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ÓÈ��llk�°Ò°�ËäË�>��@�Ò�ÓÈ�¹º�
mËS²Óº°�Ò�}SËäÓÒ«�m� È�äº°ÁËSË
ÈääºÓÒ«�>��@���º}ÈÏÈÓÈ�mºÏäºÎ�
Óº°�
�ãº}Èã
Óº�º�º}Ò°ãËÓÒ«�¹º�

mËS²Óº°�Ò�}SËäÓÒ«�°�Ò°¹ºã
ÏºmÈ�
ÓÒËä�¹Sºmº�«�Ë®�Ò�ã©�}ÈÓ�ÒãË�
mËSÈ� m� ­Ë°}ºÓ�È}�Óºä� SËÎÒäË
kvl� >��@��z� °ºÎÈãËÓÒ��� äË�º�
äº�ÒÁÒ}È�ÒÒ�¹ºmËS²Óº°�Ò�°�¹º�
äº�
�� ÒÓ���ÒSºmÈÓÓº�º� Ò�ãº®
°�ÈÓ�ÈS�Óº�º� kvl� ãº}Èã
Óº�º
ÈÓº�Óº�º�º}Ò°ãËÓÒ«�ÓË�¹ºÏmºã«�
Ë��¹ºã��Ò�
��ã�­ÒÓ��ãÒ�º�SÈÁÒ�
�Ë°}º�º�mºÏ�Ë®°�mÒ«�­ºã
	Ë���Ëä
ÓË°}ºã
}º� ÓÈÓºäË�Sºm�� w�º� ÓÈ�
}ãÈ�©mÈË�� °ËS
ËÏÓ©Ë� º�SÈÓÒ�Ë�
ÓÒ«�ÓÈ�­ºãËË�	ÒSº}ºË�Ò°¹ºã
Ïº�
mÈÓÒË�äË�º�È��ã«�ÓÈÓº°�S�}��SÒ�
SºmÈÓÒ«�º­�Ë}�ºm���È}Òä�º­SÈÏºä�
°ãË��Ë��º�äË�Ò�
����º�¹º°}ºã
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ÒÓ�ËÓ°ÒmÓº°�
� ãº}Èã
Óº�º� ÈÓº��
Óº�º�º}Ò°ãËÓÒ«�¹ºmËS²Óº°�Ò�}SÒ�
°�Èããºm�äË�Èããºm�Ò�¹ºã�¹Sºmº��
ÓÒ}ºm�°��Ë°�mËÓÓ©ä�º­SÈÏºä�ÏÈ�
mÒ°Ò�� º�� �È}Ò²� ¹ÈSÈäË�Sºm�� }È}
mSËä«�º}Ò°ãËÓÒ«��mãÈÎÓº°�
�mºÏ�
��²È��mÒ��º}Ò°ã«Ëäº�º�äÈ�ËSÒÈãÈ
Ò�ÈÓº��}È�º�ÓÈ«�SÈÏÓº°�
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�7LS�,QGXFHG�1DQR(OHFWUR	
0(FKDQLFDO�02GLILFDWLRQ�

{�ºSº®�SÈ°¹Sº°�SÈÓËÓÓ©®�äË�
�º�� äº�ÒÁÒ}È�ÒÒ� ¹ºmËS²Óº°�Ò
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º­SÈÏºä��ÓÒ�ÈÓº�ÓºË�º}Ò°ãËÓÒË�
ÓÒ��¹Sº�ÈSÈ¹©mÈÓÒË��ÓË�¹ºÏmºã«�
����º°�Ò�
� ²ÈSÈ}�ËSÓº®��ã�­ÒÓ©
äº�ÒÁÒ}È�ÒÒ�¹ºmËS²Óº°�Ò�­ºãËË
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�ºSÈ�¹Sº�Ë°°È�ÓÈÓºº}Ò°ãËÓÒ«�
z °��Ë°�mºmÈÓÒË� Ë°�Ë°�mËÓÓº�º
º}°Ò�È�ÓÈ�¹ºmËS²Óº°�Ò��}º�º�
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z mºÏÓÒ}ÓºmËÓÒË� äË²ÈÓÒ�Ë°}Ò²
ÓÈ¹S«ÎËÓÒ®� m� º­�ËäË� ¹ºã��
¹Sºmº�ÓÒ}È� ¹SÒ� SÈÏSÈ°�ÈÓÒÒ
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Ó©äÒ� äºã«SÓ©äÒ� º­�ËäÈäÒ
°Èäº�º�¹ºã�¹Sºmº�ÓÒ}È�Ò�Ë�º
º}°Ò�È�>��@�

z äÈãÈ«� SÈÏÓº°�
� ¹º�ËÓ�ÒÈãºm
�P���{���}º�ºSÈ«��SÈ�Ò�ÒºÓÓº
Ò°¹ºã
Ï�Ë�°«� ¹SÒ� ÈÓº�Óºä
º}Ò°ãËÓÒÒ���È}�}È}�¹SÒ�¹ºm©�
	ËÓÒÒ� ÓÈ¹S«ÎËÓÒ«� º}Ò°ãË�
ÓÒË�¹Sº²º�Ò��}SÈ®ÓË�ÓË�°�º®�
�Òmº�Ò����º��ãÈmÓºË��º�°��°��
m�Ë�� mº°¹SºÒÏmº�Òäº°�
� SË�
Ï�ã
�È�ºm�äº�ÒÁÒ}È�ÒÒ�
iã«��äËÓ
	ËÓÒ«�mãÒ«ÓÒ«�ª�Ò²

ãÒäÒ�ÒS���Ò²�ÁÈ}�ºSºm�ÓÈ�º°�
ÓºmË��Ë�Èã
Óº�º�ÈÓÈãÒÏÈ�ÁÒÏÒ}º�
²ÒäÒ�Ë°}Ò²�È°¹Ë}�ºm�kvl�ãÒ�º�
�SÈÁÒÒ�ÓÈäÒ�­©ã�¹SË�ãºÎËÓ�äË�
�º��º�ÓºmSËäËÓÓº®�äË²ÈÓÒ�Ë°}º®
äº�ÒÁÒ}È�ÒÒ�Ò�ÈÓº�Óº�º�º}Ò°ãË�
ÓÒ«� ¹ºmËS²Óº°�Ò� ¹SÒ� ¹ºm©	ËÓ�
Ó©²� ¹º�ËÓ�ÒÈãÈ²�� 7,1(	0(02
�7LS� ,QGXFHG� 1DQR(OHFWUR	0(�
FKDQLFDO�02GLILFDWLRQ��� iS��ÒäÒ
°ãºmÈäÒ��SËÈãÒÏºmÈÓ�äË�º��º�Óº�
mSËäËÓÓº�º�¹SÒãºÎËÓÒ«�ÓÈ�Ò�ã�
}È}� äË²ÈÓÒ�Ë°}º�º�� �È}� Ò� ªãË}�
�SÒ�Ë°}º�º� ÓÈ¹S«ÎËÓÒ®�� ��S«�
äºË�¹Sº�ÈSÈ¹©mÈÓÒË��¹ºmËS²Óº�
°�Ò� Ò�ãº®�kvl� mº� mSËä«� Sº°�È
ÈÓº�Óº�º�º}°Ò�È��°�º�Óº®�°�ºSº�
Ó©��°ÓÒäË��Ë°�Ë°�mËÓÓ©®�º}°Ò��°
¹ºmËS²Óº°�Ò�¹ºã�¹Sºmº�ÓÒ}È��È�°
�S��º®�°�ºSºÓ©��¹ºÏmºãÒ��°Ó«�

äË²ÈÓÒ�Ë°}ÒË�ÓÈ¹S«ÎËÓÒ«�m�º­��
ËäË�ÈÓº�Óº�º�º}°Ò�È�
sÈ� SÒ°�� ��� È� �°ä�� �Ë�mËS���

°�ºSºÓ�� º­ãºÎ}Ò�� ¹SË�°�ÈmãËÓº
kvl�ÒÏº­SÈÎËÓÒË� ¹ºmËS²Óº°�Ò
*D$V�°�ãÒÓÒ«äÒ�ãº}Èã
Óº�º�ÈÓº��
Óº�º�º}Ò°ãËÓÒ«�¹SÒ�º�ÒÓÈ}ºmºä
ÈÓº�Óºä� ¹º�ËÓ�ÒÈãË� ���� {��� Óº
¹SÒ�SÈÏÓ©²�¹SÒÎÒäÓ©²�°ÒãÈ²�Ò��
ã©� }� ¹ºmËS²Óº°�Ò�� {Ò�Óº�� ��º
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äÈ}°ÒäÈã
ÓÈ«�m©°º�È�ãÒÓÒÒ�ãº�
}Èã
Óº�º� ÈÓº�Óº�º� º}Ò°ãËÓÒ«� m
���Óä��º°�Ò�ÈË�°«�m�SËÎÒäË�º��
ÓºmSËäËÓÓº�º��ÈSÈ¹ÈÓÒ«�¹ºmËS²�
Óº°�Ò��ãÒÓÒ«�{���{�ª�ºä�SËÎÒäË
Ò�ãÈ�¹SÒÎÒäÈË�°«�}�¹ºmËS²Óº°�Ò
°��È}º®�°Òãº®����º�Ò�­ËÏ�¹SÒãº�
ÎËÓÒ«� ÒÓÒ�ÒÒS���Ë�º� ¹º�ËÓ�
�ÒÈãÈ�ÓÈ�¹ºmËS²Óº°�Ò�°ºÏ�È��°«
}ÈÓÈm}Ò��ã�­ÒÓº®��Û��Óä��SÈÏS��
	È«�¹SÒ�ª�ºä�°ãº®�Ë°�Ë°�mËÓÓº�º
º}°Ò�È��{�ºSÈ«�¹º�m©°º�Ë�ãÒÓÒ«
v�­©ãÈ�¹ºã��ËÓÈ��È}ÎË�¹SÒ�¹º�
m©	ËÓÓº®�¹SÒÎÒäÓº®�°ÒãË��º��
ÓÈ}º�ª�º®�°Òã©�ÓË�²mÈ�Òãº�­©��ã«
äË²ÈÓÒ�Ë°}º®�äº�ÒÁÒ}È�ÒÒ�¹º�
mËS²Óº°�Ò�m�º�°��°�mÒË�ÈÓº�Óº�º
¹º�ËÓ�ÒÈãÈ���È}Òä�º­SÈÏºä��ãÒÓÒ«
k��¹ºã��ËÓÓÈ«�m�°�ÈÓ�ÈS�Óºä�SË�
ÎÒäË�ãº}Èã
Óº�º�ÈÓº�Óº�º�º}Ò°�
ãËÓÒ«��º}ÈÏÈãÈ°
�m�����Ò�����SÈÏÈ
äËÓ
	Ë�¹º�m©°º�Ë���Ëä�ãÒÓÒÒ�{�Ò
v�°ºº�mË�°�mËÓÓº��SÒ°�����­��°ä�
�Ë�mËS���� °�ºSºÓ�� º­ãºÎ}Ò��
|�ËmÒ�Óº����º�ÓË�º°�È�}ºä�ª�º®
�Ë²ÓÒ}Ò�äºÎÓº�°�Ò�È�
��º°�È�º��
Óº� ­ºã
	ºË� º�Óº	ËÓÒË� 	ÒSÒ�
ÓÈ�m©°º�È�ãÒÓÒÒ��a�����|�ÓÈ}º�
}È}�¹º}ÈÏÈãÒ�ª}°¹ËSÒäËÓ�©���È�
}º®�°¹º°º­�äº�ÒÁÒ}È�ÒÒ��ÈSÈÓ�
�ÒSºmÈÓÓº� SÈÏSËÏÈË�� ¹SÒ¹ºmËS²�
Óº°�Ó©®�°ãº®��º����Óä�m��ã�­ÒÓ��

3Ò°�����È��°ä���Ë�mËS����°�ºSºÓ�
º­ãºÎ}Ò�� ¹SË�°�Èmã«Ë�� �º¹º�SÈ�
ÁÒ�Ë°}ºË�ÒÏº­SÈÎËÓÒË� �º�Ë}�ãº�
}Èã
Óº�º�ÈÓº�Óº�º�º}Ò°ãËÓÒ«�¹º�
mËS²Óº°�Ò�Ò�ãº®�kvl�¹SÒ�¹SÒãº�
ÎËÓÒÒ� }� °Ò°�ËäË� Ò�ãÈÛ¹ºmËS²�
Óº°�
� �º¹ºãÓÒ�Ëã
Óº�º� ÈÓº�Óº�º
¹º�ËÓ�ÒÈãÈ� �º�� �� �º� ���{���zÈ}
mÒ�Óº�ÒÏ�SÒ°�����­��°ä���Ë�mËS���
°�ºSºÓ��º­ãºÎ}Ò���m©°º�È�ãÒÓÒÒ
ãº}Èã
Óº�º� ÈÓº�Óº�º� º}Ò°ãËÓÒ«
°º°�ÈmÒãÈ� ­ºãËË� ��� Óä�� ¹SÒ�Ëä
�ã«�ª�Ò²�ãÒÓÒ®�ÓÈ­ã��ÈË�°«�²º�
Sº	ËË�º�Óº	ËÓÒË�	ÒSÒÓÈ�m©°º�
�È��a������º��ËãÈË��Ë�º�¹ËS°¹Ë}�Òm�
Ó©ä��ã«�°ºÏ�ÈÓÒ«�ÓÈÓº°�S�}��S�

sÈ�º°ÓºmË��Ë�Èã
Óº�º�ÈÓÈãÒÏÈ
ÏÈmÒ°Òäº°�Ò� m©°º�©� ãÒÓÒ®� ãº�
}Èã
Óº�º� º}Ò°ãËÓÒ«� º�� mSËäËÓÒ
¹SÒãºÎËÓÒ«� º}Ò°ã«��Ë�º� ÓÈ�
¹S«ÎËÓÒ«�}�ÏºÓ���­©ãÒ�º¹�ÒäÒ�
ÏÒSºmÈÓ©� ¹ÈSÈäË�S©� �ã«� °ºÏ�È�
ÓÒ«� ÓÈ� ¹ºmËS²Óº°�Ò� äË�Èããºm� Ò
¹ºã�¹Sºmº�ÓÒ}ºm� ÓÈÓºSÈÏäËS�

Ó©²�°�S�}��S�>������@��{ºÏäºÎÓº�
°�Ò�ÓÈÓºãÒ�º�SÈÁÒÒ�ÏºÓ�ºä�kvl
¹SºÒãã�°�SÒS�Ëä� ÓÈ� ¹SÒäËSË
°ºÏ�ÈÓÒ«�ªãË}�SºÓÓº�º�ÒÓ�ËSÁË�
SºäË�SÈ�¹º°SË�°�mºä�SÈÏSËÏÈÓÒ«
¹Sºmº�«�Ë�º�°ãº«��Ë�ËSºª¹Ò�È}�
°ÒÈã
Óº®�°Ò°�Ëä©�ÓÈ�º°ÓºmË��Ë�
�ËSº°�S�}��S©�$O*D$V�*D$V��sÈ
SÒ°�����È��°ä���Ë�mËS����°�ºSºÓ�
º­ãºÎ}Ò��¹º}ÈÏÈÓº��º¹º�SÈÁÒ�Ë�
°}ºË� ÒÏº­SÈÎËÓÒË� ¹ºmËS²Óº°�Ò
$O*D$V��Ë�ËSº°�S�}��S©�°��Ë®°��
m���Òä� ÓÈÓº°�S�}��SÓ©ä� º­��
Ë}�ºä�� ¹ºã��ËÓÓº�º� kvl�ãÒ�º�
�SÈÁÒË®�°�SÈ�Ò�°ºä�mÓ��SËÓÓË�º
}ÈÓÈãÈ�º}ºãº�����Óä��kÓÈãÒÏ�¹Sº�
ÁÒã«� SËã
ËÁÈ� m�ºã
� ãÒÓÒÒ� k{
¹º}ÈÏ©mÈË�����º��ÒªãË}�SÒ�Ë°}ÒË
º}°Ò�Ó©Ë�ãÒÓÒÒ�ÓÈ�¹ºmËS²Óº°�Ò
ÒäË��� �ºã�ÒÓ��ÓË� ­ºãËË� ���Óä
�SÒ°�����­��°ä���Ë�mËS����°�ºSºÓ�
º­ãºÎ}Ò��� �ËSÒº�� º°�Òãã«�Ò®
kÈSºÓºmÈÛrºäÈ� �'%  ������ã��
ÏÈSË�Ò°�SÒSºmÈÓÓ©Ë�m��ÈÓÓºä�ÒÓ�
�ËSÁËSºäË�SË�� °ºº�mË�°�m�Ë�� ªÁ�
ÁË}�ÒmÓºä��SÈ�Ò�°��m����Óä��v�ºã
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� SÈ­º���� �Ëä¹Ë�
SÈ��S��ÒÓ�ËSÁËSºäË�SÈ�¹º��Ò�ÓÈ
¹ºS«�º}���º����z��>��@�

~È}ã
�ËÓÒË
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ÏÈ}ºÓºäËSÓº°�Ò�ãº}Èã
Óº�º�ÈÓº��
Óº�º�º}Ò°ãËÓÒ«�¹ºmËS²Óº°�Ë®��Ò�
�ÈÓÈ��}SËäÓÒ«�Ò�ÈS°ËÓÒ�È��ÈããÒ«
m� È�äº°ÁËSÓ©²� �°ãºmÒ«²� ¹º�
ÏºÓ�ºä�È�ºäÓº�°Òãºmº�º�äÒ}Sº�
°}º¹È�� |­ÓÈS�ÎËÓº� °��Ë°�mºmÈ�
ÓÒË� }SÒ�Ò�Ë°}º�º� ÏÓÈ�ËÓÒ«� º��
Óº°Ò�Ëã
Óº®�mãÈÎÓº°�Ò�mºÏ��²È
��������ÓÒÎË�}º�ºSº�º�ÓË�¹SºÒ°�
²º�Ò�� ÈÓº�Óº�º� º}Ò°ãËÓÒ«� �ÈÎË
�ã«�­ºã
	Ò²�mSËäËÓ�¹SÒãºÎËÓÒ«
º}Ò°ã«��Ë�º�¹º�ËÓ�ÒÈãÈ�m����{�
�º}ÈÏÈÓº� ÓÈ°©�ËÓÒË� Sº°�È� º}�
°Ò�Óº®�ãÒÓÒÒ�¹SÒ�¹Sº}Ò°ãËÓÒÒ
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ÎÁÍÀSÓÆÅÍÈß�È�ÎÏÎÇÍÀÍÈß�ÇSÈÒÅËÜÍÛÕ�
ÎÁÚÅÊÒÎÂ
sºäËS�¹SºË}�È�������������

�º��¹SË�°�ÈmãËÓÒ«�º��Ë�È������

�Sº�Ë°°�º­��ËÓÒ«�Ò°°ãË�ºmÈãÒ�m�¹°Ò²ºÁÒ²Ò�Ë°}Ò²�ª}°¹Ë�
SÒäËÓ�È²�m�ÏÈ�È�È²�º­ÓÈS�ÎËÓÒ«�Ò�º¹ºÏÓÈÓÒ«�ÁºSä©��Ë°�È�m
¹SÒ°��°�mÒÒ��º¹ºãÓÒ�Ëã
Ó©²�º­�Ë}�ºm��iã«�m©«mãËÓÒ«�mºÏSÈ°�
�Óº®�ÏÈmÒ°Òäº°�Ò�º­��ËÓÒ«�Ò°°ãË�ºmÈÓÒ«�¹Sºmº�ÒãÒ�ÓÈ�mÏSº°�
ã©²�ÓÈ­ã��È�Ëã«²�Ò��Ë�«²�SÈÏÓ©²�mºÏSÈ°�Ó©²��S�¹¹�

{� ÏÈ�È�È²� �Ò¹È� }SÈ��ÒÓ��ªÁÁË}�� ��²��	ËÓÒË� mº°¹SÒ«�Ò«
�Ë°�È��º}S�ÎËÓÓº�º��º¹ºãÓÒ�Ëã
Ó©äÒ�º­�Ë}�ÈäÒ��Ò°°ãË�ºmÈãÒ
°¹º°º­Óº°�
� ÓÈ­ã��È�ËãË®� º¹SË�Ëã«�
� ºSÒËÓ�È�Ò�� �Ë°�ºmº�º
}ºã
�È��ÈÓ�ºã
�È��º}S�ÎËÓÓº�º�ªãËäËÓ�ÈäÒ�SÈÏÓº®�ÁºSä©�ÓÈ
SÈÏãÒ�Óºä���ÈãËÓÒÒ�º���Ë°�È��zSÒ�ËSÒËä�º­��ËÓÒ«�­©ãº�°�ÎË�
ÓÒË��ºSäºÏÓ©²�ÏºÓ���� Ë��º­ãÈ°�Ò��m�¹SË�ËãÈ²�}º�ºSº®�ÓÈ­ã��È�
ãº°
��²��	ËÓÒË�º¹ºÏÓÈÓÒ«��Ë°�ºmº�º�°�Òä�ãÈ��È��È}ÎË��mËãÒ�Ë�
ÓÒË�º°�Sº�©�ÏSËÓÒ«���º}ÈÏÈÓº����º�m�SËÏ�ã
�È�Ë��ãÒ�Ëã
Óº®��SË�
ÓÒSºm}Ò�mÏSº°ã©²�ÓÈ­ã��È�ËãË®��ºSäºÏÓ©Ë�ÏºÓ©�°�ÎÈ��°«��º
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¹SË�ËãÈ��º­�°ãºmãËÓÓº�º�º¹�Ò�Ë°}º®�Á�Ó}�ÒË®�SÈ°°Ë«ÓÒ«��j°�
°ãË�ºmÈÓÒË� ÏÈmÒ°Òäº°�Ò� }SÈ��ÒÓ��ªÁÁË}�È� º�� SÈÏãÒ�Ó©²� ²È�
SÈ}�ËSÒ°�Ò}�}È}�°Èäº�º�°�Òä�ãÈ���È}�Ò��º¹ºãÓÒ�Ëã
Ó©²�º­�Ë}�
�ºm�¹ºÏmºãÒãº�°�ËãÈ�
�¹SË�¹ºãºÎËÓÒË�º��ºä����º�}SÈ��ÒÓ��ªÁ�
ÁË}��Û�ª�º�¹Sº«mãËÓÒË�Á�Ó}�ÒºÓÒSºmÈÓÒ«�°Èä©²�m©°º}º�È°�º��
Ó©²�¹Sº°�SÈÓ°�mËÓÓ©²�ªãËäËÓ�ºm��º°��Ë°�mã«��Ò²�¹ËSmÒ�Ó��
ÁÒã
�SÈ�Ò�� ÒÏº­SÈÎËÓÒ«�� �È}ÒäÒ� ªãËäËÓ�ÈäÒ� «mã«��°«� �È}
ÓÈÏ©mÈËä©Ë��Ë�Ë}�ºS�¹ºãº°©�Ò�}SÈ«�

lº�Ëã
Ó©Ë�ª}°¹ËSÒäËÓ�©�¹º}ÈÏÈãÒ�°ºº�mË�°�mÒË��ËºSË�Ò�
�Ë°}Ò²�Ò�ª}°¹ËSÒäËÓ�Èã
Ó©²�äÈ°}ÒSºmº�Ó©²�}SÒm©²��º¹Ò°©�
mÈ��Ò²��²��	ËÓÒË�mº°¹SÒ«�Ò«��Ë°�ºmº�º�°�Òä�ãÈ�m�ÏÈmÒ°Òäº�
°�Ò�º��SÈ°°�º«ÓÒ«��º�º}S�ÎÈ��Ò²�º­�Ë}�ºm��iÒÓÈäÒ}È�ÒÏäË�
ÓËÓÒ«�²ÈSÈ}�ËSÒ°�Ò}��Ë�Ë}�ºSÈ�¹ºãº°©�­©ãÈ�ÒÏ��ËÓÈ�m�²º�Ë��SË�
ÓÒSºm}Ò��r©ãº�¹º}ÈÏÈÓº����º�m�²º�Ë��SËÓÒSºm}Ò��mËãÒ�ÒmÈË�°«
ÒÏ­ÒSÈ�Ëã
Óº°�
�}�¹SË��«mã«Ëäºä��°�Òä�ã����Sº°�SÈÓ°�mËÓÓº�
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ãËË�m©°º}º�È°�º�Óº®��Èä¹ãÒ���È�ËË��mËãÒ�ÒãÈ°
��v�mÒ��m�m©°º�
}º�È°�º�Ó��� º­ãÈ°�
� °ºº�mË�°�m�Ë�� �mËãÒ�ËÓÒ�� º°�Sº�©� ÏSË�
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°ºÏSËãÒ�°�S�}��S©�äºÏ�È����È°�m���ÒË�m�m©¹ºãÓËÓÒÒ�ª�º®�ÏSÒ�
�Ëã
Óº®�ÏÈ�È�Ò�

{ãÒ«ÓÒË�°ãºÎÓº°�Ò�ª}°¹ËSÒäËÓ�Èã
Óº®�¹Sº�Ë��S©�Ò°°ãË�
�ºmÈãÒ�¹SÒ�m©¹ºãÓËÓÒÒ�ÏÈ�È�Ò�SÈÏãÒ�ËÓÒ«�ÓÈ¹SÈmãËÓÒ«�°äË�
�ËÓÒ«�m�°�Òä�ãË�{ËSÓ
ËSÈ��È��È}ÎË��ã«�ÏÈ�È�Ò�}SÈ��ÒÓ��ªÁÁË}�
¹SÒ� Ò°¹ºã
ÏºmÈÓÒÒ� SÈÏãÒ�Óº�º� ÓÈ­ºSÈ� �º¹ºãÓÒ�Ëã
Ó©²� ªãË�
äËÓ�ºm�m�º�Óºä�º¹©�Ë��j°¹ºã
ÏºmÈÓÒË�­ºã
	º�º�ÓÈ­ºSÈ�°�Òä��
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sÖÙÚÖÉÓÖÙã�ÖËáÎÍÑÕÎÕÕÖÎ�ÐÊÙÎÍÊÕÑÎ�ÁÞÎËÕÖ�ÔÎÚÖÍÑÞÎÙ´ÑÜ�´ÖÔÑÙÙÑÒ�×Ö�Ù×ÎÝÑÊÓãÕÖÙÚÉÔ����������������
���������������Ñ�uns�×Ö�ÕÊ×SÊÌÓÎÕÑå���������oÊÕÖÚÎÜÕÖÓÖ�ÑÉ��Ì�qÎÕÐÎÕÙ´ÖÔ��ÖÙÁÍÊSÙÚÌÎÕÕÖÔ�ÁÕÑÌÎSÙÑÚÎ�
ÚÎ���¸���ÑåÕÉ��������

qÖÌÎÙÚ´Ê�ÐÊÙÎÍÊÕÑÉ

���pË�ÖÚ´SâÚÑÑ�×ÖÍ�ÖÚÖÌ´Ñ�ËÊ´ÊÓÊÌSÖÌ�Ñ�ÔÊ�ÑÙÚSÖÌ�×Ö�ÕÊ×SÊÌÓÎÕÑå���������oÊÕÖÚÎÜÕÖÓÖ�ÑÉ��Ì�ÙÖÖÚÌÎÚÙÚÌÑÑ�Ù�×SÑ´ÊÐÖÔ�nÑÕÑ�
ÙÚÎSÙÚÌÊ�ÖËSÊÐÖÌÊÕÑÉ�Ñ�ÕÊÁ´Ñ�3v�Æ �����ÖÚ���������� fÖ²Ó��×SÖÛ��tÉÑSÖË��� n�

���pË�ÖËÎÙ×ÎÞÎÕÕÖÙÚÑ�ÁÞÎËÕÖÒ�ÓÑÚÎSÊÚÁSÖÒ�Ñ�ÓÊËÖSÊÚÖSÕÖÒ�ËÊÐÖÒ�×SÖÝÎÙÙÊ�×ÖÍ�ÖÚÖÌ´Ñ�Ìâ×ÁÙ´ÕÑ´ÖÌ�×Ö�Ù×ÎÝÑÊÓãÕÖÙÚÑ��������̧
�nÑ´SÖÙÑÙÚÎÔÕÊÉ�ÚÎÜÕÑ´Ê�� fÖ²Ó��×SÖÛ��mÀÞÑÕÑÕ�d� d�

���pË�ÖËÎÙ×ÎÞÎÕÕÖÙÚÑ�ÁÞÎËÕÖÒ�ÓÑÚÎSÊÚÁSÖÒ�Ñ�ÓÊËÖSÊÚÖSÕÖÒ�ËÊÐÖÒ�×SÖÝÎÙÙÊ�×ÖÍ�ÖÚÖÌ´Ñ�ÑÕÏÎÕÎSÖÌ��ËÊ´ÊÓÊÌSÖÌ�Ñ�ÔÊ�ÑÙÚSÖÌ�×Ö�ÕÊ�
×SÊÌÓÎÕÑå��oÊÕÖÚÎÜÕÖÓÖ�ÑÉ�� fÖ²Ó��×SÖÛ��eÖSÊÉÝÎËÑÞ�b� b���×SÖÛ��bÙÚÉÜÖË�n� d�

���pË�ÖËÎÙ×ÎÞÎÕÕÖÙÚÑ�ÓÊËÖSÊÚÖSÕÖÒ�ËÊÐÖÒ�×SÖÝÎÙÙÊ�×ÖÍ�ÖÚÖÌ´Ñ�ÑÕÏÎÕÎSÖÌ��ËÊ´ÊÓÊÌSÖÌ�Ñ�ÔÊ�ÑÙÚSÖÌ�×Ö�ÕÊ×SÊÌÓÎÕÑå��oÊÕÖÚÎÜ�
ÕÖÓÖ�ÑÉ�� fÖ²Ó��×SÖÛ��qÉSÜÖÔÎÕ²Ö��� o�
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fÖ²Ó��×SÖÛ��tÉÑSÖË��� n�

���bÕÊÓÑÐ�ÍÎÒÙÚÌÁåàÎ�Ö�×ÎSÎÞÕÉ�Ù×ÎÝÑÊÓÑÐÊÝÑÒ�×ÖÍ�ÖÚÖÌ´Ñ�ÑÕÏÎÕÎSÖÌ�×Ö�Ù×ÎÝÑÊÓãÕÖÙÚÉÔ��������Ñ��������Ñ�ÌâSÊËÖÚ´Ê�SÎ´Ö�
ÔÎÕÍÊÝÑÒ�×Ö�Î�Ö�ÙÖÌÎSßÎÕÙÚÌÖÌÊÕÑå� fÖ²Ó��×SÖÛ��tÉÑSÖË��� n���×SÖÛ��sÖÓÖÔÖÕÖË�b� d�
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���3ÊÐÕÖÎ�

bÍSÎÙ���������� Ì��qÎÕÐÉ��ÀÓ��lSÉÙÕÉÈ������eÖÙÀÕÑËÎSÙÑÚÎÚ��²ÖS×ÀÙ�Å �����Ò�äÚÉÏ��²ÉÛÎÍSÉ
nÑ²SÖäÓÎ²ÚSÖÕÑ²Ñ��ÐÉË��²ÉÛ��×SÖÛ��qÎÞÎSÙ²ÉÈ�3� n��

tÎÓÎÛÖÕ�ÍÓÈ�Ù×SÉËÖ²�·����������������ÍÖÝ��bËÎSÑÕ�jÌÖSã�bÓÎ²ÙÉÕÍSÖËÑÞ

uÞÎÕâÎ�ÙÎ´SÎÚÊSÑ�unl�×Ö�Ù×ÎÝÑÊÓãÕÖÙÚÉÔ��������������������������������×SÖÛ��sÖSÖ´ÑÕ�d� s��
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uns�×Ö�ÕÊ×SÊÌÓÎÕÑå���������oÊÕÖÚÎÜÕÖÓÖ�ÑÉ���ÍÖÝ��lÊÐÊ´�lÊÐÊ´ÎÌÑÞ�b� i�
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/DQG\VKHY�$� 9���/DYUHQWMHY�$� $���/DQG\VKHY�9� $��5HVHDUFK�&RQ�
FHQWUDWLRQ�+HWHURJHQHLW\�LQ�$OOR\V�6L����*H�������������������������������������

7R�PHWKRG� HOHFWURQ�SUREH� WKH� DQDO\VLV� FRQFHQWUDWLRQ� KHWHUR�
JHQHW\�LV�LQYHVWLJDWHG�LQ�D�VROLG�VROXWLRQ�RI�VWUXFWXUH�6L����*H�����GH�
SHQGLQJ�RQ�D�ZD\�RI�LWV�SUHSDUDWLRQ��FU\VWDOOL]DWLRQ�IURP�OLTXLG��SUHVV�
LQJ�RI�D�SRZGHU�RI�DQ�DOOR\��]RQH�PHOWLQJ��PHFKDQLFDO�DOOR\LQJ���,W�LV
DVWDEOLVKHG��WKDW�LQ�DOOR\V�JUDLQV�ZLWK�WZR�SULPDU\�FRQFHQWUDWLRQ�RI
WKH�EDVLF�FRPSRQHQWV�RI�DQ�DOOR\�DUH�IRUPHG��/DZV�DQG�SDUDPHWHUV
RI�GLVWULEXWLRQ�RI�FRQFHQWUDWLRQ�RI�FRPSRQHQWV��D�GLVSHUVLRQ��DV\P�
PHWU\��DQ�H[FHVV��H[SHFWHG�YDOXH��DUH�GHWHUPLQHG�GHSHQGLQJ�RQ�D�ZD\
RI�SUHSDUDWLRQ��7KH�KLJKHVW�KRPRJHQHLW\�WKH�DOOR\V�UHFHLYHG�E\�]RQH
PHOWLQJ�DQG�PHFKDQLFDO�DOOR\LQJ�

6KHJORY�'� 9���5RG\DNLQD�(� (���/DW\VKHY�$� 9��DQG�$VHHY�$� /��
1HZ�6FRSH�RI�$)0�7LS�,QGXFHG�1DQROLWKRJUDSK\ ��������������������������

7KH�DGYDQFHG�$)0�WLS�LQGXFHG�QDQRHOHFWUR�PHFKDQLFDO�PRGL�
ILFDWLRQ�WHFKQRORJ\��7,1(	0(02��LV�GHYHORSHG�WR�UHDOL]H�WKH�SULQ�
FLSOH�QHZ�VFDOH�RI�PRGLILFDWLRQ�GHSWK��XS�WR�����QP��IRU�PDQXIDF�
WXULQJ�HOHFWURQLF�DQG�PHFKDQLF�QDQRGHYLFHV��7KH�QRYHO�PHWKRG�RI
$)0�WLS�LQGXFHG�PRGLILFDWLRQ�XQGHU�VLPXOWDQHRXVO\�VWUHVV�DQG�YROW�
DJH�DSSO\LQJ�ZLWK�QDQRPHWHU�VFDOH�UHVROXWLRQ�DUH�GHPRQVWUDWHG�IRU
QDQRVWUXFWXUHV�IDEULFDWLRQ�RQ�VLOLFRQ��WLWDQLXP�DQG�JDOOLXP�DUVHQLGH
VXEVWUDWHV��3HFXOLDULWLHV�RI�ORFDO�DQRGLF�R[LGDWLRQ�NLQHWLFV�DQG�PH�
FKDQLF�VFUDWFKLQJ�DUH�XQGHU�FRQVLGHUDWLRQ��7KH�IDEULFDWLRQ�SURFHVVHV
DUH�DQDO\]HG�LQ�GHWDLOV�WR�PLQLPL]H�WKH�VSDWLDO�UHVROXWLRQ�DQG�WR�LQ�
FUHDVH�WKH�GHSWK�RI�PRGLILHG�ILOPV�

'HGNRY�*� 9���.\DVRY�$� $��1HZ�$VSHFWV�RI�)OXFWXDWLRQ
(OHFWURPDJQHWLF�,QWHUDFWLRQV�RI�1DQRSUREHV�0RYLQJ�1HDU�
D�6XUIDFH���������������������������������������������������������������������������������

7KH�UHWDUGDWLRQ�HIIHFW�RI�KHDWLQJ�UDWH�DQG�WDQJHQWLDO�IOXFWXDWLRQ�Û
GLVVLSDWLYH�IRUFH�RQ�D�SDUWLFOH�PRYLQJ�ZLWK�YHORFLW\�9�SDUDOOHO�WR�D�IODW
VXUIDFH�LV�FRQVLGHUHG��7KH�QXPHULFDO�HVWLPDWLRQV�SHUIRUPHG�IRU�PHWDO
SDUWLFOH�DQG�PHWDO�VXUIDFH��5HODWLRQ�EHWZHHQ�WKH�KHDWLQJ��FRROLQJ�
UDWH�DQG�UDWH�RI�GLVVLSDWLRQ�RI�PHFKDQLFDO�HQHUJ\�RI�DQ�RVFLOODWLQJ�QD�
QRSUREH�LV�VWXGLHG��7KH�FDOFXODWLRQV�VKRZ�WKDW�UHWDUGDWLRQ�HIIHFWV�EH�
FRPH�LPSRUWDQW�RQO\�LQ�WKH�UDQJH�RI�WKH�WLS�ÛVXUIDFH�VHSDUDWLRQV�RI
DERXW�VHYHUDO�PLFURQV��%RWK�WKH�KHDWLQJ�UDWH�DQG�HQHUJ\�GLVVLSDWLRQ
SRZHU�RI�WKH�WLS�QHDU�D�VXUIDFH�DUH�PRQRWRQRXVO\�GHFUHDVLQJ�IXQFWLRQV
RI�WKH�GLVWDQFH�LQ�WKH�UDQJH�RI���QP�WR���PP��$�FRPSDULVRQ�RI�WKH
KHDWLQJ�UDWH�DQG�UDWH�RI�WKH�WLS�PHFKDQLFDO�HQHUJ\�GLVVLSDWLRQ�LQ�G\�
QDPLF�UHJLPH��ZLWKRXW�FRQWDFW�IRUFHV�DQG�K\VWHUHVLV��GHPRQVWUDWHV
WKDW�WKH�ILUVW�RQH�LV�PXFK�JUHDWHU��E\�PDQ\�RUGHUV�RI�PDJQLWXGH��HYHQ
DW�VPDOO�WHPSHUDWXUH�GLIIHUHQFH�EHWZHHQ�WKH�WLS�DQG�VDPSOH�VXUIDFH�
7KLV�FDQ�DFWLYDWH�QHZ�PHFKDQLVPV�RI�HQHUJ\�GLVVLSDWLRQ�LQ�WKH�WLS�Û
VDPSOH�V\VWHP�

6KDVKNLQ�9� ,���9RSLONLQ�(� $���9RVWRNRY�1� 9���.OLPRY�$� <X���
5RJRY�9� 9���*XVHY�6� $���6KXOHVKRYD�,� <X��)DEULFDWLRQ�DQG�&RQ�
WUROOHG�%HQGLQJ�RI�0LFURFRQVROHV������������������������������������������������ ��

7KH�7D�2��PLFURFRQVROH�ZLWK�GLPHQVLRQV��� � ��������PP�DQG
WKH�*D$V�PLFURFRQVROH�ZLWK�GLPHQVLRQV��� � ��� � ����PP�DUH�IDE�

ULFDWHG��7KH�JDS�EHWZHHQ�WKH�FRQVROH�DQG�WKH�EDVLV�LV�OHVV�WKDQ���PP�
7KH�VWDWLF�VWLIIQHVV�DQG�UHVRQDQW�IUHTXHQF\�RI�WKH�FRQVROHV�DUH�PHDV�
XUHG�E\�WKH�$)0��7KH�SRVVLELOLW\�RI�FRQWUROOHG�EHQGLQJ�RI�FRQVROHV
LV�VKRZQ��%\�WKH�VXFFHVVLYH�VSXWWHULQJ�RI�YDULRXV�PHWDOV�WKH�EHQGLQJ
ZDV�UHYHUVHG�

6HFKQHRY�'� $���$JHHY�2� $���6YHWOLFKQXL�$� 0���.ORYR�$� *�
,QIOXHQFH�RI�5DSLG�7KHUPDO�3URFHVVLQJ�0RGHV�RQ�WKH�7KHUPDO�
)LHOGV�LQ�WKH�0HWDO�6LOLFRQ�&DUELGH�+HWHURKHQ�6WUXFWXUHV ����������������

,Q�WKLV�SDSHU�ZH�KDYH�LQYHVWLJDWHG�WKH�LQIOXHQFH�RI�WKH�RSWLFDO
SURSHUWLHV�GLIIHUHQFHV�DQG�LUUDGLDWLRQ�FRQGLWLRQV�RQ�WKHUPDO�ILHOGV�RI
WKH�PHWDO�6L&�KHWHURKHQ�VWUXFWXUHV�XQGHU�UDSLG�WKHUPDO�DQQHDOLQJ�E\
LQIUD�UHG�UDGLDWLRQ��0RGHV�DQG�FRQGLWLRQV�RI�WKH�KHDWLQJ�ZLWK�PLQL�
PXP�WKHUPDO�JUDGLHQWV�ZDV�GHILQHG�

6KHOHSLQ�1� $��*HQHUDO�3ULQFLSOHV�RI�63,&(�0RGHOV�&UHDWLRQ
RI�0LFURHOHFWURPHFKDQLFDO�6\VWHPV�����������������������������������������������

3UREOHPV�RI�PRGHOOLQJ�RI�FRPSOLFDWHG�IXQFWLRQDO�PLFURHOHFWUR�
PHFKDQLFDO�V\VWHPV��&)�0(06��ZHUH�FRQVLGHUHG��-RLQW�DQDO\VLV�RI
IXQFWLRQLQJ�RI�PLFURPHFKDQLFDO�DQG�HOHFWURQLFDO�SDUWV�LV�UHTXLUHG�LQ
VXFK�V\VWHPV��*HQHUDO�SULQFLSOHV�RI�FUHDWLRQ�RI�63,&(�PRGHOV�UHDO�
L]LQJ�SLH]RUHVLVWLYH�DQG�FDSDFLWLYH�VHQVRUV�RI�SK\VLFDO�PDJQLWXGHV�DUH
HODERUDWHG��3RVVLELOLWLHV� RI� DQDO\VLV� RI� SLH]RUHVLVWLYH� VHQVRU� FKDUD�
FWHULVWLFV�DUH�GHPRQVWUDWHG�IRU�WKH�SUHVVXUH�VHQVRU�LQFOXVLYH�LQVWUX�
PHQWDO�DPSOLILHU�DQG�FDSDFLWLYH�DFFHOHURPHWHU�ZKLFK�KDV�VHQVLWLYH
HOHPHQW� UHSUHVHQWLQJ�GLIIHUHQWLDO�PLFURPHFKDQLFDO� FRQGHQVHU�ZLWK
DFWLYH�PLGGOH�SODWH�

$EUDPRY�,� ,���*RQFKDUHQNR�,� $���.RORPHMWVHYD�1� 9��
&RPELQHG�7ZR�%DQG�0RGHO�RI�+HWHURVWUXFWXUH�ZLWK�2QH�7XQQHO�
-XQFWLRQ�DQG�([SDQGHG�1HDU�&RQWDFW�5HJLRQV�������������������������������

&RPELQHG�WZR�EDQG�PRGHO�RI�KHWHURVWUXFWXUH�ZLWK�RQH�WXQQHO
MXQFWLRQ�DQG�H[SDQGHG�QHDU�FRQWDFW�UHJLRQV�WDNLQJ�LQWR�DFFRXQW
LQWHUYDOOH\�VFDWWHULQJ�LV�SURSRVHG��7KH�PRGHO�EDVHG�RQ�VHOI�FRQ�
VLVWHQW�VROYLQJ�RI�6FKUqGLQJHU�DQG�3RLVVRQ�V�HTXDWLRQV��7KH�PRGHO
LV�FKDUDFWHUL]HG�E\�KLJK�HIILFLHQF\��2Q�WKH�EDVLV�RI�WKH�PRGHO�D
SURJUDP�ZDV�GHYHORSHG��7KH�SURJUDP�ZDV�LQFOXGHG�LQ�WKH�QDQR�
HOHFWURQLF�GHYLFH�VLPXODWLRQ�V\VWHP�1$12'(9�DQG�YROW�DPSHUH
FKDUDFWHULVWLFV�RI�*D$V�$O$V�GHYLFH�ZHUH�FDOFXODWHG�XVLQJ�WKH�SUR�
JUDP��,W�ZDV�PDGH�D�FRPSDULVRQ�RI�YROW�DPSHUH�FKDUDFWHULVWLFV�RE�
WDLQHG�E\�VLQJOH�EDQG�DQG�WPR�EDQG�PRGHOV��2XU�ZRUN�VKRZV�DV
DSSOLHG�ELDVHV�LQFUHDVHG�WKHUH�DUH�FRQVLGHUDEOH�TXDQWLWDWLYH�DV�ZHOO
DV�TXDOLWDWLYH�GLIIHUHQFHV�RI�YROW�DPSHUH�FKDUDFWHULVWLFV�

$JDIRQRY�9� 0���.ULVKWRS�9� *��)UHTXHQF\�5HVSRQVH�RI
0ROHFXODU�(OHFWURQLF�7UDQVGXFHUV�ZLWK�1HZ�6SDWLDO�3DWWHUQ�
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2QH�RI�WKH�ZD\V�WR�DGDSW�D�VSDWLDO�SDWWHUQ�RI�WKH�VHQVRUV�RI�WKH
PROHFXODU�HOHFWURQLF�WUDQVGXFHUV��0(7��IRU�PDNLQJ�WKHVH�VHQVRUV�XV�
LQJ�VWDQGDUG�OLWKRJUDSKLF�WHFKQRORJLHV�LV�EHLQJ�GLVFXVVHG�LQ�WKLV�ZRUN�
7KH�IUHTXHQF\�UHVSRQVH�RI�D�0(7�WUDQVGXFHU�ZLWK�JDX]H�HOHFWURGHV�
7KH�FDOFXODWLRQ�LV�FRPSDUHG�ZLWK�H[SHULPHQW�
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