jbdc~lmt�bqkRi�o�gjt$emr` bhtzg o½��lm��{	`ng o�kR}xri�o�uxr§embm|�o�gjtzgjo½�¶�Rr`j}¶gji�pxrz�q`ng �qg �	` r²lmpR}
o�uxrLemr` bhtzg o����Rr`n}ytzlmp¨o�uxrp8��rLk	isr} lmi'lmp l%{R{R|�b�xgj�^l%o�g bqpyosbVo�uxrL|�rz��rz|�rpRt�rµ{�bmosrp+o�gjlm`
�Rb�c ü�i�rt�o�g bqp ª � ú �jìdý�� ¼²i·o�uxr�lmt�bqkRi�o�gjtzlm`Hemr` bwtzgjo½��lm��{	`ng o�kR}xrºgnpRt�|�rlmisri¸o�uxrºembm|�o�gjtzg o½�
�Rr`n},��rt�bq��ri§pRbqph¯½pxrz�q`jg �qgj�	` r�lmp	}L�°rz�qgnpRi²osb�{	`jl�Llmpµgj��{�bm|�o�lmp+o$|�bq` r�gjpL}xrzosrz|��:gjpRgjpx�=o�uxr
isos|�kRt�o�kx|�r$bm�ao�uxr¡�Rb�c¨�Rr`j} « ��kR` �N`j`jgjpx�2o�uxr¡�R|�i�o´|�rv+kRgj|�r��rp+oz�

_Rbm|�t�bq��{	l%|�gjisbqp « l�isrt�bqpR}2�^rzo�uxbw}¡c´lmi¾k	isr}§osb�}xrz|�g emr�l�|�rz{R|�risrp�o�l%o�gjbqp§bm�ho�uxr�|�rz��rz|�rpRt�r
lmt�bqkRi�o�gjt§emr` bhtzg o½�¶�Rr`n}��>'´�'�^l%hgjpx��o�uxr2lmi�i�kR��{Ro�gjbqp¶o�uRl%o�o�uxr2�Rbdc �Rr`j}¶bqkxo�i�gn}xr§o�uxr¡bm{�rp
rpR},bm��o�uRr�o�kR�°r�gji²rv+k	g e�lm`jrp�o²osb¶o�uRl%o§l%�°b�emr^lH{	`jlmpxr�{	gjisosbqpL` bhtzl%osr}Lgjp±o�uxr�{N`jlmpxr�bm��o�uxr
bm{�rp±rpR}µg o²c´lmi¡{°bqi�i�g �	` r�osb'tzlm`jtzkR`jl%osr�lmpµl%{R{	|�b�xgj�^l%o�g bqp±osb�o�uxr�{�bmosrp+o�gjlm`�emr` bhtzg o½�±�Rr`j}
pwkR��rz|�gntzlm`j` �m��£�p�o�uRr¡i�gj��{	`jriso´tzlmi�r¡o�uxr§{	gji�osbqp�gji�|�rz{R|�ri�rp�osr}'�:l%o�uxr�^l%o�gjtzlm`j`j�Hlmi�lmp³l%|�|�l�
bm��bqi�tzgn`j`jl%o�gjpx�§{�bqgjp+o�isbqkR|�t�ri���bm|�c�uRgjt�u^o�uxr�emr` bhtzg o��^�Rr`j}^gni�c´r`j`Rhpxbdc�p�����uxr�embm|�osr��HisbqkRpR}
tzlm`jtzk	`jl%o�g bqp�c´lmi�o�uxrp�|�rz{�rl%osr}�kRi�gjpx��o�uxr´pwkR��rz|�gjtzlm`j` �§tzlm`jtzkR`nl%osr}�}Rl%o�l$gjp�t�bqp� �kRpRt�o�g bqp�c�g o�u
o�uxr¡¢�£�¤E}Rl%o�lh�

��uxr2lmi�i�k	��{Ro�g bqp�bm��lmp±l��hgnis�w�:��rzos|�gjt$�Rb�c �	r`j}'gji��:lm}xr�gjp'o�uxr2rze%lm`jkRl%o�g bqp³{R|�bht�r}Rkx|�r
osb?lm`j` b�c o�uxr±pRrzo¶lmt�bqk	iso�gjtzlm`${�bdc´rz|�` bqi�i¶gjpyl¸o�uR|�rzr±}	gj��rpRi�gjbqpRlm`���rlmi�kx|�r��rp+o¶embq`jkR��r
i�kR|�|�bqkRpR}	gjpx�µo�uxrLrpR}ybm�2o�uRr±o�kR�°r±osb?��r±tzlm`ntzkR`jl%osr}8��|�bq� o½c´bV}Rgj��rpRi�g bqpRlm`�¢�£�¤ }Rl%o�lh�
ì��
�
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c�|�gjososrp¶�+�¶o�uxr¡lmkxo�uRbm|�
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¼²i�}xri�t�|�g ��r}·gjp6isrt�o�g bqp ® �Z�w� ®w« c�uxrp·embm|�o�gnt�ri^l%|�r�{R|�ri�rp�o�gjp6lµisbqkRp	}¸�	r`j}�o�uRrz|�r'gji�lmp
rpxrz|��m�·os|�lmpRi���rz|��	lmt�?lmpR}6��bm|�o�u6�°rzo�c�rzrpºo�uxr�|�bmo�l%o�g bqp	lm`�rpxrz|��m�·bm��o�uRr�embm|�osr��VlmpR}6o�uxr
lmt�bqkRiso�gntzlm`�rpxrz|��m�¶bm��o�uxr¡isbqkRpR}¶�	r`j}���¼�t�bqk	iso�gjtzlm`�{�bdc´rz| Ô gni�os|�lmpRis��rz|�|�r}¶osb^lmp	} ¹ bm|���|�bq�
o�uxr§|�rz��rz|�rpRt�r�lmt�bqkRiso�gjt§emr`jbwtzg o��¶�Rr`j}��� �w�¶o�uxr§embm|�o�gjtzgjo½���� lmi�isbhtzgjl%osr}'c�g o�u¶o�uxr2isbq`jrpxbqgj}Rlm`
emr` bhtzg o½�:�Rr`j}<� N����uxr²¢�£�¤¨}Rl%o�l�gji�t�bq��{	|�gjisr}:bm�¦l2�m|�gj}^bm�¦}	gji�t�|�rzosr²��rlmi�kx|�r�^rp�o´{�bqgjp�o�i�l%o
t�bwbm|�}RgjpRl%osri�ü F�« Ä ý�c�uxrz|�r F lmp	} Ä l%|�r�gjp	}Rgjt�ri�|�rz��rz|�|�gnpx�:osbHo�uxr�uxbm|�g ûzbqp+o�lm`´ü+$�ý�lmpR}³emrz|�o�gjtzlm`
ü+�Rý�{°bqi�g o�g bqpRi´bm��o�uxr¡gjp+osrz|�|�bm�ql%o�g bqp'l%|�rlmiz����b�rpRl%�	` r§tzlm`jtzk	`jl%o�g bqp�bm��o�uxr§{�bdc´rz|�}Rgji�i�g {	l%o�g bqp
��|�bq�I¢�£�¤¹emrt�osbm|²�^l%{Ni « g o�gji�kRi�rz��kR`�osb:r��w{R|�ri�i�rvwkRl%o�g bqp ® �Z� ® gjp�l^}Rgji�t�|�rzosr§��bm|���í

Ô µ # Ï ´ / ��� ú
� �� ü F � Ä ý Ï � �ü F � Ä ýd��éD�� ü F � Ä ý ) Ñ ü F � Ä ý ü��+�jìdý

c�uxrz|�r ) Ñ ü F � Ä ý³gji�o�uRr�gjpx�	p	g osri�i�gj�:lm`�embq`jk	��r�lmi�isbhtzgjl%osr}~c�g o�u o�uxr�|�bmo�l%o�g bqp bm��lV�	pRg osr
gjp+osrz|�|�bm�ql%o�g bqp�l%|�rl³l%o2l'{°bqi�g o�g bqp?ü F�« Ä ý¡l%��bqkxo§o�uxr:t�rp+os|�lm`�o�kR�°r�l��xgji§�w�µlmp�gjpx�	p	g osri�i�gj�:lm`
lmpx�q` r )h& �

��uRr2i�g o�kRl%o�gjbqp'��rlmi�kx|�r}³gjp�o�u	gji�iso�k	}x�Hgni�t��h`jgjpR}x|�gjtzlm`j` �^is�h�^��rzos|�gjt¡isb:l=i�gj��{N`jg �	tzl%o�g bqp
gjp�o�uRr�tzlm`jtzkR`nl%o�g bqp'{R|�bwt�r}RkR|�r2tzlmp,�°r��^lm}xrm���$l%o�l=|�r}RkRt�o�g bqp,gji�tzl%|�|�g r}'bqkRo��w�Ho�l%hgjpx�Hlmp
lemrz|�l%�mr²e%lm`jkxr�bm�°emr`jbwtzg o��^}Rl%o�l2l%o�rv+k	lm`	}Rgji�o�lmpRt�ri�bqp:rg o�uxrz|�i�gj}xr�bm��o�uxr�t�rp+os|�lm`°l��hgni�bm��o�uxr
o�kx��rm�:��uRr^|�ri�kR`jo�gjpx�¶o½c´b,}Rgn��rpRi�g bqp	lm`�}	l%o�l'uRlmi¡bqpRr:t�bq��{�bqpxrp+o2gjpµo�uxr:|�lm}Rgjlm`�}Rgj|�rt�o�g bqp
ü+$�ý�lmp	}Vlmpxbmo�uxrz|:gnp¸o�uRr³l��hgnlm`�}Rg |�rt�o�g bqp ü+�Rý��z'´�6i��w�^�^rzos|��¸lmp?r��hosrpRi�gjbqp?��|�bq� o½c´b�osb
o�ux|�rzr¶}Rgj�^rpRi�g bqpRi�tzlmp·�°r¶�^lm}xrH�w�¸l,|�bmo�l%o�g bqp6bm��o�uxr�}Rl%o�lLl%��bqkxo�o�uxrHo�kx��rHl��xgjiz�cê�lmt�u
��rlmi�kR|�r��rp+o¡{�bqgjp�oHü F � Ä ý¡o�uxrz|�rz�w�µuRlmi2lmp¸lmi�isbhtzgjl%osr}�embq`nkR��r Ñ ü F � Ä ý=ü�o�uxrHi�g ûzr^bm��c�uRgnt�u
}xrz{�rpR}Ri²bqpµg o�i§}	gjiso�lmpRt�r���|�bq� o�uxr�o�kx��r�l��xgji�ý�����uxr^�^lmi�iPÕ.ü F � Ä ý§t�bqp+o�lmgjpxr}µc�gjo�uRgjp,o�uRgji
}Rgji�t�|�rzosr¡��rlmi�kx|�r��rp�o�embq`jkR��r¡gji ÏK´Ñ ü F � Ä ý�����uxr§embm|�osr���{�bdc´rz|�gnp¶o�uxr2t��h`jgjpR}x|�gjtzlm`	embq`nkR��r
lmi�isbhtzgjl%osr}³c�g o�u¶o�uxr¡gjp+osrz|�|�bm�ql%o�gjbqp³l%|�rl^l%o�{°bqi�g o�g bqp�ü F � Ä ý�gji�o�uxrp¾í

Ô ü F � Ä ý µ # � �� ü F � Ä ý Ï � �ü F � Ä ýd��éD�� ü F � Ä ý<Õ¥ü F � Ä ý µ �� � ü F � Ä ý(é��� ü F � Ä ý<Õ¥ü F � Ä ý ü��+� ® ý

c�uxrz|�r �� � ü F � Ä ý µ # ü@�� ü F � Ä ý Ï � ¦ü F � Ä ýsý�gji�o�uxr�t�bm|�g bq`ngjiaembq`jkR��r���bm|�t�r�{�rz|�kRpRg o��^lmi�i�}Rkxr�osb�o�uxr
|�bmo�l%o�g bqp	lm`�embm|�osr��³��bmo�g bqp³lmi�isbhtzgjl%osr}'c�gjo�u¶o�uxr¡gjp+osrz|�|�bm�ql%o�g bqp,l%|�rl^l%o��m|�gn}¶{°bqi�g o�g bqp�ü F�« Ä ý��

��uRrH�^lmi�i�c�g o�uRgjp�rlmt�u?embq`jk	��r Ñ ü F � Ä ý�gji�tzlm`jtzkR`jl%osr}6kRi�gnpx�³o�uxr�l��xgjis�h�^��rzos|��µbm��o�uxr
i�g o�k	l%o�g bqp « gnp^l�i�gj�^gj`jl%|�c�l�:osb2o�uxr�embq`jkR��r�emr` bwtzgjo½�^tzlm`jtzkR`nl%o�g bqp=}Rri�t�|�g ��r}�gjp=isrt�o�g bqp¶�w� ú � ® �

ì�� ª
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��uRr$�:lmi�i�{�rz|���rlmi�kR|�r��rp+o�embq`jkR��r¡gnizí

Õ.ü F � Ä ý µ ü ®
� # ìdý Ï ë ü�"%$�ý�� ü��+� ú ý

c�uRrz|�r � gji$o�uxrHgjpR}xr��±|�rz��rz|�|�gjpx�¶osb,o�uxr^|�lm}Rgnlm`�}Rgjiso�lmpRt�r:bm�´o�uRr:��rlmi�kx|�r��rp�o2{°bqgnp�o§��|�bq�
o�uxr�o�kx��r�l��xgji´lmpR})"9$¶gni�o�uxr$��rlmi�kR|�r��rp+o��m|�gn}:is{	lmtzgnpx��gjp=��rzos|�riz����uxrz|�r�gni�pxb�e�l%|�gjl%o�g bqp
gjp^Õ.ü F � Ä ý�gjp¶o�uxr�l��hgjlm`�}	g |�rt�o�g bqp��

��uxr�embm|�o�gjtzg o½�Hgji´�qg emrp¶�w���� µ �� Ï � =lmpR}¶gji�tzlm`jtzkR`jl%osr}�kRi�gjpx��l�i�o�lmpR}Rl%|�}��,l%o�`jl%�'tzkx|�`
��kRpRt�o�g bqp¾�¦£�p�bm|�}xrz|�osb2rpRi�kx|�r�o�uxr�t�bm|�|�rt�o�i�tzlm`ngjpx�§��bm|�o�uxr�embm|�o�gjtzgjo½� « l¡i�tzlm` r}�{�bqi�gjo�g bqpRlm`w�m|�gj}
bm��o�uxr$i�lm��r$}Rgj�^rpRi�g bqpRi�lmi�o�uRr²¢�£�¤¨}Rl%o�l�gji´t�|�rl%osr}�����uxr�i�tzlm`ngjpx�¡bm�¾o�u	gji��m|�gj}:}xrz{�rpR}	i�bqp
o�uxr��^l%�qpRg �	tzl%o�gjbqp�bm��o�uxr�¢�£�¤ gj�^l%�mri�g�� rm�ao�uxr�pwkR�2��rz|�bm����rzos|�ri�{�rz|�{	g!�hr`�� © gjpRt�r�o�uxr�¢�£�¤
}Rl%o�l=gji�o½c´bH}Rgn��rpRi�g bqp	lm`�o�uxrz|�r�gji�bqpR`j�HbqpRr�t�bq��{�bqpxrp+o�bm��embm|�o�gjtzg o½� ��� « {�rz|�{�rpR}	gjtzkR`jl%|�osb
o�uxr§{N`jlmpxr§bm��ewg rzc2�

��uxr2t�|�bqi�i²{R|�bw}Rk	t�o�gjp'o�c�b�}Rgn��rpRi�g bqp	i��qg emri²o�uxr2|�lm}	gjlm`¦lmpR}±l��xgjlm`�t�bq�^{°bqpRrp�o�i�bm��o�uxr
t�bm|�gjbq`jgji´embq`jkR��r2��bm|�t�r§{�rz|�k	pRg o��^lmi�izí

� �	 Fµ � �  �¡� � ¡ µ # � �   
ü��+�K�+ý

��uxr�embm|�osr��±{�b�c�rz| Ô Q lemrz|�l%�mr}�bdemrz|�o�uxr�o�gj��r���rzo½c´rzrpµo�uxr�o½c´b³¢�£�¤.`jg �qu+o²{NkR`jisri$l%o
rlmt�u'lmt�bqkRiso�gjt²{	u	lmisr§isosrz{BO�gji�tzlm`jtzkR`jl%osr}�kRi�gjpx�2rvwkRl%o�g bqp��+� ® �w�=i�kR�^�^gjpR�2bdemrz|�o�uxr$c�uxbq` r
embq`jk	��rm� Ô Q µ / �+� ú Ô ü F � Ä ý ü��+� ª ý

£�o´gni�o�uRrp¶{°bqi�i�g �	` r�osb^tzlm`jtzkR`jl%osr$o�uxr§pxrzo�embm|�osr��¶{�bdc´rz|��qlmgjpHbm|�` bqi�i4¢ Ô .¤£±�w�:o�l%hgjpx��o�uxr
ldemrz|�l%�mr:bm��o�uxr�{�bdc´rz|¡��rlmi�kx|�r}µl%o§rlmt�u�bm��o�uxr�osrpµ{	uRlmi�r�i�osrz{	i$bdemrz|�o�uxr�lmt�bqkRiso�gjt�t��htz` r
lmi�i�kR�^gjpx��l�t�bqpRi�o�lmp�o�embm|�osr���{°b�c�rz|�bdemrz|²rlmt�u³osrp�o�u³bm�al�t��htz` rm�

¢ Ô . £ µ�¥ Ô Q
ì ¬ ü��+�Z�qý

��uxr§|�rlm`�{	l%|�o�bm��o�uxr�pxbm|��^lm`jgnisr}¶gj��{�r}RlmpRt�r§gji�o�uRrp'tzlm`jtzkR`jl%osr}³kRi�gjpx��rvwkRl%o�g bqp ® �Z� ú ��§pxr8osrt�uRpRgntzlm`�gji�i�kxr8t�bqpRt�rz|�p	gjpx�Ebqkxo�`jg rz|�i§¦·lmpR}Qk	pRt�bm|�|�r`jl%osr}Zü�|�lmpR}xbq�=ý¸}Rl%o�lEc�lmi
lm}R}R|�ri�isr}6gjp·o�uxr�tzlm`jtzkR`nl%o�g bqp·bm��embm|�o�gntzg o½�¸��|�bq� o�uRr¶¢�£�¤ }Rl%o�lh�·£�p6bm|�}Rrz|�osbµrp	i�kx|�rHo�uxr
t�bm|�|�rt�o¦tzlm`jtzkR`jl%o�gjbqp§bm�ho�uxr�embm|�osr��2isbqk	pR}${�bdc´rz|�g o¾gji�ri�isrp�o�gnlm`qo�uRl%o¾o�uRr�embm|�o�gjtzg o��§gji�bm{Ro�gj�^lm`n` �
rze%lm`jkRl%osr}�����u	gji�|�rv+k	g |�riao�uRl%o�o�uRrz|�r�i�uxbqk	`j}���r�pRb¡�ql%{	i�gjp�o�uRr�}Rl%o�lh��£�p�o�uxr�ehgjtzgjpRg o��2bm�°o�uxr
o�kx��r=osrz|��^gjpRl%o�gjbqp « uxbdc´rzemrz| « bqkxo�`ng rz|�i2lmp	}·k	pRt�bm|�|�r`jl%osr}·}Rl%o�lLl%|�r¶l,i�g �qpRg �	tzlmp+o2{	|�bm�	` r���
_xbm|�r��xlm��{	` r « o�uxr²l%|�rl2c�uxrz|�r�o�uRr�o�kx��r�osrz|��^gjpRl%o�g bqpHgji�` bwtzl%osr}¶gjp:rlmt�u¶¢�£�¤¨emrt�osbm|��^l%{¶gji
��¨ ���<���B�:¢��^©[�+ª�¥F�<£����`¢��p��¢����v�
£<�<�� ¡�P�����>�2�%�`�K¤��� ¡�|��¢��"£<���v��¢������
 ¡£¹�;�� ¬«���¢|�� Z�2�
 ¬%£<�2�"���K¤h ¡�P§��2�J�� K���%����2�
��®`�`¢|�� K¢��<£��� ¡�J��©ª¢��J§ ����������¢�¢��2�
�%�v ¡�
�B¥J�<£����2¢��8�`�%���:¢���£<�¡���`¢��K¤� Z��£<�2¢�¢���£���

ì����
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t�bq��{R|�gjisr}¡rp+o�g |�r`j�§bm�RkRpRt�bm|�|�r`nl%osr}�}Rl%o�lh����u	gji¾gji�{R|�bh}RkRt�r}¡gnp¡o�uxr�¢�£�¤VlmpRlm` �hi�gji¦{R|�bht�r}Rkx|�r
�w�µo�uxrHgn�^l%�mr=bm��o�uxr:o�kx��r=osrz|��^gjpRl%o�gjbqp¸g o�i�r` ���,¼�}R}	g o�g bqpRlm`j`j� « �q`jl%|�rHlmpR}¸|�rz�Rrt�o�g bqpRi���|�bq�
i�kx|���lmt�ri�tz`jbqisr�osb¡o�uxr�bm{°rp^rpR}�bm��o�uxr�o�kx��r�bhtztzlmi�g bqpRlm`j`j��|�ri�kR` o�gjp�o�uxr�{R|�risrpRt�r�bm��bqkxo�`ng rz|�iz�

_xbm|�ewgni�kRlm`jgji�l%o�g bqp.{	kx|�{�bqisri6o�uxr �	|�iso?{R|�bm�N` r� bm�µkRpRt�bm|�|�r`nl%osr}I}Rl%o�l�}RkRr osb�o�uxr
osrz|��^gnpRl%o�g bqp�gj�:l%�mr=gji§rlmi�gj` �µ}xrlm` o¡c�g o�uµ�w�±|�r��bdehgjpx�,o�uxr^b%��rpR}Rgjpx�,l%|�rl³t�bq��{N` rzosr` �L�+�
isrzoso�gjpR��o�uRr�emr` bhtzg o��:bm�¦rlmt�u�emrt�osbm|�c�gjo�uRgjp^o�uRr�{R|�bm�	` r�.l%|�rl�osb�ûzrz|�bx��_xbm|�o�uxr§tzlm`jtzk	`jl%o�g bqp
bm��embm|�o�gjtzg o�� « uRbdc´rzemrz| « o�uRgji¡l%{R{	|�bqlmt�u¸tzlmp�|�ri�k	` o¡gjpµuRg �qu	` �³b�emrz|�riso�gj�^l%osr}6��rlmi�kx|�r��rp+o�i
}Rkxr2osb=o�uxr�t�|�rl%o�g bqp,bm��emr` bhtzg o����m|�lm}Rg rp+o�i�c�uRgjt�u,�^l�³bm|²�^ld�³pxbmo��°r�{R|�risrp+o�gnp'o�uxr�|�rlm`
�Rb�c¡�6£�p?o�uRr�{R|�risrp+o^i�g o�kRl%o�gjbqp·gjo^gji�e�lm`ngj}·osb�t�bq��{	` rzosr`j��|�r��b�emr,isbq�^r�bm��o�uxr'}	l%o�lµ�+�
ûzrz|�bqgjpR��o�uxr$emr` bhtzg o��Ní�gjp=|�rz�qg bqp	i�c�uRrz|�r�o�uRr²o�kR�°r�c´lm`n`ji�l%|�r$`jbwtzl%osr}�g o´gji�pRl%o�kx|�lm`Nosb�isrzo�o�uxr
emr` bhtzg o½�¶osb=ûzrz|�b:}Rkxr§osb=o�uxr2pxb^i�`jg {'t�bqpR}Rgjo�g bqp���¤�bm|�o�gjtzgjo½��{R|�bh}RkRt�r}�l%o�o�uxr§r}x�mri²gj��{�bqisr}
�w��o�uxr�emr`jbwtzg o���ûzrz|�bqgjpx�¡l%o�o�uRr�o�kx��r´c�lm`j`R`jbwtzl%o�g bqp	i�gji�pxbmo�kRpR|�rlm`jgjiso�gnt « i�gjpRt�r�gjp�o�uxr�{	u+�hi�gjtzlm`
�Rb�c¨o�uxr2i�lm�^r¡emr` bhtzg o½�¶�m|�lm}Rgjrp�o�gji�{	|�risrp+o�}Rkxr$osb:o�uRr¡isbq`jgj}¶c�lm`j`ji�bm�ao�uxr§osrz|��:gjpRl%o�g bqp���£�p
o�uxr§|�rz�qgjbqp���rzo½c´rzrp�o�uxr§c�lm`j`ji « c�gjo�uRgjp=o�uxr¡is{	lmt�r2l%o�o�uxr§bm{�rp¶rpR}¶c�uxrz|�r¡pRb�emr` bwtzgjo½�¶}Rl%o�l
gji�lde�lmgn`jl%�	` r « o�uxr�tzlmisr$gji�pxbmo�lmi�i�gn��{	` rm��£�pRi�osrlm} « osb��^gjpRgj�:gjisr´o�uxr�lm}R}	g o�g bqp�bm�¾pxbqph¯�{Nu��hi�gjtzlm`
emr` bhtzg o½�:�m|�lm}Rg rp+o�i�}	l%o�l¡c�lmi´t�bm{Ng r}:��|�bq�  skRi�o�bqkxo�i�gn}xr�o�uxr�bm{�rp^rpR}=bm��o�uxr²o�kx��r�lmpR}HkRisr}
osbµ|�rz{	`nlmt�r�o�uxr��^gji�i�gnpx�,}Rl%o�l¶ skRi�o�gnpRi�gj}xr=o�uxr¶bm{�rp6rpR}��¸��uRgji�{R|�bht�r}Rkx|�rH|�ri�k	` o�i�gjp·o�uxr
��rlmi�kR|�r��rp+o�bm��l:�^gjpRgj�:lm`°lm�^bqkRp�o�bm��is{Nkx|�g bqkRi´embm|�o�gntzg o½�m�

¼²p���bqkxo�`jgjrz|�iagjp�o�uxr�ewgjtzgnpRg o½�2bm�No�uxr�bm{�rp�rpR}�gjp�o�uxr�`jbdcVlm��{	`ng o�kR}xr´¢�£�¤y��rlmi�kx|�r��rp+o�i
ü�kRisr}^osb2|�rz{R|�risrp�o�o�uxr�{�bmosrp�o�gnlm`R�Rb�c²ý�c´rz|�r��^lmpwkRlm`j`j�2|�r��b�emr}=lmp	}�|�rz{	`jlmt�r}:�+��os|�gnlm`RlmpR}
rz|�|�bm|¦c�g o�u¡pxrgj�qu���bqkx|�gnpx�´}	l%o�l�osb�lmt�u	g rzemr�l�|�ri�kR` o�c�u	gjt�u¡l%{	{°rl%|�r}¡��bm|�r�|�rlm`ngjiso�gjt%����uRgji�c�lmi
}xbqpxr���rtzlmkRi�r�lmp���i��^lm`j`hgj�^{°rz|���rt�o�g bqp	i�gnp�o�uRgji�}Rl%o�l¡t�bqk	`j}�|�ri�kR`jo�gjp�i�{	kx|�g bqk	i�|�ri�kR` o�i�c�uRgnt�u
c´bqkR`j}�t�bqpRisrvwkxrp+o�` �H�°r§lm��{N`jg �Rr}Hi�g �qpRgj�	tzlmp�o�`j�:gjp�i�tzlm`jgnpx��osb:uRg �quxrz|�lmt�bqkRi�o�gjt¡lm��{	`ng o�kR}xriz�

��¯ ¨ ¯ ¨ î%°�©-±U¬T©G®³²�Êh�*±UÊ³°�Ç[®±©��ÌÈ´±UÊ¶µ~÷bîbïð
¼²i�{R|�rzehg bqkRi�` ��i�o�l%osr} « o�c�b���rzo�uRbw}Ri�osbLrze%lm`jkRl%osr�o�uxr¶{�bmosrp+o�gjlm`��RbdcIu	lemr���rzrp6kRisr}6gjp
o�uRgji�iso�kR}x�m����uxr2�	|�iso�bm��o�uRrisr « ��|�bq� uxrz|�r�bqp�c�l%|�}±osrz|���r},o�uxr�ï¾b�c¹¼²��{	`jgjo�kR}xr¡¢�bmosrp�o�gnlm`�³rzo�uxbw} ü�ï¦¼²¢_�Lý « kRisri�lµisrzo:bm��` b�cIemr` bhtzg o½�6lm��{	`jgjo�kR}xr¶¢�£�¤ ��rlmi�kx|�r��rp+o�i « �:lm}xr'l%o
osrp,{	uRlmisr2i�osrz{	i�o�ux|�bqkx�qu'o�uxr�lmt�bqkRiso�gjt�t��wtz`jr « osbHl%{R{R|�bd�hgj�:l%osr2o�uxr¡{�bmosrp+o�gjlm`¾�	bdc¹�Rr`j}���bm|
rlmt�uLbm��o�uxr�o�kR�°r�osrz|��^gjp	l%o�g bqpRiz�²��uxr�isbqkRpR}³{R|�ri�i�kR|�r�` rzemr`���rlmi�kR|�r}±c�g o�uRgjp'o�uxr�o�kR�°r�l%o
l³}	gjiso�lmpRt�r=bm�¡ì�� ¬ �^�U��|�bq� o�uxr:bm{�rp�rpR}�kRi�gjpx��o�uxrH¢BNY'Bos|�lmpRi�}RkRt�rz|�gji2l%{	{R|�b�xgj�^l%osr`j�
ì ú �w� ª }['²�h¼�o�o�uRgji�i�bqkRpR}�` rzemr`	o�uxr�lmt�bqkRiso�gjt�emr` bhtzg o½��lm��{	`ng o�kR}xr Ù � ü ¬ ý Ù ü�tzlm`jtzkR`jl%osr}:��|�bq�Bo�uxr
embq`jkR�^r�emr` bhtzg o��³��rlmi�kx|�r}±gnp³isrt�o�g bqpg�w� ú � ® �w�³}Rg ehgj}Rgnpx���+�³o�uxr�l%|�rl=bm��o�uxr�bm{�rp,rpR}Ný�gji
��rzo½c´rzrp ¬ �K� ú �^i§·I¦�lmp	} ¬ � ªmú �^i¸·I¦ « }Rrz{°rp	}Rgjpx��bqp¸c�uRgjt�u�o�kx��r^osrz|��^gjpRl%o�g bqp¸gji2k	isr} « lmpR}
pxrz�q`jgj�qg �	` r'embm|�o�gjtzg o½�ygji=bm�	isrz|�emr}���¼ isos|�rlm�^gnpx�¸emr`jbwtzg o����^l%{ « o�gj��r�¯½ldemrz|�l%�mr}¨b�emrz|'bqpxr
lmt�bqkRiso�gnt¡t��wtz`jr « gji�tzlm`jtzk	`jl%osr}���|�bq�Qo�uRgji�}Rl%o�l^lmpR}'gni�i�kx�Ros|�lmt�osr}���|�bq�Qrlmt�u,bm�ao�uxr¡emr` bhtzg o½�
�^l%{	i�l%o�rlmt�u:{	u	lmisr�isosrz{¾����uRgji�uxr` {Ni�osb2|�r�^bdemr$lmp��^kRp+c�lmp�osr}Htzg |�tzkR`nl%o�g bqpRiabm|���rlmp^�Rb�c

ì����
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{	l%ososrz|�pRi�o�u	l%o´c´rz|�r²bwtztzlmi�g bqpRlm`j` ��bm�Nisrz|�emr}¶gjp=o�uxr²`jbdc lm��{	`jgjo�kR}xr�¢�£�¤¨��rlmi�kx|�r��rp+o�i « }Rkxr
osb:t�bqp+emrt�o�g bqp±tzkx|�|�rp+o�i�lmi�{	|�rzewgjbqkRi�` �:}Rri�t�|�g ��r}�gjp�isrt�o�gjbqp ª � ú �jì%�

��uxr�|�rz��rz|�rpRt�r�{�bmosrp+o�gjlm`�lmt�bqkRi�o�gjt�emr` bhtzg o½�$�Rr`n}:�� ü+��ý�l%o�l�isbqkRp	}${R|�ri�i�kR|�r�` rzemr` Ó�ÔF² ü+��ý «
c�uRrz|�r(�¶gni�lmp:gjpR}xr��2osb§o�uRr�r��w{�rz|�gj�^rp�o�lm`h��rlmi�kR|�r��rp+o�isrzo « gji�o�uxrp^bm�Ro�lmgjpxr}��w��lmi�i�kR�^gjpx�
l�`jgjpxrl%|�|�r`jl%o�g bqpRi�uRg {���rzo½c´rzrpHemr` bwtzgjo½�:lmpR}:{R|�ri�i�kx|�r�lm��{N`jg o�kR}xri�lmpR}=��kR` o�gj{	` �hgjpx�$o�uxr�`jbdc
lm��{N`jg o�kR}xr§ü�{�bmosrp�o�gnlm`�ýa��rlmi�kR|�r��rp+o��+��l¡i�tzlm`jgjpx�§��lmt�osbm|(»´ü+��ý�����uRgni�i�tzlm`jgjpx�§��lmt�osbm|�|�r`jl%osri
osb�o�uxr�gjpRt�|�rlmisr¡gnp�}['y�°rzo�c�rzrp'o�uxr2` b�c~lmpR}�uRg �qu�lm�^{	`jg o�kR}Rr�ü�pxbqpx¯½`jgjpxrl%| ý���rlmi�kx|�r��rp+o�izí

»´ü+��ý µ ì ¬ ß\à�á�¼¾½§¿�À�ßàKá�¼ ã ¿â ã ü��+���mý

c�uRrz|�r Ó�Ô(² ü ¬ ý¾gji¾o�uxr�isbqk	pR}§{R|�ri�i�kx|�r�` rzemr`�bm�ho�uxr�` b�c¸lm��{N`jg o�kR}xr�ü�{�bmosrp+o�gjlm`�ý��^rlmi�kx|�r��rp+oz�
��u	gji´�qg emri���bm|�o�uxr¡|�rz��rz|�rp	t�r¡lmt�bqkRiso�gjt§emr`jbwtzg o��¶�Rr`j}�í

�� ü+��ý µ »´ü+��ýÁ�� ü ¬ ý ü��+�Z�qý

c�uRrz|�r��� ü ¬ ý�gni�o�uxr'{�bmosrp+o�gjlm`�emr` bhtzg o½�6�Rr`n}?��rlmi�kx|�r}ºl%o:` bdc lm��{	`jgjo�kR}xrm�dê��xlm��{	` r'`jbdc
lm��{N`jg o�kR}xr$¢�£�¤¹|�ri�kR` o�i�l%|�r2i�uxb�c�p'gjp¶�R�qkR|�ri ª � ® lmpR} ª � ú �

��¯ ¨ ¯�Â îP°�©�±º¬�©G®�²OÊh�*±UÊ�°�Ç[®±©��E�°�µÃ±UÊ�÷bîç®¶Ä\©-°�¬�®WÇ±ø^°UË
��uRr�isrt�bqpR}H��rzo�uxbh}:bm�¾}Rrzosrz|��^gjpRgnpx�§o�uxr�{�bmosrp+o�gjlm`N�Rr`j}^kRi�ri�l�i�gj��{	`jr���bw}Rr`	gjp:c�uRgjt�u�o�uxr
�Rb�c �Rr`j}¶l%o�o�uxr$bm{�rp¶rpR}¶bm��o�uxr§o�kx��r$gji�l%{R{R|�bd�hgn�^l%osr}¶�+�Ho�uxr$�Rb�c~l%��bdemr2lmp¶bqi�tzgn`j`jl%o�gjpx�
{	gnisosbqp¸`jbwtzl%osr}?gjp¸o�uxr¶{	`jlmpRr:bm��o�uRrHbm{�rp·rpR}·c�g o�u¸o�uxr¶i�lm��r¶|�lm}RgnkRiÀÉ¸lmi�o�uxr¶o�kx��rm��¼
{	gnisosbqp^tzlmp=�°r��^l%o�uxr�^l%o�gjtzlm`n` ��|�rz{R|�risrp+osr}^�w�^lmp:l%|�|�l��bm�¾lmt�bqkRi�o�gjt�{�bqgjp+o�isbqkx|�t�ri�` bhtzl%osr}
gjp�l�tzgj|�tzkR`jl%|�{	`nlmpxrm��_xbm|�rlmt�u'{�bqgjp+o�isbqkx|�t�r§o�uRr¡emr` bhtzg o½�¶�Rr`j}¶gjp¶o�uR|�rzr�¯½}Rgj��rp	i�g bqpRi�tzlmp���r
tzlm`jtzk	`jl%osr}'kRi�gnpx��o�uxr§��bq`n` bdc�gnpx��rv+kRl%o�gjbqp�ð ¢�g rz|�t�rÀ�hì ñ í

�� µ Å ü Ô ý
®%ë�Ù V Ù � �V ü��+� ì ý

c�uRrz|�rY�V(µ $Æ�ù   � �%�ù ¡ �KÇ �ù � gji�o�uxr�emrt�osbm|�}Rgji�{	`jlmt�r��rp+o���|�bq� l¡{�bqgjp+o�isbqkR|�t�r�` bhtzl%osr}=l%o�o�uxr
bm|�gj�qgjp�osb¶lmp±l%|��	g os|�l%|��¶{�bqgjp+o�gjp³o�ux|�rzr�¯½}Rgj�^rpRi�g bqpRlm`¦is{	lmt�rm����uxr�}Rgniso�lmpRt�r2��|�bq�<o�uxr�isbqkx|�t�r
gji�o�uxrp Ù V Ù µwÈ $ Ì � � Ì �8Ç Ì c�uxrz|�rÉ$ « �¶lmp	} Ç l%|�r�tzl%|�osri�gnlmp,t�bwbm|�}Rgjp	l%osri�bm�ao�uxr2{�bqgjp+o�gjp
vwkxriso�g bqp�lmp	}s�ù   « �ù ¡�lmpR}��ù � l%|�r2kRp	g o�emrt�osbm|�i�gjp'o�uxr�$ « �¶lmpR} Ç }Rg |�rt�o�g bqp	iz�

��uxr§embq`jkR��r§emr`jbwtzg o�� Å ü Ô ý�bm��o�uRr¡isbqkx|�t�r2gni��qg emrp'�w�Ní

Å ü Ô ý µ Ù Å Ù i�gjp¾ü � ´JÔ �V&lÊ ý ü��+�jì ¬ ý

c�uRrz|�r Ù Å Ù gni§embq`jkR��r�emr`jbwtzg o��µlm��{	`jg o�k	}xr�bm�´o�uRr:isbqkx|�t�r «�& Ê gji « gnpµo�uRgji§iso�k	}x� « o�uxr:{	uRlmisr
bm��o�uRr�embq`nkR��r�emr` bwtzgjo½�,�^rlmi�kx|�r��rp+o$o�l%mrpL��|�bq�<o�uRr�`jbdcBlm��{	`jgjo�kR}xr2¢�£�¤ �^rlmi�kx|�r��rp+o
ì����



��ÿ �qÿI¼@�"	23�5�ºÀø��%v���Ç���0�¸¹��\ø¹D ø>��ÀI»�7a¼BËP�`1[ø
lmpR} � ´ gji�o�uxr�|�lm}	gjlmp���|�rv+kRrpRt���bm��o�uxr�isbqkR|�t�rm����uxr�e%lm`jkxr�bm� Ù Å Ù c�lmi´l%|��	g os|�l%|�gj` ��t�uxbqisrpHlmi
ì§gjpHo�uxr¡tzlm`jtzk	`jl%o�g bqp�i�gjp	t�r$i�kx�	isrvwkxrp+o�pRbm|��^lm`jgji�l%o�g bqp¶lmpR}�i�tzlm`jgjpR��{	|�bwt�r}	kx|�ri���rlmp+o�o�uRl%o
o�uxr§e%lm`jkxr¡t�uxbqisrp'c�lmi�pRbmo�gj��{�bm|�o�lmp+oz�

��uRr·{	|�bwt�r}	kx|�r6bm�=tzlm`jtzk	`jl%o�gjpx�8o�uxr?emr` bhtzg o�� �Rr`n} ��bm|�l i�gnpx�q` r·{°bqgnp�oµisbqkx|�t�rVkRi�gjpx�
rvwkRl%o�g bqp^�+� ì c´lmi�r��hrtzkxosr}�gjp¶�,l%o�`jl%�¾��¼ o�uR|�rzr�¯½}Rgj��rp	i�g bqpRlm`	�m|�gj}Hbm�¦��rlmi�kR|�r��rp+o´{�bqgjp+o�i
c�lmi�kRisr}�c�gjo�u�o�uxr�i�lm��r��m|�gn}�is{	lmtzgjpx�§lmi�o�uRr�¢�£�¤ºemrt�osbm|��^l%{^}Rl%o�lh����uxr�{	`nlmpxr�bm�No�uxr�¢�£�¤
}Rl%o�lHc�lmi²k	isr}³osb�}xrz�Npxr2o�uxr��w¯��'{	`jlmpRr « o�uxr�{	gji�osbqp,i�kR|���lmt�r�gji�o�uxrpLgjp,o�uxr2�w¯�û�{	`jlmpxr�lmpR}
o�uxr��+¯�û�{N`jlmpxr�gji²o�uxr�|�r�^lmgjpRgnpx�:{	`nlmpxr�|�rv+kRgj|�r}³osb'}Rrz�	pxr�o�uxr�tzlm`jtzkR`jl%o�g bqp±embq`jk	��r¶ü��	�qkx|�r�+�jìdý��

z

x

y

Piston surface

PIV measurement plane

a

−a

_ag �qkx|�r*�+�jì%í © t�uxr�^l%o�gnt�i�uRbdc�gjpR��o�uxr2bm|�gjrp�o�l%o�g bqp,bm��|�rz��rz|�rpRt�r�{	`jlmpxri�k	isr}³gjp³o�uxr¡{	gnisosbqpRgjt
��bh}xr`j`jgnpx��{	|�bwt�r}	kx|�rm�

��uRr¡` bwtzl%o�gjbqp�bm��o�uRr¡{	gjisosbqp�gnp¶o�ux|�rzr�¯½}Rgj�^rpRi�g bqpRi�c�lmi�}xrz�Npxr}�lmi���bq`j` b�c�iz����uxr§emrz|�o�gjtzlm`
{�bqi�g o�g bqp���bm|�o�uxrµ{	gjisosbqpyc�lmi't�uRbqisrp �	lmisr}8bqp8o�uRrµr��w{�rz|�gj�^rp�o�lm`$tzlmisrµosb?��rµ��bh}xr`j` r}
}xrz{�rpR}Rgnpx�'bqp6o�uxr¶{�bqi�g o�g bqp	lm`�|�rvwkRg |�r�^rp�o�i�bm��o�uRr¶¢�£�¤ }Rl%o�l±��bm|�rlmt�u?osrz|��^gnpRl%o�g bqp6lmpR}
isbqkRp	}^` rzemr`�����uxr��m|�gj}^`jbwtzl%o�g bqp	i�bm��o�uxr�bqkxosrz|�r}R�mri�bm��o�uxr�{	gjisosbqp:c�rz|�r²gj}xrp+o�g �Rr}^gnp�o�uxr��w¯
��{	`jlmpxr��w���^rlmi�kx|�gjpR�²o�uRr�{�bqi�g o�g bqpRiabm�°o�uxr�gnpRpxrz|�r}x�mri�bm�No�uxr�o�kx��r�osrz|��^gjpRl%o�gjbqpRia��|�bq�Bo�uxr
|�ldcy¢�£�¤¨gj�:l%�mriz��_x|�bq�.o�uRgji�o�uxr�`jbwtzl%o�g bqp=bm��o�uxr$t�rp�os|�lm`°l��xgji�c´lmi�}xrzosrz|��:gjpxr}��a��uxr²}xrz{Ro�u
bm��o�uRr�tzlm`ntzkR`jl%o�g bqpLembq`jk	��r'ü�gjp±o�uxr�û�¯½}Rg |�rt�o�g bqp°ý�c�lmi¡t�uxbqisrpLosb���r�rv+kRlm`�osb�o�uxr�}Rgnlm��rzosrz|
bm��o�uxr¡bm{�rp�rpR}�lmpR}'r��wosrpR}³��|�bq� ¯¹É:osb É	�

��uRr²o�uR|�rzr�¯½}Rgj��rp	i�g bqpRlm`Nemr` bhtzg o½�H�Rr`j}¶l%��bdemr¡l�tzg |�tzkR`jl%|�{	gjisosbqpHc�lmi�o�uxrp�tzlm`jtzk	`jl%osr}¶�+�
o�uxr^i�k	�^�^l%o�g bqpLbm��l'isrz|�gjri$bm��i�gjpx�q` r�{�bqgjp�o¡i�bqkx|�t�ri¡gjpLo�uRr�{	`jlmpxr�bm�´o�uxr^bm{�rpLrpR}µbm�´o�uxr

ì�� ì
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o�kx��r´c�g o�u�bm|�gj�qgjpRial%o��m|�gj}�` bhtzl%o�g bqpRi�` ri�iao�uRlmp�bqpxr�o�kx��r�|�lm}Rgjk	i���|�bq�Eo�uxr�t�rp+os|�lm`Rl��xgjiz�Wê�lmt�u
{�bqgjp+o�i�bqkx|�t�r�uRlm}�l²emr` bwtzgjo½���Rr`j}�}xrz�	pxr}��w�2rvwkRl%o�g bqpX�+� ì c�g o�u Å µ ì´��bm|�i�gn��{	`jgjtzgjo½�m�p�$p	` �
o�c�b%¯½}Rgn��rpRi�g bqp	lm`�emr` bhtzg o½�¸}Rl%o�l,gnp�o�uxr=�+¯���{	`jlmpxr^o�uR|�bqkx�qu¸o�uxrHt�rp+os|�lm`�l��xgjiHü�û µ ¬ ý§c�lmi
pxrzr}Rr}'osb=t�bm|�|�ris{�bqpR}�osb=o�uxr�¢�£�¤B}Rl%o�lh����uxr2|�r�^lmgjpRgnpx�^}Rl%o�l^c�lmi�o�uRrz|�rz��bm|�r�}Rgji�|�rz�ql%|�}xr}
osb:i�{°rzr}³kx{'o�uxr2tzlm`ntzkR`jl%o�g bqp��´¼�`nisb « o�uxr¡û�¯½t�bq�^{°bqpRrp�o�bm��emr`jbwtzg o���gji�ûzrz|�b=�+�¶is�h�^��rzos|���gjp
o�uxr$�w¯��¶{	`jlmpxr§lmpR}³isb^g o�i�tzlm`jtzk	`jl%o�g bqp�c�lmi�kRp	pxrt�ri�i�l%|��m�

¼¹i�gjpR�q` r$emrt�osbm|$�:l%{³i�uxb�c�gjpx���Rb�c lc�l����|�bq�Qo�uRr¡{	gjisosbqp¶|�ri�kR` osr}¶��|�bq�Qo�uRgni�{R|�bht�ri�iz�
��uRr2{	gji�osbqpRgjt¡emr`jbwtzg o��³�Rr`n}³c�lmi²o�uxrpLpxbm|��^lm`jgnisr}'�w�,}Rgjewgj}	gjpx���+�,o�uxr��^l��hgn��kR�<emr` bhtzg o½�
�^l%�qp	g o�kR}xr�c�g o�uRgjp³o�uxr�}Rl%o�l¶isrzo$osb'lm`j` bdc¹o�uxr�}Rl%o�lHosb¶��r�i�tzlm`jr},osb¶o�uxr�|�rvwkRg |�r}'emr` bhtzg o½�
lm��{N`jg o�kR}xrm��£�o�c´lmi�t�uxbqi�rp�osb$i�tzlm` r´o�uxr�{	gjisosbqpRgnt�}Rl%o�l�osb²t�bm|�|�ris{�bqpR}¡osb²o�uxr�ldemrz|�l%�mr�emr` bhtzg o½�
b�emrz|�o�uxr=bm{�rp·l%|�rl,bm��o�uxrHo�kx��r=gjp¸` bdcQlm��{	`ng o�kR}xr:¢�£�¤I�^rlmi�kx|�r��rp+o�iz�L¼Ii�gjpwkRisbqgn}Rlm`j` �
bqi�tzgn`j`jl%o�gjpx��o�gj��r�isrz|�gjri�bm�°{�bmosrp�o�gnlm`+emr`jbwtzg o����	r`j}�}Rl%o�l$c´lmiao�uRrp�tzlm`jtzkR`jl%osr}��w����kR` o�g {N` �wgnpx�
o�uxr�pxbm|��^lm`ngjisr}'lmpR}±i�tzlm` r}±}Rl%o�l=�+��rvwkRl%o�g bqpg�+�jì ¬ o�l%wgnpx�Hgnp�osbHlmtzt�bqkRp�o$o�uxr�{	uRlmisr�bm��o�uxr
t�bm|�|�ris{�bqpR}Rgjpx�§¢�£�¤ ��rlmi�kR|�r��rp+oz�a��uRgji�rpRi�kx|�r}�o�uRl%o�o�uxr���bh}xr`j` r}:}Rl%o�l§|�rz{R|�risrp�osr}:o�uxr
i�lm�^r�osrp�o�gj��r�i�osrz{	i¦o�uR|�bqkx�qu¡o�uRr´lmt�bqkRi�o�gjt�t��htz` r�lmi¦o�uxr´` bdc6lm��{	`ng o�kR}xr�¢�£�¤V��rlmi�kx|�r��rp+o�iz�N´�h`jgjp	}x|�gjtzlm`Ri��w�^�^rzos|��:c�lmi�o�l%mrp'gjp+osb^lmtzt�bqkRp+o���bm|�o�uxr$embm|�osr��'isbqkRpR}¶tzlm`jtzkR`nl%o�g bqp�lmpR}Ho�uxr
��kR`j`°�Rr`j}�}	l%o�l�c´lmi�|�r}RkRt�r}��w�¶uRlm` ���

��uxr�i�lm�^r²i�tzlm`ngjpx�2��rzo�uRbw}=��bm|�uRg �qu=lm��{	`jgjo�kR}xr�{�bmosrp+o�gjlm`	emr`jbwtzg o��^�Rr`j}	i�c´lmi�kRi�r}=lmi�gji
}xri�t�|�g ��r}¶gjp�isrt�o�g bqp®�+� ® � ®w« c�g o�u�i�tzlm` r¡��lmt�osbm|�i��qg emrp'�+�Hrv+k	l%o�g bqpRi��+����lmpR}®�+�Z�w�

���w{	gjtzlm`�|�ri�kR` o�i�bm��o�uxr¶{	gjisosbqpRgnt^�Rb�cI��bw}Rr`j`jgjpx�³{R|�bht�r}Rkx|�r¶l%|�r�i�uxb�c�p6gjp·�R�qkx|�ri ª �K�
lmpR} ª � ª ��¼²i�}Rgji�tzkRi�isr}�gjp�i�rt�o�g bqp ª � ú �jì « o�uxr¡{	gnisosbqpRgjt²{�bmosrp�o�gnlm`��Rbdc¹��bh}xr`�l%{R{�rl%|�i�osb^��r
lH�mbwbw}L|�rz{	|�risrp+o�l%o�g bqpLbm��o�uxr��	bdc�l%o§o�uxr�bm{�rp±rpR}Lbm��l¶o�kx��r�l%o§o�uxr�` bdc´riso¡lm��{N`jg o�kR}xri
��rlmi�kx|�r}�kRi�gnpx��¢�£�¤¹gjp¶o�u	gji�iso�kR}R�m�

yÇï�ð Snò>T°]9i�f/Toehc%Ì�ÌÍa:TIû�]*TtTDaÎj#c
£�p6o�uRgji�isrt�o�g bqpVembm|�osr��VisbqkRpR}6|�ri�kR` o�i���bm|�o�ux|�rzr'��rlmi�kR|�r��rp+o:l%|�rlmi^l%|�r�{	|�risrp+osr}Vlmi^l
��kRpRt�o�g bqp,bm��lm��{N`jg o�kR}xr���bm|$rlmt�uµbm��o�uxr�{�bmosrp�o�gnlm`��^bw}xr`ni²k	isr}��§��uxr�e�l%|�gjl%o�g bqp±c�g o�u,o�gj��r
c�gn`j`��°r^}	gji�tzkRi�i�r},��bm|2o�uRr:is{�rtzg �	t�tzlmisr=bm�´o�uRr:þ µ ¬ �:�Zosrz|��^gnpRl%o�g bqp��^_agjpRlm`n` � « t�bqp+osbqkx|
�^l%{Ni:i�uxb�c�gjpx��o�uxr,is{Nl%o�gjlm`�}Rgnisos|�g �	kRo�g bqp·bm�¡embm|�osr���isbqk	pR}?{�bdc´rz|Hlmi¶g o:rzembq` emriHbdemrz|¶o�uxr
t�bqkx|�isr§bm��lmp'lmt�bqkRiso�gjt2t��wtz` r�l%o�l�i�gjpx�q`jr¡isbqkRpR}�` rzemr`¾c�gj`j`N��r§{R|�risrp+osr}��

��uxr�embm|�osr���i�bqkRpR}¶tzlm`jtzkR`jl%o�gjbqp={	|�bwt�r}	kx|�r$}xri�t�|�g ��r}¶gjp¶isrt�o�g bqp��+� ® �jì¡c´lmi�|�rz{°rl%osr}¶��bm|
o�uxr�o�c�b���rzo�uxbh}Ri�bm�°|�rz{R|�ri�rp�o�gjpR�§o�uxr�{�bmosrp�o�gjlm`Remr` bwtzgjo½���Rr`j}���bm|�rlmt�u=bm�°o�uxr�osrz|��^gnpRl%o�g bqpRi
lmpR}�isbqkRp	}�` rzemr`ni�iso�k	}Rg r}�����uxr�`jrzemr`+bm�NisbqkRpR}2{°b�c�rz|a{R|�bw}Rk	t�o�g bqp¡bm|�l%�	isbm|�{Ro�g bqp��+�¡embm|�o�gjt�ri
gjp=o�ux|�rzr¡l%|�rlmi�bm�¦o�uxr§�	bdc c�lmi�o�uxrp�t�bq��{	l%|�r}¾����uxrisr$o�ux|�rzr$l%|�rlmi�l%|�r¡gjpR}	gjtzl%osr}¶lmi�l%|�rlmi
ì « ® lmpR} ú gjp��R�qkx|�r��+� ® ��¼�|�rl:ì�gji�o�uxr�rp�o�gj|�r�|�rz�qg bqp:bm��o�uxr��^rlmi�kx|�r}=}Rl%o�l2lmpR}=isb�gnpRtz`jkR}xri
��bmo�u¶l%|�rlmi ® lmpR} ú ��¼�|�rlmi ® lmpR} ú l%|�r$i�{	l%o�gjlm`j` �=gjpR}xrz{�rpR}xrp+o���|�bq� rlmt�u�bmo�uxrz|�lmpR}Hc´rz|�r
t�uxbqisrp¶l%��osrz|�gjp	is{�rt�o�g bqp�bm�¾embm|�osr��H{�bdc´rz|´t�bqp+osbqkx|��^l%{	i�|�rzemrlm` r}¶is{Nl%o�gjlm`j` ��}Rgji�o�gjpRt�o�embm|�osr��
ìv� ¬
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{�bdc´rz|:��ruRldewg bqkR|:gjp?rlmt�uº|�rz�qgjbqp « ��bqiso=pRbmo�l%�	` �·��bm|=o�uxr,i�`ng �qu�o�`j���	lmpx�mr}ºosrz|��^gjp	l%o�g bqpRiz�
¼�|�rl ® tzlmp¸��r^t�bqpRi�gj}xrz|�r}Losb³|�rz{R|�risrp�o2��|�rzr=is{	lmt�r^c�gjo�u�pxb�bm{R{�bm|�o�kRp	g o½�,��bm|�gjp�osrz|�lmt�o�g bqp
c�g o�u�i�bq`jgj}���bqkRpR}Rl%|�g riz��¼�|�rl úw« t�bqp�emrz|�isr` � « |�rz{R|�risrp+o�i�lmp=l%|�rl¡is{	l%o�gnlm`j` �2|�risos|�gjt�osr}�bqp:bqpxr
i�gj}Rr¡�+�,isbq`jgj}³c´lm`j`ni�lmpR},r}x�mriz�$��uxr�embm|�osr��,{�bdc´rz|$gjp'rlmt�uLbm��o�uxrisr�l%|�rlmi²c´lmi$tzlm`jtzk	`jl%osr}
�w�H`jgn�^g o�gjpx��o�uxr¡i�k	�Igjp¶rvwkRl%o�g bqp®�+� ª osb:o�uxr¡��bqkRpR}Rl%|�g ri�}xri�t�|�g �Ngjpx��rlmt�u³l%|�rlh�
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_ag �qkx|�r��+� ® í�¤�bm|�osr��·i�bqkRpR}��^rlmi�kx|�r��rp+o�l%|�rlmiz�,¼�|�rl·ì:rpRt�bq�^{	lmi�isri�o�uxr=c�uxbq` r^emrt�osbm|
�Rr`j}¾��¼�|�rl ® |�rz{R|�risrp+o�i�lmp,l%|�rl^bm�a��|�rzr�i�{	lmt�rm��¼�|�rl ú gji�lmp³l%|�rl:�°bqk	pR}xr}¶�w�¶l:c´lm`n`�bqp
bqpxr§i�gj}Rrm�a��uxr$�m|�rz�=l%|�rl�|�rz{R|�risrp+o�i�o�uxr${�bqi�g o�g bqp=bm�¦o�uxr$o�kx��r²c´lm`n`�����uxr$�	`jlmpx�c�uRg osr$l%|�rl
|�rz{R|�risrp�o�i�o�uxr¡o�kx��r$bm{�rpRgjpx����bm|�c�uRgjt�u¶o�uxrz|�r2gni�pxb:}Rl%o�lh�

��uRr±pxbm|��^lm`jgjisr}�lmt�bqkRiso�gjt±|�ri�gjiso�lmpRt�r±c´lmi¶o�uRrpytzlm`ntzkR`jl%osr}y��|�bq� o�uRr±ldemrz|�l%�mr�{�bdc´rz|
bdemrz|$bqpxr�lmt�bqkRiso�gnt�t��htz` r�k	i�gjpx�^rvwkRl%o�g bqp ® �Z� ú lmpR}³{N` bmososr}³��bm|²rlmt�uL��rlmi�kx|�r��rp�o$l%|�rlHlmi
lH��k	pRt�o�g bqp±bm��o�uxr^`ngjpxrl%|$lmt�bqkRiso�gjt�emr` bhtzg o��±lm��{N`jg o�kR}xr Ù � � � Ù lmi¡riso�gj�^l%osr}µkRi�gjpx�Ho�uxr�¢BNY'
�^gjt�|�bm{	uxbqpxr�Ì��g'��¸{R|�risrp+o�gjpx�,o�uxrH|�ri�kR` o�i�gjp¸osrz|��^i�bm��l±pxbm|��:lm`jgjisr}¸lmt�bqkRiso�gjtH|�ri�gniso�lmpRt�r
l:t�bq�^{	l%|�gjisbqp³c�g o�u�o�uRr2osrz|��^gnpRl%o�g bqp'gj�^{°r}	lmpRt�r§�	pR}Rgnpx�qi�bm��o�uxr2{	|�rzewgjbqkRi�t�u	l%{Rosrz|�ü��	�qkx|�r�w�jì��qý�tzlmp³��r2�^lm}Rrm�Yê�v+k	l%o�g bqp ® �Z� ú c´lmi²lm`jisb:k	isr}'osb=rze�lm`jk	l%osr2o�uxr�lmt�bqkRiso�gjt2|�ri�gjiso�lmp	t�r2gjp
rlmt�u��^rlmi�kx|�r��rp+o�l%|�rl�lmi´l���kRpRt�o�g bqp:bm�¾o�uxr²o�gj��rm����uRgni�lm`j` b�c�i´l2�mrpxrz|�lm`Nr��xlm�^gjp	l%o�g bqp:bm�
o�uxr§{�bdc´rz|�os|�lmpRi��^gji�i�g bqpHosb:lmpR}���|�bq�Qo�uRr¡lmt�bqkRiso�gjt§�	r`j}�lmi�o�uxr¡lmt�bqk	iso�gjt¡t��htz` r¡{R|�bm�m|�ri�isriz�â¶Ð ��¢��4���
�H�¡ ¡�
�<�`¢t�2£<�2�
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��uRr²|�ri�kR` o�i�bm�ao�uxr¡pxbm|��^lm`jgjisr}¶lmt�bqkRi�o�gjt§|�ri�gniso�lmpRt�r¡tzlm`jtzkR`nl%osr}'kRi�gjpR��embm|�osr���i�bqkRpR}¶o�uxrzbm|��
��bm|�rlmt�u³bm��o�uRr¡o�ux|�rzr¡��rlmi�kx|�r��rp+o�l%|�rlmi�l%|�r§�qg emrp³gnp=�	�qkx|�ri��+� ú osb¶�+� ª lmi�l���kRpRt�o�gjbqp¶bm�
o�uxr�`jgjpRrl%|�lmt�bqkRiso�gnt�emr`jbwtzg o��³��bm|$rlmt�uLbm��o�uRr��Remr�o�kx��r�osrz|��^gjpRl%o�gjbqpRi�i�o�kR}Rg r}·ü��R�qkx|�ro�x�Z�qý��
��uRrz|�r§gji�pxbmo�l%�	`j�H}Rg �°rz|�rp+o���ruRlehg bqkx|�gjp'rlmt�u'bm�ao�uxr¡}	g!�°rz|�rp�o�|�rz�qgjbqpRi�bm��o�uxr¡�Rb�c¨�Rr`j}��
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_ag �qkx|�r �+� ú í�¼²t�bqkRiso�gnt^|�ri�gniso�lmpRt�r:lmi�l'��kRpRt�o�g bqpµbm��o�uRr:lmt�bqkRiso�gjt:emr` bhtzg o½��lm��{N`jg o�kR}xr Ù � � � Ù
¯�¼�|�rl±ì%����uxr2|�ri�kR` o�i�bm��o�uxr�embm|�osr��,isbqkRpR}±tzlm`jtzkR`nl%o�g bqp³kRi�gjpx�^o�c�b�}xrzosrz|��:gjpRl%o�g bqpRi�bm��o�uxr
{�bmosrp+o�gjlm`��Rr`j}�í�ü�ç³ý�¢�£�¤¹}	l%o�l ( ü¶ã�ý�¢�gjisosbqpRgjt²{�bmosrp+o�gjlm`¾��bh}xr`��

��uxr�|�ri�kR` o�i��qlmgjpxr}Hgjp:l%|�rl¶ì�ü��R�qkx|�rP�+� ú ý�i�uxb�cyo�u	l%o�o�uxrz|�r²gji´l�pxrzo´lmt�bqk	iso�gjtzlm`�` bqi�i´}Rkxr
osbLl³os|�lmpRis��rz|�bm��lmt�bqk	iso�gjtzlm`�rpxrz|��m�¸gjp�osb,�mrpxrz|�l%o�g bqp6bm��embm|�o�gjtzg o½�¸bdemrz|�o�uxr¶lmt�bqkRiso�gnt=t��htz` r
c�uRrpµo�uxr:rp+o�g |�r=��rlmi�kx|�r�^rp�o�l%|�rl³gji2o�l%mrp¸gnp�osb³lmtzt�bqk	p�oz�³��uxr^|�l%osr=bm��lmt�bqkRiso�gjtzlm`�` bqi�i
tz` rl%|�` �·}Rrz{°rp	}Ri�bqp��°bmo�uVo�uxr³�mrzbq��rzos|��Vbm�§o�uxr³o�kR�°r�osrz|��^gjpRl%o�g bqp�lmpR}Vbqpºo�uxr,lmt�bqk	iso�gjt
lm��{N`jg o�kR}xr²bm�ao�uxr¡iso�lmpR}	gjpx��c´ldemr�c�g o�uRgjpHo�uxr§o�kx��rm����uRr¡i�uRl%|�{'osrz|��^gjpRl%o�g bqp�gnpRtzkx|�i´rpxrz|��m�
` bqi�i�l%o�l2i�g �qp	g �	tzlmp+o�` ��uRg �quxrz|�|�l%osr²lmi�o�uxr²lm��{	`jg o�k	}xr�gji´gjpRt�|�rlmisr}:o�uRlmp=rlmt�uHbm�¾o�uxr��	lmpx�mr}
o�kx��riz�´��uxr¡|�l%osr2bm��gjpRt�|�rlmisr2lmpR},` rzemr`¾bm�ao�uxr�lmt�bqkRiso�gjt2|�ri�gjiso�lmp	t�r¡|�r}RkRt�ri���bm|�rlmt�u±bm�ao�uxr
�	lmpR�mr}?osrz|��^gjp	l%o�g bqpRi�lmi^o�uRr'|�lm}Rgjk	i�bm�§tzkx|�e�l%o�kx|�r�bm�²o�uRr³gjpRpxrz|�r}R�mr³gjpRt�|�rlmi�riz�º¼²i�o�uxr
emr` bhtzg o��Llm�^{	`jg o�kR}Rr�gnpRt�|�rlmisri§o�uRr:|�l%osr^bm��gjp	t�|�rlmisr^bm��lmt�bqkRiso�gntzlm`�` bqi�i¡gjpL�mrpxrz|�lm`�l%{R{�rl%|�i
osb�|�r}RkRt�rm����uxr�lmt�bqkRi�o�gjtzlm`�` bqi�i´}Rkxr�osb��mrpxrz|�l%o�g bqpHbm�¾embm|�o�gjtzg o��:l%{R{�rl%|�i�osb���r$pxrz�q`jg �qgj�	` r�gjp
ìv� ®
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o�uxr�tzlmisr^bm��o�uxr���bqiso§|�bqk	pR}xr},osrz|��^gjpRl%o�gjbqp��2£�o§gji²bm��pxbmosr�o�uRl%o§o�uRr�pRrzo¡lmt�bqkRiso�gjtzlm`�` bqi�isri
bdemrz|2o�uxr�lmt�bqkRiso�gjt�t��htz` r�}Rkxr�osb¶embm|�osr��±�mrpRrz|�l%o�g bqpLriso�gj�:l%osr}µkRi�gjpx�=embm|�osr��µisbqkRpR}±o�uxrzbm|��
l%|�r§lmp¶bm|�}xrz|�bm���^l%�qpRg o�k	}xr²i��^lm`j` rz|´o�uRlmp¶o�uxr§lmt�bqkRiso�gntzlm`�` bqi�isri�tzlm`jtzk	`jl%osr}�gjp=o�uxr§{R|�rzehg bqkRi
t�u	l%{Rosrz|��w�H}	g |�rt�o�gj��{�r}Rlmp	t�r$�^rlmi�kx|�r��rp+o�iz�

��uRrz|�r³l%{R{�rl%|�i:osb���r'�mbwbw}yl%�m|�rzr��rp+oHgnp?o�uxr,�:l%�qpRg o�kR}xri^bm�§o�uxr,` bqi�isri:tzlm`jtzk	`jl%osr}
kRi�gnpx��embm|�osr���isbqkRp	}µo�uxrzbm|��µc�gjo�uµ��bmo�u���rzo�uxbh}Ri¡bm��{�bmosrp+o�gjlm`��Rr`n}µriso�gj�^l%o�gjbqp « lm`jo�uxbqkx�qu
o�uxrz|�r¶l%|�r¶isbq��rHpxbmo�l%�	` r¶}Rg!��rz|�rpRt�ri�gjp�o�uRrH}xrzo�lmgn` r}���ruRldewg bqkR|�³��uxrH¢�gji�osbqpRgjt^{�bmosrp+o�gjlm`
��rzo�uxbh}H|�ri�kR`jo���bm|�o�uxr$o�kx��r²þåä ¬ �^� osrz|��^gjpRl%o�g bqp « ��bm|�r��hlm��{N` r « i�uxbdc�i��mb+bh}¶l%�m|�rzr��rp+o
��rzo½c´rzrp:��rzo�uRbw}Ri�gjp�o�uxr�` rzemr`Rbm��lmt�bqk	iso�gjtzlm`	`jbqi�i�kx{�osb�l%�°bqkRo_���^i ·I¦ ��¼���b�emr�o�uRgji�`jrzemr`xo�uxr
lmt�bqkRiso�gnt�` bqi�isri¡tzlm`ntzkR`jl%osr}µkRi�gnpx�¶o�uxr�{	gjisosbqp	gjt2{�bmosrp+o�gjlm`���rzo�uxbh}µl%|�r^��bm|�r�o�uRlmp�l¶��lmt�osbm|
bm��o�c�b'i��:lm`j` rz|²o�uRlmp±o�uxr�|�ri�kR` o�i²tzlm`jtzkR`nl%osr}±k	i�gjpx�=o�uxr�` bdcBlm��{	`ng o�kR}xr2¢�£�¤¥��rzo�uxbh}��¡��uxr
{�bqgjp+o�l%o�c�u	gjt�u:o�uxr�o�c�b���rzo�uxbh}Ri�}	g emrz|��mr�t�bqgnpRtzgj}xri�c�g o�u^o�uRr�emr` bhtzg o½�^lm�^{	`jg o�kR}Rr�l%o�c�uRgnt�u
o�uxr§os|�lmp	i�g o�g bqp¶osb^embm|�osr��³i�uxr}R}Rgnpx��bhtztzkx|�i�
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_ag �qkx|�r¶�+�K�xí�¼²t�bqkRiso�gjt:|�ri�gji�o�lmpRt�r:lmi�l'��kRpRt�o�g bqpLbm��o�uxr=lmt�bqkRiso�gjt:emr` bwtzgjo½��lm��{	`ng o�kR}xr Ù � � � Ù
¯�¼�|�rl ® ����uxr2|�ri�kR` o�i�bm��o�uRr�embm|�osr��LisbqkRpR},tzlm`jtzkR`jl%o�gjbqp,kRi�gjpx��o½c´b�}xrzosrz|��^gnpRl%o�g bqpRi�bm��o�uxr
{�bmosrp�o�gnlm`��Rr`j}�í�ü�ç'ý�¢�£�¤¹}Rl%o�l ( ü¶ã�ý�¢�gnisosbqpRgjt²{�bmosrp�o�gnlm`¾��bh}xr`��

N�`jrl%|¾rzewgn}xrpRt�r�bm�xisbqkRp	}${R|�bh}RkRt�o�g bqp$�w�$embm|�o�gjt�ri�gjp$o�uxr�|�rz�qgjbqp¡bm�h��|�rzr�is{	lmt�r�|�rz{R|�risrp+osr}
�w��l%|�rl ® tzlmp:�°r�i�rzrp:gjp��	�qkx|�r��+�K�x��¼8pxrz�ql%o�g emr�e�lm`nkxr�bm��o�uxr�lmt�bqkRi�o�gjt�|�ri�gniso�lmpRt�r�gjp	}Rgjtzl%osri

ìv� ú
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l�pxrzo�os|�lmpRis��rz|�bm�¾{�bdc´rz|�bdemrz|�o�uxr§lmt�bqkRi�o�gjt�t��htz` r$��|�bq�.o�uxr$embm|�o�gjt�ri�osb�o�uxr$lmt�bqkRiso�gjt²�Rr`j}Hgjp
o�uRgni�|�rz�qg bqp�����uRr��^l%�qpRgjo�kR}xr�bm��o�uxr²pxrzo�{R|�bw}Rk	t�o�g bqp^gjp=l%|�rl ® gji�tz` rl%|�` ��` ri�i�o�u	lmp:o�uRlmp:o�uxr
pxrzo§l%�	i�bm|�{Ro�g bqpLgjp±l%|�rlµì%� © bq��r�gjp+osrz|�riso�gjpx�H{�bqgjp+o�i²l%|�gjisr�bqp±r��hlm�^gnpRl%o�g bqpLbm��o�u	gji²�R�qkx|�rm�
_ag |�i�o�` �³o�uxrz|�r=gji§r��xt�r`j` rp+o2l%�m|�rzr�^rp�o���rzo½c´rzrp�o�uxr=¢�£�¤ lmp	}���bh}xr`j` r}L{�bmosrp+o�gjlm`�|�ri�kR` o�iz�
��u	gji2gjp	}Rgjtzl%osri�o�uRl%o�o�uxr¶�RbdcQ�	r`j}Ri�lc�l�6��|�bq� o�uRrHbm{�rp·rpR}6gjp¸��bmo�u·�^bw}xr`ni�l%|�r¶emrz|��
pxrl%|�` �:rvwkRg e%lm` rp+oz����uRgji¦ �kRiso�g �	ri�o�uxr2}xrzosrz|��:gjpRl%o�g bqp¶o�uRl%o�o�uxr2` b�c~lm��{	`jgjo�kR}xr§¢�£�¤ |�ri�kR` o�i
l%|�r^l¶�mbwbh}µ|�rz{R|�ri�rp�o�l%o�g bqp�bm�´l¶{�bmosrp+o�gjlm`��Rb�c gjpLo�uRgji²|�rz�qgjbqp���¼�`ji�b « g o¡gji§tz` rl%|2o�uRl%o§o�uxr
��bh}xr`�bm��l±{�bmosrp�o�gjlm`��Rb�c l%��b�emr'l³{	gnisosbqp¸gni�l,�mbwbw}·|�rz{R|�risrp�o�l%o�gjbqp6bm��o�uxrH�RbdcIl%o�o�uxr
bm{�rp¶rpR}�bm��l�o�kx��r¡gjp¶o�u	gji�}Rgjiso�lmp	t�r§��|�bq�Io�uxr¡bm{�rp¶rpR}��

��uxr:lm��{	`ng o�kR}xr:l%o�c�uRgjt�u�o�uxr¶lmt�bqkRiso�gnt:|�ri�gjiso�lmpRt�r=�°rt�bq�^ri�pxrz�ql%o�gjemrH��bm|�rlmt�u·bm��o�uxr
osrz|��:gjpRl%o�g bqpRi=t�bqgjpRtzgj}Rri^c�g o�uºo�uxr±embm|�osr���i�uxr}	}Rgjpx��o�uR|�ri�uxbq`j}¾�¨��uRgji=�^l%mri¶isrpRisr±i�gjpRt�r
bqpR`j�^l%o�lm�^{	`jg o�kR}Rri�l%��bdemr$o�uRgji´` rzemr`�}xb�lmp��Hi�g �qpRgj�	tzlmp�o�embm|�osr��Hi�os|�kRt�o�kx|�ri´rp+osrz|�o�uRgji´l%|�rlh�
¤�bm|�o�gnt�ri�l%|�r$gjp��mrpRrz|�lm`Nt�bqpR�	pxr}^osb�o�uxr�|�rz�qg bqp:tz`jbqisr�osb�o�uxr�bm{�rp:rpR}:bm��o�uRr�o�kx��r�l%o´` bdc´rz|
lm��{N`jg o�kR}xri��_xbm|�o�uxr:i�uRl%|�{µr}x�mr}µosrz|��^gnpRl%o�g bqpLo�uxrz|�r^gni¡l���bm|�r��m|�lm}	kRlm`�gjpRt�|�rlmisr^gjp±o�uxr
` rzemr`´bm�²isbqkRpR}·{R|�bh}RkRt�o�gjbqp�o�uRlmp6o�uRrHbmo�uRrz|�osrz|��^gjpRl%o�gjbqpRiz����u	gji�gni���rtzlmkRi�rHo�uRrHembm|�o�gjt�ri
�mrpxrz|�l%osr} c�g o�u¨o�uRgni'osrz|��^gnpRl%o�g bqp¹l%|�r·gnpRg o�gjlm`j`j�º��k	t�uEi��^lm`j`jrz|,lmpR}¹��bdemr?��bm|�r¸i�` b�c�` �m�
ç8g o�uLo�uxr�bmo�uxrz|2osrz|��^gjpRl%o�gjbqpRi²embm|�osr���i�uxr}R}Rgnpx�=bhtztzkx|�i§l%o�l�i�g �qpRg �Ntzlmp�o�` �,uRg �quxrz|$emr` bhtzg o½�
lm��{N`jg o�kR}xr¶�w�?c�uRgjt�uV{�bqgjp+o�o�uxr³embm|�o�gjt�ri¶l%|�r,isos|�bqpx�mrz|Hlmp	}ºt�bqpRi�gn}xrz|�l%�	` �6`jl%|��mrz|d�¨��uxrz|�r
l%{R{�rl%|�i�osb¶��r�l¶i�l%o�kx|�l%o�g bqpLgjp³o�uRr�` rzemr`�bm��rpxrz|��m�'{R|�bw}Rk	t�o�g bqp³l%oso�lmgjpRr}µl%o$l¶pxbm|��^lm`jgjisr}
lmt�bqkRi�o�gjt§|�ri�gniso�lmpRt�r§bm�al%{R{R|�bd�hgj�:l%osr` �:¯ ªOÏ ì ¬ · , �

��uxrz|�r¡gji�pRb^embm|�osr��³i�uxr}	}Rgjpx��lmi�isbhtzgjl%osr}³c�g o�u�o�uxr�þ#ä��q�^�Yosrz|��^gjp	l%o�g bqp'gjp¶o�uxr2|�lmpx�mr
bm��lmt�bqkRiso�gjt^emr` bwtzgjo½�µlm��{	`jgjo�kR}xri$��rlmi�kx|�r}��^��uxr�|�ri�kR` o�i$��bm|¡o�uRgji§osrz|��^gjpRl%o�g bqpµgnpµl%|�rl ®w«
gjp	}Rgjtzl%o�gjpx��l^pxrz�q`ng �qg �	` r$t�bqp+os|�g �	kxo�gjbqp « t�bqpx�R|�� o�uRgniz�

��uxrz|�r¡gji�l�|�rz�qg bqp'bm��i�`jgj�qu�o�rpxrz|��m��` bqi�i�gjp�l%|�rl ®  sk	iso���rz��bm|�r§o�uRr¡os|�lmpRi�gjo�g bqp¶osb^embm|�osr��
i�uRr}R}Rgjpx�x��'´rz��bm|�r�o�uxr�os|�lmpRi�g o�gjbqp³bhtztzkx|�i�embm|�o�gjt�ri§l%|�r��mrpxrz|�l%osr}µgnp³l%|�rl ú c�uRgjt�u³tz`jgjpR�:osb
o�uxr�bqkxo�i�gj}Rr2c�lm`j`ji�bm��o�uxr�bm{°rp,rpR},bm��o�uxr�osrz|��^gjpRl%o�gjbqp���¼²i²o�uxr�isbqk	pR},`jrzemr`�gjp	t�|�rlmisri « isb
}xbwri�o�uxr¡is{Nl%o�gjlm`�r��wosrp+o�bm��o�uxrisr§embm|�o�gnt�riz����uRgni�bm�Nisrz|�emr}'` bqi�i�gji���bqiso�`jgjmr` �^osb^��r§}Rkxr$osb
{	l%|�o�bm��o�uxr2embm|�osr���r��wosrpR}	gjpx�^gjp+osb�o�uxr2��rlmi�kx|�r��rp+o�|�rz�qg bqp'bm��l%|�rl ® �

â s
w0³i¯
��uRr2pxbm|��^lm`ngjisr}³lmt�bqk	iso�gjt�|�ri�gjiso�lmp	t�r2|�ri�k	` o�i�i�uRbdc�p±gjp'�	�qkx|�r*�+� ª ��bm|²l%|�rl ú i�uxbdcBl:�m|�rl%o
}xrlm`hbm�°i�gj�^gn`jl%|�g o��¡c�g o�u�o�uxr�|�ri�kR` o�iagjp�l%|�rl^ì%����uxr��^l%�qp	g o�kR}xr�bm�°o�uxr�pxrzo�` bqi�i�gjp�o�u	gji�|�rz�qg bqp
gji�uRg �quxrz|�o�uRlmpLgjp'o�uRr�rp+o�g |�r�emrt�osbm|¡�Rr`j} « gjpR}Rgntzl%o�gjpx��o�uRl%o²o�uxr��^l� �bm|�g o½�'bm��o�uxr�lmt�bqkRi�o�gjtzlm`
` bqi�isri¡l%|�rHlmi�isbhtzgjl%osr}�c�gjo�uµo�uRgji§|�rz�qg bqp�tz` bqi�r^osb³o�uxr:c´lm`j`��=��uRgni§gji¡pxbmo�kRpxr��h{°rt�osr}�i�gjpRt�r
o�uxr2{R|�risrpRt�r�bm��o�uxr2c�lm`j`¾gn��{�bqisri�l=`jl%|��mr¡{�rz|��^lmpRrp�o�emr`jbwtzg o��'�m|�lm}Rgjrp�o�bqp,o�uRgji�|�rz�qg bqp,bm�
o�uxr§�	bdc¡����uRgji´|�ri�kR`jo�i�gjp�uRg �qu�`jrzemr`ji�bm��embm|�o�gjtzg o��¶lmp	}'uxrpRt�r§{�bdc´rz|�`jbqi�iz�
ìv���
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_ag �qkx|�r¶�+� ª í�¼²t�bqkRiso�gjt:|�ri�gji�o�lmpRt�r:lmi�l'��kRpRt�o�g bqpLbm��o�uxr=lmt�bqkRiso�gjt:emr` bwtzgjo½��lm��{	`ng o�kR}xr Ù � � � Ù
¯�¼�|�rl ú ����uxr2|�ri�kR` o�i�bm��o�uRr�embm|�osr��LisbqkRpR},tzlm`jtzkR`jl%o�gjbqp,kRi�gjpx��o½c´b�}xrzosrz|��^gnpRl%o�g bqpRi�bm��o�uxr
{�bmosrp�o�gnlm`��Rr`j}�í�ü�ç'ý�¢�£�¤¹}Rl%o�l ( ü¶ã�ý�¢�gnisosbqpRgjt²{�bmosrp�o�gnlm`¾��bh}xr`��

��¯�Â=¯�è N)Ú�Ý�±éµt±�Þ¤±2á´µt±2á�Ç;±
��uxr�e%l%|�gjl%o�g bqp±bm�´o�uxr�lmt�bqkRiso�gjt�|�ri�gjiso�lmpRt�r�gjpLl%|�rlmi:ì�osb ú lmi¡lH��kRp	t�o�g bqp±bm��o�gj�^r�o�uR|�bqkx�qu
o�uxr:lmt�bqk	iso�gjt:t��htz` r^��bm|2o�uRr:þ{ä ¬ �^�Zosrz|��:gjpRl%o�g bqp�gni¡i�uxb�c�p�gjpL�R�qkR|�rio�+�Z�'osb��+�Z�w����uRgji
osrz|��^gnpRl%o�g bqp�c�lmi�t�uRbqisrp·��bm|�}Rgji�tzk	i�i�g bqp�lmi�o�uxrH|�ri�k	` o�i�i�uxbdc l,pwkR����rz|�bm����rl%o�kx|�ri�emrz|��
tz` rl%|�`j�m����uRrz|�r´gni�lm`ji�b$l²`jl%|��mr�}Rgni�t�|�rz{	lmpRt��§��rzo�c�rzrp�o�uxr���rzo�uxbh}RiakRi�gnpx��o�uxr�ï�¼�¢B�QlmpR}�o�uxr
{	gji�osbqpRgjt´��bw}Rr`wlmi�o�uxr�{�bmosrp�o�gjlm`w|�rz��rz|�rpRt�r��	bdcºgjp�l%|�rl ú ��bm|�o�uRgjiaosrz|��^gjpRl%o�g bqp¾����uxr�|�ri�kR` o�i
l%|�r���bqiso$rlmi�gn` �'kRpR}xrz|�isosb+bh},�+�'|�rz��rz|�rp	t�r�osb'¢�£�¤ �RbdcBehgji�kRlm`ngji�l%o�g bqpRi�bm��o�uxr�}Rgji�os|�g �	kxo�gjbqp
bm��embm|�osr��6{�b�c�rz|�dN´bqp+osbqkx|:�^l%{	i�i�uxbdc�gnpx�,o�uRrHembm|�osr��?i�bqkRpR}·{�bdc´rz|���bm|�o�uxr'þZä ¬ �^�
osrz|��^gnpRl%o�g bqp6l%o^lmp?lmt�bqkRiso�gjtHemr` bhtzg o��·lm��{N`jg o�kR}xr Ù � � � Ù bm���w�Z���%�^i§·I¦³ü�t�bm|�|�ris{�bqpR}Rgjpx�±osb�l
isbqkRp	}µ{R|�ri�i�kx|�r:` rzemr`�bm�¡ì�� ® � ú }['�ý�l%|�r=i�uRbdc�p¸gjpµ�R�qkx|�r9�+� ì c�g o�u�isos|�rlm�:`jgjpxri§osbLgj}xrp+o�g ���
o�uxr§�mrpxrz|�lm`¾{R|�bm{�rz|�o�gjri�bm��o�uxr2�Rbdc¡�

â s�w@³z�
_ag �qkx|�rY�+�Z��i�uxb�c�i¾o�uRr�o�gj��r�e�l%|�gnl%o�g bqp§bm�xo�uxr�lmt�bqk	iso�gjt�|�ri�gjiso�lmpRt�r���bm|�o�uxr�rp+o�g |�r�emrt�osbm|a�Rr`n}¡gjp
l%|�rl�ì´��bm|�o�uxr�o½c´b¡��rzo�uxbh}Ri�bm�	{�bmosrp�o�gnlm`h�Rr`j}�riso�gj�^l%o�g bqp¾�W'´bmo�u���rzo�uRbw}Riai�uRbdc?|�rlmisbqp	l%�	` r
l%�m|�rzr��rp+o¡gjp³�°ru	lehg bqkx|$lmpR},�:l%�qpRg o�kR}xrm�h'´bmo�uµi�uxb�cEgnpRt�|�rlmi�gjpR�=isbqkRp	}³l%�	isbm|�{Ro�g bqp,c�g o�u
lmt�bqkRiso�gnt�lm��{	`jgjo�kR}xr´bdemrz|�o�uRr�rp�o�g |�r�bqkxos�Rbdcyiso�l%�mr�bm�°o�uxr�lmt�bqkRi�o�gjt�t��wtz`jr�c�g o�u�l${�rl%�gjp�o�uxr

ìv� ª
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_ag �qkx|�r��+�Z�wí�¼�t�bqkRi�o�gjt�|�ri�gniso�lmpRt�r�lmi�l§��kRpRt�o�g bqp�bm��o�gn��r�¯�¼�|�rl:ì%����uRr�|�ri�kR`jo�i�bm��o�uxr�embm|�osr��
isbqk	pR}?tzlm`jtzkR`jl%o�gjbqpºkRi�gnpx�Lo½c´b·}xrzosrz|��^gjpRl%o�g bqp	i�bm�§o�uxr'{�bmosrp�o�gnlm`��Rr`j}?��bm|:o�uRr³þêä ¬ �^�
osrz|��:gjpRl%o�g bqp�í�ü�l�ý�¢�£�¤¹}Rl%o�lh�²ü��°ý�¢�gnisosbqpRgjt²{�bmosrp�o�gnlm`¾��bh}xr`��

` bqi�isri�l%oao�uxr���bqkx|�o�u�o�gj��r�isosrz{'ü�l%o���gj��r¤ä úbÏ �'ëwì ¬ isrt�bqpR}	i « c�uxrz|�r��6gji�o�uxr�{�rz|�gjbw}2bm�Ro�uxr
lmt�bqkRi�o�gjt�t��htz` r�ý���bm|�lm`j`xisbqkRp	}�` rzemr`ji�l%��bdemr��x� ì ® �^i§·I¦����u	gji�{°rl%�t�bqgjpRtzgn}xri�c�g o�u��:l��hgj��kR�
bqkxos�	bdc¡�'¼�o���gj��rÆä ¬ lmpR}¸��gj��r)äI�'ë ® i�rt�bqpR}Ri�o�uxr:{�bmosrp+o�gjlm`�emr` bhtzg o����^l%�qpRg o�k	}xr:gji
l%{R{	|�b�xgj�^l%osr` �,ûzrz|�bx��¼�o¡o�uxrisr�{�bqgjp+o�i²o�uxr�|�rz��rz|�rpRt�r^{�bmosrp+o�gjlm`a�Rr`j}Lt�uRlmpx�mri¡��|�bq� gjpR�Rbdc
osb^bqkRos�Rbdc~lmp	}�ewgnt�r�¯�emrz|�i�lh�

��uxr§bqpR` ��pxbmo�l%�	`jr2}Rgji�t�|�rz{	lmpRt��:��rzo�c�rzrp,o�uxr2|�ri�kR` o�i�bm�Ro�lmgnpxr}³kRi�gjpx��o�uxr¡o�c�bH��rzo�uxbh}Ri
gji�bm�	isrz|�emr}µ}Rkx|�gjpR�^o�uxr�gjpx�Rb�cE{	l%|�o²bm��o�uxr�lmt�bqkRiso�gnt�t��htz` rm�2_Rbm|§o�uxr�¢�£�¤ |�ri�k	` o�bqpµgjpR�Rbdc
o�uxrz|�r¶gni�gnp¸�mrpRrz|�lm`�isbqkRpR}·{R|�bw}Rk	t�o�g bqp���bm|^��bqiso�lmt�bqkRi�o�gjt¶emr` bhtzg o½�·lm��{	`jg o�k	}xri�lm`jo�uxbqkx�qu
o�uxrz|�r=gji¡l,tz` rl%|�t�uRlmpx�mr¶gjp��°ru	lehg bqkx|¡��bm|2emr` bhtzg o���lm��{	`jgjo�kR}xri§l%��bdemr Ù � � � Ù ä �+�Z�����^i§·I¦�Ú�{�osb,lmp¸lmt�bqkRiso�gjt:emr` bhtzg o½��lm��{N`jg o�kR}xr�bm���w� ®m® �^i ·I¦ l�{�rl%µgjpµo�uxrHisbqkRpR}L{R|�bw}Rk	t�o�g bqp�gji
bm�	i�rz|�emr}?l%o^��gj��rKä � Ï �'ëwì ¬ i�rt�bqpR}Riz�6¼���b�emr�o�uRgji�` rzemr`�o�uxr'�:l%�qpRg o�kR}xrHbm�²o�uxr�` bqi�i
|�r}	kRt�ri�i�g �qpRg �	tzlmp+o�` ��lmpR}Ho�uxr²{�rl%:i�uRg ��o�i�osb�lmpHrl%|�`jgjrz|´iso�l%�mr$bm�¦gnpx�Rbdc2�a��uxr�|�ri�kR` o�i´kRi�gjpx�
o�uxrµ{NgjisosbqpRgjtL{�bmosrp+o�gjlm`¡��bh}xr` « uxb�c�rzemrz| « i�uxbdc pxrz�q`jg �qgj�	` rLisbqkRpR} {	|�bw}	kRt�o�g bqpybqp~gjpR�Rbdc
��r` b�cQo�uxr³i�lm��r³o�ux|�ri�uxbq`n}6emr` bwtzgjo½�?lm��{	`jgjo�kR}xrm�?¼���b�emr'o�uRgji^`jrzemr`�isbqkRpR}6{	|�bw}	kRt�o�g bqp?gji
bm�	i�rz|�emr}�bqp·gjpx�Rb�c c�gjo�u�l³`jl%|��mrz|��^l%�qp	g o�kR}xr^o�u	lmp�bm�	isrz|�emr}¸kRi�gjpx��o�uxrH¢�£�¤I}Rl%o�lh�'��uxr
ìv�%�
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o�ux|�ri�uxbq`j} emr` bhtzg o��8l%o,c�uRgjt�u o�uRgji,t�uRlmpR�mr¸gjp ��ruRldewgjbqkx|³gji�bm�Nisrz|�emr}¹t�bm|�|�ris{�bqpR}Ri'osb�l
emr` bhtzg o½��lm��{N`jg o�kR}xr$l%o�c�u	gjt�u¶o�uxr2embm|�osr��'i�uxr}R}Rgnpx��os|�lmpRi�g o�gjbqp¶bwtztzkx|�iz�

â s�w@³��
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ç8uxrp:o�uxr�lmt�bqkRi�o�gjt�{�bmosrp+o�gjlm`R�Rr`n}^t�uRlmpR�mri���|�bq� gnpx�Rbdcºosb�bqkxos�	bdcºbm|´ehgjt�r�¯�emrz|�i�l2o�uxrz|�r
gji�pRrz�q`jg �qg �	`jr�{�bdc´rz|�{	|�bw}	kRt�o�g bqp�bm|�` bqi�i�lmi�o�uxr�rp+o�g |�r�{�bmosrp+o�gjlm`x�Rr`n}�gji�l%{R{R|�b�xgj�^l%osr` ��ûzrz|�bx�
��u	gji§gji¡isrzrp¸gjpL�R�qkx|�r9�+� ì ü�l�ý¡lmp	}ºü���ý$��bm|2o�uxr=t�uRlmpx�mri���|�bq�Zgjpx�	bdc�osb,bqkxos�Rbdc.lmpR}µ��|�bq�
bqkxos�	bdc�osb²gjpx�Rb�cµ|�ris{�rt�o�g emr` �m�(�$pRt�r�o�uxr�gjpx�	bdcµ{	l%|�o¦bm�wo�uRr�t��htz` r�t�bq�^��rp	t�ri « o�uxr���kRpRt�o�g bqp
bm��o�uxr²�^l� sbm|´embm|�osr��=t�uRlmpR�mri���|�bq�¥{�bdc´rz|�l%�Nisbm|�{Ro�g bqp:osb�{	|�bw}	kRt�o�g bqp « lmp	}:o�uxr�c�rl%=�^gjpxbm|
embm|�osr��'t�uRlmpx�mri���|�bq�I{R|�bh}RkRt�o�g bqp¶osbHl%�	isbm|�{Ro�gjbqp��(�$kx|�gjpx�^gnpx�Rbdc o�uRr2�^l� sbm|�embm|�osr�� « c�u	gjt�u
gji´pxb�c¨lmt�o�gjpx��lmi�lmp�lmt�bqkRiso�gjt$isbqkR|�t�r « gji´rp�o�g |�r` �:t�bqp+o�lmgjpxr}¶c�g o�u	gjp^o�uxr$��bqkRpR}	l%|�g ri�bm��l%|�rl
® ����uRgni�t�bm|�|�r`jl%osri�c�g o�u�o�uxr�bm�	isrz|�e%l%o�g bqp�bm��isbqkRp	}�{R|�bh}RkRt�o�g bqp�bqp�gjpx�	bdcVgjp�l%|�rl ® gjp��R�qkx|�r�+����ü�{	l%�mr:ìv���mý���$kx|�gjpx��gnpx�Rbdc8o�uxr$�Rb�c tz` bqisr$osb�o�uxr$o�kx��r�c�lm`j`�gjpHl%|�rl ú i�uxb�c�i�uRg �qu¶` rzemr`ji´bm��lmt�bqk	iso�gjt
{�bdc´rz|¡` bqi�i����u	gji$gji²o�uxr^isbqkx|�t�r�bm�´o�uxr�rpxrz|��m�±}Rgni�i�g {	l%o�gjbqp'bqp�gjpR�RbdcE��bm|¡o�uxr�¢�£�¤¥|�ri�kR` o�i
gjp¸�R�qkx|�r^�+�Z�xü�l�ý��V��uRgji�}Rgji�i�gj{	l%o�g bqp�gni�pxbmo�bm�	isrz|�emr}Vgnp�o�uxr�embm|�osr��6isbqk	pR}6t�bqp�osbqkx|=�^l%{	i
{R|�bw}Rk	t�r},kRi�gjpx�:o�uRr�{	gjisosbqpRgnt¡{�bmosrp�o�gnlm`���bw}Rr`�lmi§o�uRr�|�rz��rz|�rp	t�r��	bdc¡����uRgji²gji$}Rkxr�osb¶o�uxr
��lmt�o�o�uRl%o�gjp¶o�uRr§{	gjisosbqpRgnt²�^bw}xr`�}Rb+ri�pxbmo�lmtztzkx|�l%osr` ��}xri�t�|�g ��r�o�uxr§�	bdc~l%|�bqk	pR}¶c´lm`n`ji�lmpR}
r}x�mri�
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_ag �qkx|�r®�+�jì ¬ í © t�uxr�^l%o�gjt�|�rz{R|�risrp+o�l%o�g bqpºi�uxbdc�gnpx�µlµembm|�osr��ºgjpVl�{°bmosrp+o�gjlm`��	bdc<k¾�º��uxr
embm|�osr���gni=tzg |�tzkR`jl%o�gjpx��gnpºlmp8lmp�o�g ¯½tz` bwt�+c�gjisr,i�rpRisr³c�g o�uVembm|�o�gntzg o½� � }Rg |�rt�osr}�bqkxo=bm�¡o�uxr
{	l%�mrm�2��uxr�`jbwtzlm`�embm|�osr��Lemr` bwtzgjo½�,gni�e,lmpR}±o�uxr�|�ri�kR` o�lmp+o$t�bm|�g bq`jgji���bm|�t�r�gji#ó � �:ü�l�ýhN´bm|�g bq`jgji
��bm|�t�r:bm{R{�bqisri���bmo�g bqp�bm��o�uxr:{�bmosrp+o�gjlm`��Rbdc.|�ri�kR`jo�gjpx�'gjpµ{�b�c�rz|�` bqi�iz��ü���ý;N´bm|�gjbq`jgji$��bm|�t�r
|�rgjpR��bm|�t�ri�o�uRr2��bmo�g bqp�bm�ao�uxr§{�bmosrp+o�gjlm`��Rb�c¨|�ri�k	` o�gjpx��gjp¶{�bdc´rz|�{R|�bw}Rk	t�o�g bqp��

¼²i$c´lmi2i�uxbdc�pµgjp±o�uxr�{R|�rzehg bqkRi$isrt�o�g bqp « o�uxr^}Rgji�os|�g �	kxo�gjbqp'bm��o�uRr�embm|�osr���isbqkRpR}±{�bdc´rz|
�Rr`j}6bm�$lµembm|�osr��ºgnp6o�uxr�{R|�risrp	t�r'bm�²l�{°bmosrp+o�gjlm`��	r`j}?gji�pxbmo:t�bqp	iso�lmp�o=bdemrz|=o�uxr'embm|�osr��
isos|�k	t�o�kx|�rm�W�²g �°rz|�rp+o�l%|�rlmiabm�	o�uRr´embm|�osr���t�bqp+os|�g �	kxosr���bm|�r�bm|�` ri�i�osb$o�uxr�lmt�bqkRi�o�gjt´�Rr`j}�o�uRlmp
bmo�uxrz|�i�=çyuxrzo�uRrz|�lmp¶l%|�rl�bm�¾o�uRr�embm|�osr��Hc�gj`j`	lmt�o�lmi´lmp¶lmt�bqkRi�o�gjt�i�bqkx|�t�r²bm|�`jbqi�i���rt�uRlmp	gji��
ü�lmpR}�o�uRr¡r��wosrp+o�osb:c�uRgjt�u�g o�}xbwri�ý�}xrz{�rpR}Ri�bqp'o�uxr¡bm|�g rp+o�l%o�g bqp�bm�ao�uxr�` bwtzlm`�emr`jbwtzg o��¶�Rr`j}
lmi�isbhtzgjl%osr}8c�gjo�u�o�uRr±embm|�osr�� « |�r`jl%o�gjemrµosb·o�uRr�}Rg |�rt�o�g bqp�bm��o�uxrµlmt�bqkRiso�gjtL{�bmosrp+o�gjlm`²�Rr`j}��
_ag �qkx|�rg�+�jì ¬ i�t�uxr�:l%o�gjtzlm`j` �ºgn`j`jkRisos|�l%osri^o�uxrLtzlmisrL��bm|Ho½c´b?is{	l%o�gjlm`�{�bqi�g o�g bqp	i^bqpyo�uxrLi�lm��r
embm|�osr���isos|�k	t�o�kx|�r^gjpµl�{�bmosrp+o�gjlm`��Rr`n}�����uxr^` bhtzlm`�emr` bhtzg o½�Lbm�´o�uxr^embm|�osr���gji¡o�lmpx�mrp�o�gnlm`�osb
o�uxrHr}x�mrHbm��o�uxrHembm|�osr��·lmpR}¸o�uxrHembm|�o�gjtzg o���gji�}Rg |�rt�osr}¸bqkxo�bm��o�uxrH{	l%�mrm�L��uxr¶lmi�isbhtzgjl%osr}
t�bm|�g bq`ngji���bm|�t�r2gji�lm` c�l�hi�{�rz|�{�rpR}RgntzkR`jl%|�osb:o�uxr¡r}x�mr¡bm�ao�uxr§embm|�osr��³lmpR}�}Rg |�rt�osr}'bqkxo½c�l%|�}��

_ag �qkx|�r �+�jì ¬ ü�l�ý§r��xlm�^gjpxri$o�uRr^r��°rt�o�l%o2l�{�bqgjp+o²bqp�o�uxr^` bdc´rz|2|�g �qu�o¡u	lmpR}Lr}x�mr�bm��o�uxr
embm|�osr���isos|�k	t�o�kx|�rm��£�pLo�uRgni§tzlmisr^o�uxr^t�bm|�gjbq`jgji²��bm|�t�r�emrt�osbm|�uRlmi§l�t�bq�^{°bqpRrp�o¡lmt�o�gjpR�'gjpLo�uxr
bm{R{�bqi�g osr¡}	g |�rt�o�g bqp¶osb^o�uRr2lmt�bqkRiso�gjt¡{°bmosrp+o�gjlm`��	bdc « lmp	}'lmt�o�i�lmi�l^}x|�l%����bm|�t�r « os|�lmpRis��rz|�|�gjpx�
{�bdc´rz|���|�bq� o�uRr´{�bmosrp+o�gjlm`w�Rr`j}�osb§o�uxr�embm|�osr�����£�p��R�qkx|�rC�+�jì ¬ ü��°ý�l²{�bqgjp+o�bqp�o�uRr�kR{R{�rz|¦|�g �qu+o
uRlmpR}=r}x�mr²bm�¦o�uxr²embm|�osr��¶gji�r��xlm�^gjpRr}�� ) rz|�r²o�uxr§t�bm|�g bq`ngji���bm|�t�r²emrt�osbm|�uRlmi�l�t�bq�^{°bqpRrp�o�gjp
o�uxr$i�lm��r$}Rg |�rt�o�gjbqp:lmi´o�uxr$lmt�bqkRiso�gjt²{�bmosrp�o�gnlm`	�Rb�c lmpR}=i�b�|�rgnpx��bm|�t�ri�lmpR}=os|�lmpRi���rz|�i�rpxrz|��m�

ì�� ú
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osb^o�uRr§�Rbdc¡�

��uxrisr�r��°rt�o�i§tzlmpL��r�isrzrpLgjp,}Rrzo�lmgj`agjp³o�uRr�embm|�osr��µisbqkRp	},t�bqp+osbqkx|¡�^l%{	i²lmpR}±emr` bhtzg o½�
isos|�rlm�^`jgjpxri�gnp¶�R�qkx|�r;�+� ì ��bm|�o�uxr�tzlmisr¡bm�ao�uxr¡þ#ä ¬ �^�Qosrz|��^gnpRl%o�g bqp��

yÇï ù ükj'cqûti�]*Tladj'c*T
��uRrVc�bm|� gjp�o�u	gji�t�uRl%{Rosrz|?uRlmi·i�uxbdc�p o�uRl%o6g o·gji���rlmi�g �	`jrºosbEkRisrºo�uRrºembm|�osr�� isbqkRpR}
lmpRlm`j�wi�gni³��rzo�uxbh}¹gjp~lmi�i�bwtzgjl%o�gjbqp c�g o�u~¢�£�¤»�^rlmi�kx|�r��rp+o�i,�+�~k	i�gjpx�ºly` b�c lm�^{	`jg o�kR}Rr
��rlmi�kx|�r��rp+o�osbH|�rz{R|�risrp�o²o�uxr�lmt�bqkRiso�gjt�{�bmosrp�o�gnlm`¦�Rb�c¡�PN´bq��{	l%|�gnisbqp'c�gjo�u'embm|�osr��LisbqkRpR}
|�ri�kR` o�i�tzlm`jtzkR`jl%osr}�kRi�gjpx��l²o�uxrzbm|�rzo�gjtzlm`R��bh}xr`+bm�	o�uxr�lmt�bqkRiso�gnt�{°bmosrp+o�gjlm`w�Rb�cVl%�°b�emr�l²{	gjisosbqp
t�bqpx�	|�� o�uRl%o§o�uRgji$gji§lHe%lm`jgj}Ll%{R{R|�bqlmt�u�����uxr�lmt�bqkRiso�gjt�|�ri�gjiso�lmpRt�r�|�ri�kR` o�i$��rlmi�kx|�r}µkRi�gjpx�
o�uxr�embm|�osr��=isbqkRp	}:��rzo�uxbh}:gnpR}Rgjtzl%osr�o�u	l%o�` bqi�i�ri�}Rkxr�osb�embm|�osr��=�mrpxrz|�l%o�g bqpHlmtzt�bqkRp+o���bm|�bqp	` �
l%{R{	|�b�xgj�^l%osr` �¸ì ¬�� bm��o�uRr^` bqi�isri§tzlm`jtzk	`jl%osr}µgjpLo�uxr�{R|�rzehg bqkRi$t�uRl%{Rosrz|����uRgni²gni�r��h{�rt�osr}
osb���r§lmp'kRpR}Rrz|�riso�gj�^l%o�gjbqpHi�gjpRt�r§��rlmi�kx|�r��rp�o�i�c�rz|�r§bqp	` �=�^lm}Rr§bqkxo�i�gj}xr$o�uxr§bm{�rp¶rpR}'bm�
o�uxr�o�kx��rm��£�o�gji�uRg �quR` ��`jg mr` ��o�uRl%o�o�uRr�gjp+osrz|�lmt�o�g bqp:bm�°embm|�o�gjt�ri�c�g o�u�o�uxr�o�kR�°r�c�lm`j`ji�c�gj`j`h��r�l
i�gj�qpRg �	tzlmp+o�` bqi�i���rt�uRlmpRgji�� c�g o�uRgjpHo�uxr2bm{°rp¶rp	}�����uRgji « uRbdc´rzemrz| « isrzr�:i�osb:gjp	}Rgjtzl%osr$o�uRl%o
lmpxbmo�uRrz|$�^rt�uRlmpRgni��<gni�|�ri�{°bqp	i�g �	` r§��bm|$o�uxr�` bqi�isri²bm�	isrz|�emr},�w�³¼�o�g �µð ¼�o�g � ¬ � ñ lmpR}Lgjp³o�uxr
{R|�rzewg bqk	i´t�uRl%{Rosrz|�

��uxr�|�ri�kR` o�iagjp�isrt�o�g bqpX�+� ú � ® i�uxbdc?o�u	l%o�o�uRr�pRrzoalmt�bqk	iso�gjtzlm`R` bqi�isria}Rkxr�osb§o�uxr�gjp+osrz|�lmt�o�g bqp
bm�¾embm|�o�gjtzg o½�Hc�g o�u=o�uxr§lmt�bqkRiso�gnt$�Rr`j}Hl%|�r§��bqiso�i�g �qpRgj�	tzlmp�o�gjpHl�|�rz�qg bqpHc�g o�u	gjp ® � ª �^�Ibm�¾o�uxr
bm{�rpLrpR}��&�$kxo�c�g o�uLo�uRgji²|�rz�qgjbqpµembm|�o�gjt�ri¡lmt�o�lmi¡l�pxrzo¡isbqkx|�t�r�bm��isbqkRp	}Lbdemrz|�lmpµlmt�bqk	iso�gjt
t��htz` r « �	kxo�l%|�r�bm��` ri�i�rz|��^l%�qpRgjo�kR}xrm����uxr�|�ri�kR`jo�i�uRlemr�i�uRbdc�p³o�uRl%o�o�uRr2{	gji�osbqpRgjt¡��bh}xr`¦bm�
o�uxr$�Rb�c~l%��bdemr§o�uxr§bm{�rp¶rpR}Hbm�al�o�kx��r²gni�l%{R{R|�bm{R|�gjl%osr���bm|�}Rgji�o�lmpRt�ri��m|�rl%osrz|�o�u	lmp ® � ª �^�
��|�bq�¹o�uxr�bm{�rp2rpR} « �	kxoai�g �qpRg �Ntzlmp�o�}Rg!��rz|�rpRt�riagjp�o�uxr�|�rz�qg bqp�tz` bqisrz|ao�uRlmp�o�u	gji�l%|�r�}Rrzosrt�osr}��
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¼8i�kR�^�:l%|���bm��o�uxr�t�bqpRtz`jkRi�gjbqpRia|�rlmt�uRr}=gjp^o�uRgjiac´bm|��l%|�r�{R|�risrp�osr}=gjp�o�uRgji�t�uRl%{Rosrz|d� © bq��r
|�rt�bq�^�^rpR}Rl%o�g bqpRi���bm|���kxo�kx|�r²c´bm|��l%|�r¡o�uRrp'�^lm}xrm�
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��uxr§�	|�iso�lmgj� bm�ao�uRgji�iso�k	}x�:c�lmi�osb:gnp�emriso�gj�ql%osr¡o�uxr§{R|�ri�rpRt�r§bm��pxbqph¯½`jgjpRrl%|´r���rt�o�i²gjp¶uRg �qu
lm��{	`ng o�kR}xr�lmt�bqkRiso�gjtzlm`j`j�'�mrpxrz|�l%osr}µ�	bdc�i$kRi�gnpx�=¢�£�¤¥osb¶�^rlmi�kx|�r�o�uxr�emr` bhtzg o½�,�Rr`j}±l%o§o�uxr
bm{�rp�rpR}Ri�bm�ao�kx��ri�c�gjo�u¶e�l%|�gjbqkRi�osrz|��^gnpRl%o�g bqp¶�mrzbq��rzos|�gjriz�

£�p�t�uRl%{	osrz| ª ¢�£�¤���rlmi�kR|�r��rp+o�i�bm�	o�uxr�bm{�rp�rpR}�bm�°l$o�kx��r�gnp2c�u	gjt�u�l$uRg �qu�lm��{N`jg o�kR}xr
isbqkRp	}~�Rr`n}¨c�lmi,�mrpRrz|�l%osr}E�+� ly`jbqkR}Ris{�rl%mrz|³c´rz|�r?}xri�t�|�g ��r}��U_ag emr?gjp+osrz|�t�uRlmpR�mrl%�	` r
osrz|��^gnpRl%o�g bqpy�mrzbq��rzos|�g ri'c�rz|�r�k	isr}yosbVgjp�emri�o�g �ql%osrµo�uxrµr���rt�o'bm�2e%l%|��hgjpx�·o�uxrµ�mrzbq��rzos|��
bm��o�uxr¡bm{�rp�rpR}¶bqp³o�uxr§�Rbdc �Rr`j}�l%o�l�pwkR����rz|�bm��i�bqkRpR}�` rzemr`ji�

��uRr�¢�£�¤�|�ri�kR` o�i�gjp�t�uRl%{Rosrz| ª i�uxbdcºo�uRl%o�l§|�lmpR�mr�bm�°pRbqph¯½`jgjpxrl%|��	bdcVr���rt�o�i�l%|�r�{R|�risrp+o
o�uRl%o�}xrz{�rpR}ºbqp�o�uRr,�mrzbq��rzos|���bm�¡o�uRr,osrz|��:gjpRl%o�g bqp��E¼�o�` bdc isbqk	pR}�`jrzemr`ji=gjoHuRlmiH��rzrp
i�uxb�c�pLo�uRl%o§pxbqph¯½`ngjpxrl%|$r��°rt�o�i�l%|�r�pxrz�q`jg �qgj�	` r�lmp	}Lo�uxr�emr` bhtzg o½�,�Rr`j}Ltzlmpµ��r�}xri�t�|�g ��r}±lmi
lµ{�bmosrp+o�gjlm`��Rb�c¡�y¼²i^o�uRr³lmt�bqkRiso�gjt'emr` bwtzgjo½�?lm��{	`jgjo�kR}xr�gjpRt�|�rlmi�ri:l�pwkR���°rz|:bm�$}	gjiso�gjpRt�o
pxbqph¯½`ngjpxrl%|:�	bdc |�rz�qgj�^riHl%|�r±bm�Nisrz|�emr} « lmi�}xri�t�|�g ��r}�gjp�l6pwkR���°rz|Hbm�¡{R|�rzewg bqk	i=iso�k	}Rg ri
ð © g ehgjlmp úmªh« £�px�ql%|�} ª%¬%ñ ����uRr�|�ri�kR` o�i���bm|:o�uRr³i�uRl%|�{?r}R�mr}Vosrz|��^gnpRl%o�g bqp?i�uxb�cYo�uRl%o=pxbqph¯
`jgjpRrl%|2��ruRlehg bqkx|���rt�bq��ri�gn��{�bm|�o�lmp�o�l%o���kRt�u¸` b�c�rz|�lmt�bqkRi�o�gjt=lm�^{	`jg o�kR}Rri§o�uRlmp¸��bm|�o�uxr
osrz|��^gnpRl%o�g bqpRi�c�g o�u6lLi�`jg �qu+o��	lmpx�mrm��¼²`jisbµl±|�lmpx�mr¶bm��}	g!�°rz|�rp�o�embm|�osr��?i�uxr}R}	gjpx�'|�rz�qgn��ri
l%|�r§bm�	i�rz|�emr}¶��bm|�o�uRr¡i�uRl%|�{¶r}x�mr}¶osrz|��:gjpRl%o�g bqpRi�a��uxr§��bqiso�|�bqkRp	}xr}Hosrz|��^gjpRl%o�gjbqpHi�uxbdc´r}
�^gjp	gj�^lm`°pxbqph¯½`jgjpRrl%|��°ru	lehg bqkx|�rzemrp³l%o�o�uxr2uRg �quRriso�isbqkRpR}�` rzemr`ni���rlmi�kx|�r}��

��uRr=o�ux|�rzr¶i�`jg �qu+o�` �µ�	lmpx�mr}·osrz|��^gnpRl%o�g bqpRi�c�g o�u·l±|�bqkRpR}xr}·gjpRpRrz|�r}x�mr�ü�c�gjo�u�|�lm}	gjg�bm�
tzkx|�e%l%o�kx|�r^þþä ¬ �^� «�¬ � ú �^�UlmpR}?ìz�:�=ý²i�uxb�c�o�uxr:tz` bqi�riso¡i�gj�^gn`jl%|�g o��'osb'bqpxr^lmpxbmo�uRrz|2gjp
o�uxrg |�bm�	isrz|�emr}�pxbqpx¯½`jgjpxrl%|¾�	bdc6��ruRlehg bqkx|��¼V}Rgjiso�gnpRt�o¾os|�lmpRi�g o�g bqp§��|�bq�¹l��Rb�c¸|�rz�qgj��r´c�uxrz|�r
embm|�o�gjt�ri�l%|�r=�mrpxrz|�l%osr}¸bqp�bqkxos�Rb�c¥�Nkxo§|�r�^lmgjp�gjpµo�uxrHtz` bqisr:ehgjtzgjp	g o½�,bm��o�uxr^osrz|��^gnpRl%o�g bqp
osb�l�|�rz�qgj��r$gjp=c�uRgjt�u=embm|�osr��Hi�uxr}	}Rgjpx��lmpR}2 �rzo���bm|��^l%o�g bqpH��rt�bq��r$gj��{�bm|�o�lmp+o´gji´bm�	i�rz|�emr}��
��uxr§lmt�bqkRi�o�gjt$lm��{	`jg o�k	}xr²l%o�c�uRgjt�uHo�uRgni�os|�lmpRi�g o�g bqp=bhtztzkx|�i�}xrz{�rpR}Ri�isos|�bqpx�q` �^bqp¶o�uxr§|�lm}RgjkRi

ì�� ª
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bm��tzkx|�e%l%o�kx|�rµbm��o�uxr�gjp	pxrz|¶r}x�mr�bm��o�uxr�bm{�rp8rpR} bm��o�uxrµo�kx��rm�I��rz|��^gjpRl%o�gjbqpRiHc�g o�u l
` ri�i�|�bqk	pR}xr}³gnpRpxrz|�r}x�mr�kRp	}xrz|��mb:o�uRr�os|�lmp	i�g o�g bqp³osb=embm|�osr��Li�uxr}R}	gjpx�:l%o$l=`jbdc´rz|$lmt�bqk	iso�gjt
lm��{N`jg o�kR}xrm�

ôPï�ò ñ®ò(ó`_badc%e^fDadj'cqad_õô9òtÌ9ehcqû�ò{_öòteCT�]*óHòÃ_õòÃc#f/T�e^f0p9a�õ'pûehû=j²]*TÛø
fIa�ûXeh_ ô9ida	f�]%Ì&ò(T

��uRr´isrt�bqp	}�lmgj�Ebm�	o�uRgni�i�o�kR}x�¡c�lmiaosb§bm�Ro�lmgjp�osrz|��^gnpRl%o�g bqp�gj��{�r}RlmpRt�r���rlmi�kR|�r��rp+o�i�kRi�gjpx�
o�uxr´emr` bhtzg o½��gjpx��bm|��^l%o�g bqp�{R|�b�ewgn}xr}2�w�¡o�uxr�¢�£�¤º|�ri�kR` o�i���|�bq�¹t�uRl%{Rosrz| ª gjp�t�bqp� �kRpRt�o�g bqp�c�g o�u
{R|�ri�i�kx|�r���rlmi�kR|�r��rp+o�i¡�^lm}xr�l%o¡o�uxr�bm{�rpLrpR}Lbm��o�uxr�o�kx��r�kRi�gjpR�Hl¶{R|�bm�°r��^gnt�|�bm{	uxbqpxrm�
¼Eisrt�bqpR}	l%|��'lmgj�Ic�lmi�osbHt�bq��{Nl%|�r2o�uxri�r2c�g o�u³|�ri�kR`jo�i�c�g o�u³o�uxbqisr2bm�	o�lmgjpxr}³gnp³l:i�rz{	l%|�l%osr
iso�k	}x�=kRi�gjpx��l�o½c´b%¯½�^gjt�|�bm{	uxbqpxr2�^rzo�uxbw}¶�w��¼�o�g �,ð ¼�o�g � ¬ � ñ �

¼¹��rzo�uxbh}�bm��bm�Ro�lmgjpRgnpx��o�uxr§osrz|��^gjp	l%o�g bqp�gj��{�r}RlmpRt�r$��|�bq�I¢�£�¤¹emr` bhtzg o½�¶lmpR}�{R|�ri�i�kx|�r
��rlmi�kx|�r��rp+o�i^c�lmi=}Rri�t�|�g ��r}Vgjpºt�uRl%{Rosrz|^�w� ��uxr,embq`jkR��r³emr` bwtzgjo½�?c�lmi:bm�Ro�lmgnpxr}V��|�bq�
��rlmi�kx|�r��rp+o�iLgjp~ly{	`jlmpRr� �kRiso³bqkRo�i�gj}xr¸o�uxr¸bm{�rp¹rpR} bm�^o�uxr·o�kx��rm� ¼»tzkx|�emr·�Roso�gjpx�
{R|�bwt�r}RkR|�r,c�lmi'kRi�r}8osbº}xrzosrz|��^gnpxrLo�uxr�lm��{	`jgjo�kR}xr,lmp	} {	uRlmisrLbm��o�uxrµembq`jkR�^rµemr` bwtzgjo½�m�
��uRrisr�|�ri�kR` o�i²c´rz|�r^lmpRlm` �hisr}µgjpLt�bqp� �kRpRt�o�gjbqp,c�g o�u±o�uxr^lm��{	`jgjo�kR}xr�lmp	}L{	uRlmisr�bm�´o�uxr��R|�iso
uRl%|���bqpRgjt�t�bq��{�bqpxrp+o¡bm��o�uxr^{	|�ri�i�kx|�r^i�g �qpRlm`�lmp	}�o�uxr^osrz|��^gjpRl%o�g bqp�gj��{�r}RlmpRt�r�c�lmi¡o�uwkRi
bm�Ro�lmgnpxr}�lmp	}�{N` bmososr}�l%�qlmgjpRisoao�uxr�`jgjpRrl%|�gjisr}�lmt�bqkRiso�gjt�emr` bhtzg o���lm��{	`ng o�kR}xr�l%oao�uxr�bm{�rp�rpR}��

£�o�c�lmi^��bqkRpR}6o�uRl%o^o�uRr³i�uRl%{�r¶bm�$o�uxr�o�kx��r�osrz|��^gjp	l%o�g bqp6{	`jld�wi^lmpºgj��{�bm|�o�lmp+o�|�bq` r'gjp
}xrzosrz|��^gjpRgjpR�²o�uRr�` rzemr`NlmpR}^|�l%osr�bm��gjpRt�|�rlmisr�bm��rpxrz|��m�^` bqi�i�lmi�isbhtzgjl%osr}=c�g o�u�o�uxr�{R|�bh}RkRt�o�g bqp
bm�°pxbqph¯½`jgjpRrl%|¦�Rb�c?{	uxrpxbq��rp	l²l%o�uRgj�qu�lmt�bqkRi�o�gjt�lm��{	`jgjo�kR}xriz�pN�bq��{	l%|�gji�bqp2c�gjo�u�o�uRr´|�ri�kR` o�i
bm�¦¼�o�gj��ð ¼�o�gj� ¬ � ñ i�uxb�c�r}Ho�uRl%o�|�ri�k	` o�i���rlmi�kx|�r}=c�g o�u=o�uxr$o½c´b^��rzo�uxbh}Ri�c�rz|�r²bm��o�uxr$i�lm��r
bm|�}Rrz|2bm���^l%�qpRg o�k	}xr:lmpR}¸i�uxbdc´r}¸ri�isrp+o�gjlm`j` �Lo�uxr:i�lm��r:os|�rp	}Ri¡c�gjo�u�i�`jg �qu+o2}Rg �°rz|�rp	t�ri2gjp
}xrzo�lmgn` r}³��ruRldewgjbqkx|���$g!��rz|�rpRt�ri²c´rz|�r�l%osos|�g �	kRosr}³osb�}Rg |�rt�o�|�l%o�uxrz|$o�uRlmpL`jgnpxrl%|�` ��gjpx��rz|�|�r}
��rlmi�kx|�r��rp+o�i�bm�ao�uxr§{	uRlmi�r§bm��o�uRr§embq`jkR��r¡emr`jbwtzg o��m�

��ux|�rzr�}	gjiso�gjpRt�o��Rbdcy|�rz�qgj��ri´c´rz|�r²|�rt�bm�qpRgjisr}=��bm|�o�uxr$i�`jgj�qu�o�` ���	lmpR�mr}=osrz|��^gjpRl%o�g bqp	i��w�
t�bq��{Nl%|�gjisbqp¶bm�ao�uxr¡osrz|��^gjpRl%o�g bqp³gj��{�r}RlmpRt�r$|�ri�k	` o�i�c�g o�u¶o�gn��r�¯½lemrz|�l%�mr}Llmt�bqkRi�o�gjt§emr` bhtzg o½�
}Rl%o�lh����uxrisr$�Rb�c¨|�rz�qgj��ri�c´rz|�r§��bqkRpR}¶osb^t�bm|�|�ris{�bqpR}¶osb��Rbdc~|�rz�qg bqpRi�bm�	i�rz|�emr}��w�:£�px�ql%|�}
lmpR}�ï�l%�	l%osrHð £�px�ql%|�} ª%¬�ñ �

ôPï�ð �Kj�T/Ttò(T eCTtTlj(ûtade^f/òtÌ moa	fDp ehû=j²]*T�fIa�û=ehidiÎ� õ�ò´c*ò(óIe^f/òtÌ u#j�ólf4ò��T2f/ó¾]qûvf�]*óHò(T
��uRr=�	p	lm`´lmgn� bm��o�uRgji�c´bm|��c�lmi�osbµrze%lm`jkRl%osr¶o�uxr'lmt�bqkRi�o�gjtzlm`�` bqi�isri�lmi�isbwtzgnl%osr}?c�g o�u¸o�uxr
{R|�bw}Rk	t�o�g bqpHbm��embm|�o�gnt�ri�kRi�gjpx��embm|�osr��³isbqkRpR}¶o�uRrzbm|��m�N�uRl%{Rosrz|h�^bqkxo�`jgnpxr}'l:�^rzo�uxbw},bm��{�bqiso�¯�{R|�bht�ri�i�gnpx�^o�uxr�¢�£�¤�}Rl%o�l:bm�	o�lmgjpxr}³gnp³t�u	l%{Rosrz|
ì����
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ª kRi�gjpR�=embm|�osr��µisbqkRp	},o�uRrzbm|��³osb�bm�Ro�lmgnpµlH�^rlmi�kx|�r�bm��o�uRr^lmt�bqkRiso�gjtzlm`arpxrz|��m�±` bqi�i²tzlmk	isr}
�w�=embm|�osr��'�mrpRrz|�l%o�g bqp « gjp¶osrz|��^i�bm�al^pxbm|��:lm`jgjisr}¶lmt�bqkRiso�gnt§|�ri�gji�o�lmpRt�rm����c´b^��rzo�uxbh}Ri�c´rz|�r
kRisr}'osb=}xrzosrz|��:gjpxr¡l�|�rz{	|�risrp+o�l%o�g emr2|�rz��rz|�rpRt�r�lmt�bqkRiso�gjt2{°bmosrp+o�gjlm`��	bdc¡����uxr§�R|�iso���rzo�uxbh}
�^lm}xr^k	isr�bm��` bdc lm�^{	`jg o�kR}Rr�¢�£�¤ }Rl%o�l'lmpR}�o�uxr^isrt�bqpR}�k	isr}�l�o�uxrzbm|�rzo�gjtzlm`���bh}xr`ac�uRgnt�u
|�rz{R|�risrp�osr}'o�uxr¡�Rb�c~l%o�o�uxr¡bm{�rp�rp	}¶bm�al^o�kx��r$lmi�o�uRl%o�l%��bdemr�lmp'bqi�tzgj`n`jl%o�gjpx��{	gjisosbqp¾�

��uRr�|�ri�kR` o�i�i�uxb�cyo�u	l%o�o�uxr�o�c�b�|�rz{R|�risrp+o�l%o�g bqpRi�bm��o�uxr${°bmosrp+o�gjlm`°�Rr`j}Hl%|�r§t�bq��{	l%|�l%�	` r
��bm|¶}	gjiso�lmpRt�ri¶�m|�rl%osrz|�o�u	lmp ® � ª �^� ��|�bq� o�uRr±bm{�rpyrpR}���_Rbm|³}Rgjiso�lmp	t�riH`jri�iHo�uRlmpyo�uRgji
o�uxrLl%�m|�rzr��rp+o'gjiHpxbmoHlmiH�mbwbw}¾�¹��uRr³{	gji�osbqpRgjt³�^bw}xr`�bm�¡o�uxr±�Rb�c ��lmgj`ji:osb6{R|�r}Rgjt�oHlmp��
isbqkRp	}±`jbqi�i$bqpµgjpx�Rb�cB}Rkxr�osb�o�uxr���lmt�o§o�uRl%o§o�uxr^��bh}xr`a}xbwri§pxbmo¡t�bm|�|�rt�o�` �±|�rz{R|�risrp�o$�Rb�c
l%|�bqkRp	}Lr}x�mri2lmpR}�t�bm|�pxrz|�iz�=��uxr^` b�c lm��{	`jgjo�kR}xr�¢�£�¤.�^rlmi�kx|�r��rp+o�i2l%|�r:i�uxb�c�pµosb'��r^l
�mbwbw}=|�rz{R|�ri�rp�o�l%o�g bqpHbm��o�uxr$lmt�bqkRiso�gnt�{�bmosrp+o�gjlm`	�	bdc gjpR}Rgntzl%o�gjpx�§o�uRl%o´o�uxr$��rzo�uxbh}=kRi�r}:c�lmi
 �kRiso�g �Rr}¾�

��uRr¶lmt�bqk	iso�gjt�|�ri�gjiso�lmpRt�r�|�ri�kR` o�i���rlmi�kx|�r}VkRi�gjpR�,o�uxr�embm|�osr��?i�bqkRpR}?��rzo�uxbh}6��bm|^o�uxr
|�rz�qg bqp,bqkxo�i�gn}xr2o�uxr�o�kx��r�gnpR}Rgjtzl%osr�o�uRl%o²`jbqi�isri$}Rkxr�osb=embm|�osr��±�mrpxrz|�l%o�g bqpLlmtzt�bqkRp+o$��bm|$bqpR`j�
l%{R{R|�b�xgj�^l%osr` �¨ì ¬�� bm�¡o�uRr±` bqi�isri¶tzlm`jtzkR`jl%osr}8gjpyt�uRl%{	osrz|��w�E£�o�gji:r��h{�rt�osr}yo�uRl%o�i�gjpRt�r
` bqi�i�ri¶c�g o�uRgjpyo�uxrµbm{�rp8rpR}¨bm��o�uxrµo�kR�°rµl%|�r�pRbmo�o�l%mrp~gjp+osbVlmtzt�bqkRp+o³o�uRl%o�o�uRgni�gji�lmp
kRpR}Rrz|�riso�gj�^l%o�gjbqp§lm` o�uxbqkx�qu§o�u	gji�tzlmpRpxbmo¾��r�t�bqpx�	|���r}�����uRgji�isrzr�:i¾osb�gjp	}Rgjtzl%osr�o�uRl%o¦lmpRbmo�uxrz|
` bqi�i��^rt�uRlmpRgni��î�^l�·��r�|�ris{�bqpRi�gj�	` r^��bm|^o�uxr'` bqi�isri�bm�	isrz|�emr}V�+�6¼�o�g �ºð ¼�o�g � ¬ � ñ lmpR}?gjp
t�u	l%{Rosrz|��w�

ôÇï ù � ]zf�]*óHòþmkj�ó�ô

¼ pwkR�2��rz|�bm��r��wosrp	i�g bqpRiylmpR} gj��{R|�b�emr��rp+o�iºosb.o�uRgji�c�bm|�It�bqkR`j}<�°r �^lm}xrm� ¢�£�¤
��rlmi�kR|�r��rp+o�i�l%o�l�`jl%|��mrz|apwkR�2��rz|¾bm�x{NuRlmisr�isosrz{Ni¦c´bqkR`j}¡lm`n` bdc6lmp2gj�^{R|�bdemr}�}xrzosrz|��^gnpRl%o�g bqp
bm�¾o�uxr²{	uRlmi�r�bm�¾o�uRr²embq`nkR��r�emr`jbwtzg o��=}Rl%o�lh����uxr�|�lmpx�mr$bm�¾osrz|��^gjp	l%o�g bqpRi�t�bqk	`j}H�°r�r��wosrp	}xr}
osb:gjp	tz`jkR}xr²o�uxbqisr¡c�g o�u�`jl%|��mrz|��Nlmpx�mri�bm|�c�g o�u¶|�bqkRpR}Rr}¶bqkxosrz|�r}x�mri « ��bm|�r��hlm��{N` rm�

��b§��k	`j` �§rze%lm`jkRl%osr�o�uxr�pxbqph¯½`ngjpxrl%|almt�bqkRiso�gjtzlm`R`jbqi�isri�l%o�o�uxr�bm{�rp�rpR}�bm�°l²o�kx��r�l$p+k	�2��rz|
bm�¦isosrz{Ni�t�bqkR`j}=�°r²o�l%mrp���_ag |�iso�` � « o�uxr§` bqi�isri�lmi�isbhtzgjl%osr}¶c�gjo�u:embm|�osr��¶�mrpxrz|�l%o�gjbqp�gjpRi�gj}Rr�o�uxr
bm{�rp�rpR}�bm��o�uxr�o�kx��r�t�bqk	`j}���r�rze�lm`nkRl%osr}�����uRgni�c´bqkR`j}^|�rv+k	g |�r�¢�£�¤ ��rlmi�kx|�r�^rp�o�i�c�g o�uRgjp
o�uxrµbm{�rp8rpR} lmpR} t�bqk	`j}8��rLlmt�uRg rzemr}¨gnp l?p+kR����rz|¶bm��c�l�hiz� © rt�bqpR}	` � « gjoHc´bqkR`j}8��r
bm��gjp+osrz|�riso�osb,rze%lm`jkRl%osr¶o�uxr=rpxrz|��m��`jbqi�i�lmi�isbwtzgnl%osr}¸c�g o�u¶ srzo�i�os|�rlm�^gjpx�±lmpR}¸osb±t�bq��{Nl%|�r
o�uRgji$c�g o�u±o�uxr^` bqi�isri2��rlmi�kx|�r}µk	i�gjpx�Hembm|�osr���isbqkRpR}Lo�uRrzbm|��±lmp	}L�+�L}Rg |�rt�o§��rlmi�kx|�r��rp+oz�
¼²`jisb « }Rg!��rz|�rp�o²{�bmosrp�o�gnlm`���bh}xr`ji²gjpRt�bm|�{°bm|�l%o�gjpx�^o�kx��r�c´lm`j`ni�c´bqkR`j},��r2bm����rpxrz�Ro���bmo�u³��bm|
t�bq��{	l%|�gjisbqp^c�g o�u^¢�£�¤¨}Rl%o�l�lmpR}:gnp�o�uxr�embm|�osr��=isbqkRpR}=tzlm`jtzkR`jl%o�gjbqp « ris{�rtzgjlm`n` ��gnp�o�uxr�|�rz�qg bqp
tz` bqisr2osb^o�uxr§bm{�rp�rpR}��

¼²` o�uxbqkx�qu·o�uRgni�i�o�kR}x��uRlmi�riso�gn�^l%osr}6o�uxr�` bqi�isri�lmi�isbwtzgnl%osr}6c�g o�u·pxbqph¯½`jgjpRrl%|�lmt�bqkRi�o�gjt
�Rb�c�i³l%o,o�uxr�bm{�rp rpR}~bm��lV|�rz{R|�risrp�o�l%o�gjbqp¨bm�^l?c´b+bh}xc�gnpR} gjpRisos|�kR��rp+o « o�uRr¸��rzo�uxbh}
}xbwri^pxbmo^�qgjemr³lmpºgjp	}Rgjtzl%o�g bqp·bm�$o�uxr�c�uRl%o:o�uxr'|�ri�k	` o�gjpx�±r��°rt�oHbqp?o�uxr³o�gj�2�	|�r�bm�²l�|�rlm`

ì����
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c´b+bh}xc�gnpR}:gjp	isos|�kR��rp+o�c´bqkR`j}=��rm��£�o�c´bqkR`j}=��r�bm���m|�rl%o�gjp+osrz|�riso�osb�c�bwbw}Rc�gjpR}=gjpRisos|�k	��rp�o
�^lmpwkx��lmt�o�kx|�rz|�i�osb^wpRbdc¨c�u	l%o�r��°rt�o�o�uRgji�uRlmiz�ê��w{�rz|�gn��rp�o�i³t�bqkR`j} �°r¸r��wosrp	}xr}~osbyo�uxr6��rlmi�kx|�r��rp�o,bm�^|�rlm`�gjpRisos|�kR��rp+o�iz� �$pxr
{R|�bm�	` r�<c�g o�u,o�uRgji²c�bqk	`j}³��r�gjp,o�uxr�r��htzgjo�l%o�g bqpµ��rt�u	lmpRgji�� kRisr}¾� © gjpRt�r�o�uxrz|�r�l%|�r�i�l%��rzo½�
gji�i�kxri�lmi�isbhtzgjl%osr}�c�g o�u�o�uxr�¢�£�¤yosrt�uRp	gjv+kRr�g o��^l����r�}RgML=tzkR` o�osb2i�l%��r` ��k	isr�u+k	�^lmp�{	`jld�mrz|�i
lmpR}�lmp,l%|�o�g �	tzgnlm`°�^rlmpRi�bm��r��htzgjo�l%o�g bqp'c´bqkR`j}¶o�uxrp'�°r§ri�isrp�o�gnlm`��

© bq��r�osrt�uRpRgjtzlm`hgji�i�kxri¦t�bqk	`j}2��r´isbq` emr}�kRi�gjpR��l²`jlmisrz|atzl%{	l%�	` r´bm�	l$i�uxbm|�osrz|�o�gj��r´��rzo½c´rzrp
`jgj�qu�o�{	kR`nisri�o�uRlmp�o�uxr2bqpxr2kRisr}³gjp¶o�uRgji�iso�k	}x�m����uRgni�c�bqkR`n}�lm`j` bdc uRg �quxrz|�lmt�bqkRi�o�gjt§emr` bhtzg o½�
lm��{N`jg o�kR}xri�osb���r��^rlmi�kx|�r}µlmpR}Lc´bqkR`j}Llm`j`jbdcB�Rb�cB|�rz�qg bqpRi$osb���r���rlmi�kx|�r}Lc�g o�uLuRg �quxrz|
�^l%�qp	g �	tzl%o�g bqp?osb¸bm�Ro�lmgjp���bm|�r³}xrzo�lmgn` r}ºgjpR��bm|��:l%o�g bqp?l%��bqkxo^o�uxr,�Rbdc tz` bqisr³osb¸o�uxr'o�kx��r
c�lm`j`ji « ��bm|¶r��hlm�^{	` rm�E¼ZuRg �qu�is{�rzr}�tzlm��rz|�l·t�bqk	`j}º��rLkRisr}���bm|¶o�uxrLiso�kR}R�?bm�¡os|�lmpRi�gjrp�o
��ruRldewg bqkR|²bm|§o�uRr^}xrzemr` bm{	��rp+o§bm��lmt�bqkRiso�gjt��Rb�c�i¡}RkR|�gjpx�=o�uxr^t�bqkx|�isr�bm��l�i�gjpR�q` r�lmt�bqk	iso�gjt
t��htz` rm�

��uxr'osrt�u	pRgjvwkxri:kRi�r}ºgjp?o�u	gji:iso�k	}x�·u	lemrL}xr��bqpRisos|�l%osr}ºo�uRl%oH¢�£�¤Zgji^uRgj�quR` �6i�kRg osr}
osb±o�uxr���rlmi�kx|�r��rp�o�bm��lmt�bqkRi�o�gjtH�Rr`j}Riz�,£�o�gji�lmp·r��wos|�r�^r` ���Rr��xg �	` r:osrt�uRpRgnv+kxr¶lmpR}·tzlmp
{�bmosrp+o�gjlm`j` �¶��r2l%{R{	`ng r}�osb¶lmp��³i�g o�kRl%o�g bqp,gjp'c�u	gjt�u,pxbqph¯½`jgjpRrl%|�lmt�bqkRiso�gnt2�Rr`n}Ri�l%|�r�{R|�risrp+o «
pxbmo� �kRiso�gnp¶o�uxr¡�Rr`j}¶bm�a��kRi�gjtzlm`�lmt�bqkRi�o�gjtziz�

ì����
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¼²p^bm�h srt�o�gji�gj�^l%�mr}^bqp+osb�lmp=l%|�|�ld��bm��{Ng!�wr`ni�kRi�gjpx�§l�tztz}:tzlm��rz|�lh����uxr�bm�h srt�o�gji�bm��wpxb�c�p
{	u+�wi�gjtzlm`¾i�g ûzr�
Bü���rlmi�kx|�r}±gjp'�^rzos|�ri�ý�gjp�o�uxr�{	`jlmpxr¡bm��o�uRr�gj�^l%�mr�lmpR}³o�uxr�t�bm|�|�ris{�bqpR}Rgjpx�
i�g ûzr�bm�$o�uxr�bm�x �rt�o « gjp6{	g �wr`ji « ��rlmi�kx|�r}?��|�bq�îo�uxr'gj�^l%�mr,gji�a�º��uxri�r�o½c´b¸i�g ûzri:t�bqkR`j} «
��bm|¡r��hlm�^{	` r « ��r�o�uxr^i�gjûzr�bm��o�uxr�rp+o�g |�r��	r`j}Lbm��ewg rzc�lmp	}Lo�uxr^|�risbq`nkxo�g bqpLgjpL{	g!�hr`ji$bm�´o�uxr
gj�^l%�mr « |�ri�{°rt�o�gjemr` � « bm|$i�gj��{	` �Ho�uxr�i�g ûzr�gjp±��rzos|�ri$lmpR}±{	g!�hr`ji�bm��lmp,bm�x �rt�o${	`jlmt�r}±gjp,o�uxr
�Rr`j}±bm�´ewgjrzcYü�isrzr^�R�qkx|�r�¼��jìdý��^��b'tzl%|�|��³bqkRo¡l�¢�£�¤.lmpRlm`j�wi�gni�bm�´o�uxr�{	g �wr`al%|�|�ld�6ü�gn�^l%�mr�ý
g o²gji�}Rgjewgj}Rr}'gjp+osb=l=�m|�gj}'bm��i��^lm`j` rz|����t!¹ �������� # !������ # �� #�� �$��uxr�c�gj}xo�u³bm��o�uxr�gnp�osrz|�|�bm�ql%o�g bqp
l%|�rl¶gji²o½�w{	gjtzlm`n` � úm® {	g!�hr`ji²lmpR}Lgji�uRrz|�r�}xrpxbmosr}��R�¡��uxr�{Nu��hi�gjtzlm`ai�g ûzr�ü�gjpL��rzos|�ri ý�bm��o�uxr
gjp+osrz|�|�bm�ql%o�g bqp¶l%|�rl�gji��qg emrpH�+�°í	
 �"!��a��ù��hvwkRgjiso"� i´i�lm��{	`ngjpx�§o�uxrzbm|�r�Q`ngj�^g o�i�o�uRr²�^l��xgj��kR�
|�risbq`je�l%�	`jr¶i�{	l%o�gjlm`�}Rgnis{	`jlmt�r��rp+o�bm�§lL{	l%|�o�gjtz` r'gnp6o�uxr��Rbdc<osb ª%¬�� bm�²o�uxr³gnp�osrz|�|�bm�ql%o�g bqp
c�gj}Ro�u « bm|#�"! ® ð �²rzc�uRgj|�iso ì � ñ ü�lm` o�uRbqkx�qu2lmp2bm{Ro�gj�^lm`%e%lm`jkxr�bm� ú%¬�� c´lmi¦��bqkRp	}¡gjp^ð ÿ rlmpxr ì ¬%ñ ý��
��uxr��^l��xgj��kR�<lm`n` bdc�l%�	` r�}Rgjis{N`jlmt�r��rp+o Î � �   bm��lH{	l%|�o�gjtz` r���bm|§lH�qg emrp±�Rr`j},bm��ehg rzcBlmpR}
|�risbq`nkxo�g bqp�gji�o�uxrp¾í Î � �   ä 
$�

® � ü�¼��jìdý

£�o´i�uxbqkR`j}���r²pxbmosr}:o�u	l%o�lm`jo�uxbqkx�qu:ù��hv+kRgniso"� i�o�uRrzbm|�r� `jgj�^g o�i�o�uxr²�:l��hgj��kR� |�risbq` e%l%�	` r
}Rgji�{	`jlmt�r��rp+o�osb ª%¬�� bm��o�uxr�gjp�osrz|�|�bm�ql%o�g bqp,c�gj}xo�u « o�uRr�}Rgji�{	`jlmt�r��rp+o�i�uxbqk	`j}'gjp�|�rlm`jg o½����r
i��^lm`n` rz|ao�uRlmp�o�uRgji�ü�bm{	o�gj�^lm`j` ��l%��bqkxo ú%¬�� ð ÿ rlmpxr ì ¬%ñ ý�osb§{R|�rzemrp+o�l$|�r}	kRt�o�g bqp�gjp�o�uxr�i�g �qpRlm`
osb:pxbqgnisr§|�l%o�g bx�

ì�� ì
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Interrogation
Area

I pixels per
Interrogation 

Area

(pixels), L (mm)σ

_ag �qkx|�r¡¼2�jì%í�£��^l%�mr�l%|�|�l�¶i�uxb�c�gjpx�^gnp�osrz|�|�bm�ql%o�g bqp'l%|�rlmi�lmpR}�{	g!�hr`ji

� ï�ò � û=j�]*T2fDa�û QéeCólfDaBûti:ò'�þa:T4ô9iÎehû�ò´_öòÃc#f ehc%Ì � óIeh_öò ü�e�ôzf�]*óHòS\e^f4ò
��uRr$lmt�bqk	iso�gjt§{	l%|�o�gjtz` r§emr` bhtzg o½��gji�bm�ao�uxr§��bm|���í

)KÎ
) Ô ä� ì Î�F ��ü � Ô ý

c�uRrz|�r Î gji�o�uxr'{Nl%|�o�gjtz` r³}	gjis{	`jlmt�r�^rp�o «  ì gji�o�uxr,{	l%|�o�gjtz` r�emr`jbwtzg o��?lm��{	`jg o�k	}xr « � gni�o�uxr
|�lm}	gjlmp¶��|�rv+kxrp	t��HlmpR} Ô gji�o�gn��rm�

£���l=i�rz|�g ri�bm��gn�^l%�mri�l%|�r�tzl%{Ro�kR|�r},k	i�gjpx�^l=uRg �qu³i�{°rzr},tzlm��rz|�l=c�g o�u,l:��|�lm��r�tzl%{Ro�kx|�r
|�l%osr�bm�"( ) û « o�uxrp§o�uRrz|�r�c�gj`j`���r ()!�ó�tzl%{	o�kx|�r}¡gj�:l%�mri¾{�rz|¾lmt�bqkRiso�gjt�t��wtz` r�lmpR}¡l�o�gj��r�gjp�osrz|�e�lm`
��rzo½c´rzrp,��|�lm�^ri�bm�	*)ä ì+!�(z����uxr2{	l%|�o�gjtz` r�}Rgjis{	`nlmt�r��rp�o�{�rz|²gj�^l%�mr « " Îq« gni�tzlm`jtzkR`jl%osr},�w�
gjp+osrz�m|�l%o�gjpR�Ho�uRr�lmt�bqk	iso�gjt�{	l%|�o�gntz` r�emr`jbwtzg o��,��rzo�c�rzrpµo�gn��r�gjp�osrz|�e�lm`ji Ô ¦ lmp	} Ô Ì ����uRgji��qg emri
��bm|�o�uxr¡�^l%�qp	g o�gj}xr§bm��o�uxr2}Rgnis{	`jlmt�r��rp+ozí

Ù " Î*Ù ä  ì� �+, S Î ü � Ô ¦ ý # , S Î ü � Ô Ì ýd� ü�¼�� ® ý

��uRr��^l��xgj��kR� e�lm`nkxr�bm��o�uRgji$vwkRlmp�o�gjo½�,gni���bqkRpR},bdemrz|�lmpLgjp�osrz|�e�lm`-*Lt�rp�osrz|�r}µbqpLo�uxr�ûzrz|�b
t�|�bqi�i�gjpx�qi�bm�ao�uxr¡{Nl%|�o�gjtz` r¡}Rgnis{	`jlmt�r��rp+odü�c�uxrz|�r � Ô ä ë ! ® � ú%ë ! ®	Ü�Ü�Ü ý « c�uxrz|�r§o�uxr2�m|�lm}Rg rp+o�gji
l%o�gjo�i��m|�rl%osriso�ü�isrzr¡�R�qkx|�r¡¼2� ® ý��´��uRgji´�qg emri���bm| Ô ¦ lmpR} Ô Ì í
ì ì ¬



A�ÿ �qÿ\AC����vø23ED?�	%���	23?DE��¹M5 ._Dªø61;¹M�%��5�Ë;5<�=38�"���/��	��¸Ë;5�-H�`1H3¹�	:5_]>��3�5
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_ag �qkR|�r¡¼2� ® í�¢�l%|�o�gjtz` r;�$gjis{N`jlmt�r��rp+o

� Ô ¦ ä10 Ì�#3254Ì
� Ô Ì ä10 Ì � 254Ì ü�¼�� ú ý

N´bq���	gjpRgnpx��rvwkRl%o�g bqp	i2ü�¼2� ® ý�lmpR}�ü�¼�� ú ý « lmpR}³kRi�gjpx��o�uxr§os|�g �mbqpxbq��rzos|�gnt§gj}xrp+o�g o½�°í
®�ÎMF �`& ÎMF � * ä , S Î ü>& # * ý # , S Î ü>& �6* ý ü�¼��K�+ý

çµr¡l%|�|�gjemr²l%o�o�uxr$��bq`j` bdc�gjpx�2rvwkRl%o�g bqp¶��bm|�o�uxr§�^l��xgj��k	� {	l%|�o�gjtz` r$}Rgjis{	`nlmt�r��rp�o´{�rz|�gj�^l%�mrmí

Ù " Î*Ù ä ®  ì� ÎMF ��ü � *® ý ü�¼�� ª ý

_xbm| � *6! ® ÊFì=ü�` b�c~��|�rv+kRrpRtzg ri�lmpR}lë�bm|�uRg �qu³tzlm��rz|�l^��|�lm��r�tzl%{Ro�kx|�r¡|�l%osri�ý�c´r�tzlmp,�^l%mr
kRisr§bm��o�uxr2i��^lm`j`�lmpx�q` r¡l%{	{R|�b�xgj�^l%o�gjbqp�ü���bm|�i��^lm`j`IO «UÎMF �`O87kOwý�osb^c�|�g osrmí

Ù " ÎjÙ 7� ì * ü�¼��Z�qý

��b:t�bq��{	` �=c�g o�u�ù��wvwkRgji�o"� i�o�uxrzbm|�r�Yo�uRgji�vwkRlmp�o�gjo½��i�uxbqkR`n}=��r¡` ri�i�o�uRlmp'bm|�rvwkRlm`�osb Î � �   �

" Î�9 Î � �   ü�¼����mý
ì ì ì
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��uRrz|�rz��bm|�r « t�bq�2�	gnpRgjpx��rvwkRl%o�g bqpRi2ü�¼��jìdý « ü�¼��Z�qý�lmp	}�ü�¼2���mý « c�r2�mrzozí

 ì * 9 
$�
® � ü�¼��Z�qý

Ú²i�gjpx�Ho�uRgji$gjpRrv+kRlm`ng o½�'c´r^tzlmpµ}xrzosrz|��:gjpxr��^gjpRgn��kR�Ye�lm`nkxri$��bm|§o�uRr��Rr`j},bm��ehg rzc�i�g ûzr « ��bm|
r��xlm��{	` r « �qg emrpµo�uRl%o¡c´r�hpxbdc¥o�uxr^kx{R{�rz|§`jgj�^gjo�bm�´o�uxr^{	l%|�o�gjtz` r�emr` bhtzg o½�µ�^l%�qpRgjo�kR}xr�o�uRl%o
c´r^c�lmp�o¡osb,��rlmi�kx|�r « lmpR}µo�uRl%o2c�r^hpxb�c lmpR}�tzlmp¸lm}� sk	iso§o�uxr:tzlm��rz|�l�|�risbq`jkRo�g bqp « ��|�lm��r
|�l%osrHü�bm|�o�gj��r§��rzo½c´rzrp'��|�lm��ri��qg emrp��w�:*)äEì+!�(�ý « lmp	}'gjp+osrz|�|�bm�ql%o�g bqp'i�g ûzrm�


<; ®  ì ��=( ü�¼�� ì ý
��l%�	` rL¼2�jìµi�uxbdc�i¶e%lm`jkxri�tzlm`ntzkR`jl%osr}8��bm|�o�uxrµ�^gjpRgj��kR� i�g ûzrLbm�2o�uxrµ�	r`j}ybm�2ehg rzc kRi�gjpx�
£!ä úm® {	g!�hr`ji «  ì ä ú%¬ �Gë�i²c�g o�u³e�lm`jkRri���bm|�o�uxr�|�risbq`jkRo�g bqp'lmpR},��|�lm��r�tzl%{Ro�kR|�r2|�l%osr�bm��o�uxr
¢�uRlmp�osbq�Ie ª � ¬ uRg �qu�is{�rzr}�tzlm��rz|�lh�

þ�ri�bq`jkxo�g bqp>�ºü�{Ng!�wr`ni�ý _R|�lm��r�þ�l%osr�(2ü ) û�ý _ag r`j}¶bm�a¤$g rzc © gjûzr?
 ü��=ý
ì ¬q® � ì ¬m¬m¬ ì%� ì ®ª ì ® ú � ¬m¬ ¬ � ®mª
®mª � ìmì ì ¬m¬ ¬ � ¬ �

��l%�	` r�¼2�jì%í$_ag r`j},bm��ehg rzcBi�g ûzri²��bm|¡i�rzemrz|�lm`a|�risbq`jkRo�g bqpRi²lmpR}³��|�lm��r�|�l%osri$bm��o�uxr�¢�uRlmp+osbq�
e ª � ¬ uRg �qu�i�{°rzr}³tzlm��rz|�lh��¤�lm`jkRri�c´rz|�r¡tzlm`jtzkR`jl%osr},kRi�gjpR�P ì ä ú%¬ �Gë�i²lmpR}�£hä úm® {	g �wr`ji�

¢�rz|�u	l%{	i^��bm|�r'k	isrz��k	`�gji�o�uxr'l%�	gn`jg o½�¸osb�tzlm`jtzkR`nl%osr³�^l��xgj��k	� o�gj��r³gjp+osrz|�e%lm`ji���rzo½c´rzrp
gj�:l%�mri�ü���bm|$o�uxr�¢BN�� tzlm��rz|�l¶kRisr}±gjp,o�uRgji²iso�kR}x� « ��bm|²r��xlm��{	`jr�ý�lmpR},osb�gj}xrp+o�g ���¶i�kRg o�l%�	` r
��|�lm��r�tzl%{Ro�kx|�r�|�l%osri²��bm|$kRisr�c�g o�u³lHuRg �qu,is{�rzr}³tzlm��rz|�lh����uxr��^l��xgj��k	�Io�gj��r�gjp+osrz|�e�lm`�gji
�qg emrp'�+�°í * 9 
 �

® �D ì ü�¼��jì ¬ ý
��l%�	` r�¼�� ® i�uxbdc�i§�^l��hgn��kR�@*µlmpR}µ�:gjpRgj��kR�A(§e�lm`jkRri$��bm|¡l¶|�lmpR�mr�bm���Rr`n},bm��ewgjrzc�i�g ûzri
lmpR}�tzlm��rz|�l,|�risbq`jkxo�gjbqpRi$c�g o�u�lmp¸gjp+osrz|�|�bm�ql%o�g bqp·i�g ûzr^bm� úm® {	g!�hr`jiz�:_Rbm|�l,`jlmisrz|2{	|�bdehgj}RgjpR�
`jgj�qu�o�{	k	`jisri�c�gjo�u'l^o�gj�^r2gjp+osrz|�e�lm`¦��rzo½c´rzrp³{	k	`jisri�bm��ì ¬m¬�ë i²g o�tzlmp,��r2isrzrp'o�u	l%o�o�uxrz|�r2l%|�r
bqpR`j��l³��rzc.t�bqpR�R�qkx|�l%o�g bqp	i�o�u	l%o�c�gn`j`�lm`j` b�c emr` bwtzgjo½����rlmi�kx|�r��rp+o�i�gjp¸l,�Rr`j}�bm��ehg rzc bm�
ª tz�Qo�u	l%o�l%|�r2uRgj�qu¶rpxbqkx�qu�osb^��r¡kRi�rz��kR`��

� ï�ð Q�\=R ú òteCT°]*óHò´_öòÃc#f\j!��Snò(T�j#c%ehc#f ñ,]iþ9ò(T
_xbm|�¢�£�¤¨��rlmi�kR|�r��rp+o�i�bm��{	l%|�o�gjtz` r�emr`jbwtzg o��^l%o�o�uRr�rpR}:bm�¾l2|�ri�bqpRl%o�gjpx�¡o�kR�°r²g o�gji�{�bqi�i�g �	`jr
osbVtzlm`jtzk	`jl%osr�l?i�kRgjo�l%�	` r±o�gj��r�gjp+osrz|�e%lm`$�°rzo�c�rzrp gj�^l%�mri'gj�¡o�uxr�isbqk	pR}y{R|�ri�i�kR|�rµ` rzemr`§lmi
��rlmi�kx|�r}¡gjp$o�uRr�|�rz�qg bqp§bm�xgjp+osrz|�riso¾gni�wpRbdc�p���£�p¡o�uxr�`jgjpxrl%|�|�rz�qgj��r « o�uxr�lmt�bqkRiso�gnt�gj��{�r}RlmpRt�r
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ï ä ¬ � ¬qª � «  ì ä ú%¬ �Gë�i
þ�risbq`jkRo�g bqpC��ü�{	g!�hr`ji�ý ì ¬q® � ª ì ® ®mª �
£�p+osrz|s¯½_x|�lm�^r���gj�^r?*¾ü ë�Î ý ® � ªm® ì ¬ �
_x|�lm��r�þ�l%osr�(�ü ) û�ý ú � ª%¬m¬ ì ì ®%¬m¬ ì � ¬m¬
ï ä ¬ � ¬qª � «  ì ä ì ¬ �Gë�i
þ�risbq`jkRo�g bqpC��ü�{	g!�hr`ji�ý ì ¬q® � ª ì ® ®mª �
£�p+osrz|s¯½_x|�lm�^r���gj�^r?*¾ü ë�Î ý �%� ì ª � ú ì ®
_x|�lm��r�þ�l%osr�(�ü ) û�ý ì ® � ¬m¬ �
� ¬m¬ úm®%¬m¬
ï ä ¬ � ¬ ìz� «  ì ä ì ¬ �Gë�i
þ�risbq`jkRo�g bqpC��ü�{	g!�hr`ji�ý ì ¬q® � ª ì ® ®mª �
£�p+osrz|s¯½_x|�lm�^r���gj�^r?*¾ü ë�Î ý ì ª ú ì � ®
_x|�lm��r�þ�l%osr�(�ü ) û�ý �
� ¬m¬m¬ úm®%¬m¬m¬ ì�� ¬m¬m¬

��l%�	` r:¼�� ® í���gj��r:gnp�osrz|�e%lm`ji§��rzo�c�rzrp·��|�lm��ri2lmp	}�gj�^l%�mrHtzl%{Ro�kx|�r=|�l%osri�l%o2e%l%|�g bqkRi�gj�^l%�mr
|�risbq`nkxo�g bqpRi���bm|�}Rg!��rz|�rp+o�i�g ûzr}¶�Rr`n}Ri�bm�aewg rzc¨lmp	}'�^l��xgj��k	� emr` bwtzgjo½�

l%o�l^t�|�bqi�i�¯½isrt�o�g bqp³bm��o�kR�°r¡gnizí Â�ä ÖÃ ä Ï ì ,Ó ü�¼��jìmìdý
c�uxrz|�r Ö gji�o�uxr�{R|�ri�i�kx|�r « Ãòä � ì Ó gji�o�uxr�embq`jkR��r�emr` bwtzgjo½��ü�c�g o�u � ì o�uxr�ldemrz|�l%�mr�emr` bhtzg o½�
lmt�|�bqi�i´o�uxr§t�|�bqi�i�¯½isrt�o�g bqpNý�lmpR} Ó gji�o�uxr²t�|�bqi�i�¯½isrt�o�g bqp	lm`°l%|�rl�bm�¦o�uxr$o�kx��rm�a��uxr�{R|�ri�i�kx|�r�ü�gjp
¢almi�tzlm`ji�ý�tzlmp'��r§c�|�g ososrp�lmií

Ö ä Ï ì , � ì ü�¼��jì ® ý
��uxr¡i�bqkRpR}¶{R|�ri�i�kx|�r§` rzemr`�ü © ¢�ï�ý´gni��qg emrp��w�Ní

Ó�Ô 
éä ®%¬ `jbm�>DAEE6FHG�IKJ ä ®%¬ ` bm�>D Ï ì , � ìE6FHG�ILJ ü�¼��jì ú ý

c�uxrz|�r E6FHGMI ä ®ON ì ¬ ·6P ��þ�rl%|�|�lmpx�qgjpx����bm| � ì �qgjemrizí
� ì ä EQF�G�IÏ ì , ì ¬ üSRST=UV�W ý ü�¼��jìF�+ý

¢�kRoso�gjpx� � ì ä� ì lmpR}³t�bq�2�	gnpRgjpx��rvwkRl%o�g bqpRi�¼��jì ¬ lmpR}³¼2�jìF�=�qg emri���bm|X*�í

* 9 D 
 � Ï ì ,® � E6FHG�I J ì ¬ ü · R+T5UV�W ý ü�¼��jì ª ý

_ag �qkx|�r=¼2� ú i�uxb�c�i�l³{	` bmo¡bm�Y*�c�g o�u¸gjpRt�|�rlmi�gnpx� © ¢�ïº��bm|2o�ux|�rzr=tzlm��rz|�l,|�risbq`nkxo�g bqpRiHü���ä
ì ¬q® �Û� ª ì ® � ®mª �qý²c�gjo�u>
éä ¬"Z ¬qª
� lmpR}C�Pä úm® {	g!�hr`jiz�

ì ì ú
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