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°¹º°ºÈäÒ�

��� j°¹ºã	ÏºmÈÓÒË ÓË°�ÈÓ�È¯�Ó©² �°ãºmÒ® ª}�
°¹Ë¯ÒäËÓ�È ° ¹¯ÒäËÓËÓÒËä ÏÈ}ºÓºm �ËºäË�¯Ò�Ë°�
}º® º¹�Ò}Ò� sÈäÒ �º°�Ò�Ó��º �º°�È�º�Óº m©°º}ºË
Û �Ë°«�}Ò ä}ä Û ¯ÈÏ¯Ë�ËÓÒË �ÈÎË ¹¯Ò Ò°¹ºã	�
ÏºmÈÓÒÒ °�ÈÓ�È¯�Óº�º �Ë�Ë}�º¯È ° È¹Ë¯��¯º®
���� ää �¯Ò°� ���

�È  ã Ò� È � � �ËºäË�¯Ò« si Ò {i

�È¯ÈäË�¯
~ÓÈ�ËÓÒË

¹È¯ÈäË�¯È

zºãÒ�Ë°�mº }ÈÓÈãºm ��

|�È« �ãÒÓÈ� ää ����

cÈÏäË¯© Áº�º��m°�mÒ�Ëã	Óº® ¹ãº�È�}Ò ni� ää �����

~ÈÏº¯ äËÎ�� Áº�º¹ãº�È�}ÈäÒ� ää ����

bÈ� �Ë�Ë}�º¯È� ää ����

cÈÏäË¯© }¯Ò°�ÈããÒ�Ë°}º�º ªãËäËÓ�È�
{i
si

�������
���������

�È  ã Ò� È � � tÈ¯È}�Ë¯Ò°�Ò}Ò °�ÒÓ�Òãã«�º¯ºm �ã« °Ò°�

�Ëä© °�ÒÓ�Òãã«�º¯ ÜÁº�º�Òº�

�È¯ÈäË�¯ =Q6H�7H� &V,�7O�

zºÓmË¯°ÒºÓÓÈ« ªÁÁË}�ÒmÓº°�	 ���� ��

{¯Ëä« m©°mË�ÒmÈÓÒ« τ� ä}° ����� �

�ãº�Óº°�	� ��Fä
�

��� ���

wÁÁË}�ÒmÓ©® È�ºäÓ©® ÓºäË¯� =ªÁÁ �� ��

lÈ}°Òä�ä m©°mË�ÒmÈÓÒ« λP ¹¯Ò ��� .� Óä ��� ���

�º°ãË°mË�ËÓÒË ��Ë¯ËÏ �� ä°�� � ���� �����

zºªÁÁÒ�ÒËÓ� ¹º�ãº�ËÓÒ« λP� Fä
Ü�

��������� ����

zºªÁÁÒ�ÒËÓ� ¹¯ËãºäãËÓÒ« �ã« λP ��� ����

�¯Ë�Ëã ¯È�ÒÈ�ÒºÓÓº® °�º®}º°�Ò� cÈ� ��
�

��
�

zºªÁÁÒ�ÒËÓ� °¹Ë}�¯Èã	Óº�º °º�ãº°ºmÈÓÒ«
6L�ni ° v¡ .6&

���� ����

 �m°�mÒ�Ëã	Óº°�	� Ó$⋅äÒÓ��3⋅Fä
�
��

si
������� �������

{i �������� ���������

cÒ°� �� wÓË¯�Ë�Ò�Ë°}È« ÏÈmÒ°Òäº°�	 ��m°�mÒ�Ëã	Óº°�Ò �Ë�Ë}�º�
¯ºm m �m�²ªÓË¯�Ë�Ò�Ë°}º® °Ò°�ËäË ¹¯Ò ¯ÈÏãÒ�Ó©² }ºäÒÓÈ�Ò«²
°�ÒÓ�Òãã«�º¯ºm� � Û si �=Q6H�7H��� � Û si�&V,�7O�� � Û
{i�&V,�7O� Ü si�=Q6H�7H��� � Û {i�&V,�7O� Ü si�&V,�7O���

cÒ°� �� {©²º�Óº® °Ò�ÓÈã {i ° È}�ÒmÓ©ä ÁÒã	�¯ºä si ° ¯ÈÏ�
ãÒ�Ó©äÒ }ºäÒÓÈ�Ò«äÒ v¡ �ã« ¯ÈÏÓ©² ÓÈ¹¯«ÎËÓÒ® ÓÈ �¯�}Ë�
� Û {i�&V,�7O��� � Û {i�&V,�7O�� Ü si�=Q6H�7H��� � Û
{i�&V,�7O� Ü si�&V,�7O��� � Û {i�=Q6H�7H���
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��� �äËÓ	�ËÓÒË �È�È �Ë�Ë}�º¯È� { ¯Èä}È² ¹¯ºË}�
�È� ÁÒÓÈÓ°Ò¯�Ëäº�º ,17$6��������� ÓÈäÒ ÒÏ�º�ºmãË�
Ó© Ò Ò°°ãË�ºmÈÓ© �Ë�Ë}�º¯© v¡�ni ° �ºã�ÒÓº® v¡
��� ää Ò �È�ºä ��� ää ÓÈ ÈÏË ���²}ÈÓÈã	Óº�º ni °
}ºää��È�º¯ºä� �°ÒãÒ�ËãËä Ò ¹¯Ëº¯ÈÏºmÈ�ËãËä ÓÈ º��
Óº®¹º�ãºÎ}Ë�{°ãË�°�mÒË ª�º�ºÓÈmË°	���}ÈÓÈã	Ó©®
äº��ã	 ÓËº²º�Òä �ºã	}º º�ÒÓ �°ÒãÒ�Ëã	� vºÏ�ÈÓÈ
ª}°¹Ë¯ÒäËÓ�Èã	ÓÈ« �°�ÈÓºm}È Ò ¹ºã��ËÓº }ºÓ�¯ºã	�
ÓºË ÒÏº¯ÈÎËÓÒË �ã« ���� Ò ����}ÈÓÈã	Óº® °º¯}Ò ÒÏ
ª�Ò² ªãËäËÓ�ºm �¯Ò°� ���

 �m°�mÒ�Ëã	Óº°�	 ª�Ò² �Ë�Ë}�º¯ºm °º°�Èmã«Ë�

���� Ók⋅äÒÓ��c⋅°ä�
� �ã« m¯ËäËÓÒ ÓÈ}º¹ãËÓÒ«

�� ä°� �°�ÈÓºm}È ¹ºÏmºã«Ë� ÒÏäËÓ«�	 m¯Ëä« ÓÈ}º¹�
ãËÓÒ«� ¹¯Ò ª�ºä ¹¯º¹º¯�ÒºÓÈã	Óº ¹ºm©�ÈË�°« ��m�
°�mÒ�Ëã	Óº°�	 �Ë�Ë}�º¯È�

|°�Î�ËÓÒË���{©°º}È«}mÈÓ�ºmÈ«ªÁÁË}�ÒmÓº°�	

η  ����� �=Q6H�7H�� ã���ËË �Ëä �vV,�7O�� °¹Ë}�¯Èã	�
ÓºË °º�ãÈ°ºmÈÓÒË ° 6L�Áº�º�Òº�ºä� ¹¯Ò°��°�mÒËz�°}È��

}È � vV,�7O� ¹¯Ò(¯ ≈ �� }ª{ ¹¯Òmº�«� } ¹¯Ëmº°²º�°�m�
¹º ��m°�mÒ�Ëã	Óº°�Ò si ÓÈ =Q6H�7H� �º p¯  �� }ª{�

�� lÈã©® ªÁÁË}�ÒmÓ©® È�ºäÓ©® ÓºäË¯
=Q6H�7H� =ªÁÁ  ��� ºË°¹Ë�ÒmÈ
�Ò® ¹¯Ò �ºã�ÒÓË
°�ÒÓ�Òãã«�º¯È G°�  ��� ää ²º¯º��
 ¹¯ºÓÒ�ÈË�
äº°�	 �ã« ªÓË¯�ÒÒ ºã	�Ë p¯  �� }ª{� ¹ºÏmºã«Ë�

¹ºã��Ò�	 R′ã	��
� �Ëä ¹¯Ò Ò°¹ºã	ÏºmÈÓÒÒ
vV,�7O�� ÒÓ�ËÓ°ÒmÓº°�	 ÒºÓÒÏÒ¯�
�Ë�º ÒÏã��ËÓÒ«
m Ó�ÎÓºä °¹Ë}�¯Èã	Óºä �ÒÈ¹ÈÏºÓË ÓÈ {i�

�� sÒÏ}È« ¹º °¯ÈmÓËÓÒ
 ° {i ÓÈ vV,�7O� ��m°�mÒ�
�Ëã	Óº°�	{i ÓÈ =Q6H�7H� °m«ÏÈÓÈ ° ²���Ë® ¹¯ºÏ¯È��
Óº°�	
 } °º°�mËÓÓºä� ÒÏã��ËÓÒ
 °ËãËÓÒ�È �ÒÓ}È
���� °ä

Ü�
�� ��º °ÓÒÎÈË� ��m°�mÒ�Ëã	Óº°�	 ¹¯Ò �mËãÒ�

�ËÓÒÒ �ºã�ÒÓ© v¡ ºãËË �Ëä ÓÈ ����� ää�

�� �¯Ò Ò°¹ºã	ÏºmÈÓÒÒ m©°º}º® °}º¯º°�Ò ¹Ë¯ËäË�Ë�
ÓÒ« º�Ë}�È 9 ! ��� °ä�° ÓÈÒºãËË ªÁÁË}�ÒmÓÈ« °Ò°�
�ËäÈ si �=Q6H�7H�� Û {i �vV,�7O�� ��Ë� �°��¹È�	
¹º ��m°�mÒ�Ëã	Óº°�Ò °Ò°�ËäË si �=Q6H�7H�� Û {i
�=Q6H�7H�� m°ãË�°�mÒË ºã	�º® ÒÓË¯�ÒºÓÓº°�Ò
vV,�7O�� sÈãÒ�ÒË � vV,�7O� °º°�Èmã«
�Ò² ° ºã	�ÒäÒ

m¯ËäËÓÈäÒ m©°mË�ÒmÈÓÒ« τ ≈ �� ä° ¹¯Ò m Ë̄äËÓÒ m©°mË�Ò�
mÈÓÒ«º°ÓºmÓº®�È°�ÒªÓË¯�ÒÒÏÈ Wm©°m � � ä}° ��=Q6H�7H�
Wm©°m ����� ä}°�� °¯ÈmÓÒä©² ° m¯ËäËÓËä ¹Ë¯ËäË�ËÓÒ«
º�Ë}�È� ¹¯Òmº�Ò� } �äËÓ	�ËÓÒ
 ��m°�mÒ�Ëã	Óº°�Ò ¯È�
�Òº�¯ÈÁÒ�Ë°}º® °Ò°�Ëä© ¹º �ºã�ÒÓË º�Ë}�È�

�� sÈ °Ò°�ËäË si �=Q6H�7H�� Û {i �=Q6H�7H��
©ãÈ ¹º°�¯ºËÓÈ �ÈäºÎËÓÓÈ« ÒÓ°¹Ë}�ÒºÓÓÈ« ¯ËÓ��Ë�
Óºm°}È« °Ò°�ËäÈ ° ²È¯È}�Ë¯Ò°�Ò}ÈäÒ� ¹¯ÒmË�ËÓÓ©äÒ
m �Èã� �� cËÈã	ÓºË ÒÏº¯ÈÎËÓÒË ° Ò°¹ºã	ÏºmÈÓÒËä
si Û {i � v¡ =Q6H�7H��� ¹ºÏmºã«
�ËË ¯ÈÏ�Ëã«�	
º¯�ÈÓÒ}� º� ÓËº¯�ÈÓÒ}Ò >�@� ¹¯Ë�°�ÈmãËÓº ÓÈ ¯Ò°� ��

�� {©°º}È« ��m°�mÒ�Ëã	Óº°�	 �Ë�Ë}�º¯ºm ° mÓ���
¯ËÓÓË®}ºää��È�ÒË®Ò�°ÒãËÓÒËä� È�È}ÎË¹ºã��ËÓÓºË
ÓÈ ÓÒ² ¹¯º°�¯ÈÓ°�mËÓÓºË ¯ÈÏ¯Ë�ËÓÒË ��� ¹È¯�ãÒ�
ÓÒ®�ää ¹ºÏmºã«
� ��mË¯Î�È�	 º mºÏäºÎÓº°�Ò °ºÏ�
�ÈÓÒ« �Ë�Ë}�º¯ºm ° �È�ºä äËÓËË ��� ää�

{h{|ih

�� �º �ÒÓÈäÒ�Ë°}Òä ²È¯È}�Ë¯Ò°�Ò}Èä ¯È�ÒÈ�ÒºÓÓº®
°�º®}º°�Ò ���������� cÈ��� ªÓË¯�Ë�Ò�Ë°}ºä� °¹Ë}�¯��
��m°�mÒ�Ëã	Óº°�Ò Ò ¹¯ºÓÒ�ÈËäº°�Ò �ã« ¯ËÓ��ËÓºm°�
}º�ºÒÏã��ËÓÒ«ã���Òäv¡�ã«si«mã«Ë�°«=Q6H�7H��

�È  ã Ò� È � � tÈ¯È}�Ë¯Ò°�Ò}Ò �ÈäºÎËÓÓº® ÒÓ°¹Ë}�

�ÒºÓÓº® ¯ËÓ��ËÓºm°}º® °Ò°�Ëä© ½�ºãÒ°}ÈÓ���

�È¯ÈäË�¯ ~ÓÈ�ËÓÒË ¹È¯ÈäË�¯È

�¯ºÓÒ}È
�È« °¹º°ºÓº°�	 ¹º °�ÈãÒ �º �� ää

zºÓ�¯È°�ÓÈ« ��m°�mÒ�Ëã	Óº°�	 �º �� �¯È�È�Ò®
°Ë¯º�º �mË�È

|ÓÈ¯�ÎÒmÈ
�È« °¹º°ºÓº°�	 äË�ÓÈ« ¹¯ºmºãº�}È
��� ää

 Ò°ãº }ÈÓÈãºm °Ò°�Ëä© �Ë�Ë}�Ò¯ºmÈÓÒ« ���

v}º¯º°�	 �¯ÈÓ°¹º¯�Ë¯È ��� ä�°Ë}

cÈÏäË¯ �ºÓÓËã« ������� ää

lÈ°°È }ºÓ�¯ºãÒ¯�Ëäº�º º�Ë}�È ��� }�

kÓº�ÓºË ÓÈ¹¯«ÎËÓÒË ÒÏã��È�Ëã« ��� }{

kÓº�Ó©® �º} ÒÏã��È�Ëã« � äk

�¯ºmËÓ	 ¯ËÓ��ËÓºm°}º�º ÒÏã��ËÓÒ« ÓÈ
mÓË�ÓË® ¹ºmË¯²Óº°�Ò È¹¹È¯È�È

�º ��� äc��

cÈÏäË¯ }ºÓ�¯ºãÒ¯�Ëäº�º º�Ë}�È �º �������������� ää

cÒ°� �� {Ó��¯ËÓÓ«« ¯ÈÏmº�}È º� ¹ºã�¹¯ºmº�ÓÒ}ºmº�º }¯Ò°�ÈããÈ
m äÒ}¯º°²ËäË °Ë¯ÒÒ zl�

cÒ°� �� zºÓ�¯ºã	ÓºË ÒÏº¯ÈÎËÓÒË ¹º ª�ÈãºÓ� ��ºã�ÒÓÈ
¹¯ºmºãº�}Ò � G  ��� ää��

cÒ°� �� jÏº¯ÈÎËÓÒË º�Ë}�È ÓÈ �m�²ªÓË¯�Ë�Ò�Ë°}ºä ÒÓ�¯º°}º¹Ë� È Û �ËÓËmÈ« º�È« }È¯�ÒÓÈ º�Ë}�È�  Û ° m©�ãËÓËÓÒËä
ÓËº¯�ÈÓÒ}Ò� m Û ° m©�ãËÓËÓÒËä º¯�ÈÓÒ}Ò�
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��sÈÒºãËË��m°�mÒ�Ëã	ÓÈ«�m�²ªÓË¯�Ë�Ò�Ë°}È«ÒÓ�
°¹Ë}�ÒºÓÓÈ« °Ò°�ËäÈ ¹¯Ë�°�Èmã«Ë� ÒÏ °Ë« si
�=Q6H�7H�� Ü {i �&V,�7O��� �È}È« °Ò°�ËäÈ ÒäËË� }ºÓ�
�¯È°�Ó�
��m°�mÒ�Ëã	Óº°�	äËÓËË ��¹¯Ò¹¯ºÓÒ}È
�Ë®
°¹º°ºÓº°�Ò ¹º °�ÈãÒ� ¯ÈmÓº® �� ää �ã« 8D  ��� }{�
Ò °¹º°ºÓÈ ¯ÈÏ�Ëã«�	 º¯�ÈÓÒ}� º� ÓËº¯�ÈÓÒ}Ò�

�� iÈã	ÓË®�ËË ¯ÈÏmÒ�ÒË ¯È�Òº�¯ÈÁÒ�Ë°}Ò² °Ò°�
�Ëä ° m©°º}Òä ¹¯º°�¯ÈÓ°�mËÓÓ©ä ¯ÈÏ¯Ë�ËÓÒËä ¹ãÈ�
ÓÒ¯�Ë�°« ¹��Ëä Ò°¹ºã	ÏºmÈÓÒ« Áº�º�Òº�Ó©²
°�¯�}��¯ ° �°ÒãÒ�Ëã«äÒ Ò }ºää��È�º¯ºä m º�Óºä
}º¯¹�°Ë ° �È�ºä äËÓËË ��� ä}ä�

�� +DUULVRQ�V 5� 0� 'LJLWDO UDGLRJUDSK\ Û D UHYLHZ RI GHWHFWRU
GHVLJQ �� 1,0� ����� $���� Û 3� ��Ü���

�� iº¯ºä©°ãºm {� k�� c�ä«Ó�Ëm v� {� cÈ�ÒÈ�ÒºÓÓÈ« ÒÓ�¯º°�
}º¹Ò«� Û l�� k�ºäÒÏ�È�� �����

�� z¯Ò°�Èãã© °�ÒÓ�Òãã«�º¯ºm Ò �Ë�Ë}�º¯© ÒºÓÒÏÒ¯�
�Ò²ÒÏ�
ã��ËÓÒ® ÓÈ Ò² º°ÓºmË � �º� ¯Ë�� {�i� c©ÎÒ}ºmÈ� Û zÒËm�
sÈ�}� ��ä}È� �����

�� 6FLQWLOODWRU�SKRWRGLRGH GHWHFWLQJ V\VWHPV IRU WZR�OHYHU ;�UD\
LQVSHFWLRQ V\VWHPV � 9� '� 5\]KLNRY� 1� *� 6WDU]KLQVNL\� /� c�
*DO�FKLQHWVNLL� HW DO� �� 3URF� RI ��WK :RUOG &RQI� RQ QRQ�
GHVWUXFWLYH WHVWLQJ� 5RPD� ��Ü�� 2FWREHU ����� Û 3� ����

s�¡ c� s�z ½jÓ�� äºÓº}¯Ò°�Èããºm� sks �}¯ÈÒÓ©�

�| ½zºää�ÓÈ¯�� s� vzr ½�ºãÒ°mÒ���

tÈ¯	}ºm

�º°��¹ÒãÈ m ¯Ë�È}�Ò

����������

�iz ����������

�������
�������	����������������	����

{� v� �jcpsz|� v� p� vplps|{� �� {� �|s kcpsz|

|�ÓÒä ÒÏ °��Ë°�mËÓÓ©² È°¹Ë}�ºm �Ë²ÓÒ�Ë°}º® �Ò�
È�Óº°�Ò}Ò Ò º�ËÓ}Ò º°�È�º�Óº�º ¯Ë°�¯°È äÈ�Ò°��
¯Èã	Ó©² �¯�º¹¯ºmº�ºm «mã«Ë�°« º¹¯Ë�ËãËÓÒË mºÏ�
äºÎÓ©² ÒÏäËÓËÓÒ® °ã�ÎËÓ©² ²È¯È}�Ë¯Ò°�Ò}
äË�ÈããÈ m ¹¯º�Ë°°Ë �ãÒ�Ëã	Óº® ª}°¹ã�È�È�ÒÒ�

{ ¹º°ãË�ÓÒË �º�© ¹º«mÒãº°	 äÓº�º ¯Èº�� m }º�
�º¯©² ¯È°°äÈ�¯ËÓº �²���ËÓÒË °mº®°�m äË�ÈããÈ �¯��
º¹¯ºmº�ºm m �Ë�ËÓÒË m¯ËäËÓÒ }È} °ãË�°�mÒË ¹¯º�
�Ë°°ºm °�È¯ËÓÒ«� |�¯ÈÓÒ�ÒmÈ«°	 �ºã	}º �¹ºäÒÓÈ�
ÓÒËä º ª�ºä

�
� ÏÈäË�Òä� ��º äÓº�ºº¯ÈÏÒË «mãËÓÒ®

°�È¯ËÓÒ« �¯Ë�Ë� �Ë�}º® ÒÓ�Ë¯¹¯Ë�È�ÒÒ °��Óº°�Ò
¹¯º�Ë}È
�Ò² ¹¯º�Ë°°ºm m äÈ�Ë¯ÒÈãÈ²�  È°�º �¹º��
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