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°µ�µ¦�¼o�iª¥Ŵ�nª¥Ä®oÁ�·��µ¦¡¥µ�µ¨�n°Á�ºÉ°�ŴÂ¨³Á�}�
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��Ŵ��®¤µ¥ŴÄ�o�¦³�°�Á�}�®¨´��µ��µ���®¤µ¥�¸ÉÄ®o
�o°Á�È��¦·��µ¤­£µ¡�µ¦�¼Â¨�¼o�iª¥�¸É�n°Á�ºÉ°��ŴŴ�°��µ�
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�´�Â���µ¦¦´�¬µ�°�Â¡�¥rŴ
Ŵ �µ¦�´��¹��µ��µ¦¡¥µ�µ¨Ä��{��»�´�¥´�¡� 
�{�®µ®¨µ¥�¦³�µ¦Ŵ Á�n�Ŵ Å¤nÁ®È��ªµ¤­Îµ�´��°�
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�e¡�«����������Ŵ¥´��ÎÉµ�ªnµÁ�jµ®¤µ¥�¸É�Îµ®���º°Å¤n
�¹�¦o°¥¨³Ŵ��Ŵ Ã�¥­³�o°�Ä®oÁ®È�ªnµ�µ¦�´��¹��µ��µ¦
¡¥µ�µ¨¥�́Å¤n¤�̧»�£µ¡ŴÁ�n�Ŵ�µ¦��́�¹��{�®µÂ¨³�ªµ¤
�o°��µ¦�°��¼o�iª¥¥´�Å¤n�¦°��¨»¤Ŵ �µ¦¦³�»�{�®µÅ¤n
�¸ÊÁ�¡µ³Ä®oÁ®È��ªµ¤Â���nµ�Ä��¼o�iª¥Â�n¨³¦µ¥Ŵ Á�¸¥�
�µ¤�ªµ¤Á�¥�·�Ŵ¥´��µ��µ¦�´��¹�°µ�µ¦�¸É­Îµ�´�Ŵ�µ�
¦µ¥¨³Á°¸¥�Á�¸É¥ª�´��·��¦¦¤�µ¦¡¥µ�µ¨�¸ÉÄ®oÂ�n�¼o�iª¥Ŵ 
��́�¹��ÎÊµ�o°�Â¨³Á®¤º°���́�»�Áª¦Ŵ�·��¦¦¤�µ¦¡¥µ�µ¨ 
Å¤nÁ�}�¦¼��¦¦¤Â¨³Å¤n¤¸�ªµ¤­°��¨o°��´��´��{�®µŴ
�µ¦�¦³Á¤·��¨Å¤nÂ­��Ä®oÁ®È��¹��ªµ¤�oµª®�oµ®¦º°
�µ¦�°�­�°��°��¼o�iª¥�n°�·��¦¦¤�µ¦¡¥µ�µ¨�¸ÉÄ®oŴ
Á�}��o�4  
Ŵ °¥nµ�Å¦�È�µ¤Ŵ Á�}��¸É�nµ­´�Á��ªnµ�¨�¸ÉÅ�oÅ¤n
­°��¨o°��´��o°¤¼¨�¸É­°��µ¤�µ�¡¥µ�µ¨�¼o��·�´�·
�¸É¤¸�n°�µ¦�´��¹��µ��µ¦¡¥µ�µ¨Ŵ �¹É�­nª�Ä®�n¦´�¦¼o
Â¨³Á�oµÄ�ªnµ���´��¹�Å�o�¸Â¨³­¤�¼¦�rŴ �¹É��µ¦¦´�¦¼oŴ 
Á�}��¦³�ª��µ¦�¸É�»��¨�¦³¤ª¨Â¨³�¸�ªµ¤�o°¤¼¨
�nµ�Ç�¸É°¥¼n¦°��ª́ŴÃ�¥�nµ��¦³­µ�­¤́�­́Ŵ�µ¦Á¦¥̧�¦¼oÂ¨³
�¦³­��µ¦�rÁ�·¤Ä��µ¦Â�¨�ªµ¤®¤µ¥Ŵ�¹É��µ¦¦´�¦¼o�³
Á�·��¹Ê�¤µ��o°¥Á¡¥̧�Ä�Ŵ�¹Ê�°¥¼n��́�{��¥́Ä��µ¦¦�́¦¼oŴÅ�oÂ�nŴ
¨´�¬�³�°��¼o¦´�¦¼oŴÂ¨³Ŵ¨´�¬�³�°�­·É�Á¦oµ5Ŵ�´��´Ê�Ŵ®µ�
¡¥µ�µ¨¥�́��¦�́¦¼oªnµ�µ¦��́�¹��µ¦¡¥µ�µ¨�¸É��·��́·��́
°¥¼n¤¸�ªµ¤�¦��oª�Ŵ­¤�¼¦�rÂ¨³¤¸�»�£µ¡Â¨oªŴ¥n°¤Å¤n
Á�·��µ¦Á�¨¸É¥�Â�¨�Â�oÅ��¸É�³�ÎµÅ�­¼n�µ¦¡�́�µ�»�£µ¡
�°��µ¦��́�¹��µ��µ¦¡¥µ�µ¨�¸É��̧¸É­»�Ŵ�¦³�°���́�µ¦
«¹�¬µª·�´¥Ä��¦³Á�È��°��µ¦�´��¹��µ��µ¦¡¥µ�µ¨
�¸É�nµ�¤µŴ­nª�Ä®�nÁ�}��µ¦­Îµ¦ª��{�®µÂ¨³°»�­¦¦�
Ä��µ¦�´��¹��µ��µ¦¡¥µ�µ¨Ŵ�¨°����{��´¥�nµ�Ç�¸É
Á�¸É¥ª�o°�Ŵ Ä�¦³�´�Ã¦�¡¥µ�µ¨�´ÉªÅ�Â¨³Ã¦�¡¥µ�µ¨
¤®µª·�¥µ¨¥́Ŵ�¹É�¥�́Å¤nÅ�o¤»n�Á�o�Ä��¦³Á�È��°��µ¦��́�¹�
�µ��µ¦¡¥µ�µ¨�¸É¤�̧»�£µ¡ŴÄ�¦³��́Ã¦�¡¥µ�µ¨�»¤��Ŵ
�¸É¤Ã̧�¦�­¦oµ��µ¦�¦·®µ¦�µ¦¡¥µ�µ¨Ŵª�́��¦¦¤°��r�¦
Â¨³�¦·���°�Ã¦�¡¥µ�µ¨Â���nµ��´�Ŵ�´��´Ê�Ŵ�¼oª·�´¥�¹�



�ĊĕĆčĕĆčĄĕåĄāąĕýĕĈĒ�čĕãĕăĕåøēĊĔüĐĐâğêĘąèğĎüĚĐ

þĿúĘħ�����êýĔýúĘħ�����øěĈĕåĄ���ûĔüĊĕåĄ�����

­�Ä�«¹�¬µªnµ¡¥µ�µ¨ª·�µ�¡̧ŴÃ¦�¡¥µ�µ¨�»¤��Ŵ¦�́¦¼oªnµ
��¤�̧µ¦��́�¹��µ¦¡¥µ�µ¨�¸É¤�̧»�£µ¡®¦º°Å¤nŴÄ�¦³��́
Ä�ŴÂ¨³�µ¦¦´�¦¼o�µ¦�´��¹��µ¦¡¥µ�µ¨�¸É¤¸�»�£µ¡Â��
�nµ���́�µ¤�»�¨�́¬�³�°�¡¥µ�µ¨®¦º°Å¤nŴÁ¡ºÉ°�Îµ�¨�¸É
Å�oÅ�Á�}��o°¤¼̈ Á�ºÊ°��o�Ä��µ¦¡�́�µÄ®o¡¥µ�µ¨ª·�µ�¡̧
¤¸�µ¦�´��¹��µ��µ¦¡¥µ�µ¨�¸É¤¸�»�£µ¡�n°Å�

����¤��Ý�|zÐw���¡}��
Ŵ ��Ŵ Á¡ºÉ°«¹�¬µ�µ¦�´��¹��µ¦¡¥µ�µ¨�¸É¤¸
�»�£µ¡�µ¤�µ¦¦´�¦¼o�°�¡¥µ�µ¨ª·�µ�¸¡Ŵ Ã¦�¡¥µ�µ¨
�»¤��ŴÁ��Ŵ��Ŵ
Ŵ ��Ŵ Á¡ºÉ°Á�¦¥̧�Á�¥̧��µ¦��́�¹��µ¦¡¥µ�µ¨�¸É
¤¸�»�£µ¡�µ¤�µ¦¦´�¦¼o�°�¡¥µ�µ¨ª·�µ�¸¡ŴÃ¦�¡¥µ�µ¨
�»¤��ŴÁ��Ŵ��Ŵ�ÎµÂ���µ¤�¨»n¤�»�¨´�¬�³¡¥µ�µ¨
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 �o°¤¼̈ �¸ÉÅ�o�µ��µ�ª·�¥́Á¦ºÉ°��¸ÊÁ�}�­nª�®�¹É��°�
�µ¦«¹�¬µÁ¦ºÉ°�°��r�¦³�°��{��´¥�¸É¤¸°·��·¡¨�n°�µ¦
�´��¹��µ¦¡¥µ�µ¨�¸É¤¸�»�£µ¡�°�¡¥µ�µ¨ª·�µ�¸¡Ŵ 
Ã¦�¡¥µ�µ¨�»¤��Á��Ŵ���°���³�¼oª·�¥́4Ŵ�¹É�¤ª̧·��̧µ¦Ä�
�µ¦�ÎµÁ�·��µ¦ª·�´¥�´��¸Ê
 �¦³�µ�¦Â¨³�¨»n¤�´ª°¥nµ�Ŵ Á�}�¡¥µ�µ¨
ª·�µ�¡̧�¸É��·��́·�µ�Ä��¨»n¤�µ¦¡¥µ�µ¨�¦³�Îµ®°�¼o�iª¥Ŵ
¦³¥³Áª¨µ��·�´�·�µ��´Ê�Â�nŴ �Ŵ�e�¹Ê�Å�Ŵ Ä�Ã¦�¡¥µ�µ¨
�»¤��Á��Ŵ��Ŵ£µ��³ª´�°°�Á�¸¥�Á®�º°Å�oÂ�nŴ �´�®ª´�
�µ¯­·��»rŴ ��¦¡�¤Ŵ¤»��µ®µ¦Ŵ Â¨³­�¨��¦Ŵ �Îµ�ª�Ŵ
��ŴÂ®n�ŴÃ�¥�Îµ�µ¦«¹�¬µ�µ��¦³�µ�¦�´Ê�®¤�Ŵ�Îµ�ª�Ŵ 
���Ŵ��Ŵ
 Á�¦ºÉ°�¤º°�¸ÉÄ�oÄ��µ¦ª·�¥́ŴÁ�}�Â��­°��µ¤�¸É
�¼oª·�´¥­¦oµ��¹Ê�Ŵ�¦³�°��oª¥Ŵ­nª��¸ÉŴ�Ŵ�o°¤¼¨­nª��»��¨Ŵ
Å�oÂ�nŴ °µ¥»Ŵ ¦³�´��µ¦«¹�¬µŴ ��µ�Ã¦�¡¥µ�µ¨�»¤��
�¸É��·�´�·�µ�°¥¼nŴ ¦³¥³Áª¨µÄ��µ¦��·�´�·�µ�Ä�Â���
�{��»�´�Ŵ Â¨³�µ¦Å�o¦´��µ¦°�¦¤Á�¸É¥ª�´��µ¦�´��¹�
�µ¦¡¥µ�µ¨Ŵ Á�}�Â��Ä®oÁ¨º°��°�Â¨³Á�·¤�ÎµŴ ­nª�
�¸ÉŴ �ŴÂ��­°��µ¤Á�¸É¥ª�´��µ¦�´��¹��µ¦¡¥µ�µ¨�¸É¤¸
�»�£µ¡�µ¤�µ¦¦´�¦¼o�°�¡¥µ�µ¨ª·�µ�¸¡Ŵ�¸É�¼oª·�´¥­¦oµ�
�¹Ê��µ��µ¦���ª�Á°�­µ¦�µ�ª·�´¥�¸ÉÁ�¸É¥ª�o°�Ŵ Á�}�
¤µ�¦µ­nª��¦³¤µ��nµŴ�UDWLQJŴVFDOH�Ŵ�Ŵ¦³�´�Ŵ���Ŵ�Ŵ

�³Â���Ŵ�´Ê�Â�nÁ®È��oª¥�o°¥�¸É­»��¹�Á®È��oª¥°¥nµ�¥·É�Ŵ¤¸
�Îµ�ª�Ŵ��Ŵ�o°ŴÂ�¨�¨¦³�´��µ¦�´��¹��µ¦¡¥µ�µ¨�¸É¤¸
�»�£µ¡�°��³Â��Á�¨¸É¥�¸ÉÅ�oŴ Ã�¥Ä�o¡·­´¥�°��³Â��Ŵ
��³Â��­¼�­»�¨��³Â���ÎÉµ­»��Ŵ®µ¦�oª¥�Îµ�ª��¨»n¤�¸É
�o°��µ¦Ŵ��Ŵ�¨»n¤�Ŵ
� �µ¦�¦ª�­°��»�£µ¡Á�¦ºÉ°�¤º°��¦ª�­°�
�ªµ¤�¦��µ¤Á�ºÊ°®µŴ �FRQWHQWŴ YDOLGLW\�Ŵ Ã�¥�¼o�¦�
�»�ª»�·Ŵ�Îµ�ª�Ŵ�Ŵ�nµ�Ŵ�µ��´Ê��ÎµÅ���¨°�Ä�oÄ��¨»n¤�¸É
¤¸�»�¨´�¬�³�¨oµ¥�¨¹��´��¨»n¤�´ª°¥nµ��Îµ�ª�Ŵ��Ŵ��Ŵ
Â¨³®µ�nµ�ªµ¤Á�ºÉ°¤´É�Ŵ �UHOLDELOLW\�Ŵ�°�Â��­°��µ¤
Ã�¥Ä�o­¤́�¦³­·��·ÍÂ°¨¢µ�°��¦°��µ�ŴÅ�o�nµ�ªµ¤Á�ºÉ°
¤´É�Á�nµ�´�Ŵ����
� �µ¦Á�È�¦ª�¦ª¤�o°¤¼̈ Ŵ�o°¤¼̈ �°��µ�ª·�¥́Á¦ºÉ°�
�¸ÊÁ�}��o°¤¼¨�»�·¥£¼¤·Ŵ �µ��µ¦«¹�¬µÁ¦ºÉ°�°��r�¦³�°�
�{��´¥�¸É¤¸°·��·¡¨�n°�µ¦�´��¹��µ¦¡¥µ�µ¨�¸É¤¸�»�£µ¡
�°�¡¥µ�µ¨ª·�µ�¡̧ŴÃ¦�¡¥µ�µ¨�»¤��ŴÁ��Ŵ��Ŵ�°���³
�¼oª·�¥́4Ŵ�¹É�Á­�°Ã�¦��µ¦�n°��³�¦¦¤�µ¦�¦·¥�¦¦¤�µ¦
ª·�¥́Ä�¤�»¬¥rŴ¤®µª·�¥µ¨¥́�°�Â�n�ŴÅ�o¦�́�ªµ¤Á®È��°�
Â¨³°�»¤´�·Ä®o�ÎµÁ�·��µ¦ª·�´¥Å�oŴ ­n�Â��­°��µ¤�µ�
Å�¦¬�¸¥rŴ Å�o¦´�Â��­°��µ¤­¤�¼¦�r�º��Îµ�ª�Ŵ���Ŵ
��´�Ŵ�·�Á�}�¦o°¥¨³Ŵ����
� �µ¦ª·Á�¦µ³®r�o°¤¼¨� �¼oª·�´¥�Îµ�µ¦ª·Á�¦µ³®r
�o°¤¼̈ �µ¤¦³Á�¥̧�ª·��̧µ�­�·�·ŴÃ�¥Ä�oÃ�¦Â�¦¤­ÎµÁ¦È�¦¼�Ŵ
6366Ŵ IRUŴ:LQGRZVŴ�¹É�¤¸�´Ê��°�Ä��µ¦ª·Á�¦µ³®rŴ�´��¸ÊŴ
��Ŵ�o°¤¼¨­nª��»��¨Ŵª·Á�¦µ³®rÃ�¥Ä�o�ªµ¤�¸ÉŴÂ¨³¦o°¥¨³Ŵ 
��Ŵ �µ¦�´��¹��µ¦¡¥µ�µ¨�¸É¤¸�»�£µ¡�µ¤�µ¦¦´�¦¼o
�°�¡¥µ�µ¨ª·�µ�¸¡Ŵ ª·Á�¦µ³®rÃ�¥Ä�o�nµÁ�¨¸É¥Â¨³­nª�
Á�¸É¥�Á��¤µ�¦�µ�Ŵ ��Ŵ Á�¦¸¥�Á�¸¥��µ¦�´��¹��µ¦
¡¥µ�µ¨�¸É¤¸�»�£µ¡�µ¤�µ¦¦´�¦¼o�°�¡¥µ�µ¨ª·�µ�¸¡Ŵ
�ÎµÂ���µ¤�¨»n¤¥n°¥�°��»�¨´�¬�³¡¥µ�µ¨Ŵ Å�oÂ�nŴ
°µ¥»Ŵ ¦³�´��µ¦«¹�¬µŴ ��µ��°�Ã¦�¡¥µ�µ¨�¸É��·�´�·
�µ�ŴÂ¨³�¦³­��µ¦�r�µ¦°�¦¤Á�¸É¥ª�´��µ¦�´��¹��µ¦
¡¥µ�µ¨Ŵ Ã�¥Ä�o�µ¦ª·Á�¦µ³®r�ªµ¤Â�¦�¦ª�Â���µ�
Á�¸¥ªŴ�2QH�:D\Ŵ$129$�ŴÂ¨³��­°��ªµ¤Â���nµ�
¦³®ªnµ��¼nÃ�¥ª·�¸Ŵ /6'Ŵ�/HDVWŴ6LJQLűFDQWŴ'LIIHUHQFH�Ŵ 
�¹É��¼oª·�´¥Å�o�Îµ�µ¦��­°��o°��¨�Á�ºÊ°��o�¡�ªnµ 
Á�}�Å��µ¤�o°�Îµ®��Ä��µ¦Ä�o­�·�·�µ¦ª·Á�¦µ³®r 
�ªµ¤Â�¦�¦ª�Ŵ
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Ú�w���¡}��
Ŵ ��Ŵ �o°¤¼¨­nª��»��¨�°�¡¥µ�µ¨ª·�µ�¸¡Ŵ 
Ã¦�¡¥µ�µ¨�»¤��ŴÁ��Ŵ��Ŵ�¸ÉÁ�}��¨»n¤�ª́°¥nµ�Ŵ¡�ªnµ­nª�
Ä®�n¤¸°µ¥»¦³®ªnµ�Ŵ�����Ŵ�e¦o°¥¨³Ŵ����Ŵ���µ¦«¹�¬µ
¦³�´��¦·��µ�¦¸®¦º°Á�¸¥�Á�nµ¦o°¥¨³Ŵ����Ŵ��·�´�·�µ�
Ä�Ã¦�¡¥µ�µ¨�»¤����µ�Ŵ�����ŴÁ�¥̧�¤µ��¸É­»�¦o°¥¨³Ŵ 
����Ŵ­nª�Ä®�n��·�´�·�µ�Ä�Â����¼o�iª¥Ŵ¤¸¦³¥³Áª¨µ
��·�´�·�µ�Ŵ���Ŵ�eŴ ¦o°¥¨³Ŵ����Ŵ ŴÂ¨³¤¸�¦³­��µ¦�r
�µ¦°�¦¤Á�¸É¥ª�´��µ¦�´��¹��µ¦¡¥µ�µ¨¦o°¥¨³Ŵ����Ŵ
Ŵ ��Ŵ ¡¥µ�µ¨ª·�µ�¡̧¦�́¦¼oªnµ��Á°�¤�̧µ¦��́�¹�
�µ��µ¦¡¥µ�µ¨�¸É¤�̧»�£µ¡�´Ê�Ä�£µ¡¦ª¤Â¨³¦µ¥�o°°¥¼n
Ä�¦³�´�¤µ�Ŵ Ã�¥¤¸�³Â��Á�¨¸É¥Ã�¥¦ª¤Á�nµ�´�Ŵ����Ŵ
�³Â��Ŵ Â¨³�³Â��Á�¨¸É¥¦µ¥�o°�´Ê�Â�nŴ ���������Ŵ
�³Â��Ŵ�¹É�­nª�Ä®�n¦´�¦¼oªnµ���´��¹��µ��µ¦¡¥µ�µ¨
�¸É¤¸�»�£µ¡°¥¼nÄ�¦³�´�¤µ��¹�¤µ��¸É­»�Ŵ Ã�¥�o°�ªµ¤
�¸É¡¥µ�µ¨�´��¹�¤µ��¸É­»�Á¤ºÉ°Á�¦¸¥�Á�¸¥��´�¦µ¥�µ¦ 
°ºÉ�ÇŴÅ�oÂ�nŴ�µ¦�´��¹�ª´�Á�º°��e�¸É�Îµ®�nµ¥Ŵ� x  �����Ŵ
�µ¦�´��¹��¦³Á£��µ¦�Îµ®�nµ¥Â¨³Ä®o�µ�·¨��µ¤
Å¤n¥·�¥°¤¦´�¬µÄ��¦�¸�¸É�¼o�iª¥Å¤n¥·�¥°¤¦´�¬µŴ � x
 �����Ŵ�µ¦�´��¹�ª´�Á�º°��eÁª¨µ�¸É��·�´�·�·��¦¦¤�µ¦
¡¥µ�µ¨Â¨³�¦³Á¤·��¼o�iª¥Ŵ� x  �����ŴÂ¨³�µ¦�´��¹�
�o°ª·�·��¥́�µ¦¡¥µ�µ¨Ŵ�µ¦ªµ�Â���µ¦¡¥µ�µ¨Á¤ºÉ°Â¦�
¦´�Ŵ � x  �����Ŵ­Îµ®¦´�¦µ¥�µ¦�¸É�´��¹��o°¥�¸É­»�Á¤ºÉ°
Á�¦¸¥�Á�¸¥��´��o°¦µ¥�µ¦°ºÉ�ÇŴ Å�oÂ�nŴ�µ¦�´��¹�Á�¸É¥ª
�´�Â��Â���µ¦�ÎµÁ�·��¸ª·��°��¼o�iª¥Ŵ� x  �����Ŵ�µ¦
�´��¹�Á�¸É¥ª�´��µ¦�¼Â¨��Á°��°��¼o�iª¥Ŵ � x  �����Ŵ
�µ¦�´��¹��µ¤Â��¢°¦r¤�µ¦�´��¹��µ¦¡¥µ�µ¨°¥nµ�
�¼��o°�Ŵ�¦��oª�Ŵ�´�Á��Ŵ Å�oÄ��ªµ¤Ŵ� x  �����Ŵ�µ¦
�´��¹��µ¦ªµ�Â���Îµ®�nµ¥�¼o�iª¥Ŵ � x  �����Ŵ �µ¦
�´��¹��¨�µ¦�¦³Á¤·��µ¦¦´�¦¼o�ÎµÂ�³�Îµ�¸ÉÄ®o�¼o�iª¥Â¨³
�µ�·Ŵ � x  �����Ŵ�µ¦�´��¹��{�®µÂ¨³�·��¦¦¤�¸É�o°�
�¼Â¨°¥nµ��n°Á�ºÉ°�Ŵ� x  �����ŴÂ¨³�µ¦��́�¹��o°ª·�·��¥́
�µ¦¡¥µ�µ¨Ŵ�µ¦ªµ�Â��¡¥µ�µ¨�¼o�iª¥�¸É�¦´�Á�¨¸É¥�
Ä®¤n�µ¤�{�®µ°¥nµ��n°Á�ºÉ°���Å�o¦´��µ¦Â�oÅ�Ŵ � x
 �����Ŵ�µ¤¨Îµ�´�
Ŵ ��Ŵ Á¤ºÉ°Á�¦¥̧�Á�¥̧��µ¦��́�¹��µ¦¡¥µ�µ¨�¸É
¤�̧»�£µ¡�ÎµÂ���µ¤�¨»n¤¥n°¥�°��»�¨�́¬�³¡¥µ�µ¨Ŵ
Å�oÂ�nŴ °µ¥»Ŵ ¦³�´��µ¦«¹�¬µŴ ��µ��°�Ã¦�¡¥µ�µ¨�¸É

��·�´�·�µ�Ŵ Â¨³�¦³­��µ¦�r�µ¦°�¦¤Á�¸É¥ª�´��µ¦
�´��¹��µ¦¡¥µ�µ¨Ŵ¡�ªnµ¡¥µ�µ¨�¸É��·�´�·�µ�°¥¼nÄ�
Ã¦�¡¥µ�µ¨�»¤���¸É¤¸��µ�Â���nµ��´�Ŵ¤¸�µ¦¦´�¦¼o�µ¦
�´��¹��µ¦¡¥µ�µ¨�¸É¤¸�»�£µ¡Â���nµ��´�°¥nµ�¤¸�´¥
­Îµ�´��µ�­�·�·�¸É¦³�´�Ŵ ����Ŵ �) Ŵ �����Ŵ S�YDOXH Ŵ
�����ŴÁ¤ºÉ°��­°��ªµ¤Â���nµ�¦³®ªnµ��¼nÃ�¥ª·�Ŵ̧/6'Ŵ
¡�ªnµ¡¥µ�µ¨�¸É��·�´�·�µ�°¥¼nÄ�Ã¦�¡¥µ�µ¨��µ�Ŵ��Ŵ
Á�¸¥�Ŵ¦´�¦¼oªnµ¤¸�µ¦�´��¹��µ��µ¦¡¥µ�µ¨Á�¨¸É¥�o°¥�ªnµ 
Ã¦�¡¥µ�µ¨��µ�Ŵ��ŴÁ�¸¥�Â¨³Ŵ�����ŴÁ�¸¥�Ŵ­nª��µ¦ 
¦�́¦¼o�µ¦��́�¹��µ¦¡¥µ�µ¨�¸É¤�̧»�£µ¡�ÎµÂ���µ¤�¨»n¤
�°�°µ¥»Ŵ ¦³�´��µ¦«¹�¬µŴÂ¨³�¦³­��µ¦�r�µ¦°�¦¤
Á�¸É¥ª�´��µ¦�´��¹��µ��µ¦¡¥µ�µ¨Å¤nÂ���nµ��´�Ŵ 
�S�YDOXHŴ!����Ŵ��µ¦µ��¸ÉŴ��
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Ŵ ��Ŵ �µ��¨�µ¦«¹�¬µŴ¡�ªnµŴ¡¥µ�µ¨¦´�¦¼oªnµ
��Á°�¤¸�µ¦�´��¹��µ��µ¦¡¥µ�µ¨�¸É¤¸�»�£µ¡�´Ê�Ä�
£µ¡¦ª¤Â¨³¦µ¥�o°°¥¼nÄ�¦³��́¤µ��¹�¤µ��¸É­»�Ŵ�´Ê��¸Ê°µ�
Á�ºÉ°��µ�Á�}��µ¦�¦³Á¤·��µ��µ¦¦�́¦¼o�°���Á°�Ŵ�¹É�Ã�¥
�´ÉªÅ�¤´��³�¦³Á¤·�­¼��ªnµ�ªµ¤Á�}��¦·�Ŵ°¥nµ�Å¦�È�µ¤Ŵ
�¨�¸ÉÅ�o�µ��µ¦�¦³Á¤·��µ¦¦´�¦¼o��Á°��°�¡¥µ�µ¨Å¤n
­°��¨o°��´��¨�µ��µ¦­»n¤�¦ª�Áª�¦³Á�¸¥�Ŵ Ã�¥�¨»n¤
�µ¦¡¥µ�µ¨Â¨³��³�¦¦¤�µ¦�¦ª�­°�Áª�¦³Á�¸¥�Ŵ
Ä�Ã¦�¡¥µ�µ¨�»¤��Á��Ŵ��Ŵ�¸É¡�ªnµ�µ¦�´��¹��µ��µ¦
¡¥µ�µ¨¥´��ÎÉµ�ªnµÁ�jµ®¤µ¥�¸É�Îµ®���º°Å¤n�¹�¦o°¥¨³Ŵ
��ŴÂ¨³­³�o°�Ä®oÁ®È�ªnµ�µ¦�´��¹��µ��µ¦¡¥µ�µ¨¥´�
Å¤n¤¸�»�£µ¡Ŵ Á�n�Ŵ�µ¦�´��¹��{�®µÂ¨³�ªµ¤�o°��µ¦
�°��¼o�iª¥¥´�Å¤n�¦°��¨»¤Ŵ Ŵ Å¤nÁ¦¸¥�¨Îµ�´��ªµ¤­Îµ�´�
�°��{�®µŴ �µ¦¦³�»�{�®µÅ¤n�¸ÊÁ�¡µ³Ä®oÁ®È��ªµ¤ 
Â���nµ�Ä��¼o�iª¥Â�n̈ ³¦µ¥ŴÁ�¥̧��ÎÊµ�o°�Ŵ�n°ÇŴ��́¤µ�µ�
Áª¦�n°�ÇŴ�{�®µÅ¤n�¦°��¨»¤�oµ��·�Ä�Â¨³Á«¦¬��·�Ŵ 
¥�́�µ��µ¦��́�¹�°µ�µ¦�¸É­Îµ��́Ŵ�µ�¦µ¥¨³Á°¥̧�Á�¸É¥ª��́
�·��¦¦¤�µ¦¡¥µ�µ¨�¸ÉÄ®oÂ�n�¼o�iª¥Ŵ�·��¦¦¤�µ¦¡¥µ�µ¨
Å¤nÁ�}�¦¼��¦¦¤Â¨³Å¤n¤¸�ªµ¤­°��¨o°��´��´��{�®µŴ
�µ¦�¦³Á¤·��¨Å¤nÂ­��Ä®oÁ®È��¹��ªµ¤�oµª®�oµ®¦º°
�µ¦�°�­�°��°��¼o�iª¥�n°�·��¦¦¤�µ¦¡¥µ�µ¨�¸ÉÄ®oŴ
Á�}��o�4Ŵ ­°��¨o°��´��µ¦«¹�¬µ�¸É�nµ�¤µ�¹É�¡��{�®µ
Ä��µ¦�´��¹��µ��µ¦¡¥µ�µ¨Ŵ Å�oÂ�nŴ �µ¦Å¤n­µ¤µ¦�
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¦³�»�{�®µÅ�o�¦��oª�Ŵ�¼��o°�Ŵ�o°ª·�·��´¥�µ¦¡¥µ�µ¨
Å¤n¤¸�o°¤¼¨­�´�­�»�Á¡¸¥�¡°Ŵ�·��¦¦¤�µ¦¡¥µ�µ¨Å¤n
­°��¨o°��´��{�®µÂ¨³Å¤nÁ�}�¦¼��¦¦¤Ŵ�µ¦�¦³Á¤·�
�¨Å¤n�¦°��¨»¤�¦³Á�È��{�®µŴÂ¨³�´��¹�Å¤n�n°Á�ºÉ°�
�¨°��µ¦¦´�¬µ¡¥µ�µ¨��Ŵ� 
Ŵ �µ��¨�µ¦ª·�´¥Á�}��¸É�nµ­´�Á��ªnµ¦µ¥�µ¦�¸É
¡¥µ�µ¨ª·�µ�¸¡¦´�¦¼oªnµ���´��¹�¤µ�Á¤ºÉ°Á�¦¸¥�Á�¸¥� 
�´�¦µ¥�µ¦°ºÉ�ÇŴ Å�oÂ�nŴ �µ¦�´��¹�ª´�Á�º°��e�¸É�Îµ®�nµ¥Ŵ
�µ¦�´��¹��¦³Á£��µ¦�Îµ®�nµ¥Â¨³Ä®o�µ�·¨��µ¤
Å¤n¥·�¥°¤¦´�¬µÄ��¦�¸�¸É�¼o�iª¥Å¤n¥·�¥°¤¦´�¬µŴ �µ¦
��́�¹�ª�́Á�º°��eÁª¨µ�¸É��·��́·�·��¦¦¤�µ¦¡¥µ�µ¨Â¨³
�¦³Á¤·��¼o�iª¥Ŵ Â¨³�µ¦�´��¹��o°ª·�·��´¥�µ¦¡¥µ�µ¨Ŵ
�µ¦ªµ�Â���µ¦¡¥µ�µ¨Á¤ºÉ°Â¦�¦´�Ŵ �¹É�Á�}��·��¦¦¤
�¸É¡¥µ�µ¨�¦³�ÎµÁ�}��¦³�ÎµŴ Á¤ºÉ°Â¦�¦´�®¦º°�Îµ®�nµ¥ 
�¼o�iª¥Ŵ �¨°����µ¦�´��¹�ª´�Áª¨µÁ¤ºÉ°Å�o��·�´�·
�·��¦¦¤�´��¼o�iª¥Ŵ­Îµ®¦´�¦µ¥�µ¦�¸É�´��¹��o°¥�¸É­»�Á¤ºÉ° 
Á�¦¥̧�Á�¥̧���́�o°¦µ¥�µ¦°ºÉ�ÇŴÅ�oÂ�nŴ�µ¦��́�¹�Á�¸É¥ª��́ 
Â��Â���µ¦�ÎµÁ�·��¸ª·��°��¼o�iª¥Ŵ�µ¦�´��¹�Á�¸É¥ª�´�
�µ¦�¼Â¨��Á°��°��¼o�iª¥Ŵ �µ¦�´��¹��µ¤Â��¢°¦r¤
�µ¦�´��¹��µ¦¡¥µ�µ¨°¥nµ��¼��o°�Ŵ�¦��oª�Ŵ�´�Á��Ŵ
Å�oÄ��ªµ¤Ŵ�µ¦�´��¹��µ¦ªµ�Â���Îµ®�nµ¥�¼o�iª¥Ŵ�µ¦
�´��¹��¨�µ¦�¦³Á¤·��µ¦¦´�¦¼o�ÎµÂ�³�Îµ�¸ÉÄ®o�¼o�iª¥Â¨³
�µ�·Ŵ�µ¦�´��¹��{�®µÂ¨³�·��¦¦¤�¸É�o°��¼Â¨°¥nµ��n°
Á�ºÉ°�ŴÂ¨³�µ¦��́�¹��o°ª·�·��¥́�µ¦¡¥µ�µ¨Ŵ�µ¦ªµ�Â��
¡¥µ�µ¨�¼o�iª¥�¸É�¦´�Á�¨¸É¥�Ä®¤n�µ¤�{�®µ°¥nµ��n°
Á�ºÉ°���Å�o¦�́�µ¦Â�oÅ�ŴÂ­��Ä®oÁ®È�ªnµ¡¥µ�µ¨¥�́��́�¹�
�o°¤¼¨Å¤nÁ¡¸¥�¡°Á�¸É¥ª�´�Â��Â���µ¦�ÎµÁ�·��¸ª·�Â¨³
�µ¦�¼Â¨��Á°��°��¼o�iª¥Ŵ�µ¦�´��¹��·��¦¦¤�¸É­³�o°�
�µ¦�¼Â¨�¼o�iª¥�µ¤�¦³�ª��µ¦¡¥µ�µ¨°¥nµ��n°Á�ºÉ°�Ŵ
Â¨³�»�£µ¡�µ¦�´��¹�°¥nµ��¼��o°�Ŵ�¦��oª�Ŵ�´�Á��Ŵ
Å�oÄ��ªµ¤Ŵ�¹É��¨�¸ÉÅ�oÁ�}�Ä�¨´�¬�³Á�¸¥ª�´��µ¦«¹�¬µ
­¤¦¦��³�µ¦��́�¹��µ��µ¦¡¥µ�µ¨�°�¡¥µ�µ¨�¦³�Îµ
�µ¦Â���®°�¼o�iª¥Ä�ŴÃ¦�¡¥µ�µ¨­¤Á�È�¡¦³�d~�Á�¨oµŴ�¸É
¡�ªnµ­¤¦¦��³�µ¦�´��¹��µ¦¡¥µ�µ¨�oµ��µ¦ª·�·��´¥
�µ��µ¦¡¥µ�µ¨Ŵ�µ¦ªµ�Â���µ¦¡¥µ�µ¨Ŵ�µ¦��·�´�·
�µ¦¡¥µ�µ¨ŴÂ¨³�µ¦�¦³Á¤·��¨�µ¦¡¥µ�µ¨�¸É­³�o°�
�¦³�ª��µ¦¡¥µ�µ¨¥´�°¥¼nÄ�¦³�´��µ��¨µ��Ŵ Â¨³
­°��¨o°��´��¨�µ¦­´�Á�¦µ³®r�µ�ª·�´¥°¥nµ�Á�}�¦³��

Á�¸É¥ª�´��µ¦�´��¹��µ��µ¦¡¥µ�µ¨Ŵ Ä��¦³Á�«°´��§¬Ŵ
¦³®ªnµ��eŴ��«�Ŵ���������Ŵ�Îµ�ª�Ŵ��ŴÁ¦ºÉ°�Ŵ�¸É¡�ªnµ
Á°�­µ¦�µ¦�´��¹��µ��µ¦¡¥µ�µ¨¥´�¤¸�o°¤¼¨Å¤nÁ¡¸¥�
¡°Ŵ�¸É­³�o°�Ä®oÁ®È��¦³�ª��µ¦¡¥µ�µ¨Ŵ�·��¦¦¤�µ¦
¡¥µ�µ¨�¸ÉÄ®oÂ�n�¼o�iª¥Ä��oµ��·�­´��¤Ŵª´���¦¦¤ŴÂ¨³
�·�ª·��µ�Ŵ�¨°����µ¦�¦³Á¤·��¼o�iª¥Á�¸É¥ª�´��ªµ¤
¦¼o�¸É�o°��µ¦Å�o¦´�Ŵ¡§�·�¦¦¤­»�£µ¡Ŵ�µ¦¦´�¦¼oÁ�¸É¥ª�´�
­»�£µ¡�´ÉªÅ�ŴÂ¨³�»�£µ¡�¸ª·��°��¼o�iª¥Ŵ Á�}��o��Ŵ�¹É�
�·��¦¦¤�nµ�ÇŴ�´��¨nµªÂ­��Ä®oÁ®È�ªnµ�µ¦��·�´�·�µ¤
�¦³�ª��µ¦¡¥µ�µ¨Ŵ¡¥µ�µ¨�o°�¤�̧ªµ¤¦¼oÁ®¤µ³­¤��́
�{�®µ�°��¼o�iª¥¦µ¥�»��¨Ŵ�´��µ¦«¹�¬µ�°��¦·¥�´��rŴ 
¡»�Á�¸¥ªÂ¨³��³�Ŵ �¸É«¹�¬µ�{��´¥�¸É Á�¸É¥ª�o°��n°
�µ¦�´��¹��µ��µ¦¡¥µ�µ¨�°�¡¥µ�µ¨ª·�µ�¸¡Ŵ Ä�
Ã¦�¡¥µ�µ¨­¦¦¡­·��·�¦³­��rŴ ¡�ªnµ�´��¹��µ��µ¦
¡¥µ�µ¨¥´��µ��ªµ¤�¦��oª��°�Á�ºÊ°®µ­µ¦³Ŵ�ªµ¤
�¼��o°��nµÁ�ºÉ°�º°Ŵ�ªµ¤�n°Á�ºÉ°�Â¨³�ªµ¤­¤ÎÉµÁ­¤°Ŵ�¹É�
­µÁ®�»­nª�®�¹É�¤µ�µ��µ¦�µ��ªµ¤­µ¤µ¦�Ä��µ¦
�´��¹�ŴÂ¨³�µ��ªµ¤¦¼oÁ¦ºÉ°��µ¦�´��¹�®¦º°�µ¦¡¥µ�µ¨
�¸ÉÁ®¤µ³­¤Ä��¼o�iª¥Â�n¨³¦µ¥ŴÂ¨³�µ��¨�µ¦ª·�´¥Á¦ºÉ°�
°��r�¦³�°��{��¥́Ä��µ¦��́�¹��µ¦¡¥µ�µ¨�¸É¤�̧»�£µ¡
�°�¡¥µ�µ¨ª·�µ�¸¡Ã¦�¡¥µ�µ¨�»¤��Á��Ŵ��Ŵ�°���³ 
�¼oª·�¥́ŴÃ�¥Ä�o�µ¦ª·Á�¦µ³®r°��r�¦³�°�Ŵ�IDFWRUŴDQDO\VLV�Ŵ
¡�ªnµ�ª́�¸Êª�́®�¹É�Ä��µ¦��́�¹��µ¦¡¥µ�µ¨�¸É¤�̧»�£µ¡Ŵ
Å�oÂ�nŴ Ŵ �µ¦¤¸�ªµ¤¦¼o�°�¡¥µ�µ¨Ä�Á¦ºÉ°�°µ�µ¦Ŵ°µ�µ¦
Â­��Ŵ£µª³Â�¦��o°��°�Ã¦�Ŵ�µ¦��·�´�·�µ¦¡¥µ�µ¨
�µ¤�¦³�ª��µ¦¡¥µ�µ¨Â¨³�µ¦�ÎµÅ�Ä�oŴÂ¨³®¨�́�µ¦
�´��¹��µ¦¡¥µ�µ¨�¸É¤¸�»�£µ¡°¥nµ��¼��o°�Ŵ�¦��oª�Ŵ
�´�Á��ŴÅ�oÄ��ªµ¤4

Ŵ ��Ŵ Á¤ºÉ°Á�¦¥̧�Á�¥̧��µ¦��́�¹��µ¦¡¥µ�µ¨�¸É
¤¸�»�£µ¡�µ¤�µ¦¦´�¦¼o�°�¡¥µ�µ¨ª·�µ�¸¡ŴÃ¦�¡¥µ�µ¨
�»¤��Ŵ Á��Ŵ ��Ŵ �ÎµÂ���µ¤�¨»n¤¥n°¥�°��»�¨´�¬�³
¡¥µ�µ¨Ŵ¡�ªnµ�µ¦¦�́¦¼o�°�¡¥µ�µ¨ª·�µ�¡̧ŴÃ¦�¡¥µ�µ¨
�»¤��Â���nµ��´�Á�¡µ³��µ��°�Ã¦�¡¥µ�µ¨Á�nµ�´Ê�Ŵ
Ã�¥¡¥µ�µ¨�¸É��·�´�·�µ�°¥¼nÄ�Ã¦�¡¥µ�µ¨��µ�Ŵ 
��Ŵ Á�¸¥�Ŵ ¦´�¦¼oªnµ��¤¸�µ¦�´��¹��µ��µ¦¡¥µ�µ¨Á�¨¸É¥
�o°¥�ªnµÃ¦�¡¥µ�µ¨��µ�Ŵ��ŴÁ�¸¥�Â¨³Ŵ�����ŴÁ�¸¥�Ŵ
�´Ê��¸Ê°µ�Á�ºÉ°��µ�Ã¦�¡¥µ�µ¨��µ�Ŵ��ŴÁ�¸¥�Ŵ¡¥µ�µ¨
�o°��¼Â¨�¼o�iª¥�¸É¤°̧µ�µ¦®¦º°Ã¦��¸É��́�o°�¤µ��ªnµŴÂ¨³
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¤¸£µ¦³�µ��¸É¤µ��ªnµÃ¦�¡¥µ�µ¨��µ�Ŵ��Ŵ Á�¸¥�ŴÂ¨³Ŵ
�����Ŵ Á�¸¥�Ŵ �ÎµÄ®o¤¸�o°�Îµ�´��°�Áª¨µÄ��µ¦�´��¹�
�µ��µ¦¡¥µ�µ¨Ŵ�¨�¸ÉÅ�o­°��¨o°��´��µ¦¡´��µ�µ¦
��́�¹��µ��µ¦¡¥µ�µ¨�°��¨»n¤�µ¦¡¥µ�µ¨Ã¦�¡¥µ�µ¨
¦o°¥Á°È�Ŵ �¸É�Îµ�µ¦�¦´�Á�¨¸É¥�¦¼�Â���µ¦�´��¹�Ä®o
Á®¤µ³­¤�´��¦·���°�Ã¦�¡¥µ�µ¨Ŵ Ã�¥�µ¦�´��¦³�»¤
Á�·���·�´�·�µ¦Á¡ºÉ°Á¡·É¤°��r�ªµ¤¦¼oÁ�¸É¥ª�´��µ¦�´��¹�
�µ��µ¦¡¥µ�µ¨ŴÂ¨³Á�o��¦³�ª��µ¦¤¸­nª�¦nª¤�°�
¡¥µ�µ¨Ä��µ¦ª·Á�¦µ³®r�{�®µŴªµ�Â��Ŵ Á¨º°�¦¼�Â��
Â¨³�Îµ®��Â�ª�µ�Ä��µ¦��·��́·¦nª¤��́Ŵ�¹É��µ¦�·��µ¤
�¨£µ¥®¨´��µ¦�Îµ¦¼�Â���¸É¡´��µÅ�Ä�o¡�ªnµ�»�£µ¡
�µ¦�´��¹��µ��µ¦¡¥µ�µ¨�¸�¹Ê��ªnµÁ�·¤ŴÂ�n¥´�Å¤n�¦¦¨»
Á�jµ®¤µ¥�¸É�Îµ®��Åªo�µ¤Á���r¦o°¥¨³Ŵ��Ŵ�´Ê��¸ÊÁ�ºÉ°��µ�
¡¥µ�µ¨¤£̧µ¦³�µ�°ºÉ�¤µ�ŴÂ¨³�ªµ¤¦¼oÁ¦ºÉ°�Ã¦��nµ�ÇŴ¥�́
¤¸Å¤nÁ¡¸¥�¡°�Ŵ­nª��µ¦¦´�¦¼o�µ¦�´��¹��µ¦¡¥µ�µ¨�¸É¤¸
�»�£µ¡�ÎµÂ���µ¤�¨»n¤�°�°µ¥»Ŵ ¦³�´��µ¦«¹�¬µŴÂ¨³
�¦³­��µ¦�r�µ¦°�¦¤Á�¸É¥ª�´��µ¦�´��¹��µ¦¡¥µ�µ¨
¡�ªnµÅ¤nÂ���nµ��´�Ŵ�¨�¸ÉÅ�o­°��¨o°��´��{�®µ�µ¦
�´��¹��µ��µ¦¡¥µ�µ¨Ä��{��»�´��¸É¡�ªnµ¡¥µ�µ¨
°µª»Ã­�µ�­nª�ª·�·��´¥�µ¦¡¥µ�µ¨Å¤nÅ�oŴ �´�«¹�¬µ�¸É
Á¦¥̧��¦·��µÃ�­nª�¤µ�ª·�·��¥́�µ¦¡¥µ�µ¨Å¤n�Å̧��ªnµ
�´�«¹�¬µ¡¥µ�µ¨¦³�´��¦·��µ�¦¸Ŵ �´Ê��e�¸ÉŴ �Ŵ¡¥µ�µ¨
��Ä®¤n�¸ÉÁ¡·É�Á¦¸¥�¦¼oÅ¤nÅ�oÄ�o�¦³�ª��µ¦¡¥µ�µ¨Ä�
�µ¦�´��¹�°¥nµ��n°Á�ºÉ°�Ŵ�ÎµÄ®o¨º¤Â¨³Á¨·�Ä�oŴ Â¨³�µ�
¡¥µ�µ¨°µª»Ã­�¸ÉÁ�}�¡¸ÉÁ¨¸Ê¥�Ä��µ¦Ä�o�¦³�ª��µ¦
¡¥µ�µ¨Ä��µ¦�´��¹���Ŵ �¹É�­³�o°�Ä®oÁ®È�ªnµ�»�£µ¡
�µ¦�´��¹��µ��µ¦¡¥µ�µ¨�¸É�¸Á�}��¨¤µ�µ��{��´¥
�oµ�°ºÉ�ÇŴ¤µ��ªnµ�»�¨´�¬�³­nª��»��¨�°�¡¥µ�µ¨Ŵ
Â¨³­°��¨o°��´��µ¦«¹�¬µ°��r�¦³�°��{��´¥Ä��µ¦
�´��¹��µ¦¡¥µ�µ¨�¸É¤¸�»�£µ¡�°�¡¥µ�µ¨ª·�µ�¸¡ 
Ã¦�¡¥µ�µ¨�»¤��Á��Ŵ��Ŵ�°���³�¼oª·�¥́Ŵ�¸É¡�ªnµ�{��¥́Ä�
�µ¦�´��¹��µ¦¡¥µ�µ¨�¸É¤¸�»�£µ¡�°�¡¥µ�µ¨ª·�µ�¸¡Ŵ 
Ã¦�¡¥µ�µ¨�»¤��Ŵ �¦³�°��oª¥�{��´¥�oµ��Ã¥�µ¥
�°�°��r�¦Â¨³�µ¦Å�o¦´��µ¦­�´�­�»��µ��¼o�¸ÉÁ�¸É¥ª�o°�Ŵ
�{��´¥�oµ��´«���·Ŵ �{��´¥�oµ��´�¬³�µ¦�´��¹�Ŵ�{��´¥
�oµ��ªµ¤¦¼oŴÂ¨³�{��´¥�oµ��µ¦¤°�®¤µ¥�µ�ŴÃ�¥�´Ê�Ŵ�Ŵ
°��r�¦³�°�­µ¤µ¦�¦nª¤�´�°�·�µ¥�ªµ¤Â�¦�¦ª�Å�o

¦o°¥¨³Ŵ�����Ŵ�¹É��º°ªnµ°¥¼nÄ�¦³�´��¸�¸É­µ¤µ¦�Â¥�°��r
�¦³�°��¸É­Îµ��́Ä��µ¦��́�¹��µ¦¡¥µ�µ¨�¸É¤�̧»�£µ¡4

xi�ª�Ù�«ÙÝ
Ŵ ��Ŵ �ª¦�¨¼� {�Ä®o¡¥µ�µ¨�¦³®�´�Â¨³Á®È�
�ªµ¤­Îµ�´��°��µ¦�´��¹��µ��µ¦¡¥µ�µ¨�¸É¤¸�»�£µ¡Ŵ
Â¨³­µ¤µ¦��´��¹��µ¤®¨´��µ¦�´��¹��µ¦¡¥µ�µ¨�¸É
¤¸�»�£µ¡°¥nµ��¼��o°�Ŵ�¦��oª�Ŵ�´�Á��Ŵ Å�oÄ��ªµ¤�¸É
­³�o°��µ¦��·��́·�µ¦¡¥µ�µ¨�µ¤�¦³�ª��µ¦¡¥µ�µ¨
°¥nµ��n°Á�ºÉ°�Ŵ�¦³�°��oª¥Ŵ�µ¦�¦³Á¤·��¼o¦�́�¦·�µ¦Ŵ�µ¦
�´Ê��o°ª·�·��´¥�µ¦¡¥µ�µ¨Ŵ�µ¦ªµ�Â��Ŵ�µ¦��·�´�·�µ¦
¡¥µ�µ¨Â¨³�µ¦�¦³Á¤·��¨�µ¦¡¥µ�µ¨Ŵ Ã�¥�¼o�¦·®µ¦
�µ¦¡¥µ�µ¨�ª¦�´��µ¦°�¦¤ª·�¸�µ¦�´��¹��¸É¤¸�»�£µ¡Ŵ
�µ¦¡¥µ�µ¨�¸ÉÁ®¤µ³­¤Ä��¼o�iª¥Â�n¨³¦µ¥ŴÂ¨³�Îµ®��
Ã�¦�­¦oµ��°�Â���´��¹��¸É¤¸Á�jµ®¤µ¥�¦°��¨»¤
�¦³�ª��µ¦¡¥µ�µ¨
Ŵ ��Ŵ �µ¦�¸É¡¥µ�µ¨¦´�¦¼o�µ¦�´��¹��µ��µ¦
¡¥µ�µ¨�¸É¤¸�»�£µ¡Ŵ Ã�¥�¦³Á¤·���Á°�­¼��ªnµ�ªµ¤
Á�}��¦·�Ŵ Ä��µ���·�´�·�¼o�¦·®µ¦�µ¦¡¥µ�µ¨�o°�¤¸
�µ¦�¦³Á¤·�Ã�¥�¦ª�­°��»�£µ¡�µ¦�´��¹��µ��µ¦
¡¥µ�µ¨�µ�Áª�¦³Á�¸¥��ª��¼nÅ��oª¥Ŵ ¤¸�µ¦�·Á�«
�·��µ¤°¥nµ��n°Á�ºÉ°�Ŵ Â¨³�´�°´�¦µ�Îµ¨´�Ä®oÁ®¤µ³­¤Ŵ
Á¡ºÉ°­n�Á­¦·¤Ä®o¡¥µ�µ¨­µ¤µ¦��´��¹��µ¦¡¥µ�µ¨�¸É¤¸
�»�£µ¡�n°Å�Ŵ
Ŵ ��Ŵ �µ¦�¸É¡¥µ�µ¨¦´�¦¼o�µ¦�´��¹��µ��µ¦
¡¥µ�µ¨�¸É¤¸�»�£µ¡Ŵ Â���nµ��´��µ¤��µ��°� 
Ã¦�¡¥µ�µ¨ŴÃ�¥¡¥µ�µ¨�¸É��·��́·�µ�°¥¼nÄ�Ã¦�¡¥µ�µ¨
��µ�Ŵ��ŴÁ�¸¥�Ŵ¦´�¦¼oªnµ��¤¸�µ¦�´��¹��µ��µ¦¡¥µ�µ¨
�o°¥�ªnµÃ¦�¡¥µ�µ¨�¸É¤¸��µ�Á¨È��ªnµŴ�¹É�°µ�Á�ºÉ°��µ�
�ªµ¤�´��o°��°�Ã¦��¼o�iª¥�¸É�o°��¼Â¨Â¨³£µ¦³�µ��¸É 
¤µ��ªnµŴ��́�´Ê��¼o�¦·®µ¦�µ¦¡¥µ�µ¨�ª¦��́Ä®o¤�̧µ¦�¦³�»¤ 
Á�·���·�´�·�µ¦Á¡ºÉ°Á¡·É¤°��r�ªµ¤¦¼oÁ�¸É¥ª�´��µ¦�¼Â¨ 
�¼o�iª¥Ä�Ã¦��nµ�ÇŴ�¸É�´��o°�Â¨³¡�Å�o�n°¥Ŵ�¨°���
Á�o��¦³�ª��µ¦¤­̧nª�¦nª¤�°�¡¥µ�µ¨Ä��µ¦ª·Á�¦µ³®r
�{�®µŴªµ�Â��ŴÁ¨º°�¦¼�Â��ŴÂ¨³�Îµ®��¤µ�¦�µ��µ¦
��́�¹��µ��µ¦¡¥µ�µ¨Ä®o��́Á��Â¨³Á®¤µ³­¤��́�¦·��
�°�Ã¦�¡¥µ�µ¨
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¡¥µ�µ¨�Ŵ¦µ¥�µ��µ¦�¦³�»¤ª·�µ�µ¦Á¦ºÉ°�Ŵv��́�¹�
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Ŵ Ŵ ��µ��°�Ã¦�¡¥µ�µ¨�¸É¡¥µ�µ¨ª·�µ�¸¡��·�´�·�µ�Ŵ�QŴ Ŵ����

��µ��°�Ã¦�¡¥µ�µ¨�¸É��·�´�·�µ� �Îµ�ª������ x SD F-test p-value
�����ŴÁ�¸¥� ��� ���� ���� ����

��ŴÁ�¸¥� ��� ����
��ŴÁ�¸¥� ��� ����
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Abstract
Ŵ 7KHŴSXUSRVHVŴRIŴWKLVŴGHVFULSWLYHŴUHVHDUFKŴVWXG\ŴZHUHŴWRŴűQGŴRXWŴQXUVHVuŴSHUFHSWLRQŴRIŴTXDOLW\ŴQXUVLQJŴ
GRFXPHQWDWLRQV�Ŵ DQGŴ WRŴ FRPSDUHŴQXUVHVuŴSHUFHSWLRQŴRIŴTXDOLW\ŴQXUVLQJŴGRFXPHQWDWLRQVŴ IRUŴ VHYHUDOŴ FDWHJRULHVŴ
RIŴQXUVHŴFKDUDFWHULVWLFV�Ŵ7KHŴVWXG\ŴSRSXODWLRQŴZDVŴUHJLVWHUHGŴQXUVHVŴZRUNLQJŴDWŴOHDVWŴRQHŴ\HDUŴLQŴ��WK 5HJLRQŴ
&RPPXQLW\Ŵ+RVSLWDOV�Ŵ1RUWKHDVWŴ5HJLRQ�Ŵ$OOŴRIŴ���ŴQXUVHVŴZHUHŴLQFOXGHGŴLQŴWKLVŴVWXG\�Ŵ7RŴPHDVXUHŴQXUVHVuŴ
SHUFHSWLRQŴRIŴTXDOLW\ŴQXUVLQJŴGRFXPHQWDWLRQV�ŴDŴTXHVWLRQQDLUHŴZDVŴGHYHORSHGŴIRUŴWKLVŴVWXG\�Ŵ7KLVŴ���LWHPŴVFDOH�Ŵ
ZKLFKŴZDVŴEDVHGŴRQŴDŴSUHYLRXVŴVWXG\�ŴZDVŴVFRUHGŴRQŴDŴűYH�SRLQWŴVFDOHŴIURPŴ�Ŵ�VWURQJO\ŴGLVDJUHH�ŴWRŴ�Ŵ�VWURQJO\Ŵ
DJUHH��Ŵ7KHŴFRQWHQWŴYDOLGLW\ŴZDVŴH[SORUHGŴE\ŴVHYHQŴH[SHUWVŴDQGŴ&URQEDFKuVŴDOSKDŴFRHIűFLHQWŴZDVŴ����ŴIRUŴLWVŴ
UHOLDELOLW\�Ŵ2IŴ���ŴTXHVWLRQQDLUHVŴGLVWULEXWHGŴE\ŴPDLO�Ŵ���ŴYDOLGŴTXHVWLRQQDLUHVŴZHUHŴUHWXUQHG�Ŵ\LHOGLQJŴDŴUHVSRQVHŴ
UDWHŴRIŴ������Ŵ)UHTXHQF\�ŴSHUFHQWDJH�ŴDYHUDJH�ŴVWDQGDUGŴGHYLDWLRQ�ŴDQGŴ2QH�:D\Ŵ$129$ŴZHUHŴSHUIRUPHGŴIRUŴ
GDWDŴDQDO\VLV�Ŵ
Ŵ 7KHŴUHVXOWVŴZHUHŴDVŴIROORZV�Ŵ��Ŵ7KHŴRYHUDOOŴQXUVHVuŴSHUFHSWLRQŴRIŴTXDOLW\ŴQXUVLQJŴGRFXPHQWDWLRQVŴZDVŴ
DVŴDŴKLJKŴOHYHOŴ� x  ������Ŵ+RZHYHU�ŴWKHŴVWXG\ŴVKRZHGŴLQDGHTXDWHŴGRFXPHQWDWLRQVŴRIŴSDWLHQWVuŴOLIHŴSDWWHUQV�Ŵ
SDWLHQWVuŴVHOIŴFDUHŴDQGŴZULWWHQŴUHFRUGVŴE\ŴSURYLGLQJŴFRUUHFW�ŴFRPSOHWH�ŴFOHDUŴDQGŴFRQFLVHŴLQIRUPDWLRQ�Ŵ7KHUHŴZHUHŴ
DOVRŴLQVXIűFLHQWŴGRFXPHQWDWLRQVŴDERXWŴGLVFKDUJHŴSODQ�ŴDVVHVVPHQWŴRIŴSDWLHQWVuŴSHUFHSWLRQŴIRUŴJLYHQŴNQRZOHGJH�Ŵ
QXUVLQJŴGLDJQRVHVŴDQGŴFDUHŴSODQVŴZKLFKŴPRGLűHGŴFRQWLQXRXVO\Ŵ UHODWHGŴ WRŴSDWLHQWVuŴSUREOHPV�Ŵ��Ŵ7RŴFRPSDUHŴ
QXUVHVuŴSHUFHSWLRQŴRIŴTXDOLW\ŴQXUVLQJŴGRFXPHQWDWLRQVŴIRUŴVHYHUDOŴFDWHJRULHVŴRIŴQXUVHŴFKDUDFWHULVWLFV�ŴDŴGLIIHUHQFHŴ
H[LVWHGŴDPRQJŴWKHŴSHUFHSWLRQŴRIŴTXDOLW\ŴQXUVLQJŴGRFXPHQWDWLRQVŴIRUŴJURXSVŴRIŴKRVSLWDOŴVL]HŴ�) Ŵ�����ŴS�YDOXH Ŵ
������Ŵ+RZHYHU�ŴWKHŴSHUFHSWLRQŴIRUŴJURXSVŴRIŴDJH�ŴHGXFDWLRQDOŴOHYHO�ŴWUDLQLQJŴH[SHULHQFHŴRIŴUHFRUGLQJŴZHUHŴQRWŴ
GLIIHUHQWŴ�S�YDOXHŴ!�����Ŵ

.H\ZRUGV�� QXUVLQJŴGRFXPHQWDWLRQ�ŴTXDOLW\ŴQXUVLQJŴGRFXPHQWDWLRQ 
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Ŵ ª´�Á¡È�ŴŴ�ª�¤µ¨µ ¡¥���*Ŵ °¦�¦ŴŴ¤µ¨µ®°¤Ŵª��¤�Ŵ�¡¥µ�µ¨�**

��z���h�
Ŵ �µ¦ª·�¥́�¦´Ê��¸ÊŴŴÁ�}��µ¦ª·�¥́Â¨³¡�́�µŴÁ¡ºÉ°¡�́�µ¦³���µ¦�¼Â¨�¼o�iª¥®¨�́�nµ��́ŴÃ�¥Ä�o�µ¦��́�µ¦¦µ¥�¦�¸ 
Ä�®o°��¼o�iª¥®�´�«´¨¥�¦¦¤Ŵ Ã¦�¡¥µ�µ¨­¦¦¡­·��·�¦³­��rŴ°»�¨¦µ��µ�¸Ŵ�¨»n¤�´ª°¥nµ�Ŵ�¦³�°��oª¥Ŵ�¸¤­®­µ�µ
ª·�µ�¡̧Ŵ�¸É¦nª¤¡�́�µ¦³���µ¦�¼Â¨�¼o�iª¥®¨�́�nµ��́Ŵ�¦³�°��oª¥Ŵ«´̈ ¥Â¡�¥rŴª·­�́�Â̧¡�¥rŴ¡¥µ�µ¨Ŵª·­�́�¡̧¥µ�µ¨Ŵ
Á£­´��¦Ŵ�´��µ¥£µ¡�Îµ�´�ŴÂ¨³¡¥µ�µ¨�¼o�´��µ¦¦µ¥�¦�Ŵ̧�Îµ�ª�Ŵ��Ŵ��Ŵ�¸¤­®­µ�µª·�µ�¸¡�¸ÉÄ®o�µ¦�¼Â¨�¼o�iª¥Ä�
®o°��¼o�iª¥®�´�«´¨¥�¦¦¤Ŵ�¦³�°��oª¥Ŵ«´¨¥Â¡�¥r¦³���nµ�ÇŴ¡¥µ�µ¨�¦³�Îµ®o°��¼o�iª¥®�´�«´¨¥�¦¦¤Ŵª·­´��¸
¡¥µ�µ¨Ŵ�´��µ¥£µ¡�Îµ�´�ŴÂ¨³Á�oµ®�oµ�¸É®�nª¥Á�¦ºÉ°�¤º°Â¡�¥rŴ�Îµ�ª�Ŵ��Ŵ��ŴÂ¨³�¼o�iª¥®¨´��nµ�´��¸ÉÄ�oÁ�¦ºÉ°��nª¥
®µ¥Ä�Ŵ�Îµ�ª�Ŵ��Ŵ��Ŵ�ÎµÁ�·��µ¦«¹�¬µª·�´¥�´Ê�Â�nÁ�º°�¡§¬£µ�¤Ŵ����ŴyŴ�¦��µ�¤Ŵ����ŴÁ�¦ºÉ°�¤º°Ä��µ¦Á�È�
¦ª�¦ª¤�o°¤¼¨Á�·��¦·¤µ�ŴÄ�oÂ��Á�È�¦ª�¦ª¤�o°¤¼¨ŴÂ¨³Â��­°��µ¤�¸É¡´��µ�¹Ê�Á°�Ŵ ª·Á�¦µ³®r�o°¤¼¨Ã�¥Ä�o­�·�·
Á�·�¡¦¦��µŴ�µ¦Â��Â���ªµ¤�¸ÉŴ¦o°¥¨³Â¨³�nµÁ�¨¸É¥Ŵ�¨�µ¦ª·�´¥Â¨³¡´��µŴ�ÎµÄ®oÅ�oÂ�ª�µ���·�´�·�°��¸¤­®­µ�µ
Ä��µ¦�¼Â¨�¼o�iª¥®¨´��nµ�´��¸ÉÄ�oÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ�´Ê�Ä��oµ��µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ�µ¦�j°��´��°�°´�Á­��µ�
�µ¦Ä�oÁ�¦ºÉ°��nª¥®µ¥Ä�ŴÂ¨³�µ¦�´��µ¦�ªµ¤Á�È��ª�Ŵ Á�·��¨¨´¡�r�¸É�¸�´��¼o�iª¥Ŵ�º°Ŵ°´�¦µ�µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�
­ÎµÁ¦È�Á¡·É¤�µ�¦o°¥¨³Ŵ����ŴÁ�}�Ŵ¦o°¥¨³Ŵ����Ŵ°»�´�·�µ¦�r�¹��n°�nª¥®µ¥Ä�¨�¨��µ�Ŵ¦o°¥¨³Ŵ����Ŵ�����Ŵ�¦´Ê��ŴÁ�}�Ŵ
¦o°¥¨³Ŵ���Ŵ�����Ŵ�¦´Ê��Ŵ°»�´�·�µ¦�rÁ�·��°�°´�Á­��µ��µ¦Ä�oÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ̈ �¨��µ�Ŵ�Ŵ¦µ¥ŴÁ®¨º°Ŵ�Ŵ¦µ¥ŴÅ¤n¡�
°»�´�·�µ¦�r�¼o�iª¥¥oµ¥�¨´�®o°��¼o�iª¥®�´�£µ¥Ä�Ŵ��Ŵ�´ÉªÃ¤�Ŵ­nª�¦³¥³Áª¨µÁ�¨¸É¥Ä��µ¦Ä�oÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ̈ �¨��µ�Ŵ
����ŴÁ�}�Ŵ����Ŵ�´ÉªÃ¤�Ŵ¦³¥³Áª¨µ�°�Á�¨¸É¥Ä�®o°��¼o�iª¥®�´�¨�¨��µ�Ŵ���Ŵª´�ŴÁ�}�Ŵ���Ŵª´�Ŵ�oµ��ªµ¤¡¹�¡°Ä��°�
�¼oÄ�o�¦·�µ¦Á¡·É¤�µ�¦o°¥¨³Ŵ����ŴÁ�}�Ŵ����ŴÂ¨³�ªµ¤¡¹�¡°Ä��°��»�¨µ�¦ŴÁ¡·É¤�µ�¦o°¥¨³Ŵ��ŴÁ�}�Ŵ��Ŵ�{��´¥�ªµ¤ 
­ÎµÁ¦È��°��µ¦«¹�¬µ�¦´Ê��¸ÊŴ Á�}�­nª�®�¹É��µ��µ¦�´��µ¦¦µ¥�¦�¸�¸É�ÎµÄ®oÁ�·��µ¦�¦³­µ��µ�Ä��¸¤­®­µ�µŴ�ÎµÄ®o 
�¼o�iª¥Å�o¦�́�µ¦�¼Â¨°¥nµ�¦ª�Á¦ÈªŴ�n°Á�ºÉ°�Ŵ�¨°�£¥́Â¨³¤�̧¦³­·��·£µ¡Ŵ¦ª¤�´Ê��µ¦�·��µ¤�¦³Á¤·��¨°¥nµ�Á�}�¦³��

�Îµ­Îµ�´���¦³���µ¦�¼Â¨�¼o�iª¥®¨´��nµ�´�Ŵ�µ¦�´��µ¦¦µ¥�¦�¸Ŵ

z���ª�ÒÙ��«�Ýz����·�z�Öx�|�qÖ��
Ŵ �{�®µ­Îµ��́�¸É�¼o�iª¥®¨�́�nµ��́Ä�®o°��¼o�iª¥®��́ 
�o°��¦³­�Ŵ �º°Ŵ �ªµ¤�ª��¸ÉÁ�·��µ��µ¦�µ�Á�È� 
Â¨³�Îµ¨µ¥�°�Á�ºÊ°Á¥ºÉ°�µ��µ¦�nµ�´�Ŵ Ã�¥Á�¡µ³�¼o�iª¥
�¸É�nµ�´��n°�°�®¦º°�n°��o°�­nª����ªµ¤�ª��³¤¸�¨ 
�¦³���n°¦³��®µ¥Ä�Ŵ�ÎµÄ®o¤�̧µ¦¨�¨��°�ŴWLGDOŴYROXPHŴ 
¦ª¤�´Ê��ÎµÄ®oÁ�·�¦¸Á¢¨È��r�°��µ¦Á�¦È��°��¨oµ¤Á�ºÊ° 
®�oµ�o°�¦³®ªnµ�®µ¥Ä�°°�1 ŴÂ¨³�³�´�¨¤�Îµ�µ�¨�¨�Ŵ

Á�}��¨Ä®oŴFRPSOLDQFHŴ�°��°�¨�¨�ŴÁ¤ºÉ°�¨oµ¤Á�ºÊ°®��ª́ 
�o°¥�¹�®µ¥Ä�Å�o¨¹�Å¤nÁ¡¸¥�¡°ŴÅ°Å�oÅ¤nÂ¦�Ŵ°µ��ÎµÄ®o
Á�·��µ¦�µ�°°��·Á��Â¨³¤¸�µ¦r�°�Å�°°�Å��r­¼�Å�oŴ
��́�´Ê�Ŵ�¼o�iª¥®¨�́�nµ��́�µ�¦µ¥�ÎµÁ�}��o°�Ä�oÁ�¦ºÉ°��nª¥
®µ¥Ä��n°Å�¦³¥³®�¹É�ŴÁ¡ºÉ°�ÎµÄ®o�µ¦Â¨�Á�¨¸É¥��pµ�Ä�
�»�¨¤�¸�¹Ê�Ŵ���ªnµ°µ�µ¦�´ÉªÅ��°��¼o�iª¥�¸�¹Ê����Ŵ�¹��³
Á¦·É¤�Îµ�µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�Â¨³Á°µ�n°�nª¥®µ¥Ä�
°°�Ä��¸É­»�
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Ŵ Á�jµ®¤µ¥­Îµ�´��°��µ¦�¼Â¨�¼o�iª¥®¨´��nµ�´�Ŵ
�º°Ŵ�µ¦¢g��¢¼­£µ¡¦nµ��µ¥Ŵ Ã�¥�µ¦�¦¦Á�µ°µ�µ¦�ª�Ŵ
�nª¥Ä®o�¼o�iª¥­µ¤µ¦�Á°µÁ�¦ºÉ°�®µ¥Ä�°°�Å�oÃ�¥Á¦ÈªŴ
Â¨³�¨°�£´¥�µ�£µª³Â�¦��o°��¸É°µ�Á�·��¹Ê��´Ê��µ�
�µ¦�nµ��́Â¨³�µ¦Ä�oÁ�¦ºÉ°��nª¥®µ¥Ä�ŴÁ�ºÉ°��µ��µ¦�¼Â¨
�¼o�iª¥®��́®¨�́�nµ��́¤�̧ªµ¤��́�o°�¤µ��ªnµ�¼o�iª¥®��́
�´ÉªÅ�ŴÁ¡¦µ³�°��µ��¼o�iª¥�³¤¸Ã¦��¦³�Îµ�´ªÁ�·¤Â¨³¤¸
�µ�Â�¨�nµ��́Â¨oªŴ¥�́¤�̧µ¦Á�¨¸É¥�Â�¨��°�¦nµ��µ¥Ä�
�µ¦�°�­�°��n°�µ¦�nµ�´�Â¨³�µ¦Å�o¦´��µ�Á�È��°�
Á�ºÊ°Á¥ºÉ°�Ŵ�°��µ��¸ÊŴ �µ¦Ä�oÁ�¦ºÉ°��nª¥®µ¥Ä�°µ��ÎµÄ®o
Á�·��¨Â�¦��o°�Å�o®¨µ¥�¦³�µ¦Ŵ Å�oÂ�nŴ£µª³Â�¦��o°�
�°�¦³��®ª́Ä�Â¨³®¨°�Á¨º°�Ŵ�º°Ŵ�ªµ¤��́Ã¨®·��ÎÉµ¨�Ŵ 
%DURWUDXPDŴ�ÎµÄ®oÁ�·�ŴSQHXPRWKRUD[ŴSQHXPRPHGLDVWLQXPŴ
®¦º°Ŵ VXEFXWDQHRXVŴ HPSK\VHPDŴ �µ¦Á�·�Ŵ DFLGŴ EDVHŴ 
LPEDODQFHŴÁ�ºÉ°��µ��´Ê�Á�¦ºÉ°�®µ¥Ä�Å¤n�¼��o°�ŴÂ¨³�µ¦
�·�Á�ºÊ°�µ��µ¦Ä�oÁ�¦ºÉ°��nª¥®µ¥Ä�Á�}�Áª¨µ�µ�3

Ŵ Ã¦�¡¥µ�µ¨­¦¦¡­·��·�¦³­��rŴÁ�}�Ã¦�¡¥µ�µ¨ 
¦³�´���·¥£¼¤·Â®n�®�¹É�Ä�£µ��³ª´�°°�Á�¸¥�Á®�º°Ŵ 
Ä®o�¦·�µ¦«¼�¥r�ªµ¤Á�}�Á¨·«�oµ�°»��́·Á®�»ŴÃ¦�®ª́Ä�Â¨³
¤³Á¦È�Ŵ¦ª¤�´Ê��µ¦Ä®o�¦·�µ¦¦�́¬µÃ�¥�µ¦�nµ��́Ä��¼o�iª¥ 
¦³��°ºÉ�ÇŴ Á�n�Ŵ ¦³���µ�Á�·�°µ®µ¦Ŵ �¨oµ¤Á�ºÊ°Â¨³
�¦³�¼�Ŵ­¼�·��¦Á̧ª��¦¦¤Ŵ®¼Ŵ�°Ŵ�¤¼�Ŵ�µ�Á�·��{­­µª³ŴÂ¨³
¦³���¦³­µ�Ŵ Á�}��o�Ŵ¤¸®o°��¼o�iª¥®�´�Á�d�Ä®o�¦·�µ¦ 
�¼o�iª¥®¨�́�nµ��́Ŵ�ŴÂ®n�Ŵ�µ�­�·�·�¼o�iª¥Ä��¸É¤µ¦�́�¦·�µ¦
Ä��eŴ ���������Ŵ Ŵ¡�ªnµŴ �Îµ�ª��¼o�iª¥Ä�oÁ�¦ºÉ°��nª¥
®µ¥Ä�Ŵ¤¸Â�ªÃ�o¤Á¡·É¤�¹Ê��»��e���Ŵ�º°Ŵ¤¸�Îµ�ª�Ŵ������Ŵ
������ŴÂ¨³Ŵ������Ŵ ¦µ¥Ŵ�µ¤¨Îµ�´�Ŵ Á�}��¼o�iª¥Ä�
Á�¡µ³Â���«´̈ ¥�¦¦¤Ŵ������ŴŴ�����ŴÂ¨³Ŵ�����Ŵ¦µ¥Ŵ 
�µ¤¨Îµ�´�Ŵ®o°��¼o�iª¥®�´�«´¨¥�¦¦¤¦ª¤Á�}�®°�¼o�iª¥
�¸É¦´��¼o�iª¥®�´�®¨´��nµ�´��°�¦³��°ºÉ�ÇŴ Á�n�Ŵ ¦³��
�µ�Á�·�°µ®µ¦Ŵ�µ�Á�·��{­­µª³Ŵ�¨oµ¤Á�ºÊ°Â¨³�¦³�¼�Ŵ 
­¼�·��¦Á̧ª��¦¦¤Â¨³Ŵ�µŴ®¼Ŵ�°Ŵ�¤¼�Ŵ¡�ªnµŴ�¼o�iª¥¤Â̧�ªÃ�o¤
­¼��¹Ê�Ŵ�º°Ŵ����Ŵ���ŴÂ¨³Ŵ���Ŵ¦µ¥�µ¤¨Îµ�´�Ŵ°´�¦µ�µ¦
Ä�oÁ�¦ºÉ°��nª¥®µ¥Ä�®¨´��nµ�´�­¼��¹�¦o°¥¨³Ŵ�����Ŵ����Ŵ
Â¨³Ŵ����Ŵ�µ¤¨Îµ�´�Ŵ�Îµ�ª�ª´��°�¦ª¤Ä�®o°��¼o�iª¥ 
®��́Á�¨¸É¥Ŵ���Ŵ�Ŵ���ŴÂ¨³Ŵ���Ŵª�́Ŵ�µ¤¨Îµ��́Ŵ�Îµ�ª��¼o�iª¥ 
Á�·��°�°´�Á­��µ��µ¦Ä�oÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ Á�nµ�´�Ŵ 
���Ŵ��ŴÂ¨³��Ŵ¦µ¥�µ¤¨Îµ�´�ŴÁ¤ºÉ°���ª�¦³���µ¦�¼Â¨ 
Â��Á�·¤Ä��¼o�iª¥�¨»n¤�¸ÊŴ ¡�ªnµŴ Ŵ ¦³���µ¦¡¥µ�µ¨Á�}�

Â���µ¦¤°�®¤µ¥�µ��µ¤®�oµ�¸ÉŴ�¹É�¤»n�Á�o��¸É�µ�¤µ��ªnµ
�¼o�iª¥Ŵ ¦³���µ¦�¼Â¨�¼o�iª¥®¨´��nµ�´��o°�Á�ºÉ°¤Ã¥� 
�´��»�¨µ�¦�¸¤­»�£µ¡Ä�®¨µ¥®�nª¥�µ�ŴÁ�n�Ŵ�¨»n¤�µ�
ª·­´��¸�¸É�o°��¼Â¨�¼o�iª¥®�´�®¨´��nµ�´�°¥nµ��n°Á�ºÉ°�Ŵ
�µ��ªµ¤��́Á��Ŵ¦ª¤�´Ê�¦³���µ¦�°�Á�¥̧�­Îµ®¦�́�¼o�iª¥ 
®¨´��nµ�´�¥´�Å¤n¤¸Â�ª�µ��´�Á���ÎµÄ®o�¼o�iª¥®¨µ¥¦µ¥
�o°��°�Á�¨�°�Á�ºÉ°��µ�Å¤n¤Á̧�¥̧�Ŵ�°��µ��¸ÊŴÂ�ª�µ�
��·��́·Ä��µ¦�¼Â¨�¼o�iª¥�¸ÉÄ�oÁ�¦ºÉ°��nª¥®µ¥Ä��´Ê��oµ��µ¦
®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�ŴÂ¨³Ŵ�µ¦�j°��´�£µª³Â�¦��o°�
Ã�¥Á�¡µ³�°�°´�Á­��µ��µ¦Ä�oÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ¦ª¤
�´Ê��µ¦�´��µ¦�ªµ¤�ª��¸É¤¸�ªµ¤®¨µ�®¨µ¥
Ŵ �µ�ª·�´¥Á¡ºÉ°¢g��¢¼­£µ¡Ä��¼o�iª¥®¨´��nµ�´� 
�¸ÉÄ�oÁ�¦ºÉ°��nª¥®µ¥Ä��´Ê�Ŵ¡�ªnµŴ Å�o¤¸�¼o«¹�¬µ¤µ�¤µ¥ 
Á�¸É¥ª�´��µ¦Ä�oÁ�¦ºÉ°��nª¥®µ¥Ä�Ä��¦³Á�È��nµ�ÇŴ Á�n�Ŵ
�{��¥́�Îµ�µ¥�ªµ¤­ÎµÁ¦È�Ä��µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä���� 
Å�oÂ�nŴ ¦³¥³Áª¨µÄ�oÁ�¦ºÉ°�Ŵ �ªµ¤¡¦o°¤Ä��µ¦®¥nµ 
Á�¦ºÉ°��nª¥®µ¥Ä�Ŵ�µ¦�¦³­µ��ªµ¤¦nª¤¤º°Ä��µ¦®¥nµ
Á�¦ºÉ°��nª¥®µ¥Ä�ŴÂ¨³Ŵ�¦³­·��·£µ¡�°�Ã�¦Â�¦¤�µ¦®¥nµ 
Á�¦ºÉ°��nª¥®µ¥Ä�ª·�¸Ŵ�nµ�ÇŴ����Ŵ¡�ªnµŴ�nª¥¨�¦³¥³Áª¨µ
Ä�oÁ�¦ºÉ°�Ŵ °´�¦µ�µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�­ÎµÁ¦È�°¥¼nÄ�
¦³��́­¼�Ŵ�°��µ��¸ÊŴ¤�̧µ¦«¹�¬µÁ�¸É¥ª��́�¨�°��µ¦¦³��́
�ª�Ä��¼o�iª¥®¨´��nµ�´���Ŵ¡�ªnµŴ�nª¥Ä®o�µ¦®µ¥Ä�Â¨³
�Îµ�´�Á­¤®³®¨´��nµ�´��¸�¹Ê�Ŵ�ÎµÄ®o�¼o�iª¥�¨´��oµ�Å�oÁ¦Èª
�¹Ê�Ŵ¨��ªµ¤Á­¸É¥��n°�µ¦�·�Á�ºÊ°Ä�Ã¦�¡¥µ�µ¨Ŵ¦ª¤�´Ê�
�nª¥Ä®o�µ¦�¦·®µ¦Á�¸¥��°�Ã¦�¡¥µ�µ¨¤¸�¦³­·��·£µ¡
¥·É��¹Ê�Ŵ�oµ��ªµ¤�¨°�£´¥Ŵ¤¸�µ�ª·�´¥¤µ�¤µ¥Á�¸É¥ª�´�
�µ¦�j°��´��µ¦Á�·��°�°´�Á­��µ��µ¦Ä�oÁ�¦ºÉ°��nª¥
®µ¥Ä������Ŵ¡�ªnµŴª·��̧µ¦�¸É�nª¥�j°���́®¦º°¨�°»��́·�µ¦�r
�´��¨nµªŴ Å�oÂ�nŴ �µ¦¤¸¦³Á�¸¥�Â¨³ª·�¸®¥nµÁ�¦ºÉ°��nª¥
®µ¥Ä�Ŵ�µ¦��́�nµŴ�µ¦�¼Â¨°»��¦�rÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ�µ¦
�¼Â¨­»�£µ¡�n°��µ�ŴÂ¨³�µ¦¨oµ�¤º°ŴŴ�µ��¨�µ¦«¹�¬µ
�´��¨nµªÁ¤ºÉ°�Îµ¤µ­¼n�µ¦��·�´�·�¸ÉÁ�}�¦³���µ¦¡¥µ�µ¨
�¸É�´��o°��o°�Á�¸É¥ª�o°��´��¸¤­®­µ�µ®¨µ�®¨µ¥Ŵ �¹�
�ÎµÁ�}��o°�¤¸�µ¦¡´��µ�µ¦�´�¦³���¦·�µ¦¡¥µ�µ¨Ŵ
Á¡ºÉ°Á¡·É¤�»�£µ¡�µ¦¦�́¬µ¡¥µ�µ¨Ä®oÁ®¤µ³­¤Â¨³Á�·�
�¨¨´¡�r�µ��µ¦¡¥µ�µ¨�¸É�¸�´��¼o�iª¥
Ŵ �µ¦¡¥µ�µ¨£µ¥Ä�oÂ�ª�·��µ¦��́�µ¦¦µ¥�¦�¸Ŵ 
Á�}��µ¦�¼Â¨�¸ÉÁ�o��¼o�iª¥Ŵ Á�}�«¼�¥r�¨µ��°��µ¦�·��n°
­ºÉ°­µ¦�°��¸¤�¼o�¼Â¨¦´�¬µŴ �ÎµÄ®o�µ¦¦´�¬µ¤¸�ªµ¤ 
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�n°Á�ºÉ°�ŴÅ¤n�ÎÊµ�o°�Ŵ­n��¨�ÎµÄ®o�nµÄ�o�nµ¥¨�¨���Ŵ�{��»��́
Å�o¤¸�µ¦�Îµ¦³���µ¦�´��µ¦¦µ¥�¦�¸¤µÄ�oÄ��µ¦�¼Â¨
�¼o�iª¥�¸É¤¸�{�®µ�´��o°�Ŵ°´�¦µ�µ¦Á­¸¥�¸ª·�­¼�Ŵ Â¨³�µ¦
�¦·®µ¦�´��µ¦�¸É�´��o°�Ŵ °¥nµ�Å¦�È�µ¤Å�o¤¸�µ¦«¹�¬µ
�¦³­·��·£µ¡�°��µ¦Ä�o�µ¦�´��µ¦�¼o�iª¥¦µ¥�¦�¸Ä� 
�¼o�iª¥�nµ�Ç�����Ŵ Å�oÂ�nŴ �¼o�iª¥Ã¦�Á¦ºÊ°¦´�Ŵ �¼o�iª¥Ä�o
Á�¦ºÉ°��nª¥®µ¥Ä�Â¨³�¼o�iª¥�nµ��́Ŵ¦ª¤�´Ê�Ä��¨»n¤�¼oÄ®o�¦·�µ¦31 

¡�ªnµŴ ¦³���µ¦�´��µ¦¦µ¥�¦�¸Ŵ�ÎµÄ®o�Îµ�ª�ª´��°� 
Ã¦�¡¥µ�µ¨Â¨³�nµÄ�o�nµ¥Ä��µ¦¦´�¬µ¡¥µ�µ¨¨�¨�ŴŴ 
¨�°´�¦µ�µ¦�¨´�¤µ¦´�¬µ�ÎÊµŴ�ªµ¤¡¹�¡°Ä��°��´Ê��¼oÄ®o 
Â¨³�¼oÄ�o�¦·�µ¦­¼��¹Ê��´Ê��¸Ê�¦³�ª��µ¦�´�¦³���µ¦
��́�µ¦¦µ¥�¦�Ŵ̧�o°�°µ«¥́Â¦��¨�́��́Â¨³�ªµ¤¦nª¤¤º°
�µ�®�nª¥�µ��¸ÉÁ�¸É¥ª�o°�Ä��µ¦�¼Â¨�¼o�iª¥�»�®�nª¥��
Ŵ �¼oª·�´¥Ä��µ�³�¼o�Îµ­¼�­»��°�°��r�¦¡¥µ�µ¨Ŵ
¤¸���µ�­Îµ�´�Ä��µ¦�´�¦³���¦·�µ¦¡¥µ�µ¨Ä®o¤¸
�¦³­·��·£µ¡Ŵ¦ª�Á¦ÈªŴ�¨°�£¥́ŴÅ�o�»�£µ¡Â¨³¤µ�¦�µ�Ŵ
£µ¥Ä�o�¦´¡¥µ�¦�¸É�Îµ�´�Ŵ Å�o�¦³®�´��¹��{�®µÄ��µ¦
�¼Â¨�¼o�iª¥®¨´��nµ�´��¸É¤¸�ªµ¤�´��o°�Â¨³Á­¸É¥�­¼� 
�¹�Å�o¦·Á¦·É¤�´��µ¦Â¨³�Îµ�´�Ä®o¤¸�µ¦¡´��µ�»�£µ¡
�¦·�µ¦Ä��¼o�iª¥�¨»n¤�¸ÊŴÃ�¥Ä�o�µ¦��́�µ¦¦µ¥�¦�¦̧nª¤��́ 
�¦³�ª��µ¦ª·�´¥Â¨³¡´��µŴ Á¡ºÉ°¤»n�¡´��µ¦³���µ¦
�¼Â¨�¼o�iª¥®¨´��nµ�´�ŴÄ�®o°��¼o�iª¥®�´�«´¨¥�¦¦¤Ŵ�¹É�¤¸
�¦³�ª��µ¦�¼Â¨�¸É¥»n�¥µ�Ŵ�ÎÊµ�o°�Ŵ¤¸Ã°�µ­Á­¸É¥��n°�µ¦
Á�·�£µª³Â�¦��o°�­¼�Ŵ�nµÄ�o�nµ¥­¼�Â¨³�o°��¦³­µ��µ� 
�´��¸¤­®­µ�µŴ Á¡ºÉ°Ä®oÁ�·��¨¨´¡�r�µ¦�¼Â¨�¸É�¸Ŵ ¤¸
�¦³­·��·£µ¡ŴÁ�·��ªµ¤¡¹�¡°Ä��´Ê��¼oÄ�oÂ¨³�¼oÄ®o�¦·�µ¦Ŵ
¦ª¤�´Ê��nª¥¨�¦³¥³Áª¨µ�°�Ã¦�¡¥µ�µ¨

����¤��Ý�|zÐw���¡}��
Ŵ ��Ŵ Á¡ºÉ°¡�́�µ¦³���µ¦�¼Â¨�¼o�iª¥®¨�́�nµ��́
Ã�¥Ä�o�µ¦�´��µ¦¦µ¥�¦�¸
Ŵ ��Ŵ Á¡ºÉ°«¹�¬µ�¨¨¡́�r�µ¦�¼Â¨�µ¦�¼Â¨�¼o�iª¥
®¨´��nµ�´�Ã�¥Ä�o�µ¦�´��µ¦¦µ¥�¦�¸

�¡�¢�·�ªÙ¡Ùw���¡}��
� �µ¦«¹�¬µ�¦´Ê��¸ÊŴ Á�}��µ¦ª·�´¥Â¨³¡´��µŴ Á¡ºÉ°
¡�́�µ¦³���µ¦�¼Â¨�¼o�iª¥®¨�́�nµ��́ŴÃ�¥Ä�o�µ¦��́�µ¦
¦µ¥�¦�¸ŴÄ�®o°��¼o�iª¥®�´�«´¨¥�¦¦¤¦ª¤ŴÃ¦�¡¥µ�µ¨
­¦¦¡­·��·�¦³­��rŴ°»�¨¦µ��µ�¸Ŵ¦³¥³Áª¨µ«¹�¬µ�´Ê�Â�n

Á�º°�¡§¬£µ�¤Ŵ����ŴyŴ�¦��µ�¤Ŵ����Ŵ�¨»n¤�ª́°¥nµ�Ŵ
�¦³�°��oª¥
Ŵ ��Ŵ �¤̧­®­µ�µª·�µ�¡̧Ŵ�¸É¦nª¤¡�́�µ¦³���µ¦
�¼Â¨�¼o�iª¥®¨´��nµ�´�Ŵ Å�oÂ�nŴ «´¨¥Â¡�¥rŴ ª·­´��¸Â¡�¥rŴ
¡¥µ�µ¨®´ª®�oµ�µ�®o°��¼o�iª¥®�´�«´¨¥�¦¦¤Ŵ¡¥µ�µ¨
�¦³�Îµ®o°��¼o�iª¥®�´�«´¨¥�¦¦¤¦ª¤Ŵ ª·­´��¸¡¥µ�µ¨Ŵ
¡¥µ�µ¨�ª��»¤Â¨³�j°��´�Ã¦��·�Á�ºÊ°Ä�Ã¦�¡¥µ�µ¨Ŵ
�´��µ¥£µ¡�Îµ�´�Ŵ Á£­´��¦Â¨³¡¥µ�µ¨�¸ÉÅ�o¦´��µ¦ 
�´�Á¨º°�Á�}��¼o�´��µ¦¦µ¥�¦�¸Ŵ �Îµ�ª��´Ê�­·Ê�Ŵ ��Ŵ ��Ŵ 
�Îµ®�oµ�¸É�¸¤¡´��µ¦³���µ¦�¼Â¨
Ŵ ��Ŵ �¸¤­®­µ�µª·�µ�¸¡�¸ÉÄ®o�µ¦�¼Â¨�¼o�iª¥Ä�
®o°��¼o�iª¥®��́«´̈ ¥�¦¦¤Ŵ�¦³�°��oª¥Ŵ«´̈ ¥Â¡�¥r¦³��
�µ�Á�·�°µ®µ¦Ŵ¦³���µ�Á�·��{­­µª³Ŵ¦³��­¼�·��¦¸Áª�Ŵ
¦³��®¼Ŵ�°Ŵ�¤¼�Â¨³¦³���¦³�¼�Â¨³�o°Ŵª·­´��¸Â¡�¥rŴ
¡¥µ�µ¨�¦³�Îµ®o°��¼o�iª¥®�´�«´¨¥�¦¦¤¦ª¤Ŵ ª·­´��¸
¡¥µ�µ¨Ŵ��́�µ¥£µ¡�Îµ��́ŴÂ¨³Á�oµ®�oµ�¸É®�nª¥Á�¦ºÉ°�¤º° 
Â¡�¥rŴ�Îµ�ª�Ŵ��Ŵ��Ŵ
Ŵ ��Ŵ �¨»n¤�¼o�i ª¥®¨´ ��n µ�´��»�¦³���¸É Ä�o  
Á�¦ºÉ°��nª¥®µ¥Ä�Â¨³¦´�Åªo�¸É®o°��¼o�iª¥®�´�«´¨¥�¦¦¤
¦ª¤Ŵ�Îµ�ª�Ŵ��Ŵ��
� ª·�¸Á�È�¦ª�¦ª¤�o°¤¼¨� Ä�oª·�¸�µ¦Á�·��¦·¤µ�Ŵ
Å�oÂ�n Ŵ �µ¦«¹�¬µ�¦³ª´�·�o°¤¼¨�¼o�iª¥¥o°�®¨´��µ� 
Áª�¦³Á�¸¥�Ŵ�µ¦Á�È�¦ª�¦ª¤�o°¤¼¨Ã�¥Ä�oÂ��­°��µ¤
Ä��µ¦Á�È�¦ª�¦ª¤�o°¤¼̈ Â¨³Â���¦³Á¤·��¨�µ¦��·��́·
�µ¤Â�ª�µ���·�´�·�¸É�Îµ®���¹Ê�¤µŴ¦nª¤�´��µ¦­´�Á��
� Á�¦ºÉ°�¤º°�¸ÉÄ�oÄ��µ¦ª·�´¥� �¦³�°��oª¥Ŵ
��ŴÂ���µ¦°�¦¤ª·�µ�µ¦ŴÁ¦ºÉ°��µ¦�¼Â¨�¼o�iª¥�¸ÉÄ�oÁ�¦ºÉ°�
�nª¥®µ¥Ä�Â¨³�µ¦�´��µ¦¦µ¥�¦�¸Ŵ��ŴÂ�ª�µ���·�´�· 
Ä��µ¦�¼Â¨�¼o�iª¥®¨�́�nµ��́�¸ÉÄ�oÁ�¦ºÉ°��nª¥®µ¥Ä�ŴÅ�oÂ�nŴ
����Ŵ �µ¦®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�Ä��¼o�iª¥®¨´��nµ�´�Ŵ 
����Ŵ �µ¦�j°��´��°�°´�Á­��µ��µ¦Ä�o Á�¦ºÉ°� 
�nª¥®µ¥Ä�Ŵ ����Ŵ �µ¦�¼Â¨�¼o�iª¥�¸ÉÅ�o¦´�¥µ¦³�´��ª�Ŵ 
��ŴÁ�¦ºÉ°�¤º°�¸ÉÄ�oÄ��µ¦Á�È�¦ª�¦ª¤�o°¤¼̈ Ŵ�¦³�°��oª¥ŴŴ 
����ŴÂ���´��¹��o°¤¼¨­nª��»��¨ŴÁ�¸É¥ª�´��o°¤¼¨�´ÉªÅ�Ŵ
ª·��̧µ¦�nµ��́ŴÂ¨³�µ¦Å�o¦�́¥µÂ�o�ª�Â¨³�µ¦®¥nµÁ�¦ºÉ°�
�nª¥®µ¥Ä�Ŵ����ŴÂ���¦³Á¤·��µ¦��·��́·�µ¤Â�ª�µ��µ¦
®¥nµÁ�¦ºÉ°��nª¥®µ¥Ä�Â¨³Â�ª�µ��µ¦�¼Â¨�¼o�iª¥�¸ÉÅ�o¦�́
¥µ¦³�´��ª�Ŵ����ŴÂ���¦³Á¤·��µ¦��·�´�·�µ¤Â�ª�µ�
�µ¦�j°��´��°�°´�Á­��µ��µ¦Ä�oÁ�¦ºÉ°��nª¥®µ¥Ä�Ŵ
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Â¨³Ŵ����ŴÂ���¦³Á¤·��ªµ¤¡¹�¡°Ä��°��¼oÄ�oÂ¨³�¼oÄ®o 
�¦·�µ¦�nµ��µ¦�¦ª�­°��ªµ¤�¦��°�Á�ºÊ°®µÂ¨³®µ
�nµ�ªµ¤Á�¸É¥��°�­´¤�¦³­·��·ÍÂ°¨¢iµ�°��¦°��µ�Å�oŴ
Á�nµ�´�Ŵ�����Ŵ����Ŵ����Ŵ����ŴÂ¨³Ŵ����Ŵ�µ¤¨Îµ�´�
� ª·�¸�ÎµÁ�·��µ¦ª·�´¥ŴÂ�n�Á�}�Ŵ�Ŵ¦³¥³Ŵ�º°Ŵ
 ��� ¦³¥³�¦³Á¤·�­�µ��µ¦�r� Á¡ºÉ°�¦³Á¤·�
«¹�¬µ­�µ��µ¦�rŴ�µ¦�¼Â¨�¼o�iª¥®¨´��nµ�´�Ŵ�¸É¦´�ÅªoÄ�
®o°��¼o�iª¥®�´�«´¨¥�¦¦¤¦ª¤Ŵ Ã¦�¡¥µ�µ¨­¦¦¡­·��·
�¦³­��rŴ °»�¨¦µ��µ�¸Ŵ ¦³®ªnµ�Á�º°��»¨µ�¤Ŵ����Ŵ�Ŵ
¤�̧µ�¤Ŵ����ŴÃ�¥«¹�¬µ�o°¤¼̈ ¥o°�®¨�́�µ�Áª�¦³Á�¥̧�
�Îµ�ª�Ŵ��Ŵ��´�Ŵ�µ¦­���µ�¨»n¤�»�¨µ�¦�¸¤­®­µ�µ
�¸ÉÄ®o�µ¦�¼Â¨�¼o�iª¥Ŵ Á¡ºÉ°���ª�¦³���µ¦�¼Â¨�¼o�iª¥Ŵ
�Îµ�ª�Ŵ��Ŵ��Ŵ�ÎµÁ�·��µ¦¦³®ªnµ�Á�º°�¡§¬£µ�¤�
¤·�»�µ¥�Ŵ����Ŵ�Îµ�o°¤¼̈ �¸ÉÅ�o¤µŴª·Á�¦µ³®rªµ�Â��¡�́�µ
¦³���µ¦�¼Â¨�¼o�iª¥Â���µ¦�´��µ¦¦µ¥�¦�¸ŴÂ¨³Á�}�
�¼o�ÎµÄ��µ¦��́Á�¦¥̧¤�ªµ¤¡¦o°¤�°��¤̧­®­µ�µª·�µ�¡̧
Ä��µ¦¡´��µ¦³���´��¨nµªÄ�¦³¥³�n°Å�
 ��� ¦³¥³�ÎµÁ�·��µ¦�Á¡ºÉ°¡�́�µ¦³���µ¦�¼Â¨
�¼o�iª¥®¨�́�nµ��́Ŵ�¸É¦�́ÅªoÄ�®o°��¼o�iª¥®��́«´̈ ¥�¦¦¤¦ª¤Ŵ 
Ã�¥Ä�o�µ¦�´��µ¦¦µ¥�¦�¸Ŵ �ÎµÁ�·��µ¦¦³®ªnµ�Á�º°�
�¦��µ�¤�¡§«�·�µ¥�Ŵ����Ŵ�¦³�°��oª¥Ŵ�·��¦¦¤
�µ¦�¦³�»¤�¸¤Ŵ Á¡ºÉ°­³�o°��o°¤¼¨�¸É¦ª�¦ª¤Å�o�µ��µ¦
ª·Á�¦µ³®r­�µ��µ¦�rŴÂ¨³�{�®µ�¸É¡�Ä��µ¦�¼Â¨�¼o�iª¥
¦nª¤�´�Ŵ ¦ª¤�´Ê�Å�o¦³�¤­¤°�Ä��µ¦ªµ�Â��°°�Â��
¦³���µ¦�¼Â¨�¼o�iª¥Â¨³�µ¦��́�µ¦¦µ¥�¦�Ŵ̧Ã�¥�ÎµÁ�·�
�µ¦¡´��µ¦³���µ¦�¼Â¨�¼o�iª¥®¨´��nµ�´��¸ÉÄ�oÁ�¦ºÉ°�
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Abstract
Ŵ 7KHŴSXUSRVHŴRIŴWKLVŴUHVHDUFKŴZDVŴWRŴGHYHORSŴDQGŴDQDO\]HŴWKHŴFDVHŴPDQDJHPHQWŴPRGHOŴRIŴSRVWRSHUDWLYHŴ
FDUHŴ IRUŴPHFKDQLFDOO\ŴYHQWLODWHGŴSDWLHQWVŴDWŴ6XUJLFDOŴ ,QWHQVLYHŴ&DUHŴ8QLW�Ŵ6DSSDVLWWLSUDVRQJŴ+RVSLWDO�Ŵ8ERQ�
5DWKFKDWKDQLŴGXULQJŴ2FWREHU�Ŵ����Ŵ�Ŵ0D\Ŵ�����Ŵ7KHŴFDVHŴPDQDJHPHQWŴPRGHOŴRIŴWKHŴSRVWRSHUDWLYHŴFDUHŴZDVŴ
GHYHORSHGŴE\Ŵ��ŴPHPEHUVŴRIŴPXOWLGLVFLSOLQDU\ŴSDUW\ŴLQFOXGLQJŴVXUJHRQV�ŴDQHVWKHVLRORJLVWV�ŴQXUVHVŴDQGŴSK\VLFDO 
WKHUDSLVWV�Ŵ7KHŴFDULQJŴWHDPŴLQFOXGHGŴ��ŴPHPEHUVŴRIŴKHDOWKŴSURIHVVLRQVŴWRŴGHOLYHUŴGHVLJQHGŴV\VWHPŴWRŴ��ŴSRVWRSHUDWLYH 
�PHFKDQLFDOO\Ŵ YHQWLODWHGŴ SDWLHQWVŴ DWŴ 6XUJLFDOŴ ,QWHQVLYHŴ&DUHŴ8QLW�Ŵ7KHŴ TXDQWLWDWLYHŴ GDWDŴZHUHŴ FROOHFWHGŴ E\Ŵ 
TXHVWLRQQDLUHVŴWKDWŴHVWDEOLVKHGŴE\ŴRXUŴWHDP�Ŵ7KHŴGHVFULSWLYHŴVWDWLVWLFŴZDVŴXVHGŴWRŴDQDO\]HŴWKHŴGDWD�ŴL�H�ŴIUHTXHQF\�Ŵ
SHUFHQWDJH�ŴPHDQŴVFRUHŴDQGŴVWDQGDUGŴGHYLDWLRQ�Ŵ$VŴDŴUHVXOW�ŴWKHŴJXLGHOLQHVŴRIŴFDUHŴIRUŴSRVWRSHUDWLYH�ŴPHFKDQLFDOO\Ŵ
YHQWLODWHGŴSDWLHQWVŴE\ŴPXOWLGLVFLSOLQDU\ŴWHDPŴSURYLGHGŴSUDFWLFHVŴRIŴZHDQLQJŴYHQWLODWRU�ŴPDQDJLQJŴSDWLHQWVuŴSDLQ�Ŵ
SUHYHQWLQJŴYHQWLODWRUŴDVVRFLDWLRQŴSQHXPRQLDŴ�9$3��Ŵ7KHŴRXWFRPHVŴLQŴWKHŴSDWLHQWVŴLQGLFDWHGŴLQFUHDVLQJŴVXFFHVVŴ
RIŴZHDQLQJŴWKHŴYHQWLODWLRQŴIURPŴ�����ŴWRŴ������ŴGHFUHDVLQJŴQXPEHUVŴRIŴSDWLHQWVuŴVHOIŴH[WXEDWLRQŴIURPŴ�����Ŵ
WRŴ����ŴDQGŴGHFUHDVLQJŴLQFLGHQFHŴRIŴ9$3ŴIURPŴ�ŴFDVHVŴWRŴQRQH�Ŵ7KHŴDYHUDJHŴWLPHŴRIŴSDWLHQWVŴRQŴYHQWLODWRUŴZDVŴ
UHGXFHGŴIURPŴ����ŴKRXUVŴWRŴ����ŴKRXUV�ŴDVŴZHOOŴWKHŴOHQJWKŴRIŴVWD\ŴGHFOLQHGŴIURPŴ���ŴGD\VŴWRŴ���ŴGD\V�Ŵ7KHUHŴZDVŴ
QRŴSDWLHQWŴUHDGPLWWHGŴWRŴ6,&8ŴZLWKLQŴ��ŴKRXUV�Ŵ7KHŴVDWLVIDFWLRQŴRIŴSDWLHQWVŴLPSURYHGŴIURPŴ����Ŵ�ŴWRŴ����Ŵ��Ŵ
DQGŴWKHŴVDWLVIDFWLRQŴRIŴKHDOWKŴFDUHŴSURYLGHUVŴLQFUHDVHGŴIURPŴ���ŴWRŴ����Ŵ7KHŴDFKLHYHPHQWŴIDFWRUVŴRIŴWKLVŴVWXG\Ŵ
ZHUHŴWKHŴLQFUHDVHŴLQŴPXOWLGLVFLSOLQDU\ŴFROODERUDWLRQ�ŴWKHŴV\VWHPDWLFŴFKDQJHŴRIŴFDUHŴIRUŴSDWLHQWV�ŴWKXVŴWKHŴSDWLHQWŴ
FDUHŴZDVŴSURPSW�ŴFRQWLQXLQJ�ŴVDIHŴDQGŴHIűFLHQW�ŴDQGŴWKHŴV\VWHPŴRIŴPRQLWRULQJŴDQGŴHYDOXDWLRQ�ŴŴ7KHŴVXJJHVWLRQVŴ
RIŴWKLVŴVWXG\ŴZHUHŴWRŴDSSO\ŴWKLVŴFDVHŴPDQDJHPHQWŴPRGHOŴRIŴSRVWRSHUDWLYHŴFDUHŴIRUŴPHFKDQLFDOO\ŴYHQWLODWHGŴSDWLHQWVŴ
WRŴRWKHUŴVXUJLFDOŴLQWHQVLYHŴFDUHŴXQLWV�Ŵ,QŴDGGLWLRQ�ŴZHŴQHHGŴWRŴGHYHORSŴFDVHŴPDQDJHUŴUROHŴDQGŴQHWZRUNVŴRIŴSDWLHQWVuŴ
FDUHŴV\VWHPŴGXULQJŴSUH�ŴSRVWŴRSHUDWLRQŴDQGŴGLVFKDUJH�ŴLQŴRUGHUŴWRŴGHFUHDVHŴPRUWDOLW\ŴDQGŴUH�DGPLWWHGŴUDWH�ŴFOLQLFDOŴ
ULVNVŴDQGŴFRPSOLFDWLRQV�

.H\ZRUGV��SRVWRSHUDWLYHŴFDUHŴV\VWHP�ŴFDVHŴPDQDJHPHQWŴPRGHO

*5HJLVWHUŴ1XUVH�Ŵ6HQLRUŴ3URIHVVLRQDOŴ/HYHO�Ŵ+HDGŴ1XUVHŴRIŴ'HSDUWPHQWŴ1XUVLQJ�Ŵ6DSSDVLWKLSUDVRQJŴ+RVSLWDOŴŴ
**5HJLVWHUŴ1XUVH�Ŵ6HQLRUŴ3URIHVVLRQDOŴ/HYHO�Ŵ$VVLVWDQWŴ6XSHUYLVRUŴRIŴ6XUJLFDOŴ,QWHQVLYHŴ&DUHŴ8QLW�Ŵ1XUVLQJŴ'HSDUWPHQW�Ŵ
6DSSDVLWKLSUDVRQJŴ+RVSLWDOŴŴ
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การเสริมสร้างพลังโดยการมีส่วนร่วมของชุมชน
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Á�}��µ¦Ä®o�o°¤¼¨�nµª­µ¦Â�n­µ�µ¦�³Á¡ºÉ°­¦oµ��¦³Â­
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¤¸�¨�¦³���n°­»�£µ¡Ŵ ��Ŵ Ä®o­¦oµ�«´�¥£µ¡Ä��µ¦
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Â��­°��µ¤�´«���·�¸É�¼oª·�´¥­¦oµ��¹Ê�ŴÅ�oÄ®o�¼oÁ�¸É¥ª�µ�
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��ĊĕĆčĕĆčĄĕåĄāąĕýĕĈĒ�čĕãĕăĕåøēĊĔüĐĐâğêĘąèğĎüĚĐ

þĿúĘħ�����êýĔýúĘħ�����øěĈĕåĄ���ûĔüĊĕåĄ�����
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 Á¤ºÉ°­·Ê�­»��µ¦�ÎµÁ�·�Ã�¦��µ¦Å�o¤¸�µ¦�¦³�»¤
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¤¸«´�¥£µ¡Ŵ­µ¤µ¦�°°�¤µ�Îµ�µ¦¡¼��»¥Å�oŴ �µ¦�¸É�¸¤
�¦³�°��oª¥Ŵ Â���Îµ�»¤��Â­���¹��µ¦Ä�o�¦´¡¥µ�¦
¤�»¬¥rŴ Á�}��µ¦¦³�¤�»��n°Ä®oÁ�·��µ¦Á�¨¸É¥�Â�¨�
�oµ��ªµ¤�·�Ŵ�µ¦��·��́·Ŵ°�̧�´Ê��ªµ¤®¨µ�®¨µ¥�¨»n¤ª¥́ 
�ÎµÄ®oÁ�oµÄ��{�®µÂ¨³�ªµ¤�o°��µ¦�°��¨»n¤ª´¥�nµ�ÇŴ
°¥nµ��¦°��¨»¤ŴÂ¨³Á¤ºÉ°¤µÁ�}��¤̧Á�¥̧ª��́�ÎµÄ®oÅ�oÁ®È�
�´ª°¥nµ�Ŵ£µª³�¼o�ÎµŴ Á�}��µ¦Á¦¸¥�¦¼oŴ ­º��°��µ¦�Îµ�µ� 
�n°Å�Ä�°�µ��Å�oŴ �ÎµÂ®�n����µ�®�oµ�¸ÉŴ Á�}�­·É��¸É 
��Ä��»¤���»o�Á�¥Ŵ �¹��Îµ®��Å�oªnµ�o°�¤¸�¦³�µ�Ŵ
¦°��¦³�µ�Ŵ Á¨�µŴ²¨²Ŵ Ã�¥�Îµ�¹��¹��µ¦�Îµ�µ�Ä®oÁ�·�
�¦³­·��·�¨Ŵ��́�´Ê��µ��ÎµÂ®�n��¹�°¥¼n�¦³�µ¥�´Ê�Ŵ�Ŵ�»¤��Ŵ
Á�n�Ŵ¦°��¦³�µ�Ŵ�¦³�µ­´¤¡´��rŴÁ¡ºÉ°�µ¦�Îµ�µ�Å�o°¥nµ�
�´Éª�¹�Ŵª·­´¥�´«�r ª´��»�¦³­��rŴŴ­¤µ�·��°��¸¤¤¸­nª�¦nª¤
��́�Îµ®��Á�}�Á¦ºÉ°�­Îµ��́Â¨³�ÎµÁ�}�ŴÁ¡¦µ³�³�ÎµÄ®o¤�̧»�
¤»n�®¤µ¥Á�¸¥ª�´�Ŵ¤¸�·«�µ�Á�¸¥ª�´�Ŵ Á�·��µ¦¡´��µ�°�
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�¤̧�µ�ŴÁ�·��ªµ¤¡¥µ¥µ¤Ä��µ¦�Îµ�µ�ŴÁ¡ºÉ°Ä®o�¦¦¨»�¨
­ÎµÁ¦È��µ¤�¸É�¸¤�o°��µ¦Ŵ
Ŵ �¸É�¨nµª¤µ­°��¨o°��´��{��´¥Ä��µ¦�Îµ®��
Ã�¦�­¦oµ��°��¸¤�¹É�¤¸�µ¦�Îµ®��­nª��¦³�°��°��¸¤Ŵ
�µ¦�Îµ®�����µ�®�oµ�¸ÉÂ¨³Â�n��´Ê��¼o�ÎµŴ�µ¦�·��n°��́ 
£µ¥�°�Ŵ�µ¦�Îµ®����µ��°��¤̧ŴÂ¨³�µ¦Á¨º°�­¤µ�·�Ŵ
­Îµ®¦�́�»�¨�́¬�³�°��¤̧�µ��¸É�¦³­��ªµ¤­ÎµÁ¦È�Ŵ�ª¦
�¦³�°��oª¥Ŵ��ŴÁ�jµ®¤µ¥Ŵ��Ŵ�ªµ¤Á�}��¼o�ÎµŴ��Ŵ�ªµ¤
Åªoªµ�Ä�Ŵ��Ŵ�ªµ¤�·�­¦oµ�­¦¦�rŴ��Ŵ�ªµ¤Á�}�Á°��´��rŴ
Â¨³Ŵ��Ŵ�µ¦Â­��°°����ŴÂ¨³�µ�Ŵ7HDPŴ%DVHGŴ/HDUQLQJŴ
�7%/�Ŵ �ÎµÄ®oÁ�·��¨¨´¡�r Ŵ �º°Ŵ ��Ŵ �ªµ¤¡¹�¡°Ä�Ŵ 
��Ŵ �µ¦��Á�¸¥��´��°��¸¤Á¡·É¤�¹Ê��´Ê�Á�·��¦·¤µ�Â¨³
Á�·��»�£µ¡Ŵ��Ŵ ­¤¦¦��³�µ�ª·�µ�µ¦�°��¸¤Å�oÁ�·�
�µ¦¡´��µŴ��Ŵ¤¸�µ¦�Îµ�µ�¦nª¤�´�Á¡·É¤�¹Ê�Ŵ ­Îµ®¦´�Ä�
�oµ��µ¦�¦·®µ¦�´��µ¦Ŵ�ÎµÄ®oÁ�·��µ¦�¦³­µ��µ��¨µ�Ŵ
Â¨³Á�·��ªµ¤Á°µÄ�Ä­n�µ��ª�Ä��µ¦�Îµ�µ��°��¸¤�� 
�°��µ��´Ê�Â�ª�µ��µ¦¡´��µ�¸¤Á�o¤Â�È�Â¨³¥´É�¥º�Ŵ
¡�ªnµŴ­¤µ�·��°��¸¤�o°�¤¸­nª�¦nª¤Ŵ¦nª¤�´��·�Â¨³�Îµ
�·��¦¦¤Ŵ Á�}��µ¦�¹�Â¨³Á¡·É¤«´�¥£µ¡�°�­¤µ�·��¸¤
Ã�¥�µ¦¡��³¡¼��»¥Â¨�Á�¨¸É¥��ªµ¤�·�Á®È��nµ�ÇŴ��́
°¥¼nÁ­¤°Ŵ Á�}��µ¦Â¨�Á�¨¸É¥�Á¦¸¥�¦¼o�¹É��´�Â¨³�´�Ŵ Á¡·É¤
�ªµ¤¦¼oÁ¡ºÉ°Ä®oÁ�·��µ¦�ÎµÅ�­¼n�µ¦��·�´�·®¦º°¤¸�´�¬³
�¸É�¼��o°�Ŵ Â¨³�µ¦�¹�Ä®o­nª�°ºÉ�¤µ¤¸­nª�¦nª¤Á�}��µ¦
�¥µ¥Á�¦º°�nµ¥Ŵ­°��¨o°���́®¨�́�µ¦�¦³�ª��µ¦�»¤��
Á�o¤Â�È�Ŵ�¸É�¨nµªªnµ�o°�¤¸�ªµ¤­µ¤µ¦�Ä��µ¦�´�­·�Ä�
Á�¸É¥ª�´��»��¨�ŴÁ®�»�µ¦�rŴ¤¸�ªµ¤­µ¤µ¦�Á�oµ�¹��o°¤¼¨
�nµª­µ¦ŴÂ®¨n��¦´¡¥µ�¦ŴÂ¨³Å�o¡·�µ¦�µ�µ�Á¨º°�ŴÁ¡ºÉ°
�µ¦�´�­·�Ä�Ŵ¡¦o°¤�¸É�³Á¦¸¥�¦¼oŴ �¦´��´�¬³Ŵ¤¸�ªµ¤�·�
Á�·��ª�Ŵ¦°��°�ŴÂ¨³¡¦o°¤�¸É�³¤¸�µ¦Á�¨¸É¥�Â�¨�Ŵ�� 
� ��� �µ¦�ÎµÁ�·��µ��°��¤̧­¦oµ�Á­¦·¤­»�£µ¡ 
�¸ÉÁ�o¤Â�È�Ã�¥�»¤��¤¸­nª�¦nª¤� �µ��µ¦�´�Ä®o�¸¤�Îµ
Á­�°�{�®µŴÂ¨³�®¦º°�ªµ¤�o°��µ¦�oµ�­»�£µ¡�°�
�»¤��Ŵ�·�°°�Â��Â¨³­Îµ¦ª��¦´ªÁ¦º°�Ŵ Ã�¥�¸¤¤¸�µ¦
�¦·®µ¦�´��µ¦Â�n��´�­Îµ¦ª�Ŵ Ä�oÁª¨µŴ�Ŵ Á�º°�Ŵ�¹�Â¤oÄ�
�»¤��Á¤º°��³­Îµ¦ª�Å�o¥µ�ŴÂ­���¹��µ¦�¦·®µ¦�´��µ¦
�´�°¥nµ�¨��´ªŴ�¸¤Á¦¸¥�Á¦¸¥�Â¨³ª·Á�¦µ³®r�o°¤¼¨�»¤��Ŵ
Ä�¦¼��°��ªµ¤�¸ÉŴ¦o°¥¨³ŴÂ­���¹��µ¦¤«̧�́¥£µ¡�°��¤̧Ŵ
�¤̧Á­�°Ä®o�¦³Á¤·�­�µ�³­»�£µ¡�°��¤̧ŴÃ�¥�µ¦�¦ª�

¦nµ��µ¥Ŵ �¹É�Ä�­nª��¸Ê�¸¤Å�o¤¸�µ¦Á¦¸¥�¦¼o�¹��µ¦Â�¨�¨ 
Ã�¥�µ¦Á�¦¸¥�Á�¸¥��nµ�¸ÉÅ�o�´��nµ¤µ�¦�µ�Ŵ �ÎµÄ®o¦¼o
­�µ�³­»�£µ¡�°���Á°�Ŵ�ÎµÅ�­¼n�µ¦�¦�́¡§�·�¦¦¤�°�
��Á°�Ŵ�¹É��µ�ªnµ�¸¤�nµ�³­µ¤µ¦�Ä®o�ÎµÂ�³�ÎµÁ�ºÊ°��o� 
��́��Ä��¦°��¦ª́Â¨³�»¤��Å�oŴ�ª́Â��­¤µ�·��¤̧°°�
¤µ�ÎµÁ­�°�¨�µ¦ª·Á�¦µ³®r�o°¤¼¨Ŵ Ã�¥Á�¡µ³Ŵ°­¤�Ŵ¤¸
�ªµ¤�»o�Á�¥�´��o°¤¼¨�oµ�­»�£µ¡Ŵ�¸¤�´�¨Îµ�´��ªµ¤
­Îµ�´�Ŵ Ã�¥�Îµ�¨�µ�®¨µ¥ÇŴ­nª�¤µ¦nª¤�´�°£·�¦µ¥Ŵ
Á�}��µ¦¦nª¤�´�¡·�µ¦�µ�´�­·�Ä�°¥nµ�¤¸Á®�»�¨ŴÂ¨³¤¸
®¨´��µ¦Ä�o®¨´��µ�Á�·��¦³�´�¬rŴ­°��¨o°��´�®¨´��µ¦ 
�¸Éªnµ�¸¤�ª¦¤¸�ªµ¤­µ¤µ¦�Ä��µ¦�´�­·�Ä�Á�¸É¥ª�´�
�»��¨�Á®�»�µ¦�rŴ Â¨³­µ¤µ¦�¡·�µ¦�µ�µ�Á¨º°��� 
�µ¦¤»n �Á�o�Ä®o�¸¤Á�o¤Â�È�Ã�¥Á­¦·¤�ªµ¤¦¼o Ä®o�¸¤Ŵ
Á¡ºÉ°�¸¤�³Å�o�ÎµÅ��nµ¥�°�Ä®o��Ä��»¤��Å�oŴ Â¨³ 
Á¦ºÉ°�Â¦��¸É�¸¤°¥µ�¦¼o�º°Á¦ºÉ°�°µ®µ¦ŴÁ¡¦µ³Á�}�Á¦ºÉ°�Ä�¨o�´ªŴ 
�´Ê��¸ÊÁ�ºÉ°��µ���Ä��»¤���iª¥��́�Îµ�ª�¤µ�ŴŴÅ�oÂ�nŴŴÃ¦�
�ªµ¤�´�Ã¨®·�­¼�ŴÃ¦�Á�µ®ªµ�Ŵ�¸É¤¸­µÁ®�»¤µ�µ�°µ®µ¦Ŵ
­°��¨o°��´��µ�ª·�´¥ªnµ�µ¦Á�oµ¦nª¤�·��¦¦¤­n�Á­¦·¤ 
­»�£µ¡Â¨oª�³¤¸¡§�·�¦¦¤�¼Â¨­»�£µ¡�¸�¹Ê������Ŵ ­nª�
�µ¦ªµ�Â���Á�¸¥�Ã�¦��µ¦Ŵ�ÎµÄ®o�¸¤Á¦¸¥�¦¼o�µ¦Á�¸¥�
Ã�¦��µ¦Ŵ  f��·�Ŵ Â¨oª�nª¥�´�Á�¸¥�Ã�¦��µ¦Á�}��µ¦
¨�¤º°��·��́·�¦·��³�ÎµÄ®o���ÎµÅ�Ä�oÅ�oÄ�°�µ��Ŵ�¨�µ�Ŵ 
�Ŵ Ã�¦��µ¦°£·�¦µ¥Å�o�´��¸ÊŴ Ã�¦��µ¦°�¦¤Á¥µª���� 
¦»n�Ä®¤nŴÄ­nÄ�­»�£µ¡Ŵ­°��¨o°���́����́¦°°��µªµ�o°Ŵ�Ŵ 
¡�́�µ��́¬³�»��¨ŴÂ¨³Ŵ�o°Ŵ�Ŵ­¦oµ�Á­¦·¤�ªµ¤Á�o¤Â�È��°�
�»¤��Ŵ­°��¨o°���́�µ�ª·�¥́Ä��¨»n¤ª¥́¦»n�Ŵ�{��¥́�j°���́
�µ¦�ºÉ¤Á�¦ºÉ°��ºÉ¤Â°¨�°±°¨rŴ Å�oÂ�nŴ�ªµ¤¦¼oŴ�´�¬³�¸ª·�Ŵ 
¤¸�·��¦¦¤�Îµ��Ŵ �µ¦�´Ê��¦¦£rÄ�ª´¥¦»n�Á�}��{�®µ�¸É¤¸
Â�ªÃ�o¤�ª�̧ªµ¤¦»�Â¦�¤µ��¹Ê���Ŵ��́�´Ê�®µ�¤�̧µ¦°�¦¤
ª¥́¦»n��µ�ªnµ�³�ÎµÄ®o�{�®µ¨�¨�ŴÃ�¦��µ¦�·�°¥¼n°¥nµ�Å¦
Ä®o¤¸�ªµ¤­»� ­°��¨o°��´����´�¦°°��µªµ�o°Ŵ �Ŵ
¡´��µ�´�¬³�»��¨ŴÂ¨³Ŵ�o°Ŵ�Ŵ­¦oµ�Á­¦·¤�ªµ¤Á�o¤Â�È�
�°��»¤��Ŵ­°��¨o°��´��µ�ª·�´¥Ä�ª´¥�¼oÄ®�nŴ�»�¨µ�¦
ª´¥�Îµ�µ�¤¸¡§�·�¦¦¤­¦oµ�Á­¦·¤­»�£µ¡°¥¼nÄ�Á���r�¸�� 
­nª�ª¥́�°�¦�́�¦³�µ���́�»�¤ºÊ°¦o°¥¨³Ŵ����Ŵ¦�́�¦³�µ� 
�¨Å¤o�»�ª´�¦o°¥¨³Ŵ������Ŵ Ŵ Â¨³ª´¥­¼�°µ¥»Ŵ¡§�·�¦¦¤
­¦oµ�Á­¦·¤­»�£µ¡°¥¼nÄ�Á���r�Ŵ̧�����ŴÃ�¦��µ¦�¸̄ µ�»¤��
­¦oµ�Á­¦·¤­»�£µ¡Ŵ ­°��¨o°��´����´�¦°°��µªµŴ 
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�o°Ŵ�Ŵ¡´��µ�´�¬³�»��¨Ŵ�o°Ŵ�Ŵ­¦oµ�Á­¦·¤�ªµ¤Á�o¤Â�È�
�°��»¤��Â¨³Á�¦¸¥¤�o°Ŵ�Ŵ­¦oµ��Ã¥�µ¥­µ�µ¦�³Á¡ºÉ°
­»�£µ¡­°��¨o°���́�µ�ª·�¥́Ŵ¦¼�Â���µ¦­n�Á­¦·¤­»�£µ¡ 
Ä�ª´¥­¼�°µ¥»¤¸�µ¦�¦ª�Â¨³��­°�­¤¦¦�£µ¡Ŵ 
°°��Îµ¨´��µ¥Ŵ °µ®µ¦Ŵ «·¨�mÁ¡ºÉ°­»�£µ¡Â¨³�µ¦�¼Â¨
­»�£µ¡��Á°��� �³Á®È�Å�oªnµŴ�µ¦�ÎµÁ�·��µ�ŴÁ�}��µ¦��́
Áª�¸Ŵ �Á�d�¡ºÊ��¸É�Ŵ�ÎµÄ®o�»¤��Á�oµ¤µ¤¸­nª�¦nª¤Ŵ�ÎµÁ­�°
Á¦ºÉ°�¦µª�nµ�ÇŴ Á�}��µ¦�Îµ�µ�Â���µ�¨nµ��¹Ê���Ŵ
�ERWWRPŴXS�Ŵ°¸��´Ê�Á�}��µ¦¦³�¤�»��¦´¡¥µ�¦¤�»¬¥rŴ 
Â¨³°�»¦�́¬r«·̈ �ª�́��¦¦¤Å�¥Ŵ�ÎµÄ®oÁ�·��µ¦Á�¨¸É¥�Â�¨� 
�oµ��ªµ¤�·�Ŵ�´«���·ŴÂ¨³�µ¦��·�´�·
� ��� �µ¦�¦³Á¤·��¨�µ¦�ÎµÁ�·��µ��°��¸¤
­¦oµ�Á­¦·¤­»�£µ¡�¸ÉÁ�o¤Â�È�Ã�¥�»¤��¤¸­nª�¦nª¤� 
�¸¤­µ¤µ¦�Á­�°�{�®µŴÂ¨³�®¦º°�ªµ¤�o°��µ¦�oµ�
­»�£µ¡�°��»¤��Ŵ�µ��µ¦­´�Á���¸¤¦¼o�¹��{�®µŴÂ¨³�
®¦º°�ªµ¤�o°��µ¦�oµ�­»�£µ¡�°���Ä��»¤��Ŵ�´Ê��¸Ê°µ�
Á�ºÉ°�¤µ�µ�°µ«¥́°¥¼nÄ��»¤���¸ÊŴÂ¨³�µ�­nª�Á�}�Â���Îµ
�¹��¦µ��o°¤¼¨°¥¼nÂ¨oªŴ�¸¤­µ¤µ¦��·�°°�Â��­Îµ¦ª�Ŵ
��́­·�Ä�Á°µ�o°¤¼̈ Á�¡µ³�ÎµÁ�}�ŴÁ¡¦µ³Á�oµÄ�ª·��̧ª̧·��°�
�»¤����Á°��¸ÉÁ�}�Á��Á¤º°�Ŵ®µ�Ä�oÁª¨µ­´¤£µ¬�r�µ�
°µ�Å¤nÅ�o¦´��ªµ¤¦nª¤¤º°ŴŴ�¸¤­µ¤µ¦��ÎµÁ�·��µ¦­Îµ¦ª�
�¦ª́Á¦º°�Ŵ�¤̧�nª¥��́­Îµ¦ª�ŴÂ­���¹��µ¦�¦·®µ¦��́�µ¦��́ 
°¥nµ�¨��´ªŴ Á�·��´�¬³�µ¦­´¤£µ¬�rŴ Â¨³�¸¤­µ¤µ¦� 
Á¦¸¥�Á¦¸¥�Â¨³ª·Á�¦µ³®r�o°¤¼¨¦nª¤�´�Å�oŴŴ
Ŵ �¸¤­µ¤µ¦��ÎµÁ­�°�o°¤¼¨Ŵ ­¤µ�·��µ���
­µ¤µ¦�°°�¤µ�ÎµÁ­�°�o°¤¼¨Å�oŴ�¸¤­µ¤µ¦��´�¨Îµ�´�
�ªµ¤­Îµ�´�ŴÃ�¥°µ«´¥�o°¤¼¨Ä�o�´�­·�Ä�°¥nµ�°·­¦³ŴÁ�}�
�¦³�µ�·�Å�¥Ŵ�¸¤­µ¤µ¦�ªµ�Â���Á�¸¥�Ã�¦��µ¦ŴÃ�¥
Á�¡µ³Á¤ºÉ°¤¸Â��¢°¦r¤�®´ª�o°Ä®o�µ���Ŵ Á�n�Ŵ�¦³�µ�
�»¤��Ŵ°­¤�Ŵ ­µ¤µ¦�Á�¸¥�Å�oÁ¡¦µ³Á�¥�Îµ¤µÂ¨oªŴ �¹�
�nµ¥�°��´�Å�oŴÁ�}��µ¦Á¡·É¤�¥µ¥�ªµ¤­µ¤µ¦�Ä®oÁ�¸¥�
Ã�¦��µ¦Á�}��´�®¨µ¥ÇŴ��Ŵ
Ŵ ­�µ�³­»�£µ¡�°��¸¤Ŵ�¸¤¦´�¦¼o­�µ�³­»�£µ¡
�°���Á°�Ŵ�ÎµÄ®o­µ¤µ¦��´Ê��nµÁ�jµ®¤µ¥�°���Á°�Ŵ�Îµ
Å�­¼n�µ¦�¦�́Á�¨¸É¥�¡§�·�¦¦¤Ŵ�¼Â¨Á¦ºÉ°�°µ®µ¦ŴÂ¨³�µ¦
°°��Îµ¨´��µ¥ŴÂ¨³�µ¦Á­¦·¤�ªµ¤¦¼oÄ®o�¸¤­¦oµ�Á­¦·¤­»�
£µ¡Ŵ�Ŵ�¦´Ê�Ŵ�µ��µ¦­�́Á��Ŵ�¤̧¤�̧ªµ¤­�Ä�¤µ�ŴŴª·�¥µ�¦
�nµ¥�°�Â���¸É�ÎµÄ®oÁ�oµÄ��nµ¥Ŵ�¨�¸É°°�¤µ�¼oÁ�oµ¦nª¤¤¸
�ªµ¤¦¼oÁ¡·É¤�¹Ê�ŴÂ¨³¤¸�´«���·�¸É�¸�¹Ê�ŴŴ

Ŵ �¦³Á¤·��µ��µ¦¤¸­nª�¦nª¤�°��¸¤Ŵ¡·�µ¦�µ
�µ��µ¦Á�oµ¦nª¤Áª�¸Ä�Â�n¨³�¦´Ê�Ŵ ��Ŵ�¦´Ê�Ŵ Á�¨¸É¥�µ¦¤¸
­nª�¦nª¤�°�­¤µ�·��¸¤Ŵ��Ŵ����¦´Ê�ŴÂ�n�µ���®µ��
¤µÂ���´��´Ê�Á�¨¸É¥Ŵ����Ŵ����¦´Ê�Ŵ�¼o�¸É¤µ�»��¦´Ê�Ŵ�Ŵ��Ŵ
­nª��¼o�¸É�µ�Á�ºÉ°��µ�­µ¤Á̧­¥̧�ª̧·�Ŵ�nµ��́Ŵ�·�­°�Ŵ¤°��ª́
�»�¦Á�oµÃ¦�Á¦¸¥�Ŵ¥oµ¥�¸É°¥¼nŴ Á�}��o�Ŵ�µ��µ¦­´�Á��Ŵ�µ¦
Â­���ªµ¤�·�Á®È�Ŵ ¦nª¤Â­���ªµ¤�·�Á®È��´�°¥nµ�
®¨µ�®¨µ¥Ŵ ­¤µ�·��°��¸¤¤¸­nª�¦nª¤�·�Ŵ ªµ�Â��Ŵ 
�Îµ�·��¦¦¤ŴÁ�}��µ¦�¹�Â¨³Á¡·É¤«´�¥£µ¡�°�­¤µ�·��¤̧ 
Ã�¥�µ¦¡��³¡¼��»¥Â¨�Á�¨¸É¥��ªµ¤�·�Á®È��nµ�ÇŴÁ�}� 
�µ¦Â¨�Á�¨¸É¥�Á¦¸¥�¦¼o�¹É��´�Â¨³�´�ŴÁ¡·É¤�ªµ¤¦¼oŴÁ¡ºÉ°Ä®o 
Á�·��µ¦�ÎµÅ�­¼n�µ¦��·��́·®¦º°¤�̧�́¬³�¸É�¼��o°�Ŵ­°��¨o°� 
�´��µ�ª·�´¥��Ŵ�·��¦¦¤Â¨�Á�¨¸É¥�Á¦¸¥�¦¼oŴ�µ¦Á­¦·¤¡¨´�
°Îµ�µ�Ŵ�ÎµÄ®o­µ¤µ¦��¦¦¨»�µ¤Á�jµ®¤µ¥Å�oŴÂ¨³�µ¦�¹�
Ä®o­nª�°ºÉ�¤µ¤¸­nª�¦nª¤Á�}��µ¦­¦oµ�Â�ª¦nª¤�ÎµÄ®oÁ�·�
¡¨´�Ŵ­°��¨o°��´��¦³�ª��µ¦�»¤��Á�o¤Â�È�Ŵ�Ŵ�´Ê�Ŵ�º°Ŵ
��Ŵ­¦oµ��ªµ¤­�Ä�ŴÁ¦oµÄ�Ŵ��ŴÁ¡·É¤�ªµ¤­¤́¡�́�rŴ�µ¦Á�}�
¡¸ÉÁ¨¸Ê¥�ŴÁ¡ºÉ°�Ŵ¡�́�µ�ªµ¤Á�oµÄ�Ŵ��Ŵ¡�́�µ�Ã¥�µ¥ŴÂ¨³Ŵ
��ŴÁ�·�¡´��³­´��µŴÂ¨³�µ¦�¥µ¥¡ºÊ��¸É�� 
 ­¦»�Å�oªnµŴ �¨°��¦³�ª��µ¦Ŵ�´Ê�Â�n�µ¦¦³�»
�{�®µŴÂ¨³�®¦º°�ªµ¤�o°��µ¦Ŵ�µ¦�·�°°�Â��Â¨³
­Îµ¦ª��¦´ªÁ¦º°�Á¦¸¥�Á¦¸¥�Â¨³ª·Á�¦µ³®r�o°¤¼¨Ŵ�ÎµÁ­�°Ŵ
�´�¨Îµ�´��ªµ¤­Îµ�´�Ŵªµ�Â��ŴÁ�¸¥�Ã�¦��µ¦Ŵ�µ¦Å�o¤µ
�¹É��·��¦¦¤Ŵ�µ¦°°�Â���¨¥»��rŴ�µ¦�ÎµÁ�·��µ¦ŴÂ¨³�µ¦
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Empowering by Community Participation 

in Creating an Empowerment Health Promotion Team at 

Moo 3 Kukot Subdistrict, Lumlooka District, Pathum-thani Province

Ŵ 6ULPXDQJŴ3DODQJULWŴŴ3K�'�
Ŵ $OLVVDŴŴ5DWDQDWDZDQŴŴŴ0�'�

Ŵ &KXPSRWŴ$PDW\DNXOŴ0�6F�




Abstract
Ŵ 7KHŴUHVHDUFKŴRIŴ3$5�Ŵ3DUWLFLSDWRU\Ŵ$FWLRQŴ5HVHDUFK�ŴWKHŴREMHFWLYHVŴZHUHŴWRŴKDYHŴWKHŴFRPPXQLW\ŴFRRSHUDWH 
LQŴHVWDEOLVKLQJŴWKHŴHPSRZHUPHQWŴKHDOWKŴSURPRWLRQŴWHDP�ŴZRUNŴWHDPŴDQGŴDVVHVVPHQWŴWHDP�Ŵ7KHŴPHWKRGVŴZHUHŴ
WRŴSURYLGHŴWKHŴSODWIRUPŴRIŴWKHŴJURXSŴGLVFXVVLRQŴIRUŴWKHŴSDUWLFLSDQWV�ŴDQGŴHVWDEOLVKŴKHDOWKŴSURPRWLRQŴWHDPŴZKLFKŴ
FUHDWHGŴWKHŴYLVLRQŴDQGŴZD\VŴLQŴGHYHORSLQJŴWKHŴTXDOLW\ŴRIŴWKHŴWHDP�ŴDQDO\]HGŴWKHŴFRPPXQLW\�ŴDQGŴSODQQHGŴWRŴZULWH�Ŵ
ZRUNŴDQGŴDVVHVVŴWKHŴSURMHFW�
Ŵ 7KHŴUHVXOWŴRIŴWKHŴUHVHDUFK�Ŵ��ŴYROXQWHHUŴPHPEHUVŴLQŴKHDOWKŴSURPRWLRQŴWHDPŴFUHDWHGŴWKHŴYLVLRQŴRIŴWKHLUŴ
WHDPŴZKLFKŴZDVŴWRŴJHWŴLQŴKDUPRQ\�ŴEHŴKDSS\ŴDQGŴKHDOWK\�Ŵ7KHŴWHDPŴPDGHŴ�ŴSURMHFWV�ŴDQGŴKDGŴUHJLVWHUHGŴLQŴWKHŴ
JURXSŴGLVFXVVLRQŴIRUŴ��ŴWLPHV�Ŵ��ŴSHUVRQVŴSHUŴRQFHŴLQŴDYHUDJH�Ŵ7KHŴDELOLWLHVŴRIŴWKHŴWHDPŴPHPEHUVŴZHUHŴ���Ŵ
SUREOHPVŴűQGLQJ�Ŵ���ŴGDWDŴDQDO\VLV�Ŵ���ŴSULRULW\ŴVHWWLQJ�Ŵ���ŴDFWLYLWLHVŴSODQQLQJ�Ŵ���ŴQHWZRUNŴFUHDWLRQ�ŴDQGŴ
���ŴQHZŴSURMHFWVŴFUHDWLRQ�Ŵ0RUHRYHU�ŴWKH\ŴKDGŴWKHŴFRXUDJHŴWRŴJLYHŴRQHuVŴRSLQLRQ�ŴEHŴDŴOHDGHU�ŴJLYHŴDQŴDGYLFH�Ŵ
DQGŴWHDFKŴRWKHUŴSHRSOH�Ŵ7KH\ŴZHUHŴDOVRŴDEOHŴWRŴSHUVXDGHŴSHRSOHŴWRŴSDUWLFLSDWHŴLQŴHYHQWVŴDQGŴJHWŴWRJHWKHU�
Ŵ 'LVFXVVLRQ�ŴWKHŴWHDPŴKDVŴPDQ\ŴVWDWXVHVŴWKDWŴFDQŴPDNHŴWKHŴZRUNŴFRYHUŴ\RXWK�ŴPLGGOHŴDJH�ŴDQGŴROGŴDJH�Ŵ
7KHŴWHDPuVŴYLVLRQŴSURYLGHVŴWKHŴREYLRXVŴDLP�ŴGHWHUPLQDWLRQ�ŴUHVSRQVLELOLW\�ŴDQGŴPDQDJLQJŴZHOO�ŴŴ7KHŴSDUWLFLSDWLRQŴ
LQŴJURXSŴGLVFXVVLRQŴLVŴWRŴPDQDJHŴWKHŴHQYLURQPHQWŴWRŴEHŴVXLWDEOHŴIRUŴKHDOWKŴFDUHŴFRRSHUDWLRQ�ŴFRPPXQLW\ŴDQDO\�
VLV�ŴGHFLVLRQŴDQGŴDFWLYLWLHVŴSODQQLQJŴZKLFKŴOHDGVŴWRŴH[SHULHQFHŴH[FKDQJH�Ŵ$OOŴRIŴWKHVHŴDUHŴWRŴHPSRZHUŴWKHŴKHDOWKŴ
SURPRWLRQŴWHDP�
Ŵ 6XJJHVWLRQ�ŴLQŴWKHŴIXWXUH�ŴQHWZRUNŴH[WHQVLRQŴRUŴIURQWŴH[WHQVLRQŴDQGŴSDUWLFLSDWLRQŴLQŴORFDOŴRUJDQL]DWLRQŴ
DUHŴQHHGHGŴLQŴRUGHUŴWRŴHVWDEOLVKŴSXEOLFŴSROLF\�Ŵ7KHŴSURJUHVVLRQŴRIŴDFWLYLWLHVŴSODQŴDQGŴFRPPXQLW\ŴGHYHORSPHQWŴLVŴ
WRŴEHŴVXSSRUWHGŴIRUŴJHWWLQJŴKHDOWKLQHVVŴE\ŴVRFLDOŴGULYHQŴSURFHVV�

.H\ZRUGV�ŴŴ &RPPXQLW\Ŵ3DUWLFLSDWLRQ�ŴŴ+HDOWKŴ3URPRWLRQŴ7HDP�Ŵ2WWDZDŴ&KDUWHU�ŴŴ(PSRZHUPHQW
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Ŵ 3Ŵ Ŵ­�́­nª�Ŵ��ªµ¤�¦°��¨»¤Ŵ®¦º°°»��́·�µ¦�rÃ¦��Ŵ 
�µ��µ¦«¹�¬µ�Îµ¦n°�¡�ªnµ¤¸�µ¦�¦³Á¤·��ªµ¤�ª�ŴŴŴ 
¦o°¥¨³Ŵ�����ŴŴŴŴŴŴŴŴŴ
Ŵ HŴ Ŵ�ªµ¤�¦³��́�°��µ¦�¦³¤µ��nµŴ�3UHFLVLRQŴ 
RIŴHVWLPDWH�Ŵ
��µ��´ª°¥nµ�Ŵ ŴŴ�����Ŵ[Ŵ����Ŵ[Ŵ��������Ŵ ŴŴ���
ŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴ������

Ŵ �µ��µ¦�Îµ�ª�Å�o��µ��¨»n¤�´ª°¥nµ�Ŵ�Îµ�ª�Ŵ
���ŴŴÁ¡ºÉ°�ªµ¤­³�ª�Â¨³�ªµ¤Á�ºÉ°¤´É�Ä��µ¦Á�È��o°¤¼̈ ŴŴ
��³�¼oª·�¥́�¹��Îµ®����µ��¨»n¤�ª́°¥nµ��Îµ�ª�ŴŴ���ŴŴ¦µ¥
 Á�¦ºÉ°�¤º°�¸ÉÄ�oÄ��µ¦Á�È��o°¤¼̈ �Á�}�Â��Á�È�
�o°¤¼¨�µ¦�´��¹��ªµ¤�ª�Ã�¥Ä�oŴSDLQŴVFRUHŴÅ�o¦´��µ¦
�¦ª�­°��ªµ¤�¦°��¨»¤�°�Á�ºÊ°®µÃ�¥�¼o�¦��»�ª»�·
�Îµ�ª�Ŵ�Ŵ�nµ�
� �µ¦Á�È�¦ª�¦ª¤�o°¤¼¨� Ã�¥Ŵ��ŴÅ�o¦´�°�»¤´�·
�µ���³�¦¦¤�µ¦�¦·¥�¦¦¤�µ¦ª·�´¥Ä�¤�»¬¥r�°� 
Ã¦�¡¥µ�µ¨Ä®o�Îµ�µ¦«¹�¬µª·�´¥Ŵ��Ŵ Å�o¦´�°�»¤´�·Ä®oÄ�o 
Áª�¦³Á�¸¥�Á¡ºÉ°�µ¦«¹�¬µª·�´¥�µ��¼o°Îµ�ª¥�µ¦Ã¦�¡¥µ�µ¨ 
�»¦¦̧¤́¥rŴ��Ŵ�o°¤¼̈ �¸ÉÅ�o�³�ÎµÁ­�°Ä�£µ¡¦ª¤Â¨³Å¤n¤�̧µ¦
Á�d�Á�¥�o°¤¼¨�ªµ¤¨´��°��¼o�iª¥
� �µ¦ª·Á�¦µ³®r�o°¤¼¨��¼oª·�´¥Å�o�Îµ�µ¦ª·Á�¦µ³®r
�o°¤¼¨Ã�¥Ä�oÃ�¦Â�¦¤�°¤¡·ªÁ�°¦rŴ ­�·�·�¸ÉÄ�oÄ��µ¦
ª·Á�¦µ³®r�o°¤¼¨Ŵ Å�oÂ�nŴ �ªµ¤�¸ÉŴ ¦o°¥¨³ �nµÁ�¨¸É¥Ŵ Â¨³
­nª�Á�¸É¥�Á��¤µ�¦�µ�
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Ú�w���¡}��
Ŵ �¨�µ¦ª·�´¥Ŵ¡�ªnµŴ �¨»n¤�´ª°¥nµ�Á�}�Á¡«�µ¥Ŵ
���Ŵ��Ŵ�¦o°¥¨³Ŵ���ŴÁ¡«®�·�Ŵ��Ŵ��Ŵ�¦o°¥¨³Ŵ���Ŵ
°µ¥»Á�¨¸É¥Ŵ�����ŴûŴ�����Ŵ�eŴ­µÁ®�»�°��µ¦�iª¥Á�·��µ�
°»�´�·Á®�»Ŵ���Ŵ¦µ¥Ŵ�¦o°¥¨³Ŵ���ŴÅ�o¦´��µ¦�nµ�´�Ŵ/RZHUŴ
H[WUHPLWLHVŴ Á�}�­nª�Ä®�n�Îµ�ª�Ŵ���Ŵ ¦µ¥Ŵ �¦o°¥¨³Ŵ 
�����Ŵ Å�o¦´��µ¦�¤¥µ­¨���·�Ŵ*HQHUDOŴ DQHVWKHVLDŴ 
���Ŵ¦µ¥Ŵ�¦o°¥¨³Ŵ�����Ŵ
Ŵ �³Á®È�Å�oªnµŴ¤�̧µ¦�¦³Á¤·��ªµ¤�ª�®¨�́�nµ��́
Ä�Ŵ��Ŵ�´ÉªÃ¤�Â¦�Ŵ��ŴyŴ��Ŵ�´ÉªÃ¤�ŴÂ¨³Ŵ��ŴyŴ��Ŵ�´ÉªÃ¤� 
®¨´��nµ�´�Ŵ¦o°¥¨³Ŵ�����Ŵ�����Ŵ����Ŵ�µ¤¨Îµ�´�ŴÃ�¥Ä�oŴ 
SDLQŴ VFRUHŴ ¦o°¥¨³Ŵ �����Ŵ �����Ŵ ����Ŵ �µ¤¨Îµ�´�Ŵ 
�µ¦�¦³Á¤·��ªµ¤¦»�Â¦��°��ªµ¤�ª�Ä��¼o�iª¥Â�n¨³
¦µ¥¤¸�´Ê�Ŵ1XPHULFŴ5DWLQJŴ6FDOHŴÂ¨³Ŵ9HUEDOŴ Ŵ5DWLQJŴ
6FDOHŴ Ã�¥�´��¹�Ä�Ä��´��¹��µ��µ¦¡¥µ�µ¨Â¨³Å¤n
¡��µ¦��́�¹�¦³��́�ªµ¤¦»�Â¦��°��ªµ¤�ª�Ä�¢°¦r¤
�¦°�®¦º°Ŵ JUDSKLFŴ VKHHWŴ�°��µ��¸Ê¥´�¡�ªnµ¤¸�µ¦Ä�oŴ
9HUEDOŴŴ5DWLQJŴŴ6FDOHŴŴÄ��ªµ¤®¤µ¥°ºÉ�ŴŴÁ�n�Ŵ�n��ª�Ŵ
�ª�¡°��Ŵ®¦º°Å¤n�n��ª�ŴŴ�¹É�¡�¤µ��¹�¦o°¥¨³Ŵ�����Ŵ
�����Ŵ����Ŵ Ä�Ŵ��Ŵ�´ÉªÃ¤�Â¦�Ŵ��ŴyŴ��Ŵ�´ÉªÃ¤�ŴÂ¨³Ŵ
��ŴyŴ��Ŵ�´ÉªÃ¤�®¨´��nµ�´��µ¤¨Îµ�´�ŴŴ�ªµ¤¦»�Â¦��°�
�ªµ¤�ª�¦³�´��µ��¨µ��¹��ª�¤µ�Ä�Ŵ��Ŵ�´ÉªÃ¤�Â¦�Ŵ 
��Ŵ yŴ ��Ŵ �´ÉªÃ¤�Ŵ Â¨³Ŵ ��Ŵ yŴ ��Ŵ �´ÉªÃ¤�®¨´��nµ�´�Ŵ 
¡�¦o°¥¨³Ŵ�����Ŵ�����Ŵ����Ŵ�µ¤¨Îµ�´�Ŵ Ŵ�¨�µ¦ª·�´¥ 
�¦´Ê ��¸Ê¡�ªnµ¤¸�µ¦�¦³Á¤·��ªµ¤�ª�¤µ��¸É­»�Ä�Ŵ 
��Ŵ�´ÉªÃ¤�Â¦�®¨´��nµ�´�Â¨³¤¸�µ¦�¦³Á¤·��ªµ¤�ª�
Ã�¥Ä�oŴ SDLQŴ VFRUHŴ�n°��oµ��o°¥Ŵ�¼o�iª¥�¸É¤¸�ªµ¤¦»�Â¦�
�°��ªµ¤�ª�¦³�´��µ��¨µ��¹��ª�¤µ�¡�¤µ�Ä�Ŵ 
��Ŵ �´ÉªÃ¤�Â¦�®¨´��nµ�´�Ŵ Â¨³¡�ªnµ¡¥µ�µ¨Å¤nÅ�o
�¦³Á¤·��ªµ¤�ª��n°�Â¨³®¨´�Ä®o¥µÂ�o�ª��»��¦´Ê�
Ã�¥¤¸�µ¦�¦³Á¤·��ªµ¤�ª��n°�Ä®o¥µÂ�o�ª�Ä�Ŵ 
��Ŵ�´ÉªÃ¤�Â¦�Ŵ��ŴyŴ��Ŵ�´ÉªÃ¤�ŴÂ¨³Ŵ��ŴyŴ��Ŵ�´ÉªÃ¤�
®¨´��nµ�´�Ŵ¦o°¥¨³Ŵ�����Ŵ�����Ŵ����Ŵ�µ¤¨Îµ�´�ŴŴ¤¸�µ¦
�¦³Á¤·��ªµ¤�ª�®¨´�Ä®o¥µÂ�o�ª�Ä�Ŵ��Ŵ�´ÉªÃ¤�Â¦�Ŵ
��ŴyŴ��Ŵ�´ÉªÃ¤�ŴÂ¨³Ŵ��ŴyŴ��Ŵ�´ÉªÃ¤�®¨´��nµ�´�Ŵ¦o°¥¨³Ŵ
�����Ŵ�����Ŵ����Ŵ�µ¤¨Îµ�´�ŴŴ

w����¡����Ú�
 ¡¥µ�µ¨Á�}��»��¨­Îµ�´�Ä��µ¦�´��µ¦
�ªµ¤�ª�Ŵ Á�ºÉ°��µ�°¥¼nÄ�¨o�·��¼o�iª¥¤µ��¸É­»�Â¨³Ä®o 
�µ¦¡¥µ�µ¨�¨°�Ŵ��Ŵ�´ÉªÃ¤�Ŵ�µ¦ª·�¥́�¦´Ê��¸Ê¡�ªnµŴ¤�̧µ¦ 
�¦³Á¤·��ªµ¤�ª�®¨�́�nµ��́Ä�Ŵ��Ŵ�´ÉªÃ¤�Â¦�Ŵ��ŴyŴ��Ŵ
�´ÉªÃ¤�ŴÂ¨³Ŵ��ŴyŴ��Ŵ�´ÉªÃ¤�®¨�́�nµ��́Ŵ¦o°¥¨³Ŵ�����Ŵ�����Ŵ
����Ŵ �µ¤¨Îµ�´�­°��¨o°��´��µ¦«¹�¬µ�°�­¤�¼¦�rŴŴ
Á�¸¥��°��ŴÂ¨³Ŵ0LFKDHOVŴHWŴDO����¸É¡�ªnµŴ¤¸�µ¦�¦³Á¤·�
�ªµ¤�ª�¦o°¥¨³ŴŴ����ŴÂ¨³Ŵ��Ŵ�µ¤¨Îµ�´�Ŵ�¨�µ¦ª·�´¥
�¦´Ê��¸Ê¡�ªnµ¤¸�µ¦�¦³Á¤·��ªµ¤�ª�Ã�¥Ä�oŴ SDLQŴ VFRUHŴ
Ä�Ŵ��Ŵ�´ÉªÃ¤�Â¦�Ŵ��ŴyŴ��Ŵ�´ÉªÃ¤�ŴÂ¨³Ŵ��ŴyŴ��Ŵ�´ÉªÃ¤� 
®¨´��nµ�´�Ŵ ¦o°¥¨³Ŵ �����Ŵ �����Ŵ ����Ŵ �µ¤¨Îµ�´�
­°��¨o°��´��µ¦«¹�¬µ�°�Ŵ Ŵ5DZDOŴ1ŴÂ¨³Ŵ$OOYLQŴ5ŴŴ
¡�ªnµÄ�Ŵ���Ŵ Ã¦�¡¥µ�µ¨�µ�Ŵ��Ŵ�¦³Á�«Ä�¥»Ã¦� 
¤¸�µ¦�´��¹��µ¦�¦³Á¤·��ªµ¤�ª�¦o°¥¨³Ŵ��Ŵ��Ŵ Ŵ Â¨³
Â���nµ��µ��µ¦«¹�¬µ�°�¨´�¬¤¸Ŵ �µ�Áª��rŴ �¸É¤¸�µ¦ 
�´�Á¨º°�Á�¡µ³Áª�¦³Á�¸¥��¸É¤¸�»�£µ¡�µ¦�´��¹� 
�¦��oª�¤µª·Á�¦µ³®rÂ¨³¡�ªnµŴ Ŵ¡¥µ�µ¨¤¸�µ¦�´��¹�
�µ¦�¦³Á¤·��ªµ¤�ª�Ã�¥Ä�oŴ SDLQŴ VFRUHŴ¦o°¥¨³Ŵ����Ŵ
Â¡�¥r¤¸�µ¦�´��¹��µ¦�¦³Á¤·��ªµ¤�ª�¦o°¥¨³Ŵ����3  
�°��µ��¸Ê¥´�¡�ªnµ¤¸�µ¦Ä�oŴ9HUEDOŴ Ŵ5DWLQJŴŴ6FDOHŴ ŴÄ�
�ªµ¤®¤µ¥°ºÉ�ŴÁ�}��Îµ�ª�¤µ�ŴÁ�n�Ŵ�n��ª�Ŵ�ª�¡°��Ŵ 
®¦º°Å¤n�n��ª�ŴÄ�Ŵ��Ŵ�´ÉªÃ¤�Â¦�Ŵ��ŴyŴ��Ŵ�´ÉªÃ¤�ŴÂ¨³Ŵ
��ŴyŴ��Ŵ�´ÉªÃ¤�®¨´��nµ�´�Ŵ¦o°¥¨³Ŵ�����Ŵ�����Ŵ����Ŵ
�µ¤¨Îµ�´�Ŵ�ÎµÄ®oÅ¤n­µ¤µ¦�Ä�oÁ�¦¸¥�Á�¸¥��´�Ŵ9HUEDOŴŴ
5DWLQJŴ Ŵ6FDOHŴ Ŵ�¸ÉÁ�}�¤µ�¦�µ�Ŵ�º°Ŵ Å¤n�ª�Ŵ�QRŴSDLQ�Ŵ
156Ŵ Ŵ��Ŵ�ª�Á¨È��o°¥Ŵ �PLOG�Ŵ156Ŵ Ŵ����Ŵ�ª� 
�µ��¨µ�Ŵ�PRGHUDWH�Ŵ156Ŵ Ŵ����Ŵ�ª�¤µ�Ŵ�VHYHUH�Ŵ
156Ŵ Ŵ�����ŴÅ�o���� 
Ŵ �ªµ¤¦»�Â¦��°��ªµ¤�ª�¦³�´��µ��¨µ��¹�
�ª�¤µ�Ä�Ŵ��Ŵ�´ÉªÃ¤�Â¦�Ŵ��ŴyŴ��Ŵ�´ÉªÃ¤�ŴÂ¨³Ŵ��ŴyŴ��Ŵ 
�´ÉªÃ¤�®¨´��nµ�´�Ŵ ¡�¦o°¥¨³Ŵ �����Ŵ �����Ŵ ����Ŵ 
�µ¤¨Îµ��́­°��¨o°���́�µ¦«¹�¬µ�°�Ŵ$SIHOEDXPŴHWŴDO�Ŵ
�¹É�¡�ªnµ¦o°¥¨³Ŵ��Ŵ�°��¼o�iª¥®¨´��nµ�´�¤¸�ªµ¤¦»�Â¦�
�°��ªµ¤�ª�¦³�´��µ��¨µ��¹��ª�¤µ���

Ŵ �µ¦�¦³Á¤·��ªµ¤�ª�®¨´��nµ�´�¡�¤µ��¸É­»�
Ä�Ŵ��ŴŴ�´ÉªÃ¤�Â¦�®¨�́�nµ��́Â¨³¤�̧µ¦�¦³Á¤·��ªµ¤�ª�
Ã�¥Ä�oŴ SDLQŴ VFRUHŴ�n°��oµ��o°¥Ŵ�¼o�iª¥�¸É¤¸�ªµ¤¦»�Â¦�



��ĊĕĆčĕĆčĄĕåĄāąĕýĕĈĒ�čĕãĕăĕåøēĊĔüĐĐâğêĘąèğĎüĚĐ

þĿúĘħ�����êýĔýúĘħ�����øěĈĕåĄ���ûĔüĊĕåĄ�����

�°��ªµ¤�ª�¦³��́�µ��¨µ��¹��ª�¤µ�¡�¤µ�Ä�Ŵ��Ŵ
�´ÉªÃ¤�Â¦�®¨´��nµ�´�ŴŴÂ¨³¡�ªnµ¡¥µ�µ¨Å¤nÅ�o�¦³Á¤·�
¦³�´��ªµ¤¦»�Â¦��°��ªµ¤�ª��n°�Â¨³®¨´�Ä®o¥µ 
Â�o�ª��»��¦´Ê�ŴŴ�¹É��µ¦�¦³Á¤·��ªµ¤�ª�Á�}�®´ªÄ�­Îµ�´�
�¸É�³�ÎµÅ�­¼n�µ¦��́�µ¦�ªµ¤�ª�°¥nµ�¤�̧¦³­·��·£µ¡�����  
�¹��ª¦Ä®o�ªµ¤­Îµ�´��´��µ¦�¦³Á¤·��ªµ¤�ª��¹É�Á�}� 
°µ�µ¦¦��ª��°��¼o�iª¥®¨´��nµ�´�Ŵ Á¡ºÉ°Ä®o�¼o�iª¥ 
­»�­�µ¥ŴŴ¡¹�¡°Ä�ŴŴ̈ ��ªµ¤�»��r�¦¤µ�Ŵ̈ ��µ¦Á�·�£µª³
Â�¦��o°��nµ�ÇŴŴÂ¨³¨��nµÄ�o�nµ¥�°�Ã¦�¡¥µ�µ¨ŴŴÂ¨³
�ª¦¤¸�µ¦¡´��µÄ®oÁ­¤º°�®�¹É��ªµ¤�ª�Á�}�­´��µ�
�¸¡�¸ÉŴ �Ŵ Â¨³Á�}�­nª�®�¹É�Ä��µ¦�¦³�´��»�£µ¡�µ¦
¦´�¬µ¡¥µ�µ¨ŴŴ

xi�ª�Ù�«ÙÝ
Ŵ ��Ŵ Á�ºÉ°��µ��µ¦�¦³Á¤·��ªµ¤�ª�Á�}�®ª́Ä�
­Îµ�´��¸É�³�ÎµÅ�­¼n�µ¦�´��µ¦�ªµ¤�ª��¹��ª¦�Îµ®��
Á�}��Ã¥�µ¥Â¨³Â�ª�µ���·�´�·�¸É�´�Á��Â¨³Á�}�¨µ¥
¨´�¬�r°´�¬¦Ä��µ¦�¦³Á¤·��ªµ¤�ª�Ã�¥Á�¡µ³Ŵ ��Ŵ
�´ÉªÃ¤�Â¦�Ä��¼o�iª¥®¨´��nµ�´��µ�°°¦rÃ��d�·�­r�»�¦µ¥Ŵ
�¹É�¡��ªµ¤¦»�Â¦��°��ªµ¤�ª�¦³�´��µ��¨µ��¹�
�ª�¤µ�¤µ��¸É­»�Ŵ Á¡ºÉ°Ä®o�»�¨µ�¦�»���¥¹��º°��·�´�·
Ä�Â�ª�µ�Á�¸¥ª�´�Ŵ Â¨³Á�}�­nª�®�¹É�Ä��µ¦�¦³�´�
�»�£µ¡�µ¦¦´�¬µ¡¥µ�µ¨Ŵ
Ŵ ��Ŵ ­n�Á­¦·¤�Ŵ­��́­�»��µ¦�Îµ�¨�µ¦�¦³Á¤·�
�ªµ¤�ª�Å�Ä�o�¦³Ã¥��rÄ��µ¦ªµ�Â���´��µ¦�ªµ¤
�ª�Ä®o¤¸�¦³­·��·£µ¡�n°Å�Ŵ
Ŵ ��Ŵ «¹�¬µ�{��´¥�¸É¤¸�¨�n°�µ¦�¦³Á¤·��ªµ¤
�ª��°�¡¥µ�µ¨Ŵ°³Å¦�º°�{�®µÂ¨³°»�­¦¦�Ä��µ¦
�¦³Á¤·��ªµ¤�ª�Ŵ�³Á®È�Å�oªnµ¡¥µ�µ¨¥�́�¦³Á¤·��ªµ¤
�ª�Ã�¥Ä�oŴSDLQŴVFRUHŴ�n°��oµ��o°¥ŴŴÂ¨³�¦³Á¤·��ªµ¤
�ª�Ã�¥Ä�oŴ9HUEDOŴ Ŵ5DWLQJŴ6FDOHŴ�¸ÉÅ¤nÁ�}�­µ�¨�n°�
�oµ�¤µ�Ŵ¤�̧µ¦¡�́�µ¦¼�Â���µ¦�¦³Á¤·��ªµ¤�ª�Ã�¥
Ä�oŴSDLQŴVFRUHŴ�µ��¨�µ¦ª·�´¥¡��ªµ¤¦»�Â¦��°��ªµ¤
�ª�¦³��́�µ��¨µ��¹��ª�¤µ��n°��oµ�­¼�Ã�¥Á�¡µ³Ä�Ŵ
��Ŵ�´ÉªÃ¤�Â¦�®¨�́�nµ��́Ŵ�¹��ª¦¤�̧µ¦¡�́�µ¦¼�Â���µ¦
�´��µ¦�ªµ¤�ª��´Ê�ª·�¸Ä�o¥µÂ¨³ª·�¸Å¤nÄ�o¥µŴÃ�¥­®­µ�µ
ª·�µ�¸¡Â¨³�µ¦¤¸­nª�¦nª¤�°��¼o�iª¥Â¨³�µ�·

w¡��¡w�����Ýw��
Ŵ �°�°�¡¦³�»�Ŵ¡��­»ª¦¦�µŴ°¦»�¡�«rÅ¡«µ¨Ŵ
¡��ª·¤¨¦´��rŴ«¦¸¦µ�ŴÂ¨³Á�oµ®�oµ�¸É®�nª¥¦³�µ�ª·�¥µŴ
��³Â¡�¥«µ­�¦rŴ¤®µª·�¥µ¨´¥�°�Â�n�Ŵ�¸É�¦ª�­°�
Ã�¦�¦nµ�ª·�´¥Â¨³�¦ª�­°�Á�¦ºÉ°�¤º°Ŵ�«��¦�ª¦¦�¦µŴ
�ºÉ�ª�́�µŴ�¡��¨·�Ŵ�°��¦³¥¼¦Ŵ�¼o°Îµ�ª¥�µ¦Ã¦�¡¥µ�µ¨
�»¦¦̧¤́¥rŴ­¤µ�¤¡¥µ�µ¨­µ�µ£µ��³ª�́°°�Á�¥̧�Á®�º°�¸É
Ä®o�µ¦­�´�­�»��»�ª·�´¥�¦´Ê��¸ÊŴ

ª�w����i�|�¡|
��Ŵ ­¤µ�¤�µ¦«¹�¬µÁ¦ºÉ°��ªµ¤�ª�Â®n��¦³Á�«Å�¥�Ŵ

Â�ª�µ�¡�́�µ�µ¦¦³��́�ª�Á�¥̧�¡¨�́Ŵ�&OLQLFDOŴ
*XLGDQFHŴIRUŴ$FXWHŴ3DLQŴ0DQDJHPHQW��Ŵ��´��¸ÉŴ
��Ŵ¡�«�Ŵ�����Ŵ�¦»�Á�¡²�Ŵ­¤µ�¤�µ¦«¹�¬µÁ¦ºÉ°�
�ªµ¤�ª�Â®n��¦³Á�«Å�¥�Ŵ�����

��Ŵ ��́�µŴÁ¨È�­ª­́�·Í�Ŵ�µ¦¡¥µ�µ¨�¼o�iª¥�n°�Â¨³®¨�́
�nµ�´��ŴÁ�¸¥�Ä®¤n�Ŵ��³ª·�¥µ«µ­�¦rŴ¤®µª·�¥µ¨´¥
Á�¸¥�Ä®¤n�Ŵ�����

��Ŵ ¨´�¬¤¸Ŵ �µ�Áª��r�Ŵ�µ¦°�¦¤ª·�µ�µ¦®¨´��µ¦Â¨³
ª·�¸�µ¦Ä��µ¦�¼Â¨¦´�¬µ�ªµ¤�ª�Á�¸¥�¡¨´�Ã�¥
�µ¦Ä�o¥µŴv�µ¦�¦³¥»��r°��r�ªµ¤¦¼o­¼n�µ¦��·�´�·w�Ŵ
��ŴyŴ��Ŵ¡§¬£µ�¤Ŵ�����Ŵ ­��¨µ�Ŵ£µ�ª·�µ
ª·­´��¸ª·�¥µŴ ��³Â¡�¥r«µ­�¦r¤®µª·�¥µ¨´¥
­��¨µ��¦·��¦r�Ŵ�����

��Ŵ ª��´��¦rŴ Á¡�¦¡·Á��Á�¸¥¦�Ŵ�µ¦°�¦¤ª·�µ�µ¦�µ¦
�¼Â¨¦´�¬µ�¼o�iª¥�¸É¤¸�ªµ¤�ª�Á�¸¥�¡¨´�Ŵ v�µ¦
�¦³¥»��r°��r�ªµ¤¦¼o­¼n�µ¦��·�´�·w�Ŵ ��Ŵ yŴ ��Ŵ
¡§¬£µ�¤Ŵ�����Ŵ­��¨µ�Ŵ£µ�ª·�µª·­´��¸ª·�¥µŴ
��³Â¡�¥r«µ­�¦rŴ Â¨³£µ�ª·�µ�µ¦¡¥µ�µ¨
«´¨¥«µ­�¦rŴ ��³¡¥µ�µ¨«µ­�¦rŴ ¤®µª·�¥µ¨´¥
­��¨µ��¦·��¦r�Ŵ�����

��Ŵ ««·�µ��rŴ �·¤¤µ�¦´��r�Ŵ �µ¦°�¦¤ª·�µ�µ¦�µ¦
�¼Â¨¦´�¬µ�¼o�iª¥�¸É¤¸�ªµ¤�ª�Á�¸¥�¡¨´�Ŵ v�µ¦
�¦³¥»��r°��r�ªµ¤¦¼o­¼n�µ¦��·�´�·w�Ŵ ��Ŵ yŴ ��Ŵ
¡§¬£µ�¤Ŵ�����Ŵ­��¨µ�Ŵ£µ�ª·�µª·­´��¸ª·�¥µŴ
��³Â¡�¥r«µ­�¦rŴ Â¨³£µ�ª·�µ�µ¦¡¥µ�µ¨
«´¨¥«µ­�¦rŴ ��³¡¥µ�µ¨«µ­�¦rŴ ¤®µª·�¥µ¨´¥
­��¨µ��¦·��¦r�Ŵ�����
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��Ŵ &KDQYHMŴ/�Ŵ3HWSLFKHWFKLDQŴ:�Ŵ.RYLWZDQDZRQJŴ
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Abstract 
Ŵ 7KHŴSXUSRVHŴRIŴWKLVŴFURVVŴVHFWLRQDOŴGHVFULSWLYH VWXG\ŴZDVŴWRŴHVWLPDWHŴWKHŴSURSRUWLRQŴRIŴSRVWRSHUDWLYHŴ
SDWLHQWVŴLQŴRUWKRSDHGLFŴZDUGV�Ŵ%XULUDPŴ+RVSLWDO�Ŵ8VLQJŴSDLQŴVFRUHŴ�QXPHULFŴUDWLQJŴVFDOH�Ŵ156ŴRUŴYHUEDOŴUDWLQJŴ
VFDOH�956�ŴWKHŴűUVWŴRIŴ��ŴKRXUVŴSRVWRSHUDWLYHO\ŴDQGŴŴWRŴLGHQWLI\ŴWKHŴSUHYDOHQFHŴRIŴPRGHUDWHŴWRŴVHYHUHŴSDLQ�Ŵ'DWDŴ
FROOHFWLRQŴZDVŴEDVHGŴRQŴWKHŴSRVWRSHUDWLYHŴRUWKRSHGLFŴSDWLHQWVŴ�Q ����ŴGXULQJŴ-XQHŴWRŴ2FWREHUŴ�����Ŵ8VLQJŴDŴ
GDWDŴUHFRUGHGŴIRUP�Ŵ'DWDŴZHUHŴDQDO\]HGŴE\ŴIUHTXHQF\�ŴSHUFHQWDJH�ŴPHDQVŴDQGŴVWDQGDUGŴGHYLDWLRQV�Ŵ
Ŵ 7KHŴUHVXOWŴRIŴWKLVŴVWXG\ŴLQGLFDWHGŴWKDWŴSDLQŴDVVHVVPHQWŴLQŴ��ŴKRXUV�Ŵ��ŴyŴ��ŴKRXUVŴDQGŴ��ŴyŴ��ŴKRXUVŴ
SRVWRSHUDWLYHO\ŴZHUHŴ�����Ŵ����ŴDQGŴ����ŴSHUFHQWVŴUHVSHFWLYHO\�Ŵ7KHŴSURSRUWLRQŴRIŴSDLQŴDVVHVVPHQWŴZHUHŴGRQHŴ
E\ŴXVLQJŴSDLQŴVFDOHVŴ�156VFRULQJŴRUŴ956VFRULQJ�ŴZHUHŴ�����Ŵ�����Ŵ����ŴSHUFHQWVŴUHVSHFWLYHO\�Ŵ7KHŴSUHYDOHQFHŴ
RIŴPRGHUDWHŴWRŴVHYHUHŴSDLQŴLQŴ��ŴKRXUV�Ŵ��ŴyŴ��ŴKRXUVŴDQGŴ��ŴyŴ��ŴKRXUVŴSRVWRSHUDWLYHO\ŴZHUHŴŴ�����Ŵ�����Ŵ
����ŴSHUFHQWVŴUHVSHFWLYHO\�Ŵ7KHŴűQGLQJŴUHYHDOHGŴWKDWŴWKHŴSRVWRSHUDWLYHŴSDLQŴDVVHVVPHQW ZHUHŴGRQHŴPRVWO\ŴLQŴ��Ŵ
KRXUVŴDIWHUŴRSHUDWLRQŴDQGŴWKHŴSUHYDOHQFHŴRIŴPRGHUDWHŴWRŴVHYHUHŴSDLQŴZHUHŴIRXQGŴPRVWO\ŴLQŴ��ŴKRXUVŴDIWHUŴRSHUDWLRQ�Ŵ
3DLQŴDVVHVVPHQWŴLVŴWKHŴNH\ŴVXFFHVVŴIDFWRUŴIRUŴWKHŴHIIHFWLYHQHVVŴRIŴSDLQŴPDQDJHPHQW�Ŵ$VŴLWŴLVŴWKHŴűIWKŴYLWDOŴVLJQV�Ŵ
DQGŴDŴSDUWŴRIŴTXDOLW\ŴRIŴFDUHŴDVVXUDQFH�
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�°�Â�n�¤¸�¼oÁ­¸¥�¸ª·��µ��µ¦Á�·�°»�´�·Á®�»�¦µ�¦Á�}�
°´��´��¸ÉŴ�Ŵ�°��¦³Á�«Ŵ 4Ŵ­nª�Ã¦�¡¥µ�µ¨«¦¸��¦·��¦r
¤¸�¼o�iª¥�µ�Á�È��¸É­¤°�Á�oµ¦´��µ¦¦´�¬µÄ��nª��eŴ¡�«�Ŵ
���������Ŵ�Îµ�ª�Ŵ���ŴÂ¨³���Ŵ���µ¤¨Îµ�´�ŴÁ�}�
�¼o�iª¥�µ�Á�È��¸É­¤°�¦»�Â¦�Ä�®°�¼o�iª¥¦³¥³ª·�§�
�´Ê�Â�nŴ�Ŵ¤·�»�µ¥�Ŵ����Ŵ�¹�Ŵ��Ŵ¡§¬£µ�¤Ŵ����Ŵ�Îµ�ª�Ŵ
��Ŵ��ŴÂ¨³¤¸�¼o�iª¥�¸ÉÁ­¸¥�¸ª·�Å¤n­¤´�¦Ä�°¥¼n¦´�¬µŴÂ¨³ 
�¼o�iª¥�¸É¤Ŵ̧*&6Ŵ̈ �¨�ŴůŴ�Ŵ�³Â��Ŵ�Îµ�ª�Ŵ��Ŵ��Ŵ�·�Á�}� 
¦o°¥¨³Ŵ�����Ŵ�

Ŵ ®µ��¼o�iª¥¤£̧µª³­¤°��ª¤Ŵ£µª³¡¦n°�°°��·Á��Ŵ 
�ªµ¤�´�Ã¨®·��ÎÉµŴ£µª³�µ¦r�°�Å�°°�Å��rÄ�Á¨º°��ÎÉµ
®¦º°­¼�Ŵ£µª³Å�o­¼�Ŵ�ªµ¤��́Ä��³Ã®¨�«¦̧¬³­¼�Ŵ��·�·¦·¥µ
�µ¦°�́Á­��°�¦nµ��µ¥Ŵ£µª³��̧Ŵ�ªµ¤Å¤n­¤�»̈ �°�Á�¨º°
Â¦n®¦º°°·Á¨È�Ã�¦Å¨�rŴ ­¤°��ª¤�ÎÊµŴ £µª³�´�Ŵ Â¨³�µ¦
�·�Á�ºÊ°Ŵ�{��´¥Á®¨nµ�¸Ê­n�Á­¦·¤Ä®oÁ�·��µ¦�µ�Á�È��¸É­¤°�
¦³¥³�¸É­°�Ŵ �VHFRQGDU\ŴEUDLQŴ LQMXU\�Ŵ�n°Ä®oÁ�·��¨Å�
�µ¦Á�¨¸É¥�Â�¨��µ��µ¥£µ¡�°�¦nµ��µ¥ŴŴ�ÎµÄ®o°µ�µ¦
Á¨ª¨�Â¨³Á­¸É¥��n°�µ¦Á�·��»¡¨£µ¡®¦º°Á­¸¥�¸ª·�Å�oŴ� 
Ŵ £µª³Å�oÁ�}��{��´¥®�¹É��¸É�ÎµÄ®oÁ�·��µ¦�µ�Á�È�
�¸É­¤°�¦³¥³�¸É­°�ŴÁ�ºÉ°��µ��µ¦Å�o¦´�°´��¦µ¥�n°¦³��
�ª��»¤°»�®£¼¤·¦nµ��µ¥­nª��¨µ�ŴÄ�­¤°�­nª�Å±Ã��µ
¨µ¤´­Ã�¥�¦�Ŵ®¦º°Å�o¦´��µ�Á�È��¸É­¤°�­nª�°ºÉ�Â�n¤¸�¨
¦��ª��µ¦�Îµ�µ��°�Å±Ã��µ¨µ¤­́Ŵ¦nª¤��́��·�·¦·¥µ�°�
¦nµ��µ¥�n°�µ¦�µ�Á�È�Ŵ�ÎµÄ®o¤¸°»�®£¼¤·¦nµ��µ¥­¼��ªnµ
���·Ŵ Ŵ �¹É�Á�}�£µª³�¸É¡�Å�o�n°¥Ä�Ŵ��Ŵ�´ÉªÃ¤�Â¦�®¨´�
Å�o¦´��µ�Á�È��¸É­¤°����Ŵ°»�®£¼¤·¦nµ��µ¥�¸ÉÁ¡·É¤�¹Ê��»�ÇŴ
�Ŵ°�«µÁ�¨Á�¸¥­Ŵ�ÎµÄ®oÁ¤�µ�°¨·�¹¤�°�­¤°�Â¨³�ªµ¤
�o°��µ¦Ä�o°°��·Á���°�­¤°�Á¡·É¤�¹Ê�Ŵ�¹É�¤�̧ªµ¤­¤́¡�́�r
��́°�́¦µ�µ¦Á­¥̧�ª̧·��¹�¦o°¥¨³Ŵ�Ŵ8ŴÃ�¥­n��¨Ä®o¤�̧µ¦®¨´É�
�°�­µ¦­ºÉ°�¦³­µ�¤µ��¹Ê�ŴÁ�·�°�»¤¼̈ °·­¦³Â¨³�¨¼�µÁ¤� 
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Á�¨¨r�¦³­µ�¤µ��¹Ê�Ŵ�¹É��¦³�»o�®¨°�Á¨º°��¥µ¥�ª́Ŵ�ÎµÄ®o
­¤°��ª¤¤µ��¹Ê��Ŵ �µ¦�¹¤�nµ��°�®¨°�Á¨º°�­¼��¹Ê�Ŵ
�¦·¤µ�¦�°�Á¨º°�Ä�­¤°�Á¡·É¤�¹Ê�Ŵ Á�·��ªµ¤�´�Ä�
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¨�£µª³�¦�Ä�­¤°�Ŵ�nª¥�Îµ¦�¦´�¬µÁ�¨¨r­¤°�Ŵ�ÎµÄ®o 
¨�£µª³­¤°��ª¤Â¨³�ªµ¤�´�Ä��³Ã®¨�«¸¦¬³Ŵ­n�Á­¦·¤ 
�µ¦Å®¨Áª¥̧�Á¨º°�Â¨³°°��·Á��Å�Á¨¸Ê¥�­¤°�Ŵ̈ ��ªµ¤
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Å�o�´Ê�Â�nŴ ����Ŵ°�«µÁ�¨Á�¸¥­�¹Ê�Å��º°�µ¦Á�d�¡´�¨¤
¦³�µ¥°µ�µ«Ŵ�oµÅ�o�´Ê�Â�nŴ����Ŵ°�«µÁ�¨Á�¥̧­ŴÄ®o¥µ�µ¤
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Á¨ª¨�Å�oÁ�n��´���Ŵ �µ��µ¦«¹�¬µ�µ¦Ä®o�ªµ¤Á¥È��µ�
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�µ�°»�®£¼¤·¦nµ��µ¥�ÎÉµ�¸É¡�Å�o�n°¥�º°Ŵ®�µª­´É�Ŵ°´�¦µ
�µ¦Á�o��°�®´ªÄ��oµŴ �ªµ¤�´�Ã¨®·��ÎÉµŴ ®´ªÄ�Á�o��·�
��́®ª³Ŵ�ªµ¤��́Ä��³Ã®¨�«¦̧¬³­¼�Ŵ�µ¦Â�È��ª́�°�Á¨º°�
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�ª��»¤�ªµ¤Á¥È�¦nª¤�´�Â�n��¦³��Á¥È�¦°��°
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�°��¨»n¤��¨°�¤µ��ªnµ�¨»n¤�ª��»¤Ŵ ¦ª¤�´Ê�°´�¦µ�µ¦
Á­¥̧�ª̧·�Ä�¦³¥³Ŵ�ŴÁ�º°��o°¥�ªnµ�¨»n¤�ª��»¤Ã�¥Å¤n¡�
£µª³Â�¦��o°��µ�°»�®£¼¤·¦nµ��µ¥�ÎÉµ��

Ŵ �µ�Á®�»�¨Â¨³�ªµ¤­Îµ�´��´��¨nµª�¼oª·�´¥�¹�
­�Ä�«¹�¬µ�µ¦Ä®o�ªµ¤Á¥È�Á�¡µ³�¸É�¦·Áª�«¦̧¬³Â¨³�°Ŵ 
Â¨³Á�¦¸¥�Á�¸¥��´��µ¦Ä�oÂ�n��ªµ¤Á¥È��¹É�Á�}�ª·�¸  
Ä®o�ªµ¤Á¥È�Ä�®°�¼o�iª¥¦³¥³ª·�§�Ŵ�´Ê��¸Ê¥´�Å¤n¡��µ¦

«¹�¬µ�´��¨nµªÄ��¦³Á�«Å�¥Ŵ¦ª¤�´Ê�¥´�Å¤n¤¸Á�¦ºÉ°�¤º°
Ä��µ¦Ä®o�ªµ¤Á¥È�Á�¡µ³�¸É�¦·Áª�«¦̧¬³Â¨³�°Ŵ�¼oª·�¥́�¹�
­�Ä�¡�́�µÁ�¦ºÉ°�¤º°Ä®o�ªµ¤Á¥È�Á�¡µ³�¸É�¦·Áª�«¦̧¬³
Â¨³�°ŴÂ¨³��­°��¦³­·��·£µ¡�°�Á�¦ºÉ°�¤º°��́�¨nµªŴ
Ŵ Ä��µ¦«¹�¬µ�¦´Ê��¸Ê�¼oª·�´¥Ä�oª·�¸�µ¦ª´�°»�®£¼¤·
�µ��n°�®¼Â���µ¦ª´�°»�®£¼¤·�¸É­¤°�Ŵ Ã�¥ª´�£µ¥Ä�
�n°�®¼�´Ê��°��·��´�Á¥ºÉ°Â�oª®¼Ŵ �¹É�Ä®o�nµÄ�¨oÁ�¸¥��´�
°»�®£¼¤·Á¨º°��¸ÉÅ�Á¨¸Ê¥�­¤°�Â¨³°»�®£¼¤·�°�­¤°�­nª�Ŵ 
Å±Ã��µ¨µ¤´­Ŵ Â¨³�µ��µ¦«¹�¬µ�µ¦Á�¨¸É¥�Â�¨�
°»�®£¼¤·��³Ä®o�ªµ¤Á¥È�Â�n�¼o�iª¥�¸ÉÅ�o¦´��µ¦�nµ�´�
­¤°�Ŵ¡�ªnµ°»�®£¼¤·�¸Éª´��µ��n°�®¼¤¸�ªµ¤­´¤¡´��r�´�
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­¼��¸ÉŴ U �����S�Ŵ �������Ŵ Â¨³ª´�°»�®£¼¤·�µ��ªµ¦
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Abstract
 7KHŴSXUSRVHVŴRIŴWKLVŴTXDVL�H[SHULPHQWDOŴUHVHDUFK�ŴRQHŴJURXSŴ�FURVV�RYHUŴGHVLJQ�ŴZHUHŴWR�Ŵ��ŴGHYHORSŴ
DŴORFDOŴKHDG�DQG�QHFNŴFRROLQJŴGHYLFH�ŴDQGŴ��ŴWHVWŴLWVŴHIIHFWVŴRQŴWKHŴUHGXFWLRQŴRIŴUHOHYDQWŴEUDLQŴWHPSHUDWXUH E\Ŵ
FRPSDULQJŴZLWKŴEODQNHWŴFRROLQJ�Ŵ3XUSRVLYHŴVDPSOLQJŴZDVŴDSSOLHGŴWRŴWKHŴSDWLHQWVŴZLWKŴVHYHUHŴEUDLQŴLQMXU\ŴGXULQJŴ
WKHŴűUVWŴ��ŴKRXUVŴDIWHUŴLQMXU\ŴZKRŴDGPLWWHGŴLQWRŴWKHŴLQWHQVLYH�FDUH�XQLWŴRIŴ6ULQDJDULQGŴ+RVSLWDO�Ŵ7KLUWHHQŴSDWLHQWVŴ
ZKRŴPHWŴWKHŴLQFOXVLRQŴFULWHULDŴZHUHŴUHFUXLWHGŴLQWRŴWKHŴVWXG\�Ŵ7KH\ŴUHFHLYHGŴWZRŴDOWHUQDWHŴLQWHUYHQWLRQV�ŴORFDOŴKHDG�
DQG�QHFNŴFRROLQJŴDQGŴEODQNHWŴFRROLQJ�ŴŴŴŴ7KHŴűUVWŴWUHDWPHQWŴZDVŴUDQGRPO\ŴDVVLJQHGŴXVLQJŴQRQ�UHSODFHPHQWŴUDQGRPŴ
VDPSOLQJ�Ŵ7KHŴVWXG\ŴLQVWUXPHQWVŴFRQVLVWHGŴRI�Ŵ��ŴWKHŴORFDOŴKHDG�DQG�QHFNŴFRROLQJŴGHYLFHŴZKLFKŴZDVŴGHYHORSHGŴ
E\ŴWKHŴUHVHDUFKHU�Ŵ��ŴWKHŴEODQNHWŴFRROLQJŴDQGŴWHPSHUDWXUHŴFRQWUROŴ�PRGHOŴ%ODQNHWUROŴ,,��ŴDQGŴHTXLSPHQWVŴIRUŴ
GDWDŴFROOHFWLRQŴZHUH�Ŵ��ŴWKHŴHDUŴFDQDOŴWKHUPRPHWHU�Ŵ��ŴWKHŴUHFWDOŴWKHUPRPHWHUŴZKLFKŴFRPSDWLEOHŴZLWKŴ1,+21Ŵ
.2+'(1ŴPRQLWRU�ŴDQGŴ��ŴWKHŴVKLYHULQJŴDVVHVVPHQWŴIRUP�Ŵ'DWDŴZHUHŴDQDO\]HGŴXVLQJŴGHVFULSWLYHŴVWDWLVWLFV�Ŵ/LQHDUŴ
0L[HGŴ0RGHOV�ŴDQGŴ&KL�VTXDUHŴWHVW�
Ŵ 7KHŴűQGLQJVŴRIŴWKHŴVWXG\ŴZHUH�Ŵ��ŴWKHŴDYHUDJHŴWHPSHUDWXUHVŴGXULQJŴORFDOŴKHDG�DQG�QHFNŴFRROLQJŴPHDVXUHGŴ
YLDŴHDUŴFDQDOŴDWŴEHIRUH�ŴGXULQJ�ŴDQGŴDIWHUŴLQWHUYHQWLRQV�ŴGHFUHDVHGŴJUHDWHUŴWKDQŴWKHŴDYHUDJHŴWHPSHUDWXUHVŴPHDVXUHGŴ
YLDŴUHFWXPŴZLWKŴKLJKŴVLJQLűFDQFHŴRIŴSŴ Ŵ�����Ŵ��ŴWKHŴDYHUDJHŴWHPSHUDWXUHVŴGXULQJŴORFDOŴKHDG�DQG�QHFNŴFRROLQJŴ
PHDVXUHGŴYLDŴHDUŴFDQDOŴDWŴEHIRUH�ŴGXULQJ�ŴDQGŴDIWHUŴLQWHUYHQWLRQV�ŴGHFUHDVHGŴJUHDWHUŴWKDQŴWKHŴDYHUDJHŴWHPSHUDWXUHVŴ
GXULQJŴEODQNHWŴFRROLQJŴZLWKŴKLJKŴVLJQLűFDQFHŴRIŴSŴ Ŵ�����Ŵ��ŴWKHŴDYHUDJHŴWHPSHUDWXUHVŴGXULQJŴORFDOŴKHDG�DQG�QHFNŴ
FRROLQJŴPHDVXUHGŴYLDŴUHFWXPŴEHIRUH�ŴGXULQJ�ŴDQGŴDIWHUŴLQWHUYHQWLRQV�ŴGHFUHDVHGŴOHVVHUŴWKDQŴWKHŴDYHUDJHŴWHPSHUDWXUHVŴ
GXULQJŴEODQNHWŴFRROLQJŴZLWKŴKLJKŴVLJQLűFDQFHŴRIŴSŴ Ŵ�����ŴDQGŴ��ŴWKHŴVKLYHULQJŴRIŴWKHŴSDWLHQWVŴRFFXUUHGŴGXULQJŴ
ORFDOŴKHDG�DQG�QHFNŴFRROLQJŴOHVVŴWKDQŴWKHŴVKLYHULQJŴRFFXUUHGŴGXULQJŴEODQNHWŴFRROLQJŴZLWKŴKLJKŴVLJQLűFDQFHŴRIŴSŴ
 Ŵ�����Ŵ6KLYHULQJŴRFFXUUHGŴGXULQJŴEODQNHWŴFRROLQJ�ŴEXWŴQRWŴRFFXUUHGŴGXULQJŴORFDOŴKHDG�DQG�QHFNŴFRROLQJ�
Ŵ 7KHŴűQGLQJVŴRIŴWKLVŴVWXG\ŴLQGLFDWHGŴWKDWŴORFDOŴKHDG�DQG�QHFNŴFRROLQJŴUHGXFHGŴUHOHYDQWŴEUDLQŴWHPSHUDWXUHŴ
PHDVXUHGŴYLDŴHDUŴFDQDOŴZLWKŴQRŴVKLYHULQJŴHIIHFWV�Ŵ1XUVHVŴVKRXOGŴDZDUHŴDQGŴFRQFHUQŴWKHŴLPSRUWDQFHŴRIŴWKHŴUHGXFWLRQŴ
RIŴUHOHYDQWŴEUDLQŴWHPSHUDWXUHŴLQŴWKHŴSDWLHQWVŴZLWKŴVHYHUHŴEUDLQŴLQMXU\ŴDQGŴFRQWLQXDOO\ŴDSSO\ŴORFDOŴKHDG�DQG�QHFNŴ
FRROLQJŴZLWKLQŴ��ŴKRXUVŴDIWHUŴLQMXU\�ŴWRŴSUHYHQWŴKLJKŴIHYHUŴDQGŴVHFRQGDU\ŴEUDLQŴLQMXU\�Ŵ6LJQLűFDQWO\�ŴORFDOŴKHDG�
DQG�QHFNŴFRROLQJŴKHOSVŴWRŴSURWHFWŴSRWHQWLDOŴVKLYHULQJŴDQGŴXQQHFHVVDU\ŴGLVWXUEDQFHŴWRŴWKHŴSDWLHQWV�Ŵ

.H\ZRUGV��� ORFDOŴKHDG�DQG�QHFNŴFRROLQJ�ŴVHYHUHŴEUDLQŴLQMXU\�ŴEUDLQŴWHPSHUDWXUH�ŴVKLYHULQJ

* 6WXGHQWŴRIŴ0DVWHUŴRIŴ1XUVLQJŴ6FLHQFH�Ŵ0DVWHUŴRIŴ1XUVLQJŴ6FLHQFHŴ3URJUDPŴLQŴ$GXOWŴ1XUVLQJ�Ŵ)DFXOW\ŴRIŴ1XUVLQJ�Ŵ.KRQŴ
.DHQŴ8QLYHUVLW\


Ŵ/HFWXUH�Ŵ)DFXOW\ŴRIŴ1XUVLQJ�Ŵ.KRQŴ.DHQŴ8QLYHUVLW\



Ŵ$VVLVWDQWŴ3URIHVVRU�Ŵ)DFXOW\ŴRIŴ0HGLFLQH�Ŵ.KRQŴ.DHQŴ8QLYHUVLW\
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�¸É�n°Á�ºÉ°��¨°�Ŵ��Ŵ�´ÉªÃ¤�Ŵ¤¸�µ¦Á�¨¸É¥�Â�¨��°�Á�¨º°Â¦n 
Â¨³�¦·¤µ��ÎÊµÄ�¦nµ��µ¥�oµÇŴÂ���n°¥Á�}��n°¥Å�Ŵ�¹�¤¸ 
�¨�n°�µ¦Á�¨¸É¥�Â�¨��ªµ¤�´�Ã¨®·��°��¼o�iª¥�o°¥� 
Ŵ �µ¦¦´�¬µ�oª¥�µ¦�Îµ�´���Â��Å�°¥nµ��n°Á�ºÉ°�Ŵ 
Á�}��µ¦¦´�¬µ�¸É�ÎµÄ�®°�¼o�iª¥¦³¥³ª·�§�Ŵ °¥¼n Ä� 
�ªµ¤�¼Â¨�°�¡¥µ�µ¨�¸É�Îµ�µ�Ä�®°�¼o�iª¥¦³¥³ª·�§�� 
Ã�¥¤Â̧¡�¥r®¦º°¡¥µ�µ¨Å�Á�¥̧¤Ä®o�Îµ�¦¹�¬µ5Ŵ�{��»��́
¤¸�µ¦¡´��µ°¥nµ��n°Á�ºÉ°�Â¨³¤¸�ªµ¤�·¥¤Á¡·É¤�¹Ê�Ŵ
Á�ºÉ°��µ�Á�ºÉ°ªnµ¤�̧¦³­·��·£µ¡Ä��µ¦�Îµ��́�°�Á­¥̧Á�¥̧�
Á�nµ®¦º°�¸�ªnµÂ¨³¤¸�ªµ¤���¸É�µ��oµ�¦³��Å®¨Áª¸¥�
Á¨º°�Ŵ¤µ��ªnµ�µ¦¢°�Á¨º°��oª¥Á�¦ºÉ°�Å�Á�¸¥¤6Ŵ�¹�Â¤o
�³Á�}�ª·��̧µ¦¦�́¬µ�¸É¤�̧¦³Ã¥��r°¥nµ�¤µ�Â�n¡�ªnµ�nµÄ�o
�nµ¥�°��µ¦¦�́¬µ�n°��oµ�­¼�Á¤ºÉ°Á�¥̧���́�µ¦¦�́¬µ�oª¥
�µ¦¢°�Á¨º°��oª¥Á�¦ºÉ°�Å�Á�¸¥¤�ŴÁ�ºÉ°��µ�Á�¦ºÉ°�¤º°�¸É
Ä�oÄ��µ¦¦´�¬µ¤¸¦µ�µÂ¡��ªnµŴ�o°�°µ«´¥�ªµ¤�Îµ�µ�
�°��¸¤�¼o¦´�¬µŴ �o°�Ä�o�»�¨µ�¦�¼Â¨°¥nµ�Ä�¨o�·�Â¨³
�n°Á�ºÉ°�Ŵ ¦ª¤�´Ê��nµÄ�o�nµ¥Ä��µ¦¦´�¬µ�¹É��¦³�°��oª¥
�´ª�¦°��¦³­·��·£µ¡­¼�Â¨³­µ¥�ÎµÁ¨º°�Á�¡µ³­Îµ®¦´�
Â�n¨³Á�¦ºÉ°�Ŵ¤¸¦µ�µÂ¡��ªnµ°»��¦�r�µ¦¢°�Á¨º°��oª¥
Á�¦ºÉ°�Å�Á�¸¥¤�´ÉªÅ��Ŵ Â¨³�{�®µ­Îµ�´��¸É­»��º°Ŵ �µ¦

°»���́�°��ª́�¦°�Ŵ�°��µ��³�o°�­¼�Á­¥̧�nµÄ�o�nµ¥Á¡·É¤�¹Ê� 
Â¨oª¥´��ÎµÄ®o�µ¦¦´�¬µ�µ��ªµ¤�n°Á�ºÉ°��ŴŴÅ�o¤¸�µ¦Ä�o¥µ
�oµ��µ¦Â�È��´ª�°�Á¨º°�Á¡ºÉ°�j°��´��µ¦°»��´��°��´ª
�¦°�Â�n¡�ªnµ¤¸�{�®µ�°�£µª³Á¨º°�°°��nµ¥Á�·��¹Ê�� 
�³Á®È�ªnµŴ�µ¦¦�́¬µ�¼o�iª¥�¸É¤£̧µª³Å��µ�Á�È�Á�¥̧�¡¨�́
�oª¥�µ¦�Îµ�´���Â��Å�°¥nµ��n°Á�ºÉ°�Á�}�ª·�¸�µ¦¦´�¬µ
�¸É¤¸�ªµ¤�´��o°�Ŵ�o°��µ¦�ªµ¤¡¦o°¤Ä��oµ��nµ�ÇŴ�´Ê�
Á�¦ºÉ°�¤º°°»��¦�rÂ¨³�¼o�¼Â¨Ŵ Ã�¥Á�¡µ³¡¥µ�µ¨�¸É�o°�
�¼Â¨�¼o�iª¥Ŵ�¹��ª¦¤¸�ªµ¤¦¼o�ªµ¤Á�¸É¥ª�µ�Â¨³¤¸�´�¬³
�µ¦�¼Â¨�´Ê��¼o�iª¥Â¨³Á�¦ºÉ°�5Ŵ Á¡ºÉ°�j°��´��µ¦Á�·�£µª³
Â�¦��o°�Â¨³­µ¤µ¦�Â�oÅ��{�®µ�nµ�ÇŴ�¸É�³Á�·��¹Ê�Å�oŴŴŴŴ
Ŵ �µ��µ¦­´�Á��Â¨³­°��µ¤¡¥µ�µ¨�¸É��·�´�·
�µ�Ä�Â����µ¦¡¥µ�µ¨�¼o�iª¥¦³¥³ª·�§�ŴÃ¦�¡¥µ�µ¨
«¦¸��¦·��¦rŴ��³Â¡�¥«µ­�¦rŴ¤®µª·�¥µ¨´¥�°�Â�n�Ŵ
­nª�Ä®�n¤¸�{�®µÄ��µ¦�¼Â¨�¼o�iª¥�º°Ŵ��Ŵ�µ¦Á¦·É¤�o�
Ä®o�µ¦¦´�¬µ�¸É¨nµ�oµŴ �¦³¤µ�Ŵ���Ŵ�´ÉªÃ¤�Ŵ®¨´��µ�¤¸ 
�Îµ­´É��µ¦¦�́¬µŴÁ�ºÉ°��µ��o°�Á�¦¥̧¤°»��¦�r�nµ�ÇŴÁ�¦¥̧¤ 
�¼o�iª¥Â¨³�µ�·Ŵ­µÁ®�»Á�·��µ��ªµ¤Å¤nÁ�¸É¥ª�µ�Ä��µ¦
��·�´�·Â¨³�ªµ¤­µ¤µ¦�Ä��µ¦�´�­·�Ä��°�¡¥µ�µ¨Ŵ
�ÎµÄ®o�¼o�iª¥Å�o¦�́�µ¦Â�oÅ��¸É̈ nµ�oµŴ��Ŵ¥�́Å¤n¤Â̧�ª��·��́·
Ä��µ¦Á jµ¦³ª�́°µ�µ¦Á�¨¸É¥�Â�¨��¸É°µ�Á�·��¹Ê���́�¼o�iª¥
Ä�Â�n¨³�nª�Áª¨µ¦³®ªnµ�Ä®o�µ¦¦´�¬µŴ�´��´Ê��µ¦�¼Â¨ 
�¼o�iª¥­nª�Ä®�n��·��́·�µ¤Â���µ¦¦�́¬µŴ�µ¦Â�oÅ��{�®µ 
�nµ�ÇŴ�¹Ê�°¥¼n��́�¦³­��µ¦�rÂ¨³�µ¦­°��µ�¦»n�¡¸ÉŴÂ¨³
�{�®µ­Îµ�´��¸É�ÎµÄ®o�o°�¥»�·�µ¦¦´�¬µÄ�¦³¥³�¸Ê�º°Ŵ�µ¦
°»���́�°��ª́�¦°�ŴÁ�ºÉ°��µ�¡¥µ�µ¨Å¤n­µ¤µ¦�Á jµ¦³ª�́
°µ�µ¦°»���́�°��ª́�¦°�Å�o¦ª¤�´Ê��ªµ¤­µ¤µ¦���́­·�
Ä��º�Á¨º°�Ä®oÂ�n�¼o�iª¥Ŵ�ÎµÄ®o�¼o�iª¥­¼�Á­¸¥Á¨º°�Á�·��¹Ê�Ŵ
�µ��o°¤¼̈ �µ¦¦�́¬µÄ��eŴ����Ŵ¤�̧Îµ�ª��¼o�iª¥Å��µ�Á�È� 
Á�¸¥�¡¨´��¸ÉÅ�o¦´��µ¦¦´�¬µ�oª¥�µ¦�Îµ�´���Â�� 
Å�°¥nµ��n°Á�ºÉ°��´Ê�®¤�Ŵ��Ŵ¦µ¥Ŵ�o°�¥»�·�µ¦¦´�¬µ�µ�
�µ¦°»��´��°��´ª�¦°��Îµ�ª�Ŵ��Ŵ¦µ¥Ŵ¡�ªnµŴ­µ¤µ¦�
�º�Á¨º°�Ä®oÂ�n�¼o�iª¥Å�oÁ¡¸¥�Ŵ ��Ŵ ¦µ¥Ŵ�·�Á�}�¦o°¥¨³Ŵ 
����Ŵ ŴÂ¨³Ŵ��Ŵ ¦³¥³­·Ê�­»��µ¦¦´�¬µŴ Á�}��´Ê��°��µ¦
�º�Á¨º°�Ä®oÂ�n�¼o�iª¥Ŵ¡�ªnµÄ�£µª³Á¦n��nª��¸É�o°�¥»�·
�µ¦¦´�¬µŴ Á�n�Ŵ�¼o�iª¥¤¸£µª³®´ªÄ�®¥»�Á�o��¸É�o°�¦¸��º�
Á¨º°�Â�n�¼o�iª¥Ŵ Á�}��o�Ŵ¡¥µ�µ¨Å¤n­µ¤µ¦��´�­·�Ä�ªnµ
�ª¦�º�Á¨º°�®¦º°Å¤nŴ®¦º°�ª¦�³�º�Á¨º°��oª¥ª·�¸Ä��¸É�³
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¦ª�Á¦ÈªÂ¨³¤¸�ªµ¤�¨°�£´¥�´��¼o�iª¥¤µ��¸É­»�Ŵ�³Á®È�
Å�oªnµŴ¡¥µ�µ¨�¼o�¼Â¨¥´�Å¤n¤¸�ªµ¤�´�Á���°��µ¦��·�´�·
�·��¦¦¤�µ¦�¼Â¨Ä�Â�n¨³¦³¥³�°��µ¦¦´�¬µŴ�µ��ªµ¤
¤´É�Ä�ŴÂ¨³¥�́Å¤n¤Â̧�ª�µ���·��́·�¸É��́Á��ŴÂ�ª��·��́·�µ¦
¡¥µ�µ¨�µ��¨·�·�Ŵ�FOLQLFDOŴQXUVLQJŴSUDFWLFHŴJXLGHOLQH�Ŵ
&13*�Ŵ�¹É�Á�}�Á�¦ºÉ°�¤º°­Îµ�´��¸É�ÎµÄ®o¡¥µ�µ¨¤¸Â�ª
��·��́·�¸É��́Á��Ä��µ¦�¸É�³�j°���́�µ¦°»���́�°��ª́�¦°�
Â¨³­µ¤µ¦��º�Á¨º°�Ä®oÂ�n�¼o�iª¥Å�oŴ
Ŵ �µ��¦³­��µ¦�r�µ¦�Îµ�µ�Â¨³�µ¦�¼Â¨�¼o�iª¥
Å��µ�Á�È�Á�¸¥�¡¨´��¸ÉÅ�o¦´��µ¦¦´�¬µ�oª¥�µ¦�Îµ�´�
��Â��Å�°¥nµ��n°Á�ºÉ°�¡�ªnµŴ �¼o�iª¥Ã�¥­nª�Ä®�n¤¸
�{�®µ�°�°ª¥́ª³¨o¤Á®¨ª®¨µ¥¦³��Ŵ¦³��́�ªµ¤¦¼o­¹��ª́
¨�¨�ŴÂ¨³¤¸�{�®µ�°��ªµ¤�´�Ã¨®·��ÎÉµ¦nª¤�oª¥Ŵ�ÎµÄ®o
�ªµ¤¡¦o°¤�nµ�ÇŴÄ��µ¦�¼Â¨�´ªÁ°�Â¨³�µ¦¦´�¦¼o�o°¤¼¨
�nµ�ÇŴ¨�¨�ŴÅ¤n­µ¤µ¦��¼Â¨�´ªÁ°�Å�oŴ�o°��µ¦�µ¦�¼Â¨
�µ�¡¥µ�µ¨�´Ê�®¤�ŴÂ¨³Á�}�ª·��̧µ¦¦�́¬µ°¥nµ��n°Á�ºÉ°�
�¨°�Ŵ��Ŵ�´ÉªÃ¤�Ŵ�ÎµÄ®o�µ¦�Îµ�·�ª´�¦�¦³�Îµª´��nµ�ÇŴ
®¦º°�µ¦Á�¨ºÉ°�Å®ª�°��¼o�iª¥�¼��Îµ�´�Ŵ�´��´Ê�¡¥µ�µ¨
�o°��¼Â¨�¼o�iª¥�´Ê�®¤�Ŵ�µ¦¤Â̧�ª��·��́·�µ¦¡¥µ�µ¨�µ�
�¨·�·��¸ÉÄ�oÄ��µ¦�¼Â¨�¼o�iª¥Ŵ�ÎµÄ®o�¼o�iª¥Å�o¦�́�µ¦�¼Â¨�¸É
�¦��´��ªµ¤�o°��µ¦Ŵ
Ŵ �µ��µ¦���ª�ª¦¦��¦¦¤�¸ÉÁ�¸É¥ª�o°�¡�ªnµŴ
¥´�Å¤n¤¸Â�ª��·�´�·�µ¦¡¥µ�µ¨�µ��¨·�·�Ä��µ¦�¼Â¨
�¼o�iª¥Å��µ�Á�È�Á�¸¥�¡¨´��¸ÉÅ�o¦´��µ¦¦´�¬µ�oª¥�µ¦
�Îµ�´���Â��Å�°¥nµ��n°Á�ºÉ°�Ŵ�¼oª·�´¥­�Ä��¸É�³¡´��µ
Â�ª��·�´�·�µ¦¡¥µ�µ¨�µ��¨·�·��¹Ê�Ŵ Á¡ºÉ°Á�}�Á�¦ºÉ°�
¤º°�¦³�°��µ¦�´�­·�Ä��°�¡¥µ�µ¨Ä��µ¦�¦³Á¤·�Ŵ
�·��µ¤Â¨³�µ¦�¼Â¨�¼o�iª¥�¸ÉÁ�¡µ³Á�µ³���Ŵ Ä�Â���
�µ¦¡¥µ�µ¨�¼o�iª¥¦³¥³ª·�§�Ŵ �µ��¦·�µ¦¡¥µ�µ¨Ŵ 
Ã¦�¡¥µ�µ¨«¦�̧�¦·��¦rŴ��³Â¡�¥«µ­�¦rŴ¤®µª·�¥µ¨¥́
�°�Â�n�Ŵ�µ��{�®µ�¸É¡��º°Ŵ¡¥µ�µ¨Ä�®°�¼o�iª¥¦³¥³
ª·�§�Ŵ¥�́Å¤n¤�̧ªµ¤��́Á��Ä��µ¦��·��́·Ŵ�µ��ªµ¤¤´É�Ä�
Â¨³�ªµ¤Á�¸É¥ª�µ�Ä��µ¦��·�´�·Ŵ �´Ê��¸É¡¥µ�µ¨Á�}�
�»��¨�¸É¤¸���µ�­Îµ�´�Ä��µ¦�¼�¼o�iª¥�´Ê�Â�nÁ¦·É¤�o���
�¦³�´É�­·Ê�­»��µ¦¦´�¬µŴ�´��´Ê��µ¦«¹�¬µÄ��¦´Ê��¸ÊŴ �¼oª·�´¥
�³Å�o«¹�¬µª·�¸�µ¦¡´��µÂ�ª��·�´�·�µ¦¡¥µ�µ¨�µ�
�¨·�·�Ã�¥Ä�o¦¼�Â���µ¦Á�¨¸É¥�Â�¨��µ¦��·�´�·Ã�¥
Ä�o®¨´��µ�Á�·��¦³�´�¬r�°�Ŵ5RVVZXUPŴDQGŴ/DUUDEHH� 

Ã�¥�µ¦�¸Ê�¦³Á�È�Ä®o¡¥µ�µ¨Á®È��ªµ¤­Îµ�´��°��µ¦
Á�¨¸É¥�Â�¨��µ¦��·�´�·Ŵ Á¡ºÉ°Ä®oÁ�·��¨¨´¡�r�µ¦¦´�¬µ�¸É
�¸�n°�¼o�iª¥Ŵ ¦ª¤�´Ê�«¹�¬µ�¨�°��µ¦Ä�oÂ�ª��·�´�·�µ¦
¡¥µ�µ¨�µ��¨·�·�Ä��µ¦�¼Â¨�¼o�iª¥�¸ÉÁ®¤µ³­¤�´� 
®°�¼o�iª¥¦³¥³ª·�§��n°Å�ŴŴ

����¤��Ý�|zÐw���¡}����
Ŵ ��Ŵ ¡´��µÂ�ª��·�´�·�µ¦¡¥µ�µ¨�µ��¨·�·�
Ä��µ¦�¼Â¨�¼o�iª¥Å��µ�Á�È�Á�¥̧�¡¨�́�¸ÉÅ�o¦�́�µ¦¦�́¬µ
�oª¥�µ¦�Îµ�´���Â��Å�°¥nµ��n°Á�ºÉ°�Ŵ
Ŵ ��Ŵ «¹�¬µ�¨�°��µ¦Ä�oÂ�ª��·�´�·�µ¦
¡¥µ�µ¨�µ��¨·�·�Ä��µ¦�¼Â¨�¼o�iª¥Å��µ�Á�È�
Á�¸¥�¡¨´��¸ÉÅ�o¦´��µ¦¦´�¬µ�oª¥�µ¦�Îµ�´���Â��Å�
°¥nµ��n°Á�ºÉ°�Ŵ

�¡�¢�·�ªÙ¡Ùw���¡}��
Ŵ �µ¦ª·�´¥�¸Ê�ÎµÁ�·��µ¦¦³®ªnµ�Á�º°�¤�¦µ�¤Ŵ
¡�«�Ŵ����Ŵ�¹�Á�º°�¡§¬£µ�¤Ŵ¡�«�Ŵ����
Ŵ �¨»n¤�´ª°¥nµ�Ŵ Å�oÂ�nŴ¡¥µ�µ¨�¼oÄ�oÂ�ª��·�´�·
�µ¦¡¥µ�µ¨�µ��¨·�·�ŴÂ¨³�¼o�iª¥Å��µ�Á�È�Á�¸¥�¡¨´�
�¸ÉÅ�o¦�́�µ¦�¼Â¨Ã�¥Ä�oÂ�ª��·��́·�µ¦¡¥µ�µ¨�µ��¨·�·�
Ŵ Á�¦ºÉ°�¤º°�¸ÉÄ�oÄ��µ¦¦ª�¦ª¤�o°¤¼̈ Ŵ�¦³�°��oª¥Ŵ 
Â���´��¹��o°¤¼¨­nª��»��¨�°�¡¥µ�µ¨Â¨³�¼o�iª¥Ŵ
Â���´��¹��¨¨´¡�r�µ¦¦´�¬µÂ¨³Â���´��¹�°µ�µ¦
Á�¨¸É¥�Â�¨�®¨�́�µ¦¦�́¬µ�°��¼o�iª¥ŴÂ��­°��µ¤Á�ºÊ°��o� 
Á¡ºÉ°­Îµ¦ª��µ¦��·�´�·Ŵ Â��­°��µ¤�ªµ¤�·�Á®È� 
�n°�µ¦�´�Ã�¦��µ¦°�¦¤Á�·���·�´�·�µ¦ŴÂ��­°��µ¤
�ªµ¤�·�Á®È��n°Â�ª��·�´�·�µ¦¡¥µ�µ¨�µ��¨·�·��¹É�
�nµ��µ¦�¦ª�­°�®µ�nµ�ªµ¤Á�¸É¥�Ã�¥Ä�o­´¤�¦³­·��·Í
Â°¨¢µ�°��¦°��µ�Ŵ Å�o�nµ�ªµ¤Á�¸É¥�Á�nµ�´�Ŵ ����Ŵ
Â¨³Â��­°��µ¤�µ¦��·�´�·�·��¦¦¤�µ¤Â�ª��·�´�·
�µ¦¡¥µ�µ¨�µ��¨·�·�Ŵ�¹É��nµ��µ¦�¦ª�­°�®µ�nµ�ªµ¤
Á�¸É¥�Ã�¥Ä�o­´¤�¦³­·��·ÍÂ°¨¢µ�°��¦°��µ�Ŵ Å�o�nµ
�ªµ¤Á�¸É¥�Á�nµ�´�Ŵ����Ŵª·Á�¦µ³®r�o°¤¼¨Ã�¥Ä�o­�·�·Á�·�
�¦¦¥µ¥Â¨³­�·�·Å�­Â�ª¦r
Ŵ �µ¦ª·�´¥�¸ÊÅ�o�ÎµÁ�·��µ¦£µ¥®¨´�Å�o¦´��µ¦
°�»¤´�·�µ���³�¦¦¤�µ¦�¦·¥�¦¦¤�µ¦ª·�´¥Ä�¤�»¬¥rŴ
¤®µª·�¥µ¨´¥�°�Â�n�Ŵ Å�o�ÎµÁ�·��µ¦¡´��µÂ�ª��·�´�·
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�µ¦¡¥µ�µ¨�µ��¨·�·�Ŵ Ã�¥¤¸�´Ê��°��µ¦¡´��µ�µ¤
¦¼�Â���µ¦Á�¨¸É¥�Â�¨��µ¦��·�´�·Ã�¥Ä�o®¨´��µ� 
Á�·��¦³�´�¬r�°�Ŵ5RVVZXUPŴDQGŴ/DUUDEHH�Ŵ�´��¸Ê
Ŵ �´Ê��°��¸ÉŴ �Ŵ�µ¦�¦³Á¤·��ªµ¤�ÎµÁ�}�Ä��µ¦
Á�¨¸É¥�Â�¨��µ¦��·�´�·Ŵ Ã�¥«¹�¬µ�µ�Â®¨n��o°¤¼¨
�nµ�ÇŴ�µ�Á°�­µ¦Â¨³Áª�¦³Á�¸¥�Ŵ­£µ¡�µ¦�r�°��µ¦
Ä®o�¦·�µ¦Ŵ̈ �́¬�³�°��¼o�iª¥ŴÂ¨³Â��­°��µ¤Á�ºÊ°��o�
Á¡ºÉ°­Îµ¦ª��µ¦��·��́·�µ¦�¼Â¨�¼o�iª¥ŴÁ¡ºÉ°�¦³Á¤·��{�®µ
®¦º°�ªµ¤�ÎµÁ�}�Ä��µ¦Á�¨¸É¥�Â�¨�ŴŴŴ
Ŵ �´Ê��°��¸ÉŴ�Ŵ�µ¦Á�ºÉ°¤Ã¥��{�®µ�¸É�o°��µ¦Â�oÅ�
�´��µ¦¡¥µ�µ¨Â¨³�¨¨´¡�r�°��µ¦��·�´�·ŴÁ�}��´Ê��°�
�°��µ¦Á�ºÉ°¤Ã¥��{�®µ�¸É¡�Â¨³�o°��µ¦Â�oÅ�ŴÃ�¥�µ¦
ª·Á�¦µ³®r�o°¤¼̈ �µ��¼o�iª¥Â¨³�{��¥́�¸ÉÁ�¸É¥ª�o°��nµ�ÇŴÁ¡ºÉ°
�Îµ®��Â�ª�µ��¸É�³Ä�oÂ�oÅ��{�®µŴ�Îµ®���¨¨´¡�r�°� 
�µ¦Á�¨¸É¥�Â�¨��µ¦��·�´�·�¸É�³Á�·��¹Ê��´�¡¥µ�µ¨ 
�¼o��·�´�·Â¨³�¼o�iª¥
Ŵ �´Ê��°��¸ÉŴ �Ŵ�µ¦­´�Á�¦µ³®rª·�¸�µ¦��·�´�·�µ¦
¡¥µ�µ¨Ŵ Á�}��´Ê��°��°��µ¦�¦³¥»��rÄ�o�¨�µ�ª·�´¥
¤µÄ�oÁ�¨¸É¥�Â�¨��µ¦��·�´�·�µ¦¡¥µ�µ¨Ŵ Ä��¦·��
�°�Â����µ¦¡¥µ�µ¨�¼o�iª¥¦³¥³ª·�§�Ŵ Á¡ºÉ°­¦oµ�Â�ª
��·�´�·�µ¦¡¥µ�µ¨�µ��¨·�·��¸ÉÁ®¤µ³­¤Ŵ ¤¸�´Ê��°�
�µ¦�ÎµÁ�·��µ¦Ŵ�º°Ŵ��Ŵ�µ¦­º��o�®µ�o°¤¼¨ŴÂ¨³���ª�
ª¦¦��¦¦¤�¸ÉÁ�¸É¥ª�o°�Ŵ�Îµ®���Îµ­Îµ��́Ä��µ¦­º��o��µ�
�¨»n¤Á�jµ®¤µ¥Ŵª·�¸�µ¦��·�´�·ŴÂ¨³�¨¨´¡�r�°��µ¦��·�´�·Ŵ
��Ŵ ª·Á�¦µ³®rÂ¨³�¦³Á¤·��o°¤¼¨�¸É�o�¤µÅ�oÁ¡ºÉ°�Îµ¤µ
�¦³¥»��rÄ�o­Îµ®¦´�­¦oµ�Á�}�¦nµ�Â�ª��·�´�·�µ¦¡¥µ�µ¨
�µ��¨·�·�Ŵ �´�Á¨º°��µ�®¨´��µ�Á�·��¦³�´�¬r�Îµ�ª�Ŵ 
�Ŵ Á¦ºÉ°�ŴÂ¨³�Îµ®��¦³�´��°�®¨´��µ�Á�·��¦³�´�¬rÃ�¥
Ä�oÁ���r�°�Ŵ0OQ\[ŴDQGŴ)LQHRXW�2YHUKRWŴ�������� 
��Ŵ���ª�Â¨³ª·¡µ�¬rª·�µ¦�rÃ�¥�¼oÁ�¸É¥ª�µ�Ŵ Ã�¥�Îµ
¦nµ�Â�ª��·�´�·�µ¦¡¥µ�µ¨�µ��¨·�·�Ä��µ¦�¼Â¨�¼o�iª¥
Å��µ�Á�È�Á�¸¥�¡¨´��¸ÉÅ�o¦´��µ¦¦´�¬µ�oª¥�µ¦�Îµ�´�
��Â��Å�°¥nµ��n°Á�ºÉ°�Ŵ Ä®o�¼o�¦��»�ª»�·�¦ª�­°� 
�ªµ¤�¦�Á�·�Á�ºÊ°®µŴ�ÎµÅ��¦�́�¦»�Â�oÅ��µ¤�ªµ¤�·�Á®È� 
�°��¼o�¦��»�ª»�·Ŵ�n°��ÎµÅ�¡´��µ�n°Ä�®�nª¥�µ�
Ŵ �´Ê��°��¸ÉŴ �Ŵ �µ¦°°�Â��Á¡ºÉ°Ä®oÁ�·��µ¦
Á�¨¸É¥�Â�¨��µ¦��·�´�·Ŵ Á�}��µ¦ªµ�Â���µ¦��·�´�·
�·��¦¦¤�nµ�ÇŴÅªö nª�®�oµŴ�Îµ®���¨¨¡́�r�¸É�µ�ªnµ�³Á�·�

�µ��µ¦��·�´�·ŴŴ�Îµ®���¦´¡¥µ�¦Â¨³Â®¨n��¦³Ã¥��r�¸É
¤¸Ä�®�nª¥�µ�Ŵ¤µÄ�oÄ��µ¦�ÎµÁ�·��µ¦Á�¨¸É¥�Â�¨��µ¦
��·�´�·Ŵ
Ŵ �´Ê��°��¸ÉŴ �Ŵ �µ¦¨�¤º°��·�´�·Ŵ �ÎµÅ�Ä�oÂ¨³
�¦³Á¤·��¨ŴÁ�}��µ¦��·�´�·�·��¦¦¤�nµ�ÇŴŴ�º°Ŵ��Ŵ�´��´Ê� 
Â¨³Â�n��´Ê���³�Îµ�µ�Â¨³�¸É�¦¹�¬µ��³�Îµ�µ�¡´��µ
Â�ª��·�´�·�µ¦¡¥µ�µ¨�µ��¨·�·�Ŵ Á¡ºÉ°�Îµ®��®�oµ�¸É
�ªµ¤¦´��·��°��n°�µ¦¡´��µÂ¨³�µ¦�ÎµÂ�ª��·�´�·
�µ¦¡¥µ�µ¨�µ��¨·�·�¨�­¼n�µ¦��·�´�·Ŵ Ã�¥Ä�o¦¼�Â�� 
�µ¦�¦³�»¤¦³�¤�ªµ¤�·�Á®È�Â¨³�µ¦�ÎµÁ­�°Ŵ�n°�­¦»� 
Á�}�Â�ª��·�´�·�¸É�nµ��µ¦�¦´�Â�oÅ��µ¤�ÎµÂ�³�Îµ�°�
�¸É�¦¹�¬µ��³�Îµ�µ�Ŵ ���¦³�»¤��³�Îµ�µ�Á¡ºÉ°�´�
Ã�¦��µ¦°�¦¤Á�·���·��́·�µ¦ŴÁ�}��µ¦Á�¦¥̧¤�ªµ¤¡¦o°¤
Ä®oÂ�n¡¥µ�µ¨Ŵ�n°��ÎµÅ�Ä�o��·�´�·�¦·�Ä�®�nª¥�µ�
Ŵ �´Ê��°��¸ÉŴ �Ŵ�µ¦�­¤�­µ�Á�oµ�´��µ¦��·�´�·
Â¨³��Åªo�¹É��µ¦Á�¨¸É¥�Â�¨�Ŵ�º°Ŵ��Ŵ�´�Ã�¦��µ¦°�¦¤
Á�·���·�´�·�µ¦Ŵ Ã�¥Á�·�¡¥µ�µ¨�¸É¤¸�»�­¤�´�·�µ¤
Á���r�¸É�Îµ®��Á�oµ¦nª¤�µ¦°�¦¤Ŵ �´�°�¦¤�´Ê�®¤�Ŵ 
�Ŵ�¨»n¤Ŵ�ÎµÁ�·��µ¦¦³®ªnµ�Á�º°��»¤£µ¡´��rŴ¡�«�Ŵ����Ŵ
��Ŵ ¡¥µ�µ¨�¼oÄ�oÂ�ª��·�´�·�µ¦¡¥µ�µ¨�µ��¨·�·�Ŵ 
�ÎµÂ�ª��·�´�·�µ¦¡¥µ�µ¨�µ��¨·�·�¨�­¼n�µ¦��·�´�· 
Á�}�¦³¥³Áª¨µŴ �Ŵ Á�º°�Ŵ �ÎµÁ�·��µ¦¦³®ªnµ�Á�º°�
�»¤£µ¡�́�r�¡§¬£µ�¤Ŵ¡�«�Ŵ����ŴŴ��Ŵ�·��µ¤�¦³Á¤·�
�¨�µ¦Ä�oÂ�ª��·�´�·�µ¦¡¥µ�µ¨�µ��¨·�·�Ã�¥Á�È�
¦ª�¦ª¤�o°¤¼¨�°��¼o�iª¥Â¨³¡¥µ�µ¨�¼oÄ�oÂ�ª��·�´�·
�µ¦¡¥µ�µ¨�µ��¨·�·�Ŵ ª·Á�¦µ³®r�¨Ã�¥Ä�o­�·�·Á�·�
�¦¦¥µ¥Â¨³Å�­Â�ª¦rŴ��Ŵª·Á�¦µ³®r�o°¤¼¨Á¡·É¤Á�·¤Á¡ºÉ°
�¦´��¦»�ŴÂ�ª��·�´�·�µ¦¡¥µ�µ¨�µ��¨·�·��¸ÉÁ®¤µ³­¤Ŵ
Â¨³ªµ�Â���µ¦�´�°�¦¤�¸É�n°Á�ºÉ°�Á¡ºÉ°��Åªo�¹É��µ¦
��·�´�·�n°Å�

Ú�w���¡}��
Ŵ Â�ª��·�´�·�µ¦¡¥µ�µ¨�µ��¨·�·�Ä��µ¦�¼Â¨
�¼o�iª¥Å��µ�Á�È�Á�¸¥�¡¨´��¸ÉÅ�o¦´��µ¦¦´�¬µ�oª¥�µ¦
�Îµ�´���Â��Å�°¥nµ��n°Á�ºÉ°�Ŵ�¹É�¤¸�ªµ¤Á®¤µ³­¤�´�
®°�¼o�iª¥¦³¥³ª·�§�Ŵ�¦³�°��oª¥ŴÂ�ª��·�´�·Ä��µ¦
�¼Â¨�¼o�iª¥Ŵ�Ŵ¦³¥³Ŵ�º°Ŵ��Ŵ¦³¥³�n°��µ¦¦´�¬µÁ�}�¦³¥³
�°��µ¦Á�¦¸¥¤�ªµ¤¡¦o°¤�´Ê��´ª�¼o�iª¥Â¨³°»��¦�r�µ¦



�� JOURNAL OF NURSES’ ASSOCIATION OF THAILAND, NORTH-EASTERN DIVISION

VOLUME 29 NO.4 : October - December 2011

¦´�¬µŴ��Ŵ¦³¥³Ä®o�µ¦¦´�¬µŴÁ�}�¦³¥³�¸ÉÄ®o�µ¦�¼Â¨Á¡ºÉ°
�j°��´��µ¦Á�·�°µ�µ¦Á�¨¸É¥�Â�¨�Â¨³�µ¦Á�·�£µª³
Â�¦��o°��nµ�ÇŴ Á¡ºÉ°Ä®o�µ¦¦´�¬µ�ÎµÁ�·�Å�Å�o°¥nµ� 
�n°Á�ºÉ°���­·Ê�­»��µ¦¦´�¬µ�´Ê��´ª�¼o�iª¥Â¨³Á�¦ºÉ°�ŴÂ¨³ŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴ
��Ŵ ¦³¥³­·Ê�­»��µ¦¦´�¬µŴ Á�}�¦³¥³�°��µ¦�º�Á¨º°�Ä®o
Â�n�¼o�iª¥Â¨³�¼Â¨Ä®o­µ¥­ª�®¨°�Á¨º°�­µ¤µ¦��Îµ�µ�
Å�oÄ��¦´Ê��n°Å�
Ŵ �¨�°��µ¦�ÎµÂ�ª��·�´�·�µ¦¡¥µ�µ¨�µ�
�¨·�·�Å�Ä�oÄ��µ¦�¼Â¨�¼o�iª¥�Îµ�ª�Ŵ ��Ŵ ¦µ¥Ŵ¡�ªnµŴ 
�nµÁ�¨¸É¥�°�¥¼Á¦¸¥Ŵ �¦¸Á°�·�·�Ŵ Â¨³Ã�Â�­Á�¸¥¤Ŵ ¤¸�nµ 
¨�¨��µ��nµÁ¦·É¤�o��n°��µ¦¦´�¬µŴ ­nª��nµÁ�¨¸É¥�°� 
Å��µ¦r�°Á��¤¸�nµÁ¡·É¤�¹Ê��µ��nµÁ¦·É¤�o��n°��µ¦¦´�¬µ
Ä��nª�Áª¨µ�°��µ¦¦´�¬µ�¸ÉŴ���Ŵ�´ÉªÃ¤�Ŵ��Ŵ�´ÉªÃ¤�ŴÂ¨³Ŵ
��Ŵ�´ÉªÃ¤�Ŵ�µ¤¨Îµ�´�Ŵ­nª�°µ�µ¦Á�¨¸É¥�Â�¨�®¨´��µ¦
¦�́¬µŴ°µ�µ¦�¸ÉÁ�·�¤µ��¸É­»�Ä��»��nª�Áª¨µ�°��µ¦¦�́¬µ
�º°Ŵ£µª³Â�¨Á�¸¥¤Ä�Á¨º°��ÎÉµŴ£µª³°»�®£¼¤·¦nµ��µ¥�ÎÉµ
Â¨³�´ª�¦°�°»��´�Ŵ
Ŵ ¡¥µ�µ¨�¼oÄ�oÂ�ª��·��́·�µ¦¡¥µ�µ¨�µ��¨·�·�
�Îµ�ª�Ŵ��Ŵ¦µ¥Ŵ¤¸�nµ�³Â��Á�¨¸É¥�ªµ¤�·�Á®È��n°Â�ª
��·�´�·�µ¦¡¥µ�µ¨�µ��¨·�·�Ŵ Ã�¥£µ¡¦ª¤Ä�¦³�´�
¤µ��¸É­»�Ŵ�º°Ŵ����Ŵ�6'Ŵ Ŵ�����ŴÂ¨³�nµ�³Â��Á�¨¸É¥ 
¦µ¥�o°¤µ��¸É­»��º°Ŵ ¡¥µ�µ¨­µ¤µ¦��Îµ¤µÄ�oÅ�o�¦·�
Ä��µ¦��·�´�·�µ�Ŵ¤¸�³Â��Á�nµ�´�Ŵ ����ŴÂ¨³�¨�µ¦ 
Á�¦¸¥�Á�¸¥��µ¦��·�´�·�·��¦¦¤�µ¤Â�ª��·�´�·�µ¦
¡¥µ�µ¨�µ��¨·�·��n°�°�¦¤Â¨³®¨´�°�¦¤�¸ÉÄ�oÂ�ª
��·�´�·�µ¦¡¥µ�µ¨�µ��¨·�·�¡�ªnµŴ £µ¥®¨´��µ¦Ä�o
Â�ª��·��́·�µ¦¡¥µ�µ¨�µ��¨·�·�Ŵ¡¥µ�µ¨¤�̧µ¦��·��́·
�·��¦¦¤�µ¦¡¥µ�µ¨Ã�¥­nª�Ä®�nÁ¡·É¤�¹Ê��»��o°ŴŴ

w����¡����Ú�
Ŵ ��Ŵ �µ¦¡´��µÂ�ª��·�´�·�µ¦¡¥µ�µ¨�µ�
�¨·�·�Å�o¡�́�µ£µ¥Ä�o�¦°�Â�ª�·��°�Ŵ5RVVZXUPŴDQGŴ
/DUUDEHH�Ŵ�µ¦­�́Á�¦µ³®r®¨�́�µ�Á�·��¦³��́¬r­nª�Ä®�n
Á�}��µ¦«¹�¬µ�¼o�iª¥�¦�¸«¹�¬µÂ¨³�ªµ¤�·�Á®È��°� 
�¼oÁ�¸É¥ª�µ�Ŵ�¼oª·�¥́Å¤nÅ�oª·Á�¦µ³®r�o°¤¼̈ �µ��¼o�iª¥Ã�¥�¦�
Á�ºÉ°��µ�¤¸�Îµ�ª��o°¥Ŵ �¹�Å�o���ª��µ�Á°�­µ¦Â¨³
ª¦¦��¦¦¤�nµ�ÇŴ�¸ÉÁ�¸É¥ª�o°�Ŵ Â¨³�Îµ®¨´��µ��Îµ�ª�Ŵ
�Ŵ Á¦ºÉ°�Ŵ�¦³�°��oª¥Ŵ®¨´��µ�°oµ�°·��µ��µ¦���ª�

ª¦¦��¦¦¤Ŵ�Ŵ Á¦ºÉ°�Ŵ �µ��µ¦«¹�¬µ�¼o�iª¥�¦�¸�´ª°¥nµ�
Â¨³�ÎµÂ�³�Îµ�°��¼oÁ�¸É¥ª�µ��Îµ�ª�Ŵ�ŴÁ¦ºÉ°�Ŵ¤µ¦nµ�Á�}�
Â�ª��·�´�·�µ¦¡¥µ�µ¨�µ��¨·�·�Ŵ
Ŵ �µ¦¡´��µÂ�ª��·�´�·�µ¦¡¥µ�µ¨�µ��¨·�·�
�¦´Ê��¸Ê¤¸��³�Îµ�µ�¡´��µÂ�ª��·�´�·�µ¦¡¥µ�µ¨�µ�
�¨·�·�¤µ¦nª¤¡·�µ¦�µÂ�ª��·��́·�µ¦¡¥µ�µ¨�µ��¨·�·�
�¸É�¼oª·�´¥¦nµ��¹Ê�¤µŴÄ�o¦³¥³Áª¨µŴ�ŴÁ�º°�Ŵ�ÎµÄ®o�µ¦¡´��µ
Â�ª��·��́·�µ¦¡¥µ�µ¨�µ��¨·�·�­ÎµÁ¦È�Å�o�µ¤Á�jµ®¤µ¥
�¸É�Îµ®��Ŵ�´��´Ê�Â�ª��·�´�·�µ¦¡¥µ�µ¨�µ��¨·�·��¸É
¡�́�µ�¹Ê��¹�¤�̧ªµ¤Á®¤µ³­¤��́�¼o�iª¥Ä�®°�¼o�iª¥¦³¥³
ª·�§�ŴÁ�ºÉ°��µ�Á�}�¦¼�Â���¸É¤�̧´Ê��°��µ¦��·��́·�¸É¦³�» 
Åªo�´�Á��Â¨³Á�}�¨Îµ�´��´Ê�°¥nµ��n°Á�ºÉ°��´Ê�®¤�Ŵ �Ŵ 
�´Ê��°�Ŵ Ã�¥Å¤n�ÎµÁ�}��o°�ªµ�Â���µ¦Á�¨¸É¥�Â�¨�
­Îµ®¦´��ÎµÁ�·��µ¦Ä�o Ŵ Â¨³¤¸�¦³�ª��µ¦�·��µ¤ 
�¦³Á¤·��¨Ŵ�ÎµÄ®o�¦³­��¨­ÎµÁ¦È�Ä��µ¦��·�´�·Ŵ Â¨³ 
­n��¨¨´¡�r�¸É�¸�n°�¼o�iª¥Â¨³�»�¨µ�¦�µ�­»�£µ¡Ŵ �¹É� 
­nª�Ä®�n¤¸�ªµ¤¡¹�¡°Ä�°¥¼nÄ�¦³�´�¤µ��¹�¤µ��¸É­»� 
�n°�µ¦Ä�oÂ�ª��·�´�·�µ¦¡¥µ�µ¨�µ��¨·�·��� 
Ŵ ��Ŵ �¨�µ¦ª·Á�¦µ³®r�o°¤¼̈ ®¨�́�µ��µ¦�ÎµÂ�ª
��·�´�·�µ¦¡¥µ�µ¨�µ��¨·�·�Å�Ä�oŴ¤¸�´��¸Ê
Ŵ Ŵ ¦³�´��ªµ¤�·�Á®È��°�¡¥µ�µ¨�¼oÄ�oÂ�ª
��·�´�·�µ¦¡¥µ�µ¨�µ��¨·�·�Ŵ¡�ªnµŴ �nµ�³Â��Á�¨¸É¥
Ã�¥£µ¡¦ª¤Á�nµ�´�Ŵ����Ŵ°�·�µ¥Å�oªnµ­nª�¤µ�Á�}��¨
�µ��µ¦��́Ã�¦��µ¦°�¦¤Á�·���·��́·�µ¦�ÎµÄ®o¡¥µ�µ¨¤¸
Ã°�µ­Å�o���ª��ªµ¤¦¼oŴÅ�o f���·��́·Â¨³Å�oÂ¨�Á�¨¸É¥�
�ªµ¤�·�Á®È�Ŵ �ÎµÄ®oÁ�·��ªµ¤¦¼o�ªµ¤Á�oµÄ�Â¨³¤´É�Ä�
Ä��µ¦�¼Â¨�¼o�iª¥Ŵ�´��´Ê��µ¦�´�Ã�¦��µ¦°�¦¤�¹�Á�}� 
�¦³�ª�®�¹É��¸É�ÎµÄ®oÁ�·��µ¦Á�¨¸É¥�Â�¨��µ¦��·��́·Â¨³
­µ¤µ¦��ÎµÅ�Ä�oÅ�o�¦·�Ä��µ¦��·�´�·�µ�Ŵ
Ŵ Ŵ �µ¦��·�´�·�µ¤Â�ª��·�´�·�µ¦¡¥µ�µ¨
�µ��¨·�·�Ŵ¡�ªnµŴ£µ¥®¨´�°�¦¤�¸É¤¸�µ¦Ä�oÂ�ª��·�´�·
�µ¦¡¥µ�µ¨�µ��¨·�·�Ŵ¡¥µ�µ¨¤¸�µ¦��·�´�·�·��¦¦¤
�µ¤Â�ª��·�´�·�µ¦¡¥µ�µ¨�µ��¨·�·�Ŵ Ã�¥£µ¡¦ª¤
­nª�Ä®�nÁ¡·É¤�¹Ê��»��·��¦¦¤ŴÂ¨³�·��¦¦¤�µ¦¡¥µ�µ¨
�¸É¤¸�µ¦��·�´�·Á¡·É¤�¹Ê��¸É¤¸�ªµ¤Â���nµ��´�°¥nµ�¤¸�´¥
­Îµ�´��µ�­�·�·Ŵ �SŴ �Ŵ�����Ŵ­µ¤µ¦�°�·�µ¥Å�oªnµŴ Á�}�
�·��¦¦¤�µ¦¡¥µ�µ¨�¸É¡¥µ�µ¨Å¤nÁ�¥��·�´�·®¦º°Å¤n
�¦µ��¹��ªµ¤�ÎµÁ�}��°��µ¦��·�´�·Ŵ£µ¥®¨´��µ¦°�¦¤
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�ÎµÄ®o¡¥µ�µ¨¤¸�ªµ¤¦¼o�ªµ¤Á�oµÄ�Â¨³Á®È��ªµ¤­Îµ�´�Ŵ
�ÎµÄ®o¤¸�µ¦��·�´�·Á¡·É¤�¹Ê�°¥nµ��´�Á��
Ŵ Ŵ �¨¨´¡�r�°��µ¦¦´�¬µ�µ��µ¦�ÎµÂ�ª
��·�´�·�µ¦¡¥µ�µ¨�µ��¨·�·�Å�Ä�oÄ��µ¦�¼Â¨�¼o�iª¥
�Îµ�ª�Ŵ��Ŵ¦µ¥Ŵ¡�ªnµŴ�nµÁ�¨¸É¥�°�¦³�´�¥¼Á¦¸¥Ŵ�¦¸Á°�·�·�Ŵ
Â¨³Ã�Â�­Á�¸¥¤¨�¨��µ��nµÁ¦·É¤�o�Ŵ°�·�µ¥Å�oªnµŴ ª·�¸�µ¦
¦�́¬µ�oª¥�µ¦�Îµ��́��Â��Å�°¥nµ��n°Á�ºÉ°�Ŵ­µ¤µ¦��Îµ��́
­µ¦Ã¤Á¨�»¨��µ�Á¨È�Â¨³­µ¦Ã¤Á¨�»¨��µ�Ä®�nÅ�o�¸�´Ê� 
ª·�¸�µ¦¡µÂ¨³�µ¦Â¡¦nŴ Â¨³Á�·��¹Ê�°¥nµ��n°Á�ºÉ°��¨°�Ŵ 
��Ŵ�´ÉªÃ¤�Ŵ�¹��ÎµÄ®o­µ¦¥¼Á¦¸¥Ŵ�¦¸Á°�·�·�ŴÂ¨³Ã�Â�­Á�¸¥¤Ŵ
�¼���´�°°�¤µ°¥nµ��oµÇŴ�µ¤�nª�¦³¥³Áª¨µ�¸ÉÁ¡·É¤�¹Ê��� 
Ŵ ­nª��nµÅ��µ¦r�°Á��¤¸�nµÁ�¨¸É¥Á¡·É¤�¹Ê�Ŵ °µ�
Á�ºÉ°��µ���·��°�­µ¦�ÎÊµ��Â���¸ÉÄ®oÂ�n�¼o�iª¥Ŵ­µ¤µ¦�
Á�¦¥̧¤­µ¦�ÎÊµ��Â���¸ÉÁ®¤µ³­¤��́�¼o�iª¥Â�n̈ ³¦µ¥Ŵ�ÎµÄ®o
£µª³�ªµ¤Á�}��¦��nµ�Ä�Á¨º°��°��¼o�iª¥Å�o¦�́�µ¦Â�oÅ�
Â¨³�¨´�­¼n­£µ¡���·Ä�¦³¥³Áª¨µ£µ¥Ä�Ŵ�Ŵª´��� 
Ŵ ­nª�°µ�µ¦Á�¨¸É¥�Â�¨�®¨�́�µ¦¦�́¬µŴ°µ�µ¦�¸É
Á�·�¤µ��¸É­»�Ä��»��nª�¦³¥³Áª¨µ�°��µ¦¦�́¬µŴ�º°ŴŴ£µª³
Â�¨Á�¸¥¤Ä�Á¨º°��ÎÉµŴ£µª³°»�®£¼¤·¦nµ��µ¥�ÎÉµŴÂ¨³�µ¦
°»��´��°��´ª�¦°�Ŵ�µ¦Á�·�£µª³Â�¨Á�¸¥¤Ä�Á¨º°��ÎÉµ
®¦º°°»�®£¼¤·¦nµ��µ¥�ÎÉµŴ ­µ¤µ¦�Ä®o�µ¦�¼Â¨Â¨³Â�oÅ�
�{�®µ�¸ÉÁ�·��¹Ê�Å�oŴ ­nª��µ¦Á�·��µ¦°»��´��°��´ª�¦°�
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¡¥µ�µ¨Å¤n­µ¤µ¦��º�Á¨º°�Ä®oÂ�n�¼o�iª¥Å�oŴ�ÎµÄ®o�¼o�iª¥
­¼�Á­¸¥Á¨º°��¦³¤µ�Ŵ�������Ŵ¤·¨¨·¨·�¦�n°�¦´Ê�ŴÁ�·�
�ªµ¤�´�Ã¨®·��ÎÉµ®¦º°Á­¸É¥��n°�µ¦Á�·�£µª³�È°�Å�o�� 
Á�}��µ¦Á¡·É¤£µ¦³�µ�Ä®o�´�¡¥µ�µ¨Â¨³Á¡·É¤�nµÄ�o�nµ¥
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�°��µ¦�j°���́�µ¦Á�·�¨·É¤Á¨º°�Ä�¦³��ª��¦Á¨º°�Ŵ�´Ê��¸Ê
Á¡ºÉ°�j°���́�µ¦Á�·�¨·É¤Á¨º°�Ä�¦³��ª��¦Á¨º°�ŴÁ¡ºÉ°Ä®o�¼o
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þĿúĘħ�����êýĔýúĘħ�����øěĈĕåĄ���ûĔüĊĕåĄ�����

Effects of Clinical Nursing Practice Guideline Development for 
Acute Kidney Injury Patients with Continuous Renal Replacement 

Therapy in Intensive Care Unit
Ŵ 3KD\RPŴ%XQVXWŴ0�1�6�
Ŵ 6XFKLWUDŴ/LPXPQRLODSŴ0�6F�

Abstract
Ŵ 7KHŴREMHFWLYHŴRIŴWKLVŴVWXG\ŴZDVŴWRŴGHYHORSŴDQGŴH[DPLQHŴWKHŴHIIHFWVŴRIŴFOLQLFDOŴQXUVLQJŴSUDFWLFHŴJXLGHOLQHVŴ
IRUŴDFXWHŴNLGQH\ŴLQMXU\ŴSDWLHQWVŴUHFHLYLQJŴFRQWLQXRXVŴUHQDOŴUHSODFHPHQWŴWKHUDS\ŴZKRŴDGPLWWHGŴLQŴWKHŴLQWHQVLYHŴ
FDUHŴXQLWV RIŴ6ULQDJDULQGŴ+RVSLWDO�Ŵ.KRQŴ.DHQŴ8QLYHUVLW\, IURPŴ-DQXDU\�Ŵ����ŴWRŴ0D\�Ŵ�����Ŵ7KHŴGHYHORS�
PHQWŴPRGHOŴRIŴHYLGHQFH�EDVHGŴSUDFWLFHŴGHYHORSHGŴE\Ŵ5RVVZXUPŴDQGŴ/DUUDEHHŴZDVŴDSSOLHGŴDVŴWKHŴFRQFHSWXDOŴ
IUDPHZRUNŴRIŴWKLVŴVWXG\�Ŵ7KHŴVDPSOHVŴRIŴWKLVŴVWXG\ŴLQFOXGHG�Ŵ��ŴVHYHQŴQXUVHVŴZKRŴLQYROYHGŴLQŴWKHŴGHYHORSPHQWŴ
RIŴFOLQLFDOŴQXUVLQJŴSUDFWLFHŴJXLGHOLQHVŴIRUŴDFXWHŴNLGQH\ŴLQMXU\ŴSDWLHQWVŴUHFHLYLQJŴFRQWLQXRXVŴUHQDOŴUHSODFHPHQWŴ
WKHUDS\�Ŵ��Ŵ��ŴQXUVHVŴZKRŴ LQYROYHGŴ LQŴ WKHŴ LPSOHPHQWDWLRQŴRIŴ WKHŴSUDFWLFHŴJXLGHOLQHVŴZLWKŴ WKHŴSDWLHQWVŴZLWKŴ
DFXWHŴNLGQH\ŴLQMXU\ŴUHFHLYLQJŴFRQWLQXRXVŴUHQDOŴUHSODFHPHQWŴWKHUDS\ŴDQGŴ��Ŵ��ŴSDWLHQWVŴZKRŴZHUHŴGLDJQRVHGŴRIŴ
DFXWHŴNLGQH\ŴLQMXU\ŴDQGŴUHFHLYHGŴFRQWLQXRXVŴUHQDOŴUHSODFHPHQWŴWKHUDS\�Ŵ7KHŴVWXG\ŴLQVWUXPHQWVŴFRQVLVWHGŴRI�Ŵ��Ŵ
GHPRJUDSKLFŴGDWDŴIRUŴWKHŴQXUVHVŴZKRŴLPSOHPHQWHGŴWKHŴSUDFWLFHŴJXLGHOLQHVŴDQGŴWKHŴSDWLHQWV�Ŵ��ŴŴWUHDWPHQWŴDQGŴWKHŴ
FRPSOLFDWLRQŴUHFRUGŴRIŴWKHŴSDWLHQWV�Ŵ��ŴWKHŴVXUYH\ŴRIŴŴQXUVLQJŴFDUHŴIRUŴSDWLHQWVŴZLWKŴDFXWHŴNLGQH\ŴLQMXU\ŴUHFHLYLQJŴ
FRQWLQXRXVŴUHQDOŴUHSODFHPHQWŴWKHUDS\�Ŵ��ŴTXHVWLRQQDLUHŴRIŴQXUVHVuŴRSLQLRQVŴRIŴWKHŴSURMHFWŴWUDLQLQJŴZRUNVKRS�Ŵ��Ŵ
TXHVWLRQQDLUHŴRIŴQXUVHVuŴRSLQLRQVŴRIŴWKHŴSUDFWLFHŴJXLGHOLQHV�ŴDQGŴ��ŴHYDOXDWLRQŴRIŴQXUVLQJŴSUDFWLFHVŴUHOHYDQWŴWRŴWKHŴ
SUDFWLFHŴJXLGHOLQHV�Ŵ5HOLDELOLWLHVŴRIŴWKHŴTXHVWLRQQDLUHŴRIŴQXUVHVuŴRSLQLRQVŴDQGŴWKHŴHYDOXDWLRQŴRIŴQXUVLQJŴSUDFWLFHVŴ
ZHUHŴH[DPLQHGŴXVLQJŴDOSKDŴ&URQEDFKuVŴFRHIűFLHQW�ŴWKH\ŴZHUHŴ����ŴDQGŴ����ŴFRQVHFXWLYHO\�Ŵ'DWDŴZHUHŴDQDO\]HGŴ
XVLQJŴGHVFULSWLYHŴVWDWLVWLFVŴDQGŴFKL�VTXDUHŴWHVW�
Ŵ 5HVXOWŴRIŴWKLVŴVWXG\ŴUHYHDOHGŴWKDWŴWKHŴFOLQLFDOŴQXUVLQJŴSUDFWLFHŴJXLGHOLQHVŴIRUŴWKHŴSDWLHQWVŴZLWKŴDFXWHŴNLGQH\Ŵ
LQMXU\ŴZKRŴUHFHLYHGŴFRQWLQXRXVŴUHQDOŴUHSODFHPHQWŴ WKHUDS\ŴZHUHŴGHYHORSHG�Ŵ7KHŴUHVXOWVŴRIŴ WKHŴ LPSOHPHQWDWLRQŴRIŴ
WKHŴFOLQLFDOŴQXUVLQJŴSUDFWLFHŴJXLGHOLQHVŴVKRZHGŴWKDW�Ŵ��ŴWKHŴQXUVHVŴZKRŴLPSOHPHQWHGŴWKHŴFOLQLFDOŴQXUVLQJŴSUDFWLFHŴ
JXLGHOLQHVŴYLHZHGŴWKDWŴWKHŴPRVWŴDYHUDJHŴOHYHOŴZDVŴ����ŴDWŴWKHŴRYHUDOOŴ�6'Ŵ Ŵ�����Ŵ��ŴDIWHUŴWKHŴLPSOHPHQWDWLRQŴRIŴŴ
WKHŴFOLQLFDOŴQXUVLQJŴSUDFWLFHŴJXLGHOLQHV�ŴWKHŴIUHTXHQFLHVŴRIŴQXUVLQJŴDFWLYLWLHVŴRIŴDOOŴLWHPVŴZHUHŴLQFUHDVHGŴWRŴvPRVWO\Ŵ
GRwŴOHYHOŴ��ŴWKHŴLPSOHPHQWDWLRQŴHIIHFWVŴRIŴWKHŴFOLQLFDOŴQXUVLQJŴSUDFWLFHŴJXLGHOLQHVŴRQŴWKHŴSDWLHQWVŴVKRZHGŴWKDW�Ŵ�D�Ŵ
WKHŴDYHUDJHVŴRIŴWKHŴSDWLHQWVuŴEORRGŴXUHD�ŴFUHDWLQLQH�ŴDQGŴSRWDVVLXPŴOHYHOVŴZHUHŴGHFUHDVHG�Ŵ�E�ŴWKHŴDYHUDJHVŴRIŴWKHŴ
SDWLHQWVuŴELFDUERQDWHŴOHYHOŴZHUHŴLQFUHDVHGŴDWŴWKHŴ�WK��WKŴKRXUV�Ŵ��WKŴKRXU�ŴDQGŴ��WKŴKRXUŴRIŴWKHŴWUHDWPHQWŴSHULRG�Ŵ�F�Ŵ
WKHŴFRPSOLFDWLRQVŴPRVWO\ŴIRXQGŴDIWHUŴWUHDWPHQWŴZHUHŴGHFUHDVHGŴEORRGŴFDOFLXP�ŴK\SRWKHUPLDŴDQGŴűOWHUŴREVWUXFWLRQ�
Ŵ 7KHŴűQGLQJVŴRIŴWKLVŴVWXG\ŴLQGLFDWHGŴWKDWŴWKHŴFOLQLFDOŴQXUVLQJŴSUDFWLFHŴJXLGHOLQHVŴZKLFKŴZHUHŴSDUWLFXODUO\Ŵ
GHYHORSHGŴIRUŴWKHŴSDWLHQWVŴZLWKŴDFXWHŴNLGQH\ŴLQMXU\ŴUHFHLYLQJŴFRQWLQXRXVŴUHQDOŴUHSODFHPHQWŴWKHUDS\ŴDUHŴDSSURSULDWHŴ
IRUŴLPSOHPHQWDWLRQŴLQŴLQWHQVLYHŴFDUHŴXQLWV�Ŵ7KHŴLPSOHPHQWDWLRQŴRIŴWKHŴSUDFWLFHŴJXLGHOLQHVŴUHVXOWHGŴLQŴLQFUHDVHGŴ
IUHTXHQF\ŴRIŴQXUVLQJŴDFWLYLWLHVŴUHOHYDQWŴWRŴWKHŴSUDFWLFHŴJXLGHOLQHV�ŴDQGŴSRVLWLYHŴRXWFRPHVŴRIŴSDWLHQWŴFDUH�Ŵ

.H\ZRUGV��� QXUVLQJŴFOLQLFDOŴSUDFWLFHŴJXLGHOLQHV�ŴDFXWHŴNLGQH\ŴLQMXU\�ŴFRQWLQXRXVŴUHQDOŴUHSODFHPHQWŴWKHUDS\
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�ªµ¤�ª�Â���ª�°°�¦o°�Ŵ �ª��¸Ë�ÇŴ Á®¤º°��¼� 
Á�È¤Â��ŴÂ­��ªnµÁ�}��ªµ¤�ª��¸É¤­̧µÁ®�»�µ��µ¦¤¡̧¥µ�·



��ĊĕĆčĕĆčĄĕåĄāąĕýĕĈĒ�čĕãĕăĕåøēĊĔüĐĐâğêĘąèğĎüĚĐ

þĿúĘħ�����êýĔýúĘħ�����øěĈĕåĄ���ûĔüĊĕåĄ�����

­£µ¡Ä�¦³���¦³­µ���·�Ŵ 3HULSKHUDOŴ QHXURSDWK\Ŵ 
�¹É�Á�·��µ�Ã¦�Á�µ®ªµ���Ŵ

Ŵ Ŵ ¦³�´��ªµ¤¦»�Â¦��°��ªµ¤�ª�Ŵ¡�ªnµ 
�¼o­¼�°µ¥»­nª�Ä®�n¤¸¦³�´��ªµ¤¦»�Â¦��°��ªµ¤�ª� 
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�nª�Áª¨µ�ÈÅ�o�� 
Ŵ Ŵ �{��´¥�¸É�ÎµÄ®o�ªµ¤�ª�¦»�Â¦��¹Ê�Ŵ¡�ªnµ 
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�´Ê�ª·�¸Ä�o¥µÂ¨³Å¤nÄ�o¥µ��ŴÃ�¥ª·�¸�´��µ¦�ªµ¤�ª�Ã�¥ª·�¸
Ä�o¥µŴ¡�ªnµŴ­nª�Ä®�nÄ�o¥µ�ª�Ŵ�¦o°¥¨³Ŵ�����Ŵ¦°�¨�¤µ
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¥µÂ���{��»�´�Â�nÁ¨º°�Ä�o¥µ°ºÉ�ŴÁ�n�Ŵ¥µ�»�Ŵ¥µ¨¼��¨°�Ŵ
�¹É��È°µ��³­n��¨Á­¥̧�n°­»�£µ¡Å�oŴ®¦º°�µ�­nª�°���Å¤n
Ä�oª·�¸�µ¦Ä�ÇŴ Á¨¥Ŵ�¹É��È°µ��³�ÎµÄ®o�ªµ¤�ª��´Ê��¨µ¥
Á�}��{�®µ¦»�Â¦��¹Ê�Å�oŴ

xi�ª�Ù�«ÙÝ
Ŵ ��Ŵ Á�oµ®�oµ�¸É­»�£µ¡�»¤���ª¦Ä®o�ÎµÂ�³�Îµ
Á�¸É¥ª�´��µ¦Ä�o¥µ�¸É�¼��o°�Â�n�¼o­¼�°µ¥»Ŵ ¦ª¤�´Ê��¼o�¼Â¨ 
®¦º°�»��¨Ä��¦°��¦ª́Á¡ºÉ°�j°���́°�́�¦µ¥�¸É°µ��³Á�·��¹Ê�Ŵ
Ŵ ��Ŵ Á�oµ®�oµ�¸É­»�£µ¡�»¤���ª¦¤¸�ªµ¤¦¼o 
Á�¸É¥ª��́�µ¦¦�́¬µÂ��Â¡�¥r�µ�Á¨º°�ŴÁ¡ºÉ°Ä®o�ÎµÂ�³�Îµ
Ä®o�¼o­¼�°µ¥»Ä�oÁ�}�Â�ª�µ�Ä��µ¦�´�­·�Ä��¸É�³Á¨º°�Ä�o
°¥nµ��¨°�£´¥Â¨³�j°��´�£µª³Â�¦��o°��¸É°µ��³Á�·�
�¹Ê�Å�o
Ŵ ��Ŵ ­n�Á­¦·¤Ä®o�¼o­¼�°µ¥»Ä�oª·�¸�µ¦�¦´�Á�¨¸É¥�
�ªµ¤�·�Â¨³¡§�·�¦¦¤Ŵ �¹É�Á�}�ª·�¸�¸É�nª¥Ä®o�¼o­¼�°µ¥»
�ª��»¤�ªµ¤¦¼o­¹�ŴÂ¨³¡´��µ�´�¬³Ä��µ¦Â�o�{�®µ�¸É
Á�¸É¥ª�o°��´��ªµ¤�ª�Å�o
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�µ¦�´��µ¦�ªµ¤�ª��¼o�iª¥­¼�°µ¥»¦nª¤�´��¸¤­®
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°���rŴ�¦³­µ��rª��·�ŴÂ¨³ª��´��¦rŴ Á¡�¦¡·Á��
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�ªµ¤�ª�Ä��¨»n¤�¼o�iª¥�¸É¤¸�{�®µ¡·Á«¬�Ŵ Ŵ �®�oµŴ
���������Ŵ­��¨µ�Ŵ�µ�Á¤º°��µ¦¡·¤¡r�Ŵ�����ŴŴ

��Ŵ ­¤�¼¦�rŴ Á�¸¥��°��Ŵ �µ¦�´��µ¦�ªµ¤�ª�Ä� 
�¼o­¼�°µ¥»�ŴÄ�Ŵ�´��´¥Ŵ�¦¸�µÅª�Ŵ°���rŴ�¦³­µ��rª�
�·�ŴÂ¨³Ŵª���́�¦rŴÁ¡�¦¡·Á��Á�¥̧¦�Ŵ��¦¦�µ�·�µ¦��Ŵ
�ªµ¤�ª�Â¨³�µ¦�´��µ¦�ªµ¤�ª�Ä��¨»n¤�¼o�iª¥ 
�¸É¤¸�{�®µ¡·Á«¬�Ŵ �®�oµŴ ��������Ŵ ­��¨µ�Ŵ
�µ�Á¤º°��µ¦¡·¤¡r�Ŵ�����ŴŴ

��Ŵ $PHULFDQŴ*HULDWULFVŴ6RFLHW\�Ŵ7KHŴPDQDJHPHQWŴ
RIŴ ŴSHUVLVWHQWŴSDLQŴ LQŴROGHUŴSHUVRQV�Ŵ -RXUQDOŴRIŴ
$PHULFDQŴ*HULDWULFŴ6RFLHW\Ŵ�����Ŵ���Ŵ��������

��Ŵ 6FKRűHOGŴ3$�Ŵ7KHŴPDQDJHPHQWŴRIŴSDLQŴLQŴROGHUŴ
SHRSOH�Ŵ&KLFKHVWHU�Ŵ-RKQŴ:LOH\Ŵ	Ŵ6RQV�Ŵ�����

��Ŵ +RUJDVŴ$/�Ŵ3DLQŴPDQDJHPHQWŴLQŴHOGHUO\ŴDGXOWV�Ŵ
-RXUQDOŴRIŴWKHŴ,QIXVLRQŴ1XUVLQJŴ�����Ŵ���Ŵ��������

��Ŵ 'RGGŴ0�Ŵ-DQVRQŴ6�Ŵ)DFLRQHŴ1�Ŵ)DXFHWWŴ-�Ŵ)URH�
OLFKHUŴ(6�Ŵ+XPSKUH\VŴ-�ŴHWŴDO�Ŵ Ŵ$GYDQFLQJŴWKHŴ
VFLHQFHŴ RIŴ V\PSWRPŴPDQDJHPHQW�Ŵ Ŵ -RXUQDOŴ RIŴ
$GYDQFHGŴ1XUVLQJŴ�����Ŵ������Ŵ��������

��Ŵ 7KHŴ%ULWLVKŴ3DLQŴ6RFLHW\�Ŵ*XLGDQFHŴRQ�Ŵ7KHŴDV�
VHVVPHQWŴRIŴSDLQŴLQŴROGHUŴSHRSOHŴ�����Ŵ>RQOLQH@Ŵ
����Ŵ>FLWHGŴ����Ŵ-DQXDU\Ŵ�@�Ŵ$YDLODEOHŴIURP�Ŵ
KWWS���ZZZ�EJV�RUJ�XN�3XEOLFDWLRQV�3XEOLFD�
WLRQ���'RZQORDGV�6HS����3DLQ$VVHVVPHQW�

��Ŵ °¦»�Ŵ�·¦ª�́�r�»̈ �Ŵ­�·�·�µ�ª·�¥µ«µ­�¦r­»�£µ¡Á¡ºÉ°
�µ¦ª·�´¥�Ŵ�¦»�Á�¡²�Ŵª·�¥¡´��r�Ŵ�����

��Ŵ &KHVWHUWRQŴ/6�Ŵ%DUODVŴ3�Ŵ)RVWHUŴ1(�Ŵ%D[WHUŴ*'Ŵ	Ŵ 
:ULJKWŴ&&�Ŵ*HQGHUŴGLIIHUHQFHŴLQŴSUHVVXUHŴSDLQŴ
WKUHVKROGŴLQŴKHDOWKŴKXPDQV�ŴŴ3DLQŴ�����Ŵ����Ŵ
��������

���Ŵ <LSŴ.6�Ŵ*HQGHUŴGLIIHUHQFHVŴLQŴPHQWDOŴLOOQHVVŴLQŴ+RQJŴ
.RQJ�Ŵ$GPLQLVWUDWLRQŴDQGŴ3ROLF\ŴLQŴ0HQWDOŴ+HDOWKŴ
�����Ŵ���Ŵ��������

���Ŵ <XŴ+6�Ŵ7DQJŴ),�Ŵ.XRŴ%,�Ŵ<XŴ6�Ŵ3UHYDOHQFH�Ŵ
LQWHUIHUHQFH�Ŵ DQGŴ ULVNŴ IDFWRUVŴ IRUŴ FKURQLFŴ SDLQŴ
DPRQJŴ7DLZDQHVHŴFRPPXQLW\ŴROGHUŴSHRSOH�ŴŴ3DLQŴ
0DQDJHPHQWŴ1XUVLQJŴ�����Ŵ�����Ŵ�����

���Ŵ 'RUQHUŴ7(�Ŵ0XFNHQKXEHUŴ -�Ŵ 6WURQHJJHUŴ:-�Ŵ
5DVN\Ŵ(�Ŵ*XVWRUIIŴ%Ŵ	Ŵ)UHLGOŴ:�ŴŴ7KHŴLPSDFWŴRIŴ
VRFLR�HFRQRPLFŴVWDWXVŴRQŴSDLQŴDQGŴWKHŴSHUFHS�
WLRQŴRIŴGLVDELOLW\ŴGXHŴWRŴSDLQ�ŴŴ(XURSHDQŴ-RXUQDOŴ
RIŴ3DLQŴ�����Ŵ���Ŵ��������

���Ŵ .DUSŴ-)�Ŵ6KHJDŴ-:�Ŵ0RURQHŴ1(�Ŵ:HLQHUŴ'.�Ŵ$G�
YDQFHŴLQŴXQGHUVWDQGLQJŴWKHŴPHFKDQLVPVŴDQGŴPDQ�
DJHPHQWŴRIŴSHUVLVWHQWŴSDLQŴLQŴROGHUŴDGXOWV�ŴŴ%ULWLVKŴ
-RXUQDOŴRIŴ$QDHVWKHVLDŴ�����Ŵ�������Ŵ��������

���Ŵ %O\WKŴ)0�Ŵ0DUFKŴ/0�Ŵ%UQDELFŴ$�-0�Ŵ-RUPŴ/5�Ŵ
:LOOLDPVRQŴ0�Ŵ&RXVLQVŴ0�ŴŴ&KURQLFŴSDLQŴLQŴ$XV�
WUDOLD�Ŵ$ŴSUHYDOHQFHŴVWXG\�ŴŴ3DLQŴ�����Ŵ���Ŵ��������

���Ŵ -RUGDQŴ.3�Ŵ7KRPDVŴ(�Ŵ3HDWŴ*�Ŵ:LONLHŴ5�Ŵ&URIWŴ
3�ŴŴ6RFLDOŴULVNŴIRUŴGLVDEOLQJŴSDLQŴLQŴROGHUŴSHRSOH�Ŵ
$ŴSURVSHFWLYHŴVWXG\ŴRIŴLQGLYLGXDOŴDQGŴDUHDŴFKDU�
DFWHULVWLFV�ŴŴ3DLQŴ�����Ŵ����Ŵ��������

���Ŵ °¤¦¡�́�»rŴŴ�µ�¦̧�́�r�Ŵ�ªµ¤�ª�Â¨³�µ¦��́�µ¦�ªµ¤
�ª��°��¼o�iª¥�¸É¤¸�ªµ¤�ª�Á¦ºÊ°¦´��µ��ªµ¤�·�
���·Ä�¦³���¦³�¼�Â¨³�¨oµ¤Á�ºÊ°�¸ÉÅ¤nÄ�n¤³Á¦È�Ŵ
�ª·�¥µ�·¡��r��Ŵ ­��¨µ�Ŵ ¤®µª·�¥µ¨´¥­��¨µ
��¦·��¦r�Ŵ�����

���Ŵ «»£¦ŴÁ�¸¥¦¤��¦¸�Ŵ Ŵ�{��´¥�´�­¦¦�¸É¤¸�ªµ¤­´¤¡´��r
�´��µ¦��·�´�·���oµ�­»�£µ¡�°��¼o­¼�°µ¥»Ã¦��o°
Á�nµÁ­ºÉ°¤Ŵ �ª·�¥µ�·¡��r��Ŵ Ŵ ­��¨µ�Ŵ¤®µª·�¥µ¨´¥
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���Ŵ ¤�»¦­Ŵ�´��µ¦¤�r�Ŵ ¦¼�Â���µ¦�´��µ¦�´��ªµ¤
�ª�Ä��¼o�iª¥�ª�®¨´�­nª�¨nµ���³°¥¼n�¸É�oµ�Ŵ
�ª·�¥µ�·¡��r��Ŵ ­��¨µ�Ŵ ¤®µª·�¥µ¨´¥­��¨µ
��¦·��¦r�Ŵ�����
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���Ŵ /HRQJŴ,<�Ŵ)DUUHOOŴ0-�Ŵ+HOPHŴ5�Ŵ*LEVRQŴ6-�ŴŴ7KHŴ
UHODWLRQVKLSŴEHWZHHQŴPHGLFDOŴFR�PRUELGLW\ŴDQGŴ
VHOI�UDWHGŴSDLQ�ŴPRRGŴGLVWXUEDQFH�ŴDQGŴIXQFWLRQŴ
LQŴROGHUŴSHRSOHŴZLWKŴFKURQLFŴSDLQ�Ŵ7KHŴ-RXUQDOVŴ
RIŴ*HURQWRORJ\Ŵ�����Ŵ������Ŵ��������

���Ŵ ­�µ��́Áª�«µ­�¦r�¼o­¼�°µ¥»�Ŵ�ªµ¤�ª���́�µ¦�Îµ��́
�ªµ¤�ª��Ŵ Ä�Ŵ�µ¦�¼Â¨¦´�¬µÃ¦��¼o­¼�°µ¥»Â��­®
­µ�µª·�µ�Ŵ �®�oµŴ ���������Ŵ�¦»�Á�¡²�Ŵ�»¤�»¤
­®�¦�r�µ¦Á�¬�¦Â®n��¦³Á�«Å�¥Ŵ�Îµ�´��Ŵ����

���Ŵ �µ�¥µŴ ª�«r¥³¦µ�Ŵ �¦³�ª��µ¦Â­ª�®µ�µ¦�¦·�µ¦
­»�£µ¡�°��¼o­¼�°µ¥»Ã¦��o°Á�nµÁ­ºÉ°¤Ä��´�®ª´�¦µ��»¦Ŵ̧
�ª·�¥µ�·¡��r��ŴŴ�¨�»¦¸�Ŵ¤®µª·�¥µ¨´¥�¼¦¡µ�Ŵ�����

���Ŵ =DQRFFKLŴ0ŴHWŴDO�Ŵ&KURQLFŴSDLQŴLQŴDŴVDPSOHŴRIŴ
QXUVLQJŴKRPHŴUHVLGHQWV�Ŵ3UHYDOHQFH�ŴFKDUDFWHU�
LVWLFV�ŴLQŲXHQFHŴRQŴTXDOLW\ŴRIŴOLIH�ŴŴ*HURQWRORJ\Ŵ
DQGŴ*HULDWULFVŴ�����Ŵ���Ŵ��������

���Ŵ �µ��´��¦rŴ �µ���»¨«´��·Í�Ŵ Ŵ �µ¦�¦³Á¤·��ªµ¤�ª�Ä� 
�¼o­¼�°µ¥»�Ŵª·�¥µ­µ¦¡¥µ�µ¨Ŵ�����Ŵ������Ŵ��������

���Ŵ -RQHVŴ*7�Ŵ0DFIDUODQHŴ*-�Ŵ(SLGHPLRORJ\ŴRIŴSDLQŴ
LQŴROGHUŴSHUVRQV�Ŵ,QŴ*LEVRQ�Ŵ6�-�Ŵ	Ŵ:HLQHU�Ŵ'�.�Ŵ
�(GV���Ŵ Ŵ Ŵ 3DLQŴ LQŴ ROGHUŴ SHUVRQV�Ŵ Ŵ �SS�������Ŵ
6HDWWOH�Ŵ,$63ŴSUHVV�Ŵ�����

���Ŵ 7KRPDVŴ(�Ŵ3HDWŴ*�Ŵ+DUULVŴ/�Ŵ:LONLHŴ5�Ŵ&URIWŴ
35�ŴŴ7KHŴSUHYDOHQFHŴRIŴSDLQŴDQGŴSDLQŴLQWHUIHUHQFHŴ
LQŴDŴJHQHUDOŴSRSXODWLRQŴRIŴROGHUŴDGXOWV�Ŵ&URVV�
VHFWLRQDOŴűQGLQJVŴIURPŴWKHŴ1RUWKŴ6WDIIRUGVKLUHŴ
2VWHRDUWKULWLVŴ 3URMHFWŴ �1RU6W23��Ŵ3DLQŴ�����Ŵ
����Ŵ��������

���Ŵ ­»��·�´¥Ŵ�·�³¡´��r�»¨�Ŵ  ®¨´�­Îµ�´��°�Áª�«µ­�¦r
�¼o­¼�°µ¥»�Ŵ Ŵ �¦»�Á�¡²�Ŵ Ã¦�¡·¤¡rÂ®n��»¯µ¨��¦�r
¤®µª·�¥µ¨´¥�Ŵ�����

���Ŵ ª¨´¥¡¦Ŵ �´��r«»£ª´��r�Ŵ Ŵ �µ¦¡¥µ�µ¨�¼o­¼�°µ¥»Ŵ
�ªµ¤�oµ�µ¥�´�£µª³�¦³�µ�¦­¼�°µ¥»�ŴŴ�°�Â�n��Ŵ
�°�Â�n��µ¦¡·¤¡r�Ŵ�����

���Ŵ .HOO\Ŵ$0�Ŵ:KLWDNHUŴ%�Ŵ(YDOXDWLRQŴRIŴSDLQ�Ŵ,QŴ
0DFHŴ6(�Ŵ'XFKDUPHŴ-Ŵ	Ŵ0XUSK\Ŵ0)�Ŵ�(GV���ŴŴ
3DLQŴPDQDJHPHQWŴDQGŴVHGDWLRQ�Ŵ Ŵ�SSŴ�������Ŵ
1HZ<RUN�Ŵ0D*UDZ�+LOO�Ŵ�����

���Ŵ 6LNRUVNLŴ.$�Ŵ%DUNHUŴ'0�Ŵ Ŵ&OLHQWVŴZLWKŴ SDLQ�Ŵ
,QŴ%ODFNŴ -0Ŵ	Ŵ+DZNVŴ -+�Ŵ�(GV���Ŵ Ŵ0HGLFDO�
VXUJLFDOŴQXUVLQJ�Ŵ&OLQLFDOŴPDQDJHPHQWŴIRUŴSRVL�
WLYHŴRXWFRPHV�ŴŴ�SS�Ŵ���������ŴŴ3KLODGHOSKLD�Ŵ
6DXQGHUV�Ŵ�����

���Ŵ �o°�Á�¸¥¦�·Ŵ�¼��r�´��¦µ�¦�ŴŴÃ¦�Á­o��¦³­µ�Á®�»
Á�µ®ªµ�Ŵ�����ŴŴ>°°�Å¨�r@Ŵ����Ŵ>°oµ�Á¤ºÉ°Ŵ��Ŵ
¤¸�µ�¤Ŵ����@�ŴŴ�µ�ŴKWWS���ZZZ�GRFWRU�RU�WK�
QRGH������

���Ŵ 'HZDUŴ $�Ŵ $VVHVVPHQWŴ DQGŴPDQDJHPHQWŴ RIŴ
FKURQLFŴ SDLQŴ LQŴ WKHŴ ROGHUŴ SHUVRQŴ OLYLQJŴ LQŴ WKHŴ
FRPPXQLW\�Ŵ Ŵ$XVWUDOLDQŴ -RXUQDOŴ RIŴ$GYDQFHGŴ
1XUVLQJŴ�����Ŵ������Ŵ������

���Ŵ 7VDLŴ<)�Ŵ/LXŴ//�Ŵ&KXQJŴ6&�Ŵ3DLQŴSUHYDOHQFH�Ŵ
H[SHULHQFH�ŴDQGŴVHOI�FDUHŴPDQDJHPHQWŴVWUDWHJLHVŴ
DPRQJŴFRPPXQLW\�GZHOOLQJŴHOGHUO\ŴLQŴ7DLZDQ�Ŵ
-RXUQDOŴ RIŴ 3DLQŴ DQGŴ 6\PSWRPŴ0DQDJHPHQWŴ
�����Ŵ������Ŵ��������Ŵ

���Ŵ �¦³�¸�Ŵ�µ¨Á�ªoµ�ŴŴ�µ¦¦´�¬µ°µ�µ¦�ª�Á¤ºÉ°¥�oª¥
£¼¤·�{��µ�o°��·É�Ä��¨»n¤�¼o­¼�°µ¥»Ä�Á��Á�«�µ¨
�Îµ�¨�»¤Â¡Ŵ °ÎµÁ£°�»¤Â¡Ŵ �´�®ª´��°�Â�n�Ŵ
�ª·�¥µ�·¡��r��Ŵ�°�Â�n��Ŵ¤®µª·�¥µ¨¥́�°�Â�n��Ŵ
�����

���Ŵ %DUU\Ŵ/&�Ŵ*LOOŴ70�Ŵ.HUQVŴ5'�Ŵ5HLGŴ0&�Ŵ,GHQ�
WLűFDWLRQŴ RIŴ SDLQ�UHGXFWLRQŴ VWUDWHJLHVŴ XVHGŴE\Ŵ
FRPPXQLW\�GZHOOLQJŴROGHUŴSHUVRQ�ŴŴ7KHŴ-RXUQDOŴ
RIŴ*HURQWRORJ\Ŵ�����Ŵ�������Ŵ����������

���Ŵ °¦­µŴ�µ¯¦´��r�Ŵ�¨�µ¦�ª�Â��Å�¥�n°�µ¦�ª�
�o°Ä��¼o­¼�°µ¥»Ã¦��o°Á�nµÁ­ºÉ°¤Ŵ �ª·�¥µ�·¡��r��ŴŴ
Á�¸¥�Ä®¤n�ŴŴ¤®µª·�¥µ¨´¥Á�¸¥�Ä®¤n�Ŵ�����

���Ŵ 0LWFKEHOOŴ&�Ŵ$VVHVVPHQWŴ DQGŴPDQDJHPHQWŴ RIŴ
FKURQLFŴSDLQŴ LQŴ HOGHUO\ŴSHRSOH�Ŵ%ULWLVKŴ -RXUQDOŴ
RIŴ1XUVLQJŴ�����Ŵ���Ŵ��������
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Abstract
Ŵ 7KLVŴGHVFULSWLYHŴUHVHDUFKŴDLPHGŴWRŴVWXG\ŴFKURQLFŴSDLQŴH[SHULHQFHV�ŴPDQDJHPHQWŴVWUDWHJLHVŴDQGŴRXWFRPHV�Ŵ
SHUVRQDOŴGRPDLQ�ŴKHDOWKŴDQGŴLOOQHVVŴGRPDLQŴDQGŴHQYLURQPHQWDOŴGRPDLQŴRIŴROGHUŴSHUVRQVŴOLYLQJŴLQŴDŴFRPPXQLW\�Ŵ7KHŴ
VDPSOHŴZHUHŴVHOHFWHGŴE\ŴSXUSRVLYHŴVDPSOLQJŴ���ŴROGHUŴSHUVRQVŴOLYLQJŴLQŴDŴFRPPXQLW\ŴRIŴ.KRQŴ.DHQŴSURYLQFH�Ŵ
H[SHULHQFLQJŴFKURQLFŴSDLQŴPRUHŴWKDQŴ�ŴPRQWKV�Ŵ'DWDŴZDVŴFROOHFWHGŴE\ŴLQWHUYLHZLQJ�Ŵ7KHŴTXHVWLRQQDLUHŴZHUHŴXVHGŴ
LQFOXGLQJŴSHUVRQDOŴGDWDŴDQGŴFKURQLFŴSDLQŴPDQDJHPHQW�Ŵ7KHŴGDWDŴZHUHŴDQDO\]HGŴXVLQJŴIUHTXHQF\ŴDQGŴSHUFHQWDJH�ŴŴŴŴ
Ŵ 7KHŴUHVXOWVŴRIŴWKLVŴVWXG\ŴDUHŴDVŴIROORZ�Ŵ��Ŵ3HUVRQDOŴGRPDLQ�Ŵ7KHŴPRVWŴRIŴIHPDOH�ŴPHGLXP�ROGŴDQGŴROG�ROG�Ŵ 
LOOLWHUDWHŴDQGŴKDGŴDŴSULPDU\ŴVFKRROŴHGXFDWLRQŴOHYHO�ŴZLGRZHG�ŴGLYRUFHG�VHSDUDWHGŴDQGŴVLQJOH�ŴDYHUDJHŴLQFRPHŴSHUŴ
PRQWKŴOHVVŴWKDQŴ�����ŴEDWKVŴDQGŴOLYLQJŴDORQHŴKDGŴPRGHUDWHŴSDLQŴLQWHQVLW\�Ŵ��Ŵ+HDOWKŴDQGŴLOOQHVVŴGRPDLQ�Ŵ7KHŴ
PRVWŴRIŴWKHŴVDPSOHŴWKDWŴKDGŴPHGLFDOŴŴŴŴŴŴFR�PRUELGLW\Ŵ�ŴGLVHDVH�Ŵ�ŴGLVHDVHVŴDQGŴPRUHŴWKDQŴ�ŴGLVHDVHVŴKDGŴPRGHUDWHŴ
SDLQŴLQWHQVLW\�Ŵ��Ŵ(QYLURQPHQWDOŴGRPDLQ�Ŵ7KHŴPRVWŴRIŴWKHŴVDPSOHŴWKDWŴSRRUHUŴDFFHVVHGŴWRŴKHDOWKŴFDUHŴVHUYLFHŴKDGŴ
PRGHUDWHŴSDLQŴLQWHQVLW\�Ŵ��Ŵ7KHŴPRVWŴRIŴWKHŴVDPSOHŴKDGŴSDLQŴPRUHŴWKDQŴRQHŴVLWH�ŴNQHHŴZHUHŴWKHŴPRVWŴFRPPRQO\Ŵ
GHVFULEHGŴSDLQŴVLWH�ŴWKHŴSDLQŴLQWHQVLW\ŴZHUHŴPLOGŴWRŴPRGHUDWHŴSDLQ�Ŵ7KHŴPRVWŴTXDOLWLHVŴRIŴSDLQŴUHSRUWHGŴE\ŴWKHŴ
VDPSOHVŴZHUHŴQRFLFHSWLYHŴSDLQŴDQGŴQHXURSDWKLFŴSDLQ�ŴWKHŴSDLQŴZDVŴLQWHUPLWWHQWŴHYHU\GD\�ŴRQVHWŴRIŴSDLQŴSHUFHSWLRQŴ 
ZDVŴ���Ŵ\HDUV�ŴGXUDWLRQŴRIŴSDLQŴUHSRUWHGŴE\ŴWKHŴVDPSOHVŴZHUHŴPLQXWHV�Ŵ0RVWŴVDPSOHVŴUHSRUWHGŴSDLQŴLPSDFWŴZHUHŴ
LQŴKDUGŴ WRŴVWDQGLQJŴDQGŴPRRG\�Ŵ��Ŵ7KHŴPRVWŴRIŴ WKHŴVDPSOHŴXVHGŴPRUHŴ WKDQŴRQHŴSDLQŴPDQDJHPHQWŴVWUDWHJLHV�Ŵ
FRPELQHGŴSKDUPDFRORJLFDOŴPHWKRGŴDQGŴQRQ�SKDUPDFRORJLFDOŴPHWKRG�Ŵ7KHŴPRVWŴSKDUPDFRORJLFDOŴPHWKRGŴZDVŴ
DQDOJHVLFŴRLQWPHQW�Ŵ7KHŴPRVWŴQRQ�SKDUPDFRORJLFDOŴPHWKRGŴZDVŴPDVVDJH�Ŵ0RVWŴVDPSOHVŴUHFHLYHGŴLQIRUPDWLRQŴ
DERXWŴSDLQŴPDQDJHPHQWŴVWUDWHJLHVŴIURPŴKHDOWKŴFDUHŴSURIHVVLRQDOV�ŴVHOIŴFDUH�ŴGRŴDWŴKRPH�Ŵ7KH\ŴEHOLHYHGŴWKDWŴSDLQŴ
PDQDJHPHQWŴVWUDWHJLHVŴUHGXFHŴSDLQŴLQWHQVLW\�ŴGRŴLWŴZKHQŴSDLQŴRFFXUUHGŴDQGŴRQVHWŴRIŴSDLQŴPDQDJHPHQWŴZDVŴ���Ŵ
\HDUV�Ŵ��Ŵ7KHŴPRVWŴRIŴWKHŴVDPSOHŴUHSRUWHGŴWKHŴSDLQŴLQWHQVLW\ŴZDVŴPLOGŴSDLQŴDIWHUŴXVHGŴSDLQŴPDQDJHPHQWŴVWUDWHJLHV�

.H\ZRUGV�ŴŴ FKURQLFŴSDLQŴPDQDJHPHQW�ŴROGHUŴSHUVRQV


7KHVLVŴRIŴ0DVWHUŴRIŴ1XUVLQJŴ6FLHQFHŴ3URJUDPŴLQŴ*HURQWRORJLFDOŴ1XUVLQJ�Ŵ)DFXOW\ŴRIŴ1XUVLQJ�Ŵ.KRQŴ.DHQŴ8QLYHUVLW\


6WXGHQWŴRIŴ0DVWHUŴRIŴ1XUVLQJŴ6FLHQFH�Ŵ0DVWHUŴRIŴ1XUVLQJŴ6FLHQFHŴ3URJUDPŴLQŴ*HURQWRORJLFDOŴ1XUVLQJ�Ŵ)DFXOW\ŴRIŴ1XUVLQJ�ŴŴ
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�´Ê�Ç�¸É�¼o�iª¥¥´�¤¸«´�¥£µ¡�¸É�³��·�´�·�·��¦¦¤Á®¨nµ�´Ê�
Å�oÁ�ºÉ°��µ��¼o�iª¥¦¼o­¹�Å¦o¡¨´�°Îµ�µ���Ŵ�¸É�nµ�¤µ¡�ªnµ
Å�o¤�̧µ¦�¦³Á¤·��µ¦¦�́¦¼o¡¨�́°Îµ�µ�Ä���Á°��°��¼o�iª¥
Ã¦��°�°»��´Ê�Á¦ºÊ°¦�́ŴÃ�¥Ä�oÂ��ª�́�µ¦¦�́¦¼o¡¨�́°Îµ�µ�
Ä���Á°��µ¤�¦°�Â�ª�·��°��·�­�́Ŵ¡�ªnµŴ¦o°¥¨³Ŵ��Ŵ
�°��¨»n¤�ª́°¥nµ�¤�̧³Â���µ¦¦�́¦¼o¡¨�́°Îµ�µ�Ä���Á°�
°¥¼nÄ�¦³�´��ÎÉµŴÂ¨³°¸�¦o°¥¨³Ŵ��Ŵ¤¸�³Â��°¥¼nÄ�¦³�´�
�µ��¨µ���Ŵ�¹É��oµ®µ�¥´�Å¤nÅ�o¦´��µ¦Â�oÅ�Ä®o�¼o­¼�°µ¥»¤¸
¡¨´�°Îµ�µ�Á¡ºÉ°�´��µ¦�´�°µ�µ¦Á®�ºÉ°¥¨oµ�È�³­n��¨�n°
�µ¦�ÎµÁ�·��¸ª·��°��¼o�iª¥Ä�¦³¥³¥µª

Ŵ �µ��¸É�¨nµª¤µ�³Á®È�ªnµ�¼o�iª¥Ã¦��°�°»��´Ê�
Á¦ºÊ°¦�́Ŵ�ÎµÁ�}��o°�Å�o¦�́�µ¦�nª¥Á®¨º°Á¡ºÉ°�¦¦Á�µ°µ�µ¦
Á®�ºÉ°¥¨oµ�¸ÉÁ�·��¹Ê�ŴÁ¡ºÉ°��Åªo�¹É��µ¦�ÎµÁ�·��ª̧·��¦³�Îµª�́ 
Å�o°¥nµ����·­»�Ŵ Â�n�µ¦�¸É¡¥µ�µ¨�³�nª¥Ä®o�¼o�iª¥
­µ¤µ¦��¦¦Á�µ°µ�µ¦Á®�ºÉ°¥¨oµÅ�o°¥nµ�¤�̧¦³­·��·£µ¡
�´Ê�Ŵ Å¤nÄ�nÁ¡¸¥�Â�nÄ®o¦¼oªnµ¤¸ª·�¸°³Å¦Ŵ �o°��Îµ°³Å¦Ŵ Â¨³
¤¸�´�¬³°¥nµ�Å¦Á�nµ�´Ê�Ŵ ­·É�­Îµ�´��º°�µ¦�ÎµÄ®o�¼o�iª¥¤¸ 
�ªµ¤Á�ºÉ°Ä��ªµ¤­µ¤µ¦�Â¨³«�́¥£µ¡�°���Ä��µ¦�Îµ
�ªµ¤¦¼o®¦º°�´�¬³�nµ�ÇŴ Á®¨nµ�´Ê�¤µÄ�oÄ�­�µ��µ¦�r
�¦·�Å�oŴ�¹É�¡¥µ�µ¨­µ¤µ¦��ÎµÅ�o�oª¥�µ¦Á­¦·¤­¦oµ�¡¨´�
°Îµ�µ�Ä®o�¼o�iª¥¦�́¦¼o�¹�¡¨�́°Îµ�µ�Â¨³«�́¥£µ¡�¸É¤°̧¥¼nÄ�
��Á°�Ŵ Ã�¥¡¥µ�µ¨¤¸���µ�Á�}��¼o�nª¥Á®¨º°Ŵ�¼oÄ®o�µ¦
­��́­�»�Ŵ�¼oÄ®o�Îµ�¦¹�¬µŴ�¼oÄ®o�ªµ¤¦¼oŴ�¼oÄ®o�ÎµÂ�³�ÎµÂ¨³
�´�®µÂ®¨n��¦³Ã¥��rŴ�¼o°Îµ�ª¥�ªµ¤­³�ª�Ŵ�¼o­n�Á­¦·¤Ŵ 
Â¨³�¼o¡·�´�¬r­·��·Ä®o�´��¼o�iª¥ŴÂ���µ¦Á�}��¼o­°�®¦º°
�nµ¥�°��ªµ¤¦¼oÂ���´Ê�Á�·¤�¸ÉÁ�}�¦¼�Â���¼o�iª¥�o°�
¡¹É�¡µÁ�oµ®�oµ�¸É­»�£µ¡��ŴÁ�ºÉ°��µ�ª·�Á̧�·¤�¸ÉÁ�¥��·��́·�´Ê�
�ÎµÄ®o�¼o�iª¥¦¼o­¹�­¼�Á­¸¥�ªµ¤¤¸�»��nµÂ¨³«´��·Í«¦¸�°�
��Á°�ŴÅ¤nÅ�o¤­̧nª�¦nª¤Ä��µ¦�ª��»¤��Á°�ŴÂ¨³°µ�Á�·�
�{�®µ�¹Ê�Å�o�oµ�´«���·Â¨³�ªµ¤Á�ºÉ°�°��¼o�iª¥�nµ��µ�
Á�oµ®�oµ�¸É­»�£µ¡Ŵ�´Ê��¸Ê¡¥µ�µ¨�o°�¦³¨¹�Á­¤°ªnµ�¼o�iª¥ 
Á�}��»��¨�¸ÉÁ¨º°�ª·�Á̧¡ºÉ°��́�µ¦®¦º°�¦¦Á�µ°µ�µ¦�nµ�ÇŴ
�¸ÉÁ�·��¹Ê��oª¥��Á°�Á¤ºÉ°�¨´�Å�°¥¼n�¸É�oµ��� 
Ŵ �µ¦���ª�ª¦¦��¦¦¤�¸É�nµ�¤µ¡�ªnµŴ¤�̧µ¦�Îµ
Á°µ�¦³�ª��µ¦Á­¦·¤­¦oµ�¡¨´�°Îµ�µ��µ¤Â�ª�·��°� 
�·�­´�¤µÄ�oÄ��¼o�iª¥Á¦ºÊ°¦´�°ºÉ�ÇŴ Å�oÂ�nŴ �¼o�iª¥°´¤¡µ� 
�¦¹É���̧Ŵ�¼o�iª¥Ã¦��o°°�́Á­�¦¼¤µ�°¥�rŴ�¼o�iª¥Ã¦�Á�µ®ªµ�Ŵ 
�¼o�iª¥¤³Á¦È�ŴÂ¨³�¼o�iª¥�·�Á£������Ŵ�¹É��¨¨´¡�r�¸ÉÅ�o�µ�
�¦³�ª��µ¦Á­¦·¤­¦oµ�¡¨�́°Îµ�µ���́�¨nµªŴ�ÎµÄ®o�¼o�iª¥¤¸
�µ¦¦�́¦¼o¡¨�́°Îµ�µ�Á¡·É¤�¹Ê�Ŵ�ªµ¤¦¼o­¹�­¼�Á­¥̧¡¨�́°Îµ�µ�
¨�¨�Ŵ¤�̧µ¦�¦�́�ª́�n°�µ¦Á�È��iª¥Â¨³¤�̧µ¦�¼Â¨��Á°�
�¸�¹Ê�Ŵ �´��´Ê��¼oª·�´¥�¹�¤¸�ªµ¤­�Ä��¸É�³�Îµ�¦³�ª��µ¦
Á­¦·¤­¦oµ�¡¨�́°Îµ�µ��µ¤Â�ª�·��°��·�­�́¤µ�¦³¥»��r
Á�}�Ã�¦Â�¦¤Ŵ Á¡ºÉ°�¦¦Á�µ°µ�µ¦Á®�ºÉ°¥¨oµÄ��¼o�iª¥
Ã¦��°�°»��´Ê�Á¦ºÊ°¦´�Ã�¥Á�o�«¹�¬µÄ��¨»n¤�¼o­¼�°µ¥»Ŵ
Á�ºÉ°��µ�Á�}��¨»n¤�¸É¤¸�ªµ¤�»��°�Ã¦��¸Ê­¼�Ŵ �´Ê��¸Ê�¼oª·�´¥ 
Á�ºÉ°ªnµ�¦³�ª��µ¦Á­¦·¤­¦oµ�¡¨´�°Îµ�µ��¸ÊŴ �³­µ¤µ¦�
�ÎµÄ®o�¼o­¼�°µ¥»¦´�¦¼o�¹�¡¨´�°Îµ�µ�Ä���Á°�Á¡·É¤¤µ��¹Ê�Ŵ



��ĊĕĆčĕĆčĄĕåĄāąĕýĕĈĒ�čĕãĕăĕåøēĊĔüĐĐâğêĘąèğĎüĚĐ

þĿúĘħ�����êýĔýúĘħ�����øěĈĕåĄ���ûĔüĊĕåĄ�����

¦´�¦¼oÄ�«´�¥£µ¡Â¨³�ªµ¤­µ¤µ¦��°���Á°�Ŵ ­n��¨
Ä®o�¼o­¼�°µ¥»­µ¤µ¦��Îµ�ªµ¤¦¼o¤µÄ�oÄ��µ¦�·�ª·Á�¦µ³®rŴ
¡·�µ¦�µŴÂ¨³�´�­·�Ä�Á¨º°�ª·�¸��·�´�·�¸É�¸Â¨³Á®¤µ³­¤
�´���Á°�¤µ��¸É­»�Ä��µ¦�´��µ¦�´�°µ�µ¦Á®�ºÉ°¥¨oµÅ�o
°¥nµ�¤¸�¦³­·��·£µ¡Â¨³�n°Á�ºÉ°�Ä�¦³¥³¥µª�n°Å�

����¤��Ý�|zÐw���¡}��
Ŵ Á¡ºÉ°«¹�¬µ�¨�°�Ã�¦Â�¦¤�µ¦Á­¦·¤­¦oµ� 
¡¨´�°Îµ�µ��n°°µ�µ¦Á®�ºÉ°¥¨oµÄ��¼o­¼�°µ¥»Ã¦��°� 
°»��´Ê�Á¦ºÊ°¦´�

w���«Ù�z¡�w���¡}��
 �µ¦ª·�¥́�¦´Ê��¸ÊÄ�oÂ�ª�·��µ¦Á­¦·¤­¦oµ�¡¨�́°Îµ�µ�
�°��·�­´������Ŵ¤µ�¦³¥»��rÁ�}�Ã�¦Â�¦¤�µ¦Á­¦·¤­¦oµ�
¡¨´�°Îµ�µ�Á¡ºÉ°�¦¦Á�µ°µ�µ¦Á®�ºÉ°¥¨oµÄ��¼o­¼�°µ¥» 
Ã¦��°�°»��´Ê�Á¦ºÊ°¦´��¹É�¤¸Ŵ�Ŵ�´Ê��°�Ŵ�º°Ŵ��Ŵ�µ¦�o�¡�
­£µ¡�µ¦�r�¦·�Ŵ��Ŵ�µ¦­³�o°��·�°¥nµ�¤¸ª·�µ¦��µ�Ŵ
��Ŵ�µ¦��́­·�Ä�Á¨º°�ª·��̧�·��́·�¸ÉÁ®¤µ³­¤��́�ª́Á°�Â¨³
¨�¤º°��·�´�·Ŵ��Ŵ�µ¦��Åªo�¹É��µ¦��·�´�·�¸É¤¸�¦³­·��·£µ¡Ŵ

�¡�¢�·�ªÙ¡Ùw���¡}��
Ŵ �µ¦ª·�´¥�¹É���¨°��¸ÊŴ �TXDVLŴ �Ŵ H[SHULPHQWDOŴ
UHVHDUFK�Ŵ
� �¦³�µ�¦Ŵ�º°Ŵ�¼o­¼�°µ¥»�¸É�iª¥�oª¥Ã¦��°�°»��´Ê�
Á¦ºÊ°¦´�ŴÂ¨³¤µ¦´��¦·�µ¦�¦ª�¦´�¬µ�¸É�¨·�·�Ã¦�®°�®º� 
Â¨³Ã¦��°�°»��´Ê�Á¦ºÊ°¦�́ŴÃ¦�¡¥µ�µ¨¨º°°Îµ�µ�Ŵ��́®ª�́
°Îµ�µ�Á�¦·�Ŵ Á¨º°��¨»n¤�´ª°¥nµ��¸É¤¸�»�­¤�´�·�µ¤�¸É
�Îµ®��ÅªoŴ�´��¸ÊŴ��Ŵ°µ¥»�´Ê�Â�nŴ��Ŵ�e�¹Ê�Å�ŴÅ¤n�Îµ�´�Á¡«Ŵ
Â¨³¥·��Ä̧®o�ªµ¤¦nª¤¤º°Ä��µ¦ª·�¥́Ŵ��ŴÅ�o¦�́�µ¦ª·�·��¥́
�µ�Â¡�¥rªnµÁ�}�Ã¦��°�°»��´Ê�Á¦ºÊ°¦�́ŴÃ�¥¤�̧¦³ª�́·�µ¦
­¼��»®¦¸ÉÂ¨³�¨�µ¦ª�́�nµ�ªµ¤Á¦Èª­¼�­»��°�¨¤�¸ÉÁ�iµ°°�Ŵ
�3()5�Ŵ£µ¥®¨´��µ¦¡n�¥µ�¥µ¥®¨°�¨¤Ŵ��Ŵ�µ�Ŵ̧¤¸
�nµÁ¡·É¤�¹Ê��o°¥�ªnµ¦o°¥¨³Ŵ��Ŵ�°��nµ�¸ÉÁ�iµÅ�o�n°�¡n�¥µŴ
Â¨³Â¡�¥r°�»�µ�Ä®oÁ�oµ¦nª¤�µ¦ª·�¥́Å�oÃ�¥Å¤n�ÎµÄ®oÁ�·�
°´��¦µ¥�n°�¼o�iª¥Ŵ��Ŵ�ªµ¤¦»�Â¦��°�Ã¦�°¥¼nÄ�¦³�´�Ŵ
��Ŵ�ŴÂ¨³Ŵ�ŴÃ�¥Â�n��µ¤¨�́¬�³�°��µ¦¤°̧µ�µ¦®µ¥Ä�
¨Îµ�µ��°�­¤µ�¤Â¡�¥r°Á¤¦·�´�Ŵ �0HGLFDOŴ 5HVHDUFKŴ
&RXQFLOŴG\VSQHDŴVFDOH���Ŵ��Ŵ¤�̧³Â���µ¦¦�́¦¼o¡¨�́°Îµ�µ�

Ä���Á°�°¥¼nÄ�¦³��́�ÎÉµŴÃ�¥�¦³Á¤·��µ�Â��ª�́�µ¦¦�́¦¼o
¡¨�́°Îµ�µ�Ä���Á°��°��¼o�iª¥Ã¦��°�°»��´Ê�Á¦ºÊ°¦�́�°�
Á¤�·�¸Ŵ �´��·¥³��Ŵ Ŵ Å�o�³Â��Å¤nÁ�·�Ŵ��Ŵ�³Â��Ŵ Á¡¦µ³
�º°ªnµÁ�}��¼o�¸É�ª¦Å�o¦´��µ¦Á­¦·¤­¦oµ�¡¨´�°Îµ�µ���Ŵ��Ŵ
­µ¤µ¦�Á�·�Å�oÁ°�Ŵ Ã�¥Å¤n�o°�Ä�o°»��¦�r�nª¥Á®¨º°Ä�
�µ¦Á�·�®¦º°¤¸���nª¥¡¥»�Á�·�Ŵ��Ŵ­µ¤µ¦�°nµ�Ŵ¡¼�Ŵ¢{�Ŵ
Â¨³�·��n°­ºÉ°­µ¦Å�o�¸Ŵ Ã�¥Ä�o�¨�µ¦��­°�­£µ¡­¤°�Ŵ
Ã�¥�¦³Á¤·��µ�Â����­°�­£µ¡­¤°�Á�ºÊ°��o�Ŵ��́�
£µ¬µÅ�¥Ŵ�0LQLŴ�Ŵ0HQWDOŴ6WDWHŴ([DPLQDWLRQŴ7KDLŴ����Ŵ
>006(Ŵ�Ŵ7KDLŴ����@�ŴÅ�o�³Â��Ŵ�º°ŴÅ¤nÅ�oÁ¦¥̧�®��́­º°Ŵ
Å�o�³Â��Å¤n�ÎÉµ�ªnµŴ��Ŵ�³Â��ŴÁ¦¥̧�¦³��́�¦³�¤«¹�¬µŴ
Å�o�³Â��Å¤n�ÎÉµ�ªnµŴ��Ŵ�³Â��ŴÁ¦¥̧�¦³��́­¼��ªnµ�¦³�¤
«¹�¬µŴÅ�o�³Â��Å¤n�ÎÉµ�ªnµŴ��Ŵ�³Â��Ŵ
Ŵ ­Îµ®¦́�Á���rÄ��µ¦�́�°°�Ŵ�º°Ŵ�¼o­¼�°µ¥»�̧ÉÁ�oµ¦nª¤ 
�µ¦ª·�́¥Å¤n�¦��µ¤¦³¥³Áª¨µ�°�Ã�¦Â�¦¤Å¤nªnµ�¦�̧Ä�Ç
 ��µ��°��¨»n¤�´ª°¥nµ�Ŵ �¼oª·�´¥¥¹�®¨´��µ¦
�Îµ®����µ��¨»n¤�´ª°¥nµ��¸É¡°Á®¤µ³�°��µ¦ª·�´¥�¹É�
��¨°�°¥nµ��o°¥�¸É­»�Ŵ��Ŵ¦µ¥Ŵ Ã�¥Ä�Â�n¨³�¨»n¤�ª¦¤¸
�Îµ�ª�Å¤n�ÎÉµ�ªnµŴ��Ŵ¦µ¥�¦�¸¤¸�µ¦Á�¦¸¥�Á�¸¥�¦³®ªnµ�
�¨»n¤��Ŵ�´��´Ê��¹�Å�o�Îµ®���¨»n¤�´ª°¥nµ��Îµ�ª�Ŵ��Ŵ¦µ¥Ŵ
Á¡ºÉ°Ä®o¤̧�ªµ¤Á®¤µ³­¤Â¨³�ªµ¤Á�}�Å�Å�o­Îµ®¦́��µ¦ª·�́¥
�¦́Ê��̧ÊŴÃ�¥Â�n�Á�}�Ŵ�Ŵ� »̈n¤Ŵ�º°Ŵ� »̈n¤��¨°�Â¨³� »̈n¤�ª��»¤
� »̈n¤¨³Ŵ��Ŵ¦µ¥
 �´�Á¨º°��¨»n¤�´ª°¥nµ�Á�oµ�¨»n¤��¨°�Â¨³
�¨»n¤�ª��»¤Ŵ�¼oª·�¥́Á¨º°��ª́°¥nµ��µ¤�»�­¤��́·�¸É�Îµ®��
ÅªoŴ Â¨³­»n¤Á�oµ�¨»n¤��¨°�Â¨³�¨»n¤�ª��»¤�oª¥ª·�¸�µ¦
­»n¤�´ª°¥nµ�Â��Â�n��´Ê�Ŵ �VWUDWLűHGŴ VDPSOLQJ�ŴÂ��Ä�o
­´�­nª��¸ÉÁ�nµ�´���Ŵ�µ¤¦³�´��ªµ¤¦»�Â¦��°�Ã¦�
� Á�¦ºÉ°�¤º°�¸ÉÄ�oÄ��µ¦ª·�´¥Ŵ�¦³�°��oª¥Ŵ
� ­nª��¸É��Ŵ Á�¦ºÉ°�¤º°�¸ÉÄ�oÄ��µ¦Á�È�¦ª�¦ª¤
�o°¤¼¨Ŵ�¦³�°��oª¥Ŵ
Ŵ ��Ŵ Â��­°��µ¤�o°¤¼¨�´ÉªÅ�Ŵ�¦³�°��oª¥Ŵ
Á¡«Ŵ°µ¥»Ŵ«µ­�µŴ­�µ�£µ¡­¤¦­Ŵ¦³��́�µ¦«¹�¬µŴ°µ�¡̧
Á�·¤Ŵ�ªµ¤Á¡¸¥�¡°�°�¦µ¥Å�o�°��¦°��¦´ªŴ ­·��·�µ¦
¦´�¬µŴ�»��¨�¸É�°¥�¼Â¨�nª¥Á®¨º°Ŵ¦³¥³Áª¨µ�¸É�iª¥ŴÂ¨³
�¦³ª´�·�µ¦­¼��»®¦¸ÉŴ
Ŵ ��Ŵ Â���¦³Á¤·�¦³�´��ªµ¤¦»�Â¦��°�Ã¦�
Â�n��µ¤�¦³ª´�·�µ¦¤¸°µ�µ¦®µ¥Ä�¨Îµ�µ��°�­¤µ�¤
Â¡�¥r°Á¤¦·�´���



�� J1740#.�1(�0745'5¿�#551%+#6+10�1(�6*#+.#0&��0146*�'#56'40�&+8+5+10

81.7/'����01�����1EVQDGT���&GEGODGT�����

Ŵ ��Ŵ Â����­°�­£µ¡­¤°�Á�ºÊ°��o�Ŵ��́�£µ¬µ
Å�¥ �006(�Ŵ7KDLŴ�����Ŵ
Ŵ ��Ŵ Â��ª�́�µ¦¦�́¦¼o¡¨�́°Îµ�µ�Ä���Á°� �°�
Á¤�·�¸Ŵ�´��·¥³��ŴŴ¡´��µ¤µ�µ�ª´��µ¦¦´�¦¼o¡¨´�°Îµ�µ�Ä�
��Á°�Ä��¼o�iª¥Ã¦��o°°´�Á­�¦¼¤µ�°¥�r�°�¡�µ¦´��rŴ
Á������Ŵ�¸É­¦oµ��¹Ê��µ¤Â�ª�·��°��·�­´�Ŵ�¦³�°��oª¥Ŵ
�Ŵ�oµ�Ŵ�º°Ŵ��Ŵ�oµ��µ¦¦¼o­¹��¹��ªµ¤­ÎµÁ¦È�Ä�­�µ��µ¦�r
�°���Á°�Ŵ��Ŵ�oµ��µ¦¡�́�µ��Á°�Ŵ��Ŵ�oµ��ªµ¤¡°Ä�
Ä���Á°�ŴÂ¨³Ŵ��Ŵ�oµ��µ¦¤Á̧�jµ®¤µ¥Â¨³�ªµ¤®¤µ¥Ä�
�¸ª·�Ŵ¦ª¤�´Ê�®¤�Ŵ��Ŵ�o°Ŵ¨´�¬�³�°��Îµ�°�¤¸Ŵ�Ŵ¦³�´�Ŵ
�³Â���´Ê�Â�nŴ ���Ŵ�º°Ŵ Å¤n¤¸Á¨¥Ŵ�o°¥Ŵ�µ��¨µ�Ŵ¤µ�Ŵ 
¤µ��¸É­»�Ŵ�µ¤¨Îµ�´�Ŵ�³Â���¸ÉÅ�o�µ�Â��ª´��µ¦¦´�¦¼o 
¡¨´�°Îµ�µ�°¥¼n¦³®ªnµ�Ŵ�ŴyŴ��Ŵ�³Â��Ŵ�³Â��¥·É�­¼�Ŵ
®¤µ¥�¹�Ŵ ¥·É�¤¸�µ¦¦´�¦¼o¡¨´�°Îµ�µ�Ä���Á°�¤µ�Ŵ®µ�
�³Â���ÎÉµ�ªnµŴ��Ŵ�³Â��Ŵ��o°¥�ªnµ¦o°¥¨³Ŵ���ŴÂ­���¹�
¤¸�µ¦¦´�¦¼o¡¨´�°Îµ�µ�Ä���Á°��ÎÉµ��ŴŴ�¦ª�­°��»�£µ¡
�°�Á�¦ºÉ°�¤º°�´Ê��µ¦�¦ª�­°��ªµ¤�¦�Á�·�Á�ºÊ°®µŴ
�µ��¼o�¦��»�ª»�·Ŵ�Ŵ�nµ�ŴÅ�o�nµ�´��¸�ªµ¤�¦�Á�·�Á�ºÊ°®µŴ
�&9,�ŴÁ�nµ�´�Ŵ����ŴÂ¨³®µ�ªµ¤Á�ºÉ°¤´É�Ã�¥�ÎµÂ��ª´�
Å���¨°�Ä�o�´��¼o�iª¥Ã¦��°�°»��´Ê�Á¦ºÊ°¦´��¸É¤¸¨´�¬�³
�¨oµ¥�´��¨»n¤�´ª°¥nµ��Îµ�ª�Ŵ��Ŵ¦µ¥ŴÂ¨oª�Îµ¤µ�Îµ�ª�
®µ�nµ�ªµ¤Á�ºÉ°¤´É�Ã�¥Ä�o­�·�·­´¤�¦³­·��·Í°´¨¢µ�°� 
�¦°��µ�Ŵ¤¸�nµÁ�nµ�´�Ŵ����
Ŵ ��Ŵ Â���¦³Á¤·�°µ�µ¦Á®�ºÉ°¥¨oµŴ��ŴÁ�}�Â��ª�́Ŵ
PXOWLGLPHQWLRQDOŴ IDWLJXHŴ LQYHQWRU\Ŵ �0),����Ŵ 
�°�­Á¤�­rŴ Â¨³��³Ŵ Ŵ ¡´��µÃ�¥°¦´��µŴ �·��°�Ŵ
�¦³�°��oª¥Ŵ �Îµ�µ¤Ŵ ��Ŵ �o°Ŵ Â�n�Á�}�Ŵ �Ŵ �oµ�Ŵ �º°Ŵ 
�oµ�°µ�µ¦Á®�ºÉ°¥¨oµ�´ÉªÅ�Ŵ Å�oÂ�nŴ �o°Ŵ ��Ŵ ��Ŵ ���Ŵ ��Ŵ 
�oµ�°µ�µ¦Á®�ºÉ°¥¨oµ�µ�¦nµ��µ¥ŴÅ�oÂ�nŴ�o°Ŵ��Ŵ��Ŵ���Ŵ��Ŵ
�oµ��µ¦¨�¨��°��µ¦�Îµ�·��¦¦¤ŴÅ�oÂ�nŴ�o°Ŵ��Ŵ��Ŵ���Ŵ
��Ŵ�oµ��µ¦¨�¨��°�Â¦��¼�Ä�Å�oÂ�nŴ�o°Ŵ��Ŵ��Ŵ���Ŵ��Ŵ 
�oµ�°µ�µ¦Á®�ºÉ°¥¨oµ�µ��·�Ä�ŴÅ�oÂ�nŴ�o°�¸ÉŴ��Ŵ���Ŵ���Ŵ��
Ŵ Ã�¥Ä�Â�n¨³�oµ��³¤¸�Îµ�µ¤�¸ÉÂ­��°°��¹�
°µ�µ¦Á®�ºÉ°¥¨oµŴ�¦³�°��oª¥�o°Ŵ��Ŵ��Ŵ��Ŵ���Ŵ���Ŵ���Ŵ
���Ŵ���Ŵ��ŴÂ¨³Ŵ��Ŵ�ª́°¥nµ��Îµ�µ¤Á�n�Ŵv��́¦¼o­¹�Á®�ºÉ°¥wŴ
®µ�Å�o�³Â��­¼��È®¤µ¥�ªµ¤ªnµ¤¸°µ�µ¦Á®�ºÉ°¥¨oµ­¼�Ŵ 
Â¨³�Îµ�µ¤�¸ÉÅ¤nÂ­��°°��¹�°µ�µ¦Á®�ºÉ°¥¨oµŴ�¦³�°��oª¥ 
�o°Ŵ��Ŵ��Ŵ��Ŵ��Ŵ��Ŵ��Ŵ���Ŵ���Ŵ��ŴÂ¨³Ŵ��Ŵ�ª́°¥nµ��Îµ�µ¤

Á�n�Ŵv��́¦¼o­¹�Â�È�Â¦�wŴ®µ�Å�o¦�́�³Â��­¼��È®¤µ¥�ªµ¤
ªnµŴ¤¸°µ�µ¦Á®�ºÉ°¥¨oµ�ÎÉµŴ¨´�¬�³�°��Îµ�°�¤Ŵ̧�Ŵ¦³�´�Ŵ
Á�}��¦·�¤µ��¸É­»�ŴÁ�}��¦·�¤µ�ŴÁ�}��¦·��µ��¨µ�ŴÁ�}��¦·�
�o°¥Â¨³Å¤nÁ�}��¦·�Ŵ�µ¦�Îµ®���³Â��Ä�Â�n¨³¦³�´�
�Îµ®��Ä®oŴ ���Ŵ�³Â��Ŵ�³Â��¦ª¤°¥¼n¦³®ªnµ�Ŵ���
���Ŵ�³Â��Ŵ�³Â��­¼�¤µ�Ŵ®¤µ¥�¹�Ŵ¤¸°µ�µ¦Á®�ºÉ°¥
¨oµ¤µ�Ŵ�ÎµÅ���¨°�Ä�o�´��¼o�iª¥Ã¦��°�°»��´Ê�Á¦ºÊ°¦´�
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�´�°µ�µ¦Á®�ºÉ°¥¨oµŴ �µ¦°°��Îµ¨´��µ¥Ŵ�µ¦Ä�oÁ���·� 
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Å�o�nµ��́��̧ªµ¤�¦�Á�·�Á�ºÊ°®µŴ�&9,�ŴÁ�nµ��́Ŵ����Ŵ�ÎµÅ� 
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�°¦´��µ¦¡·�µ¦�µ�oµ��¦·¥�¦¦¤�°��µ¦ª·�´¥Ä�¤�»¬¥r 
�n °��³�¦¦¤�µ¦�¦· ¥�¦¦¤�µ¦ª· �´ ¥ Ä�¤�»¬¥r Ŵ
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°Îµ�µ�Á�¦·�Ŵ��Ŵ�¦ª�­°�¦µ¥�ºÉ°�¼o­¼�°µ¥»Ã¦��°�°»��´Ê�
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�°��¼o­¼�°µ¥»�¸ÉÂ¡�¥rÁ®È��ª¦Ä®oÁ�oµ¦nª¤Ã�¦Â�¦¤Å�oÃ�¥
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�� J1740#.�1(�0745'5¿�#551%+#6+10�1(�6*#+.#0&��0146*�'#56'40�&+8+5+10

81.7/'����01�����1EVQDGT���&GEGODGT�����

Ä�¦³®ªnµ� f���·�´�·ª·�¸�µ¦�¦¦Á�µ°µ�µ¦Á®�ºÉ°¥¨oµ
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� �µ¦ª·Á�¦µ³®r�o°¤¼̈ Ŵ�¼oª·�¥́�Îµ�o°¤¼̈ ¤µª·Á�¦µ³®r
�oª¥Ã�¦Â�¦¤�°¤¡·ªÁ�°¦rŴ�º°Ŵ��Ŵ�o°¤¼¨�´ÉªÅ�Ŵ�Îµ¤µ
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�¸Â��Ŵ �Ŵ �¨»n¤�¸ÉÅ¤nÁ�}�°·­¦³�n°�´�Ŵ �SDLUHGŴ W�WHVW�Ŵ 
��Ŵ Á�¦¸¥�Á�¸¥��nµÁ�¨¸É¥�³Â��°µ�µ¦Á®�ºÉ°¥¨oµ®¨´�
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¦»�Â¦��°�Ã¦�°¥¼nÄ�¦³�´�Ŵ�Ŵ��¨»n¤��¨°�¦o°¥¨³Ŵ����Ŵ
�¨»n¤�ª��»¤¦o°¥¨³Ŵ�����
Ŵ ��Ŵ �¨�µ¦Á�¦¥̧�Á�¥̧��nµÁ�¨¸É¥�³Â��°µ�µ¦
Á®�ºÉ°¥¨oµ�°��¨»n¤��¨°�Â¨³�¨»n¤�ª��»¤Ŵ¡�ªnµŴ�¨»n¤
��¨°�¤¸�nµÁ�¨¸É¥°µ�µ¦Á®�ºÉ°¥¨oµ�ÎÉµ�ªnµ�¨»n¤�ª��»¤
°¥nµ�¤�̧¥́­Îµ��́�µ�­�·�·�¸É¦³��́Ŵ���ŴÅ¤n¤�̧¨�µ¦ª·�¥́�°� 
�¨»n¤��¨°��n°�Â¨³®¨´��µ¦Ä�oÃ�¦Â�¦¤Ŵ�SRVW�WHVW�

w����¡����Ú�
Ŵ �µ¦«¹�¬µ�¦´Ê��¸ÊÁ�}��µ¦«¹�¬µ�¨�°�Ã�¦Â�¦¤
�µ¦Á­¦·¤­¦oµ�¡¨�́°Îµ�µ��n°°µ�µ¦Á®�ºÉ°¥¨oµÄ��¼o­¼�°µ¥» 
Ã¦��°�°»��´Ê�Á¦ºÊ°¦´�Ŵ�¸É¤µ¦´��¦·�µ¦�¦ª�¦´�¬µ�¸É�¨·�·�
Ã¦�®°�®º�Â¨³Ã¦��°�°»��´Ê�Á¦ºÊ°¦´�ŴÂ����¼o�iª¥�°� 
Ã¦�¡¥µ�µ¨¨º°°Îµ�µ�Ŵ��́®ª�́°Îµ�µ�Á�¦·�Ŵ�Îµ�ª�Ŵ��Ŵ¦µ¥Ŵ 
Ã�¥Â�n�Á�}�Ŵ�Ŵ�¨»n¤Ŵ�º°Ŵ�¨»n¤��¨°��¸ÉÁ�oµ¦nª¤Ã�¦Â�¦¤
�µ¦Á­¦·¤­¦oµ�¡¨´�°Îµ�µ�Á�}�Áª¨µŴ�Ŵ­´��µ®rŴ �Îµ�ª�Ŵ 
��Ŵ ¦µ¥Ŵ Â¨³�¨»n¤�ª��»¤�¸ÉÅ�o¦´��µ¦�¼Â¨�µ¤���·Ŵ
�Îµ�ª�Ŵ��Ŵ¦µ¥ 
Ŵ �¨»n¤�´ª°¥nµ��¸ÉÅ�o¦´�Ã�¦Â�¦¤�µ¦Á­¦·¤­¦oµ�
¡¨´�°Îµ�µ�Ŵ¡�ªnµŴ ¤¸�nµÁ�¨¸É¥�³Â��°µ�µ¦Á®�ºÉ°¥¨oµ 
�ÎÉµ�ªnµ�¨»n¤�ª́°¥nµ��¸ÉÅ�o¦�́�µ¦�¼Â¨�µ¤���·Ŵ£µ¥®¨�́�¨»n¤ 
�´ª°¥nµ�Å�o¦´�Ã�¦Â�¦¤�µ¦Á­¦·¤­¦oµ�¡¨´�°Îµ�µ�Ŵ Ã�¥
�µ¦¤�̧�·­¤́¡�́�r�µ��ª�¦³®ªnµ��¨»n¤�ª́°¥nµ�Â¨³�¼oª·�¥́Ŵ
¤¸�ªµ¤Åªoªµ�Ä��¹É��´�Â¨³�´�Ŵ Á�d�Ã°�µ­Ä®oÁ¦¸¥�¦¼o�µ¤
�ªµ¤­¤�́¦Ä�Ŵ¤�̧µ¦ªµ�Â��Â¨³��́­·�Ä�Á¨º°�Â�ª�µ�
�¸ÉÁ®¤µ³­¤�´���Á°�Ŵ�¨°����µ¦�nª¥Á®¨º°­�´�­�»�
Ä®o�¨»n¤�´ª°¥nµ�­µ¤µ¦�Á¡·É¤�´�¬³Ä��µ¦�´��µ¦�´�
°µ�µ¦Á®�ºÉ°¥¨oµÅ�o°¥nµ�¤¸�¦³­·��·£µ¡ŴÁ�·��ªµ¤¤´É�Ä�
Â¨³¦¼o­¹�¤¡̧¨�́°Îµ�µ�Ä���Á°�Á¡·É¤¤µ��¹Ê������Ŵ��́�³Á®È�
Å�o�µ��nµÁ�¨¸É¥�³Â���µ¦¦�́¦¼o¡¨�́°Îµ�µ�Ä���Á°�Á¡·É¤
�¹Ê��µ�Ŵ�����ŴÄ�­�́�µ®rÂ¦�ŴÁ�}�Ŵ�����ŴÄ�­�́�µ®r�¸ÉŴ�ŴŴ 
­n��¨Ä®o�¨»n¤�´ª°¥nµ�Á�·��µ¦¡´��µ�ªµ¤­µ¤µ¦�Ä�
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�µ¦�´��µ¦�´�°µ�µ¦Á®�ºÉ°¥¨oµÅ�o�¸¥·É��¹Ê�Ŵ�ÎµÄ®o�nµÁ�¨¸É¥ 
�³Â��°µ�µ¦Á®�ºÉ°¥¨oµÅ�ö �¨��µ�Ŵ����Ŵ�6' ������Ŵ
Á�}�Ŵ����Ŵ�6' ������Ŵ°¥nµ�¤�̧¥́­Îµ��́�µ�­�·�·Ŵ°�̧�´Ê�
�¦³�ª��µ¦Á­¦·¤­¦oµ�¡¨´�°Îµ�µ�¥´��nª¥¡´��µ�´�¬³
�µ¦�·�Ŵ�µ¦ª·Á�¦µ³®rŴÂ¨³�´�¬³�µ¦Â�o�{�®µŴÅ�oÁ¦¸¥�¦¼o 
�»��¸Â¨³�»��o°¥�°���Á°�Ŵ��­µ¤µ¦�¥°¤¦´���Á°�
�´Ê�Ä��»��¸Â¨³�»��o°¥Ŵ°´��ÎµÅ�­¼n�µ¦¦¼o�´�Â¨³¥°¤¦´�
��Á°�Ä��¸É­»���Ŵ

Ŵ �µ¦���ª��ªµ¤¦¼oÁ�¸É¥ª�´�Ã¦��°�°»��´Ê�
Á¦ºÊ°¦´�Â¨³�µ¦��·�´�·�´ªÁ¡ºÉ°�¦¦Á�µ°µ�µ¦Á®�ºÉ°¥¨oµŴ
Á�}��µ¦�¦³�»o�Ä®o�¼o�iª¥Á®È��ªµ¤­Îµ�´�Ä��µ¦�j°��´�
Â¨³�ª��»¤°µ�µ¦Á®�ºÉ°¥¨oµŴ ¦ª¤�´Ê��µ¦Å�o f��´�¬³
�µ¦�¦¦Á�µ°µ�µ¦Á®�ºÉ°¥¨oµ�oª¥��Á°�Ŵ �ÎµÄ®o�¼o�iª¥
­µ¤µ¦��´��µ¦�´�°µ�µ¦Á®�ºÉ°¥¨oµÂ¨³­µ¤µ¦��¦´��´ª
Á¡ºÉ°�ÎµÁ�·��¸ª·��¦³�Îµª´�Å�o°¥nµ����·Ŵ �¼o�iª¥­µ¤µ¦�
�¨oµÁ��·��´�°µ�µ¦Á®�ºÉ°¥¨oµ�¸ÉÁ�·��¹Ê�Ŵ �µ¦�´��µ¦�´�
°µ�µ¦Á®�ºÉ°¥¨oµ�ÎµÄ®o�¼o�iª¥¦´�¦¼o�ªµ¤­µ¤µ¦�Ä��µ¦
�ª��»¤Ã¦�Å�o��Ŵ°¸��´Ê��µ¦­�´�­�»��oµ��·�Ä�¥´��ÎµÄ®o
�¼o�iª¥¤¸�Îµ¨´�Ä�Â¨³Ä®o�ªµ¤¦nª¤¤º°Á�}�°¥nµ��¸Â¨³�n°
Á�ºÉ°�Ŵ�µ¦Å�o¦�́�µ¦�¼Â¨°¥nµ��n°Á�ºÉ°��º°ªnµÁ�}�­·É�­Îµ��́ 
Å¤nªnµ�³Á�}��µ��µ�·�¼o�¼Â¨®¦º°�µ�Á�oµ®�oµ�¸É­»�£µ¡Ŵ
Á�ºÉ°��µ��¼o�iª¥­nª�Ä®�nÁ�}��¼o­¼�°µ¥»¤´�¤¸�µ¦®¨�¨º¤Ŵ
°¸��´Ê��{�®µ­»�£µ¡�¸ÉÁ�·��µ��¦³�ª��µ¦�¦µŴ �¹��o°�
Å�o¦�́�µ¦�¼Â¨Á°µÄ�Ä­nÁ�}�°¥nµ��Ŵ̧�µ¦�·��µ¤Á¥¸É¥¤°¥nµ�
­¤ÎÉµÁ­¤°ŴÁ�}��¸É�¦¹�¬µŴ�¸ÊÂ�³�µ¦��·��́·�¸É�¼��o°�Ŵ�ÎµÄ®o 
�¼o�iª¥�¦³®��́Ä�®�oµ�¸É�µ¦�¼Â¨��Á°���Ŵ­n��¨Ä®o°µ�µ¦
Á®�ºÉ°¥¨oµ¨�¨�Â¨³­µ¤µ¦��ÎµÁ�·��¸ª·�°¥¼n°¥nµ��µ­»� 
�n°Å�Ä�¦³¥³¥µªŴ
Ŵ �¼oª·�´¥Ä�oÁª¨µÄ��µ¦�ÎµÁ�·��·��¦¦¤Ã�¥¡�
�¨»n¤�´ª°¥nµ��¸É�oµ��´Ê�®¤�Ŵ�Ŵ�¦´Ê�ŴÄ�­´��µ®r�¸ÉŴ��Ŵ��Ŵ��Ŵ
��Ŵ�Ŵ ŴÂ¨³Ŵ�Ŵ�¹É�¡�ªnµŴ Ä��µ¦�ÎµÁ�·��·��¦¦¤�¦´Ê�Â¦�
�¹É��¦³�°��oª¥�´Ê��°��¸ÉŴ �Ŵ �µ¦�o�¡�­£µ¡�µ¦�r
�¦·�ŴŴÂ¨³�´Ê��°��¸ÉŴ�Ŵ�µ¦­³�o°��·�°¥nµ�¤¸ª·�µ¦��µ�Ŵ 
�¼o­¼�°µ¥»­nª�Ä®�n¤¸�µ¦«¹�¬µ¦³�´��¦³�¤«¹�¬µŴ�ÎµÄ®o
�µ¦ f� ��¦³�ª��µ¦�·��oª¥��Á°�¤¸�n°��oµ��o°¥Ŵ
�ÎµÄ®o�o°�Ä�oÁª¨µÄ��´Ê��°��¸ÉŴ �Ŵ�n°��oµ��µ�Ŵ�¹��ª¦
�´��·��¦¦¤�´Ê�Ŵ�Ŵ�´Ê��°�ŴÂ¥�°°��µ��´�Ŵ®¨´��µ��nµ� 

�´Ê��°��¸ÉŴ�ŴÂ¨oªŴ�¨»n¤�ª́°¥nµ�­µ¤µ¦��·�¡·�µ¦�µ��́­·�
Ä�Á¨º°�ª·�¸�µ¦�¸ÉÁ®¤µ³­¤�´���Á°�Å�o°¥nµ�¦ª�Á¦ÈªŴ�¹É�
­µ¤µ¦��¦³Á¤·�Å�o�µ��Îµ¡¼�Â¨³¡§�·�¦¦¤�¸ÉÂ­��°°�

xi�ª�Ù�«ÙÝ
Ŵ ��Ŵ �ª¦¤�̧µ¦�ÎµÃ�¦Â�¦¤�µ¦Á­¦·¤­¦oµ�¡¨�́
°Îµ�µ�¤µ¡´��µ¦¼�Â���µ¦�¼Â¨�¼o�iª¥Ã¦��°�°»��´Ê�
Á¦ºÊ°¦´�Â¨³�¼o�iª¥Ã¦�Á¦ºÊ°¦´�°ºÉ�ÇŴ Ä�Â����¼o�iª¥�°�
®¦º°Ä�®°�¼o�iª¥Â¨³�¸É�oµ�Á¡ºÉ°­n�Á­¦·¤Ä®o�¼o�iª¥¦�́¦¼o¡¨�́
°Îµ�µ�Â¨³­n�Á­¦·¤«�́¥£µ¡�¸É¤£̧µ¥Ä���Á°�Ä��µ¦�¼Â¨
­»�£µ¡°¥nµ��n°Á�ºÉ°�Ŵ
Ŵ ��Ŵ �¼o�¦·®µ¦�ª¦­n�Á­¦·¤Â¨³­�´�­�»�Ä®o
¤¸�µ¦�´��µ¦°�¦¤¡¥µ�µ¨Ŵ �¸¤­»�£µ¡Ŵ Ä®o¤¸�ªµ¤¦¼o
�ªµ¤Á�oµÄ�Á�¸É¥ª�´��¦³�ª��µ¦Á­¦·¤­¦oµ�¡¨´�°Îµ�µ�
°¥nµ��´�Á��Ŵ Á¡ºÉ°�ÎµÅ�­¼n�ªµ¤­ÎµÁ¦È�Ä��µ¦�¦´�Á�¨¸É¥�
¡§�·�¦¦¤­»�£µ¡�¸ÉÁ®¤µ³­¤Ä��¼o�iª¥Ã¦��°�°»��´Ê�
Á¦ºÊ°¦´�Â¨³Ã¦�Á¦ºÊ°¦´�°ºÉ�ÇŴ�¨°����µ¦¨�°´�¦µ�µ¦ 
�¨´�¤µ¦´�¬µ�ÎÊµÄ�Ã¦�¡¥µ�µ¨
Ŵ ��Ŵ �ª¦¤�̧µ¦�·��µ¤�¨»n¤�ª́°¥nµ��´Ê�­°��¨»n¤
£µ¥®¨´��µ¦«¹�¬µ°¥nµ��n°Á�ºÉ°�Ä�¦³¥³¥µªŴ Á¡ºÉ°«¹�¬µ
�µ¦��Åªo�°��µ¦��·�´�·°¥nµ��n°Á�ºÉ°�Ŵ
Ŵ ��Ŵ �ª¦¤̧�µ¦¡́��µ¦¼�Â���°�Ã�¦Â�¦¤�µ¦
Á­¦·¤­¦oµ�¡΅�°Îµ�µ�Ä®o¤̧¦³¥³Áª¨µ­́Ê�¨�Ŵ¦ª¤�́Ê��µ¦�·��µ¤
�¨΅¡�r�oµ�°ºÉ�ÇŴ

ª�w����i�|�¡|
��Ŵ *OREDOŴ,QLWLDWLYHŴIRUŴ&KURQLFŴ2EVWUXFWLYHŴ/XQJŴ

'LVHDVH�Ŵ)DFWŴDERXWŴFKURQLFŴREVWUXFWLYHŴSXOPRQDU\Ŵ 
GLVHDVH�Ŵ>2QOLQH@Ŵ����Ŵ>FLWHŴ����Ŵ-DQXDU\Ŵ��@�Ŵ
$YDLODEOHŴ IURP�Ŵ KWWS���ZZZ�JROGFRSG�FRP�Ŵ
*2/'BJXLGHOLQH�IDFWV��KWPO

��Ŵ :RUOGŴ+HDOWKŴ2UJDQL]DWLRQ�Ŵ&KURQLFŴ REVWUXFWLYHŴ
SXOPRQDU\Ŵ GLVHDVH�Ŵ >2QOLQH@Ŵ ����Ŵ >FLWHŴ ����Ŵ
1RYHPEHUŴ��@�Ŵ$YDLODEOHŴIURP�ŴKWWS���ZZZ�ZKR�
LQW�PHGLDFHQWUH�IDFWVKHHWV�IV����HQ�SULQW�KWPO
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��Ŵ ª�´­�´��rŴ ¦»�·ª·¡´��r�Ŵ ¦µ¥�µ��µ¦Á jµ¦³ª´�Ã¦�
Å¤n�·��n°Á¦ºÊ°¦´��eŴ ����������Ŵ �µ¦Á jµ¦³ª´�
Ã¦�Å¤n�·��n°Á¦ºÊ°¦´��Ŵ �¨»n¤�µ�¦³�µ�ª·�¥µÃ¦�
Å¤n�·��n°Ŵ ­Îµ�´�¦³�µ�ª·�¥µŴ �¦¤�ª��»¤Ã¦�Ŵ
�¦³�¦ª�­µ�µ¦�­»��Ŵ>°°�Å¨�r@Ŵ����Ŵ>°oµ�Á¤ºÉ°Ŵ
�Ŵ¡§¬£µ�¤Ŵ����@��µ�ŴKWWS���ZZZ�ERH�PRSK�
JR�WK�űOHV�UHSRUW���������B���������SGI

��Ŵ 7KHDQGHUŴ.�Ŵ)DWLJXH�ŴIXQFWLRQDOŴVWDWXV�ŴKHDOWKŴDQGŴ
SXOPRQDU\ŴUHKDELOLWDWLRQŴLQŴSDWLHQWVŴZLWKŴFKURQLFŴ
REVWUXFWLYHŴSXOPRQDU\ŴGLVHDVHŴ>(OHFWURQLFŴYHUVLRQ@�Ŵ
0HGLFDOŴ'LVVHUWDWLRQ�Ŵ'HSDUWPHQWŴRIŴ0HGLFLQHŴDQGŴ
&DUH�Ŵ6ZHGHQ�Ŵ/LQNŀSLQJŴ8QLYHUVLW\�Ŵ�����

��Ŵ *LIWŴ$*�Ŵ6KHSDUGŴ&(�Ŵ)DWLJXHŴDQGŴRWKHUŴV\PSWRPVŴ
LQŴ SDWLHQWVŴZLWKŴ FKURQLFŴ REVWUXFWLYHŴ SXOPRQDU\Ŵ
GLVHDVH�Ŵ'RŴZRPHQŴDQGŴPHQŴGLIIHU"Ŵ>(OHFWURQLFŴ
YHUVLRQ@�Ŵ-RXUQDOŴRIŴ2EVWHWULF�Ŵ*\QHFRORJLF�Ŵ1HR�
QDWDOŴ1XUVLQJŴ�����Ŵ������Ŵ��������

��Ŵ -DQVRQ�%MHUNOLHŴ6�Ŵ&DUULHULŴ%.�Ŵ+XGHVŴ0�Ŵ7KHŴ
VHQVDWLRQŴ RIŴ SXOPRQDU\Ŵ GLVHDVH�Ŵ1XUVLQJŴ5H�
VHDUFKŴ�����Ŵ������Ŵ��������

��Ŵ *UD\GRQŴ -(�Ŵ5RVVŴ(�Ŵ ,QŲXHQFHŴ RIŴ V\PSWRPV�Ŵ
OXQJŴIXQFWLRQ�ŴPRRG�ŴDQGŴVRFLDOŴVXSSRUWŴRQŴOHYHOŴ
RIŴIXQFWLRQLQJŴRIŴSDWLHQWVŴZLWKŴ&23'�Ŵ5HVHDUFKŴ
LQŴ1XUVLQJŴ	Ŵ+HDOWKŴ�����Ŵ������Ŵ��������

��Ŵ /\QQŴ-�Ŵ7HQRŴ-0�Ŵ3KLOOLSVŴ56�Ŵ:XŴ$:�Ŵ'HV�
ELHQVŴ1�Ŵ+DUUROGŴ-�ŴHWŴDO�Ŵ3HUFHSWLRQVŴE\ŴIDPLO\Ŵ
PHPEHUVŴRIŴ WKHŴG\LQJŴH[SHULHQFHŴRIŴROGHUŴDQGŴ
VHULRXVO\ŴLOOŴSDWLHQWVŴ>(OHFWURQLFŴYHUVLRQ@�Ŵ$QQDOVŴ
RIŴ,QWHUQDOŴ0HGLFLQHŴ�����Ŵ�������Ŵ�������

��Ŵ 7KHDQGHUŴ.�Ŵ8QRVVRQŴ0�Ŵ)DWLJXHŴLQŴSDWLHQWVŴZLWKŴ
FKURQLFŴ REVWUXFWLYHŴ SXOPRQDU\Ŵ GLVHDVHŴ >(OHF�
WURQLFŴ YHUVLRQ@�Ŵ -RXUQDOŴ RIŴ$GYDQFHGŴ1XUVLQJŴ
�����Ŵ������Ŵ��������

���Ŵ )LVNŴ-'�Ŵ5LWYRŴ3*�Ŵ5RVVŴ/�Ŵ+DDVHŴ'$�Ŵ0DUULHŴ
7-�Ŵ6FKOHFKŴ:)�Ŵ0HDVXULQJŴWKHŴIXQFWLRQDOŴLPSDFWŴ
RIŴIDWLJXH�Ŵ,QLWLDOŴYDOLGDWLRQŴRIŴWKHŴIDWLJXHŴLPSDFWŴ
VFDOH�Ŵ&OLQLFDOŴ,QIHFWLRXVŴ'LVHDVHVŴ�����Ŵ������Ŵ
6���6���

���Ŵ .DSHOODŴ0&�Ŵ /DUVRQŴ -/�Ŵ 3DWHOŴ0.�Ŵ &RYH\Ŵ
0.�Ŵ%HUU\Ŵ-.�Ŵ6XEMHFWLYHŴ IDWLJXH�Ŵ LQŲXHQFLQJŴ
YDULDEOHVŴDQGŴFRQVHTXHQFHVŴLQŴFKURQLFŴREVWUXFWLYHŴ
SXOPRQDU\ŴGLVHDVHŴ>(OHFWURQLFŴYHUVLRQ@�Ŵ1XUVLQJŴ
5HVHDUFKŴ�����Ŵ������Ŵ������

���Ŵ 5HDPŴ(�Ŵ5LFKDUGVRQŴ$�Ŵ)DWLJXHŴLQŴSDWLHQWVŴZLWKŴ
FDQFHUŴDQGŴFKURQLFŴREVWUXFWLYHŴDLUZD\ŴGLVHDVH�Ŵ$Ŵ
SKHQRPHQRORJLFDOŴHQTXLU\�Ŵ,QWHUQDWLRQDOŴ-RXUQDOŴ
RIŴ1XUVLQJŴ6WXGLHVŴ�����Ŵ������Ŵ������

���Ŵ 6PDOOŴ6�Ŵ/DPEŴ0�Ŵ)DWLJXHŴLQŴFKURQLFŴLOOQHVV�Ŵ7KHŴ
H[SHULHQFHŴRIŴLQGLYLGXDOVŴZLWKŴFKURQLFŴREVWUXFWLYHŴ
SXOPRQDU\ŴGLVHDVHŴDQGŴZLWKŴDVWKPDŴ>(OHFWURQLFŴ
YHUVLRQ@�Ŵ -RXUQDOŴRIŴ$GYDQFHGŴ1XUVLQJŴ�����Ŵ
������Ŵ��������

���Ŵ %UHVOLQŴ(�ŴYDQŴGHUŴ6FKDQVŴ&�Ŵ%UHXNLQNŴ6�Ŵ0HHNŴ3�Ŵ
0HUFHUŴ.�Ŵ9RO]Ŵ:�ŴHWŴDO�Ŵ3HUFHSWLRQŴRIŴIDWLJXHŴDQGŴ
TXDOLW\ŴRIŴOLIHŴLQŴSDWLHQWVŴZLWKŴ&23'Ŵ>(OHFWURQLFŴ
YHUVLRQ@�Ŵ&KHVWŴ�����Ŵ�������Ŵ��������

���Ŵ :LJDOŴ -.�Ŵ&UHHUŴ 7/�Ŵ.RWVHVŴ+�Ŵ 7KHŴ&23'Ŵ
VHOI�HIűFDF\ŴVFDOH�Ŵ&KHVWŴ�����Ŵ������Ŵ�����
�����

���Ŵ Á¤�·�Ŵ̧��́�·¥³�Ŵ�¨�°�Ã�¦Â�¦¤�µ¦Á­¦·¤­¦oµ�¡¨�́
°Îµ�µ��n°¡§�·�¦¦¤­»�£µ¡�°��¼o�iª¥Ã¦��°�°»�
�´Ê�Á¦ºÊ°¦´�Ŵ �¦µ¥�µ��µ¦«¹�¬µ°·­¦³��Ŵ Á�¸¥�Ä®¤n�Ŵ
¤®µª·�¥µ¨´¥Á�¸¥�Ä®¤n�Ŵ�����

���Ŵ �ª�¦´��rŴ ª´���·�Å�¦Á¨·«�Ŵ�µ¦­¦oµ�¡¨´�°Îµ�µ��Ŵ
�¨¥»��rÄ��µ¦�ª��»¤°µ�µ¦®µ¥Ä�¨Îµ�µ�Ä��¼o
�iª¥Ã¦��°�°»��´Ê�Á¦ºÊ°¦´��Ŵ¦µ¤µ�·��¸¡¥µ�µ¨­µ¦Ŵ
�����Ŵ�����Ŵ��������

���Ŵ �µ¦�Ŵ̧�µ¤�»¦�̧Ŵ¦¼�Â���µ¦¡¥µ�µ¨Á¡ºÉ°Á­¦·¤­¦oµ�
¡¨´�°Îµ�µ�Ä��¼o�iª¥�¨»n¤Ã¦�Á¦ºÊ°¦´��Ŵ �¦»�Á�¡²�Ŵ
­µ¤Á�¦·�¡µ�·�¥r�Ŵ�����

���Ŵ �¦³£´­­¦Ŵ­¤«¦¸�Ŵ�¨�°��µ¦­¦oµ�¡¨´�°Îµ�µ��n°
�µ¦�¦�́�ª́�°��¼o�iª¥°¤́¡µ��¦¹É���̧Ŵ�ª·�¥µ�·¡��r��ŴŴ
�°�Â�n��Ŵ¤®µª·�¥µ¨´¥�°�Â�n��Ŵ�����

���Ŵ ¡�µ¦´��rŴ Á�����Ŵ �µ¦Á­¦·¤­¦oµ�¡¨´�°Îµ�µ�Ä�
�¼o�iª¥Ã¦��o°°´�Á­�¦¼¤µ�°¥�rŴ �ª·�¥µ�·¡��r��Ŵ
Á�¸¥�Ä®¤n�ŴŴ¤®µª·�¥µ¨´¥Á�¸¥�Ä®¤n�Ŵ�����
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The Effect of Empowerment Program on Fatigue symptom in 

The Elderly with Chronic Obstructive Pulmonary Disease.
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Ŵ $PSURQSDQŴ7HHUDQXWHŴ3K'

Ŵ :DWFKDUDŴ%RRQVDZDWŴ0�'�




Abstract 
Ŵ 7KLVŴ TXDVLŴ�Ŵ H[SHULPHQWDOŴ UHVHDUFKŴ DLPHGŴ WRŴ LQYHVWLJDWHŴ WKHŴ HIIHFWŴ RIŴ7KHŴ HIIHFWŴ RIŴ HPSRZHUPHQWŴ 
SURJUDPŴRQŴIDWLJXHŴV\PSWRPŴLQŴWKHŴHOGHUO\ŴZLWKŴFKURQLFŴREVWUXFWLYHŴSXOPRQDU\ŴGLVHDVHŴ�&23'��Ŵ7KHŴVDPSOHVŴ
RIŴWKLVŴUHVHDUFKŴZHUHŴWKHŴHOGHUO\ŴZLWKŴ&23'�Ŵ2XW�SDWLHQWŴGHSDUWPHQW�Ŵ/XHDPQDWŴKRVSLWDO�Ŵ$PQDWFKDURHQŴGXULQJŴ
-XO\Ŵ����ŴWRŴ0DUFKŴ�����Ŵ7KLUW\ŴSDUWLFLSDQWVŴZHUHŴSXUSRVLYHO\ŴVHOHFWHGŴDQGŴHTXDOO\ŴDVVLJQHGŴWRŴWKHŴH[SHULPHQWDO 
ŴDQGŴFRQWUROŴJURXS�Ŵ��ŴLQŴHDFKŴJURXS�Ŵ7KHŴH[SHULPHQWDOŴJURXSŴUHFHLYHGŴWKHŴHPSRZHUPHQWŴSURJUDP�ŴZKLOHŴWKRVHŴ
LQŴWKHŴFRQWUROŴJURXSŴGLGŴQRW�Ŵ7KHŴLQVWUXPHQWVŴFRQVLVWHGŴRIŴ'HPRJUDSKLFŴGDWDŴIRUP�ŴWKHŴ0HGLFDOŴ5HVHDUFKŴ&RXQFLOŴ 
G\VSQHDŴ VFDOH�Ŵ WKHŴ3HUFHSWLRQŴ RIŴ VHOIŴ SRZHUŴ TXHVWLRQQDLUH�Ŵ WKHŴ0LPL�0HQWDOŴ 6WDWHŴ([DPLQDWLRQ�7KDL�Ŵ WKHŴ 
0XOWLGLPHQWLRQDWŴ )DWLJXHŴ ,QYHQWRU\Ŵ �0),�����WKHŴ(PSRZHUPHQWŴ SURJUDP�Ŵ DQGŴ KDQG�ERRNŴ IRUŴ IDWLJXHŴ 
PDQDJHPHQWŴIRUŴWKHŴHOGHUO\ŴZLWKŴ&23'�Ŵ'DWDŴZHUHŴDQDO\]HGŴE\ŴXVLQJŴGHVFULSWLYHŴVWDWLVWLFVŴDQGŴW�WHVW�Ŵ
Ŵ 7KHŴUHVXOWVŴRIŴWKLVŴUHVHDUFKŴZHUHŴDVŴIROORZV�Ŵ��Ŵ7KHŴHOGHUO\ŴZLWKŴ&23'ŴZKRŴUHFHLYHGŴWKHŴ(PSRZHUPHQWŴ
SURJUDPŴKDGŴDŴPHDQŴVFRUHŴRIŴIDWLJXHŴZDVŴORZHUŴWKDQŴWKDWŴRIŴEHIRUH�ŴDWŴWKHŴVLJQLűFDQWŴOHYHOŴRIŴ����Ŵ��Ŵ7KHŴHOGHUO\Ŵ
ZLWKŴ&23'ŴZKRŴUHFHLYHGŴWKHŴ(PSRZHUPHQWŴSURJUDPŴKDGŴDŴPHDQŴVFRUHŴRIŴIDWLJXHŴZDVŴORZHUŴWKDQŴWKDWŴWKHŴFRQWUROŴ
JURXS�ŴDWŴWKHŴVLJQLűFDQWŴOHYHOŴRIŴ���
Ŵ 7KHŴUHVXOWVŴRIŴWKLVŴVWXG\ŴLQGLFDWHGŴWKDWŴWKHŴ(PSRZHUPHQWŴSURJUDPŴFRXOGŴUHGXFHŴIDWLJXHŴLQŴWKHŴHOGHUO\Ŵ
ZLWKŴ&23'�Ŵ7KHUHIRUH�ŴWKLVŴűQGLQJŴFRXOGŴEHŴXVHGŴGHYHORSŴDVŴDŴJXLGHŴIRUŴQXUVLQJŴFDUHŴLQŴWKHŴ&23'ŴSDWLHQWVŴDQGŴ
RWKHUŴFKURQLFŴGLVHDVH�ŴDQGŴDOVRŴSURYLGLQJŴEDVHOLQHŴLQIRUPDWLRQŴIRUŴIXUWKHUŴUHVHDUFK�

Keywords�ŴŴ (PSRZHUPHQWŴSURJUDP�Ŵ)DWLJXH�ŴWKHŴ(OGHUO\ŴZLWKŴ&23'


6WXGHQWŴRIŴ0DVWHUŴRIŴ1XUVLQJŴ6FLHQFH�Ŵ0DVWHUŴRIŴ1XUVLQJŴ6FLHQFHŴ3URJUDPŴLQŴ*HURQWRORJLFDOŴ1XUVLQJ�Ŵ)DFXOW\ŴRIŴ1XUV-
LQJ�Ŵ.KRQŴ.DHQŴ8QLYHUVLW\


$VVRFLDWHŴ3URIHVVRU�Ŵ)DFXOW\ŴRIŴ1XUVLQJ�Ŵ.KRQŴ.DHQŴ8QLYHUVLW\
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�¼o�iª¥Á°�­r¦´�¥µ�oµ�Åª¦´­ŴÂ¨³°¥¼nÄ�ª´¥Â¦��µ�Ŵ�Îµ�ª�Ŵ
���Ŵ¦µ¥7Ŵ Ŵ�°��µ��¸Ê¥´�¡�ªnµÁ°�­rÁ�}�Ŵ�ŴÄ�Ŵ�ŴÃ¦��¸É
Á�}�­µÁ®�»�µ¦�µ¥�°�°ÎµÁ£°�»¤Â¡ŴÄ��µ¦�ÎµÁ�·��µ�
�oµ�Á°�­r�¸É�nµ�¤µŴÃ¦�¡¥µ�µ¨�»¤Â¡Å�oÄ®o�µ¦�¼Â¨Â¨³
�nª¥Á®¨º°�¼o�·�Á�ºÊ°Á°�Å°ª�̧ŴÁ°�­rŴ¤Á̧�jµ®¤µ¥�º°Ŵ­n�Á­¦·¤
Ä®o�¼o�·�Á�ºÊ°Á°�Å°ª�̧ŴÁ°�­rŴ¤�̧»�£µ¡�ª̧·��¸É�Ŵ̧­µ¤µ¦�°¥¼n
¦nª¤��́Ä�­�́�¤Å�o°¥nµ����·­»�Ŵ�¨�µ¦�ÎµÁ�·��µ��¸É�nµ�
¤µ¡�ªnµ�¼o¤­̧nª�Á�¸É¥ª�o°�Ä��µ¦�ÎµÁ�·��µ�¤�̧ªµ¤Á�oµÄ� 
Ä��{�®µÁ°�­rŴ�o°��µ¦Â�oÅ��{�®µ¦nª¤�´�ŴÂ�n�µ��µ¦
�µ¦ª·Á�¦µ³®r�{�®µ¦nª¤�´��°���Ä��»¤��Ŵ�¹��ªµ¤
�o°��µ¦�¸ÉÂ�o�¦·�ªnµ�»�£µ¡�¸ª·��¸É�¸�µ¤�µ¦¦´�¦¼o�°� 
�¼o�·�Á�ºÊ°Á°�Å°ª¸�ŴÁ°�­r®¤µ¥�¹�°¥nµ�Å¦Ŵ
Ŵ � µ��µ¦���ª�ª¦¦��¦¦¤¤¸�´ �ª· �´ ¥�Î µ
�¦³�ª��µ¦ª·Á�¦µ³®r�»¤��Â��¤¸­nª�¦nª¤Ŵ�3DUWLFLSDWRU\Ŵ 

5XUDOŴ $SSUDLVDO�Ŵ 35$�Ŵ ¤µ�Îµ�µ¦«¹�¬µ�»¤��Á¡ºÉ°
­´�Á�¦µ³®rÂ�ª�µ��µ¦�j°��´��µ¦�ºÉ¤­»¦µÄ��¨»n¤ª´¥¦»n�Ŵ
¡�ªnµ�µ¦�ºÉ¤­»¦µª¥́¦»n��ª�̧ªµ¤¦»�Â¦�¤µ��¹Ê�Ŵ�»¤��¦nª¤
­¦oµ��o°��¨�Ä��µ¦�j°��´��µ¦�ºÉ¤­»¦µŴÂ¨³®µÂ�ª�µ�
�j°��´��µ¦�ºÉ¤­»¦µ�°�ª´¥¦»n��Ŵ�¼oª·�´¥�¹�­�Ä��¸É�³«¹�¬µ
�»�£µ¡�¸ª·��¼o�·�Á�ºÊ°Á°�Å°ª¸�Ŵ Á°�­rª´¥Â¦��µ�Ŵ�µ¤
�µ¦¦�́¦¼o�°���Ä��»¤��Ä��{��»��́ŴÃ�¥Ä�o�¦°�Â�ª�·�Ŵ
35$Ŵ¤µ�Îµ�µ¦«¹�¬µÄ��¦´Ê��¸Ê

����¤��Ý�|zÐw���¡}���
Ŵ Á¡ºÉ°«¹�¬µ�ªµ¤®¤µ¥�°��»�£µ¡�¸ª·��°� 
ª¥́Â¦��µ��¸É�·�Á�ºÊ°Á°�Å°ª�̧ŴÁ°�­r�µ¤�µ¦¦�́¦¼o�°��»¤�� 
Ŵª·Á�¦µ³®r�{�®µŴÂ¨³�ªµ¤�o°��µ¦Ä��µ¦¡�́�µ�»�£µ¡
�¸ª·��°�ª´¥Â¦��µ��¸É�·�Á�ºÊ°Á°�Å°ª¸�Ŵ Á°�­rŴ Â¨³Á¡ºÉ°
«¹�¬µ®µ�¨ª·�¸¡´��µ�»�£µ¡�¸ª·�ª´¥Â¦��µ��¸É�·�Á�ºÊ°
Á°�Å°ª¸�ŴÁ°�­rŴ�µ¤¤»¤¤°��°��»¤��

w���«Ù�z¡�w���¡}��
Ŵ Ä�o�¦°�Â�ª�·��µ¦ª·Á�¦µ³®r�»¤��Â��¤¸ 
­nª�¦nª¤Ŵ�¸ÉÄ®o�ªµ¤­Îµ�´��´��ªµ¤¦¼o�¸É¤µ�µ��¦³­��µ¦�r 
�°���Ä��»¤��Ŵ�º°�¼o�·�Á�ºÊ°Á°�Å°ª¸�Ŵ Á°�­rŴ ¦´�¦¼o�µ� 
­·É��¸É�·�Ŵ­·É��¸É¦¼oŴ­·É��¸ÉÁ�ºÉ°Ŵ�¸É¤�̧¨�n°�µ¦�ÎµÁ�·��ª̧·�Ŵ­³�o°��·�Ŵ 
ª·Á�¦µ³®r®µ­µÁ®�»Ŵ �{�®µŴÂ¨³®µ�¨ª·�¸Ä��µ¦¡´��µ
�»�£µ¡�¸ª·��°��¼o�·�Á�ºÊ°Á°�Å°ª¸�Ŵ Á°�­rŴ �¸É¤¸�ªµ¤
­°��¨o°�Á®¤µ³­¤�´��ªµ¤Á�}��¦·�Ä��¸ª·�Ŵ

�¡�¢�·�ªÙ¡Ùw���¡}�� 
 �µ¦ª·�´¥Á�·��»�£µ¡Ä�o�¦³�ª��µ¦Ŵ35$Ŵ�¼oÄ®o
�o°¤¼¨®¨´�Ŵ�¦³�°��oª¥Ŵ�¨»n¤�¼o�·�Á�ºÊ°Á°�Å°ª¸�Ŵ Á°�­r 
ª¥́Â¦��µ�Ŵ�¨»n¤�¼o�¼Â¨ŴÂ¨³�¦°��¦ª́Ŵ�¨»n¤�¼o�¦·®µ¦Á�«�µ¨Ŵ 
�¨»n¤�¼o�Îµ�»¤��Ŵ�¼oÄ®o�¦·�µ¦�oµ�­»�£µ¡ŴÂ¨³�¨»n¤°µ­µ
­¤�́¦­µ�µ¦�­»�ŴÁ�¦ºÉ°�¤º°�¸ÉÄ�oÄ��µ¦ª·�¥́Ŵ�¦³�°��oª¥Ŵ
Â�ª�µ��µ¦­¤́£µ¬�rÁ�·�¨¹�ŴÂ�ª�Îµ�µ¤�µ¦­���µ�¨»n¤Ŵ
Â�ª�Îµ�µ¤Ä��µ¦�¦³�»¤¦³�¤­¤°�ŴÂ���´��¹��µ¦
­´�Á��ŴÂ���´��¹�£µ�­�µ¤
� �µ¦�ÎµÁ�·��µ¦ª·�´¥Ŵ¤¸Ŵ�Ŵ¦³¥³Ŵ�´��¸ÊŴ
Ŵ ¦³¥³�¸É Ŵ �Ŵ «¹�¬µ�o°¤¼¨¡ºÊ��µ��»¤��Ŵ �¹�
­£µ¡�ªµ¤Á�}�°¥¼n�°���Ä��»¤��Ŵ­¦oµ�­´¤¡´��£µ¡



��ĊĕĆčĕĆčĄĕåĄāąĕýĕĈĒ�čĕãĕăĕåøēĊĔüĐĐâğêĘąèğĎüĚĐ

þĿúĘħ�����êýĔýúĘħ�����øěĈĕåĄ���ûĔüĊĕåĄ�����

Ã�¥�µ¦�¦³�»¤Ŵ ¦nª¤�´��¼o�Îµ�»¤��Ŵ Á¡ºÉ°�°°�»�µ�ŴŴ
�¦³�µ­´¤¡´��r�µ¦ª·�´¥ŴÂ¨³ŴÁ�}��µ¦Á�¦¸¥¤�ªµ¤¡¦o°¤
�°��¼o¦nª¤ª·�¥́Ä®oÁ�oµÄ�Ä��¦³�ª��µ¦ª·�¥́Á�·���·��́·�µ¦
Â��¤¸­nª�¦nª¤Ŵ�ÎµÁ�·��µ¦­´¤£µ¬�rÁ�·�¨¹��¨»n¤�¼o�·�
Á�ºÊ°Á°�Å°ª¸�Ŵ Á°�­rª´¥Â¦��µ�Ŵ��Ŵ��Ŵ�¨»n¤�¼o�¼Â¨ŴÂ¨³
�¦°��¦´ªŴ�Ŵ��Ŵ�¨»n¤�¼o�Îµ�»¤��Ŵ�Ŵ��Ŵ�¨»n¤�¼o�¦·®µ¦
Á�«�µ¨�Îµ�¨Ŵ�Îµ�ª�Ŵ�Ŵ��Ŵ�¼oÄ®o�¦·�µ¦�oµ�­»�£µ¡Ŵ�Ŵ
��Ŵ�¨»n¤°µ­µ­¤´�¦­µ�µ¦�­»�ŴÂ¨³�¼oÄ®o�¦·�µ¦Â¡�¥r
�µ�Á¨º°�Ä��»¤��Ŵ�Îµ�ª�Ŵ�Ŵ��Ŵ¦ª�¦ª¤�o°¤¼¨�µ��µ¦
­���µ�¨»n¤�Îµ�ª�Ŵ�Ŵ�¨»n¤Ç¨³Ŵ����Ŵ��ŴÃ�¥�´�Á¨º°� 
�¼oÂ��Ŵ �µ��¨»n¤�¼o�·�Á�ºÊ°Á°�Å°ª¸�Ŵ Á°�­rª´¥Â¦��µ�Ŵ 
�¨»n¤�¼o�¼Â¨Â¨³�¦°��¦´ªŴ Â¨³�¨»n¤�¼o�Îµ�»¤��Ŵ­´�Á�� 
Â¨³���´��¹�Á¡ºÉ°�¦³Á¤·��¼o�¸É¤¸­nª�Á�¸É¥ª�o°�¦³®ªnµ�
�ÎµÁ�·��µ¦Á�È�¦ª�¦ª¤�o°¤¼¨ŴŴ
 ¦³¥³�¸ÉŴ�Ŵª·Á�¦µ³®r�o°¤¼¨Á�·��»�£µ¡Ŵ�¸ÉÅ�o�µ�
�µ¦­´¤£µ¬�rÁ�·�¨¹�Ŵ�µ¦­���µ�¨»n¤Ŵ�µ¦�¦³�»¤�¦´Ê��¸ÉŴ
�Ŵ­¦oµ��o°­¦»��µ��¦µ���µ¦�r�¸ÉÅ�o¦´��¹�Ŵ�ªµ¤®¤µ¥Ŵ 
°��r�¦³�°��°��µ¦¤¸�»�£µ¡�¸É�¸Â¨³Å¤n�¸Ŵ �¦³Á¤·�
�»�£µ¡�¸ª·�ŴÂ¨³®µÂ�ª�µ��µ¦�¼Â¨Â¨³�µ¦�nª¥Á®¨º°
�¼o�·�Á�ºÊ°Á°�Å°ª�̧Á°�­rŴ¦nµ�Á�}��¨ª·��̧µ¦¡�́�µ�»�£µ¡
�¸ª·�ª´¥Â¦��µ��¸É�·�Á�ºÊ°Á°�Å°ª¸�Ŵ Á°�­rŴ �´�Áª�¸­³�o°�
�o°¤¼¨�´�Á¨º°��¼oÂ���µ��»��¨»n¤Ŵ�Îµ�ª�Ŵ�����Ŵ��Ŵ
 ¦³¥³�¸ÉŴ �Ŵ­´�Á�¦µ³®r�¨ª·�¸�µ¦¡´��µ�»�£µ¡
�¸ª·��°��¼o�·�Á�ºÊ°Á°�Å°ª¸�Ŵ Á°�­rª´¥Â¦��µ�Ŵ Ã�¥�µ¦
�¦³�»¤�¨»n¤¥n°¥Ŵ�Ŵ�¨»n¤Ç ¨³Ŵ�Ŵ�Ŵ��Ŵ���º°Ŵ�¨»n¤�¼o�·�
Á�ºÊ°Á°�Å°ª¸�Ŵ Á°�­rÂ¨³�¦°��¦´ªŴÂ¨³�¨»n¤�¼o�Îµ�»¤��ŴŴ
�ÎµÁ­�°Ŵ­¦»�¦nµ��¨ª·�¸�µ¦¡´��µ�»�£µ¡�¸ª·��°��¼o�·�
Á�ºÊ°Á°�Å°ª�̧ŴÁ°�­rª¥́Â¦��µ�Ŵ�o°¤¼̈ �¸ÉÅ�o�µ��µ¦�¦³�»¤
¦³�¤­¤°��¦´Ê��¸ÉŴ�ŴÁ¡ºÉ°�¦ª�­°��ªµ¤�¼��o°�ŴÁ¡·É¤Á�·¤
�o°¤¼¨Ä®o¤¸�ªµ¤­¤�¼¦�rŴÂ¨³�´�Áª�¸�¦³�»¤¦³�¤­¤°�
�¦´Ê��¸ÉŴ�Ŵ¡·�µ¦�µ�¨ª·�¸�µ¦¡´��µ�»�£µ¡�¸ª·��°��¼o�·�
Á�ºÊ°Á°�Å°ª¸�Ŵ Á°�­rª´¥Â¦��µ�Ŵ�¸É�o�¡��µ��µ¦«¹�¬µŴ
�¦´��¦»�Â�ª�µ��µ¦Â�oÅ��µ¤�o°Á­�°Â�³Ŵ­¦»�Â¨³
Á�¸¥�¦µ¥�µ��µ¦«¹�¬µŴ Ŵ
 �µ¦ª·Á�¦µ³®r�o°¤¼¨� �o°¤¼¨Á�·��»�£µ¡Ŵ Ã�¥
�µ¦ª·Á�¦µ³®rÁ�·�Á�ºÊ°®µŴ�¼oª·�¥́�Îµ�µ¦Á�È�¦ª�¦ª¤�o°¤¼̈ �¸É
Å�o�µ���́�¹��µ¦­�́Á��­£µ¡­·É�Âª�¨o°¤Ŵ­®̧�oµŴ�nµ�µ�
�°��¼oÄ®o�o°¤¼̈ Ŵ�°�Á���µ¦­¤́£µ¬�rÁ�·�¨¹�Ŵ�µ¦­���µ

�¨»n¤ŴÂ¨³�µ¦¤­̧nª�¦nª¤Ä��µ¦�¦³�»¤¦³�¤­¤°�Ŵ�o°¤¼̈
�¸ÉÅ�o�´Ê�®¤��Îµ¤µ�¦ª�­°�Ŵ Á�ºÉ°¤Ã¥�Â¨³¥º�¥´��ªµ¤ 
�¼��o°��°��o°¤¼¨
� �¦·¥�¦¦¤Ä��µ¦ª·�¥́��¼oª·�¥́�Îµ�¹��¹��¦·¥�¦¦¤
Ä��µ¦ª·�´¥Ä�¤�»¬¥rŴ Ã�¥¥¹�®¨´�Á���r�µ��¦·¥�¦¦¤
­Îµ®¦´��µ¦«¹�¬µª·�´¥Ä�¤�»¬¥rŴ �¹É��¼oª·�´¥¤¸�µ¦Á�¦¸¥¤
��Á°��oµ��¦·¥�¦¦¤�oª¥�µ¦Á�oµ¦´��µ¦°�¦¤�¦·¥�¦¦¤
­Îµ®¦�́�µ¦«¹�¬µª·�¥́Ä�¤�»¬¥rŴÂ¨³Å�o¦�́�µ¦¦�́¦°��µ�
��³�¦¦¤�µ¦�¦·¥�¦¦¤�µ¦ª·�´¥Ä�¤�»¬¥r¤®µª·�¥µ¨´¥
�°�Â�n�

Ú�w���¡}��
� ��� �ªµ¤®¤µ¥�°��»�£µ¡�ª̧·�ª¥́Â¦��µ�
�¸É�·�Á�ºÊ°Á°�Å°ª¸�Á°�­r�µ¤�µ¦¦´�¦¼o�°��»¤��Ŵ¡�ªnµ          
� � ������µ¦¥°¤¦�́­£µ¡�ªµ¤Á�}��¦·��°�
�¸ª·�Ŵ �¼oÄ®o�o°¤¼¨®¨´�¤¸¤»¤¤°�ªnµŴ �µ¦�·�Á�ºÊ°Á°�Å°ª¸�
Á°�­rÁ�}�­·É�Á¨ª¦oµ¥�¸É Á�·��¹Ê�Ä��¸ª·�Ã�¥�¸ÉÅ¤n¦¼o�´ª 
®¦º°Å¤nÅ�oÁ�}��¼o�¦³�ÎµŴÂ�n�ÎµÄ�¥°¤¦´�­£µ¡�ªµ¤Á�}�
�¦·��°��µ¦�ÎµÁ�·��¸ª·�Ŵ�¹É��o°�Ä�oÁª¨µÄ��µ¦�¦´��´ªŴ�¹�
­³�o°�°°�¤µÄ�Ŵ�Ŵ̈ �́¬�³ �º°Ŵ��Ŵ­£µ¡�¦¦¤�µ�·�°�
Ã¦�Á�}�Â¨oª¦�́¬µÅ¤n®µ¥ �µ¦�·�Á�ºÊ°Á°�Å°ª�̧Á°�­rŴÁ�}�
Ã¦��¸ÉÁ�·��µ�¡§�·�¦¦¤�µ�Á¡«Å¤nÁ®¤µ³­¤Ŵ ¦oµ¥Â¦�Ŵ
Á¦ºÊ°¦´�Ŵ­´��¤¦´�Á�¸¥�ŴÂ¨³Ŵ¦´�¬µÅ¤n®µ¥Ŵ�µ¦�ÎµÄ�¥°¤¦´�
�µ¦�·�Á�ºÊ°�¹�Â­��°°�¤µÄ�¨�́¬�³�µ¦¥°¤¦�́ªnµÁ�·�
�µ�Áª¦�¦¦¤�°���Á°�Ŵ Å¤nÃ�¬��°ºÉ�Ŵ¥°¤¦´�ªnµ¦´�¬µ
Å�oÂ�nÅ¤n®µ¥Ŵ�µ��µ¦­´¤£µ¬�r�¼o�·�Á�ºÊ°Á°�Å°ª¸�Á°�­r
ª´¥Â¦��µ�Ŵ��Ŵ­£µ¡�µ¦¥°¤¦´��°��»¤��Ŵ�µ¦�·�Á�ºÊ°
Á°�Å°ª¸�Á°�­r�»���Á�¥¤¸�ªµ¤¦¼o­¹��¨´ª�µ¦Å¤nÅ�o¦´�
�µ¦¥°¤¦´�Ŵ �¼�¦´�Á�¸¥�Ŵ �¼�Â�n�Â¥�Â¨³Á¨º°���·�´�·Ŵ 
��́�´Ê��µ¦Å�o¦�́�µ¦¥°¤¦�́�µ���Ä��»¤��Ŵ�ÎµÄ®o­µ¤µ¦� 
�ÎµÁ�·��·��¦¦¤¦nª¤�´���Ä��»¤��Å�o°¥nµ�¤´É�Ä�Ŵ �µ�
�µ¦­´¤£µ¬�r�¼o�·�Á�ºÊ°Á°�Å°ª¸�Á°�­rŴ��Ŵ­£µ¡�µ¦Á�}�
�´ªÂ¡¦n�¦³�µ¥Á�ºÊ°Ŵ �µ¦Â¡¦n¦³�µ��°�Á�ºÊ°Á°�Å°ª¸�
Á°�­r°¥nµ��n°Á�ºÉ°�Ŵ Â¨³¤¸�¼o�·�Á�ºÊ°¦µ¥Ä®¤nÁ¡·É¤�¹Ê�Ä�
�»¤��Ŵ­n��¨�¦³����́��Ä��»¤��Ŵ¤�̧ªµ¤Á�}�®nª�Á¦ºÉ°�
�µ¦Â¡¦nÁ�ºÊ°�µ��¼o�·�Á�ºÊ°�¸ÉÁ�d�Á�¥��Á°�ŴÁ�ºÉ°��µ�Ŵ�µ�
¦µ¥Á�}�®¤oµ¥�´Ê�Â�n°µ¥»¥´��o°¥Ŵ¤¸­£µ¡¦nµ��µ¥Á®¤º°�
�����·Ŵ�µ�¦µ¥¤¸®�oµ�µ�¸Ŵ�ÎµÄ®o��Ä��»¤��Á�}�®nª�
ªnµ�¼o�iª¥�³Á�}��¼oÂ¡¦nÁ�ºÊ°Á°�Ŵ



�� J1740#.�1(�0745'5¿�#551%+#6+10�1(�6*#+.#0&��0146*�'#56'40�&+8+5+10

81.7/'����01�����1EVQDGT���&GEGODGT�����

� � �����ªµ¤¡¹�¡°Ä�Ä�­£µ¡�¸ª·�� �µ¦
¦´�¦¼o�¹��ªµ¤¡°¡¹�Ä�Ä��»�£µ¡�¸ª·��{��»�´�Ŵ �µ��µ¦
­´¤£µ¬�r�¼o�·�Á�ºÊ°Á°�Å°ª¸�Á°�­rŴ�Îµ�ª�Ŵ��Ŵ¦µ¥Ŵ¡�ªnµŴ 
�Ŵ ¦µ¥Ŵ ¤¸�ªµ¤¡¹�¡°Ä�Ä��»�£µ¡�¸ª·��{��»�´�Ä�Ŵ 
�Ŵ¨´�¬�³�´��¸ÊŴ ��Ŵ ­»�£µ¡Â¨³�µ¦Á�oµ�¹��¦·�µ¦Ŵ �µ¦
¤¸­»�£µ¡�¸�¹Ê��µ��µ¦Å�o¦´��µ¦�¼Â¨­»�£µ¡�µ�­�µ�
�¦·�µ¦­»�£µ¡Ŵ�µ¦Á�oµ¦nª¤°�¦¤�µ¦�¼Â¨­»�£µ¡��Á°�Ŵ
�µ¦�j°��´�Ã¦��·�Á�ºÊ°�ª¥Ã°�µ­ŴÂ¨³�µ¦Å�o¦´�¥µ�oµ�
Åª¦´­Á°�­r°¥nµ��n°Á�ºÉ°�Ŵ Á¡ºÉ°Ä®o�µ¦�ÎµÁ�·��°�Ã¦�Ä®o
�oµ¨�Ŵ��Ŵ�ªµ¤Å¤n�´�ª¨Ä�Ŵ�ªµ¤®ª´�Ä��µ¦�ÎµÁ�·��¸ª·� 
�µ¦�·�Á�ºÊ°Á°�Å°ª¸�Á°�­rŴ Á�}�­·É��»��µ¤�´��¸ª·��¸É�o°�
¤�̧µ¦�¦�́�ª́��́�µ¦Á�¨¸É¥�Â�¨�Ŵ�´Ê�¦nµ��µ¥ŴŴ�¦°��¦ª́Ŵ
Á«¦¬��·�ŴÂ¨³­´��¤Ŵ�µ¦�´��µ¦�´�°µ¦¤�rŴ�ªµ¤¦¼o­¹�
Å�oÁ®¤µ³­¤Ŵ�´��ªµ¤Á�ºÉ°Ŵ �ªµ¤«¦´��µŴ ��Á�·��ªµ¤
­���µ�Ä�Ŵ ­µ¤µ¦�Ä�o�¸ª·��ªµ¤Á�}�°¥¼nÁ�n������·
�´ÉªÅ�Ŵ ¤¸�ªµ¤®ª´�Ä��µ¦�Îµ¦��¸ª·��oª¥�µ¦¤¸�¸ª·�°¥¼n
�´�Ã¦�Á°�­r�n°Å�Ŵ�oª¥�µ¦­¦oµ�¡¨´�°Îµ�µ�Ä��´ªÁ°�Ŵ 
��Ŵ�ªµ¤­µ¤µ¦��°���Á°��¸ÉÁ�}��¦³Ã¥��r��́�»��¨°ºÉ� 
�¦³­��µ¦�r�µ��µ¦�·�Á�ºÊ°Á°�Å°ª�̧Á°�­rŴÂ¨³�µ¦Å�oÄ�o
�ªµ¤¦¼o�µ��µ¦�¦³�»¤Ŵ°�¦¤Ŵ­µ¤µ¦��ÎµÅ�Ä®o�ÎµÂ�³�Îµ
�´��¼o�·�Á�ºÊ°��°ºÉ�Ŵ�µ�·¡¸É�o°�Â¨³Á¡ºÉ°��oµ��ÎµÄ®oÁ�·�
�ªµ¤¤¸�»��nµÄ���Á°�Ŵ Á�}��ªµ¤¦¼o­¹��ºÉ��¤¥·��¸Ŵ Â¨³
¤¸«´��·Í«¦¸Ä���Á°��¸É­µ¤µ¦��Îµ�·��¦¦¤Å�o�oª¥��Á°�Ŵ
Â¨³­µ¤µ¦��Îµ�¦³Ã¥��rÄ®o�»��¨°ºÉ�Å�oŴ�°��µ��¸Ê¥´�
Á�}��¼oÄ®o�ªµ¤¦¼oÂ�n�»¤��Ä��µ¦�j°��´�Ã¦�Á°�­rÂ�n
�´�Á¦¸¥�Ŵ�¹É��n°Ä®oÁ�·��ªµ¤£µ�£¼¤·Ä�Ä��¸ª·�Ŵ��Ŵ�µ¦�¸É
��Á°�Å¤nÁ�}�£µ¦³�°��¦°��¦´ªŴ�»¤��ŴÂ¨³­´��¤ �º° 
�ªµ¤­µ¤µ¦�Ä��µ¦�Îµ�·�ª´�¦�¦³�Îµª´�Å�o�oª¥��Á°�Ŵ
�Îµ�µ��¦³�°�°µ�¡̧Å�oÅ¤nÁ�}�£µ¦³Á¦ºÉ°�Á«¦¬��·�ŴÂ¨³
£µ¦³�°�­�́�¤Ä��µ¦�¼Â¨Â¨³�nª¥Á®¨º° ��Ŵ�ªµ¤¤´É���
Ä��¸ª·� �º°Ŵ�µ¦¤¸�µ��Îµ�¸ÉÂ�n�°�­n��¨Ä®oÁ�·�¦µ¥Å�oŴ¤¸Ŵ�µ¦¤¸�µ��Îµ�¸ÉÂ�n�°�­n��¨Ä®oÁ�·�¦µ¥Å�oŴ¤¸�µ¦¤¸�µ��Îµ�¸ÉÂ�n�°�­n��¨Ä®oÁ�·�¦µ¥Å�oŴ¤¸
�nµÄ�o�nµ¥�¸ÉÁ¡¥̧�¡°­Îµ®¦�́�ºÊ°®µ�{��¥́­¸ÉÄ��µ¦�Îµ¦��ª̧·�Ŵ
Â¨³Ŵ­Îµ®¦´�Ä�o®�¸ÊŴ�°��µ��¸Ê�µ¦¤¸�¸É°¥¼n°µ«´¥Ŵ�¸É¤´É���Ŵ¤¸
­·É�Âª�¨o°¤�¸É�¸Ŵ�ÎµÄ®o¤¸�ªµ¤�¨°�£´¥Ŵ
 �¨»n¤�¸ÉÅ¤n¡¹�¡°Ä�Ä��»�£µ¡�ª̧·�Ŵ�µ¦¦�́¦¼o�¹�
�ªµ¤Å¤n¡¹�¡°Ä�Ä��»�£µ¡�¸ª·��{��»�´�Ŵ Á�}�°»�­¦¦�
�´��ªµ��ÎµÄ®o�¸ª·�Ŵ Å¤nÅ�o¦´��µ¦¥°¤¦´�­£µ¡�ªµ¤Á�}�
�¦·��°��¸ª·�Ŵ Å¤n¡°Ä�Ä�­£µ¡�¸ª·��{��»�´�Ŵ Å¤n¤¸�ªµ¤

­»�Ŵ�º°Ŵ��ŴÅ¤n¡¹�¡°Ä�Ä���Á°�Ŵ�¼o�·�Á�ºÊ°Á°�Å°ª¸�Á°�­rŴ
¤�̧µ¦¦�́¦¼o�n°­£µ¡¦nµ��µ¥Ŵ�·�Ä�Ŵ­¤́¡�́�£µ¡�µ�­�́�¤Ŵ
Á«¦¬��·�Ŵ�ÎµÄ®o¤�̧ªµ¤ª·����́ª¨Á�¸É¥ª��́�µ¦�ÎµÁ�·��ª̧·�
Ä�Â�n¨³ª´�Ŵª·���´�ª¨�´��ªµ¤Å¤nÂ�n�°��°��¸ª·�Ŵ
Ŵ��Ŵ Å¤n¡¹�¡°Ä�Ä��¸ª·��¦°��¦´ªŴ�µ¦°µ«´¥°¥¼n¦nª¤�´�
®¨µ¥��Ä��¦°��¦´ªÁ�¸¥ª�´�Ŵ¤¸�{�®µ�³Á¨µ³�´�Á°�
Ä��¦°��¦´ªŴÃ�¥Á�¡µ³�nµÄ�o�nµ¥Ŵ®�¸Ê­·�Ä��¦°��¦´ªŴ
  �����ªµ¤­»�Ä��µ¦�ÎµÁ�·��¸ª·���µ¦�·�
Á�ºÊ°Á°�Å°ª¸�Á°�­rŴ�ÎµÄ®o°µ¥»­´Ê�ŴÂ¨³Á�}��¼o�o°¥Ã°�µ­Ŵ
�µ��ªµ¤Á­¤°£µ��µ�­´��¤Â�n�È�ÎµÄ®o�¸ª·���Á°�¤¸
�»��nµŴ¤¸�ªµ¤­»�Ä��´��µ¦Å�o¦´��µ¦¥°¤¦´�Ŵ�¸É­µ¤µ¦�
�Îµ�¦³Ã¥��rÄ®o�´�­´��¤Â¨³���¸É¦´�Å�oŴ Â¨³Å�o­³�o°�
°°�¤µÄ�Ŵ�Ŵ¨´�¬�³�´��¸ÊŴ��Ŵ£µª³­»�£µ¡�¸É�¸�¹Ê�Ŵ�µ¦¤¸
�ª̧·��µ�Á�nµ�¸É�o°��µ¦Ŵ�ªµ¤­¤�¼¦�rÂ�È�Â¦��°�¦nµ��µ¥
�µ��µ¦�¼Â¨­»�£µ¡��Á°�Ŵ�µ��µ¦Á�oµ�¹��¦·�µ¦­»�£µ¡Ŵ
�ÎµÄ®o°¥µ�¤¸�¸ª·�°¥¼n�n°Å�Ŵ��Ŵ�µ¦Å�o¦´��ªµ¤�nª¥Á®¨º°
�µ��¦°��¦ª́Ŵ�ªµ¤®nª�Ä¥Ŵ�µ¦Á°µÄ�Ä­nÄ��µ¦�¼Â¨Â¨³
Ä®o�Îµ¨´�Ä���Á�·�­´¤¡´��£µ¡�¸É�¸�°���Ä��¦°��¦´ª
�ÎµÄ®o�¼o�·�Á�ºÊ°Á°�Å°ª¸�Á°�­r¤¸�ªµ¤­»�Ŵ��Ŵ�µ¦¥°¤¦´�Ŵ��Ŵ�µ¦¥°¤¦´���Ŵ�µ¦¥°¤¦´�
�°�­´��¤Â¨³�µ¦�nª¥Á®¨º°�µ��»¤��Ŵ�µ¦Á­¸¥­¨³�°�
Â���Îµ�¼o�·�Á�ºÊ°�¸É�Îµ�¦³Ã¥��rÄ®o�´�­´��¤Ŵ�¦³�°��´�
�¼o�·�Á�ºÊ°Á®¨nµ�¸ÊÁ�}���Ä��»¤��Ŵ­´��¤Ä®o�µ¦­�´�­�»�
Â¨³�nª¥Á®¨º°�oµ��µ¦­n�Á­¦·¤°µ�¡̧Ŵ­�Á�¦µ³®rÁ�¸Ê¥¥�́�¡̧Ŵ 
�ÎµÄ®o�¼o�iª¥Å�o¦�́�µ¦¥°¤¦�́Ŵ¤�̧ªµ¤¤´É�Ä�Ä��µ¦°¥¼n¦nª¤ 
Ä�­´��¤�o°��µ¦�°�Â��­´��¤Ã�¥�µ¦¤¸­nª�¦nª¤Ä�
�·��¦¦¤�»¤��Ŵ
� ��� °��r�¦³�°��°��»�£µ¡�ª̧·�ª¥́Â¦��µ� 
�¸É�·�Á�ºÊ°Á°�Å°ª¸�Á°�­rŴ �µ¦Ä®o�ªµ¤®¤µ¥�»�£µ¡
�¸ª·��°�ª´¥Â¦��µ��¸É�·�Á�ºÊ°Á°�Å°ª¸�ŴÁ°�­rŴ�µ¤�¸É�¨nµª
¤µÂ¨oª�´Ê�Ŵ�µ¦�³�ÎµÄ®o�¦¦¨»Á�jµ®¤µ¥Å�oŴ �ÎµÁ�}��o°�¤¸
°��r�¦³�°�Ŵ�º°Ŵ��Ŵ�ªµ¤¤´É����µ�Á«¦¬��·�Ŵ�º°Ŵ�µ¦
¤¸�µ��Îµ�¸ÉÂ�n�°�­n��¨Ä®oÁ�·�¦µ¥Å�oŴ Á�·��ªµ¤¦¼o­¹�
¤´É���Ä��¸ª·�Ŵ ¤¸�nµÄ�o�nµ¥�¸ÉÁ¡¸¥�¡°­Îµ®¦´��µ¦�ºÊ°®µ
°µ®µ¦Ŵ°»��¦�r°Îµ�ª¥�ªµ¤­³�ª�Ä��¦°��¦ª́Ŵ­Îµ®¦�́
Ä�o®�¸ÊŴ Â¨³¤¸Á�·�Á®¨º°­Îµ®¦´�Á�}��nµÄ�o�nµ¥Áª¨µ�»�Á�·�
Á�ºÉ°��µ��µ¦�·�Á�ºÊ°Á°�Å°ª¸�Á°�­r�ÎµÄ®o£¼¤·�»o¤�´�Ä�
¦nµ��µ¥¨�¨�Ŵ Á�·��µ¦�·�Á�ºÊ°°ºÉ�Â¨³Á�È��iª¥Å�o�nµ¥�¹Ê�Ŵ
��Ŵ�µ¦¤¸­»�£µ¡�¸Ŵ¡°�Îµ�µ�Á¨¸Ê¥��¦°��¦´ªÅ�oŴ­»�£µ¡
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Â�È�Â¦�­µ¤µ¦�°¥¼nÅ�oÅ¤nÁ�}�£µ¦³Ŵ¡¹É���Á°�Å�oŴ�°��µ�
�¸Ê¥´�­µ¤µ¦��Îµ�µ�®µÁ¨¸Ê¥��¸¡��Á°�Â¨³�¦°��¦´ªÅ�oŴ
Á�oµ�¹��o°¤¼¨�nµª­µ¦�¸É�´�­¤´¥ŴÁ�¸É¥ª�´�Ŵ�µ¦�¼Â¨­»�£µ¡Ŵ
°µ®µ¦Ŵ °°��Îµ¨´��µ¥Ŵ ­¤µ�·Ŵ ¡´��n°�Ŵ ­¤»�Å¡¦Ŵ Â¨³
�¦·�µ¦­»�£µ¡Ŵ��Ŵ�µ¦Á�oµ¦nª¤�·��¦¦¤�°�­´��¤°¥nµ�
Á�}�­»� �µ¦�·�Á�ºÊ°Á°�Å°ª¸�Á°�­rÁ�}��{�®µ�¸É��Ä�
­´��¤Ä®o�µ¦¥°¤¦´��o°¥Ŵ Á�}�Ã¦��¸É�nµ¦´�Á�¸¥�Ŵ�µ¦¦´�¦¼o
�°��¼o�·�Á�ºÊ°Á°�Å°ªŴ̧�¹��o°��µ¦�ªµ¤Á�oµÄ�Ŵ�o°��µ¦�µ¦
¥°¤¦�́�µ��¦°��¦ª́Ŵ�»¤��Â¨³­�́�¤Ŵ�¼o�·�Á�ºÊ°Á°�Å°ª�̧
Á°�­rª´¥Â¦��µ�¤°�ªnµ�µ¦°¥¼n¦nª¤�´��¦°��¦´ªŴ�»¤��
Â¨³­�́�¤Ŵ�µ¦¤�̧�·­¤́¡�́�r�¸É�Ŵ̧­µ¤µ¦�¡¼��»¥�oª¥�ªµ¤
­�µ¥Ä�ŴÂ¨³¤­̧nª�¦nª¤Ä��·��¦¦¤�°��¦°��¦ª́Ŵ�»¤��Ŵ
Á�}�°��r�¦³�°��°��»�£µ¡�ª̧·��¸É��̧¦³�µ¦®�¹É�Ŵ��Ŵ¤¸
�»��nµ�µ��µ¦Å�o�Îµ�¦³Ã¥��rÄ®o�´���°ºÉ�Ŵ�µ¦¦´�¦¼o�¹�
�ªµ¤­µ¤µ¦�Ä��µ¦�Îµ�¦³Ã¥��rÁ¡ºÉ°­´��¤Ŵ�º°¥°¤¦´�
­£µ¡�µ¦�·�Á�ºÊ°Á°�Å°ª¸�Á°�­rŴ Â¨³­µ¤µ¦���·�´�·
�·��¦¦¤Å�o�µ¤���µ�Ä��µ¦�ÎµÁ�·��¸ª·�°¥nµ�¤¸�ªµ¤
­»�Ŵ£µ�£¼¤·Ä��n°Ä®oÁ�·��ªµ¤¦¼o­¹�¤�̧»��nµÄ��ª̧·�Ŵ��Ŵ¤�̧¸É
°¥¼n°µ«´¥¤´É���Ŵ�¨°�£´¥Ŵ�¸É°¥¼n°µ«´¥ŴÁ�}�®�¹É�Ä�­¸É�{��´¥
�°�­·É��ÎµÁ�}�Ä��µ¦�Îµ¦��¸ª·�Ŵ�µ¦¤¸�oµ�ŴÂ¨³�¸É°¥¼n°µ«´¥Ŵ
�¸É¤´É���Ŵ �ªµ¤�¨°�£´¥Ŵ ¤¸­·É�Âª�¨o°¤�¸É�¸Ŵ �¦µ«�µ�
¤¨¡·¬Ŵ�ÎµÄ®o�¼o�·�Á�ºÊ°Á°�Å°ª¸�Á°�­r¨�£µª³Á­¸É¥��µ�
�µ¦Á�·�Ã¦�Â�¦��o°�ŴÂ¨³Ä�oÁ�}�­�µ��¸É®¨´��°�Ŵ¡´�
�n°�Ã�¥Á�¡µ³Áª¨µÁ�È��iª¥Ŵ
� ��� ­£µ¡�¸É Á�}�°»�­¦¦��n°�µ¦¡´��µ
�»�£µ¡�¸ª·�ª´¥Â¦��µ��¸É�·�Á�ºÊ°Á°�Å°ª¸�Á°�­rÄ�
�»¤��Ŵ¡�ªnµŴÂ¤o�{��»�´��³Å¤n¤¸°µ�µ¦Â­���°�Ã¦�Ä®o
Á®È���́Á��Á®¤º°�Ä�°��̧Á�ºÉ°��µ��¦³­·��·£µ¡�°�¥µ
�oµ�Åª¦´­ŴÂ�n��Ä��»¤��¥´�¦¼o­¹��¨´ªÂ¨³Å¤n¤´É�Ä��¸É�³
°¥¼nÄ�¨oŴ�µ¦�ÎµÁ�·��ª̧·�Ä��°��¼o�·�Á�ºÊ°Á°�Å°ª�̧Á°�­rª¥́
Â¦��µ�Ä��»¤���¹�¤¸�¦³Á�È��{�®µ�¸É­Îµ�´��´��¸ÊŴ�º° 
� � ����¤¦̧µ¥Å�o�o°¥¨�Å¤n¡°�nµ¥��¼o�·�Á�ºÊ°
Á°�Å°ª¸�Á°�­rª´¥Â¦��µ�­nª�Ä®�n�¦³�°�°µ�¸¡�Îµ
�µŴ¡�ªnµŴ�µ�¡ºÊ��¸É�¦³­��{�®µ£´¥Â¨o�Ŵ�µ�¡ºÊ��¸É¡�
�{�®µ�ÎÊµ�nª¤�¸É�µŴ�µ���Á�}�®�¸Ê�o°�Á°µ�¸É�µ��Á°�
Å��Îµ�°��µ¥�»�Ŵ�o°�Á�nµ�¸É�µÄ��µ¦�Îµ�·�Ŵ�ÎµÄ®oÅ¤nÅ�o
�¨�¨·��µ¤�o°��µ¦Ŵ®¦º°Å�o¤µ�È�o°��µ¥Á¡ºÉ°Â�n�Å�Ä�o
®�¸ÊŴ�ÎµÄ®oÅ¤nÁ¡¸¥�¡°­Îµ®¦´��¦·Ã£�Ä��¦´ªÁ¦º°�Ŵ�¨»n¤�¸É

�¦³�°�°µ�¸¡¦´��oµ��´ÉªÅ��µ¦�oµ��µ�Ä�¡ºÊ��¸É¤¸�o°¥Ŵ
Á�ºÉ°��µ�Á�}�Á������Ŵ�oµÁ�}��µ�¦�́Á®¤µ�n°­¦oµ��o°�
Á�·��µ�Å�Å�¨�¦³¤µ�Ŵ�����Ŵ�·Ã¨Á¤�¦Ŵ�µ�¦µ¥Å¤n¤¸
¡µ®�³Ä��µ¦Á�·��µ�Ŵ�µ�¦µ¥¤¸�µ��ÎµÂ�nÅ¤n�n°Á�ºÉ°�Ŵ
�µ�¦µ¥�¦³�°�°µ�¸¡�oµ�µ¥Ä��»¤��Ŵ�o°��¼Â¨��Ä�
�¦°��¦´ª®¨µ¥���ÎµÄ®o¡��´��{�®µ�´��¸ÊŴ��ŴÅ¤n¤¸�µ�Ŵ
Å¤n¤¸Á�·�Ŵ�¼o�·�Á�ºÊ°Á°�Å°ª¸�Á°�­r�»���°¥¼nÄ�ª´¥�Îµ�µ�Ŵ
�µ���Á�¨¸É¥��µ�®¨�́�¦µ�ªnµ�·�Á�ºÊ°Ŵ�ÎµÄ®o¤�̧¨�¦³��
�´�¦µ¥Å�o�¸É¨�¨�Ŵ���µ�¦µ¥�¼�Ä®o°°��µ��µ�Å¤n¤¸Á�·�Ŵ 
¡¹É���Á°�Å¤nÅ�oÂ¨³�o°�¡¹É��¦°��¦ª́Á�}�£µ¦³�oµ��µ¦Á�·�Ŵ 
��Ŵ ¦µ¥Å�oÅ¤n¡°Ä�o�nµ¥Ŵ ¤¸®�¸ÊŴ ®µÁ�·�Å�oÅ¤n¡°Ä�o�nµ¥Ŵ 
Á�}�®�¸ÊŴ �¼o�·�Á�ºÊ°Á°�Å°ª¸�Á°�­r­nª�¤µ��¦³�°��Îµ�µŴ
Â¨³¦´��oµ�Ŵ¤¸¦µ¥Å�oÅ¤nÂ�n�°��µ�¦µ¥Á�·�Á�·��o°�¤µ
Ä�o�n°�Á�}��nµÂ¦�¨nª�®�oµŴ �¹�§�¼Á�È�Á�¸É¥ª�È�Îµ�µ�Ä�o
®�¸Ê�ÎµÄ®oÅ�o�nµÂ¦��¼��ªnµ���·Ŵ�ÎµÄ®o¤¸¦µ¥Å�oÅ¤n¡°�¼Â¨
­¤µ�·�Ä��¦°��¦´ªŴŴ��ŴÅ¤n¤¸Á�·�°°¤Ŵ�oµÁ�}��o°�Ä�oÁ�·�
¤µ��¹Ê��ªnµ���·Ŵ
  �����µ��µ¦¥°¤¦´�Â¨³­�´�­�»��µ�
�¦°��¦ª́�­�́�¤Ŵ�µ¦�·�Á�ºÊ°Á°�Å°ª�̧Á°�­rŴ¤�̧¨�¦³��
�´��¦°��¦´ªÂ¨³�»¤��Á�ºÉ°��µ��¼o�·�Á�ºÊ°ª´¥Â¦��µ�Ŵ
Â�nÅ¤n­µ¤µ¦�Ä�oÂ¦��µ�Å�oÁ�È¤�ªµ¤­µ¤µ¦�ŴÁ�ºÉ°��µ�
­£µ¡¦nµ��µ¥Ŵ�iª¥�n°¥Á�}�£µ¦³�¼o�¼Â¨Ŵ���µ�Ŵ¤¸�o°
�Îµ�´�Å¤n�oµ��µ��°��»¤��ŴÂ¨³¥´�Á�}�ª´¥Á�¦·�¡´��»r�¸É
�o°��¥µ¥Á�nµ¡´��»rŴ �µ��Îµ�ª��¼o�·�Á�ºÊ°Á°�­r�¸ÉÁ�d�Á�¥ 
��Á°�Â¨³¤¸£¼¤·¨ÎµÁ�µ°¥¼nÄ�Á��Á�«�µ¨Â®n�Ŵ �»���
°¥¼nÄ�ª´¥Â¦��µ�Â¨³Á�}�ª´¥Á�¦·�¡´��»rŴ ¤¸�{�®µŴ �º°Ŵ
��Ŵ­´¤¡´��£µ¡�¦°��¦´ªÂ¨³­´��¤Å¤n�¸Ŵ ��Ŵ �µ�Â¦�
­�´�­�»��µ��¦°��¦´ªŴ�µ¦�¼Â¨�¼o�iª¥Á¦ºÊ°¦´�Á�}�Áª¨µ
�µ�Ŵ Â¨³�o°�¦´�£µ¦³Ä��µ¦�¼Â¨�»�¦®¨µ��¸ÉÁ�}�
Á�È��Îµ¡¦oµŴ�ÎµÄ®oÁ�·��ªµ¤¦¼o­¹�Á�ºÉ°®�nµ¥Ŵ�µ��Îµ¨´�Ä�Ŵ
�o°Â�oŴ��Ŵ��Ä��»¤��¤¸�ªµ¤Á�}�®nª�Á¦ºÉ°��µ¦Â¡¦nÁ�ºÊ°
Á°�Å°ª¸Ŵ �µ�ª·ª´��µ�µ¦�oµ��µ¦¦´�¬µ�ÎµÄ®o�¼o�·�Á�ºÊ°¤¸
­»�£µ¡Â�È�Â¦�Ŵ­£µ¡¦nµ��µ¥���·Á®¤º°����´ÉªÅ�ŴÂ¨³
Á�ºÉ°��µ�Á�}�®¤oµ¥�´Ê�Â�n°µ¥»¥´��o°¥�ÎµÄ®o��Ä��»¤��
Á�}�®nª�ªnµ�¼o�iª¥�³Á�}��¼oÂ¡¦nÁ�ºÊ°Ä��»¤��Ŵ��Ŵ ­´��¤
¦´�Á�¸¥��¼o�·�Á�ºÊ°Á°�Å°ª¸�Á°�­rŴ �»¤��Â®n��¸Ê¦´�¦¼o�¹��µ¦
�·�Á�ºÊ°Á°�­rÄ��»¤��ŴÂ¨³¤°�ªnµŴÁ°�­rÁ�}�Ã¦��¸ÉÂ­ª�®µ
¤µÁ°��µ��µ¦­Îµ­n°�Ŵ®¦º°�µ¦Å�¦nª¤®¨´��°��´���
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®¨µ¥��Ŵ�¹É���Ä��»¤�������·�³Å�¤µ®µ­¼n�´�Ŵ°¥¼n�·� 
�oª¥�´�Ŵ �nµ�¡¹É�¡µ°µ«´¥�¹É��´�Â¨³�´�Ŵ �ªµ¤¦´�Á�¸¥�
Á°�­r�ÎµÄ®o�ªµ¤¦¼o­¹��°���Ä��»¤��Á�¨¸É¥�Å�Ŵ �µ�
­´¤¡´��£µ¡�µ�­´��¤Ŵ��Ŵ�µ�Ã°�µ­�µ�­´��¤ŴÁ¤ºÉ°�·�
Á�ºÊ°Á°�Å°ª¸�Á°�­rŴ�ÎµÄ®o�iª¥�n°¥Ŵ¤¸�¨�¦³���´��µ�Ŵ
®�´�Á�oµ�È�o°�¨µ°°�Á¡¦µ³¦nµ��µ¥Å¤nÂ�È�Â¦��Îµ�µ�
Å¤nÅ®ªŴ Ã°�µ­�³�´�Á�oµ¤µ�Îµ�µ�Â��Á�·¤¤¸�o°¥Ŵ®¦º°
�Îµ�µ��¦·¬�́�µ�Â®n��o°�¤Ä̧�¦�́¦°�Â¡�¥rŴ�¹É��o°��nµ�
�µ¦�¦ª�Á¨º°�Ŵ�¹É�Á�}��o°�Îµ��́Â¨³Á�}��ªµ¤��́ª¨Ä�Ä�
�µ¦­¤´�¦�µ�Ŵ
� � �����µ¦Á�¨¸É¥�Â�¨��°�­»�£µ¡�µ�
­£µª³Ã¦�Ŵ�µ¦�·�Á�ºÊ°Á°�Å°ª¸�Á°�­r­n��¨�¦³��Ä®o¤¸
�µ¦Á�¨¸É¥�Â�¨��°�¦nµ��µ¥Â¨³�oµ��·�Ä�Ŵ�¨°�Áª¨µŴ 
�´Ê�Â�n¦´�¦¼oªnµ�·�Á�ºÊ°¤¸�µ¦Á�¨¸É¥�Â�¨��°�¦nµ��µ¥Ŵ
�ÎÊµ®�´�¨�¨�Ŵ�°¤Â®o�Ŵ �·ª�Îµ� Î̈ÊµŴ �¤¦nª�Ŵ�oµ��·�Ä�Ŵ 
Á«¦oµ®¤°�Ŵ�·�¤µ�ŴÁ¤ºÉ°¦³¥³Áª¨µ�nµ�Å�ŴÁ�·��µ¦�¦�́�ª́ 
Á¦¸¥�¦¼oÂ¨³�ÎµÄ�Å�oŴ¤¸�ªµ¤®ª´��¸É�³°¥¼n�n°Ŵ �³®µ�o°¤¼¨
Á¡ºÉ°¦´��µ¦¦´�¬µŴ�¹É��{��»�´��¨�µ��µ¦¦´�¬µÂ¨³Å�o¦´�
�µ¦­n�Á­¦·¤­»�£µ¡Ŵ�ÎµÄ®o¦nµ��µ¥Â�È�Â¦�Â¨³�·�Ä��¸
�¹Ê��ªnµÁ�·¤ŴÂ�n¥´�¡��{�®µ�oµ�­»�£µ¡Ŵ�º°Ŵ��Ŵ�µ��µ¦
¦�́¬µ�oª¥¥µ�oµ�Åª¦­́Ŵ�»���Å�o¦�́�µ¦¦�́¬µ�oª¥¥µ�oµ�
Åª¦­́¤µ¤µ��ªnµŴ�Ŵ�eŴ¦�́¦¼oªnµ¥µ�oµ�Åª¦­́¤�̧¦³Ã¥��r�ÎµÄ®o
¦nµ��µ¥Â�È�Â¦��¹Ê�Ŵ Â�n�È¡�ªnµ¥µ�oµ�Åª¦´­¤¸�o°�Îµ�´�
�º°Ŵ�o°��·�¥µ�¨°��¸ª·�Ŵ�ÎµÄ®oÁ�ºÉ°�µ¦�·�¥µŴ�·�¥µÅ¤n 
­¤ÎÉµÁ­¤°Ŵ�ÎµÄ®o�{��»�´�¤¸¦nµ��µ¥Â�È�Â¦��¹Ê�Ŵ Å¤n�n°¥
¤¸°µ�µ¦Â­���°�Ã¦�Á°�­rÄ�¦°�Ŵ�Ŵ Á�º°�Å¤n¤¸�¼o�iª¥
®�´��o°��°�Ã¦�¡¥µ�µ¨Ŵ Â�n¤¸°µ�µ¦Á�¨¸É¥�Â�¨� 
�°�¦nµ��µ¥�¸ÉÁ�·��µ��µ¦¦´��¦³�µ�¥µ�oµ�Åª¦´­Ŵ�ÎµÄ®o
¤¸�ªµ¤¦¼o­¹�ªnµ��Á°�Â���nµ��µ���°ºÉ�Ŵ��Ŵ¦nµ��µ¥¢g��
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Abstract
Ŵ 7KHŴSUHVHQWŴTXDOLWDWLYHŴVWXG\ŴDGRSWHGŴDŴSDUWLFLSDWRU\ŴUXUDOŴDSSUDLVDOŴDVŴDQŴDSSURDFKŴWRŴLQYHVWLJDWHŴWKHŴ
PHDQLQJVŴRIŴTXDOLW\ŴRIŴOLIHŴ�42/�ŴSHUFHLYLQJŴE\ŴZRUNLQJ�DJHŴSHRSOHŴ�:$3�ŴZLWKŴ+,9�$,'6�ŴDQGŴWRŴIDFLOLWDWHŴ
WKHŴFRPPXQLW\ŴLQŴDQDO\]LQJŴVWUDWHJLHVŴWRŴHQKDQFHŴWKHŴTXDOLW\ŴRIŴOLIHŴRIŴ:$3ŴZLWKŴ+,9�$,'6ŴLQŴRQHŴPXQLFLSDOŴ
GLVWULFWŴRIŴ.KRQŴ.DHQŴ3URYLQFH�Ŵ7KHŴVWXG\ŴZDVŴFRQGXFWHGŴLQŴWKUHHŴSKDVHVŴIURPŴ-XQHŴWRŴ6HSWHPEHU�Ŵ�����ŴŴ3KDVHŴ
,ŴZDVŴFDUULHGŴRXWŴWRŴDVVHVVŴDOOŴUHOHYDQWŴFRPPXQLW\ŴLQIRUPDWLRQŴWKURXJKŴREVHUYDWLRQV�ŴLQWHUYLHZV�ŴIRFXVŴJURXSŴ
GLVFXVVLRQV�ŴDQGŴPHHWLQJVŴZLWKŴWKHŴFRPPXQLW\ŴOHDGHUVŴVXFKŴDVŴORFDOŴDGPLQLVWUDWLYHŴRIűFHUVŴDQGŴSULPDU\ŴFDUHŴXQLWŴ
SHUVRQQHO�ŴŴ3KDVHŴ,,ŴZDVŴWKHQŴIROORZHGŴWRŴDQDO\]HŴWKHŴPHDQLQJ�ŴGHWHUPLQDQWV�ŴDQGŴFXUUHQWŴOHYHOŴRIŴ42/ŴRIŴ:$3Ŵ
ZLWKŴ+,9�$,'6ŴWKURXJKŴIRFXVŴJURXSŴGLVFXVVLRQVŴDQGŴEUDLQVWRUPLQJ�ŴŴ/DVWO\�Ŵ3KDVHŴ,,,ŴZDVŴLPSOHPHQWHGŴWKURXJKŴ
VHULHVŴRIŴPHHWLQJVŴWRŴV\QWKHVL]HŴWKHŴVWUDWHJLHVŴWRŴHQKDQFHŴWKHŴTXDOLW\ŴRIŴOLIHŴRIŴ:$3ŴZLWKŴ+,9�$,'6�ŴŴ$ŴFRQWHQWŴ
DQDO\VLVŴZDVŴSHUIRUPHGŴWRŴDQDO\]HŴWKHŴGDWDŴDQGŴVXPPDUL]HGŴWKHŴVWUDWHJLHVŴIRUŴHQKDQFLQJŴWKHŴ42/ŴRIŴ:$3ŴZLWKŴ
+,9�$,'6�ŴŴ$ŴSODQŴWRŴLPSOHPHQWŴWKHŴUHVHDUFKŴűQGLQJVŴZDVŴWKHQŴGHYHORSHG�
Ŵ 5HVXOWVŴUHYHDOHGŴWKDWŴWKHŴ:$3ŴZLWKŴ+,9�$,'6ŴGHűQHGŴWKHŴTXDOLW\ŴRIŴOLIHŴDVŴDŴJRRGŴOLIHŴFRQGLWLRQ�ŴVDW�
LVIDFWLRQŴZLWKŴFXUUHQWŴOLYLQJŴVWDWXV�ŴDFFHSWDQFHŴRIŴ+,9ŴLQIHFWLRQ�ŴDQGŴDQŴDELOLW\ŴWRŴOLYHŴLQŴWKHŴFRPPXQLW\ŴZLWKRXWŴ
EXUGHQLQJŴRWKHUV�ŴŴ7KHŴ42/ŴFRPSULVHGŴRIŴűYHŴGHWHUPLQDQWVŴLQFOXGLQJ�Ŵ��ŴWKHŴHFRQRPLFŴDVSHFWŴZLWKŴWKHŴPHDQLQJVŴ
DVŴWKHŴVXIűFLHQWŴHFRQRP\ŴDQGŴHDUQLQJŴIURPŴDŴVWDEOHŴMRE�Ŵ��ŴWKHŴVRFLDOŴDVSHFWŴZLWKŴWKHŴUHŲHFWLRQŴRIŴWKHŴXQGHUVWDQG�
LQJŴDQGŴPRUDOŴVXSSRUWVŴIURPŴRWKHUV�ŴDQGŴDQŴDELOLW\ŴWRŴSDUWLFLSDWHŴLQŴVRFLDOŴDFWLYLWLHV�Ŵ��ŴDŴJRRGŴKHDOWKŴWRŴZRUNŴDQGŴ
VXSSRUWŴWKHPVHOYHV�Ŵ��ŴIHHOLQJŴRIŴVHOI�ZRUWK�ŴDQGŴ��ŴKDYLQJŴWKHLUŴRZQŴKRXVHV�ŴŴ7KHVHŴ42/ŴGHWHUPLQDQWVŴUHŲHFWHGŴ
WKHŴEDVLFŴKXPDQŴQHHGV�ŴŴ'HSULYDWLRQŴRIŴDQ\ŴFRPSRQHQWVŴZRXOGŴUHVXOWŴLQŴEDUULHUVŴWRŴWKHŴHQKDQFHPHQWŴRIŴ42/ŴRIŴ
SHRSOHŴZLWKŴ+,9�$,'6�
Ŵ 7KLVŴVWXG\ŴFRQJUHJDWHGŴWKHŴFRPPXQLW\uVŴFRRSHUDWLRQŴLQŴWHUPVŴRIŴDQDO\]LQJŴWKHŴQHHGVŴRIŴ:$3ŴZLWKŴ+,9�
$,'6ŴDQGŴV\QWKHVL]LQJŴűYHŴVWUDWHJLHVŴWRŴHQKDQFHŴWKHLUŴTXDOLW\ŴRIŴOLIHŴDVŴIROORZV�Ŵ��ŴSURPRWLQJŴWKHŴLQFRPH�Ŵ��Ŵ
HQFRXUDJLQJŴWKHLUŴVHOI�FDUH�Ŵ��ŴLPSURYLQJŴWKHŴFRQűGHQFHŴRIŴOLYLQJŴZLWKŴRWKHUVŴDQGŴSDUWLFLSDWLQJŴLQŴWKHŴFRPPXQLW\Ŵ
DFWLYLWLHV�Ŵ��ŴLQFUHDVLQJŴWKHLUŴVHOI�ZRUWK�ŴDQGŴ��ŴXSJUDGLQJŴWKHLUŴRZQŴKRXVHV�
Ŵ 7KLVŴVWXG\ŴOHGŴWRŴDŴFOHDUO\ŴGHűQHGŴWKHŴPHDQLQJVŴRIŴTXDOLW\ŴRIŴOLIHŴSHUFHLYLQJŴE\ŴWKHŴ:$3ŴZLWKŴ+,9�
$,'6ŴDQGŴWKHŴFRPPXQLW\�Ŵ$ŴFRRSHUDWLYHŴVLWXDWLRQDOŴDQDO\VLVŴIXUWKHUŴJXLGHGŴWKHŴV\QWKHVLVŴRIŴVWUDWHJLHVŴWRŴHQKDQFHŴ
WKHŴ42/ŴRIŴ:$3ŴZLWKŴ+,9�$,'6�ŴZKLFKŴZHUHŴVXLWDEOHŴIRUŴWKHŴQHHGVŴRIŴWKHŴSHRSOHŴLQŴWKHŴFRPPXQLW\�ŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴŴ

.H\ZRUGV��� FRPPXQLW\ŴSDUWLFLSDWLRQ, HQKDQFHŴWKHŴ4XDOLW\ŴRIŴ/LIH� ZRUNLQJ�DJHŴSHRSOHŴZLWKŴ+,9�$,'6
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1. ∫∑§«“¡ §«√‡√’¬ß≈”¥—∫¥—ßπ’È

1.1 ™◊ËÕ‡√◊ËÕß (Title) §«√®– —Èπ‰¥â„®§«“¡
·≈– Õ¥§≈âÕß°—∫‡π◊ÈÕÀ“„π‡√◊ËÕß ‚¥¬æ‘¡æå‰«âÀπâ“·√°
·≈–§«√¡’™◊ËÕ¿“…“Õ—ß°ƒ…°”°—∫‰«â¥â«¬

1.2 ™◊ËÕºŸâ‡¢’¬π·≈–ºŸâ√à«¡ß“π (Author and
co-worker) ∑—Èß¿“…“‰∑¬·≈–¿“…“Õ—ß°ƒ… ™ ◊ËÕºŸâ‡¢’¬π
æ√âÕ¡«ÿ≤‘°“√»÷°…“ Ÿß ÿ¥·≈–ºŸâ√à«¡ß“πÕ¬Ÿà„µâ™◊ËÕ‡√◊ËÕß ‚¥¬
‡¬◊ÈÕß‰ª∑“ß¢«“¡◊Õ   à«πµ”·Àπàß·≈– ∂“∫ —πÀ√◊Õ ∂“π∑’Ë
∑”ß“π¢ÕßºŸâ‡¢’¬π æ‘¡æå‰«â‡ªìπ‡™‘ßÕ√√∂¢ÕßÀπâ“·√°

2. √“¬ß“πº≈°“√«‘®—¬ §«√‡√’¬ß≈”¥—∫¥—ßπ’È
2.1 ™◊ËÕ‡√◊ËÕß ™◊ËÕºŸâ«‘®—¬ ºŸâ√à«¡«‘®—¬  ∂“π∑’Ë

∑”ß“π «ÿ≤‘°“√»÷°…“ Ÿß ÿ¥ ‡™àπ‡¥’¬«°—∫√Ÿª·∫∫°“√‡¢’¬π
∫∑§«“¡¢â“ßµâπ

2.2 ∫∑§—¥¬àÕ (Abstract) ¿“…“‰∑¬ ¿“…“
Õ—ß°ƒ… ‡¢’¬π —ÈπÊ „Àâ§√Õ∫§≈ÿ¡ “√– ”§—≠¢Õß‡√◊ËÕß

2.3 §” ”§—≠ (Keywords) ‡ªìπ§”À√◊Õ¢âÕ
§«“¡ —ÈπÊ ∑’Ë‡ªìπ®ÿ¥ ”§—≠¢Õß‡π◊ÈÕ‡√◊ËÕß∑— ÈßÀ¡¥√«¡°—π·≈â«
‰¡à§«√‡°‘π 5 §” Õ¬Ÿà„πÀπâ“‡¥’¬«°—π°—∫∫∑§—¥¬àÕ‡Àπ◊Õ
‡™‘ßÕ√√∂ (Foot note)

2.4 §«“¡‡ªìπ¡“·≈–§«“¡ ”§—≠¢Õßªí≠À“
°≈à“«∂÷ß°“√æ‘®“√≥“∂÷ßªí≠À“Õ¬à“ß —ÈπÊ §«“¡ ”§—≠¢Õß
ªí≠À“ °“√ ”√«®‡Õ° “√∑ ’Ë‡°’Ë¬«¢âÕß°—∫‡√◊ËÕß∑’Ë∑”Õ¬à“ß¬àÕÊ
·≈–«—µ∂ÿª√– ß§å°“√«‘®—¬ ¢Õ∫‡¢µ°“√«‘®—¬ °√Õ∫·π«§‘¥
°“√«‘®—¬

2.5 «‘∏’¥”‡π‘π°“√«‘®—¬ (Research design)
„Àâ°≈à“«∂÷ß™π‘¥¢Õß°“√«‘®—¬ °≈ÿà¡ª√–™“°√ °≈ ÿà¡µ—«Õ¬à“ß
‡§√◊ËÕß¡◊Õ «‘∏’°“√‡°Á∫√«∫√«¡¢âÕ¡Ÿ≈ (Materials and
Methods) «‘∏’«‘‡§√“–Àå¢âÕ¡Ÿ≈·≈–®√‘¬∏√√¡°“√«‘®—¬

2.6 º≈°“√«‘®—¬ (Results) √“¬ß“πº≈°“√
«‘®—¬‡ªìπ§”∫√√¬“¬ Õ“®·¬°‡ªìπÀ—«¢âÕ‡æ◊ËÕ„Àâ‡¢â“„®ßà“¬ Õ“®
¡’µ“√“ß´÷ËßµâÕß‰¡à¡’‡ âπ·π«µ—Èß∫√√®ÿ¢âÕ¡Ÿ≈ ∑ ’Ë √ÿª®“°º≈
Õ¬à“ß™—¥‡®π„ÀâæÕ‡À¡“–°—∫Àπâ“°√–¥“…„π·π«µ—Èß À—«¢âÕ
¢Õßµ“√“ßÕ¬Ÿà¥â“π∫π¢Õßµ“√“ß ·≈–§«√¡’§«“¡ ¡∫Ÿ√≥ å
‡æ’¬ßæÕ∑’Ë®–„ÀâºŸâÕà“π‡¢â“„®¢âÕ¡Ÿ≈∑’Ëπ”‡ πÕ °√≥’√Ÿª¿“æ „™â
¿“æ∂à“¬∑ ’Ë¡’§«“¡™—¥‡®π ¢π“¥‚ª °“√å¥ §”Õ∏‘∫“¬√Ÿª„Àâ„ à
‰«â„µâ√Ÿª

«“√ “√ ¡“§¡æ¬“∫“≈œ  “¢“¿“§µ–«—πÕÕ°-
‡©’¬ß‡Àπ◊Õ ‰¥â®—¥∑”¢÷Èπ‡æ◊ËÕ‡ªìπ ◊ËÕ°≈“ß¢Õß∫ÿ§≈“°√
æ¬“∫“≈·≈–ºŸâ∑’Ë‡°’Ë¬«¢âÕß „π°“√  àß‡ √ ‘¡‡º¬·æ√à§«“¡√ Ÿâ·≈–
·π«ªØ‘∫ —µ‘®“°ß“π«‘®—¬ ∫∑§«“¡«‘™“°“√·≈–°“√  àß¢à“« “√
·≈–·≈°‡ª≈’Ë¬πª√– ∫°“√≥ å∑’Ë®–‡Õ◊ÈÕª√–‚¬™πåµàÕºŸâ√—∫
∫√‘°“√æ¬“∫“≈ √«¡∑—Èß‡ √ ‘¡ √ â“ß§«“¡‡¢â“„®Õ—π¥’ ‡æ‘Ë¡æŸπ
§«“¡‡¢â¡·¢Áß∑“ß«‘™“™’ææ¬“∫“≈ ¥—ßπ—Èπ®÷ß„§√à¢Õ‡™‘≠™«π
„Àâ∑ÿ°∑ à“π∑’Ë‡ªìπÕ“®“√¬åæ¬“∫“≈ ºŸâ‡™’Ë¬«™“≠ ºŸâ„Àâ∫√‘°“√
æ¬“∫“≈·≈–ºŸâ∑’Ë ‡°’Ë¬«¢âÕß∑’Ë π„® àß‡√◊ËÕß¡“‡º¬·æ√à „π
«“√ “√π’È °Õß∫√√≥“∏‘°“√¬‘π¥’√—∫‡√◊ËÕß∑’Ë∑à“π  àß¡“·≈–¬‘π¥’
 √√À“ºŸâ‡™’Ë¬«™“≠„π‡√◊ËÕß∑’Ë∑à“π‡¢’¬π¡“„Àâ¢âÕ‡ πÕ·π– „π
°“√ª√ —∫ª√ÿßµâπ©∫ —∫„Àâ‰¥â§ÿ≥¿“æÕ¬à“ß ¡∫Ÿ√≥ å·∫∫ ‚¥¬
Õ¬Ÿà„π¢Õ∫‡¢µ¥—ßπ’È

ª√–‡¿∑¢Õß‡√◊ËÕß∑’Ë®–µ’æ‘¡æå
1. √“¬ß“πº≈°“√«‘®—¬ À√◊Õ√“¬ß“π°“√§âπ§«â“

·≈–°“√ ”√«®„π¥â“π°“√æ¬“∫“≈À√◊Õ«‘∑¬“»“ µ√ å ÿ¢¿“æ
2. ∫∑§«“¡∑“ß«‘™“°“√∑’Ë ‡°’Ë ¬«¢âÕß°—∫°“√

æ¬“∫“≈ “¢“µà“ßÊ À√◊Õ “¢“Õ◊Ëπ∑’Ë‡°’Ë¬«¢âÕß°—∫«‘™“™’æ
æ¬“∫“≈

3. ∫∑§«“¡ª√‘∑—»πå  ‚¥¬°“√»÷°…“«‘‡§√“–Àå
«‘®“√≥å∫∑§«“¡∑“ß°“√æ¬“∫“≈∑’Ëµ’æ‘¡æå·≈ â«„π«“√ “√Õ ◊Ëπ
‡æ◊ËÕ√à«¡· ¥ß§«“¡§‘¥‡ÀÁπ ´÷Ëß°àÕ„Àâ‡°‘¥§«“¡°√–®à“ß·≈–
 ¡∫Ÿ√≥å¬‘Ëß¢÷Èπ„π‡√◊ËÕßπ —ÈπÊ

4. ‡√◊ËÕßÕ◊ËπÊ ∑’Ë°Õß∫√√≥“∏ ‘°“√‡ÀÁπ ¡§«√ ‡™àπ
¢à“« “√∑’Ëπà“ π„®∑’Ë‡°’Ë¬«¢âÕß°—∫«‘™“™’æ ·≈–∫ ÿ§§≈„π«‘™“™’æ
‡ªìπµâπ

°“√‡µ√’¬¡µâπ©∫—∫
1. µâπ©∫—∫∑’Ë®– àß¡“≈ßæ‘¡æå„π«“√ “√ ¡“§¡

æ¬“∫“≈œ  “¢“¿“§µ–«—πÕÕ°‡©’¬ß‡Àπ◊Õ ‰¡à§«√‡ªìπ‡√◊ËÕß
∑’Ë‡§¬æ‘¡æå À√◊Õ°”≈ —ßÕ¬Ÿà„π√–À«à“ß°“√æ‘®“√≥“‡æ◊ËÕ≈ß
æ‘¡æå„π«“√ “√Õ◊Ëπ
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Ŵ ªµ¦­µ¦­¤µ�¤¡¥µ�µ¨²Ŵ­µ�µ£µ��³ª´�°°�� 
Á�¸¥�Á®�º°Ŵ Å�o�´��Îµ�¹Ê�Á¡ºÉ°Á�}�­ºÉ°�¨µ��°��»�¨µ�¦
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�ª�Ä®o¡¥µ�µ¨�»��nµ�Â¨³�¼o�¸ÉÁ�¸É¥ª�o°��¸É­�Ä�­n�Á¦ºÉ°�¤µ
Á�¥Â¡¦nÄ�ªµ¦­µ¦�¸ÊŴ �°��¦¦�µ�·�µ¦¥·��¸¦´�Á¦ºÉ°��¸É�nµ�
­n�¤µÂ¨³¥·��¸­¦¦®µ�¼oÁ�¸É¥ª�µ�Ä�Á¦ºÉ°��¸É�nµ�Á�¸¥�¤µÄ®o
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�¦³Á£��°�Á¦ºÉ°��¸É�³�¸¡·¤¡r
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�o���´��¦��oª�

¦¼�Â���°��µ¦Á�¦¸¥�¤�o���´�
Ŵ ��Ŵ ���ªµ¤Ŵ�ª¦Á¦¸¥�¨Îµ�´��´��¸Ê
Ŵ Ŵ ���Ŵ �ºÉ°Á¦ºÉ°�Ŵ �7LWOH�Ŵ�ª¦�³­´Ê�Å�oÄ��ªµ¤
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