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�oª¥�Â¨³�nµ�O
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�
�Ä®o¤̧�nµÁ�nµ�́�����������������µ¤ Î̈µ�́���¹É�Å�o�Îµ¤µ�µ���&KDUQLDN�������
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­¦»��¨�µ��µ�ª·�´¥�¸Ê­µ¤µ¦�¨�¦¼�Â���°��µ¦�´��Îµ�¸ÉÅ¤nÁ®¤µ³­¤¨�Å�Å�o�Îµ�ª�¤µ��
­n��¨Ä®o�µ��µ¦ª·Á�¦µ³®r®�nª¥�Îµ�´Ê�­µ¤µ¦��³�Îµ�µ�Å�o¦ª�Á¦Èª�¹Ê�

�������­»¦¡´��r�Á¤��µª·�Â¨³��³

�µ��µ¦�´��Îµ�¸É�nµ�¤µ�³¤¸�µ¦�ÎµÁ°µ¡��µ�»�¦¤Á�oµ¤µÄ�oÄ��µ¦�´��ÎµÁ¡¸¥�°¥nµ�Á�¸¥ª
Á�nµ�´Ê�� Â¨³�µ¦�Îµª·�¥µ�µ¦«¹�¬µ­Îµ�¹�� �+HXULVWLFV�� �nµ�Ç� Á�oµ¤µ�nª¥Â�o�{�®µ�ªµ¤�Îµ�ª¤�¸ÉÁ�·��¹Ê��´Ê�
Å¤n­µ¤µ¦��¸É�³Â�o�{�®µ�ªµ¤�Îµ�ª¤Å�o�´Ê�®¤�� �´��´Ê��¹�Å�o¤¸�µ¦¡´��µ�µ¦�´��Îµ�¹Ê�� Ã�¥¤¸�µ¦�Îµª·�¸�µ¦
�µ�­�·�·Á�oµ¤µ�nª¥Ä��µ¦Â�oÅ��{�®µ�Îµ�Îµ�ª¤� �¹É�ª·�̧�µ¦�µ�­�·�·�¸É�Îµ¤µÄ�o�º°�µ¦Ä�o�nµ­�·�·�¸ÉÁ�·��µ�
¨Îµ�´��°�®�oµ�¸É�Îµ�®¦º°°µ��¨nµªÅ�oªnµÁ�}��µ¦�ÎµÁ°µ­nª�®�¹É��°�Åª¥µ�¦�r�¤µÄ�oÄ��µ¦Â�oÅ��{�®µ�ªµ¤
�Îµ�ª¤

�µ¦�́��ÎµÃ�¥Ä�o®�oµ�¸É�ÎµÂ��Å�¦Â�¦¤Ã¤Á�¨� �6XUDSDQW� 0HNQDYLQ�� 3DLVDUQ�
&KDURHQSRUQVDZDW� DQG� %RRQVHUP� .LMVLULNXO�� ������ �º°�µ¦�´��ÎµÃ�¥¤¸�µ¦�ÎµÁ°µ�nµ­�·�·� �¹É�¡·�µ¦�µ
�µ��ªµ¤�n°Á�ºÉ°��°�®�oµ�¸É�Îµ� ­nª�ª·�¸�µ¦Á¨º°�Â���µ¦�´��Îµ�¸É�¸�¸É­»��´Ê��ÎµÅ�oÃ�¥®µ�¦³Ã¥��¸É¤¸�ªµ¤�nµ
�³Á�}�¤µ��¸É­»��Ã�¥�µ¦®µ�ªµ¤�nµ�³Á�}��°�Â�n¨³�¦³Ã¥�­µ¤µ¦��Îµ�ª��µ¤­¤�µ¦�¸É����
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�µ�­¤�µ¦�¸É� ���� �:L��º°�¦³Ã¥��̧É�́��ÎµÂ öª� �¹É��Îµ¤µ�µ��¦³Ã¥��̧É¤̧�³Â���̧É�̧�̧É­»��
1�°´��´�Â¦��Ã�¥ª·�¸�µ¦�´��Îµ�º°�µ¦�´��ÎµÃ�¥Á¨º°�Â��Á®¤º°�¤µ��¸É­»��Â¨³��:L� �Z�Z���ZQ��Ã�¥�
ZL� �º°�Îµ�¸É�´�Å�o� � ­nª�� 7L�  � W�W���WQ� Ã�¥� WL� �º°®�oµ�¸É�Îµ�°�� ZL� � Â¨³� � 3�ZL� _� WL� �� �´��
3�WL� _� WL���� WL���� � ­µ¤µ¦��Îµ�ª�Å�o�µ��¨´��o°�ªµ¤� ­¦»��ªµ¤®¤µ¥�µ�­¤�µ¦�¸Ê�º°�µ¦®µÂ���µ¦
�´��Îµ�¸É�¸�¸É­»�� Ã�¥¡·�µ¦�µ�µ��¨¦ª¤�ªµ¤�nµ�³Á�}��°�®�oµ�¸É�Îµ�»�Â���¸ÉÁ�}�Å�Å�o�°�Â�n¨³�¦³Ã¥�
Â¨³¤¸�o°�Îµ®��ªnµ�ªµ¤�nµ�³Á�}��°��µ¦Á�·�®�oµ�¸É�Îµ�¸É�ÎµÂ®�n��{��»�´��³�¹Ê�°¥¼n�´�®�oµ�¸É�Îµ�°�� �� �Îµ
�n°�®�oµÁ�nµ�´Ê�� �¨nµª°¸��´¥®�¹É��º°ª·�¸�µ¦�¸Ê�³Å¤n­�Ä�ªnµ®�oµ�¸É�°��Îµ�¸É�¼��o°��¸É­»��³Á�}�°³Å¦� Â�n�³­�
Ä�ªnµ�µ¦�´��ÎµÂ��Å®��³�¸�¸É­»�� �ÎµÄ®oª·�¸�µ¦�¸ÊÁ®¤µ³­¤­Îµ®¦´��µ��¸É�o°��µ¦�¦µ��°�Á���ÎµÁ¡¸¥�°¥nµ�
Á�¸¥ªÁ�nµ�´Ê�

­¦»�ª·�¸�µ¦�¸Ê�³­µ¤µ¦�Â�oÅ��{�®µ�ªµ¤�Îµ�ª¤Å�o�¸�ªnµª·�¸�µ¦�n°�Ç� �¸ÉÅ�o�¨nµª¤µ�´Ê�
®¤��Á�ºÉ°��µ�¤¸�µ¦¡·�µ¦�µ�¹�®�oµ�¸É�°��ÎµÁ�oµ¤µ�¦³�°��oª¥�Â�n°¥nµ�Å¦�È�µ¤Ä��¦�¸�¸É�o°�ªµ¤�Îµ�ª¤
¤¸®�oµ�¸É�ÎµÁ®¤º°��´�� ª·�¸�µ¦�¸Ê�ÈÅ¤n­µ¤µ¦��¸É�³Â�oÅ��{�®µÅ�o�¸�´�� � Â¨³�o°�Îµ�´�°¸�°¥nµ�®�¹É��È�º°Á¦µ�³
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�o°��Îµ�µ¦Á�È��nµ­�·�·�µ��¨´��o°�ªµ¤� �&RUSXV�� Ã�¥�¸É�¨´��o°�ªµ¤�¸É�¸�ª¦�³�Îµ¤µ�µ�Á°�­µ¦®¨µ¥
�¦³Á£�� Â¨³�³�o°�¤¸��µ�Ä®�n¡°­¤�ª¦� �´��´Ê��¦³­·��·£µ¡�°�ª·�¸�µ¦�´��ÎµÂ���¸Ê�³�¹Ê�°¥¼n�´��¨´��o°
�ªµ¤�oª¥

������°´«�¸¥r��n°�¦³�¼¨Â¨³��³

Ä�¥»��¸ÊÁ�ºÉ°��µ��°¤¡·ªÁ�°¦r¤¸�ªµ¤¦ª�Á¦ÈªÄ��µ¦�¦³¤ª¨�¨¤µ��¹Ê��Â¨³¤¸®�nª¥�ªµ¤
�Îµ��µ�Ä®�n�ÎµÄ®o� �{�®µ�¸É­Îµ�´��°�¥»��¸ÊÅ¤nÄ�nÁ¦ºÉ°��ªµ¤¦ª�Á¦Èª� ®¦º°�µ¦�¦³®¥´�Á�ºÊ°�¸É®�nª¥�ªµ¤�Îµ�
Â�n�{�®µ�¸É­Îµ�´�Ä�¥»��¸Ê�º°�ªµ¤�¼��o°��°��µ¦�´��Îµ� Á¡¦µ³Ä�¦³���nµ�Ç� ¤¸�ªµ¤�o°��µ¦�¸É�³Å�o�µ¦�´�
�Îµ�¸É¤¸�¦³­·��·£µ¡­¼��¸É­»�� �¹É�Ä�¥»��¸ÊÅ�o¤¸�µ¦¡´��µ�´��Îµª·�¸�µ¦�nµ�Ç� �´��¸ÉÅ�o�¨nµªÅ�Â¨oª� Â�nª·�¸�µ¦�´�
�¨nµª�È¥´�Å¤n­µ¤µ¦��¸É�´��µ¦�´��Îµ«´¡�r�¸ÉÅ¤n�¦µ��Ä�¡��µ�»�¦¤Å�o� �´��´Ê�Ä�¥»��¸Ê�¹�Å�o¤¸�·��o�ª·�¸�µ¦�¸É�³
�Îµ¤µÄ�oÄ��µ¦Â�o�{�®µ�Îµ«´¡�r�¸ÉÅ¤n�¦µ��Ä�¡��µ�»�¦¤�¹Ê�� Ã�¥� °´«�¸¥r� �n°�¦³�¼¨Â¨³��³� �$VDQHH�
.DZWUDNXO�HW��DO�������

Ä��µ�ª·�´¥Å�o�ÎµÂ�o�{�®µÁ¦ºÉ°��Îµ«´¡�r�¸ÉÅ¤n�¦µ��Ä�¡��µ�»�¦¤� Ã�¥Å¤nÅ�oÂ�n®µ
�°�Á���°��ÎµÁ�nµ�´Ê�� Â�n¥´�­µ¤µ¦��¸É�³�°��¹�®�oµ�¸É�ÎµÂ¨³Â­���¹�¨´�¬�³�µ��ªµ¤®¤µ¥� �6HPDQWLF�
$WWULEXWH�� Â¨³¥´�­µ¤µ¦��¸ÉÂ�oÅ��ÎµÄ��¦�¸�¸ÉÁ�·��µ¦­³���·��oª¥� �¹É�Ä��µ�ª·�´¥�¸Ê¤¸�µ¦�Îµª·�¸�µ¦�µ�­�·�·�
�6WDWLVWLFDO�0RGHO��Â¨³¤¸�µ¦�Îµ���nµ�Ç�Á�oµ¤µ�nª¥Ä��µ¦¡·�µ¦�µ�oª¥

�´Ê��°�ª·�¸Ä��µ¦Â�o�{�®µÁ¦ºÉ°��Îµ�¸ÉÅ¤n�¦µ��Ä�¡��µ�»�¦¤��¦³�°��oª¥��� �´Ê��°��¹É�
Â­���´��n°Å��¸Ê

�������� �Îµ�µ¦�´��Îµ°¥nµ��nµ¥Ç� Ã�¥Ä�oÃ¤Á�¨Å�¦Â�¦¤� �$VDQHH� .DZWUDNXO� HW� DO���
�������¹É�Á¤ºÉ°�Îµ�µ¦�´��ÎµÂ¨oª�¨¨´¡�r�¸ÉÅ�o­µ¤µ¦�Â�n�°°�Å�oÁ�}�����¦�¸�º°

�����������¦�¸�¸ÉÁ�·��o°�ªµ¤�¸ÉÅ¤n�¦µ��Ä�¡��µ�»�¦¤
�����������¦�¸�¸ÉÅ¤nÁ�·��o°�ªµ¤�¸ÉÅ¤n�¦µ��Ä�¡��µ�»�¦¤

���������oµ�¨¨´¡�r�µ��o°� ���������¸ÉÅ�oÁ�}��¦�¸�¸É� ���������� Ä®oÅ��Îµ�´Ê��°��¸É� ��������
Â�n�oµÁ�}�Ä��¦�¸�¸É�����������Ä®oÄ�o�Ã¤Á�¨�µ¦Â�n�Ã�¥Ä�o�ªµ¤®¤µ¥��6HPDQWLF�6HJPHQWLQJ�0RGHO���¹É�
­µ¤µ¦��Îµ�ª�Å�o�´�­¤�µ¦�¸É����
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Ã�¥�Z��Q��³®¤µ¥�¹��¦³Ã¥��¸ÉÂ�n��ÎµÂ¨oªÅ�o°°�¤µÁ�}��Z�� �¹��ZQ�Â¨³� W��Q� �º°
¨Îµ�´�Â�È��ªµ¤®¤µ¥��6HPDQWLF�WDJ��Ã�¥�WL��º°Â�È��ªµ¤®¤µ¥�°��ZL� ��¹É�Ä�­¤�µ¦�¸Ê�³�Îµ�µ¦®µÂ�È�
�ªµ¤®¤µ¥�°�Â�n¨³�Îµ� �¸É�³�ÎµÄ®o�nµ�ªµ¤�nµ�³Á�}��°�� 3�Z��Q� �� W��Q�� ¤¸�nµ¤µ��¸É­»�� Â¨oª�Îµ�nµ¤µ
Á�¦¸¥�Á�¸¥��´��nµ�¸�Á¦·É¤Á�¨¸É¥���7KUHVKROG���µ¤Á�ºÉ°�Å��´��n°Å��¸Ê

����3�Z��Q���W��Q��t��nµ�¸�Á¦·É¤Á�¨¸É¥���³®¤µ¥�ªµ¤ªnµÅ¤n¤¸�µ¦Á�·��Îµ«´¡�r�¸É
Å¤n�¦µ��Ä�¡��µ�»�¦¤�¹Ê�

����3�Z��Q���W��Q�����nµ�¸�Á¦·É¤Á�¨¸É¥��Â¨oªÄ®oÁ º̈°��Îµ�¸É�ÎµÄ®o�3�ZL�L���WL�L���

¤¸�nµ�o°¥�¸É­»��Â¨³Ä®oÅ��Îµ�´Ê��°��¸É����n°Å�

��� �´Ê��°��̧Ê�³Á�}��µ¦®µ�°�Á���°��Îµ«´¡�r�¸ÉÅ¤n�¦µ��Ä�¡��µ�»�¦¤Â¨³�°��¹�
®�oµ�¸É�ÎµÂ¨³�ªµ¤®¤µ¥�Îµ��¹É�£µ¥Ä��´Ê��°��¸Ê�³�¦³�°��oª¥�´Ê��°�¥n°¥����´Ê��°��º°

�����µ¦�µ¥�°�Á��Ã�¥Ä�oª·�¥µ�µ¦«¹�¬µ­Îµ�¹�
����­¦oµ�Á���°��´ªÁ¨º°��°��Îµ«´¡�r�¸ÉÅ¤n�¦µ��Ä�¡��µ�»�¦¤� Ã�¥Ä�o���¸É¤¸

�µ¦¡·�µ¦�µ�µ��¦·��� �&RQWH[W� 6HQVLWLYH� 5XOHV�� Â¨³¤¸�µ¦¡·�µ¦�µ
¨´�¬�³�°��´ª°´�¬¦

����¨°�Â���¸É­nª��¸É�nµ­�­´¥ªnµ�³Á�}��Îµ�¸ÉÅ¤n¤¸Ä�¡��µ�»�¦¤� �oª¥�´ªÁ¨º°�
�nµ�Ç��8QNQRZQ�:RUG�&DQGLGDWH��­Îµ®¦´�ª·�¸�µ¦­¦oµ��´ªÁ¨º°��°��Îµ�¸É
Å¤n�¦µ��Ä�¡��µ�»�¦¤�´Ê���³°�·�µ¥Ä�­nª��´�Å�

�����Îµ�ª��nµ�ªµ¤�nµ�³Á�}��Ã�¥Ä�o­¤�µ¦�¸É����
�oµ� 3�Z��Q�� W��Q�� ! � �nµ�¸�Á¦·É¤Á�¨¸É¥�� Â­��ªnµ�Îµ�¸ÉÁ¨º°�Á�}��Îµ�¸É�¼�
�o°��Â�n�oµ�3�Z��Q�W��Q��!�3�Z��Q�W��Q���n°�®�oµ�Ä®o�¨´�Å��Îµ�´Ê��°�
�¸É�����­Îµ®¦´�Ä��¦�¸°ºÉ�Ç�Â­��ªnµ¤¸�o°�·�¡¨µ�Á�·��¹Ê�

ª·�¸�µ¦­¦oµ��´ªÁ¨º°��°��Îµ«´¡�r�¸ÉÅ¤n�¦µ��Ä�¡��µ�»�¦¤­µ¤µ¦��³­¦oµ�Å�o�´��n°Å��¸Ê
��� Á¤ºÉ°¤¸�µ¦�´��ÎµÂ¨oªÁ�·��o°�ªµ¤�¸ÉÅ¤n�¦µ��Ä�¡��µ�»�¦¤�Îµ�ª�� �� �»��¸É°¥¼nÄ�¨o�´��

Ã�¥®nµ��´�Å¤nÁ�·�� �� �´ª°´�¬¦� �ÈÄ®o­¦oµ��ÎµÄ®¤n� Ã�¥¦ª¤�o°�ªµ¤�¸ÉÅ¤n�¦µ��Ä�¡��µ�»�¦¤Â¨³�Îµ�¸É°¥¼n
¦³®ªnµ��o°�ªµ¤�´Ê����Á�oµ�oª¥�´�

��� Á¤ºÉ°�Îµ�µ¦�´��ÎµÂ¨oª¡��o°�ªµ¤�¸ÉÅ¤n�¦µ��Ä�¡��µ�»�¦¤� �ÈÄ®o­¦oµ��ÎµÄ®¤n� �¹É�
­µ¤µ¦��³­¦oµ�Å�o�´Ê�®¤����Â���º°

����Ä®o�o°�ªµ¤�´Ê�Á�}��ÎµÁ¨¥
����­¦oµ��ÎµÄ®¤nÃ�¥�Îµ�o°�ªµ¤�´Ê�¤µ¦ª¤�´��Îµ�oµ�®�oµ
����­¦oµ��ÎµÄ®¤nÃ�¥�Îµ�o°�ªµ¤�´Ê�¤µ¦ª¤�´��Îµ�´�Å�
����­¦oµ��ÎµÄ®¤nÃ�¥�Îµ�o°�ªµ¤�´Ê�¤µ¦ª¤�´��Îµ�oµ�®�oµÂ¨³�Îµ�´�Å�



��

���̧É��

�µ¦�Îµ�´�®�oµ�̧É�Îµ

�µ¦�Îµ�́�®�oµ�̧É�Îµ�º°�µ¦¦³�»®�oµ�̧É�Îµ�°��Îµ�̧É�Îµ®��¤µ�­nª�®�oµ�̧É�Îµ��3DUW�RI�6SHHFK��326�
�º°­·É��¸É¦³�»ªnµ�Îµ�´Ê��Îµ®�oµ�¸É�µ�Åª¥µ�¦�rÁ�}�°³Å¦£µ¥Ä��¦³Ã¥�®�¹É�Ç�Ã�¥�Îµ®�¹É��Îµ°µ��³¤¸®¨µ¥®�oµ
�¸ÉÅ�o�¹Ê�°¥¼n�´��ÎµÂ®�n�£µ¥Ä��¦³Ã¥��´Ê�Ç�Á�n��Îµªnµ�v�´�w�­µ¤µ¦��³¤¸®�oµ�¸ÉÅ�o���°¥nµ��º°����Á�}��Îµ�¦·¥µ�
���Á�}��Îµ­¦¦¡�µ¤��´ª°¥nµ�Á�n��v¡¦³�´�Á¡¨�n°�Á�¸É¥�w��Îµªnµ�w�´�w�Ä��¸É�¸Ê�È�³�Îµ®�oµ�¸ÉÁ�}��Îµ�¦·¥µ�Â�n�oµ
Ä��¦³Ã¥��v�´��´��o°��°�Å��¼®�´��oª¥�´�w��Îµªnµ�w�´�w�Ä��¸É�¸Ê�³�Îµ®�oµ�¸ÉÁ�}��Îµ­¦¦¡�µ¤�Á�}��o�

­Îµ®¦´��µ¦ª·Á�¦µ³®r�µ��oµ�£µ¬µ� �»�®�oµ�¸É�Îµ� �326� 7DJ� 6HW�� �¸É�Îµ¤µÄ�o�³¤¸�¨�n°�µ¦
ª·Á�¦µ³®rÁ�}�°¥nµ�¤µ�� Â¨³Ä��ªµ¤�¦·��µ¦¦³�»®�oµ�¸É�ÎµÁ¡¸¥��°�ªnµÁ�}�� �Îµ�µ¤� �Îµ�¦·¥µ� �Îµ­¦¦¡�µ¤�
�Îµ�»�«́¡�r� �Îµª·Á«¬�r� ²¨²� �́Ê�Å¤nÁ¡̧¥�¡°�̧É�³�Îµ¤µÄ�oÄ��µ¦ª·Á�¦µ³®r�µ�£µ¬µ«µ­�¦r� �́��́Ê��́�£µ¬µ
«µ­�¦r�¹�Å�o¤̧�µ¦­¦oµ��»�®�oµ�̧É�Îµ�̧É�³¤¸�¦³­·��·£µ¡Á¡¸¥�¡°�n°�µ¦�ÎµÅ�Ä�oÄ��µ¦ª·Á�¦µ³®r�µ�£µ¬µ
«µ­�¦r�Ã�¥¨´�¬�³�»�®�oµ�¸É�Îµ�°�Â�n¨³£µ¬µ�´Ê��³¤¸¨´�¬�³Â���nµ��´�Å��µ¤£µ¬µ�´Ê�Ç�Â¨³Ä�£µ¬µ
®�¹É�Ç� °µ��³¤¸�»�®�oµ�¸É�ÎµÅ�o®¨µ¥�»�Ã�¥�¹Ê�°¥¼n�´�Â�ª�·��°��µ¦�Îµ�»�®�oµ�¸É�ÎµÅ�Ä�o� �´ª°¥nµ�Á�n�Ä�
£µ¬µ°´��§¬Å�o¤¸�µ¦­¦oµ��»�®�oµ�¸É�Îµ°°�¤µ®¨µ¥�»�Á�n�� �»�®�oµ�¸É�ÎµÁ¡��¦¸Â���r� �3HQQ� 7UHHEDQN�
WDJVHW���¹É�Ä�Á¡��¦¸Â���r�´Ê�Å�oÂ�n�®¤ª�®¤¼n®�oµ�¸É�Îµ°°�Á�}�������·���$OOHQ���������Â¨³��»�®�oµ�¸É�Îµ�
¦µª�r� �%URZQ�WDJVHW�� Å�oÂ�n�®¤ª�®¤¼n�Îµ°°�Á�}�������·��­Îµ®¦´�£µ¬µÅ�¥Å�o¤¸­¦oµ��»�®�oµ�¸É�Îµ°°�¤µ
®¨µ¥�»�Á�n��´���´ª°¥nµ�Á�n���»�®�oµ�¸É�Îµ°°¦r�·���2UFKLG�WDJVHW���¹É�Â�n�®¤ª�®¤¼n�ÎµÁ�}�������·���9LUDFK�
6RUQOHUWODPYDQLFK�� 7KDWVDQHH� &KDURHQSRUQ� DQG� ,VDKDUD�� ������ Â¨³�»�®�oµ�¸É�Îµ�°�¤®µª·�¥µ¨´¥
Á�¬�¦«µ­�¦r�Á�}��o�

�µ��¸ÉÅ�o�¨nµªÄ����Îµªnµ� �µ��oµ��µ¦�¦³¤ª¨�¨£µ¬µ�¦¦¤�µ�·­Îµ®¦´�£µ¬µÅ�¥�´Ê�� �µ¦�´��Îµ
�³Á�}��µ��´Ê��°�Â¦��¸É�³�o°�¤¸�µ¦�Îµ�n°��¸É�³�ÎµÅ��¦³¤ª¨�¨°ºÉ�Ç��n°Å��Â�nÄ��µ��µ��°��µ��³�o°�
�´��ÎµÂ¨oª�¥´��o°��µ¦�o°¤¼¨Á¡·É¤Á�·¤�°��Îµ�´Ê�Á�n��®�oµ�¸É�Îµ�®¦º°��ªµ¤®¤µ¥�Á�}��o��Â¨³­Îµ®¦´��´Ê��°�ª·�¸
�°��µ¦�´��Îµ�¸ÉÄ�oÄ�ª·�¥µ�·¡��r�¸Ê�³�o°�¤¸�µ¦�Îµ®�oµ�¸É�ÎµÁ�oµ¤µ�nª¥Ä��µ¦�¦³¤ª¨�¨�oª¥� �´��´Ê�Ä����¸Ê
�³°�·�µ¥�¹�ª·�¸�µ¦�Îµ�´�®�oµ�¸É�°��Îµ��3DUW�RI�6SHHFK�7DJJLQJ�



��

�µ¦�Îµ�´�®�oµ�¸É�°��Îµ�´Ê�¤¸°¥¼n®¨µ¥Â�ª�·��Å�oÂ�n�Â�ª�·��µ¦Ä�o����5XOH�EDVHG�$SSURDFKHV��
Â�ª�·��µ¦Ä�o­�·�·� �6WDWLVWLF�EDVHG� $SSURDFKHV�� �¹É�­Îµ®¦´��µ��oµ��µ¦�¦³¤ª¨�¨£µ¬µ�¦¦¤�µ�·�´Ê�
�·¥¤Â�ª�·��µ��oµ�­�·�·¤µ��ªnµ� Á�ºÉ°��µ�­µ¤µ¦�¦°�¦´��o°¤¼¨Ä�®¨µ¥Ç� ¦¼�Â��Å�oÃ�¥Å¤n�ÎµÄ®oÁ�·��o°
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�9LUDFK� 6RUOHUWODPYDQLFK� HW� DO��� ������ Ã�¥Å�o¦´��ªµ¤°�»Á�¦µ³®r�µ�� ®o°���·�´�·�µ¦ª·�´¥Â¨³¡´��µ
ª·«ª�¦¦¤£µ¬µÂ¨³�°¢�rÂª¦r��6RIWZDUH�DQG�/DQJXDJH�(QJLQHHULQJ�/DERUDWRU\��6//��«¼�¥rÁ��Ã�Ã¨¥¸
°·Á¨È��¦°�·�­rÂ¨³�°¤¡·ªÁ�°¦rÂ®n��µ�·� �1DWLRQDO� (OHFWURQLFV� DQG� &RPSXWHU� 7HFKQRORJ\� &HQWHU��
1(&7(&�� Ã�¥¨´�¬�³�°����ªµ¤�¸É�Îµ¤µÄ�o­¦oµ��¨´��o°�ªµ¤�´Ê�Å�o�Îµ¤µ�µ�¦µ¥�µ��µ¦�¦³�»¤ª·�µ
�µ¦�°�«¼�¥r²� Á°�� Â¨³�Îµ�ª��¨´��o°�ªµ¤�´Ê�¤¸°¥¼n�¦³¤µ�� ������� �¦³Ã¥�� Ã�¥�¸É£µ¥Ä��¨´��o°�ªµ¤�¸Ê
Å�o�Îµ�µ¦Â�n�Á�}��¦³Ã¥�� ­nª�£µ¥Ä��¦³Ã¥��³Â�n�Á�}��Îµ�nµ�Ç� Â¨³¥´�Å�o¤¸�µ¦�Îµ®��®�oµ�¸É�Îµ�oª¥� �¹É�
�´Ê�®¤��ÎµÃ�¥�´�£µ¬µ«µ­�¦r��´ª°¥nµ��¦³Ã¥�£µ¥Ä��¨´��o°�ªµ¤°°¦r�·��Â­��Ä�¦¼��¸É����

�µ�¦¼��¸É������³Â­���´ª°¥nµ��¦³Ã¥��w�¦³Á�«Å�¥¤¸�µ¦Ä®o�¦·�µ¦Á�Á¨Á�È��rÃ�¥Å¤n�·�¤¼¨�nµ�µ�
�n°�� �� ¤µ�µ��ªnµ� �� �eÂ¨oªw� �¹É��¦³Ã¥��¸ÊÅ�o�Îµ�µ¦�´��ÎµÂ¨³�Îµ�´�®�oµ�¸É�°��ÎµÁ¦¸¥�¦o°¥Â¨oª� Ã�¥£µ¥Ä�
®�¹É��¦¦�´��³�¦³�°�Å��oª¥� �� �ÎµÂ¨³�³�°��oª¥ªnµ�Îµ�¸Ê�Îµ®�oµ�¸É°³Å¦°¥¼n£µ¥Ä��¦³Ã¥��¸Ê� �´ª°¥nµ�Á�n��
v�¦³Á�«Å�¥�1353w�Ä��¦¦�´��¸É����³�°�ªnµ�Îµªnµ�w�¦³Á�«Å�¥w�¤¸®�oµ�¸É�ÎµÁ�}��1353��¹É��1353�Á�}��´ª
°´�¬¦¥n°�¸ÉÄ�o�°�®�oµ�¸É�Îµ�¸ÉÁ�}��Îµ�µ¤�¦³Á£��ºÉ°Á�¡µ³� Ã�¥­´�¨´�¬�r�´ª¥n°�nµ�Ç� Á®¨nµ�¸Ê� ­µ¤µ¦��¼Å�o
Ä�£µ���ª���
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