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Z ³äÀÇ´¡­Û»Í¶¸³º¹ ØÁÀÍ¶ËÏ ·º½¨Ä°±¼è ­°»ï³º» » � ­ ´¡ÄÑÃ¼­ÛÏð¶¸¹ ��Øº±¼ÀÍ­ �õÞ'"¼Þ � ¹ ´¡ÃÙ¶¸»á­
	Ù³ºÌ Ü çË­ �õ´ÍÃ¼­åÀÍ¶Ëè% � ·ä½¨´ÍÃ¼­åÄ°±¼è ­°»
¶Ë»ª´Ñ³ � ­°¹®­°¯²±�³ºç�´¡· ´¡ÃÙ­ÅÏ¼¶Ë»Ç´¡³º¹¼Ä°­  �(Åè ­Û´ Õ ­°­Û¹ ´¡Ã¼­ ÄÛ±¼èé­Û»°ÞÅàáÃ¼­ ¶Ë¹²´Í­°À ½ ³ºÄ°­êÕÉ¶Ë´ÍÃÔ´¡Ã¼­ Ü ­ÛÀÍÌÝ­Æ³ºèÙç¸­
Õ ³ºçËç¥¶¸»ÉÏ¼­
��¹¼­°Ïí³º»á´¡Ã¼­ÂÃ¼­Û¶¸ØÁÃ ´r� b $ ³ä´ÉÕÉÃ¼¶ËÄÑÃÊ´ÍÃ¼­ Ü ·ÁÀÇ·Á»Í¶ ´ Ò »Ç´¡³ºÀÇ´Í»á´¡·ÝÏ¼­�� ¶ ³µ´¡­å½¿ÀÍ·ÁÌ ·Á¹¼­äÞ àáÃ¼­
Ü ·ÁÀÇ·Á»Í¶ ´ ÒÐ¶Ë»êÄ°·ÁÌ Ü ±Ù´Í­°Ï ³º¹�³ºç Ò²´¡¶¸Ä°³ºç¸ç ÒÔ½¿ÀÍ·ÁÌ ­°¯²±�³µ´¡¶¸·º¹ ö �õÞ!� ù¾±¼»Ç¶¸¹¼ØÔ´¡ÃÙ­ Ä°­°çËç¸±¼ç¸³ºÀ��¼çË´¡­ÛÀâØÁ¶ �Á­°¹ è Ò
ö �õÞ �ºý ù�T
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ÕÉÃ¼­°ÀÇ­�& b  �( *  � b �  � ¶¸»�´¡Ã¼­ïÏ¼¶ËÌÅ­Û¹¼»Í¶Ë·Á¹ ·º½ ³ë±¼¹¼¶ ´ ÄÛ­°çËçÿÞ ��·ÁÀîÄÛ·Á¹ �Á­°¹Ù¶¸­°¹ÙÄ°­¬Õ ­���ÀÇ»Ç´ ¶¸¹ ´¡ÀÇ·õÏÙ±¼Ä°­
³Ý¯²±�³º¹ ´Í¶Ë´ ÒN` Ï¼­
��¹¼­ÛÏíè ÒJT
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� ´ ¶Ë»á­Æ³º» Ò ´¡· »ÍÃÙ·ÖÕ ´¡Ã�³ä´%`]b�� ,��õÞ �®­ë¹¼· Õ ÄÛ·ÁÌ Ü ±Ù´¡­å´¡ÃÙ­ Ü ·ÁÀÇ·Á»Í¶ ´ Ò ³º»á½¿·ÁçËç¸· ÕÉ»�T
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�
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& j � � � �QP �TS
� j �QP ` ö
& * �Ûù� �� l �
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& j � � j � P �TS
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�
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U � � � � j * ý � � � � * ûWV
� � l &  � T 1 öC�Áù�b $�� �Áû

àáÃ¼­â³ºè ·��Á­ Ü ·ÁÀÇ·Á»Í¶ ´ Ò Ü ÀÍ· �¼ç¸­ë¶¸»ïÏ¼­ Ü ¶¸ÄÛ´Í­°Ïð¶Ë¹ ��Øº±¼ÀÍ­]�õÞ£ûõÞ � ·ºç¸ç¸· ÕÉ¶Ë¹¼Ø (ªÄÑÃ¼· ³Öó à¨³ Ü ¶¸³ � � ÃÙ¶Ë´Ñ³ � ­°À
ú ý��Öþ �¼Õ ­ë±¼»Í­ë´¡Ã¼¶Ë» Ü ·ºÀÍ·Á»Ç¶Ë´ Ò Ü ÀÍ· ��çË­ª´¡· Ï¼¶ �õ¶ËÏ¼­ª´¡ÃÙ­ëÓ¼·ÖÕ Ï¼·ÁÌÅ³º¶¸¹È¶Ë¹ ´¡·ê´¡Ã¼ÀÇ­°­ÂÀÍ­ÛØÁ¶¸·Á¹Ù»�T
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�ÁÞÉàáÃ¼­ëÃ¼·ÁÌÝ·ÁØÁ­°¹Ù­°·Á±¼»áÓ�±Ù¶¸Ï ÀÍ­ÛØÁ¶¸·Á¹ ½¿·ÁÀ � R8$ ¶¸¹ÈÕÉÃ¼¶ËÄÑÃÊ´¡ÃÙ­ Ü ·ÁÀÇ·Á»Í¶ ´ ÒÈ¶¸»á­Û¯²±�³ºç¥´¡· ±¼¹Ù¶Ë´ ÒÁÞ

�õÞÉàáÃ¼­ ¶¸¹ ´¡­ÛÀÇ½ ³ºÄÛ­êÀÍ­°Øº¶¸·Á¹ãè ­Û´ Õ ­°­°¹ l &  � � � � $ �¥ÕÉÃ¼¶ËÄÑÃ®¶Ë»åÄÑÃ�³ºÀ¡³äÄÛ´¡­ÛÀÍ¶Ëì°­°Ïæè Òã³ » Ü ³µ´¡¶ ³äç¸çËÒ
�º³äÀÇÒ ¶¸¹¼Ø Ü ·ÁÀÇ·Á»Í¶ ´ ÒÁÞ

&ÙÞÉàáÃ¼­ëÃ¼·ÁÌÝ·ÁØÁ­°¹Ù­°·Á±¼» Ü ·ÁÀÍ·º±¼»áÀÍ­ÛØÁ¶¸·Á¹ ½¿·ÁÀ � � l &  � �¼ÕÉ¶Ë´¡Ãß³êÄ°·º¹¼»Ç´¡³º¹ ´ Ü ·ÁÀÍ·º»Í¶Ë´ ÒºÞ
�®­Ý¹¼·º´¡­ê´ÍÃ�³ä´ë´¡Ã¼­ ´¡ÃÙ¶¸Ä � ¹¼­°»Ç»
� � ·º½ ´¡Ã¼­ ¶Ë¹²´Í­°À ½ ³ºÄ°­ÝÀÍ­ÛØÁ¶¸·Á¹ �òÕÉÃÙ¶¸ÄÑÃÐ¶Ë¹ã·Á±¼ÀÂ­
	Ù³ºÌ Ü ç¸­ê­Û¯ ±¼³ºç¸» &  � �ÏÙ­ Ü ­°¹¼Ï¼»å·º¹í´¡Ã¼­ ÄÑÃ¼·Á¶¸ÄÛ­â·º½�´ÍÃ¼­ ��ç ´¡­°À¬³º¹¼ÏÔÄÛ·Á¹¼»Í­Û¯²±¼­°¹ ´¡ç Òð·Á¹ð´ÍÃ¼­âØÁ­Û·ÁÌÝ­Û´¡ÀÇ¶¸Ä°³ºçò»Ç´¡ÀÇ±¼ÄÛ´Í±¼ÀÍ­ê·ä½�´¡Ã¼­
Ü ­°ÀÇÌÅ­°³ºè¼çË­ÂÕ ³ºç¸ç÷Þ � ·ºÀ¬Ï¼¶Ë»Í·ÁÀÇÏ¼­°ÀÇ­°Ï Ü ·ÁÀÍ·º±¼»¬ÌÝ­°Ï¼¶¸³ � ½¿·ÁÀïÕÉÃÙ¶¸ÄÑÃð´¡ÃÙ­¾´¡· Ü ó Ã�³ä´ ��ç ´¡­°À Ì ³ÆÒßè ­ ±¼»Ç­°Ï��
¶ ´áÄÆ³ä¹Êè ­ë­
	 Ü ­ÛÄÛ´Í­°ÏÊ´ÍÃ�³ä´�� ���  � Þ
àáÃÙ­å³ºè ·��º­ªÏ¼¶Ë»Ç´¡¶Ë¹¼ÄÛ´Í¶¸·Á¹Ýè ­Û´ Õ ­°­°¹ ´ÍÃ¼ÀÍ­Û­ªÏ¼¶ 
é­°ÀÇ­°¹ ´ ÀÇ­°ØÁ¶Ë·Á¹¼» ¶¸»��º­°À Ò ¶ËÌ Ü ·ÁÀÇ´¡³º¹ ´ ÕÉÃÙ­°¹ Ä°·º¹¼»Í¶ËÏ¼­°ÀÇ¶¸¹¼Ø
Ó¼·ÖÕ×·��º­°Àâ³ Ü ­ÛÀÍÌÝ­Æ³ºèÙç¸­êÕ ³äç¸çÿÞ � ´¾¶¸»ÂÄ°çË­Æ³ºÀë½¿ÀÍ·ºÌ ��ØÁ±¼ÀÇ­ �õÞ'"Ê´ÍÃ�³ä´ÂÕÉ¶Ë´ÍÃÐÀÍ­Û» Ü ­°Ä ´ ´¡·ß´¡Ã¼­ ³
�Á­°ÀÍ³ºØ��
¶Ë¹¼Ø �Á·ºç¸±¼ÌÝ­ � ´ÍÃ¼­êØÁ­Û·ÁÌÅ­ ´¡ÀÇ¶¸ÄÆ³äç »Ç´ÍÀÍ±¼Ä ´¡±¼ÀÇ­ ·º½î´¡Ã¼­ê¶Ë¹²´Í­°À ½ ³ºÄ°­êÀÇ­°ØÁ¶Ë·Á¹Ô¶¸»åÃ¼­ ´¡­ÛÀÍ·ÁØÁ­Û¹¼­°·º±¼»Â³º¹¼ÏãÌÅ·ºÀÍ­
ÄÛ·ÁÌ Ü ç¸­ 	 ´¡Ã¼³º¹Ú´¡Ã¼­ »Ç´ÍÀÍ±¼Ä ´¡±¼ÀÇ­ ·º½ ´ÍÃ¼­ Ã¼·ÁÌÝ·ÁØÁ­Û¹¼­°·Á±Ù» Ü ·ÁÀÇ·Á±¼» ÀÍ­ÛØÁ¶¸·º¹¥Þ ��±¼ÀÇ´ÍÃ¼­°ÀÇÌÅ·ºÀÍ­ ��´ÍÃ¼­ Ó�· Õ
�¼­°ç¸Ïã¶Ë¹ã´ÍÃ¼­ ¶¸¹ ´¡­ÛÀÇ½ ³ºÄÛ­ ÀÍ­°Øº¶¸·Á¹Ô¶Ë»åÌÅ·ÁÀÇ­êÄ°·ÁÌ Ü çË­
	ã³ä»ëÕ ­°çËçÿÞêàáÃ¼­Û»Í­Å³º» Ü ­°Ä ´¡»ÂÃ�³ºÌ Ü ­ÛÀª´¡Ã¼­ ÄÛç¸·Á»Ç±¼ÀÍ­
Ü ÀÍ·Áè¼çË­°ÌÝ»ø½¿·ºÀø´ÍÃ¼­¬»Ç±¼è ��ç ´¡­°À ó »ÍÄ°³ºç¸­ »Ç´ÍÀÍ­°»Ç»á³º¹¼ÏÝ´¡Ã¼­¬Ï¼À¡³ºØÂ½¿·ÁÀÍÄÛ­¬¶Ë¹Ý´ÍÃ¼­ ¦¨§ª©¬« ­°¯²±�³ä´Í¶¸·Á¹¼»ÛÞ �Ð­ïÕÉ¶¸çËç
ÏÙ¶¸»ÍÄÛ±¼»Í»�´ÍÃ¼­°»Ç­áÄ°ç¸·º»Í±¼ÀÇ­ Ü ÀÍ·ÁèÙç¸­°ÌÝ» ¶Ë¹â´¡Ã¼­á¹¼­ 	 ´�´ Õ ·Â»Í­ÛÄÛ´¡¶Ë·Á¹¼»��ÁÕÉÃ¼­°ÀÇ­ÉÕ ­ÉÀÍ­Û»Ç´¡ÀÇ¶¸Ä ´�·Á±¼ÀÇ»Í­°ç �Á­Û»î´Í·åÓ�· Õ
´ÍÃ¼ÀÍ·º±¼ØÁÃ � 4�� 4��;*$�5* 46( # Ü ·ºÀÍ·Á±¼»¬ÌÅ­ÛÏ¼¶ ³ÙÞ¬àáÃ¼­êÌÅ· Ï¼­Ûç¸¶¸¹ÙØÅ·º½î»Ç±¼è ��ç ´¡­ÛÀ ó »ÇÄÆ³ºçË­âÏ¼¶¸» Ü ­ÛÀÍ»Ç¶¸·Á¹ã³º¹ÙÏð´¡Ã¼­
ÏÙÀ¡³ºØë½¿·ÁÀÍÄÛ­É¶¸¹ê´¡Ã¼­������ *$ � +;% *0 *��.�&46�ëÕÉ¶¸çËç¼èé­ïÏ¼¶Ë»ÍÄ°±Ù»Í»Í­ÛÏÈ¶¸¹ ÌÝ·ÁÀÍ­áÏÙ­Û´Ñ³ä¶¸ç�¶¸¹ê½¿·ÁÀ ´¡Ã¼ÄÛ·ÁÌÝ¶¸¹¼ØëÄÑÃ�³ Ü ´¡­°ÀÇ»°Þ
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àáÃ¼¶¸»âÌÝ·ÁÌÝ­°¹ ´¡±ÙÌ è¼³ºç ³º¹ÙÄ°­È­ 	 Ü ÀÍ­°»Ç»Í­Û»Ý´ÍÃ�³ä´ ´ÍÃ¼­ Ü ÀÇ­°»Ç»Í±¼ÀÇ­ßÏÙÀÍ· Ü ¶Ë»âÄÆ³ä±¼»Í­ÛÏ è Òæ´¡Ã¼­ »Í±¼Ì ·º½á´¡Ã¼­
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ÕÉÃ¼­°ÀÇ­ � ³º¹¼Ï � ³ºÀÍ­åÀÇ­°» Ü ­°Ä ´¡¶ �Á­°ç Ò ´ÍÃ¼­ Ü ­ÛÀÍÌÝ­Æ³ºèÙ¶¸ç¸¶ ´ ÒÝ³º¹¼ÏÈ´ÍÃ¼­���·ÁÀÍÄÑÃ¼ÃÙ­°¶¸ÌÝ­°À ´¡­°¹Ù»Í·ÁÀÛÞ � ¹ Øº­°¹¼­ÛÀ¡³ºç
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�º­°À¡³äØÁ­°ÏÝÓ�· Õ ¶¸¹Ý³ Ü ·ÁÀÇ·Á±¼»îÌÅ­ÛÏ¼¶¸±ÙÌÊÞ � Ã¼­°¹ ³ºØ ³º¶Ë¹ÝçË·õÄ°³ºç�­°¹Ù­°ÀÍØäÒ ­°¯²±¼¶¸çË¶¸è¼ÀÇ¶¸±¼Ì
¶Ë» ³º»Í»Ç±¼ÌÝ­°Ï��ø´¡Ã¼­Û¹ ´¡ÃÙ­ß­Û¹¼­°ÀÇØºÒ ­°¯²±�³µ´¡¶¸·º¹ ÀÇ­°Ï¼±ÙÄ°­°»Ý´¡· T l�� � 
�� � � < 
	�ëö 4 2� � , 4 	��°ù j �ÛÞ � ¶Ë¹¼¹¼¶ËØ ³º¹
ú'���Öþ ÀÇ­Û½¿­°ÀÇ» ´Í· ´¡Ã¼¶Ë» Ü Ã¼­°¹¼·ºÌÅ­Û¹¼·Á¹Ô³º»¬³Å» Ü ­ÛÄÛ´¡ÀÍ³ºç »ÍÃ¼·ÁÀ ´ ó ÄÛ±Ù´
�éèé­ÛÄÆ³º±Ù»Í­â¶ ´¬è Ò Ü ³º»Ç»Í­°»ª´ÍÃ¼­ » ´Ñ³º¹ÙÏ�³ºÀÍÏ



����� � � �Q���;� ��� � ����� �@� � � � �U
 � �[��� � � � 
 �������$� � �Q�[��
0����� � �Áû

­°¹¼­ÛÀÍØºÒ Ä°³º»ÍÄ°³ºÏ¼­ ú'��&Öþò·º½ ´¡±¼ÀÇè¼±¼ç¸­Û¹¼Ä°­ë¶Ë¹Ê³êÃ¼·ºÌÅ·ÁØº­°¹¼­Û·Á±¼»áÓ�±¼¶ËÏßÀÇ­°ØÁ¶Ë·Á¹¥Þ
àáÃ¼­®»Ç±¼è ��ç ´¡­ÛÀ ó »ÇÄÆ³ºçË­ � ¶¸¹Ù­Û´¡¶ËÄÔ­°¹¼­ÛÀÍØºÒ Ä°³º¹ è ­æ¯ ±Ù¶Ë´¡­ãÃ¼¶ËØÁÃ¥Þ § ´ ´¡Ã¼­æ»Í±¼À ½ ³ºÄ°­ e � ·º½Â´¡Ã¼­æ»Í·ÁçË¶¸Ï
·Áè¼»Ç´¡³ºÄ°çË­°»ë´¡Ã¼­ �Á­Ûç¸· Ä°¶Ë´ Òð­°¯²±�³ºçË»¾ìÛ­°ÀÍ· � 9 b7. Þ ��ÀÍ·ºÌ ­°¯²±�³ä´Í¶¸·Á¹ ö �õÞ ��$ ùª¶ ´Â´ÍÃ¼­°¹æ½¿·Áç¸çË· ÕÉ»ë´ÍÃ�³ä´¾³ä´e � ´¡ÃÙ­ »Í±Ùè ��çË´Í­°À ó »ÍÄ°³ºç¸­ �º­°çË·õÄÛ¶Ë´ Ò ¶¸» ­°¯²±�³ºç ´¡· 29 b l 
 9 �ÛÞ¬àáÃ¼¶Ë»ª¶¸Ì Ü çË¶¸­°» ´ÍÃ�³ä´ ÕÉÃ¼­°¹ð´ÍÃ¼­ ´ Ò Ü ¶¸Ä°³ºçç¸­°¹ÙØº´¡Ã »ÇÄÆ³ºçË­
 �(Â·º½ ´ÍÃ¼­ Ü ·ÁÀÍ­Û»á¶¸» »ÇÌ ³ºçËçéÀÇ­°ç¸³ä´¡¶ �Á­ ´Í·â´¡Ã¼­åÌÝ­Æ³ä¹ Ü ³ºÀÇ´Í¶¸ÄÛç¸­¬ÏÙ¶ ³ºÌÝ­Û´Í­°À� � ·º½ ´ÍÃ¼­å»Í·ÁçË¶¸Ï
·Áè¼»Ç´¡³ºÄ°çË­°»��²´ÍÃ¼­°¹ ´¡ÃÙ­ï»Ç±¼è ��ç ´¡­ÛÀ ó »ÇÄÆ³ºçË­ � ¶Ë¹¼­Û´Í¶¸Äá­°¹Ù­°ÀÍØäÒ ¶¸»�·º½ ´¡Ã¼­É»Í³ºÌÅ­á·ºÀÍÏ¼­ÛÀ ³ä»î´ÍÃ¼­ � ¶¸¹¼­ ´¡¶¸Äá­Û¹¼­°ÀÇØºÒ
·º½¨´ÍÃ¼­ �Á·ÁçË±¼ÌÝ­ óõ³
�Á­ÛÀ¡³ºØº­°Ï Ó�· Õ ��­°çËÏ:T
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àáÃ¼­ ¹�³ä´Í±¼ÀÍ­ ·º½É´ÍÃ¼­È»Í±Ùè ��çË´Í­°À ó »ÍÄ°³ºç¸­È» ´¡ÀÇ­°»Í» ¶Ë¹ ³ Ü ·ÁÀÇ·Á±¼»âÌÝ­°ÏÙ¶¸±¼ÌÎ¶¸» ÌÅ·ÁÀÇ­ ÄÛ·ÁÌ Ü ç¸­
	®´¡Ã¼³º¹ ´¡Ã¼­
»Í±¼è¼ØºÀÍ¶¸Ï²ó »ÍÄ°³ºç¸­¾»Ç´¡ÀÇ­°»Ç»å¶¸¹ðñòôø«éÞ � ¹ã³ Ã¼·ÁÌÝ·ÁØÁ­Û¹¼­°·º±¼» Ó�±Ù¶¸ÏíÀÇ­°ØÁ¶Ë·Á¹�� »Í±¼èÙØÁÀÍ¶ËÏ ó »ÍÄ°³ºç¸­Â´¡±¼ÀÇè¼±¼çË­°¹ ´ªÌÝ·��
´¡¶¸·º¹¼»�Ä°·Á¹ ´ÍÀÍ¶¸èÙ±Ù´¡­ ´Í·ë´ÍÃ¼­áÏ¼¶�
 ±¼»Ç¶¸·Á¹ê·ä½éÀÇ­°»Ç·Áç �º­°Ï ó »ÇÄÆ³ºçË­ÉÌÅ·ÁÌÝ­°¹ ´Í±¼Ì ÕÉÃ¼­Û¹ ³åÀÇ­°»Í·ºç �Á­ÛÏ ó »ÇÄÆ³ºçË­á»Ç´¡ÀÍ³º¶¸¹
��­°çËÏ®¶Ë» Ü ÀÍ­°»Ç­°¹ ´ÆÞ �®­ ÀÍ­ ½¿­°Àë´¡· ´¡Ã¼¶Ë»¾³ä» �,(; � (;-7*$��� :.�7# )�*$ #$�&46��Þ � ¹Ð³ Ü ·ÁÀÍ·Á±Ù»¾ÌÝ­°Ï¼¶Ë±¼Ì ´ÍÃ¼­ Ó�±¼¶¸Ï
¶¸»ª½¿·ÁÀÇÄ°­°ÏÔ´Í· ÌÅ·��Á­ ³äÀÍ·Á±¼¹ÙÏã´ÍÃ¼­ê»Í·ºç¸¶¸Ïí·Áè¼»Ç´¡³ºÄ°çË­°»��¨³ä¹¼ÏÔ´¡Ã¼¶Ë»ªÄÆ³º±Ù»Í­°»Â³º¹æ³ºÏÙÏ¼¶Ë´Í¶¸·Á¹�³äç¨ÄÛ·Á¹ ´¡ÀÍ¶Ëè¼±Ù´Í¶¸·Á¹
´¡·ðÏ¼¶�
 ±Ù»Í¶¸·º¹ ·º½ �Á·ºç¸±¼ÌÝ­ óõ³
�º­°À¡³äØÁ­°Ï ÌÝ·ÁÌÝ­°¹ ´¡±ÙÌÊÞ��Ð­ÈÄ°³ºç¸çî´¡ÃÙ¶¸» � * % � +.���&%9+.-�:.�7# )�*$ #$�&46��Þ X ·º´¡Ã
´ Ò Ü ­°»¬·º½�Ï¼¶Ë» Ü ­°ÀÍ»Ç¶¸·Á¹Ê³ºÀÇ­ ¶¸çËç¸±¼» ´¡ÀÍ³ä´¡­ÛÏß¶Ë¹ ��Øº±¼ÀÍ­]�õÞüýÙÞáàáÃ¼­âÏ¼¶Ë»Ç´Í¶¸¹¼Ä ´¡¶¸·º¹ßè ­Û´ Õ ­°­Û¹ãÌÅ­ÛÄÑÃ�³º¹¼¶ËÄÆ³ºç ³º¹¼Ï
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´Í±¼ÀÍèÙ±¼ç¸­Û¹²´ÂÏ¼¶Ë» Ü ­°ÀÇ»Í¶¸·º¹æÕ ³º»ÂÌ ³ºÏÙ­Å³äç¸»Í· è Ò®© ­ Ü ½ëú ý ûµþî¶Ë¹®·ÁÀÇÏ¼­°Àå´Í·ÊÌÝ·õÏÙ­°ç�Ï¼¶�
 ±¼»Ç¶¸·Á¹ã·º½ ³ß»ÇÄÆ³ºç¸³ºÀ
¶Ë¹ ­ÛÌÅ­ÛÀÍØÁ­Û¹²´ ³º¯²±�³ä´Í¶¸Ä �Á­°Øº­Û´Ñ³µ´¡¶¸·º¹�� ÕÉÃÙ­°ÀÍ­¬ÌÅ­ÛÄÑÃ�³º¹¼¶ËÄÆ³ºç Ï¼¶Ë» Ü ­°ÀÍ»Ç¶¸·Á¹Å·ÁÀÍ¶ËØÁ¶¸¹¼³ä´¡­Û»î½¿ÀÇ·ÁÌ ´¡ÃÙ­¬·Áè¼» ´¡ÀÇ±¼Ä��
´Í¶¸·Á¹ã·º½ø´¡ÃÙ­ÝÓ�· Õ è²ÒÔ´ÍÃ¼­ Ü ç ³º¹ ´Í»°Þ �í³º»Í±Ù· � ³ � à¨³ � ³ä´Í»Í± ú ý�&µþî¶¸¹ ´¡ÀÇ·õÏ¼±ÙÄ°­°Ïã´¡ÃÙ­ÅÄÛ·Á¹¼Ä°­ Ü ´¾·º½��º·Á¶¸Ï
�º·ÁÀÇ´Í¶¸ÄÛ­°»É³º¹¼Ï Ü »Ç­°±¼ÏÙ· �º·ÁÀÇ´Í¶¸ÄÛ­°»°Þ�¦î·Á¶ËÏ �Á·ÁÀ ´¡¶ËÄ°­°»É³äÀÍ­¬´Í±¼ÀÍè¼±Ùç¸­°¹ ´É­ÛÏ¼Ï¼¶¸­Û»á¶¸¹È´ÍÃ¼­ Ü ·ºÀÍ­°»���³º¹¼Ï Ü »Ç­°±¼ÏÙ·
�º·ÁÀÇ´Í¶¸ÄÛ­°»ª³äÀÍ­ ÌÝ·º´Í¶¸·Á¹¼»É·º½�Ó¼±¼¶¸ÏÊ­°ç¸­ÛÌÅ­Û¹ ´¡»ª³äç¸·Á¹¼Ø ´¡ÃÙ­â»Í·ÁçË¶¸Ïß·Áè¼» ´Ñ³ºÄÛç¸­°»ÛÞ ��ÀÍ·ºÌ ·Á±¼À Ü ·Á¶Ë¹²´ï·º½ � ¶Ë­ÛÕ��
´ÍÃ¼­°»Ç­ �Á·ÁÀ ´¡¶¸ÄÛ­°»ë³ºÀÇ­âÀÍ­Ûç ³ä´Í­°Ïð´Í· ´Í±¼ÀÍèÙ±¼ç¸­Û¹²´Â³ä¹¼ÏÔÌÅ­ÛÄÑÃ�³º¹¼¶ËÄÆ³ºç¨Ï¼¶¸» Ü ­ÛÀÍ»Ç¶¸·Á¹ÔÀÇ­°» Ü ­°Ä ´¡¶ �Á­°ç ÒÁÞ �Ê³º»Í±¼· � ³
� à ³ � ³µ´¡»Í± ±¼»Ç­°Ï ´ÍÃ¼­ Ä°·º¹¼Ä°­ Ü ´ ·ä½¬Ï¼¶Ë» Ü ­°ÀÇ»Í¶¸·º¹ è Ò �º·Á¶¸Ï �º·ÁÀÇ´Í¶¸Ä°­Û»ê´¡·æ­
	 Ü ç ³ä¶¸¹ ´¡ÃÙ­ ��·ÁÀÇÄÑÃ¼Ã¼­Û¶¸ÌÝ­°À
ÄÛ·ÁÀÍÀÇ­°Ä ´¡¶¸·º¹ ´Í· �å³ºÀÍÄ Ò�
 »ïñò³ Õ ½¿·ÁÀ Ã¼¶ËØÁÃ *ï­ Ò ¹¼·Áç¸ÏÙ»ï¹²±¼Ì èé­ÛÀÍ»���èÙ±Ù´É´¡Ã¼¶Ë»á­
	 Ü ç ³ä¹�³ä´¡¶Ë·Á¹ ¶¸»áÏÙ¶¸» Ü ±Ù´Ñ³ºèÙç¸­
ú ýÁýÖþ �òú'� �°þ÷Þ � ¹ ´¡Ã¼¶Ë» »Ç­°ÄÛ´Í¶¸·Á¹ Õ ­ë³ºÀÍØº±¼­ª´¡Ã�³µ´á¶¸¹ÈØº­°¹¼­ÛÀ¡³ºç¥è ·º´ÍÃÈ´¡Ã¼­åÌÝ­°ÄÑÃ�³ä¹¼¶¸Ä°³ºç¥³º¹ÙÏÈ´¡Ã¼­ª´Í±¼ÀÍè¼±Ùç¸­°¹ ´
»Ç±¼è ��ç ´¡­ÛÀ ó »ÇÄÆ³ºçË­å»Ç´¡ÀÇ­°»Ç»¬Ã�³
�Á­¾³ê¹¼­°Øºç¸¶¸Øº¶¸è¼çË­ ¶Ë¹ÙÓ�±¼­Û¹¼Ä°­Â·Á¹ ´¡Ã¼­ �º·Áç¸±¼ÌÝ­ ó ³��º­°ÀÍ³ºØÁ­°Ï Ó�· Õ ��­Ûç¸Ï¥Þ
��ÀÇ·ÁÌ ��ØÁ±¼ÀÇ­ �õÞüýí¶Ë´ ÄÆ³º¹Úè ­È¶¸¹õ½¿­°ÀÍÀÇ­°ÏÐ´ÍÃ�³ä´êÌÝ­°ÄÑÃ¼³º¹¼¶¸Ä°³ºç ³º¹¼Ï ´¡±ÙÀÍè¼±¼çË­°¹ ´êÏ¼¶Ë» Ü ­°ÀÇ»Í¶¸·º¹Ð´Ñ³ � ­ Ü ç ³äÄ°­
·º¹¼çËÒ ÕÉÃ¼­Û¹®³ �º·Áç¸±ÙÌÅ­Ñóõ³
�Á­°ÀÍ³ºØÁ­ÛÏÔ»Ç´¡ÀÍ³º¶¸¹ ��­°çËÏÔ¶¸» Ü ÀÍ­°»Ç­°¹ ´ÆÞÂàáÃ¼¶Ë»ªÌÅ·ä´¡¶ �ä³ä´Í­°»¬³ Ü ³ºÀÍ³ºÌÅ­ ´¡­ÛÀÍ¶¸ì°³ä´¡¶Ë·Á¹
½¿·ºÀ ´¡Ã¼­ë»Í±Ùè ��çË´Í­°À ó »ÍÄ°³ºç¸­ë»Ç´ÍÀÍ­Û»Í» ³ºÄ°ÄÛ·ÁÀÍÏ¼¶Ë¹¼Øê´¡· T
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ÕÉÃÙ­°ÀÍ­�� � ³ä¹¼Ï�� 	 ³ºÀÍ­ÂÀÍ­Û» Ü ­°Ä ´¡¶ �º­°ç ÒÊ´ÍÃ¼­¾ÌÝ­°ÄÑÃ¼³º¹¼¶¸Ä°³ºç ³º¹¼Ïí´ÍÃ¼­ë´¡±¼ÀÇè¼±¼ç¸­Û¹ ´ � ¶¸»ÇÄ°·Á»Ç¶Ë´ ÒÁÞÉàáÃ¼­¾»Í±¼ÌD�
ÌÅ³ä´Í¶¸·Á¹Ú·º½¬´¡Ã¼­ ´ Õ · � ¶¸»ÍÄÛ·Á»Í¶ ´¡¶Ë­°» ¶¸¹ ­°¯²±�³ä´Í¶¸·Á¹ ö � Þ & ûºùê¶Ë»Ý³ºç¸çË·ÖÕ ­°Ï � Ü ÀÇ·�� ¶ËÏ¼­°Ï ´¡Ã�³ä´ ´ÍÃ¼­ÛÒ Ï¼·æ¹¼·º´
Ì ±Ù´¡±�³äç¸çËÒíÄ°·ÁÀÇÀÍ­Ûç ³ä´Í­ºÞ à ·íè ­ÅÌÝ·ÁÀÍ­Ý» Ü ­°ÄÛ¶ ��Ä �¨Õ ­È³º»Ç»Í±¼ÌÝ­Å´ÍÃ�³ä´Â´¡Ã¼­Ý¶¸¹ÙÏ¼±¼Ä°­ÛÏ ÌÝ·º´¡¶Ë·Á¹ã·º½É³ßÓ¼±¼¶¸Ï
­Ûç¸­ÛÌÅ­Û¹²´ è Ò ´¡ÃÙ­ Ü ÀÍ­Û»Í­Û¹¼Ä°­ë·º½ ³â»Ç·Áç¸¶ËÏ ·Áè¼» ´Ñ³ºÄÛç¸­ªÏÙ·õ­Û» ¹¼·º´áÄÛ·ÁÀÍÀÇ­°ç¸³ä´¡­ïÕÉ¶Ë´¡ÃÅ´¡Ã¼­å¶Ë¹¼Ï¼±¼ÄÛ­°Ï ÌÝ·º´¡¶Ë·Á¹ ·º½
´ÍÃ¼­åÓ�±¼¶ËÏß­Ûç¸­ÛÌÅ­Û¹²´Éè Ò ´ÍÃ¼­ Ü ÀÍ­Û»Í­°¹ÙÄ°­ ·ä½ ­ÛÏ¼Ï¼¶¸­Û»É¶¸¹ ´¡Ã¼­ Ü ·ÁÀÍ­Û»°Þ
� ÃÙ­°¹ß³ Ó�±¼¶ËÏ ­°ç¸­ÛÌÅ­Û¹ ´ ÕÉ¶Ë´ÍÃ ³ �Á­°çË·õÄÛ¶Ë´ Ò 29 ³ Ü¼Ü ÀÍ· ³ºÄÑÃÙ­°»É³â»Í·ºç¸¶¸Ï ·Áè¼»Ç´¡³ºÄ°çË­å·º½òÏ¼¶¸³ºÌÅ­ ´¡­ÛÀ  � �¼¶Ë´ Ã�³º»
´Í· ÌÅ·��Á­Â³ºÀÇ·Á±¼¹¼Ïß¶Ë´°Þ ��ÀÍ·ÁÌ ´¡Ã¼¶Ë»áÄ°·Á¹Ù»Í¶¸ÏÙ­°À¡³µ´¡¶¸·º¹ Õ ­Â­°»Ç´Í¶¸ÌÅ³ä´¡­ ´¡Ã¼­ëÌÝ­°ÄÑÃ�³º¹Ù¶¸ÄÆ³äç��õ¶Ë»ÍÄÛ·Á»Í¶ ´ Ò è ÒAT
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ÕÉÃÙ­°ÀÍ­�� � ¶Ë»ò³ÉÄÛ·õ­ �ÝÄ°¶¸­Û¹ ´ ´ÍÃ�³ä´òÏ¼­ Ü ­Û¹¼Ï¼» ·Á¹ë´¡Ã¼­îØÁ­Û·ÁÌÅ­ ´¡À Òª·º½ ´¡Ã¼­ Ü ·ÁÀÍ·º±¼» ÌÅ­ÛÏ¼¶¸±ÙÌÊÞ � ´ò¶¸» ­ 	 Ü ­ÛÄÛ´¡­ÛÏ
´ÍÃ�³ä´É½¿·ÁÀ Ü ·ÁÀÍ·Á±Ù»ïÌÝ­°ÏÙ¶ ³â½¿·ÁÀáÕÉÃ¼¶¸ÄÑÃÊ»Í·ÁçË¶¸Ï ·Áè¼» ´Ñ³ºÄÛç¸­Û»¬³ºÀÇ­ ³äç¸¶¸Øº¹¼­°Ï ÀÇ­°ç ³µ´¡¶ �º­å´¡·Ý­Æ³ºÄÑÃð·ä´¡Ã¼­ÛÀ���� � ÕÉ¶¸çËç
è ­ �Á­ÛÀÇÒ »ÍÌÅ³ºçËç � ÕÉÃ¼­ÛÀÍ­Æ³ä»Ý´ÍÃ¼¶¸»êÄÛ·õ­ �ÅÄÛ¶¸­Û¹²´ ÕÉ¶Ëç¸ç è ­ ç ³ºÀÇØÁ­°Àâ½¿·ºÀ Ü ·ÁÀÇ·Á±¼»êÌÝ­°Ï¼¶¸³ðÕÉÃ¼­°ÀÇ­ß´ÍÃ¼­ »Í·ÁçË¶¸Ï
·ºè¼»Ç´¡³ºÄ°çË­°»È³äÀÍ­ß»Ç´Ñ³äØÁØÁ­°ÀÇ­°Ï ·ºÀÅÀÍ³º¹¼Ï¼·ÁÌÝçËÒ Ï¼¶¸» ´¡ÀÍ¶Ëè¼±Ù´Í­°Ï¥Þ àáÃ¼­Ê´¡±¼ÀÇè¼±¼ç¸­Û¹ ´ � ¶¸»ÇÄ°·Á»Ç¶Ë´ Ò ¶¸»Ý­°» ´¡¶ËÌ ³ä´Í­°Ï
è Ò ³í»Í¶ËÌÅ¶Ëç ³ºÀëÄ°·º¹¼»Í¶ËÏ¼­°ÀÍ³ä´¡¶Ë·Á¹¥Þ � ´ê¶Ë»ê³º»Í»Ç±¼ÌÝ­°ÏÚ´¡Ã�³µ´â´¡Ã¼­Å´ Ò Ü ¶¸ÄÆ³äç ç¸­Û¹¼Øº´ÍÃÚ»ÍÄÆ³äç¸­È·º½É´ÍÃ¼­È­°ÏÙÏ¼¶¸­Û»ê¶¸»
Ü ÀÍ· Ü ·ÁÀÇ´Í¶¸·Á¹¼³ºçé´Í· ´ÍÃ¼­å´ Ò Ü ¶¸Ä°³ºç Ü ·ºÀÍ­åÏ¼¶¸³ºÌÅ­ ´¡­ÛÀ  (ÁÞ�àáÃÙ¶¸»áÒ ¶¸­°çËÏ¼»�T
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ÕÉÃÙ­°ÀÍ­
� 	 ¶Ë»É³ÝÄÛ·õ­ �ÅÄÛ¶¸­Û¹²´É´ÍÃ�³ä´ïÏ¼­ Ü ­°¹ÙÏ¼» ·º¹ß´ÍÃ¼­ëÄÑÃ�³ºÀ¡³äÄÛ´¡­ÛÀÍ¶Ë»Ç´¡¶ËÄ *ï­ Òõ¹Ù·Áç¸Ï¼»É¹²±¼Ìâè ­°Àá½¿·ÁÀ ´ÍÃ¼­ëÓ�· Õ¶Ë¹ê´¡Ã¼­ Ü ·ÁÀÍ­Û»°Þ���·ÁÀ�ç¸· Õ *ï­ Ò ¹¼·Áç¸ÏÙ» ¹²±¼Ìâè ­°ÀÇ»ø´ÍÃ¼­áÓ�· Õ ¶¸¹ê´ÍÃ¼­ Ü ·ÁÀÇ­°»î¶¸»îç¸³ºÌÅ¶Ë¹�³ºÀ ³º¹¼ÏÝÄ°·Á¹¼»Ç­°¯²±¼­Û¹²´ÍçËÒ
´ÍÃ¼­ÝÄ°· ­��ÝÄ°¶Ë­°¹ ´�� 	 ¶Ë»��º­°À Ò®»ÇÌ ³äç¸ç � èÙ±Ù´¾½¿·ºÀÂç¸³ºÀÍØº­ *É­ÛÒ ¹¼·ºç¸Ï¼»Â¹²±¼Ìâè ­°ÀÍ»ë´¡ÃÙ­ÝÓ�· Õ×¶Ë¹æ´ÍÃ¼­ Ü ·ÁÀÇ­°»Â¶¸»
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GCH#IKJ0LNM,OÙÒ�P�Q Ó,PÖÕRJSPUT�IEVXW�I	VNYFI[Z�\,] IïÕSZ�] ]^J_H`Z�JXa%M#b L�IcO,bedfI	VNIEghLiZ�W,W,] b^j[Z�L�b^P�g,JEkml�n,Z!Y�W,] IEJob^gFL�H,I
p IE]^OqP!Q�H²Ò%O,V0Pr]^PºØºÒsZ!VNI Ó`P ÕRJ>b gqVNb T�IEV0J ÕRb LNHtZKW�P�VNPrM,J�\�I	Ovu�Z�g,OqM,g#O,IEVÇØrVNPrM#g,OêÕiZ!LNIEV Ó`P Õ ÕRH,b^j.H
Y�ZÆÒwO,I+TrIE] PrWAZt\�P�M,g,O`Z�V Ò*]xZÆÒrI	V�P7T�IEV p g,IEVcW�P�VNPrM,JcY�Z!L�I	VNbxZ!]vb^gyZF]^Z�VÍØ�IzT�Prb^OfkS{Kg#P�L�H,I	VKZ!W,W,]^b}|
jEZ!L�b Prg~b JcLNH,I�] M,\,V0b^j[Z�L�b^P�g�P!Q_VNIEO~\,]^P%P(O�jEI	]^] J�b g~JNY�Z�] ]�j[Z�W,b ]^]^Z�VNb IEJ ÕRH,b j.H�Z�VNI/jEPhZ�L�IEOÊÕRb L�HyL�H,I
I	g,O,P�LNH,IE] bxZ�]��%jEI	]^]éØr]ËÒ%jEP%j[Z!]ËÒhn�ki��Z�YFbxZ�g#PsI	LKZ�]�kK���7�!�:YFP(O,I	]^I	O�LNH,I¾Ø�]ËÒ%jEP%j[Z�] Òhn�Z�JcZ�O,I+Q2PrVNY�Z�\,] I
W'PrV0PrM,JÉÕiZ�] ]:]xZÆÒrI	VEkC{KJKZ�]^Z�J0LcI+n#Z�YFW,] IÂÕXI�YFIEghL�b Prg~\'PrM,g#O`Z�VÇÒr�%]^ZÆÒrIEVcJNM#j	L�b Prg~LNH,VNPrMÙØrH�ZFW�I	V�|
YFI[Z!\,]^IzJNM#V0Q�Z�j	I�kc{K]^V0I[Z�OõÒ*b^g�� «r����� VNZ�g,O#LN]mV0IEW'PrV0LNIEOAZ!\�PrM(L�I1n(W�I	VNb^YFIEghLNJ ÕRH,I	VNIsJ0M,j	LNb^PrgßÕiZ�J
J0M,jEj	IEJ0J0Q2M,] ]ËÒ�Z�W#W,]^b IEO�Z!L�LNH,IqVNIEZ�V�P�QSZ*j Ò%]^b^g#O,IEV�LNPwW,VNI+TrIEghL�\�P�M,g,O`Z�V Òr�%]xZÆÒrI	VzJNIEW,Z�V�Z!LNb^Prg���� � ��k
�`V0PrY�LNH,Iz� «r�r�(� J>Prgfuh\�PrM#g,O`Z�V Òh��]xZÆÒrI	VoJ0M,j	LNb^PrgtH`Z!J>\�I	IEg�Z�W,W,] b^IEOsLNP/Z�b^V0jEV�Z�Q�L ÕRb^g¼Ø�JEk>� Ò�Y�IEZ�g,J
P!Q�JNM,j+L�b^P�g�L�H,ISVNI	L�Z�VNO#IEOâÓ`M,b O�b g�L�H,IS\�PrM#g,O`Z�V Ò�]^ZÆÒrIEV�b^J�V0IEYFP7TrIEOqJ0P�L�H`Z�L�JNI	W`Z�VNZ!L�b Prg�b J�O,I	]xZÆÒrI	O
P�VcI+TrI	g�Z7T�Prb^O#IEOvkc�SPrg#JNIEa�M,I	ghL�]ËÒ�ufL�H#I�W,V0IEJ0JNM,V0IsO,V�ZäØ�b^JRV0IEO,M,j	IEO�Z�g#OyL�H#I�Y�Z�n(b^YsM#Y�]^beQ�LRjEP%I	Qx|
p jEb^I	ghL�b^g,j	VNIEZ�JNI	JEuv\'IEjEZ�M,JNIq\'PrM,g#O`Z�VÇÒr�%]^ZÆÒrIEVKJNM,j+L�b^P�g�Z!LKLNH,IsM,W,W'IEVKJNb^O#IsP�Q>L�H#IqZ�b^V�Q2Prb^]�I	g`Z�\,] IEJ
H#b¸ØrH,I	VRb^g,j	b^O,I	g,jEI�Z�g¼Ør] IEJRP�Q�LNH,I¾Ó`P Õ�Z�L�LNH,I�] I[Z�O,b g¼ØtIEO¼Ø�I�kc�`M,V0LNH,IEV0Y�PrV0I�u�JNM#j	L�b Prg�Z!W,W�IEZ�VNJcL�P
H,Z7T�IsZ�J�L.Z�\#b^]^b �Eb g¼Øqb^gÙÓ,M,IEg,j	I�PrgyL�H,IëÓ`P Õzufb�k�I!kiL�V�Z!g,JNbeL�b^P�g�LNP�L�M#VN\,M,] IEg,j	I�b J�O,I	]xZÆÒrI	OvuvZ!g,O~L�H#b^J
j	PrghL�V0b^\,M#LNIEJcZ�] JNPqL�PFZqVNI	O,M,j	LNb^Prg�b^g*O,VNZºØ,k
� gFL�H,IRL�H#IEPrV0I	L�b j[Z�]�Z!g`Z�]ËÒ%J0b^J_P�Qv\'PrM,g#O`Z�VÇÒr�%]^ZÆÒrIEVoJNM#j	L�b Prgvu%O,b^J�L�b g,j	LNb^Prgtb^J_Y�Z�O,IR\'I	L ÕXIEIEg*Z!g�M,g#be|
Q2P�VNY¡Z�g,O�Z�g#Prg%�%M,g#b Q2PrV0Y¡J�L�V0I[Z�Y ÕRb JNIsO#b^J0LNVNb \,M#L�b Prg�P�Q>L�H,I�JNM,j+L�b^P�g�TrIE] P(j	b L Ò�k��`PrVcLNH,IsjEZ�JNIqP�Q
\'PrM,g#O`Z�VÇÒr�%]^ZÆÒrIEVáÓ`P Õ¢P7T�IEV�ZêÓ�Z!LcW,]^Z!L�IªÕRbeL�HyZ�g�M,g,b Q2P�VNY�J0M,j	LNb^Prg*TrI	]^P%jEb L Ò�u�Z�g~I1n#Z�j	L�JNPr] M#L�b Prg
b J_£%g#PÖÕRg�P�QvL�H#I � V�Z!g,O#L�]�\'PrM,g,O,Z�VÇÒr�%]^Z Ò�IEVoIEa�M`Z!LNb^Prg#J���� � ��k>�SI	VNY�Z�gA��¤��'W,M,\#]^b^J0H,IEO�Z�W'IEV�L�M,V0\`Z�|
LNb^PrgFJNP�]^M#LNb^PrgtQ2PrV_JNI	] Q^�%J0b^YFb^]xZ!V�j.H`Z�g,g#IE] Ó`P Õ¥b^g ÕRH,b^j.HwZ!g�M,g,beQ2PrVNY¦JNM,j+L�b^P�g�TrI	]^P%jEb L Òtb J_b^YFW�PrJ0IEO
Z�Lz\�P�LNHæÕSZ�] ]^JEkq{§LNH,IEPrV0I	LNb^j[Z!]>Z�g`Z�] Ò%JNb^JzP�QXg,Prg��%M,g,beQ2PrVNY¨\�PrM#g,O`Z�V Òh��]xZÆÒrI	V/J0M,j	LNb^Prg�L�H#VNPrM¼Ø�H�Z
W'IEV0Y�IEZ�\,] I ÕSI	O¼ØrIcb^J Ø�b TrI	g�\ ÒF©%j.H,]^b j.H�LNb^g,ªzZ!g,O��XM,JNJ0Y�Z�g#g~��� � ��k�� gqL�H#b^J>j[Z!JNI�u�Q2PrV�J0PrYFICJNW'IEjEb^Z�]
g#Prg%�%M,g#b Q2PrV0Y�J0LNVNI[Z!Y�«Rb^J0I�O,b J0L�V0b^\,M(L�b^P�g,JRP�Q�L�H#I�J0M,j	LNb^Prg~T�IE] P(j	b L ¬ru`LNH,I�\'PrM,g,O,Z�V0¬r�%]^Z7¬�IEVc­`P7«�b^J
J0IE]eQ^�%JNb Y�b ]xZ�VXZ�g,O*j[Z!gy\'IzO,IEJ0jEVNb \�I	Oy\h¬wLNH,I/�'Z!]^£�g,IEV �#©(£�Z�g*IEa�M`Z�L�b^P�gvk
�SH,Z�V�Z�j+L�I	VNb^J�L�b j�Q2PrVKLNH,IqW,VNI+T%b^PrM,J0] ¬yY�I	ghL�b^P�g,IEO�Z�g,Z�] ¬%JNI	J�P�Qo\�P�M,g,O`Z�V�¬r�%]xZ[¬rI	V�JNM,j+L�b Prg�L�H,V0PrM,ªrH
Z*W'IEVNYFI[Z!\,]^Is«SZ�]^]�u:b^J�L�H#I�Z�J0JNM,YFW#LNb^Prg�L�H`Z�L/LNH,IqL.Z�g#ªrIEghL�b^Z�]�TrI	]^P%jEbeL ¬�Z!LzL�H,Iq«SZ�]^]>b Jz�EIEV0P,k�� g
ª�IEg,I	V�Z�]�umL�H#b^JsZ!JNJNM#Y�W#LNb^Prg®b^J�g,P�L�LNVNM,I!u>Z�]eL�H,PrM#ªrH®Q2PrVzL�H#b^j.£¯\�PrM#g,O`Z�V�¬®]^Z[¬rIEV0J�L�H#I�I	d�IEj+LqP�QcZ
g#Prg%�%�	IEVNP�L.Z�g#ªrIEghL�b^Z�]>TrI	]^P%jEb L ¬¯Z�L�LNH,IF«SZ�] ]_«Rb ]^]>\'I�J0Y�Z!]^]�k<°�g,I�Y�Z[¬�«SP�g,O,IEV�«RH`Z!L�H`Z�W,W'IEg,J
«RH#IEg<g,P/JNM#j	L�b Prg�b JoZ�W,W,] b^IEO�Z�g,OFL�H,IcI	d�IEj+LiP�QvZ/g#Prg%�%�	IEVNP/L.Z�g#ªrIEghL�b^Z�],TrI	]^P%jEbeL ¬FZ!L_L�H,Ic«iZ�] ]`j[Z�g
g#P�Lz\�Itg,I	ªr]^I	j	LNIEOvkFGmP*L�H#IF£�g,P7«R] IEO,ªrItP�QXL�H,IFZ�M(L�H,PrV0Jzg,P*J0L�M#O,b^I	J�H`Z[T�I�\'IEI	g®Y�Z�O,Iq¬rI+L/P�QCZ
\'PrM,g#O`Z�V0¬r�%]^Z[¬rIEVCO#I	TrI	]^PrW#Y�I	g�LRP7T�IEVcZsW`Z�J0JNb T�IzW�I	VNYFI[Z�\,] I�«SZ�]^]�u,Z�]eL�H,P�M,ªrH�LNH,IEV0I/b Jia�M,b LNI�JNP�Y�I
] b LNIEV�Z�L�M,V0IFLNH`Z!Lqb JsjEPrg#jEIEV0g,IEO±«RbeL�Hd51²%³�³�´¯µ%¶T3�¶+³^·.¸`¶Nµ�]xZ�YFb^g,Z�V�­`P7«¹P7TrI	VtZ�W`Z�J0JNb T�IwW�I	VNYFI[Z�\#]^I
«SZ�] ]�k�GCH,b JRO,I p j	b^I	g,j	¬*b g�] b LNIEV�Z�L�M,V0I�Y�P!L�b T!Z!LNIEO<LNH,IzW,VNI	JNIEghL�VNI	JNI[Z!VNj.Hvk
{�g`Z�]e¬%LNb^jEZ�]_JNPr] M#L�b Prg,J�Q2P�V�Q2M,] ] ¬¯O,I	T�IE] PrW�I	Oº]xZ�YFb^g`Z!V�­`P7«¹b g±Z~W,]^Z�g,I<j.H`Z!g,g,IE]X«Rb L�H»Z�W�I	VNYFI+|
Z!\,]^Is\'P�L0L�PrY¡«iZ�] ]>Z�V0Iqªrb T�IEg¯\�¬A�SI[Z[TrI	VNJ�¼�½�PrJ0IEW,H¾�À¿���um°�j.H,PhZU| GmZ�W,bxZw¼ÂÁ¥H,b L�Z�£�I	VF�À¤��!�_Z�g,O
Ã�M,�	g,I	LNJNP7T¥� �B« ��u�LNP~g`Z�YFI<Z�Q2I	«zk � PrM,]^b £�Z�£�PrJ�¼ÄÃ/Z!�EYFb^IEV0jE�EZ�£���Å � �Sª�b TrI�Z�]^J0PAZ�g±Z!g`Z�] ¬�LNb^j[Z!]
J0Pr]^M(L�b^P�g~Q2PrVKQ2PrV0jEI	O¯j	PrghTrI	j	L�b Prg¯b^g�Z<j	¬%] b^g,O,V0b^jEZ�]mW#b^W'IsjEP7TrI	VNI	O®«Rb LNH�ZwW�I	VNYFI[Z�\,] I�«SZ�]^]m]xZ[¬rI	VEk
GCH#IEJNIwJ�L�M,O#b^IEJqH,Z7T�Iwb^g»j	PrYFY�Prg¯L�H`Z�LqZ�jEP�g�LNb^g�M,M,YÆZ�W,W#VNPhZ�j.H±b JsIEYFW,] PU¬�IEO»Q2PrV/L�H,I�W�I	VNYFI+|
Z!\,]^I/«iZ�] ]�k�GCH,IsLNH,IEP�VNI	LNb^jEZ�]�\`Z!JNb^J�Q2PrV�LNH,b^J�Z!W,W,VNPrZ�j.HAb^J�W#VNP7T%b^O,I	O¯\h¬�L�H,IsÇ_P�]^M,YFI1�%{cTrI	V�Z�ªrb g,ª
È�I	L�H#P(O®��� � ¿U�vb^g<«RH,b j.H*LNH,I�­`P7« p IE] Owb^JCZ[TrI	V�Z�ª�IEO�PUT�IEVcZsJNY�Z�] ]�J0W`Z!L�b^Z�]�T�Pr]^M#Y�I!k_��b d�IEVNI	ghLCb^g
LNH,I�Z�\'P7TrI�YFIEghLNb^Prg,I	OwJ0LNM,O,b^I	Jib^JoL�H,I�«iZ[¬<b g�«RH,b j.H<L�H,IKT�Pr]^M#Y�I.�(Z[TrIEVNZ�ªrI	O*­,PU«Éb g�L�H,IKW�I	VNYFI+|
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Z�\,]^I�«SZ�] ]vb^JCYFP(O#IE]^I	O*Z�g,O�H,P7« LNH,IzjEPrM,W#]^b^g#ªqb^JCZ�j	jEPrYFW,] b^JNH#IEO*\�I+L «SI	IEg�L�H,I�­`P7« P�M#L�J0b^O,I/Z�g,O
b^g,J0b^O,I�LNH,IzW�I	VNYFI[Z�\,] I�«iZ!]^]�k�GCH,b^JRb^JCO#b^JNj	M,JNJ0IEOyb^g*Y�P�VNI�O,I+L.Z�b ]v\�I	]^P7«zk
�SI[Z[TrI	VNJt¼¡½�PrJ0IEW,H¥�À¿������C½yQ2P�V�J0H,PrV0L	�/W'IEV�Q2PrVNYFIEO®I+n(W�I	VNb Y�I	g�LNJsPrg¯­`P7« b g»Z�W,]xZ�g#I�j.H`Z!g,g,IE]
«Rb L�HsZ�JNPr] b^O�LNPrW�«SZ�]^](Z�g,OtZ�]^P7«SI	V�W'IEVNYFI[Z!\,]^I_«iZ!]^]�k�GCH,I+¬qZ�J0JNM,YFIEOsLNH`Z!L�LNH,ISTrP�]^M,YFI+| Z7T�IEVNZ�ªrIEO
­`P7« b^gwLNH,IzjEPrV0I/P!QmLNH,IzW�I	VNYFI[Z�\,] I�«iZ!]^]vb JCªrP7TrIEV0g,IEO~\�¬w��Z�VNj+¬ � J�
:Z7«§� � �
�

�������������
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���� � �!�#" � � ke�$�
%�IEV0I ����� b J�L�H#I'&)(+* ,-&)(/.0&
1zTrP�]^M,YFI1�(Z[T�IEV�Z!ªrIEOºW,V0IEJNJ0M,VNI!u �2�3� " �54 � �!� O,IEg,P!L�IEJsLNH,I6.+²7¸`¶0,8�710&28�³
TrPr] M,Y�I.�(Z[TrI	V�Z�ªrI	O®T�IE]^P%jEbeL ¬�«Rb LNH 4 L�H#I�W'PrVNP�JNb L ¬�PrV�TrPrb O¯Q2VNZ�j	LNb^Prgvu � b^J�LNH,I�O(¬(g,Z�Y�b jqT(b JNj	PrJ�|
b L ¬ru�Z�g,O9� b^J�L�H#I�W'IEVNYFI[Z!\,b^] b L ¬rkFGCH,I�O,b d�IEV0IEg,j	I�\'I	L «XIEIEg±b ghL�VNb g,JNb jFZ�g,O�J0M,W'IEV p jEbxZ!]_T�Pr]^M#Y�I
Z7T�IEVNZ�ªrIEJRb JiL�H`Z!LSL�H,I�Q2PrV0Y�I	Vib^JX«SI	b^ªrHhL�I	OyP7T�IEVRPrg,]e¬�LNH,I�TrPr] M,YFI�P�Q:L�H,I�­,M,b^O*W,H`Z!JNI�b^g#JNb^O#IKL�H,I
Z7T�IEVNZ�ªrb^g#ª�T�Pr]^M,YFI�u:«RH,I	VNI[Z!J�L�H#I�]^Z!LNLNIEVzb^J�«XIEb^ª�H�LNIEO®PUT�IEV/L�H,ItL�P�L�Z�]_Z[TrI	V�Z�ªrb g,ª*TrPr] M,Y�I!k�GCH,I
­`P7« b^gwLNH,Izj.H`Z�g,g,I	]:b^JCªrP7TrI	VNg,I	O�\h¬<L�H#I�©�L�Pr£!IEJcIEa�M`Z!LNb^Prg,J:�
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«RH,IEV0I A O,I	g,P�L�I	J�L�H,I>j	P(PrV0O,b^g,Z!L�I�Q2P�VfL�H,I�«SZ�] ]}�%g,P�VNY�Z�]UO,b^V0IEj	LNb^Prgfk�GCH#IoJ0Pr]^M(L�b^P�g�P�Q%L�H,b JvIEa�M`Z!LNb^Prg
b^J�ZcW,Z�V�Z�\'Pr] b^j�Q2M,g#j	L�b PrgzQ2PrV�L�H,I_TrI	]^P%jEb L ¬�b^g A «Rb LNH�ZRJ0LNb^] ]rM,g,£�g,P7«Rg�T�IE]^P%jEbeL ¬CBED,Z�L�LNH,Iob^ghL�I	V0Q�Z�j	I�k
� g~PrV0O,IEVCL�PFO,I+L�IEV0Y�b g,IFBED u��C½�W,V0PrW'PrJNI	OyL�H#I/Q2Pr] ]^P7«Rb^g#ªs\�P�M,g,O`Z�V�¬*jEPrg#O,b LNb^Prg�Z!LRL�H#I�b g�LNIEV�Q�Z�jEI
«Rb L�HwLNH,IzW�I	VNYFI[Z�\,] I�«iZ!]^]
�
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�GA
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«RH,IEV0I H b J�ZFO,b^YFIEg,J0b^Prg#]^IEJ0J�j	P(I0MFjEb^I	ghL�Z�g,ONBOK�b J�LNH,I�j	VNIEI	W�TrI	]^P%jEb L ¬*ª�b TrI	g�\h¬9� � ke�$�+kRÁ¥H,I	g
L�H,IqVNZ!L�b P<P�Q I � L�PwL�H#Iqj.H`Z�g,g,I	]>H,IEb ªrHhLQP b^J�TrIEV�¬AJNY�Z�] ]�u�LNH,Is«SZ�]^]m\�I	H`Z[TrIEJ�Z�JzZ<J0Pr]^b O~«iZ!]^]
Z�g,ORBLDXb^JzZ!W,W,VNP[n(b^Y�Z!LNIE] ¬~�EI	VNP,k��iZ�J0IEO�P�g¯LNH,ItI+n(W�I	VNb Y�I	g�L�Z�]>O`Z!L�Zy�i½�jEP�M,]^O¯O,I	LNIEV0Y�b g,IsL�H,I
T�Z!]^M,IFP�Q H um«RH,b j.H�VNZ�g,ªrI	O�Q2VNPrY � k �FL�b ]^] � O,IEW'IEg,O#IEghLqP�QiLNH,IFW�PrV0PrM,J/Y�Z�L�IEV0bxZ�]S�2Q2PhZ�YFI	L�Z�]>PrV
Z�]^P[n(b LNIT�XL�H,Z!LC«iZ!JcM#JNIEO~Z�g,O*L�H,IzW'IEV0Y�IEZ�\,b^] b L ¬�k
GCH,Is�C½Fb^ghL�I	V0Q�Z�j	I�j	Prg,O,beL�b^P�gyH`Z!J�\'IEI	g~L�H,I/JNM#\GU0IEj+L�P�Q�Y�Z�gh¬*]xZ�L�IEVRW,M#\,]^b j[Z!LNb^Prg,J	kSGCH,I	PrVNI+L�b j[Z�]
JNM,W,W'PrV�L�LNPybeL�b Jzªrb T�IEg¯\�¬�©#Z�dfY�Z�g �À� � ��kw©#Z!d�Y�Z�g�J0H,P7«SI	O»L�H`Z!LzLNH,IFT!Z�] M,ItP�Q H b J/J0IEg,J0b LNb TrI
L�P*L�H,IFO,I p g,b LNb^Prg�P�QXL�H,IF]^P%j[Z!LNb^PrgAP!QSL�H#I�b g�LNIEV�Q�Z�jEI!k�GCH,b J/j	Prg,j	]^M,J0b^Prg�«iZ!J�j	Prg p V0Y�I	O�\h¬AL�H,I
g%M#Y�I	VNb^jEZ�]oJNb^Y�M,]xZ!LNb^Prg#J�P�QV
:Z�VNJ0Prg±¼W%�b ªrO,Prg¾�À¿ ª ��ux�À¿ � �XP�QCV0IEJNW'IEj+L�beTrIE]e¬»ZUn#b^Z�]oZ�g,O�LNV�Z�g#J0TrI	VNJ0I
­`P7«�PUT�IEV�ZF]xZ!L0L�b jEIzP�Q>j+¬(] b^g,O#IEVNJ	kc�iZ�JNI	O�PrgyJNb^YFb^]^Z�VCg�M,YFIEVNb j[Z�]:J0b^YsM,]^Z!L�b Prg,J	u�©#Z�H,VNZ�PrM,b�¼ÂÃzZ�|
T(b^Z�gh¬ ���#�E�XJNH#PU«XIEOºL�H,Z!L H O,IEW'IEg,O#Jqg,P�LqPrg#] ¬¯Prg�LNH,I<b^ghLNIEV0Q�Z!jEbxZ!]XW'PrJNbeL�b Prgvu�\,M#LtZ�] JNP�P�g�L�H,I
XcI+¬(g#Pr]^O,Jtg�M,Ys\'IEV	uXLNH,I<­`P7« O,b VNIEj+L�b Prgvu>L�H,I*j.H`Z!g,g,IE]CH#IEb^ª�H�LEuoLNH,I*W�P�VNPrJ0b L ¬±Z!g,O�LNH,I*JNM,V�Q�Z�jEI
L�PrW'Pr]^P�ª�¬rk�°�LNH,IEV_J�L�M,O,b IEJ_L�H`Z�LXJ0M,W,W'PrV0LoL�H#I��i½�b^ghL�I	V0Q�Z�j	IRjEPrg,O#b L�b Prgq«SI	VNIcY�Z!O,IR\�¬tGmZ[¬%]^PrV�� «Bª �
Z�g,OYXcb j.H`Z�V0O,JNPrg��ÀÅ��!��ur«RH,PzM,J0IEOFZ�ªrVNP%P7TrI	O�W,]^Z!L�ISZ�J_Z�gqb O,I[Z�] b^�	IEOsYFP(O#IE](Q2P�V>Z�W�I	VNYFI[Z�\#]^IS«SZ�]^]�k
XcI	jEIEghLN] ¬*°�j.H,PrZ�| GmZ�W,b^Zs¼�Á¥H#b L.Z!£�IEV/��¤hÅ��Z��°�GiÁ Q2PrVSJ0H,PrV0L	�SO,I	T�IE] PrW�I	O�ZsY�P%O,b p j[Z!LNb^Prg�P�Q�L�H,I
�C½�b g�LNIEV�Q�Z�jEIqj	Prg,O,beL�b^P�gvk�� gAL�H#IEb^VzZ!g`Z�] ¬%J0b^JKLNH,I	¬AY�Z�O,IqO#b^J0LNb^g,j+L�b Prg�\'I	L «XIEIEg»Z*H#PrY�P�ªrIEg,I	PrM,J
W�PrV0PrM,JRVNI	ªrb^P�g9�\[��%VNI	ªrb^P�g�Q2PrVCJNH#PrV0L	�i«RbeL�HyZqjEPrg,J�L.Z�ghLcW'PrVNPrJ0b L ¬*Z!g,O*W�I	VNYFI[Z�\,b ]^beL ¬ru,ZqH,P�Y�Prª�I+|
g,IEPrM#Jc­`M#b^O*VNI	ªrb^Prg]�_^h�%V0IEªrb Prg<Q2PrVCJ0H,PrV0L	�CZ�\�P7T�IzLNH,IzW�I	VNYFI[Z�\#]^I�«SZ�]^]�u`Z�g,O�Z�g�b^ghL�I	V0Q�Z�j	IzVNIEª�b^Prg
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b g~\'I	L «XIEI	g�L�H,I	JNI�L «XPwVNI	ªrb^Prg#Jc«RbeL�H�ZFL�H,b j.£%g#IEJNJKP�Q>PrV0O,IEV I �»k���b d�IEVNI	ghL�Q2V0PrYÄW,VNI+T(b PrM,JKZ�W(|
W#VNPhZ�j.H#IEJEumL�H,I+¬®M(L�b^] b^�	IEO�L�H,I��SVNb g,£�Y�Z�g¯IEa�M`Z�L�b^P�g ��� � �_L�PyY�P%O,IE]>LNH,I�T�Pr]^M,YFI1�%Z7T�IEVNZ�ªrIEO®­`P7«
b g LNH,I [��%V0IEªrb Prgvk¥GCH,b^J�IEa�M`Z!LNb^Prg b J�Z!g I+n%L�I	g,JNb Prg L�P»��Z�VNj+¬ � J 
:Z[«¡\�¬�L�H#I~b^g#jE]^M#JNb^P�g¾P�Q/Z
O#b d�M,JNb PrgyLNIEVNY�k�GCH,Is­`P7«�b^gyL�H,IF^r�%V0IEªrb Prg�b^J�ªrP7TrI	VNg,I	O¯\h¬yL�H,It©�L�Pr£!IEJ�IEa�M`Z�L�b^P�g,JEk/�iZ�J0IEOAPrg
LNH,IRg,Prg%��]^P%j[Z�]#Q2P�VNY§P�Q'L�H,IRTrP�]^M,YFI1�(Z[T�IEV�Z!ªrIEO<©%L�Pr£!IEJXIEa�M`Z!LNb^Prg,J>Q2PrV>LNH,I�b ghL�IEV�Q�Z�jEIRV0IEªrb PrgvurL�H#I	¬
J0H,P7«SI	OAL�H`Z!LcL�H#b^JK] I[Z�O#J�L�P<Z�jEP�g�LNb^g�M,PrM#J�JNM,W'IEV p jEb^Z�]:TrPr] M,Y�I.�(Z[TrI	V�Z�ªrI	O�TrI	]^P%jEb L ¬�b g~jEP�Ys\,b^g,Z�|
LNb^Prgw«RbeL�HyZ U0M,YFWyj	Prg,O,beL�b PrgwQ2PrVCL�H,I/b^ghL�V0b^g,J0b^j�T�Pr]^M,YFI1�%Z7T�IEVNZ�ªrIEOyJ0LNVNIEJ0J�Z!LcL�H#I/b ghL�IEV�Q�Z�jEI!kC�`PrV
P�g,I1�%O#b^YFIEg,J0b^Prg`Z!]�­`P7« W,Z�V�Z�] ]^I	]�L�PqLNH,Izb^ghL�I	V0Q�Z�j	IzLNH,I�°�GiÁ b^ghLNIEV0Q�Z!jEIzjEPrg#O,b LNb^Prg,JSVNI[Z!O �
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«RH#IEVNIFL�H,IFJNM#\,JNj	VNb^W(L�J�[¢Z�g,O]^AVNI	Q2I	V/LNPyV0IEJ0W�I	j	L�beTrI	] ¬�L�H,I [��AZ�g,O®LNH,IY^h�%V0IEªrb PrgvkFGCH,IQU0M#Y�W
j	Prg,O,beL�b PrgAQ2PrV/LNH,ItL.Z�g,ª�IEghL�b^Z�]_J0L�V0IEJ0J�jEP�g�L�Z�b^g#J�Z�O,b^YFIEg,J0b^Prg#]^IEJ0JzjEP%I:MFjEb IEghL ��� u:«RH,b^j.H�j[Z�g®\�I
I	b LNH,IEV�W�PrJ0b LNb TrI�PrV�g,I	ªhZ!LNb TrIsZ�g,O�«RH,b j.HAb^JKI	J0LNb^Y�Z!L�I	O~L�Pw\'I�P�QoPrV0O,IEVKM,g,b L ¬�k�� g�Z�JNM#\,JNI	a%M#IEghL
W,Z�W�I	V��À¤��!�c°�GiÁ M,J0IEOºL�H,I	JNI�b^ghL�I	V0Q�Z�j	IwjEPrg#O,b LNb^Prg,J�L�P�Pr\#L�Z�b^gºZ�g�Z�g,Z�] ¬�L�b j[Z�]XI+n(W,V0IEJNJ0b^Prg�Q2PrV
LNH,I�]xZ!Y�b g`Z�VX­,PU« b^g�ZqW,]^Z�g,I�j.H`Z!g,g,IE]�«RbeL�H�Zq]^P7«SI	VCW�I	VNYFI[Z�\#]^IK«SZ�]^]�u,Z�g#O�LNH,I	¬wj	PrYFW`Z�VNI	OwL�H,I
V0IEJ0M,] LNJz«RbeL�HAL�H#IFI1n(W�I	VNb^YFIEghL�Z�]>O`Z!L�Z*P!Qi�C½#k�GCH#ItT!Z�] M,IqP�Q ��� jEZ�]^j	M,]xZ!LNIEO�Q2V0PrY L�H#IEJNIFI+n(W'IEV0be|
YFIEghLNJ�V�Z!g,ªrIEO¯Q2VNPrY |���LNb^]^]S�rk ¿%kwGCH%M#J ��� Z�W,W'I[Z!VNJ�LNP~\'I�] IEJ0J�JNI	g,JNbeL�beTrI�LNPyLNH,I�W'IEV0Y�IEZ�\,b ]^b L ¬
P!QXLNH,Iq«iZ�] ]>Z�J�j	PrY�W,Z�VNI	O¯LNP*LNH,ItjEP%I:MFjEb IEghL H b^gAL�H#It�C½�b g�LNIEV�Q�Z�jEItjEP�g,O,b LNb^Prgfuf«RH,b^j.H�T!Z�VNb IEO
P7T�IEVFZ�Q�Z!j	L�P�VsQ2PrM,V0L ¬®Q2PrVsL�H#I�JNZ�YFI�I1n(W�I	VNb^YFIEghLNJEkºGCH,b^Jqb Y�W#VNP7TrI	Y�I	g�LFb JtZ!LNLNVNb^\#M#L�I	OºLNPAL�H,I
b g,jEP�VNW'PrV�Z!LNb^Prg®P�QRL�H,IwO#b d�M,JNb Prg»L�I	VNY b g»L�H,I*�XVNb^g#£%Y�Z�g»I	a�M`Z!L�b Prg±VNI	]xZ!LNb T�I�L�P¯��Z�V0j	¬ � J 
:Z[«zk
� g�Z�]xZ!LNIEVKW#M,\,]^b j[Z!LNb^Prg~°�GiÁ �À¤ « ��I1n(LNIEg,O#IEO�L�H,I	b^V�Z!g`Z�] ¬%J0b^JK\h¬�L�H,I�b^g,j	PrVNW'PrV�Z�L�b^P�g~P�Q_b g,IEV�L�bxZ!]
I+dfI	j	LNJEkzGCH,b^J�¬(b IE] O,J�Z�g�Z�O,O,beL�b^P�g`Z�]�L�I	VNY¡Prg�L�H,I�VNb^ª�H�L
�%H`Z�g#O�JNb O,I�P�Q>LNH,I U0M,YFW�jEP�g,O,b LNb^Prg�Q2PrV
LNH,I�L.Z�g#ªrIEghL�b^Z�]vJ�L�VNI	JNJ	k
�`PrVoL�H,IKJNW'IEjEb^Z�]fjEZ�JNI�LNH`Z!L ��� � � u(L�H#I/°�GiÁ b g�LNIEV�Q�Z�jEI�j	Prg,O,beL�b Prg,JiZ!VNIKLNH,I�J�Z!Y�I�Z!JSL�H,IKb^ghL�I	V�|
Q�Z!jEIRjEPrg#O,b LNb^Prg,J_PrV0b^ªrb g`Z�] ] ¬zW,V0PrW�P�JNIEO�\h¬��XVNb^g#£%Y�Z�gy��� � �L��Wfk ª0« �1u�«RH#b^j.H�«XIEV0IKM,J0IEO�\�¬tÇoZ!Q�Z!b`¼
Ã�b Y � « ¤!��Z�g,O � P�M,]^b £!Z!£�PrJK¼¹ÃzZ��EYFb^I	VNj	�[Z�£®�ÀÅ � ��u�Z�YFPrg,ª<P�LNH,IEV0JEk�GCH,It�SVNb g,£�Y�Z!g�Y�P%O,I	]S��b�k�I!k
LNH,Is�XVNb^g#£%Y�Z�gyIEa�M`Z!LNb^Prgyb^g~j	PrYs\,b g`Z!LNb^Prg*«Rb LNHyL�H#Iq°�GiÁ b^ghL�I	V0Q�Z�j	I�j	Prg,O,beL�b^P�g,Jc«RbeL�H ��� ��� �
«SZ�JRI	T!Z�] M`Z!LNIEO*b^gwL�H#I/J�L�M,O(¬*P�Q>½rZ!Y�I	JR¼¦��Z[T%b^J/� �h� �:P�Q�©%L�P�£�IEJR­`P7« P7T�IEVcZsTrIEV�¬*JNW`Z!VNJNI�Z�V0V�Z[¬
P!QCjEb VNjEM#]xZ�Vzj	¬%] b^g,O,I	VNJ	k~�X¬¯YFI[Z�g#J�P�QRZyJNb^g#ªrM,]xZ!VNb L ¬�Y�I+L�H,P%O®LNH,I	¬¯Pr\#L�Z�b^g#IEO±Z�g�Z�W,W,V0P[n#b Y�Z�L�I
Z!g`Z�] ¬�LNb^j[Z!]�JNP�]^M#LNb^PrgAQ2PrV�LNH,IF­,PU« p IE] OvkFGCH,I�Z!ªrVNI	IEYFIEghL/\�I+L «SI	IEg�LNH,I��XVNb^g#£%Y�Z�g�YFP(O,I	]>Z�g,O
LNH,IcZ�g`Z�]e¬�L�b^jEZ�],J0Pr]^M#LNb^Prgq«SZ�JoV�Z!LNH,IEVoW�P%PrV	k>©(b Y�b ]xZ�V�jEPrg#jE]^M#JNb^P�g,JSZ!\�PrM(L>L�H,IcW�I	V0Q2PrV0Y�Z!g,jEIRP�Q�L�H,I
�XVNb^g#£%Y�Z�gAYFP(O#IE]m«XIEV0ItO,V�Z[«Rg¯b^g�L�H#IFg�M,YFIEV0b^jEZ�]�J�L�M,O,b IEJzP�Q 
:Z�VNJ0Prg¯¼ %cb^ªrO,P�g¾�À¿ ª ��u^��¿ � �_Z�g,O
©(Z�H,V�Z!PrM,bX¼ Ã/Z[T%bxZ!g�¬¾���#�E��u>Z�g,O�b^g®LNH,I<I1n#W'IEV0b^YFIEghL.Z!]XJ�L�M,O#¬®P�Q	��M,W#LNI<¼ {KO(T�Z!g,b�� � �E��u�«RH,P
M#JNIEO 
��R{ÂL�P�Y�IEZ�JNM,V0IF­,PU«Âb g�Z %�I	]^I1�(©(H`Z[«§jEI	]^]>L�H,Z!L�«SZ�J�W`Z�V0LNbxZ�] ] ¬ p ]^] IEO�«Rb LNH�Z�V�Z�g,O#PrY
p \�I	V�Y�Z!L[k�{K]eL�H,PrM#ªrH�g,P!L�YFIEghL�b Prg,IEO�b^g/L�H,I	JNIiW`Z!W�I	VNJ�LNH,ISW'P(P�VmW'IEV�Q2PrVNY�Z�g,j	ISP�Q,LNH,Ii�XVNb^g#£%Y�Z�g
YFP%O,IE]`YFb^ªrHhL_\'IcT�IEV�¬F«XIE] ]�I+n(W,]xZ!b^g,I	O�\h¬tL�H,I�Z�j+L�M`Z�]`g#Prg%�%�	IEVNP/T!Z�]^M,ICQ2PrV ��� b gFLNH,IcJNb^Y�M,]xZ!LNb^Prg#J
Z!g,O*I+n(W�I	VNb Y�I	g�LNJEk
GCH#Iw°�GiÁ b^ghL�I	V0Q�Z�j	I�j	Prg,O,beL�b Prg,J�«Rb LNH»Zyg#Prg%�%�	IEVNP�T!Z�]^M,ItQ2PrV ��� «XIEV0I<M,JNI	O»b^g�Z�g»Z!g`Z�] ¬�LNb^j[Z!]
J�L�M,O(¬±P�Q�Ã�M,�Eg,I+L�J0PUT � �B« ��u>«RH,P¯Z�] JNP�Z�O,O#IEO Z�g,Prg%�%] b^g,IEZ�V ���`PrVNj.H,H#IEb^YFIEV@��O,VNZ�ª�L�I	VNYÆLNPAL�H,I
�XVNb^g#£%Y�Z�g*IEa�M`Z�L�b^P�gyL�P�Z�j	jEPrM,ghLcQ2PrVcZ�H,b ªrH XcI+¬%g,Pr]^O#J�g�M,Ys\'IEVcI	d�IEj+L[kc©(M#W,W�P�V0LRL�PFL�H,I�°�GiÁ
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b^ghL�I	V0Q�Z�j	I<jEPrg#O,b LNb^Prg,J�b^Jsª�b TrI	g±\h¬±�SV0IEM,ªrI	Y I+LFZ�]�kº��� � ��u�«RH,P�W'IEV0Q2P�VNYFIEO»g�M,YFIEV0b^j[Z!]SJNb YsM,]^Z�|
L�b^P�g,JzP�QR©%LNPr£�I	J�­`P7«§b g¯Z�W,]^Z�g,Itj.H`Z�g#g,IE]_«Rb LNH�Z*]^P7«XIEVzW�I	VNYFI[Z�\#]^Iq«iZ!]^]�L�H,Z!L/jEPrg,J0b^J�L�IEO®P�QCZ
� � �iZ�V0LNIEJNb^Z�g�ªrVNb OAP�QXjEM,\'IEJ	kqGmP*jEP�Y�W`Z!VNI�LNH,ItJNb^Y�M,]xZ!LNb^Prg#Jc«RbeL�HAL�H,ItZ!g`Z�] ¬�LNb^j[Z!]�JNP�]^M#LNb^Prg�P!Q
°�GiÁ�u�L�H,I�T�IE] P(j	b L ¬ p IE] OAPr\#L.Z!b^g,I	O~Q2VNPrYÄL�H#IsJNb YsM,]xZ�L�b^P�g,JC«iZ�JzZ[T�IEV�Z!ªrIEO�]^P%j[Z!]^] ¬*b g�JNW,Z�jEIq\h¬
Y�IEZ�g,JFP�Q�L�H#Iyj	IE]^] M,]xZ!V p ] LNIEVtW,VNP�W�PrJ0IEO \�¬���M,b g�L�Z�VNO ¼ Á¥H,beL.Z�£!IEV~��År¿U�cQ2P�VFP�VNO,I	VNIEO¾W�PrV0PrM,J
Y�I	O,bxZ#k�{ ªrP%P(OwZ!ªrVNI	IEYFIEghLi«SZ�JiQ2PrM,g,Ow\'I	L «XIEI	g�LNH,I�TrP�]^M,YFI1�(Z[T�IEV�Z!ªrIEO<T�IE]^P%jEbeL ¬ p IE]^O*Z!g,O<L�H,I
°�GiÁ JNPr] M#L�b PrgvkqGCH,ItT!Z�]^M,IqP!Q ��� j[Z�] jEM,]^Z!L�I	O¯Q2V0PrY¨LNH,I�g�M,YFIEV0b^jEZ�]�JNb YsM,]^Z!L�b Prg,J�VNZ�g,ªrI	O¯Q2V0PrY
� k � ¿�L�b^] ] � k « ��O#IEW'IEg,O,I	ghL�P!Q�LNH,I�]^P%j[Z�L�b^P�g�P�Q:L�H#I�b^ghL�I	V0Q�Z�j	I�k>GCH,I	JNI/VNIEJ0M,] LNJCªrb T�IEJCM,JCj	Prg p O#IEg,j	I
L�PtIEYFW,]^P7¬�L�H,I�°�GiÁ b^ghLNIEV0Q�Z!jEI�jEP�g,O,b LNb^Prg#JCb^gwL�H,IzW,V0IEJ0IEghL�Z!g`Z�] ¬%J0b^JEk
�SIEJ0b^O,I	JiL�H,I��i½tZ!g,O*°�GiÁ b^ghL�I	V0Q�Z�j	I�jEPrg#O,b LNb^Prg,J	u(J0]^b ªrHhL�] ¬tO#b d�IEVNI	ghLCjEPrg#O,b LNb^Prg,JoH`Z[TrI�\'IEI	g*O,I+|
TrIE] PrW'IEOw\h¬ %�Z�JNJNZ�g,b �[Z�O,I	Hw¼ �zVNZ[¬�� ��� �fZ�g,Ow½��Z�ªrIEVXI	LiZ�]�ki� �[« ��u%L�P�g,Z�Y�IcL «SP�P�L�H,I	ViVNI+Q2IEV0IEg,j	IEJEk
{ jEPrYFW`Z�V0b^J0Prg~P�Q_J0I	T�IEV�Z!]�O,b d�IEV0IEghL�b g�LNIEV�Q�Z�jEI�jEPrg,O#b L�b Prg,J�b^JKY�Z�O,I�\h¬~{�]xZ��	Y�b�¼§ÇoZ!Q�Z�bS�}�+��k�{
Q2M,V0LNH,IEVXO,b^J0jEM,J0JNb^P�g<P�QvLNH,IEJ0IKjEP�g,O,b LNb^Prg#JXb JX\'I	¬�Prg,O�LNH,IKJ0jEPrW'I�P�Q�L�H,b JSJ0LNM,O#¬�Z�g,O�L�H,I�b^ghL�I	VNIEJ�L�I	O
VNI[Z!O,IEVRb^JCV0I	Q2I	VNVNI	OyLNPtLNH,I/Z�\'PUT�IzVNI	Q2I	VNI	g,jEI	JEk
� g,J0LNI[Z�OAP�Q>LNH,IsJ0W�I	jEb p j[Z!LNb^PrgyP�Q_b^ghL�I	V0Q�Z�j	I�j	Prg,O,beL�b^P�g,JEu�L�H,I�]^b LNIEVNZ!L�M,V0I�W#VNP7T%b^O,I	J�Z�]^J0P�P�LNH,IEVKZ�W(|
W,VNPhZ!j.H,IEJSLNP�YFP(O#IE]`L�H,I�Y�P�Y�I	g�LNM,Y L�VNZ�g,J�Q2IEViZ�LXLNH,IKb g�LNIEV�Q�Z�jEI�\�I+L «SI	IEg*Z�W'IEV0Y�IEZ�\,]^IC«SZ�]^]�Z�g,O
ZKH,PrYFPrªrI	g,IEPrM#J�­`M,b OsO,PrY�Z�b^gfk�Á®IiYFIEghL�b Prg�H,I	VNIiYFP%O,IE] Jm«RH,b j.HqY�Z�£!ISM,J0ICP�Q�IEbeL�H,I	V�Z�T!Z�V0bxZ�\#]^I
I	d�IEj	LNb T�I�T%b^J0jEPrJ0b L ¬yZ�g,O���PrVKZtT!Z�VNb^Z�\,]^I�W'IEV0Y�IEZ�\,b ]^b L ¬�b^g*L�H,I�b^ghL�I	V0Q�Z�j	I�V0IEªrb Prgvu�JNI	I�Q2PrVRb g,J0L�Z�g,jEI
°�j.H#PhZ�| GmZ�W,b^Zw¼ Á¥H,beL.Z�£!IEVF��¤r�!�_Z!g,O®©#Z�g,ªhZ!g,b>¼¹�XIEH,]c��� ª ��ks{§O,b JNj	M,JNJ0b^Prg®Z�g,O�I	T!Z�] M`Z!LNb^Prg�P!Q
L�H,I	JNI�YFP(O#IE]^J_b JXªrbeTrI	g<\h¬<©(Z�H,V�Z!PrM,b'¼�Ã/Z[T%bxZ!g�¬y���#�E��Z�g#Ow�SVNI	M,ªrI	Y I+LCZ�]�kC��� � ��u#Z!Y�Prg#ª�P�LNH,IEV0JEk
� g�L�H#IcW#VNIEJ0IEghLCZ!g`Z�] ¬%J0b^J_H,P7«SI+TrI	VX«XI�W,V0I	Q2I	VoLNH,I�M#JNIcP�Qvb g�LNIEV�Q�Z�jEIRjEP�g,O,b LNb^Prg#JEuh\'IEj[Z!M,JNIcL�H,I+¬FZ�VNI
Y�PrV0ICZ�W,W'I[Z!]^b^g#ªKQ2PrV>Z�J0b^YFW,]^ISZ�g`Z�]e¬%LNb^jEZ�](LNVNI[Z�L�YFIEghL>P�Q'\'PrM,g,O`Z!V0¬r�%]xZ[¬�IEV�­`P7« PUT�IEVoZ�W�I	VNYFI[Z�\#]^I
«iZ�] ]�k
GCH,I�P�\GU0IEj+L�b T�I�P!QfL�H#I�W,V0IEJ0IEghLSJ�L�M,O(¬�b J�L�P p g,O�Z�g�Z!g`Z�] ¬�LNb^j[Z!],JNPr] M#L�b PrgsQ2PrV>L�H#Ic\'PrM,g#O`Z�V0¬r�%]^Z[¬rIEV
­`P7« P7TrI	VcZsW`Z�JNJ0b T�I�W�I	VNYFI[Z�\,] IK«SZ�]^]�k�GCH,I�J0LNVNM,j+L�M,V0IzP�Q:L�H,b Jij.H`Z�W#LNIEVCb JCZ�JiQ2Pr] ]^P7«RJEk�� g*J0IEj	LNb^Prg
� k ª L�H,I/­`P7«�ªrIEPrYFI	LNV0¬�b^JcW,V0IEJNI	ghL�IEO¯Z�g#O~L�H,I�Ç�{���©yI	a%M,Z!L�b Prg,J�Z!VNI�b ghL�VNP%O,M,j	IEOvkc� g�L�H#I�g,I1n(L
JNIEj+L�b PrgyLNH,I�\'PrM,g#O`Z�V0¬r�%]^Z[¬rIEVcIEa�M`Z�L�b^P�g,JcQ2P�VR­,PU«�P7T�IEV�ZtW`Z�J0JNbeTrI�W'IEV0Y�IEZ�\,] Iz«SZ�] ]:Z�VNI/O,IEV0b T�IEOvu
«RH,IEV0Iy«XI~Y�Z�£�I�M,JNIyP�QKLNH,I~°�GiÁ b^ghL�I	V0Q�Z�j	Iyj	Prg,O,beL�b^P�g,JEk {KJ�«Rb ]^]i\'I�JNIEI	gvuiL «XP�\'PrM,g,O`Z!V0¬
]xZ[¬rI	VNJzj[Z�g¯\'IqO,b^J�L�b^g#ªrM,b^J0H,IEO3�KL�H,I � V�Z!g,O#L�]�\�PrM#g,O`Z�V�¬A]xZ[¬rI	VzZ�\'PUT�IqL�H,ItW'IEVNYFI[Z!\,]^I�«SZ�] ]�u:Z�g,O
L�H,I��SVNb g,£�Y�Z!gy\'PrM,g,O,Z�V0¬*]^Z7¬�IEVcb^g,J0b^O,IzL�H#I�W'IEV0Y�IEZ�\,]^I�«SZ�]^]�kS� gyJNIEj+L�b Prg � k � Z�g�Z�g,Z�] ¬�L�b j[Z�]fJNP!|
]^M#LNb^PrgAb J�ªrb T�IEg�Q2PrVKLNH,IF�SVNb g,£�Y�Z�gA\'PrM,g#O`Z�V0¬~]xZ[¬rI	VEkqGCH,b J�JNPr] M#L�b PrgAIEg,Z�\,]^I	J�L�H,IqQ2PrV0YsM,]^Z!L�b Prg
P�Q�Z~jE] PrJNI	O±J0¬%J0LNIEY P�QRI	a�M`Z!L�b Prg,J�Q2P�V�L�H#I�­`P7«¹b g�L�H#I � V�Z�g,O(L�]S\'PrM,g#O`Z�V0¬®]xZ[¬�IEVEkA� gºJ0IEj	LNb^Prg
� k ¿q«SI�JNH,P7«�L�H`Z�L�LNH,I�­`P7«�b^g�L�H,I � V�Z�g,O(L�]�\�PrM#g,O`Z�V�¬y]^Z[¬rIEV�b^JcJNI	] Q^�%J0b^YFb^]xZ!VCZ�g,O�ª�PUT�IEV0g,IEOA\h¬
Z¯ªrI	g,IEVNZ�]^b �[Z!LNb^Prg±P!QKL�H#I~��Z�] £%g#IEV
�(©(£�Z�gºIEa�M`Z!LNb^Prg�b^gº«RH,b^j.HºL�H#IyI+dfI	j	L�P�QK«SZ�]^]CW'IEV0Y�IEZ�\,b ]^b L ¬
b^Jsb g,jEPrV0W�P�V�Z!LNIEOvk¯� gºJNIEj+L�b Prg � k ¤~LNH,I*O,I p g,b LNb^Prg,J�P�QRL�H,IwO,b JNW,]^Z�jEI	Y�I	ghLtZ�g,O±L�H#IwY�PrYFIEghLNM,Y
L�H,b j.£%g#IEJNJzP�QXZ<\'PrM,g,O,Z�V0¬y]xZ[¬rI	VzZ�VNIsZ�O U0M,J�L�IEOALNPwb^g,j	]^M,O,I/L�H,IqI+dfI	j	LzP�Q_«SZ�]^]�W'IEVNYFI[Z!\,b^] b L ¬rkK� g
L�H,I�g,I1n%LRJNIEj+L�b Prgwg�M,Y�I	VNb j[Z�]�JNPr] M#L�b Prg,JiZ!VNI�W,V0IEJ0IEghL�I	OyP�Q:LNH,Iz��Z�]^£�g,I	V
�#©(£�Z�g�IEa�M`Z!LNb^Prgvko©%IEj	LNb^Prg
� k �qªrbeTrI	J�ZtJNM#Y�Y�Z�V0¬<Z�g,O�ZtO,b^J0jEM,J0JNb^P�gvk
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�mb^ªrM,V0I � ke�_JNH,P7«RJ�L�H#I�­`P7«»ªrI	PrY�I+L�V�¬�LNH`Z!L�«XIoj	Prg,J0b^O,I	VEkm��P�]^]^P7«Rb g,ªC°�j.H,PhZU| GmZ�W,bxZSZ�g,O�Á¥H,b L�Z�£�I	V
��¤hÅ7��u,«XI�Y�Z�£!I�O,b^J�L�b^g#j	L�b Prgw\'I	L «XIEIEgyL�H,V0IEIzVNI	ªrb^Prg#JEu`Z�JRb g,O,b^jEZ!L�I	O*b^g p ªrM,V0I � k � �

�rkRGCH,I�H,PrYFPrªrI	g,IEP�M,JS­`M,b OwVNI	ªrb^Prg�PrV7^r�%VNI	ªrb^PrgFQ2PrVSJ0H,PrV�L[u#«RbeL�H*Z�W'PrVNP�JNb L ¬�IEa�M`Z!]�L�PqM#g,b L ¬��
ª kRGCH,IzH,PrYFPrªrIEg#IEPrM,JRW'PrVNP�M,JCVNI	ªrb^Prg*PrV [���VNIEª�b^Prg<Q2PrVCJ0H,PrV�L[u,«Rb LNH�Ztj	Prg,J�L.Z�ghL�W�PrV0PrJNbeL ¬��
� kRGCH,Izb^ghL�I	V0Q�Z�j	I/V0IEªrb Prgwj.H`Z�VNZ�j	LNIEV0b^�EI	O~\h¬*ZtJNW`Z�L�bxZ!]^] ¬tT!Z�V�¬(b g,ªtW�P�VNPrJ0b L ¬rk

η−REGIONHOMOGENEOUS FLUID OR

 0U  
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 � � � � �  � � � � � !�!�!�!�!!�!�!�!�!

δ

INTERFACE REGION

z

d

HOMOGENEOUS POROUS OR ω−REGION

<u>

x

l

"$#&%('*),+
-/.&0(132546+87:9<;>=�?$7,;/+
@A=('/B*C*D�)w�(E5F&D¨�6+G)�H*=JIK=D�(+L)MDNHOD�7QPO+L),RS+LD(@/F&+TIUD�F&FVDJ7XWZYK[*.]\U;/+_^`;*D6Ca+LC>):+L9b7<D�B/%6Fc+D�B*Cd98#&):9GFc+
):+8?e+L)U7,=S7,;*+fD¨�(+G)<D�%6#cB*% �(=6Fc'/RS+
#&Bd):+L^,PA+L9b7:#��6+GFk�g7,;*+_h(EiD(B*Cj7:;/+
klEm):+G%6#c=6Bn.
G�P~O#IEJNj	VNb \�ItL�H,It­`P7«Âb^g�L�H#I [��%V0IEªrb Prgvu�beL�b J�j	PrghTrI	g,b^I	g�L�L�PyIEYFW,]^P7¬�Z*jEPrghLNb^g�M,M,Y Z�W,W#VNPhZ�j.H
\,Z�JNI	O Prg L�H,IyÇ_Pr]^M,YFI+| {�T�IEV�Z!ªrb^g,ª�ÈyI+L�H,P%O��}� � ¿���k � g L�H,b J<YFI	L�H#P(O¾LNH,I~­`P7«ÄT!Z�VNb^Z�\,] IEJ�Z�VNI
Z[T�IEV�Z!ªrIEO PUT�IEV�Z¯J0Y�Z�] ]iJNW,Z!L�b^Z�]iTrPr] M,YFI�uXZ�J�b ]^] M,J0LNV�Z!LNIEO±\h¬ p ªrM,V0I � k ª k GmP®Z[TrPrb O j	Prg#Q2M,J0b^Prg
«XIw«Rb^] ]iVNI+Q2IEVsL�P�L�H#I�M#g p ] LNIEV0IEOºTrIE] P(j	b L ¬»Z�JqL�H,I<¸`· &)(+*ST�IE]^P%jEbeL ¬ru_L�P�O,b J0L�b g,ªrM,b JNH±beLqQ2VNPrY L�H,I
3�·�³�²po�¶)G�803�¶0, 8aq%¶Nµ�TrI	]^P%jEb L ¬�kF�SI	Q2PrV0IqL�H,ItªrP7TrI	VNg,b g,ª*IEa�M`Z!LNb^Prg#JzQ2P�V�L�H,ItTrPr] M,YFI1�(Z[TrI	V�Z�ª�IEO�­`P7«
Z!VNI�ªrbeTrIEgfu,«SI p VNJ�Lcg,IEI	O�LNP�b g�LNVNP%O,M,j	I�JNPrYFIzO,I p g#b L�b Prg,J	k
GCH#IY&)(+*2,-&)(/.0&
1ST�Pr]^M#Y�IzZ[TrI	V�Z�ª�I�b JCO,IEg,P!L�IEO�\h¬ �Lrsrtr � Z�g,O�b^JCO,I p g,IEO~Z�jEj	PrVNO#b^g,ªqL�P/�

�:uO�fv �wlx y]z|{ u � * � � w � � k ¿��

«RH#IEVNI}wlxwb^J�LNH,IsTrP�]^M,YFIqP�Q_L�H,Iq­`M#b^O�W,H`Z�J0Itb^g,J0b^O,I�LNH,IFZ[TrIEVNZ�ªrb g,ª<TrPr] M,YFI�wFksGCH,IqT�IEj	LNPrV *
b JCIEa�M`Z�]vLNP�~ =�� u(«RH,IEV0I�~®b^JiLNH,IzjEIEghLNVNPrb OyP�Q
w§Z�g,O � b JiL�H,IzW'PrJNbeL�b^P�g<TrIEj+L�PrVcVNI	]xZ!LNb T�I�L�P�~>u
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averaging volume V

df

r
x

n

fluid phase
solid phase

r0y

inside volume V
surface A of solid phase
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Z�g,O<W'Prb^ghLNJXPrg#] ¬qb g�L�H#I�­`M,b O�W,H,Z�JNIF��JNI	I p ª�M,VNI � k ª �+k�GCH,I�b^ghL�V0b^g,J0b^jCTrP�]^M,YFIKZ[T�IEV�Z!ªrIKb JXV0IE]xZ�L�IEO
L�PqL�H,IF.+²7¸`¶0,4�710&28�³%T�Pr]^M,YFIzZ[TrI	V�Z�ªrI!u�O,IEg,P!L�IEO�\h¬ �Lrsrtr � " u`\h¬!�

�:uL� " v �w y z { u � * � � w � 4 �:uL� � � k�¤?�
GCH,I�W'PrV0PrJNbeL ¬ 4 b^JiL�H#IzT�Prb^OwQ2VNZ�j	LNb^Prg �

4 v � � � " � wlxXW w � � k Å��
GCH,Itµ%¶T3T&28 *2&�· (sP�Q�L�H#IKW'Prb^ghLoTrIE] P(j	b L ¬FPrVoL�H,I�W�Prb ghLSW,V0IEJ0JNM,V0I�Q2VNPrY§L�H#I�jEPrV0VNI	JNW'Prg,O,b g,ª�TrP�]^M,YFI1�
Z7T�IEVNZ�ªrIEOya�M`Z�ghL�beL ¬wb^JCO,I	g,P�LNIEO~\h¬*ZqL�b ]^O,I �Yu � u � �:uL� � � k��rZ?�Y� � � � � ��� � � k���\��
{KW,W,] b^jEZ!L�b PrgqP�QfLNH,IRTrPr] M,Y�I.�(Z[TrI	V�Z�ªrb g,ª p ] LNIEV �Lrsrtr � LNP/LNH,IRb^g,j	PrYFW,VNI	JNJNb \,]^I ��Z7T%b IEV
�(©%L�Pr£!IEJoIEa�M`Z�|
L�b^P�g,JFQ2P�VFLNH,IyW'Prb g�LF­`P7« ¬%b^I	]^O,JqL�H#IyÇ_Pr] M,Y�I.�%{�T�IEVNZ�ªrIEO��KZ[T%b^I	V
�#©%LNPr£�I	J �2Çm{ �K© �qIEa�M`Z!LNb^Prg,J
�}� �!� �
� Z �,uO�Z�[ = �

4]\ � 4 �:uL�<�:uL� � = �
4�\ � 4 � Yu YuO� � � � �^ 4_\ � 4 � ��� � =a` 4b\ > � 4 �:uL� � =�c � � k « Z?�
\ed � 4 �:uO� � � � � � k « \��

«RH,IEV0I ^ b^JcL�H,I/­`M,b^O~O,IEg,J0b L ¬�u ` b J�L�H#I�£�b^g,I	Y�Z�L�b^jzT%b^J0jEPrJ0b L ¬yZ�g,O c b^JRL�H,IsO#V�Z�ªFQ2PrVNj	I�W'IEVKM#g,b L
Y�Z�J0JKP�Q>LNH,I�­,M,b^OyW,H`Z�J0I�L�H`Z�LKL�H#I�JNP�]^b^OyW,H`Z�J0I�I1n#I	V0LNJ�Prg~L�H#I�­`M,b O~W,H,Z�JNI!k�GCH,IsO,VNZ�ª�Q2P�VNjEI�b^J
ªrb T�IEg�\�¬��

c � �wlx y fhg i � Y� ^kj = ` \ Yuml �Xn = �
4�\ 4 �����^ � ` 4b\ 4 do\ �,uO� � � ke� � �
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«RH#IEVNI n b J/LNH,IFjEPrghL.Z!j	LqZ!VNI[Z�\�I+L «SI	IEg»LNH,I�­`M#b^O®Z�g,O®LNH,I�J0Pr]^b O®W#H`Z�JNI�b^g,J0b^O,IqLNH,I<Z[TrI	V�Z�ª�b^g,ª
T�Pr]^M#Y�I w�u g b^JRL�H,I/M,g,beLKg,P�VNY�Z�]:Z!L n LNH`Z!L�W�Prb ghL�JRQ2VNPrY�LNH,I/­,M,b^Oyb^ghL�PFL�H,I/JNPr] b^O�W,H`Z�J0I �2JNIEI
p ªrM,VNI � k ª �+u(Z�g,O j b^J>L�H,I�M,g,beLoLNIEg,J0PrVEk>GCH#IK]^I	g,ª�LNH�JNjEZ�]^IcjEP�g,J0LNV�Z�b g�LNJiZ�J0JNP%jEb^Z!L�I	O�«Rb LNHFLNH,I�³^·T1#8�³
Q2P�VNY¹P!QmLNH,I�Ç�{���©wIEa�M`Z!LNb^Prg,JcZ�JRªrbeTrI	g~Z�\'P7TrI!u�Z�VNI��ÀÅr¿U� �

����������� 	�
 � � ke�r�$�
«RH#IEVNI ��� b^JiL�H#I�L ¬(W#b^j[Z!]�O,b^YFIEg,J0b^Prg�P�QmLNH,IzW�P�VNIEJRZ!g,O 	�
 Zqj.H`Z�V�Z!j	L�I	VNb J0L�b j�]^I	g,ª�LNH�J0j[Z�] I�P�Q�L�H,I
T�Pr]^M#Y�I.�(Z[TrIEVNZ�ªrI	O�­`P7«zk
{�JXW'Prb g�LNIEOFPrM#Lo\h¬�°�j.H,PhZU�%GmZ�W,b^Z�Z!g,OFÁ¥H#b L.Z!£�IEVK��¤hÅ��`L�H#IEVNIcb^JoZzY�b JNY�Z!L�j.Htb g�] IEg,ª�LNH�J0j[Z�] IEJXZ!L
LNH,I�b^ghLNIEV0Q�Z!jEI ��Z!L A � � �X\'I	L «XIEIEg*L�H#I�TrPr] M,Y�I.�(Z[TrI	V�Z�ªrI	O�­,PU« b^g<LNH,I [��%V0IEªrb Prg<Z�g#O*LNH,I�W'Prb^ghL
­,PU« b^g*L�H,I�^h��VNIEª�b^PrgvkoGCH,I+¬yJ0Pr] T�IEO�L�H,b JcW#VNPr\,] IEY \h¬*M,J0b^g,ªtL�H,IzTrP�]^M,YFI1�(Z[T�IEV�Z!ªrb^g,ª�Z�W,W#VNPhZ�j.H
Z!]^JNP<Q2P�VzLNH,I ^h��VNIEª�b^Prgvk�{Kg®Z�W,W,V0PrW,VNb^Z!L�ItZ[T�IEV�Z!ªrb^g,ªwT�Pr]^M,YFIsQ2PrV�LNH,Itg,I[Z�V0] ¬AP�g,I1�%O#b^YFIEg,J0b^Prg`Z!]
­,PU« b^gtL�H,I�^h��VNIEª�b^PrgFb^JoZ/LNH,b^gFO,b JN£qPrV0b^IEghLNIEO�W,Z�V�Z�] ]^I	]#L�PzL�H,Icb^ghLNIEV0Q�Z!jEI�u(Z�Job^] ]^M,J�L�V�Z�L�IEOtb g p ª�M,VNI
� k �rk�GCH,I�T�Pr]^M,YFI1�%Z7T�IEVNZ�ªrIEO¯­`P7«§T!Z�VNb^Z�\,]^I	J/Z�VNI�Z�W,W,V0P[n#b Y�Z�L�IE]e¬�I	a%M,Z�]oLNPyLNH,I�j	PrVNV0IEJ0W�Prg#O,b^g,ª
W'Prb g�LST�Z!VNbxZ!\,]^I	J�� �:uL��
 u �iPrg*jEP�g,O,b LNb^PrgwLNH`Z!L<�

��� � Z�g#O ��� ��� � � ke� ª �
«RH#IEVNI � Z�g,O��zZ�V0I~VNI	JNW'IEj+L�b T�IE]e¬ LNH,IyLNH,b^j.£�g,I	JNJ*Z�g,O L�H,Iy]^IEg#ª�L�H P!Q�L�H,IyO,b^J0£�u�Z!g,O � b^JFL�H,I
\'PrM,g#O`Z�V0¬r�%]^Z[¬rIEVCLNH,b^j.£�g,I	JNJEkoGCH,I	JNI/VNIEa�M,b VNI	Y�I	g�LNJ�jEZ�g�\�I�IEZ�JNb ] ¬<JNZ!L�b J p I	Ovk
� g�PrV0O,IEVCL�PtM,J0I/LNH,IzY�P�Y�I	g�LNM,Y¹I	a�M`Z!L�b Prg9� � k « Z?�1u,jE] PrJNM,V0IEJRYsM,J�Lc\�I�Q2PrM,g#O�Q2PrViLNH,IzJNM,\ p ] LNIEV
�
J0j[Z�] IqJ0LNVNIEJ0J � Yu YuL� Z�g,O�LNH,ItO,V�Z�ª<Q2P�VNjEI c b g�L�IEV0Y�J�P!QoLNH,IsTrP�]^M,YFI1�(Z[T�IEV�Z!ªrIEO�TrI	]^P%jEb L ¬ �:uL� k�� g
P�M,V�Z�g`Z!] ¬%JNb J�«XIqVNIEJ�L�V0b^j	L�PrM,VNJ0IE]eTrIEJ�LNP�©%L�P�£�IEJ�­,PU« b^gyL�H,I [���VNIEª�b^Prgvu�«RH,b j.H¯b Y�W#]^b^I	JCL�H`Z!LKL�H,I
] I	Q�L
�%H`Z�g,OAJ0b^O,IqP!Q�� � k « Z?�KZ�g#O¯H#IEg,j	ItLNH,IqJNM#\ p ] LNIEV �%JNjEZ�]^IqJ�L�VNI	JNJzj[Z!g¯\'Iqg,I	ªr]^I	j	L�I	Ovk�Á¥H,beL.Z�£!IEV
��� ��� �>ªhZ[TrIsLNH,IEP�VNI	LNb^jEZ�]�J0M,W,W'PrV0L�LNP<L�H,IsQ2Pr] ]^P7«Rb^g#ª�jEP�g�T�IEg,b IEghL/W`Z�VNZ�Y�I+L�I	VNb^�EZ!L�b PrgyQ2P�VKL�H,IqO#V�Z�ª
Q2P�VNjEI �

�wlx y fhg i � Y� ^ j = ` \ Yukl��Xn ��� `���� � �,uO� " � `���� ��� �,uO� " � � ke� � �
«RH#IEVNI � Z�g#O � Z�VNI>V0I	Q2I	VNVNI	O/LNPcZ�J�VNI	JNW'IEj	LNb T�IE] ¬�LNH,I>W'IEVNYFI[Z!\,b^] b L ¬�Z�g,O�L�H#IX�`PrV0j.H,H,I	b^YFIEVvL�I	g,JNP�VEk
� g¯]^beL�I	V�Z!LNM,VNIqY�Z�gh¬AJNI	Y�b��%IEYFW,b VNb^jEZ�]�VNIE]^Z!L�b Prg,JzZ�V0IFZ7T!Z�b ]xZ�\#]^I�Q2PrV � Z�g,O � Q2P�V/H#PrY�P�ªrIEg,I	PrM,J
W'PrV0PrM,J�YFIEO#bxZ#k�{¹W�PrW#M,]xZ�V�Z�g,O»«Rb O,IE]e¬¯M,JNI	O�V0IE]^Z!L�b Prg�b J�L�H#I<Y�P%O,b p IEO�l_V0ªrM,g±I	a%M,Z!L�b Prg»Q2PrV
VNZ�g,O,P�Y�]e¬�W`Z!j.£�IEOy\�I	O,J��À¤#�	�
�

� � �
� ��� ��� �R4 � ����� �:uL� " �` j � � k � � Z?�

� � ��� > 4! �7� � ��� �R4 � > j � � k � � \��
«RH#IEVNI ����v ¤Vw � W n"� b JcLNH,I}o�¶#8 (�¸/8 ,-*2&
1+³^¶sµ &28Ao�¶0*
¶0,1u`«RH,b^j.Hyb^JcO,I p g,IEOAZ!J�J0ben*L�b Y�I	JCL�H,I�V�Z!LNb^P
P!QmLNH,I�L�P�L�Z�]vTrPr] M,YFI�w � L�PtL�H,I�LNP�L.Z�]fJNM,V�Q�Z�jEI�Z�VNIEZ n�� P!QmLNH,I�J0Pr]^b OwW,H`Z�J0I�koGCH,I/jEP%I:MFjEb IEghL�Jcb^g
I	a�M`Z!L�b Prg,JF� � ke� � Z?�RZ�g,O � � ke� � \��RZ�VNI�O,I	LNIEV0Y�b g,IEO~Q2V0PrYÄY�Z!g�¬�I1n#W'IEV0b^YFIEghL�JKb^gy«RH#b^j.HAO,bedfI	VNIEghL
Y�Z!LNIEVNb^Z�]^JC«XIEV0IsM,JNI	O���JNM#j.H�Z�J�ªr]^Z�JNJc\�IEZ�O,J	uvj	¬%]^b g,O,V0b^j[Z!] p \�I	VNJEufªrV�Z�g�M,]^Z�VcY�Z!LNIEV0bxZ�]:Z�g#OAj	¬%]^b g(|
O#VNb^jEZ�]�W`Z�j.£�b^g,ª�J	�+u:Z!g,OAb^g~«RH#b^j.HAL�H,I�W`Z�V0LNb^j	]^I�J0b^�	IEJEuvLNH,IsW'PrVNP�JNb L ¬~Z�g,O�LNH,I XRI	¬%g,Pr] O,J�g�M,Ys\'IEV
«XIEV0I/T!Z�V0b^I	Ovk
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� gsL�H,I7^r�%V0IEªrb Prg�«XICO,b^J�L�b^g#ªrM,b^J0HsZKV0IEªrb Prg�«RbeL�HqW'P�L�I	g�LNbxZ�]�­`P7« Z�g,Oqj	]^PrJ0ISL�PKLNH,IiW'IEV0Y�IEZ�\,]^Io«iZ!]^]
Zt]^Z�YFb^g`Z�Vo\'PrM,g,O`Z!V0¬<]^Z[¬rIEVi«RbeL�H*Z�LNH,b^j.£�g,I	JNJ � k>GCH,Iz\'PrM,g,O,Z�V0¬�]xZ[¬rI	VCb^Jij.H`Z!V�Z�j+L�IEV0b^�	IEO�\�¬�L�H,I
b^YFW�PrV�L.Z�g#jEIiP�Q'T%b^J0jEPrM,J_O,bedfM#JNb^P�gvu�«RH,I	VNI[Z!J_LNH,b^J>b J>g,P�L_b Y�W'PrV0L�Z�ghL�PrM(L�JNb O,IiL�H#Ic\'PrM,g#O`Z�V0¬�]xZ[¬rI	VEk
GCH,IF­,PU« b^g�L�H,It\'PrM,g,O`Z!V0¬�]xZ[¬�IEV/b^J�ªrP7TrI	VNg,I	O»\h¬AL�H,It«XIE]^]��%£�g,P7«Rg � V�Z!g,O#L�]>\'PrM,g#O`Z�V0¬r�%]^Z[¬rIEV
IEa�M`Z!LNb^Prg,J:�
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Z �2�3� �Z A � B �
Z B �Z � = ` Z > � �!� �Z A >

� � k �7¿�Z?�
� � � �^ Z ����� �Z A � � ke�U¿!\��Z � �!� �Z � = Z �)( � �Z A � � � � k �7¿!jT�

«RH,IEV0I�LNH,I*JNM,\,J0jEV0b^W#L ^»VNI+Q2IEV0JFLNP�LNH,I;^h��VNIEª�b^Prgvu7B � b JsL�H,IwQ2V0IEIEJ�L�V0I[Z�Y T�IE]^P%jEbeL ¬±PrM#LNJNb O,I<L�H,I
\�PrM#g,O`Z�V�¬t]xZ[¬rI	VEu A b^J>L�H#Ic«SZ�]^]��%g,PrV0Y�Z!]#W'PrJNbeL�b^P�gFV0IE]^Z!L�beTrICL�P/L�H,Icb^ghL�I	V0Q�Z�j	Ic«RbeL�HtL�H,I�W�I	VNYFI[Z�\#]^I
«iZ�] ]�uhZ!g,O � b^J�LNH,IRJ0L�V0I[Z�Y�«Rb^JNIRO,b J0L�Z�g,jEIiLNP�L�H,IR]^IEZ�O,b g,ª�IEO,ª�IcP!Q�LNH,IR\�PrM#g,O`Z�V�¬q]xZ[¬rI	VEk�GCH#I p VNJ0L
L�IEV0YÄPrgyLNH,I�V0b^ªrHhL���H`Z�g,OyJNb^O#I�P�QV� � ke�U¿�Z?�CIEghLNIEVNJ�L�H,I/IEa�M`Z!LNb^Prg~\�¬*T%b^V�L�M,I/P�Q>I	a�M`Z!L�b PrgR� � ke�U¿!\��
Z�g,Oy�SIEV0g,PrM,] ]^b � JS
:Z[« Q2PrViLNH,IzW�P!L�IEghLNbxZ�]f­,PU« PrM#LNJNb^O#IzLNH,Iz\�P�M,g,O`Z�V�¬<]^Z7¬�IEV:�

� �^ Z ����� �Z � � B �
Z B �Z � � � ke�7¤?�

©(j.H,]^b j.HhL�b^g#ª»��� � �oªrbeTrIEJ�ZyO#IEVNbeT!Z!L�b Prg�P�QSLNH,IEJ0I�IEa�M`Z�L�b^P�g,JEu�«RH,b^j.H»jEZ�g�\'ItQ2PrM,g,O�Z�]^J0Pyb g®Y�Z�gh¬
P�L�H,I	V>L�I+n%LN\�P%Pr£�JXP�gF\'PrM,g#O`Z�V0¬r�%]^Z[¬rIEV_L�H#IEPrV�¬rk�� Lob^J>\,Z�JNI	O�Prg�Z�gFPrVNO,I	V
�%P!Q^�%Y�Z!ªrg,b LNM,O,ISZ�g`Z�]e¬(J0b^J
P�Q_L�H,I ��Z[T(b IEV �#©%L�P�£�IEJ�I	a�M`Z!L�b Prg,J�b g~«RH,b^j.HAbeL�b J�Z�JNJ0M,YFIEO�L�H,Z!L � W � � ��kz�SIEjEZ�M,JNIqbeL�jEZ�g�\�I
JNH,P7«RgyLNH`Z!L���� � � �2WvkC� � ¤?�-�

�
�+* , B �@�`.- � �)/ > � � ke�UÅ��

L�H,b JCb^YFW,]^b IEJSLNH`Z!LCL�H#IzQ2P�]^]^P7«Rb g,ªsjEP�g,O,b LNb^PrgwY�M,J0Lc\'I�J�Z!LNb^J p IEO �, B ���` - �)/ > � � � � ke�7�?�

��P�ViZs]xZ!VNªrIcT�Z!]^M,I�P!Q�L�H,IQXRI	¬%g,Pr] O,Jig�M,Ys\'IEV�B ��� W ` u(L�H,I�\'PrM,g#O`Z�V0¬�]xZ[¬rI	Vi\'IEjEP�Y�I	JSL�M,V0\,M,] IEghL[k
�SIEjEZ�M,JNI<«XIwVNI	J0LNVNb^j+LsPrM#VNJNI	] T�IEJsL�P�Z~]xZ�YFb^g,Z�V�\�P�M,g,O`Z�V�¬�]^Z[¬rIEV	u>b L�b^J/L�H,I	VNI	Q2P�VNIwZ�] JNPyVNIEa�M,b VNI	O
L�H`Z!L B �+� W ` b^JCJNM M�j	b^I	g�LN] ¬wJ0Y�Z!]^]vJ0M,j.HyLNH`Z!LCL�H#Iz­,PU« b^JCb g*LNH,Iz]xZ�YFb^g,Z�VSV0IEªrb Y�I!k
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GCH#I [���VNIEª�b^Prg<b JCj.H`Z�VNZ�j	LNIEVNb �EI	Oy\h¬*ZqjEP�g,J0L�Z�ghL�W'PrV0PrJNbeL ¬�O,I	g,P�LNIEO�\�¬ 4�� k>Á�IzZ�J0JNM,YFI�L�H`Z�LCL�H,I
W'IEV0Y�IEZ�\,b ]^b L ¬<b^J�b JNP�LNVNPrW,b j�u � � � j kz�`M,V�L�H,I	VNYFPrVNI!uvZ�J�YFIEghLNb^Prg,I	OA\�I+Q2PrVNI�b^g�J0IEj	LNb^Prg � k ª u'«SI
Z!JNJNM#Y�I�LNH`Z!LiLNH,IzW�Prb ghLS­`P7« b JiªrP7TrI	VNg,I	Oy\h¬<LNH,I/©%LNPr£�I	JcI	a�M`Z!L�b Prg,J	ko{�Ji«Rb^] ]�\'I�JNH,P7«Rg�\�I	]^P7«zu
LNH,b^Jzb Y�W,] b^I	J�L�H`Z!LzLNH,IFT�Pr]^M#Y�I.�(Z[TrIEVNZ�ªrI	O�­`P7«§b^J/ªrP7TrI	VNg,I	O»\h¬�L�H,I��SVNb g,£�Y�Z!g®I	a%M,Z!L�b Prg ��� � ��k
{�] LNH,PrM,ªrH�b^gy]^beL�IEVNZ!L�M#VNI�L�H,b J�I	a�M`Z!L�b Prg~b JcQ2V0IEa�M,I	g�LN] ¬yM,JNI	O~L�P�O,IEJ0jEV0b^\'I�­`P7«�b^gyW�P�VNPrM,JcYFIEO,b^Z#u
b g®LNH,b^JsJ0IEj+L�b^P�g�«SI<«Rb ]^]_J0LNb^] ]oª�b TrI�Z�O,IEV0b T!Z!LNb^Prgvk�GCH,b JsO,IEV0b T!Z!LNb^Prg®b^J�\,Z�JNI	O±PrgºZ�g»PrV0O,IEV �%P�Q^�
Y�Z�ªrg#b L�M#O,IiZ�g,Z�] ¬%JNb J�P�Q�LNH,ISÇm{ ��©sI	a%M,Z!L�b Prg,J>Z�g#OFbeL�J0IEV0T�IEJ>L�P�P�\#L.Z�b g�L�H#ICjEPrg,O#b L�b Prg,JmPrgs«RH,b^j.H
LNH,I/�SVNb g,£�Y�Z!gwIEa�M`Z!LNb^Prg�b^JiT!Z�] b^Ovk
GCH#I�jEPrg,O#b L�b Prg�Q2PrVC©%L�Pr£!IEJC­`P7« b^g<L�H#I�W�PrV0IEJCb JSL�H`Z�LiL�H,I�j.H,Z�V�Z�j+L�I	VNb^J�L�b j XcI+¬%g,Pr]^O#JCg%M#Ys\�I	ViQ2PrV
LNH,I�­`P7« b g*LNH,IzW�P�VNIEJRb JcY�M,j.HyJ0Y�Z!]^]^I	VSL�H,Z�g*M,g,b L ¬�� � � �2Wvk ª[ª�� �1k>{¢L ¬(W#b^j[Z!]vTrIE] P(j	b L ¬�JNj[Z!]^I�Q2PrVu b JcLNH,I�J�L�VNIEZ�Y�«Rb JNI/b^ghL�I	V0Q�Z�j	I�TrI	]^P%jEbeL ¬ BLD�kR{�L ¬%W,b j[Z�]:]^I	g,ª�LNH~JNjEZ�]^I/b^JRL�H#I�W'PrVNI/O,bxZ!Y�I+L�IEV ��� u«RH#b^j.HFb^J>P�Q�L�H,IRJ�Z!Y�IRPrV0O,IEVoZ�J I �»k�GCH%M#JoLNH,IRjEPrg,O#b L�b PrgqQ2PrVo©%LNPr£�I	Jo­`P7« b gqL�H,IRW'PrVNI	Job J�L�H`Z�L<�

I �]BLD
` � � � � ke� « �

� Q_LNH,b^J�jEPrg,O#b L�b Prg~H#Pr]^O,J	ufL�H#IEg�L�H#Iq]^I	Q�L
�%H`Z�g#O�JNb O,IsP�Q_I	a%M,Z!L�b Prg � � k « Z?�Rj[Z�gA\'Isg,I	ªr]^I	j	LNIEOvk/�`PrV
LNH,ItO,V�Z!ª<Q2PrVNj	IFP�g�LNH,ItVNb ªrHhL��%H`Z!g,O�JNb^O#IqP�Q � � k « Z?�c«XI�Z!O,PrW#L�LNH,ItW`Z�V�Z!Y�I+L�IEV0b^�EZ!L�b Prg�ªrbeTrIEg�\h¬
I	a�M`Z!L�b Prg � � k � � �+k��X¬¯T%b^V�L�M,I<P!Q � � ke� « ��L�H,I*�`PrV0j.H,H,IEb Y�I	V�LNIEg,J0PrVsj[Z!g±\�I<g#IEªr] IEj	LNIEOvu_\'IEjEZ�M,JNI
� � � * I �]BED W ` �2JNI	I�Á¥H,beL.Z�£!IEV��}� �!� ��u�Wvk � Å �+kwGCH,I	VNI	Q2P�VNI�LNH,ItÇ�{���©®I	a%M,Z!L�b Prg,J�� � k « Z?��Z�g,O
� � k « \��Sj[Z!gy\'IzJNb^YFW,] b p I	O�L�P �

� � � �^ \ ����� � = ` \ > �:uL� � � ` 4��� �:uL� � � � k ª!� Z?�
\ed �:uL� � � � � � k ª!� \��

«RH#IEVNIzL�H#I/J0M,\,J0jEVNb W#LS[ V0I	Q2I	VNJCL�PqL�H#I [���VNIEª�b^Prgvk
�`PrVoZ�g�PrVNO,I	V
�%P!Q^�%Y�Z!ªrg,b LNM,O,IRZ�g,Z�] ¬%JNb JXP!QvL�H,IKZ�\'PUT�IKI	a%M,Z!L�b Prg,JEu%«SI�g,IEI	O<L�P�JNW'IEjEbeQ�¬Fj.H`Z�V�Z!j	L�I	V�|
b J0LNb^j�]^I	g,ª�LNH~Z�g#O�T�IE]^P%jEbeL ¬wJNjEZ�]^I	J�P!Q�L�H#I/T�Pr]^M,YFI1�%Z7T�IEVNZ�ªrIEO�­`P7«zkC�SH`Z!V�Z�j+L�IEV0b^J�L�b^jz] IEg,ª�LNHyJ0j[Z�] IEJ
Z!VNI I � Z�g,O � Q2PrV�V0IEJ0W�I	j	L�beTrI	] ¬¯T�Z!VNbxZ�L�b^P�g,Jzb^g®LNH,I�«SZ�] ]}�%g,P�VNY�Z�]>Z�g,O�J0L�V0I[Z�Y�«Rb^JNI�O,b^V0IEj+L�b^P�gvk
GCH#I�L ¬%W,b^jEZ�]�T�IE] P(j	b L ¬�JNjEZ�]^I/Q2PrV�LNH,IsJ0LNVNIEZ�Y�«Rb^J0I�T�IE]^P%jEbeL ¬�b^JKI	J0LNb^Y�Z!L�I	O~\h¬yLNH,IsJ�L�VNIEZ�Y�«Rb JNI�b g(|
LNIEV�Q�Z�jEIzTrI	]^P%jEb L ¬ BLD�kC�iZ�J0IEOyPrg�LNH,I/jEPrghL�b g�M,b L ¬*I	a%M,Z!L�b Prg � � k ª�� \��1u�ZtL ¬%W,b j[Z�]�TrI	]^P%jEbeL ¬wJNjEZ�]^IzQ2PrV
LNH,I�«iZ!]^]}��g,PrVNY�Z�]�TrI	]^P%jEb L ¬<b^JiL�H#IEg~ª�b TrI	gy\h¬ BED I � W ` koGCH,I/W�PrV0PrJNbeL ¬ 4�� b^JCP�Q�PrVNO#IEVRM,g,beL ¬rk_GmP
J0M,YFY�Z�V0b^�	IKL�H,Izj.H`Z!V�Z�j+L�IEV0b^J�L�b^j�J0j[Z�] IEJcZ�V0I ���
	����
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�I+LiM,Jij	Prg,J0b^O,I	VSL�H,IKJ0L�V0I[Z�Y�«Rb^JNIKjEPrYFW�P�g,IEghLCP�Q:I	a�M`Z!L�b Prg � � k ª!� Z?�+k��iZ�JNI	OwPrg�LNH,I�JNjEZ�]^I	JiªrbeTrIEg
b g]� � k ª �$�o«XI/IEJ0LNb^Y�Z!L�I�LNH,I�Q2Pr]^] P7«Rb^g,ªsVNZ!L�b PrJi\h¬��
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GCH%M#J�beQ
u,b^g�Z�O,O#b L�b Prg�LNP � � k � « �+u,beLCH,Pr] O,JiL�H,Z!L<�
�eW � > � � � � k ª�� �

L�H,I	g�LNH,IzJ0L�V0I[Z�Y�«Rb^JNIzj	PrY�W'Prg,I	ghL�P!QS� � k ª!� Z?�SVNI	O,M,j	IEJRL�PqL�H,I/�SV0b^g,£�Y�Z�g*IEa�M`Z!LNb^Prg3�
� � � �^ Z � ��� �Z � = ` Z > � �!� �Z A > � ` 4��

� � �!� � � � k ª!� �
GCH,b^JCI	a%M,Z!L�b PrgwO,IEJ0jEV0b^\'IEJiL�H#I��SVNb g,£�Y�Z!gw\�PrM#g,O`Z�V�¬�]^Z7¬�IEViLNH`Z!Lib JiJNI+LR\h¬�L�H#I�\`Z�]xZ!g,jEI�\'I	L «XIEI	g
O,b d�M,JNb PrgtP�QvJ�L�V0I[Z�Y�«Rb JNIcY�P�Y�I	g�LNM,Y¦Q2V0PrY¦L�H#I � V�Z!g,O#L�]`\'PrM,g#O`Z�V0¬t]^Z[¬rIEVXZ�\'P7TrIRL�H,IcW�I	VNYFI[Z�\#]^I
«iZ�] ]XP�g�L�H,I�Prg,I�H,Z�g,O±Z�g#O»L�H,I�O,V�Z�ªyQ2PrVNj	I�b^g#JNb^O#I�L�H#I�W'IEVNYFI[Z!\,]^IF«iZ�] ]_Prg�L�H#I<P�L�H#IEV�H,Z�g,Ovk
GCH,b^J>b J>ZKQ2M,g,O`Z!Y�I	g�L�Z�]^]e¬/O,b d�IEV0IEghL>L ¬%W�ICP�Q'\'PrM,g,O,Z�V0¬�]xZ[¬rI	V�L�H`Z�gqLNH,I � V�Z�g,O(L�],\'PrM,g,O,Z�V0¬�]xZ[¬rI	VEu
«RH,b^j.H�b^JCj.H`Z!V�Z�j+L�IEV0b^�	IEO~\h¬*Zt\`Z�]^Z�g,j	I�\�I+L «SI	IEg�b g,IEV�L�bxZ!]vZ�g,OwT%b^J0jEPrM#JcQ2PrV0jEI	JEk
�iZ�JNI	O®P�g�Z*J0b^YFb^]^Z�VcZ�g`Z�]e¬(J0b^J�Z!g,OAL�H,IqJNZ�Y�Iqj	Prg,O,beL�b Prg,J � � ke� « �KZ�g#O � � k ª�� �+u�L�H,Is«SZ�]^]��%g,PrV0Y�Z!]
jEPrYFW�P�g,IEghLcP�QmIEa�M`Z!LNb^Prg]� � k ª�� Z?�Sj[Z�g�\'I�JNb^YFW,] b p I	O<L�P �

� � � �^ Z ����� �Z A � � k ª ¿��
GCH,b^JCI	a%M,Z!L�b PrgwI+n(W,V0IEJNJ0IEJcL�H`Z!LiW,VNI	JNJNM#VNI�T!Z�VNb^Z!L�b Prg,JSb g�L�H#I�«iZ�] ]}�%g#PrVNY�Z�]�O,b^V0IEj+L�b^P�gwZ�VNI�g#IEªr] b^ªrb}|
\,]^I!k
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GCH,I�b^ghL�I	V0Q�Z�j	IAVNIEª�b^Prg¥b^J�L�H,IAL�H#b^g ]xZ[¬�IEV*b^g \'I	L «XIEI	g L�H#I'[��¾Z!g,O L�H,I ^r�%VNI	ªrb^Prgfk � L*H`Z!JyZ
L�H,b j.£%g#IEJNJ�P�Q�P�VNO,I	V I � ��¤hÅ���k¾GCH,I�J0LNVNM,j+L�M,V0I~P�Q�L�H,I�W�P�VNPrM,JtYFIEO,b M,Y Z�g#O�LNH,I�­,PU«�b^g,J0b^O,I
L�H,b JK]xZ[¬�IEV�Z!VNI/H,b^ªrH#] ¬*jEP�Y�W,] b^jEZ!L�I	Ovkc��M#V0L�H#IEVNYFPrV0I�u`L�H,I�JNb^YFW,] I/W,Z�V�Z�YFI	LNIEV0b^�[Z�L�b^P�gyP�Q�L�H,I�O,V�Z�ª
b^ghL�I	ªrV�Z�]�Z�Jiª�b TrI	g<\h¬<I	a%M,Z!L�b Prg � � k � � �+u%O,P(I	Jig,P�LiH,Pr]^O�b^g�LNH,b^JX]xZ[¬rI	Vz��� ��� ��k>� g<L�H#I�b^ghL�V0P(O#M,j	LNb^Prg
«SI�O,b JNj	M,JNJ0IEO�JNI	T�IEVNZ�]vYFP(O,I	]^JoQ2PrVXLNH,I�YFPrY�I	ghL�M,Y§L�VNZ�g,J�Q2IEVib g�L�H,b Ji]xZ[¬�IEVCZ�g#OwZ�VNª�M,Y�I	ghL�JS«XIEV0I
ªrb T�IEg®Q2P�VzLNH,IFM,JNIFP�QSLNH,I�°�GiÁ b^ghL�I	V0Q�Z�j	I�j	Prg,O,beL�b^P�g,J�b^g¯PrM,V/Z�g`Z!] ¬%JNb JEk�� g�L�H#I�O,I	VNbeT�Z�L�b^P�g¯P!Q
L�H,I	JNIij	Prg,O,beL�b^P�g,JEu�°�GiÁ ��¤hÅ7�#I1n#W,Z�g,OsL�H#I [���Z�g,OF^r�%VNI	ªrb^P�g/LNPKL�H,IXjEPrV0ISP�Q#L�H,IXb^ghL�I	V0Q�Z�j	ISVNI	ªrb^P�gvk
GCH,Ii�SV0b^g,£�Y�Z�gzIEa�M`Z!LNb^Prg/b^J�Z�O#PrW#L�I	O�Q2PrV�LNH,I [���VNIEª�b^Prg/Z�g,OzL�H#Ii©%LNPr£�I	J�I	a%M,Z!L�b Prg�b J�M#JNIEO/Q2PrV�L�H,I
^h�%V0IEªrb Prgvky�`PrVNY�Z�]^]e¬~LNH,IEJ0IwIEa�M`Z!LNb^Prg,J�Z�VNI�g,P�Lsj	PrVNV0IEj+Lqb^g,J0b^O,ItL�H#I<b^ghL�I	V0Q�Z�j	I�V0IEªrb Prgvu�\'IEjEZ�M,J0I
b^g±L�H,b JtVNIEª�b^Prg±L�H#I�W'IEV0Y�IEZ�\,b ]^b L ¬®b^Jqg#P�LFjEPrg,J�L.Z�ghL�]^b £�Iwb^g±LNH,I;[���VNIEª�b^PrgvuoZ�g#O beLqb^JFZ�] JNP�g,P�L
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(a) 0th order term (impermeable wall)
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(b) 1st order term
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(c) 0th + 1st order term
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Kr��CW¦g`OH�ceZ,^_QKXWs¸�?dKC=QKCVv�ciX)C�NVceZ�^�Q�AKE[CWX[C�Qnc[X�H£cedKCW^_E[CVceZ�N�H�JZ,Qnw_C�X�ceZ,\nH�ceZ,^_Qf^��DcedKC�N�J,^_X[`KE)CTAKE[^_IaJ�C�F²�.^_E:cedKC�SKEeH�\m�.^�E[N�C�CVv�ADC�E)Z�C�QaN�C�SjIgk]hK^�L´cedKE)^_`K\_dGHm�.`aJ�J,kADC�E)Z�^�SKZ�Nz�_��°MH�E�ceCWX[ZxH�Q{\_E)Z�S ^��"N�`KIDC�XWs8�?dKC�E)CPH��¹c[C�EyH�SaC�X[NWE[Z,AaceZ,^_Q{Z,Xm\_Z,w�C�Q£^��"c[dKCGQg`KF�C�E)Z�N�H�JF�CWc[dK^�SjcedOH c?Z�XY`KX[CWS�Z,Q8cedKCp��Kp�RsK��C�AOH�EeH�c[CpX[Z,Fz`KJxH ceZ�^�QKXY^��6`KQKZ,�.^�E[FºhO^3Lqc[dKE[^�`K\_d8cedaC�H��.^_E)C �F�C�Qnc[Z�^_QKCWS1\_E)Z�S}^��bN�`KIDC�X�dOHPw�CzIRCWC�Q=ADC�E��.^_E[F�C�S}c[^8CWw�H�J,`OH�c[CycedaCzN�J,^_X[`KE)Cy�.^_E�cedKCoSKEeH�\G�.^_E[NWC�s» C�X)`KJ,c[XoH�E[C]cedKCWQ|X[da^�LTQ£�.^_Eo��ce^_¥�C�X'hO^3LºZ�Q{H�AaJxH�QKCfN
dOH�QKQKC�JbLTZ,c[d|H*J�^3LYC�E'ARCWE[F�CPH�IKJ,C]LMH�J,J



��������� ����� �*
��	� % 

�e��
n����
�
 
�	«� � � ��� � ��� � � 
�� � ��	�� � � � � §
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�?dKC * ^_J,`KF�C+� ��w_C�E[H�\_Z,QK\�·�CWc[dK^�S}AKE)^�w�Z,SKC�XTcedKCmcedaC�^_E)CWceZ,NPH�J6IOH�X[Z�X?�.^_E�HfN�^_Qnc[Z�Qg`K`KF�H�AaAKE[^nH�N
d�.^_EihO^3LTX�Z,Q$AD^_E)^_`KX�FGCWSKZxHas-,�Q$cedKZ,X*FGCVcedK^�S�cedKC hO^3L Z�X*HPw�C�EeH�\_C�S©^3w�C�E�H�X)FjH�J,JrX)AOH�ceZ�H�Jw_^_J,`KFGCmX)`KN
d1cedOH c�c[dKCmw_^_J,`KFGC
��HPw_CWEeH�\_CWS�hO^3L¸UOCWJ�S�Z�XTN�^�Qgc[Z�Qg`K^_`aXrZ�Q�X[AKH�N�C�lRZ�s C�s"Z,c�Z,X�SaCWUOQKCWSZ�Q=cedKC]hO`aZ�S{H�XpL"CWJ�JbH�XmZ,Q c[dKCfX[^_J,Z�S=AKdKH�X[C�sG�?dKCfw_^�J�`KF�C+��HPw�C�EeH�\_C�S w_CWJ�^�N�Z,c�k}NPH�Q£IDC�SaCWUOQKCWSFjH�c[dKC�FGH�c[Z�NPH�J�J,k�H�X�. 70/�9 :132 46587 � ; �:9£� ;<;>= � / � ; �6?�@ �«¨Ks�§��
LTdKC�E)CrcedKC�IKE[H�N
¥�CVceX 7BACADA 9 : LTZ,c[d�c[dKCrX)`KADC�E[X)N�E)Z�AacFErSKC�QK^�ceC&c[dKC LSfeR]USWI��NSJ�PAc w_^�J�`KF�C�H3w�C�E[H�\_C�l�cedKCX[`KIKX)N�E)Z�Aac = F�CPH�QKX¡c[dOH�c:c[dKC�w�^_J�`aFGC�HPw_CWEeH�\_C�Z�X:CVw�H�J�`OH ceC�SGH�cbcedaC�NWC�QnceE)^_Z�S = ^��Rc[dKCrHPw�C�EeH�\_Z�QK\w_^_J,`KFGCG@�l

7
Z�Xrc[dKCzAKdOH�X[C+�gZ�QKSKZ,NPH�c[^_Er�.`KQaNWceZ,^_Q1cedKH�c�C�¦g`OH�J�Xp`KQaZ,c�k}LTdaC�Q=cedKCzw�C�NVce^_E ; AR^�Z�QnceXZ�Q8cedaCphO`KZ�S*AKdKH�X[CmH�QaS�CW¦g`OH�J�X?�WC�E)^fLTdaC�Q ; AD^_Z�Qnc[X?Z�Q8cedaC�X[^_J,Z�S8AKdKH�X[C�l�H�QKSH9 Z,X?HoLYC�Z�\�dgc[Z�QK\�.`KQKNWc[Z�^_Q¬s:�?dKC'LYC�Z,\_dnceZ,QK\]�.`KQKNWc[Z�^_Q*Fz`aX)c�XeH�c[Z�X��¹kjcedaC'Qa^_E[FGH�J�Z,�PH�c[Z�^_QGN�^_QaSKZ,c[Z�^_QI.4 5 9£�KJ��L?�@&M�§ �«¨Ks �_�

,�Q]AKE[Z,QKN�Z,AKJ�C¡cedKC"LYC�Z,\_dnceZ,QK\r�.`KQKNVceZ,^_Q]NPH�Q]IDCMN
dK^�X[C�Q]�.E)C�C�J�k_l_Ia`ac:Z,c�Z�X(SaC�X[Z,EeH�IaJ�CYc[dOH�c�cedKCMUOJ�ceCWE[C�ShO^3L UKC�J�S~dOH�XzQKCW\_J�Z,\_Z�IaJ�Czw�H�E[Z�H�ceZ,^_QKXmZ�QaX[Z�SaCGcedaC8HPw_CWEeH�\_Z,QK\}w�^_J�`KF�C�s}¢O^_EzH�Q~^_E[SKCWE[CWSªAR^_E)^_`KX
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dGZ,X¡N
dKH�EeH�NVceCWE[Z��WC�S�Ink�Hm`aQKZ,cbNWC�J�JKc[dOH�c¡NPH�QGIDCTCVv�ceCWQKSKC�SGARCWE[Z,^�SKZ,NPH�J,J,k�l��p`KZ�QnceH�E[S��� dKZ,ceH�¥�CWEy�	� í �¶AKE[^�AR^_X)C�S*cedKC��.^_J,J�^3LTZ�Qa\oL"CWZ�\_dnc[Z�QK\]�.`KQKNVceZ,^_QI.
9£�KJ�� M 
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LTdaC�E[C�� � E[C�AaE[C�X)C�QnceXfcedaC8J�CWQK\�cedª^���c[dKCi`KQKZ�c]N�CWJ�JYZ�QªSKZ,E[C�NVceZ,^_Q! [s{¢�Z,\_`KE[CG¨Ks�§iZ�J�J,`KX)c[EeH�c[C�X'cedKCH�IR^3w_CmHPw�C�EeH�\_Z�QK\yw_^_J,`KFGCpH�QKS8LYC�Z�\�dgc[Z�QK\z�.`aQKNWc[Z�^_Q�l�LTdKZ�N
diZ,XME[CV�.C�E)E[C�Sic[^]H�XMcedaC NOUScIcufgc`PAW UOJ�ceC�EWs�?daC�w_CWJ�^�N�Z�c�k�H�c8H�Q�H�E[IaZ,ceE[H�E)k|AR^_Z,QncjZ,Q´H£AR^_E)^_`KXGFGCWSKZ�`KFµNPH�Q¯IDC}SaC�N�^�FGAD^_X[CWS¯Z�Q�H{NW^_Q �c[E[Z,IK`aceZ,^_Q1�.E[^�F�cedKC]w�^_J�`KF�C+��H3w�C�E[H�\_C�S£w_CWJ�^�N�Z,c�k=H�c�cedKZ,XmAR^_Z,Qnc'H�QKS{H�X)`KIaUOJ�ceC�E���X[N�H�J�C]w�C�J�^�N�Z�c�kH�N�N�^�E[SKZ,QK\]ce^6. / M#" /%$'&#(/ �«¨Ks�¨g�
LTdaC�E[C)" /*$ 2 " /%$,+ ��-?Z,XMcedKC JID]F�WSJIDQLSJ~N w_^�J�`KF�C+��HPw�C�EeH�\_C�S*w_CWJ�^�N�Z,c�k�laLTZ,c[d.-Tc[dKCmAR^_E)^_X[Z�c�k8^_EMw�^_Z�S�.E[H�NWc[Z�^_Q¬s �rNWN�^_E)SKZ�QK\]c[^GCW¦�`KH�ceZ,^_Q{�«¨Ks�§��YcedaC'AD^_E)^_X[Z�c�k8Z�X?SaCWUOQKCWS1H�X�.- 2 4 587 � ; �:9£� ;�;>= �6?�@ �«¨Ks í ��&AKAKJ,Z�NPH ceZ�^�Q�^��¬cedaC&w_^�J�`KF�C+��HPw�C�EeH�\_Z�QK\'^_ADC�E[H�ce^_E/" ACACA0$1+ c[^'c[dKC32&H3w�Z,C�E�����ce^_¥�C�XYC�¦g`OH�c[Z�^_QKX¡k�Z�C�J,SKXc[dKC * �42p�iC�¦g`OH�c[Z�^_QaXo��§3��¨ ��.5 " /%$ +5�6 &87#9;: " /%$ + " /*$ +- � &<7#9 �=-1>:� M ; §? 7 "A@ $ + &<B�7 � " /*$ + & -DC �.¨Ks � Hn�7#9 " /*$ + M � �.¨Ks � I��
LTdaC�E[CE>�Z,XrcedaCzX[`KI�UOJ,c[C�E��gX[NPH�J�CoX�ceE)C�X[XmH�QKSFC]Z�X�cedKCzSaEeH�\j�.^�E[N�C�s��?dKCWk1H�E[CoSKCWUOQaC�S£H�N�NW^_E[SaZ�QK\c[^6. > 2 " / /%$ ; " /*$ " /*$ �.¨KsG��Hn�C 2 § - 4IH 9�J : ;/K @ ? &8B�7�/ � ?�L �.¨KsG��I��
LTdaC�E[C K Z�X�cedKCG`KQKZ�c'c[C�QKX)^_E�l%L±Z,X'c[dKCGNW^_Qnc
H�NVc]H�E)CPH�IRCVc�L"CWC�Q|cedaCGX)^_J�Z,S~H�QaS{cedaCGhO`KZ,S{AadOH�X[CZ,QKX[Z,SKC�cedKCyHPw_CWEeH�\_Z,QK\fw_^_J,`KFGC @�lDH�QaSMJªZ�X?cedaCy`KQaZ,c�QK^_E)FjH�J6H c/L�cedKH�crAD^_Z,Qgc[X?�.E[^_F�c[dKCyhK`KZ�SZ,Qnce^fcedKC'X[^_J,Z�S*AKdOH�X[C�sF,�E)E[CWX[ADC�NWc[Z,w�CycedaC'UOJ�ceCWE�`aX[C�S¬lRcedaC * �32r��C�¦g`OH ceZ�^�QKXrH�X&\_Z�w_CWQ1H�ID^3w_CyH�E[CC+vaH�NWcT�.^_EN2�CWL?ce^�QKZxH�Q�H�QKS*Z,QKN�^_F�AKE)C�X[X)Z�IKJ,CphO^3LTX?cedKE)^_`K\_d�E[Z,\_Z�SiAD^_E[^�`KX?FGCWSKZxH�s�?daC * �32r�£CW¦�`KH�ceZ,^_QKX�NPH�Q{IDCfX[Z�F�AKJ,Z,UOCWS}LTdKC�Q£cedKC]w�^_J�`KF�C+��H3w�C�E[H�\_C�S hO^3L Z,XpL"CWJ�J���IRCWdOHPw_CWS� �_���tlbLTdKZ�N
d�F�CPH�QaXzcedOH�czZ,c]NW^_Qnc
H�Z,QKX]QKC�\�J�Z�\�Z�IKJ,Cfw�H�E)ZxH�c[Z�^_QaXo^_Q�H1SKZ,X)c
H�QKN�CiX)FjH�J,J�CWEycedKH�QªcedKCSaZ�F�C�QKX)Z�^_QKXY^��¶cedaC�HPw_C�E[H�\_Z,QK\zw_^_J,`KF�C	.N"O" /%$O$QP " /*$ H�QaSR" (/%$QPTS s(�?dKZ,X"cedKCWQ � `KX)c[Z,UOCWX"ce^oceH�¥�Cw�^_J�`aFGC
��HPw_C�E[H�\_CWSª¦�`KH�QnceZ,c[Z�CWX]^_`ac]^��?w�^_J�`aFGCiH�QKS�X[`KE��«H�N�CiZ,Qgc[C�\_E[H�J�XWs u:¦�`KH�ceZ,^_QKX��«¨as0��H_�yH�QKS�.¨KsG��I��"NPH�Q�c[dKC�Q�IRC'H�AaAKE[^Pv�Z�FGH�ceCWS*Igk � §3��¨���.> P " (/4(/%$ �.¨Ks	U_Hn�C P ; § - 7 - 9 : ; "A@ $? K &<B�7 " /%$WVX& § - 4IH 9�J : ; (@ ? K &<B�7Y(/'V ?�L �.¨Ks	U�I��
,�Q{^_E[SaC�Emce^}X)^_J,w�C�c[dKC *%Z 2p�{CW¦�`KH�ceZ,^_QKX�l�N�J,^_X[`KE)C�XyH�E[C�QKCWC�SKCWS|�.^_E�cedKCGX[`KIaUKJ,ceCWE���X)NPH�J,CGX�ceE)C�X[XH�X&LYC�J�J�H�Xr�.^�E�c[dKCzSKE[H�\j�.^_E)N�CoZ,Q�c[C�E[F�Xr^��:cedKCow�^_J�`aFGC
��HPw_C�E[H�\_CWS}w_CWJ�^�N�Z,c�k�sr�?dKCoQKCVv�c�X)C�NWc[Z�^_QAaE[C�X)C�QnceX&H]cedKCW^_E[CVceZ�N�H�J�Z,Qgw�C�X�ceZ�\_H�ceZ,^_Qi^���c[dKCmN�J,^_X[`KE)C�AKE[^�IKJ�CWF��.^_EMcedaC'SaEeH�\]�.^_E)N�C�s
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dKdKC�Z,FGCWEMceCWQKX[^_EZ�X?AKE)^_IOH�IKJ�kiQK^�c�H�N�N�`aEeH�c[Cm�.^�EMcedKCmZ�Qnc[C�E[F�C�SaZxH�c[CpEeH�Qa\_Cm^���AD^_E)^_X[Z�ceZ�CWX�s¢�^�E&AOH�N
¥�C�S=IDC�SaXrcedKCo�"`KE)¥�C+��	bJ,`KF�FGCWE&CW¦�`KH�ceZ,^_Q1H�AaARC�H�E[X�ce^8IDCyX)`KN�NWC�X)X)�.`KJ�s Z SaC�E[Z�w�H�ceZ,^_Q�^��cedKZ,X&CW¦�`KH�ceZ,^_Q�l�LTdKZ�N
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¥�CWSjIDC�S�lL"C8LTZ,J�J¡H�SK^_A�czcedKZ,XoCW¦�`KH�ceZ,^_QªH�X]H1F�^�SKC�Jb�.^_Eyc[dKCi¢O^_E)N
dKdKC�Z,FGCWEyc[C�QKX)^_EzZ�Q{cedKC8Z,QnceC�E)FGCWSKZxH ceCEeH�QK\�Cp^��6AD^_E[^_X)Z,c[Z�C�XWs Z NWN�^_E)SKZ�Qa\oce^oc[dKZ�X"FG^�SKC�J�cedaC�¢O^_E[N
dKdaC�Z�F�C�EbceCWQKX[^�E?Z�X"Z,X[^�c[E[^_AaZ�N�l U M � K lLTZ,ced"� CW¦�`KH�J�ce^6.
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/=0�/ ' <
� ��9b@P>�� ��� �&7%$1;��
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¢O^_EMc[dKCmX[AOH ceZxH�J�SKZ�X)N�E)CWceZ,�PH�c[Z�^_Qi^���c[dKCmC�¦g`OH�c[Z�^_QKX?c[dKC�UOQKZ,c[C+�gw�^_J�`aFGC�F�CWc[dK^�S*Z,X?`KX[CWS�LTZ,c[dicedKCX)C�NW^_QKS���^�E[SKCWE�NWC�QnceE[H�J �gSKZ,�RC�E)C�QKNWZ�QK\?X)N
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LTdaC�E[C
�& � Z,X?cedKC'AKE[CWSKZ�NVceZ,^_Qiw_C�J,^�NWZ,c�k�lk?�� �	? �}c[dKC'N�^_QKX�c
H�QncrAKE[CWX[X[`aE[Co\�EeH�SKZ,C�QncTcedOH c&SaE[Z,w�C�X�cedKChK^�Lml�H�QKS

�@*c[dKCmN�^_E)E[C�NVceZ,^_Q*AKE[CWX[X[`aE[C�sY�?dKC��.`KQKNVceZ�^�Q � � Z�Q*C�¦g`OH ceZ�^�Q~�.¨Ks �n��Hn�"Z,X?\_Z,w�C�Q*Inkk.
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¢O^_EycedKCiZ,FGAKJ,C�F�C�Qnc
H ceZ�^�Q~^���cedKCiNW`KIDC�XGH�Q ,�FGF�C�E)X[C�S��"^�`KQKSOH�E�k�·�CVcedK^�S¤�c,��?·1�i�)� � í �TH�QKSE)CW�.CWE[C�QaN�C�Xpc[dKC�E)C�Z,Q��&Z�X&`KX[CWS�s8,�Q1cedKZ,XrF�CWc[dK^�S��.^_E[NWC�XmH�E)CzH�SKSaC�S1ce^8c[dKCohO^3L�UOCWJ�S�lRZts�C�spce^GcedKCE)Z�\_dnc���dOH�QKS£X[Z,SKC�^��?C�¦g`OH ceZ�^�Q��«¨as �_�_�Vl6ce^�H�N�NW^_FGAaJ�Z�X)d~H���CWE[^�w�C�J,^�NWZ,c�k ^_Q£cedKC�N�`KIDC�XWs*�?dKZ�XyZ�X
no−slip velocity

f

fn

t

very small penetration velocity

surface cube
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N�`KIDC�X¡H�QKSzc[dKCTH�IKZ,J�Z�c�km^��D`KX[Z,QK\p�«H�X)c:¢(¢��Y��IOH�X[C�SfX)^_J,w�C�E[X(�.^�E(C�¦g`OH�c[Z�^_Q��.¨Ks �n��I��+s��?dKC?AOH�E)ceZ,N�`KJ�H�E,��?·³c[dOH�cbZ,X(`KX[CWSGdaC�E[C�lgZ�X:X[Z,FGZ,JxH�E¶c[^mc[dKC?^_QKCTSKCVw_CWJ�^_ADC�S�Ink]¢�H�SKJ,`KQ]CWcYH�J�sM��� í ��s Z QjH�S�w�H�QgceH�\_CZ�Q H�AKAaJ,k�Z�QK\GcedKCG,��?· Z,Q1cedKC]AKE)C�X)C�Qnc'X)ce`aSak=^3w_CWEpcedKC]AKE)^_IKJ,C�F�XpSKZ�X)N�`KX)X[CWS{Ink ¢�H�SKJ,`KQ1CVc'H�Jts�lLTdKZ�N
d�N�^_QKNWC�E)Q}EeH cedKCWE&NW^_FGAaJ�Z�N�H�ceCWSi\_C�^�FGCVceE[Z,C�XWlOZ�X?cedOH c�c[dKCmN�`KIDC�X&NPH�Q�IDCoH�J,Z�\_QaC�S*H�J,^_QK\]cedKCFGCWX[d¯X)`KN
d´cedKH�cGc[dKC�Z,EGX)`KE)�«H�N�C�XGN�^_Z,QKN�Z,SKC*LTZ,ced�F�C�X[d´AR^_Z,QnceXf�.^_E]cedKC�QK^_E[FGH�J'�¹LTZ,ced�E[CWX[ADC�NVcce^icedKCfX)`KE)�«H�NWC3�rw_CWJ�^�N�Z�c�k_sz�?dKZ,X�C�QOH�IKJ�CWXyH�Q£C+vaH�NWc'Z�F�AKJ,C�F�C�Qnc
H�c[Z�^_Q�^��¡cedKCfQK^ �gX[J�Z,A1ID^_`KQKSOH�E)kN�^_QKSaZ,ceZ,^_Qi^_Q*cedKCmNW`KIRCWX�. /�� J M S �.¨Ks ��¨nHn�
�?d�`aX'LYCjH�E[CfH�IKJ,Czce^*N�^�FGAK`�ceC]cedKCz�.^�E[N�C � � Z,Q UK\_`KE[Cf¨Ks �iX[`KN
d£cedOH c�cedKC]hO^3L C+v�ARCWE[Z�CWQKN�CWXoHQK^ ��X)J�Z�AiNW^_QKSKZ�ceZ,^_Q�H�c?cedKCmAD^_X[Z�ceZ,^_Qi^���cedKCmN�E)^_X[XWs,�Qo^_`KE�,��M· cedaCYQK^���ARCWQKCWc[EeH�c[Z�^_QmNW^_QKSKZ�ceZ�^�Qp�.^_E¶cedKCbQK^_E)FjH�J�w_CWJ�^�N�Z,c�kp^_Q'c[dKC¡N�`KIDCbZ�X6C�Qa�.^�E[N�CWSoInkAK`ac[c[Z�QK\'cedKCrAKE[CWSKZ�NVceZ�^�Q�w�C�J�^�N�Z�c�kfce^z�WC�E[^as Z NWN�^_E)SKZ�QK\yce^oCW¦g`OH�ceZ,^_Q �.¨Ks �_��N3�(cedKZ,XYk�Z�CWJ�SKX¡dK^3LYCWw_CWEH�X)FjH�J,J¬ADC�QKCVceE[H�ceZ,^_Qiw_C�J,^�NWZ,c�kjC�¦g`OH�J¶ce^:./M9 J M ; � 6? 7 �@ 9 J P � �.¨Ks ��¨_I��
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H ceZ�^�QOH�E)k*hO^3Lml¬c[dKCzNW^_E[E)C�NWc[Z�^_QAKE[CWX[X[`aE[CoZ,X?��CWE[^GH�QKS*N�^_QaX[C�¦g`KCWQnceJ,k*c[dKCmQK^ ��ADC�QKCVceE[H�ceZ,^_Qiw_C�J,^�NWZ,c�kjZ�X?C�Q��.^_E[NWC�S}C+vaH�NWc[J,k_s�?dKC}`KX)C}^��&cedKC ,��?· dKH�XGNW^_QKX)C�¦g`KC�QaN�C�X8�.^�Efc[dKC�X)c
H�IKZ�J,Z,c�kª^��&cedKC�Qg`KF�C�E[Z,NPH�J?X)N
dKC�F�C�sB�?dKC�.^_E[NWC�XpcedKH�c'H�E[CzH�SKSKCWS£c[^8cedKCzhO^3L­UOC�J,S E[C�AaE[C�X)C�QncmcedKC]SaEeH�\8�.^_E)N�Czc[dOH�cpc[dKCzhO^3L CWQKN�^_`aQgc[C�E)XIgk c[dKCGAaE[C�X)C�QKNWCj^��"N�`KIDC�XWs*¢OE[^_F CW¦g`OH�ceZ,^_Q��.¨Ks�§3�n�rZ,c'N�H�Q~IDCfSKC�SK`aN�C�S|c[dOH�cmcedaZ�XmFjHPk N�H�`KX[CHGJxH�E[\_CmQKCW\nH�ceZ�w_C'X[dKZ��¹crZ,Q�c[dKC'E[CPH�J�AKH�E)c&^��(c[dKCyCWZ�\_CWQnw�H�J�`KCWX&^�� � � sM�?dKZ�X&FG^�ceZ,w�H�c[C�SicedaCyN
dK^�Z�N�C^���^�`KEMceZ,FGCpZ,QnceC�\�EeH�c[Z�^_QiX)N
dKC�F�C'LTZ�ced*N�^�CEW�NWZ�C�Qnc[X í�� ¨�H�c?ceZ,FGCpX�ceCWA�Q�H�QKS 3
§ � ¨fH�c?ceZ,FGCpX�ceCWAQ 3��}E[H�cedKCWEzcedOH�Q|cedKCiAD^_AK`KJ�H�E Z SOH�F�X����"H�X[da�.^�E)cedªX)N
dKC�F�C{� §P�a§���s{�?dKCiJ�H�c[c[C�E'L"^_`aJ�S�Z�F�AR^�X[CX)ceE)^_QK\_CWETE[C�X�ceE)Z�NWc[Z�^_QaX?^_Q�c[dKCmN�^_F�AK`aceH�ceZ,^_QOH�JDceZ,FGCpX�ceCWA�s,�Q{cedaCj��2r�=c[dKCfEeH�c[Z�^ ?�� �	?��GZ�X�ceH�¥�CWQ~C�¦g`OH�Jbc[^�`aQKZ,c�k�l�LTdKZ,N
d|H�NWN�^_E)SKZ�Qa\*c[^�CW¦g`OH�ceZ,^_Q´�«¨Ks �_�n�N�^_E)E[C�X)AR^�QKSKX�c[^rH�EeH�c[dKC�E6dKZ,\_dmw�H�J�`KCb^���cedKC¡ARCWE[F�CPH�IaZ�J�Z�c�k_s6¢O`KE�cedKCWE[F�^_E[C�l c[dKCYN
da^_Z�NWC¡�.^_E ?�� M ?��X[C�CWFGXiZ,Qnce`KZ�ceZ,w�C�J�k�\�^�^�S´�.E[^�F H~NW^_F�AK`ac
H ceZ�^�QOH�J�AR^_Z,Qnc8^��mw�Z�CVL�H�XjL"CWJ�J�l�IDC�N�H�`KX)C=IR^�c[d¯cedKCIR^_`aQKSOH�E�k|JxHPk�C�E[XfH�J�^_QK\�cedKCiX)Z�SKC8L"H�J�J,Xo^��Tc[dKCiN�`KIDC�X�H�XyL"CWJ�J?H�Xzc[dKC8L"H�¥�CWX�Z,QªIRCVc�L"CWC�Q�cedKCN�`KIDC�X�Fz`KX�c&IDCmE[CWX[^_J�w_C�S¬s
/=0
	 � � � �P< �'7:@�;�5 ; �q7 $!� ><��;
�(<=9%� ��;G9�7 $!� �=9 �3� �_;�9b><�
��^pSaCWceCWE[F�Z�QKC¡cedKC¡w�H�J�`KCWX�^���!��~H�QKS !�
jZ�QyC�¦g`OH�c[Z�^_QaX?�«¨as �_�_��H�QaS*�«¨Ks �a§��+l�X)C�AOH�E[H�ceCYX[Z,Fz`KJxH ceZ�^�QKXdOHPw_C IRCWC�QBADC�E)�.^�E[F�C�S�^��yH|`KQKZ��.^_E[F hO^3L �«Z�Q¯Hªw�^_J�`aFGC
��HPw_C�E[H�\_CWS�X[C�QaX[C3�8cedaE[^_`K\�dBH~�.`KJ�J�kARCWE[Z�^�SKZ,Np°MH�E�ceCWX[ZxH�Q8\_E[Z,S8^��6NW`KIRCWX"LTZ,c[d�?��+M ?���H�QKS8cedg`KX -�Mq� A U�� í s(�?dKCpQg`KF�C�E)Z�NPH�JRF�CWc[dK^�SdOH�XTIRCWC�Q�SKC�X)N�E)Z�IDC�S}Z,Q8cedKCmAKE)CWw�Z�^�`KXTX[C�NVceZ,^_Q�s ,�QicedKC'��2p�iH]UOQKZ�ceC�N�^�FGAK`�c
H�c[Z�^_QOH�JRSK^�FjH�Z,QiZ�X`KX[CWS*H�QKS8ADC�E)Z�^�SKZ�N�IR^�`KQKSOH�E�k�N�^_QKSaZ,ceZ,^_QKXYH�E[CrH�AKAKJ,Z�CWSGce^oH�J�J�SKZ,E[CWNWceZ,^_QKXWsb·�`KJ�ceZ�AaJ�CTX[Z,Fz`KJxH ceZ�^�QKX
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dKH3w�C*IRCWC�Q�ARCWE)�.^_E)FGCWSªZ�Q|LTdKZ,N
dªcedKC » CWk�QK^_J,SKX]Qg`KFzIDC�E ��� � 2 "'& $ + ?�� � B L"H�Xzw�H�E)Z�C�S¬s{�?dKCQg`KFoIRCWE�^��oN�`KIDC�X}Z�QBcedKC£N�^_F�AK`aceH�ceZ,^_QOH�JrSK^_FGH�Z�Q$H�QKS$cedKC{Qg`KFzIDC�E�^��zF�C�X)d¤AD^_Z�QnceX*LYC�E[CH�S��)`KX)c[C�S�SKC�ADC�QaSKC�Qncp^���c[dKC » CVk�Qa^_J�SKXTQg`KFzIDC�EWs¢�Z�\_`KE)Cb¨Ks ¨�X[da^�LTX(H&N�E)^_X[X���X[CWNWc[Z�^_Qz^��acedaC"NPH�J�N�`aJxH�c[C�SmhO^3L|UOC�J,SzH�c ��� � Mq��§ í l�LTdKZ,N
dzZ�X6E[CWX[^_J�w_CWS^�Qª§ î ��v î � v î � FGCWX[d=AD^_Z�QnceXWs Z cpcedaZ�X » CWk�QK^_J,SKXpQg`KFzIDC�Epc[dKCohO^3L²Z�X&JxH�F�Z�QOH�E�sp¢O`KE�cedKCWE[F�^_E[C�l
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o�p�qsr�t0v w�y w�{ |I�x��J���p���vB���cp��s��~��m�c��~����0}u�����s����}uv ����� ��vL���+~�����
���� >uz���y |I}�v��hru� ��vBtO��� Hsv�� ���st��kp���t�vB��r���vB��M@�~ �C~�� ���stI���sr�t�p��+vB~���} �up�t�vB���0p��s� y
c[dKZ�X¶X)Z�Fz`aJxH�c[Z�^_QpE)CWw�CPH�J,X�c[dOH�c6cedKC¡H�X)X[`KF�Aac[Z�^_QKX6^���cedaC ,�E)FjHPkpF�^�SKC�JD�.¨Ks ���n�R�.^_E�cedaC¡ADC�E)FGC�H�IKZ,J�Z,c�kH�E[Cy�«H�Z�E[J�kiN�^�E[E[CWNWcrCWw_CWQ£H�c�H�dKZ�\_d}AR^_E)^_X[Z�c�k*^��¡�as	U�� í s<,�Q1IDCWc�LYC�CWQ�� �	?�� M��8H�QKS����	?�� M­� A í lc[dKC"w�C�J�^�N�Z�c�koAaE[^�UOJ,CMZ�X�H�AKAKE)^PvaZ,FjH ceC�J�k'AOH�EeH�IR^_J,Z�N�l�H�QaS�Z,QzIDCWc�LYC�C�Q ���	?�� M²§ A í H�QKS ���	?�� M©� A í lc[dKC�w�Z�X[NW^_`KXTX[daCPH�ETX)c[E[CWX[XpH c����	?��+Mq� A í Z,X?X[FGH�J�J�s¢�Z�\_`KE)C&¨as í X)dK^3LTXTHoN�E)^_X[X���X[CWNWceZ,^_Q*^��¶cedaCrhO^3LBUOC�J,S*H�c ��� � P ¨n�_�as Z c"cedKZ,X » CWk�QK^_J,SKXMQg`KFzIDC�Ec[dKCfhO^3LºZ�X�ce`aE[IK`KJ,C�QncPs8�"CWc�LYC�CWQ ���	?���M § A í H�QKS ���	?���M�� A í JxH�E)\_C]w_^_E�ceZ�N�H�J:X)c[E[`KNVce`KE)C�XoH�E[CAaE[C�X)C�QncmZ�Q�cedKCoL"H�¥�C]E[C�\�Z�^_QKXr^��:cedKCoN�`KIDC�XWs'�?daC�X[C]w�^_E)c[Z�N�CWX�H�E)CzE[CWX[AD^_QKX[Z,IKJ�C'�.^_ErC+v�N
dOH�QK\_Cf^��F�^_F�C�Qnce`aF³IRCVc�L"CWC�Q1cedaC'L"H�¥�CzH�QKS�c[dKCoN
dKH�QKQKCWJ���^�QKC�XWs&�pZ��¬CWE[CWQgc��.E[^�F�cedKC'NPH�X)Co^��(JxH�F�Z�QOH�EhK^�Lml�cedKC&AKE[CWX[X)`KE[C�J,^_X[X¡IRCVc�L"CWC�Q ���	?�� M²§ A í H�QKS ���	?��+M©� A í NPH�Qjc[dKC�E)CW�.^_E)CrQK^�cMIDCrQKCW\_J�CWNWceCWS�s� CmdOHPw_CyZ�QKX)ARCWNWceCWS�c[dKCoH�N�N�`aEeH�NVk*^���c[dKC3,��M· �.^_EMc[dKCoH�IR^3w_C'X[Z,Fz`KJ�H�ceZ,^_QiH�c ��� � P ¨n�_��sY�?dKCc`PAW^_KUOLSF ARCWQKCWc[EeH�c[Z�^_Qow�C�J,^�NWZ,ceZ,C�XWl_\_Z,w�C�Q]InkzCW¦g`OH�ceZ,^_Q��«¨as ��¨�I��Vl�LYC�E)C?�.^_`KQKS]QKC�H�E(cedaC"�.E[^_Qnc:NW^_E[QaC�E[X^��¶cedKC&N�`KIDC�XTH�c����	?�� M¤� A í H�QKS�� �	?��+M²§ A í s��?dKC�X)Cpw_C�J,^�NWZ,c[Z�C�XbLYC�E[C�^��¶cedKC&^_E[SKCWEM^��b§3� R 	 "�& $ + lLTdaZ�N
d�Z�X?N�^�QKX[Z,SKC�E)C�S�H�XTX[`QW�N�Z,C�QnceJ�kiX[FGH�J,Jts¢�Z�\_`KE)C}¨Ks � AKE)C�X)C�QnceX*cedKC}SKEeH�\|�.^�E[N�C}CVv�ARCWE[Z,C�QKNWC�S$Igk�cedKC�hO^3L c[dKE[^_`a\_d¯cedKC}\_E[Z,S¯^��'N�`KIDC�XH�XG�.`KQKNVceZ,^_Q¯^���c[dKC » CWk�QK^_J,SKX8Qg`KFzIDC�EWs¸ubH�N
d�SK^�cjN�^_E)E[CWX[AD^_QKSKX8c[^ªH~X[CWAOH�E[H�ceC1X)Z�Fz`aJxH�c[Z�^_Q�s�?daC8SKZ�F�C�QaX[Z�^�QKJ�CWX[XoSaEeH�\}�.^�E[N�CGdOH�X]H�J�^�NPH�J¡FGZ,QKZ�Fo`KF H�czH�AKAKE)^3v�Z,FjH�c[C�J�k ��� � P �n� í s��?dKZ�X
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o:p�qsrut�v w�y ��{ |I�x��J���p���vB���cp��s��~��m�c��~����0}u�����s����}uv �����H��vL��� ~�����
�����wMB��uy |I}uv%�hru� ��vBt���� Hsv�� �0��t��xp���t�vB��r��LvB�� @ ~ �C~�� ���stI�0}�t0vBv�p��+vB~���} ��p�t�vB� ��p���� y
FGZ,QKZ�Fz`aF NW^_E[E)C�X)AR^_QaSKXice^ªcedKC1c[EeH�QaX[Z,c[Z�^_Q¯�.E)^_F H�J�H�F�Z�QOH�Efce^�H|ce`aE[IK`KJ,C�QncihO^3L H cidKZ�\�dKC�E» CVk�Qa^_J�SKXrQ�`aFzIRCWE[XWs'�?daCzSOH�X)dKC�S J�Z,QKC'Z�Q}UO\�`KE[Cz¨as � Z,XpHGUKcp^��:cedKCoFG^�SKC�J6�.^_E�cedKCzSaEeH�\8�.^_E)N�C\_Z,w�C�Q=Ink}CW¦g`OH�ceZ,^_QKXf�.¨Ks�§3�n�Vl��«¨as �_�_�&H�QKS��.¨Ks �a§��Vs&�?dKCoUKcp^�w�C�E)C�X)c[Z�FGH�ceCWXrcedaCzSKEeH�\j�.^_E[NWCzZ�Q�cedKCceEeH�QKX[Z�ceZ�^�QOH�J�E[C�\�Z�F�C¡LTdKCWE[CTID^�ced]J,Z�QKC�H�E�H�QKS]QK^_Q��gJ�Z�QaCPH�E�SKEeH�\pH�E[C?Z,FGAD^_E)ceH�QncPl IK`ac:\�Z,w_CWXbHp\_^�^�SUKc?Z�QGcedKCpJ,^3L¤H�QKS8ce^]HzJ,C�X)XMCVv�ceCWQncTZ�Qjc[dKC�dKZ�\�d » CVk�QK^_J�SaXMQg`KFzIDC�EME)C�\_Z,FGC�s:�MH�X)C�Si^_Q8c[dKZ�X"UacPlcedKC��.^_J,J�^3LTZ�QK\yw�H�J�`KCWX�dKH�XTIRCWC�Q*�.^_`KQKS*�.^_E�!���H�QKS !�
�.!�� M §_§ A ¨!�
 P � A ¨ �«¨Ks � í �2&^�c[Z�N�CycedOH�crcedKCzw�H�J,`KCo^�� !��¤Z,XpN�J,^_X[Cyce^=§���lRLTdKZ�N
d Z�XpH�Q=Z�QKSaZ�NPH ceZ�^�Q�cedKH�cpcedaC ,�E[FGHPk}F�^�SaC�J�«¨Ks �_�n�bZ�Xbw�H�J�Z�Sf�.^_E"HyLTZ�SKC&EeH�Qa\_Cr^��6AD^_E)^_X[Z�ceZ�CWX�s��MH�X[CWSi^_Qjc[dKZ�X¡w�H�J�`KCT�.^_E�!���l�LYCrUOQKSGcedOH�cYcedKCARCWE[F�CPH�IKZ,J�Z�c�k*^��bcedKCz\�E[Z�S}^��¡N�`KIDC�XpLTZ�ced -+M²� A U � í Z�XrC�¦g`OH�J�c[^ �)M � A §3�n�%?��� sm�?dKCzw�H�J,`KCo^��!�
�H�AKARC�H�E[X:c[^'IDC?Fz`KN
d�X[FGH�J,J�C�E�cedOH�Q]c[dKC?w�H�J�`KC?^���§_s	Up�.^_E(AOH�N
¥�C�S8IDC�SaX�s(�?dKZ,XbFjHPkzC+v�AKJxH�Z,QKC�SIgkfc[dKC&�«H�NVcYc[dOH�c"Hy\_E)Z�S�^���NW`KIDC�X"�«H�J,J�X:Z,Q�c[dKCrNWJxH�X)XY^���^_E[SKCWE[CWS8AR^�E[^_`KX¡F�C�SKZ�Hal_LTdKC�E)CPH�X"AOH�N
¥�CWSIRCWSKXrH�E[C�SKZ,X[^_E)SKC�E)C�S�s
/=0�� � � �(< �V7 � �n9:; � 7%$!� >�$ �o5=5!� ��� ;�� �(@ � < � �'7:@�;�5 ��0

,�Q*c[dKZ�X?X)C�NVceZ�^�Q�lKE[CWX[`KJ�ceXTH�E)CpX[da^�LTQ*�.E[^�F±cedaC�N
dOH�QKQKCWJ�hO^3L¤X)Z�Fz`aJxH�c[Z�^_QKXWs Z X)¥�CWc[N
d}^��6c[dKCphO^3L\_C�^_F�CWc[E)k{Z�Xz\�Z,w_CWQªZ�Q~UK\_`KE[Cj¨Ks0��s Z XzF�C�QnceZ,^_QKC�SªZ,Q~cedaCiZ�QnceE)^�SK`aNWceZ,^_Q�l�cedKCiADC�E)FGC�H�IKJ�C�LMH�J�J
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o�p�qsr�t0vFw�y ��{ D�t�~sq+���st���v ��� � �Kz���� ���� "!$#&%>ë('*),+- ��.0/21,3 +4 ì5%6#87696: ~s� ��ru��� �0p��s�����I�0}uv<;�v @h�u������� �hru� �	vLt ���}uvLt�v*#87 p�� �0}uv ru�up�� Hsv�� ���st p��F�0}�v �K��t0v�~�� ��p��0vO��p�t0v�� �0p��s��y�=k~s��}F�����I����t0t�vB�0�������u�:��� ~ �0vL��~st�~��0vO�0p�� ru��~��0p��s������������0}�t0��ruqs}<~ ��ru��� @<��vBt0p�����p�� B�D Fx~stc��vB�0p�~s��qst�p������:��ru�	vB�I��p��0} ~ �	�st����0p�� @F�s� �uy >@? ��y6|I}uv �cp�� ru��~���p����<t�vB�0ru�����~�t�v �L�s����~st0v��<��p��0}8~��u����~s�0vB� �s�+v�A�r�~��0p��s���%��w�y�z ��� ���Cw�y B����I~���� ��w�y B�z��x��p��0}CBED � z�z�F wF~����GBEH � ��F w�yJI ���p��uvB~st�p�����vLt�������~��0p��s�<�s�6�0p�� ru��~���p�����t�vB�0ru������KML�LNL ��������vB�Dy

Z,Q{c[dKC�X)C8X[Z,Fz`KJxH ceZ�^�QKXmNPH�Q|IDCjSaZ,w�Z�SKCWS|Z�Qnc[^1H}dK^�FG^_\�C�QKCW^_`KXoAD^_E)^_`KXoE)C�\_Z,^_Q{LTZ�cedªH�N�^_QaX)c
H�QgcAD^_E)^_X[Z�c�k*H�QKS}H�Q�Z,QnceC�E��«H�N�C'E[CW\_Z�^�Q*LTZ�ced}H�X)AOH�ceZ�H�J�J�kGw�H�E�k�Z�QK\�AR^�E[^_X)Z,c�k_s ,�Q�c[dKZ�XTX[CWNWc[Z�^_Q�X[ADC�N�Z�H�JH c[ceCWQnceZ�^�Q�Z,X?AOH�Z,S*c[^]cedKCmF�^�SKCWJ�Z,QK\z^���cedKCmSKE[H�\]�.^_E[NWCmZ�QicedKCmZ,Qgc[C�E��«H�N�C�E)C�\_Z,^_Q�s�?daC » CWk�QK^_J,SKX¡Q�`aFzIRCWEYIKH�X[CWSj^_QfcedKC�IK`KJ,¥ow_CWJ�^�N�Z�c�k]Z�QfcedKC�N
dOH�QaQKC�JRH�QKSfcedKC�N
dOH�QaQKC�JDdKC�Z,\_dnc¡Z�XU�vaCWS}H c ��� ! 2 �"!PO � B M²§�s � C�QK^�ceC�cedOH c?cedKC�N
dOH�QKQKC�J6dKCWZ�\_dncQO Z�X"SKCWUOQaC�S1H�XMcedKCmSKZ,X)c
H�QKN�CIDCWc�LYC�CWQªcedKC�ce^_A£LMH�J,J"H�QKS~cedaCjJ�^�NPH ceZ�^�Q LTdaC�E[CGcedKC8AD^_E)^_X[Z�c�k X)c
H�E)ceX'ce^1SaCWw�ZxH�c[CG�.E)^_F `KQKZ�c�k_lLTdaZ�N
d´NW^_E[E)C�X)AR^_QaSKX�c[^£c[dKC�AR^_X)Z,c[Z�^_Qª^��&cedKC�N�CWQnceE[^�Z�S�^���HPw_CWEeH�\�Z�QK\ w_^_J,`KF�C�� Z,Q�UO\�`KE[C�¨KsG��s�YC�NPH�`KX[C�cedKC�hO^3L�Z�X¡JxH�F�Z�QKH�E�l_Z�c¡X[`QW�N�CWX"ce^yX[Z,Fz`KJxH ceC?^_QKJ�k�H'X)Z�QK\�J�CTN�^_J,`KF�QG^���N�`KIDC�XY^_QGc[^_Aj^��C�H�N
d8^�c[dKC�E"H�QKSjc[^zH�AaAKJ,kfADC�E)Z�^�SKZ�NTID^_`KQKSOH�E)k�N�^_QaSKZ,c[Z�^_QKXbce^'cedKC&dK^_E)Z���^�QgceH�J�SKZ�E)C�NVceZ�^�QKX�s ,�QGcedKC
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��HPw_CWEeH�\_CWS{¦g`OH�Qgc[Z,c�k Z,Q£\�C�Q 3
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� j�����sYf�£�� ��� qY�rh`�Mq��rsIh��Sg�fFq�h���kY�rf �MfFl�prh�gi|rq�n�pr|�kY�rf�kYh�k�n�gcqY��f�n�s�qWkosYfFqYq���h�s�|rj 9�f�sIf�pTk�eDn�gi�rf�q
h��	ko��fy� n�g�gS��h�sIh�qYj�kmlx¡Y¢B�¤£��rfMkoh�kon�g>qY�rf�n�sbqIkosIf�qIq j�q�ko��f�qI�rv¥h��¦kY�rfye�jiqY§�h��rq*n�p�|{kY�rf �MfFl�prh�gi|rq(�
qY�rf�n�s¨qWkosYfFqYqF� � j����rsIf{£'� �D� �6n©qY��h/�Mq{ko�Sn�kwkY�rfzkYh�k�nDg�qY�rf�n�s¨qWkosYfFqYqwj�qwn~gij�prf�n�sª���rpr§8koj�h�p«j�p � ©
j�p¬nD��sYfFf�v{f�pTk­�Mj�ko�Ã¢�£'� ��� ¤B�®£��rf¨qWkosIf�qYq­�rsYh@�Sg�fFq�n�sIfwp�h�sYvwn�g�j ��fF|~¯TlÃ¢ § ¬ª ¤W°�� 
 k­ko�rfxkoh��~�*nDg�gko�rf±kohDk�n�g�qWkosYfFqYq²j�q�kY�rf�sIfF��h�sIfwf;Ä��rn�g¤koh = � j�p~n�gig¤§�nDqYf�qF�w£���f{kYh�k�n�gRqY�rf�n�s­qWkosIf�qYq²��f�n�
�q­nDk�ko�rf
j�pTkofFsI�1n�§Ffw�MjikY�³kY�rf´��f�sYv{f�nD¯rg�fx�*nDg�g@�®£���f´��f�n�
©j�p³§�n�qIf ��� � n�p�|¬f�qI��fF§�jµnDg�gil©jip¶§�n�qYf ��¥ £tj�qvª�r§��~gµn�sI��f�s·kY�Sn�p~j�p\§�n�qYf � � � ?�k�j�q�h�¯�qYf�sWe�fF|¶ko�Sn�k�j�p\§�nDqYf ��¥ £´kY�rfx§�h�pTkYsYj�¯���kojih�p���sYh�v�ko�rf
e'jiqY§Fh��rq·qI�rf�nDs�qWkosYfFqYq�j�qyn�g�v{h�qWkMprf���gij���ji¯rg�f@©'�M�rji§��¸§�n�p¸¯�f­f�F'�rgµn�jiprf�|z¯Tl®ko�rf²sYfFgµn�F�nDkYj�h�pth��Nko�rf
prhC��qIg�j��¸§�h�pr|�jikojih�p�n�k·ko��f±��fFsYv{f�n�¯rgif­� n�g�g���£��rfªqWkosIh�pr�®j�p�§�sYf�n�qYf±jip¸ko��f�koh�kon�gcqY�rf�n�s�qIkYsYf�qIq�j�q
qYh�gif�gilu§�nD�rqYfF|~¯Tl�n´qIkosIh�pr�®jipr§�sIf�n�qIf±j�p�ko��f �yf8l�prh�g�|�q(��qI�rf�n�s�qWkosIf�qYq;©Q�M�rj�§��©j�puko�rsIp~jiq·§�n��rqYfF|
¯�l¸ko�rfª�¹f�n�
Df�prjipr�zh���ko�rfª� n�g�g ��¯rgih'§0
�j�p��¨f>9�f�§8k��­£N�rsI¯r�rgif�pTk �Sh`�ºvwn�l¸��f�prf8kosYnDkofªkY�rf±��fFsYv{f�=
n�¯rg�fy�*nDg�g»¢�» �>¼ � ¤w©'kY�rf�sIf�¯Tl¨kYson�p�qY��h�sIkYj�pr�O�r�rj�|¨�Mj�ko�´sIf�g�nDkoj�e�f�g�l{�rj����¨qIkosIf�n�v­�Mj�qYf·vwh�v{f�pTkY�rv¢ § ��½ � ¤¤j�pTkYh�kY�rfy��fFsYv{f�n�¯rgif*�*nDg�g@�R¾¹l±e�j�sWko�rfMh���v¨nDqYqb§�h�prqIf�sWe�n�koj�h�p�©=�S�rj�|±�Mj�ko�{sYf�g�nDkoj�e�fFgilªgih`�qIkosIf�n�v­�Mj�qYf²v{h�vwfFpTko�rv ¢ §�� ¼ � ¤*j�qMkosYn�prqY��h�sWkof�|z��sYh�v¿ko�rf­��fFsYv{f�n�¯rgif��*n�gigQj�pTkohxko��f­§��SnDprprf�g
¢1» � ½ � ¤8�� j�����sYf�£'� ��� �À¯±�rsIf�qYfFpTkoqbn��Tn�jip�ko��f��rsYh��rg�f�q�hD�Sko�rf �MfFl�prh�gi|rq(��qY�rf�n�s�qIkosIf�qIqS©�¯r��k�prh`�Áprh�sIv¨n�gij��Ff�|
¯�l�¢ § � ª ¤L°Mn�pr|®�rgih�kYkYf�|®nDq ���rpr§8koj�h�p´h�� � ¨�� +¤� 
 q�f�F'��f�§FkYf�|�©SqIj�v{j�g�n�sYj�kmlªj�q h�¯rqYfFsIe�f�|tj�p¨kY�rf�h���kYf�ssYf���j�h�p®��h�s � ¨�� + B � D � £'�
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 1L4 6WE�<���� ? / [ 1 /À] / � >81 9�G 4 ] 9@G 4 @ /54RJK7�E�1m<@4O?FE�?8JT��� > ? , H;-)13/5476 <���8 F �"F0-
1:/5476 <��	��8�dBd8d,-�1:/;4<6><� �=>,

� j����rsIf���� � � qI�rh`�Mqªko�rf¨§�h�sIsYf�g�nDkojih�p¶§Fh'f��{§�j�fFpTk��
�
+«hD�ykY�rf¨e�f�g�h�§�j�kml��S�r§FkY�SnDkYj�h�prq�� � n�pr|¬» ����M��j�§��´jiq n�v{f�nDqY�rsIf���h�s�ko�rf�f��{§�jif�pr§8l´h��¦�*n�gig ��p�h�sYvwn�grv{h�kojih�prq�koh²kosonDprqY��h�sIk qIkYsYf�nDv��Mj�qIf·v{h =

v{f�pTkY�rvu� ?mp~n´g�n�sY��f­�Sn�sWk�h���ko��f±h���kofFs�sYfF��j�h�p�ko�rfª§Fh�sYsIf�g�nDkojih�p¸§Fh'f��w§Fj�fFp�k�hD� nDg�gako�rsIf�f±§�nDqYf�q
qI§�nDkIkofFsYqyn�sYh��rpr|tnªeDn�g��rf·h�� � � � �'��£��rf���f�n�
w§�g�h�qYf�kohªkY�rf���fFsYv{f�n�¯�g�f·� n�g�g�j�q*g�n�sY��f�s ��h�s �rj�����f�s
eDn�gi�rf�q�hD� ¡I¢ � �Mj�ko�©n´eDn�g���f±h��¹n��r�rsIh+F'jiv¨nDkYf�g�l � �"!¨j�p©§�n�qYf$#&%'�®n��Tn�jiprqIk � �(�¨jip©§�n�qIf)# � � ?�k�j�q
jipTkof�sIf�qWkoj�p��ukohuprh�kYfwko�rnDkªn�k­kY�rf¨gih'§�nDkojih�p©h��*ko��j�q���f�n 
 � sYfFgµnDkYjie�fFgil©g�n�sY��f±e�h�sIkYj�§�nDgbqWkosI�r§FkY�rsYfFqnDsYf´�rsIf�qIf�pTkxj�p §�n�qYf*#&%'� � qYf�f*+S���rsYf,��� 5 � �M��j�§�� §�gif�n�sIgil~§�h�p�kYsYji¯r��kofwkoh�ko��f �yf8l�prh�g�|�q-��qI�rf�n�s
qWkosIf�qYqF�w£���f{jipr§�sIf�n�qIfxj�p\ko�rfx��f�n�
¸h��.�

�
+¶�Mjiko�©jipr§�sIf�n�qIj�pr�t¡Y¢�j�pr|�j�§�n�kof�q�kY�SnDk�kY�rfxj�pr§FsYf�nDqYfxj�p

kY�rf �MfFl�prh�gi|rq-��qY�rf�n�s¤qIkYsYfFqYq�j�qNprh�k0/I�rqIk¤kY�rf*sIf�qY��gik¤hD��n·qIkYsYh�pr�·j�pr§FsYf�nDqYf*jip�ko�rf¹�*n�gig ��p�h�sYvwn�g�ko��s�=
¯��rg�fFpr§�f�jip�kYf�prqIjikml � ¯r��kMh�sIj���jipSnDkofFq*n�giqYhª��sIh�v nDpzjipr§�sIf�n�qIf�|tf��{§Fj�f�p�§Flth��a� n�g�g1��prh�sIv¨n�gSe�f�g�h�§�j�kml
�r�r§FkY�SnDkojih�prq�koh�kosYn�prqI��h�sWk qWkosIf�n�v��MjiqYfMv{h�vwfFpTko�rvz�32yh�koji§�f�ko�rfysonD�rj�|x|rfF§�n�l{h��4�

�
+tjiprqYji|rf�ko�rf

��f�sIvwf�n�¯rgifx� n�gig@�®£��rjiq­h�¯�qYf�sWeDnDkojih�p¶jiq­§Fh�prqYjiqIkYf�pTk��Mj�ko�657�'� ����8 � �M�rj�§��³f�F'�rsIf�qYqIf�q±ko�rnDk�jiprqYji|rfkY�rf±��f�sYv{f�nD¯rg�f²�*n�gigNkY�rfªe�fFg�h�§�jikml9�S�r§8ko�Sn�koj�h�prq�n�sIf±j�pr|r��§�f�|©¯Tl���sYf�qIqY�rsIf��S�r§FkY�SnDkYj�h�prqF�­£���fFl
nDsYf�j�prn�§FkYjie�f�jip®ko�rf�qYfFprqYf²ko�Sn�k�ko�rf8l®|rh{prh�kM§�h�p�kYsYji¯r��kof�kYhxkY�rf �yf8l�prh�g�|�q-��qI�rf�n�syqIkYsYfFqYq��
£ch{j�pTe�fFqIkoji�TnDkYf�kY�rf�h�sYji��j�p®hD�NkY�rf �MfFl�prh�g�|rq:��qY�rf�n�sMqIkYsYf�qIq·jipzv{h�sIf�|rfFkon�j�gan�;��Sn�|rsYn�pTk�nDpSn�gil�qIj�q
�<% � 	 � � � �(	y�SnDqw¯�f�fFp���fFsI��h�sIvwfF|	��£��rfz��son�§8kojih�pSn�g*§Fh�pTkosIj�¯r��kYj�h�p}��sYh�v f�n�§��=;��SnD|rson�pTk{koh~ko�rf
�MfFl�prh�g�|rq:��qY�rf�n�s�qWkosIf�qYq­j�q²§�n�gi§��rg�nDkofF|~�Mj�ko�rh���k�jivw��h�qIj�pr�tntko�rsIf�qY��h�g�|~e�nDg��rfD�®£��rfw��sYn�§FkYj�h�pSnDg
§Fh�pTkosIj�¯r��kYj�h�p�q�n�sYf±qI�rh`�Mp³jip>+S���rsIf$�'� ��� � 
 q�f�F'��fF§FkYf�| � j�p~n�gigNqIj�vª�rg�nDkojih�prqyko�rf±v{h�qIk�jivw��h�s =kon�pTk�§Fh�pTkosIj�¯r��kYj�h�p�q�n�sIf{��sIh�v ko��fwqIf�§�h�pr|}n�pr|~ko�rf{��h��rsIkY�?;��Sn�|�son�pTk��t£��rfwqYfF§�h�pr|@;��SnD|rson�pTk
§Fh�sYsIf�qI��h�p�|rqbkYhA� ��¼ � n�pr|w» �>½ � n�pr|xko��j�q�§�h�v�¯rj�pSn�koj�h�p±j�q��rqY�rn�g�g�l±§�n�gig�fF|wnDpwf:/If�§FkYj�h�p{fFe�f�pTk��£���fx��h��rsIkY�B;��SnD|rson�pTk²§�h�sYsYfFqY��h�pr|rq�koh,� � ½ � n�pr|~» � ¼ � n�p�|©kY�rj�q�§Fh�vª¯rjipSnDkYj�h�p�jiq��rqY�rn�g�g�l§�n�g�gif�|~ntqI�¹f�f�� f8e�fFp�k�� ?�k�jiq�h�¯rqYfFsIe�f�|¶kY�SnDk­j�p©§�n�qIf�#&%'�®j�p©ko�rf{sonDpr��fxh�� � D �DC �'E � + C � D(!qW� fFf�� fFe�f�pTkoqwn�sYf¨qYg�ji���Tkog�l³v{h�sIf´j�v{��h�sIk�nDp�k²ko�rn�p}j�p¬§�n�qYf9# �F� �M�rfFsYf�nDq{f:/If�§8koj�h�p fFe�fFpTkoqwn�sYf
qIg�ji���Tkogil­g�fFqYqbj�v{��h�sIk�nDp�kRko�Sn�p{j�px§�n�qYfG# � � ?mpwkY�rfMqon�v{fMson�p���fM�rh`� f8e�f�s � ko��fy§Fh�pTkosIj�¯r��kYj�h�p±��sIh�vkY�rfxf-/IfF§Fkojih�p©fFe�f�pTkoq­j�q�qIkYj�gigR|rh�v{j�prn�pTk��IH gih�qYfªkYhtkY�rfx��fFsYv{f�n�¯�g�fª� n�g�g¤j�k�j�q�h�¯rqYfFsIe�fF|¶ko�rnDk�j�p
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/8H`9 /BE�<b<@?²<@;�6 M 6.3�E/?FC6H�4 F>41;�6 /B9 4�<@976 4743, >0/A@¹3�469 41< /BE�H
47631W?8E�H/-�7�/8H/9 /8EF< 8 > 9C@2(	;�4O9�H /8E�H�JK?87/9�<�;0-�7�/FH`9 /8E�<3, H -�13/5476><���8 F �AF -�1:/;4<6 <�����8�dBdFd�-�1:/;4<6><� ;=>,

§�n�qIf # � qI�¹f�fF�\fFe�f�pTkoq�|rh�vwjipSnDkof�h`e�f�s�f:/If�§FkYj�h�pufFe�f�pTkoqF� ?mp�§�n�qYfFq # � � nDpr| #&%'�xqI�¹f�f��\f8e�fFp�kYq
qIkojig�g	|�h�vwjipSnDkYf�prf�nDsMkY�rf²��fFsYv{f�n�¯rgif��*nDg�g � ¯r��kyko�rf�|rj
9¦fFsYfFpr§�f�¯�fFkm�¹f�f�puko�rf�km� h{§�h�p�kYsYji¯r��kojih�prqj�q*gif�qYq�qWkosIh�pr�r��£��rf�h`e�fFson�gig	§�h�pr§�gi�rqYjih�p®h��ako�rf ;��SnD|rson�pTk�n�pSnDgil�qYjiq*j�q kY�SnDk*kY�rf�j�pF�r�rf�pr§Ff�h��ako�rf
�*n�gig	��h�sYh�qIjikmlt¡I¢¹h�ptko��f���sYn�§FkYj�h�prn�g¦§Fh�pTkosYji¯r��kYj�h�prq�jiq�sonDkY�rf�sMqIv¨n�gig@�

���@�M�@� 1 @��32�@04W�c� ��57698W���Q��8;:<5M�c���a�>=b�?20@BA0=b�Q�DC
£Nh²�Tn�jip±vwh�sIf�j�prqIj����Tk�jipxkY�rfM|�l�pSn�v{j�§FqbhD��kY�rsY¯r��g�f�p�§�fMprf�nDs¹n��rji���rgil­��f�sYv{f�nD¯rg�f*� n�g�g � � fM�Sn�e�fnª§�g�h�qYf�s�gih'h�
wn�k*ko�rf�kY�rsY¯��rg�fFp�k-� 
�j�prf8koji§ ��fFprf�sI��l�5�£7E # 8 ¯r��|r��fFkYqMh�� 5 � � ° 8 E � n�pr| 5�» � ° 8 E � ��£��rfkosonDprqY��h�sIkyf�;��rnDkojih�p®��h�s 5 � � F 8 ° E � §�n�pz¯�f²h�¯�k�n�jiprf�|®��sIh�v 57�'�HG � n 8 � �M�rj�§��tl�j�f�gi|rq �

� I - � � F � ��,J � FJ>K �L MON PQ�R - � � F JTS �J�K FL MON PU3V3W - �
¡ J � ¡ /° 5 � � F 8 ° � �� �J�K �L MON PX,X & ����ZY J ° /° 5 � � F 8 °J�K °�L MON PU<[

- ����ZY \ J � � FJ�K ��]
°

L MON P[
& ����ZY ¡ J ¡J>K � J /° 5 � � F 8 °J�K � & ����ZY ¡ J ° ¡J>K °� 5 � � F 8 °L MON PV3^<_

- ¡���ZY;`.a 5 � � F 8 °L MON P[�b�_ - ¡dc�e���ZY;`fa gihjg � F � � FL MON Pk3^3_ 5 �'� � � 8

�M�rf�sIfml�jiq +Dn'f�|¶n�pr|\�M�rfFsYf±ko�rfI#�jiprqIkYf�j�p©qI�rvwvwnDkYj�h�p�§Fh�pTe�fFp�kYj�h�p³n��r��g�j�fFq·koh®kY�rf±qY�r¯�qY§�sIj���k
�>� £cf�sIv oqpºsYfF�rsYfFqYfFp�kYqt�rsYh�|r�r§8koj�h�p�¯Tl«v{f�n�p�q´h���|rf8��h�sYvwnDkojih�p}� h�s 
«��f�sW��h�sYv{f�|�¯Tl ko�rf
�yf8l'p�h�g�|rq:��qY��f�n�s*qWkosIf�qYq � kofFsYvsr�tvu j�q¹kY�rf�e�f�gih'§Fjikml ���rsIf�qYqI�rsYf ����sYn�|rj�fFpTk*kofFsYv¿n�pr|´jiq¹sIf�qY��h�prqIj
=
¯rg�f���h�sNnysIf�|rjiqIkYsYj�¯���kojih�p�h��r£7E #�h`e�fFsNko��f¹§Fh'h�sI|rj�prnDkof�|rjisYf�§8kojih�prq � kofFsYv{q�w9w n�pr|xr ` sIf��rsIf�qYfFpTk
ko�rsI¯r�rg�fFpTk²kYson�p�qY��h�sIk­n�pr|©e�j�qI§�h��rq²|rj
9¦�rqIj�h�p©sIf�qY��f�§8koj�e�f�g�l � n�pr|©kofFsYv ` n�§�§Fh��rpTkoq���h�s�e�j�qI§�h��rq
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kY�SnDk�kY�rf�qY�r¯F+rgikofFs-��qI§�n�gif�qIkosIf�qIq�§�n�pu¯�f�prf���g�f�§8kofF|zkYh'h±jiptkY�rf��rh�v{h���fFprf�h���qy��h�sIh��rqMsYfF��j�h�p¦�
2y�rv{f�sYji§�n�g�sYfFqY�rg�koqM�Sn�e�f²¯�fFf�pzqY�rh`�Mpz��sYh�v ��h��rsMqYjivª�rgµn�koj�h�prq � ��h�s*�M�rji§��uh�p�gil¨kY�rf��*nDg�g	��h�sYh�q &j�kml�¡I¢�jip�ko�rf±�rh�vwh���f�prfFh��rq���h�sYh��rq�sYfF��j�h�p¸j�q�eDn�sYjif�|	� � �DfFl\�SnDson�v{fFkYf�s�jiq·ko�rf±��f�sIvwf�n�¯rjig�jikml�MfFl�prh�g�|rqxp��rvª¯�f�s�$&%('·� £��rj�qxjiqªko�rfzsonDkYj�h\h���ko�rftgif�pr��kY�ÁqI§�n�gifzn�qYqIh'§FjµnDkYf�|}�Mjiko� kY�rfu|�son��
��h�sY§�f±jiprqYji|rfªko��f±��fFsYv{f�n�¯rgifª�*nDg�g �*),+ - � kYhtkY�rf±e�j�qY§Fh��rq�g�fFpr��kY�\qY§�nDg�fxh���ko�rsI¯r�rgif�pr§FfwnD¯�h`e�fkY�rf���f�sIvwf�n�¯rgif²� n�g�g �/. E � � �y£��rjiq�p��rvª¯�f�s�§�n�p�n�g�qIh¨¯�f�j�pTkYf�sY��sYfFkYf�|\nDq�ko��f�son�koj�h{h��¤kY�rf�f��¦fF§�&
kYjie�f{��h�sIf±|rjµn�v{fFkYf�s�kYhtkY�rfx§��Sn�sYn�§FkYf�sYjiqIkYj�§xg�fFpr��ko�©qI§�n�gif±h��*prf�n�s-�T�*n�gig¤f�|�|rj�fFq��0�'j�v{j�g�n�sMkohtko�rf
§Fgµn�qIqYj +S§�nDkYj�h�pwh��asYh��r���´� n�g�giq � n013254613798�:<;�=�>?;A@CB�7�;�DE@F7G7Tj�q¹§�g�n�qYqIj +SfF|tn�q�nª��f�sYv{f�nD¯rg�fy�*n�gig�p�f�n�s�M��j�§��ªe�j�qI§�h��rqRf���f�§FkYq�n�sYf h��>vwjiprh�scj�v{��h�sIk�nDpr§�f � �M�rji§��±§�h�sIsYfFqY��h�pr|rq¤kYhH$&%('JI � ��K��rqIk�nD¯�h`e�f
qI�r§�� n®�*nDg�g � kY�rsY¯r��g�f�pTk�kosYn�prqI��h�sWk²h�� � E # jiq²§Fh��rpTkofFsY¯SnDgµn�pr§Ff�|¬¯Tl\kY�rf{�¹h�s �\��fFsI��h�sIvwfF|³¯Tl
kY�rfL�yf8l�prh�g�|�q-��qI�rf�n�syqIkYsYfFqYq � n�p�|�/I�rqWk·¯�f�gih`� kY�rf²� n�gig	j�pTkofFsI�1n�§Ff�ko�rf�|rsYn��{��h�sY§�f�jiq�sYf�qI��h�prqYji¯rg�f
��h�s�n�p~n�|r|rj�kojih�pSn�gc|rj�qIqYji�SnDkojih�p�h���� E #�� �Sh�s&$&%('NM � � n´��fFsYv{f�n�¯rgif�� n�g�g¤jiq0;PO#;RQ�ST2GUF;�798V2G>XW:<;�=Y>?;A@CB�7�;8� H g�h�qIf²kYh¨qY��§��\n{� n�g�g � e�j�qY§Fh��rqy|rj ���rqIj�h�pzh���� E #�jiq�§Fh��rpTkofFsY¯Sn�g�n�pr§Ff�|�¯Tl®e�j�qI§�h��rq
|�j�qYqIj��Sn�koj�h�p	�
! p´n�g�g�qYjivª�rgµn�koj�h�prqbn�g�h���n�sYj�ko�rv{j�§*g�n�l�f�s j�q���h��rpr|®jipwko��f�¯�h��rpr|Sn�sWl¨g�n�l�f�s n�¯�h/e�f·ko��f���fFsYv{f�n�¯�g�f
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�*n�gig@��¾ fFqYji|rf�qMko�rf�f�n���f�§8kofF|�|rh`�MpT�*n�sI|�qY��ji� kMj�p®kY�rf�j�pTkofFsY§�fF��kojih�pzh��NkY�rf²g�h��±g�n`� ��h�syn±�rj����rf�s
�*n�gig���h�sIh�qYj�kml � nDg�qYh�n�qYji��prj +S§�n�pTk j�pr§FsYf�nDqYf�jiq¹��h��rp�|¨��h�s¹kY�rf�qIg�h���f � E�� ��¾ n�qYfF|zh�p¨ko�rf·h�¯rqYfFsIeDn'&
koj�h�p´ko�SnDk*j�p´ko��f�h���kofFs�sYfF��j�h�p´kY�rf�e�fFg�h�§�j�kml´|rf8��f�§FkMqI§�n�gif�q*�Mj�ko��� E�	 � j�prqWkof�n�|®h��.5 ��

� 8 E�	 � � jikj�q�qY������f�qWkofF|uko�rnDk�ko�rf�|rfF§�sIf�n�qIf­jip � j�q�sIf�gµn�kof�|®kYhwn±sIf�gµn�kojie�f�g�l¨g�n�sY��f�e�nDg��rf�h��cko��f²sYnDkojih�� E�	 � �
�>h�s�� E�	 � M � � kY�rf�e�nDg��rf²h�� � jiq�f�;��rn�gckYhwkY�rfL!�h�p E��n�sYv��n�pz§�h�p�qIk�nDp�k·h���nD�r�rsYhZn'j�vwnDkYf�gil � � ���h�s �rh/�Mq­h`e�f�s­qYh�gij�|©�*nDg�g�qF�´£��rf´g�n�sY��fxeDn�gi�rf�q²h���� E�	 � j�p~§�n�qIf�q�# � � n�pr|?# % �z§�h��rg�|³prh�k­¯�f
f n'�rgµnDj�prfF| ¯Tl kY�rftvwh�|rf�g h��&K�nD§���qIh�p � G � � � �M�rh~��h�qWko�rg�nDkofF| ko�SnDk � I�� �¶jiqªko�rft�rfFj����Tk{nDk�M�rj�§��tko�rf��rfFj����Tk-�'n�e�f�sYn���fF|¸|rsYn��±��h�sY§Ff­nD§FkoqF�
! k jiqb��h���pr|wkY�SnDkbko�rfyvwf�n�pwe�f�gih'§Fjikmlx�rsIh +Sg�fM|rfF§�sIf�n�qIf�q�f n'��h�prfFp�kYjµn�gigil±jiprqYji|rfyn­��f�sIvwf�n�¯rg�f�� n�g�g��
�>h�s�n´�rj�����gilu��fFsYv{f�n�¯rgifª�*nDg�g � ko�rf±f�n���h�prfFpTkojµnDg�|rf�§�n`l�j�q���h`e�fFsYprfF|³¯Tl�kY�rfx¯Sn�g�n�pr§�f±¯�fFkm�¹f�fFpko�rsI¯r�rg�fFpr§�f±|�j ���rqYjih�p¸h��bv{h�v{f�pTko�rv jip�kYh¨ko��fª��fFsYv{f�n�¯�g�f­� n�gigRh�p¸kY�rf±h�prf��Sn�pr|©n�p�|�ko�rfªsIf�&
vwh`eDn�g	h��Nv{h�vwfFpTko�rv¿¯�lt|�son��xh�p®ko��f²hDko�rfFsy�rn�pr|	�
! k�j�q�qY�rh`�Mp�kY�SnDk·kY�rfªqWkosY��§Fko��sYf±n�p�|�|�l�pSn�v{j�§Fq·h���kY�rsY¯r��g�f�p�§�fªprf�n�s�nw�rj�����gilt��f�sYv{f�nD¯rg�f��*nDg�g
n�sYfM|rj��¦fFsYf�pTk�§Fh�vw�rn�sYfF|{kYh­nDp{f��¦fF§FkYjie�fFgilxjivw��f�sIvwf�n�¯rg�fb�*nDg�g@� �·¯�h`e�f�n��rj�����gil­��fFsYv{f�n�¯rgif*�*nDg�g
prh�gih/�.�±n�pr|{�rji��� ��qI��fFf�|¨qWkosIf�n!��q*nDpr|wkY�rf·nDqYqYh�§�j�nDkofF|);��SnDqYj ��qIkosIf�n�v­�Mj�qYfMe�h�sIkoji§�fFq n�sIf���sYf�qIf�pTk ��M�rj�§��¸n�sYf�kml��rj�§�n�gQ��f�nDkY�rsYfFq�hD�Rko��sY¯r�rgif�pr§Ff­p�f�n�s�n{qIh�g�ji|®�*n�gig@��£��rf­n�¯rqIf�pr§Ff�h��RqIkosIf�n!��q�§�n�pu¯�f
f n'�rgµnDj�prfF|\¯�l¸n´qIkYsYh�p��´sYfF|r�r§FkYj�h�p\jip�v{f�n�p�qI�rf�nDs � �M�rji§��\j�p¸kY�rsYp\h�sYj���j�pSnDkYf�qM��sYh�v ko��fªsYfFgµn n &
nDkojih�pxh���kY�rfMprh ��qIg�ji�±§�h�pr|�jikojih�p	� �S�rsIkY�rf�sIvwh�sIf � ko��sY¯r�rgif�pTk�kosYn�prqI��h�sWk¹n�§�sIh�qYq�ko��fM� n�gigSj�pTkofFsI�1n�§Ff ��M�rj�§��tj�q |r�rf�kohxn��¹f�n���f�p�j�pr�xh��ako��f·�*nDg�g ��¯rg�h�§���j�pr�­f���f�§Fk � n�g�qIhª�rsIfFe�fFpTkoqMko�rf�|�fFe�fFg�h���vwfFp�kMhD�f�g�h�pr�TnDkYf�|®qIkYsYf�n!��q��b£��rf�ko�rsI¯r�rg�fFpr§�f�p�f�n�sMnª�rji���rg�l¨��f�sIvwf�n�¯rg�f��*n�gig¦jiq*|rh�v{j�pSn�kof�|¨¯�l¨e�h�sWkoj�§�n�g
qIkosI�r§FkY�rsYfFq � �M��j�§��¬nDsYf{sYf�qI��h�prqYji¯rg�f±��h�s�ko��fwf�n�§��rn�pr��fwh��*v{h�v{f�pTko�rv ¯�fFkm�¹f�fFp¶ko��f{kYh��¶g�n`l�f�s
h��ako�rf���h�sYh���q*vwfF|rj���v n�p�|tkY�rf�§��Sn�p�prf�g��b£���f�e�h�sWkoj�§�n�g	qWkosY��§Fko��sYf�qMh�sIj���jipSnDkYf���h�qYqIj�¯rg�l¨��sIh�v nE�fFgie�j�p ����fFg�v{�rh�gikA��kml���f­h��Nj�p�qIk�nD¯rj�gijikml{h��cko�rf�j�p �Sf n'j�h�pSn�g	v{f�n�p®e�f�g�h�§�j�kml®�rsIh +Sg�f � n�qM�Tl���h�kY�rf�&
qYj��Ff�|t¯Tl��yn��r�SnD§��®fFkMn�g�� � ! ! � nDpr| �Rj�p�prj��TnDp � ��� � ��£��rf�f n'§��SnDpr��f�h��cvwh�vwfFp�kY�rv¥¯�f8km� fFf�ptko�rf
§��Sn�prprfFg�sYf���j�h�p©n�p�|©kY�rf±koh��©g�n`l�f�s�h��bko��f±��fFsYv{f�n�¯rgifª�*nDg�gRjipr|r�r§Ff�q²n®qIkYsYh�pr�tjipr§�sIf�n�qIf{jip�ko�rf�yf8l'p�h�g�|rq:��qY��f�n�s�qWkosYfFqYq�sIf�gµn�kojie�f­kYh´ko�rfª§�n�qYf±hD�bn´qYh�gij�|u� n�gig@��£��rf±vwn�jipu��sonD§Fkojih�pSn�ga§Fh�pTkosYji¯r� &
koj�h�prq·koh®kY�rf �yf8l�prh�g�|�q-��qI�rf�n�s�qWkosIf�qYq�§Fh�vwfª��sIh�v�qI�¹f�f��¶n�pr|\f:/If�§FkYj�h�p©f8e�f�pTkYq���K��rqWk²n�q���h�s�n�p
f���f�§FkYjie�f�gil´j�v{��fFsYv{f�n�¯rgif�� n�g�g � ��h�s*nx��j����rg�l¨��f�sIvwf�n�¯rgif��*n�gig¦qW� fFf���f8e�f�pTkYq�|rh�vwjipSnDkof·§�g�h�qYf�kohko�rf*� n�g�g'j�pTkofFsI�1n�§Ff � �M�rfFsYf�n�q�f-/If�§8kojih�p±fFe�f�pTkoq¹n�sYf vwh�sIf*j�v{��h�sIkon�pTkRsIf�v{h�kof ��sIh�v kY�rf � n�g�g��32yf�n�s
n¸�rj����rgil~��f�sYv{f�nD¯rg�f{�*n�gig � n¸qYji��prj +r§�n�pTkªjipr§�sIf�n�qIf´j�q­h�¯rqIf�sIe�f�| j�p~ko�rf´§Fh�sYsIf�g�nDkojih�p¶§Fh'f��w§Fj�fFp�k
��� � ��£��rjiq�j�pr|�j�§�n�kof�q¹ko�SnDk ko�rf�e�h�sIkYj�§�nDg	qIkYsY�r§8ko�rsIf�qMprf�nDs*ko�rf���f�sIvwf�n�¯rg�f��*n�gig	n�sIf�e�fFsIl®f��w§Fj�fFp�k
j�p®kosYn�prqY��h�sWkoj�p��{qWkosIf�n�v��MjiqYf�v{h�v{f�pTko�rv j�p´ko��f�� n�gig ��prh�sYvwn�g�|�j�sYfF§FkYj�h�p	�
£��rf­qWkosIh�pr�{j�pr§FsYf�nDqYf�j�p®ko��f �MfFl�prh�g�|rq:��qY�rf�n�syqIkosIf�qIq�f�n���gµn�jiprq�ko�rf�qIkYsYh�p��wjipr§�sIf�n�qIf²jip®ko�rf²q ��j�p
��sYj�§8kojih�p©nDk²n®�rj����rgilu��fFsYv{f�n�¯�g�f�� n�g�g¤n�q�§�h�v{�Sn�sIf�|\kohzn�p©j�v{��f�sYv{f�nD¯rg�f²�*n�gig@�­£��rj�q�sYfFqY�rg�k�j�q
j�p\§�h�p�kYson�qWk�koh´ko��f{|�f�§�sIf�n�qIfxj�p©q ��j�p\��sIj�§FkYj�h�pu��h��rpr|©j�p�kY�rf±qYjivª�rg�nDkojih�prq·hD�
��n��rp©fFk­n�g���� G � � �£��rfFl®��h/�¹fFe�f�s�n�qYqI�rv{f�|tko�SnDk ko�rf �Sh`� prf�n�s*kY�rf���f�sYv{f�nD¯rg�f·� n�gig¦j�q f�qYqIf�pTkoj�n�g�g�l¨g�n�v{j�pSn�s � nDpr| �¯�fF§�n��rqIf��*n�gig���f�sIvwf�n�¯rj�gijikml�§�n��rqYfFq�n�|rf�§FsYf�n�qYfMj�pªkY�rf e�j�qI§�h���q¤�*n�gig�qI�rf�n�s�qWkosIf�qYq � ko�rf8l�ko��f�sYf8��h�sYf��h��rpr|¶nu|rfF§�sYf�n�qYfwj�p©ko�rfwq ��j�p~��sYji§Fkojih�p	� �·q²|rj�qI§��rqIqYfF| j�p©ko�rf{j�pTkosIh'|��r§FkYj�h�p � kY�rf�sIf¨j�q�f�n���f�sIj�&vwfFp�kon�gcfFe�j�|rfFpr§�f­ko�SnDk��*nDg�ga��fFsYv{f�n�¯�j�g�j�kml®§�nD�rqYfFq��rh`� f8e�fFs�n�p�j�p�§�sYf�n�qYf�j�p¸q ��j�p¸��sIj�§FkYj�h�pt�M�rfFp
ko�rf �Sh`��jiq¤ko�rsI¯r�rg�fFpTk � � � �'� � � � � � �7� � � � �7� �M�rf�sIf�n�qbjik�§�n��rqIf�q¹n²|rfF§�sIf�n�qIf�jipxkY�rfyq ��j�px��sYji§Fkojih�pª�M�rfFpko�rf �Sh`� jiqMgµn�v{j�pSnDs � � � �£��rf�n�¯rqIf�pr§Ff�h��aqIkYsYf�n!��qMn�¯�h`e�f�n��rji���rgilx��f�sIvwf�n�¯rgif�� n�g�g�j�qb§�h�p�qYj�qWkofFp�k��Mj�ko�®n­|rf�§FsYf�nDqYf�j�p{ko�rf
��f�n!�±h��	kY�rf�qWkosIf�n�v��MjiqYfysYv{qbe�f�gih'§Fjikml�����f�qY��jikof�kY�rf�jipr§�sIf�n�qIf·jip{kY�rf���f�n��±h��¦kY�rf·qI�Sn�pT�Mj�qIf�n�pr|
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� n�gig ��prh�sYvwn�g¦sIvwq�e�fFg�h�§�j�koj�fFq � |r��f­kohwnwsIf�g�n n�nDkojih�pth��RkY�rf­p�h ��qYgij��zn�pr|uprh ����f�p�fFkosYnDkojih�pz§�h�pr|�j�&kYj�h�p�q � kY�rf���f�n!�´j�p®kY�rf�ko�rsI¯r�rg�fFpTk-��jiprfFkYj�§�f�p�f�sY�Dl®j�q*kY�rf�sIfF��h�sIf²qIv¨nDg�g�fFs�� ! p�qYj�|�f�kY�rf���fFsYv{f�n�¯�g�f
� n�gig � kY�rf®sYv{qª�rsIh +Sg�fFqªf n'�rji¯rjikªn�p}f n'��h�prf�pTkYjµn�g1��g�j ��fxk�n�jig@� ! k±jiqªqY�rh`�Mp}ko�Sn�kªko�rfwko�rsI¯r�rg�fFpr§�f
v{h�kYj�h�prqyj�p�qYj�|�f­ko��f��*nDg�g¤nDsYf�jipSn�§8kojie�fªj�puko�rfªqIf�prqIfªko�Sn�k�ko�rf8l\n�sIf�jipr|r�r§Ff�|©¯Tl¸�rsIf�qIqY�rsIfI�r�r§�&
kY�SnDkYj�h�prqxnDpr|«|rh~prh�k{§Fh�pTkosYji¯r��kYfzkYh~kY�rfV�yf8l'p�h�g�|rq:��qY��f�n�s{qIkYsYf�qIq�� �S�rsWko�rfFsYv{h�sYf � jiprqYji|rf®ko�rf��f�sIvwf�n�¯rgif��*nDg�g � qYvwn�g�g1��qY§�n�g�f �S�r§8ko�SnDkYj�h�p�q�|rf�§FsYf�nDqYf{vwh�sIfªsonD�rj�|rg�lukY�Sn�p\g�n�sY��f ��qY§�n�g�fA�S�r§FkY�Sn'&
kYj�h�p�q��
� gµnDsY��fxj�p�§�sYf�n�qYfwj�q���h��rpr|³j�p©ko�rfwsYv{q­hD�*ko�rf{�rsIf�qYqI�rsYf´n�¯�h`e�fwko��f¨��f�sYv{f�nD¯rg�f±� n�g�g � ¯�h�ko�³j�pkY�rfª§Fh�pTkosYji¯r��kYj�h�prqy��sYh�v ko��fªson���j�|\n�q�� fFg�g�n�q�ko�rfªqIg�h`� �Sn�sWk���£��rf±jipr§�sIf�n�qIfªj�p¸kY�rf±§�h�p�kYsYji¯r� &
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homogeneous porous region
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A�CED	CE?LMQ?L~LD J DW?�^EP\e�?LK�?L^EPvK�DW~LV"? J j31iDST�G�^EP�D	A�CEDfMQDWP�ChP�eEG�TWV J ~ / V�PvP�^ G TWV"D J A�IXY]P�MNG�I�I � V J A�CEDF�G6- F\V"A�CcTS? J A�V J ^E^�M P�^�_�gxI"A�DWK S P�TWG�I�D b V"P�e`DWK�P�V�? J TWG J _�D J DS~LI�DSTSA�D b V J A�CED	T<CEG JEJ DSIBK�DW~LV"? J G�P
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# J A�CED�� <�A�B������ 91032 ?�@�A�CED�� � - F\V"A�C�TW^�_�DSP	CE?�FiD�RLDWK � A�CED¦gxI"A�DWK¤I"D J ~�A�C�FiG�P���DWe�AfTS? J P�A�G J AdA�?
G�R�?LV b TW?LMQM�^�A�G�A�V"? J DWK�K�?LK�PWj! �V"~L^EK�D�" j"  � CxG�P P�C�? F J A�CxG�AaV J A�C�V�P\T�G�P�D¦A�CED�R�?LI�^�MND�� G�RLDWK�G�~LD b
MNDWG J P�CED�G�KiP�A�K�DWP�P$# % ��& D TWG J P�A�V�I"I`_`D J DW~LI"DWT�A�D b�� _E^�A�A�CxG:AiA�C�D¤TW? J A�K�V"_E^�A�V"? J ?�@4A�CEDaP�^E_ gxI"A�DWK��
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FiDSI�I\G�P¢V J A�CEDcV J A�DSK�@�G�TSDcK�DW~�V�? J j # J G eEK�DSRUV�?L^�PQP>A�^ b Y)( �
*�� FiDceEK�?Le�?�P�D b G�TWI�?�P�^EK�D�@�?LK�A�CED
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A�CED¦e�DSK�MQD�G�_EV"I�VXAZY  DSY J ?LI b P J ^EM�_`DWKaP�CE?�^EI b _�D¦K�DWI�G�A�VXRLDSI"Y]I�G�K�~LD	A�?[D J P�^EK�D�A�CxG:AaA�CED�D � DSTSAd?�@
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 � 	 < �6���6² ± �á³ �
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