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�¯È}�Ò�Ë°}È« ¯ËÈãÒÏÈ�Ò« º¹Ò°ÈÓÓº�º ¹º�²º�È
©ãÈ m©¹ºãÓËÓÈ m Ò°�º�ÓÒ}Ë� °²ËäÈ }º�º¯º�º ÒÏº�
¯ÈÎËÓÈ ÓÈ ¯Ò°� �� È� w�º �°�¯º®°�mº ¹¯Ë�°�Èmã«Ë�
°ºº® �m�²}ºÓ��¯Ó�
 °²Ëä� ° ÒÏäËÓ«Ëäº® °�¯�}�
��¯º®� ¹º°}ºã	}� ªãË}�¯ºäÈ�ÓÒ�Ó©® ªãËäËÓ�
�wlw� m ÏÈmÒ°Òäº°�Ò º� ¯ËÎÒäÈ ¯Èº�© Ò°¹ºãÓ«Ë�
¯ÈÏãÒ�Ó©Ë Á�Ó}�ÒÒ� { ¯ËÎÒäË ²ºãº°�º�º ²º�È
wlw «mã«Ë�°« �¯º°°ËãËä� m}ã
�ËÓÓ©ä ¹º°ãË�º�
mÈ�Ëã	Óº ° �º¹ºãÓÒ�Ëã	Ó©ä ¯ËÈ}�º¯ºä v

�
� �¯Ò

ª�ºä �º¹ºãÓÒ�Ëã	Ó©® �º}� }º�º¯©® Áº¯äÒ¯�Ë�
m°¹ºäº�È�Ëã	Ó©® ¹º°ãË�ºmÈ�Ëã	Ó©® ¯ËÏºÓÈÓ°Ó©®
}ºÓ��¯� ºãË��ÈË� �°ãºmÒ« ÓÈ�Èã	Óº�º mºÏ�Î�ËÓÒ«
���Ò� �¯Ò ¹Ë¯Ë²º�Ë } ¯ËÎÒä� °mÈ¯}Ò� }º��È ªãË}�
�¯ºÓÓ©® }ã
� zã ÏÈä©}ÈË�°«� wlw ¹¯Ëm¯È�ÈË�°«
m ¹ºm©�È
�Ò® �¯ÈÓ°Áº¯äÈ�º¯� p�º m©²º�ÓºË ÓÈ¹�
¯«ÎËÓÒË� }º�º¯ºË ¹¯Ëm©�ÈË� ¹º �¯ºmÓ
 8� m

cÒ°� �� {¯ËäËÓÓ©Ë �ÒÈ�¯Èää© �º}ºm m �º�}Ë °�ääÒ¯ºmÈÓÒ«

cÒ°� �� vmÈ¯º�Ó©® Ò°�º�ÓÒ}� m©¹ºãÓËÓÓ©® ¹º �m�²}ºÓ��¯Óº® °²ËäË ° ÒÏäËÓ«Ëäº® °�¯�}��¯º® �È� Ò Ë�º mÓË�Ó«« ²È¯È}�Ë¯Ò°�Ò}È
��� � Û mÓË�Ó«« ²È¯È}�Ë¯Ò°�Ò}È º°ÓºmÓº�º }ºÓ��¯È� � Û �º ÎË �º¹ºãÓÒ�Ëã	Óº�º }ºÓ��¯È� � Û ÏÈmÒ°Òäº°�	 8� º� �º}È °mÈ¯}Ò
�8�  �� � ����,��� cs Û ¯Ë��ã«�º¯ ÓÈ¹¯«ÎËÓÒ«
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���…��� ¯ÈÏÈ� ºË°¹Ë�ÒmÈË� m©°º}�
 °�ÈÒã	Óº°�	
�º¯ËÓÒ« °mÈ¯º�Óº® ���Ò �ÈÎË ¹¯Ò Ò°¹ºã	ÏºmÈÓÒÒ
ªãË}�¯º�ºm ° º°ÓºmÓ©ä ¹º}¯©�ÒËä� sÈ ¯Ò°� �� 
¹¯ÒmË�ËÓ© }¯Òm©Ë� º¹Ò°©mÈ
�ÒË mÓË�Ó

 ²È¯È}�
�Ë¯Ò°�Ò}� °mÈ¯º�Óº�º �°�¯º®°�mÈ�

w}°¹Ë¯ÒäËÓ�Èã	Ó�
 º�ËÓ}� ¯ÈÏ¯©mÓº® �ãÒÓ©
���Ò /¯ �ã« ªãË}�¯º�ºm äÈ¯º} ks|��� ks|��l
Ò �|sj������ ¹¯ºÒÏmº�ÒãÒ ÓÈ °�ËÓ�Ë� °�¯�}��¯�
ÓÈ« °²ËäÈ }º�º¯º�º ¹º}ÈÏÈÓÈ ÓÈ ¯Ò°� �� { }È�Ë°�mË
ÈÓÈãÒÏÈ�º¯È ���ºm©² ¹¯º�Ë°°ºm ©ãº Ò°¹ºã	ÏºmÈÓº
�°�¯º®°�mº� º¹Ò°ÈÓÓºË m °�È�	Ë >�@� ¹¯Ë�°�Èmã«�

�ËË °ºº® }ºä¹	
�Ë¯Ó�
 °Ò°�Ëä� ÓÈ ¹ãÈ�Áº¯äË
$SOOH Ò º°ÓÈ�ËÓÓ�
 °ºº�mË�°�m�
�ÒäÒ �È��Ò}ÈäÒ
�º}È �i�� Ò ÓÈ¹¯«ÎËÓÒ« is� Ò is�� È �È}ÎË
°Ò°�ËäÓ©ä ÒÓ�Ë¯ÁË®°ºä 0DF/DE��V�

wãÈ°�Ò�Óº°�	 °mÈ¯º�Óº® ���Ò� �º¯«�Ë® äËÎ��
�m�ä« �º¯ÒÏºÓ�Èã	Óº ¯È°¹ºãºÎËÓÓ©äÒ ªãË}�¯º�È�
äÒ� Ò°°ãË�ºmÈãÒ ¹º äË�º�Ò}Ë� ¹¯Ë�ãºÎËÓÓº® m ¯È�
º�Ë >�@� {ºÏ�Î�ËÓÒË ���Ò ¹¯ºÒÏmº�ÒãÒ ° ¹º�
äº�	
 ��ºã	Óº�º ªãË}�¯º�È� ÏÈä©}È
�Ë�º ���ºmº®
¹¯ºäËÎ��º}� �ãÒÓ� }º�º¯º�º ¹¯Ë�mÈ¯Ò�Ëã	Óº �°�
�ÈÓÈmãÒmÈãÒ ¹¯ÒäË¯Óº ��� ää� �º°ãË ¹º�È°ÈÓÒ« ���
�Ò ��ÈÓ�ËÓ�Ò¯}�ãËä ÒÏäË¯«ãÒ �ãÒÓ� /¯� {°Ë ÒÏ�
äË¯ËÓÒ« ¹¯ºÒÏmº�ÒãÒ �ã« �Ë�©¯Ë² ÏÓÈ�ËÓÒ® ÓÈ¹¯«�
ÎËÓÒ® ²ºãº°�º�º ²º�È º°ÓºmÓº�º }ºÓ��¯È ¯ËÏºÓÈÓ°�
Óº�º °mÈ¯º�Óº�º Ò°�º�ÓÒ}È �cvj� Û ��� ��� �� Ò
�� { Ò ªãË}�¯º�ºm º�ÒÓÈ}ºmº�º �ÒÈäË�¯È Û � ää�

cËÏ�ã	�È�© Ò°¹©�ÈÓÒ® m Áº¯äË Á�Ó}�ÒºÓÈã	�
Óº® ÏÈmÒ°Òäº°�Ò /¯  I�8²�²� ¹¯ÒmË�ËÓ© ÓÈ ¯Ò°� ��
�ºã��ËÓÓ©Ë �ÈÓÓ©Ë °mÒ�Ë�Ëã	°�m�
� º �ºä� ��º
¯ÈÏ¯©mÓÈ« �ãÒÓÈ ���Ò ¹¯Ò �m�²}ºÓ��¯Óº® °²ËäË
°��Ë°�mËÓÓº �mËãÒ�ÒmÈË�°«� p°ãÒ °¯ÈmÓÒ�	 }¯Òm©Ë
� Ò �� �º äºÎÓº ÏÈäË�Ò�	� ��º �ã« ªãË}�¯º�ºm ks|��
/¯ mºÏ¯È°�ÈË� ÓÈ ��…�� �� wãË}�¯º�© ks|��l
Ò �|sj������� }º�º¯©Ë ¹¯Ò º�Óº}ºÓ��¯Óº® °²ËäË
¹¯È}�Ò�Ë°}Ò ÓË mºÏ�Î�È
� °mÈ¯º�Ó�
 ����� m �m�²�
}ºÓ��¯Óº® °²ËäË º�ãÒ�È
�°« �º°�È�º�Óº m©°º}º®
�°�º®�Òmº°�	
� sÈ¹¯ÒäË¯� �ã« 8²�²  �� { ¯ÈÏ�
¯©mÓÈ« �ãÒÓÈ ���Ò �º°�Ò�ÈãÈ °ºº�mË�°�mËÓÓº ����
Ò ��� ää� sº ¹¯Ò 8²�² ≤ �� { ÓÈ ÈÏºm©² ªãË}�¯º�È²
°�ÈÒã	Ó©® ¹¯º�Ë°° �ÈÎË m �m�²}ºÓ��¯Óº® °²ËäË
º°��Ë°�mÒ�	 ÓË ��Èãº°	�

�� �Ë²Óºãº�Ò« Ò ºº¯��ºmÈÓÒË �ã« °mÈ¯}Ò ¹ãÈmãËÓÒËä � �º�
¯Ë�� �� i� sÒ}ÒÁº¯ºmÈ� Û l�� lÈ�ÒÓº°�¯ºËÓÒË� ����� Û
��� °�

�� �È�ºÓ r� p�� �ËË�Ëm {� z� wãË}�¯ººº¯��ºmÈÓÒË �ã« ���
�ºmº® Ò �ãÈ}ºmº® °mÈ¯}Ò� Û l�� lÈ�ÒÓº°�¯ºËÓÒË�
����� Û ��� °�

�� �È�ºÓ r� p�� ~ÈmÈ�°}Ò® {� k� jä¹�ã	°ÓºË ÏÈÎÒ�ÈÓÒË ���
�Ò ° �Ëã	
 ÏÓÈ�Ò�Ëã	Óº�º °ÓÒÎËÓÒ« ÓÈ¹¯«ÎËÓÒ« ²ºãº°�º�
�º ²º�È °mÈ¯º�Óº�º �¯ÈÓ°Áº¯äÈ�º¯È �� km�ºäÈ�� °mÈ¯}È�
Û ����� Û ¢ �� Û v� �Ü���

�� �ºm©�ËÓÒË �°�º®�Òmº°�Ò �º¯ËÓÒ« ���Ò ¹¯Ò °mÈ¯}Ë ¹º}¯©�
�©äÒ ªãË}�¯º�ÈäÒ � k� {�  Ë¯Óºm� �� {� �ºãË�ÈËm� ~� |�
zÈm¯Ò�mÒãÒ� v� l� r�¯�È}ºm �� vmÈ¯º�� ¹¯�mº� Û
����� Û ¢ �� Û v� �Ü��

�� �ËË�Ëm {� z�� zº¯º�©Ó°}Ò® k� p� i��È ¹Ë¯ËäËÓÓº�º �º}È
m �Ë¹Ò ° ¹º°ãË�ºmÈ�Ëã	Óº °ºË�ÒÓËÓÓ©äÒ ÒÓ��}�ÒmÓº°�	

Ò Ëä}º°�	
 �� km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ ��� Û
v� ��Ü���

�� /HEHGHY :� .�� .RURWLQVNLM $� (�� =XN *� :� 2 QLHNWR�
U\FK ZODVQRVFLDFK SURFHVX VSDZDQLD OXNRZHJR ] Z\NRU]\VWD�
QLHP ]URGHO ]DVLODQLD ] REZRGHP UHVRQDQVRZ\P /& �� %LX�
OHW\Q ,QVW\WXWX 6SDZDOQLFWZD� Û ����� Û ¢ �� Û
6� ��Ü���

�� 3DWRQ %� (�� .RURWLQVNLM $� (�� 6NRSMXN 0� -� 3URJUDPR�
ZDOQ\ LQWHUIHMV 0DF/DE GR WZRU]HQLD V\VWHPRZ LQIRUPDF\M�
QR�SRPLDURZ\FK Z VSDZDOQLFWZLH �� ,ELG� Û ����� Û
¢ �� Û 6� ��Ü���

�� j°°ãË�ºmÈÓÒË ªãÈ°�Ò�Óº°�Ò °mÈ¯º�Óº® ���Ò� ¹Ò�ÈËäº® º�
Ò°�º�ÓÒ}È ° ÒÓ��}�ÒmÓº°�	
 Ò Ëä}º°�	
 � {� �� k¯ãÈ�°�
}È°� j� c� sÈ¯��}ËmÒ�
°� {� l� i�È�ÒÓ°}Ò®� k� k� sÒ�
}ºãÈËm �� vmÈ¯º�� ¹¯�mº� Û ����� Û ¢ ��� Û v� ��Ü���

5HVRQDQFH ZHOGLQJ VRXUFH GHVLJQHG E\ D WZR�FLUFXLW GLDJUDP LV GHVFULEHG� ,W LV VKRZQ WKDW WKH KLJK VWDELOLW\ RI DUF EXUQLQJ

LV DWWDLQHG GXH WR D KLJK�YROWDJH DX[LOLDU\ FLUFXLW ZKRVH SRZHU GRHV QRW H[FHHG ��� :� ([DPSOH RI FDOFXODWLRQ RI DX[LOLDU\
FLUFXLW DQG DOVR WKH UHVXOWV RI WHVWV RI WKH GHYLFH XVLQJ GLIIHUHQW W\SHV RI URG HOHFWURGHV DUH JLYHQ�

�º°��¹ÒãÈ m ¯Ë�È}�Ò� ����������

cÒ°� �� v²ËäÈ ¹¯ºmË�ËÓÒ«
Ò°°ãË�ºmÈÓÒ® ªãÈ°�Ò�Óº°�
�Ò °mÈ¯º�Óº® ���Ò

cÒ°� �� ~ÈmÒ°Òäº°�	/¯ I�8²�²� �ã« ¯ÈÏãÒ�Ó©² �Ò¹ºm ªãË}�¯º�ºm
�ÒÈäË�¯ºä � ää� �Û ks|��� �Û ks|��l� �Û �|sj�������
� Û ks|��� �Ü� Û �m�²}ºÓ��¯ÓÈ« °²ËäÈ� � Û º�Óº}ºÓ��¯ÓÈ«
°²ËäÈ
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