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ãº�Ò�Ó©Ë ÒÏäËÓËÓÒ« ¹¯ºÒ°²º�«� Ò m �¯��Ò²

¹ºÏÒ�Ò«²�

{È��äË�¯º�¯ÈääÈ� ÒÏº¯ÈÎËÓÓÈ« ÓÈ ¯Ò°� ��

È� °ºº�mË�°�m�Ë� ÓËÒ°¹¯ÈmÓº°�Ò mÒ�È ½��Ë�}È

m ¹¯ÒËäÓºä }ãÈ¹ÈÓË� �ã�ÒÓÓº�º ÓËÁ�«Óº�º

ÓÈ°º°È� {¯ËäËÓÓ©Ë ÒÓ�Ë¯mÈã©� º¯ÈÏºmÈÓÓ©Ë

m °ºº�mË�°�m�
�Ò² ¹ºÏÒ�Ò«²� Ò ÒÓÈ¯Ó©Ë °º°�

�Èmã«
�ÒË �¯Ò°� �� �� Ï�Ë°	 �È}ÎË °��Ë°��

mËÓÓº º�ãÒ�È
�°« º� °ºº�mË�°�m�
�Ò²

mËãÒ�ÒÓ� ¹ºã��ËÓÓ©² �ã« }¯Òm©² ÓÈ ¯Ò°� �� È Ò

�� È� �¯Ò ª�ºä m ¹ºÏÒ�ÒÒ T� º¯ÈÏ�Ë�°« ¹º°ãË�º�

mÈ�Ëã	Óº°�	 mÒ�È ���� ���� ���� ���� ���� ���� ����

���� ���� ���� ���� ����

�È}Òä º¯ÈÏºä� ã
©Ë ÒÏäËÓËÓÒ« �Ë²ÓÒ�Ë°}º�º

°º°�º«ÓÒ« º�Ë}�È ÒãÒ Ë�º �Ë²Óºãº�Ò�Ë°}Ò² ¹È¯È�

äË�¯ºm� m©ÏmÈm�Ò² ÒÏäËÓËÓÒË °Ò�ÓÈãÈ ÓÈ mËãÒ�ÒÓ��

R′ã	��
� �Ëä �È� �Ò°}¯Ë�ÒÏÈ�ÒÒ� ���� º�¯ÈÎÈ�	�

°« ÓÈ �ãÒ�Ëã	Óº°�Ò m¯ËäËÓÓ©² ÒÓ�Ë¯mÈãºm� È °ºº��

mË�°�mËÓÓº Û Ò ÓÈ ÒÓÈ¯Ó©² °º°�Èmã«
�Ò² m ¹º�

ÏÒ�Ò«² T
N
� ��º ¹ºÏmºã«Ë� Ò°¹ºã	ÏºmÈ�	 ª�Ò ÒÓÈ¯�

Ó©Ë °º°�Èmã«
�ÒË m }È�Ë°�mË ÒÓÁº¯äÈ�ÒmÓ©²

¹¯ÒÏÓÈ}ºm�

v �Ëã	
 }ãÈ°°ÒÁÒ}È�ÒÒ mÒ�ºm ÓËÒ°¹¯ÈmÓº°�Ë®�

°ºº�mË�°�m�
�Ò² ÒÏäËÓËÓÒ
 Áº¯ä© }¯Òmº®� mº°�

¹ºã	Ï�Ëä°« �ÈãÒ�Ë®� m }º�º¯º® ¹¯ÒmË�ËÓº }ºãÒ�

�Ë°�mº Ë�ÒÓÒ�� º¯ÈÏ�Ëä©² m }ÈÎ�º® ¹ºÏÒ�ÒÒ� {

°�ºã�Ë αÓ�¯ �ÈãÒ�© ¹¯Ë�°�ÈmãËÓº }ºãÒ�Ë°�mº Ë�Ò�

ÓÒ� �ã« °ã��È« ½Óº¯äÈã	ÓÈ« ¯Èº�È�� m °�ºã�Ë

α��Ó Û ½��Ë�}È m ÓÈ�ÓË�È�Ëã	Óºä }ãÈ¹ÈÓË�� m °�ºã�

�Ë α¯ Û ¯ÈÏÓº°�	 Ë�ÒÓÒ� m ª�Ò² ¹ºÏÒ�Ò«²� α¯  

= αÓ�¯ Ü α��Ó� kÓÈãº�Ò�Ó©Ë �ÈÓÓ©Ë ¹¯ÒmË�ËÓ© �ã«

°ã��È« ½��Ë�}È m ¹¯ÒËäÓºä }ãÈ¹ÈÓË�� α¯ = αÓ�¯ Ü α��¹�

zÈÎ�È« ÒÏ ¹ºÏÒ�Ò® T
N
ÒäËË� °mº® mË°� �Ëä ºã	�

�Ë ÒÓ�Ë}° ¹ºÏÒ�ÒÒ T
N
� �Ëä ºã	�Ë Ë�º º�Óº°Ò�Ëã	�

Ó©® Ò °ºº�mË�°�mËÓÓº �ÒÈ�Óº°�Ò�Ë°}Ò® mË°� �¯Ò

ÈÓÈãÒÏË �ÈÓÓ©² �ÈãÒ�© äºÎÓº °�ËãÈ�	 m©mº� º

�ºä� ��º mºÏäºÎÓº º�ÓË°�Ò �Ë}��ÒË }¯Òm©Ë� º�º�

¯ÈÎÈ
�ÒË ²º� ¹¯º�Ë°°È� } º�Óºä� ÒÏ °º°�º«ÓÒ®

°Ò°�Ëä©� �� }� ¯ÈÏÓº°�	 Ë�ÒÓÒ� α¯ m }ÈÎ�º® °�¯º}Ë

�ÈãÒ�© ²È¯È}�Ë¯ÒÏ�Ë� �Ë}���
 }¯Òm�
 º�Óº°Ò�

�Ëã	Óº }¯Òmº® ¹¯Ò ½Óº¯äÈã	Óº® ¯Èº�Ë� °Ò°�Ëä©�

v ��Ë�ºä �ÒÈ�Óº°�Ò�Ë°}º�º mË°È }ÈÎ�º® ÒÏ ¹º�

ÏÒ�Ò® ÏÈ¹Ò�Ëä m©¯ÈÎËÓÒË �ã« ¯ÈÏ�ËãËÓÒ« ÓÈ }ãÈ°�

°© ÓËÒ°¹¯ÈmÓº°�Ë® m mÒ�Ë
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°ºº�mË�°�mËÓÓº �ã« °ã��È« ½Óº¯äÈã	ÓÈ« ¯Èº�È�

°Ò°�Ëä© Ò �ã« �Ë}��Ë® }¯Òmº®� N Û }ºãÒ�Ë°�mº

¹ºÏÒ�Ò®� Ò°¹ºã	Ï�Ëä©² �ã« ÒÓÈ¯Óº�º ¯ÈÏãºÎËÓÒ«

Ò°²º�Óº�º °Ò�ÓÈãÈ� N  �� … � Q Ü �� α¯ Û ¯ÈÏÓº°�	

Ë�ÒÓÒ� m ¹ºÏÒ�Ò«² �ÈãÒ�©�

cÒ°� �� {È��äË�¯º�¯ÈääÈ �È� Ò °ºº�mË�°�m�
�ÒË Ë® �r °º°�Èmã«
�ÒË
�� ¹¯Ò Óº¯äÈã	Óº® ¯Èº�Ë ÓÈ°º°È

cÒ°� �� {È��äË�¯º�¯ÈääÈ ÓÈ°º°È �È� Ò °ºº�mË�°�m�
�ÒË Ë® �r °º°�Èm�
ã«
�ÒË �� �ã« °ã��È« ½��Ë�}È m ÓÈ�ÓË�È�Ëã	Óºä }ãÈ¹ÈÓË�

°£³«¦µ£¯¨�½ ¢¦�¡«¬¯°¦¨� ¦ «£®�¥®±¶�¼·¦§ ¨¬«°®¬©º� ������� ��



j°¹ºã	ÏºmÈm �ÈÓÓ©Ë �ÈãÒ�©� º¹¯Ë�ËãÒä ¹º m©�

¯ÈÎËÓÒ
 ��� ¹¯Ò 7  ��∆W ÏÓÈ�ËÓÒË �Ò°ãºmº�º

¹º}ÈÏÈ�Ëã« '��Ó �ã« °ã��È« ½��Ë�}È m ÓÈ�ÓË�È�Ëã	�

Óºä }ãÈ¹ÈÓË��

'��Ó  ��⋅��� � ��⋅��� � ��⋅��� � �Ü��⋅���  ���

kÓÈãº�Ò�Óº ¹º �ÈÓÓ©ä �ÈãÒ�© �ã« °ã��È«

½��Ë�}È m ¹¯ÒËäÓºä }ãÈ¹ÈÓË�

'��¹  ��⋅��� � �Ü�⋅��� � �Ü�⋅��� � ��⋅��� �

� �Ü�⋅���  Ü���

{ ¯ËÏ�ã	�È�Ë ÈÓÈãÒÏÈ ¯«�È ¯ËÈã	Ó©² }¯Òm©² Ò

¹¯ºmË�ËÓÓ©² m©�Ò°ãÒ�Ëã	Ó©² ª}°¹Ë¯ÒäËÓ�ºm m©�

«mãËÓº� ��º ¹¯Ò ÒÏäËÓËÓÒÒ mËãÒ�ÒÓ© ��Ë�}Ò m ÓÈ��

ÓË�È�Ëã	Óºä }ãÈ¹ÈÓË ÓÈ°º°È ¹¯º¹º¯�ÒºÓÈã	Óº Ë®

ÒÏäËÓ«Ë�°« Ò ÏÓÈ�ËÓÒË ¹º}ÈÏÈ�Ëã« '��Ó� º°�ÈmÈ«°	

¹¯Ò ª�ºä ¹ºãºÎÒ�Ëã	Óº® mËãÒ�ÒÓº®� �¯Ò ÒÏäË�

ÓËÓÒÒ mËãÒ�ÒÓ© ��Ë�}Ò m ¹¯ÒËäÓºä }ãÈ¹ÈÓË

�È}ÎË ¹¯º¹º¯�ÒºÓÈã	Óº ÒÏäËÓ«Ë�°« ÏÓÈ�Ë�

ÓÒË ¹º}ÈÏÈ�Ëã« '��¹� º°�ÈmÈ«°	 ¹¯Ò ª�ºä

º�¯Ò�È�Ëã	Óº® mËãÒ�ÒÓº®� iã« �¯��Ò² mÒ�

�ºm ÓËÒ°¹¯ÈmÓº°�Ë® ÏÓÈ�ËÓÒË ¹º}ÈÏÈ�Ëã« '

mÈ¯	Ò¯�Ë�°« m ÒÓ©² ¹¯Ë�ËãÈ² �Ò°ãºm©² ÏÓÈ�

�ËÓÒ®�

v �Ëã	
 Ò�ËÓ�ÒÁÒ}È�ÒÒ °º°�º«ÓÒ« °Ò°�

�Ëä© ¹º m°Ëä }ãÈ°°Èä ÓËÒ°¹¯ÈmÓº°�Ë® Ò°�

¹ºã	Ï�
�°« ¯ËÏ�ã	�È�© �r ¯ÈÏãºÎËÓÒ« �ã«

ª�ÈãºÓÓ©² ÓËÒ°¹¯ÈmÓº°�Ë®� ²¯ÈÓ«�Ò²°« m

¹Èä«�Ò� �º ¯ËÏ�ã	�È�Èä °¯ÈmÓËÓÒ« �ÈÓÓ©²�

º¯ÈÏ�
�Ò²°« m }ÈÎ�º® ¹ºÏÒ�ÒÒ Ò °ºº�mË��

°�m�
�Ò² �Ë}��Ëä� °º°�º«ÓÒ
 °Ò°�Ëä©� °

ª�ÈãºÓÓ©äÒ ¹¯ºmº�Ò�°« m©«mãËÓÒË Ò }ãÈ°�

°ÒÁÒ}È�Ò« ÓËÒ°¹¯ÈmÓº°�Ë®�

�¯Ë�ËäÈ« ¯ÈÏ¯Ë�È
�È« °¹º°ºÓº°�	 Èã�

�º¯Ò�äÈ } ÒÏäËÓËÓÒ«ä Áº¯ä© }¯Òmº® ºË°�

¹Ë�ÒmÈË�°« ÏÈ °�Ë� m©º¯È �È�È �Ò°}¯Ë�Ò�

ÏÈ�ÒÒ Ò °ºº�mË�°�mËÓÓº ¯ÈÏ¯«�Óº°�Ò ¹ºÏÒ�

�ÒºÓÓ©² °Ò�ÓÈãºm TN� �È}� ÓÈ¹¯ÒäË¯� ¹¯Ò

�m�²}¯È�Óºä �äËÓ	�ËÓÒÒ �È�È �Ò°}¯Ë�Ò�

ÏÈ�ÒÒ ∆[ �7  ���∆W� �ã« ¹¯ÒmË�ËÓÓ©² }¯Òm©²

¯ÈÏ¯«�Óº°�	 TN �mËãÒ�ÒmÈË�°« m°Ë�º ãÒ�	 ÓÈ Ë�Ò�

ÓÒ��� È ¹¯Ò ��}¯È�Óºä �7  ���∆W� Û ãÒ�	 ÓÈ �mË

Ë�ÒÓÒ�©� �¯Ò ª�ºä ÏÓÈ�ËÓÒ« '��Ó� '��¹ °�ÈÓºm«�°«

¯ÈmÓ©äÒ� �ã« 7  ���∆W Û '��Ó  ���� '��¹  Ü����

�ã« 7  ���∆W Û '��Ó  ���� '��¹   Ü����

�È}Òä º¯ÈÏºä� m©°º}È« ¯ÈÏ¯Ë�È
�È« °¹º°º�

Óº°�	 �r ¯ÈÏãºÎËÓÒ« Ò ¹¯º°�º�È Ë�º ¯ËÈãÒÏÈ�ÒÒ

°ºÏ�ÈË� mºÏäºÎÓº°�	 ¯ÈÓÓË�º ºÓÈ¯�ÎËÓÒ« ÒÏäËÓË�

ÓÒ® m ¹ºmË�ËÓÒÒ º�Ë}�È Ò °¹º°º°�m�Ë� ¹ºm©�ËÓÒ


�º°�ºmË¯Óº°�Ò �ÒÈ�Óº°�Ò}Ò� lÈ}°ÒäÈã	Óº mºÏäºÎ�

ÓÈ« ��m°�mÒ�Ëã	Óº°�	 �r Èã�º¯Ò�äÈ } ÒÏäËÓËÓÒ«ä

Áº¯ä© }¯Òmº® º¹¯Ë�Ëã«Ë�°« ¹º °��Ë°�m� ¯ÈÏ¯Ë�È�


�Ë® °¹º°ºÓº°�	
 k¡�� �mËãÒ�ËÓÒËä ¯ÈÏ¯«�Óº°�

�Ò TN ÓÈ Ë�ÒÓÒ�� ��ÈË�°« m �mÈ ¯ÈÏÈ �äËÓ	�Ò�	 �È�

�Ò°}¯Ë�ÒÏÈ�ÒÒ ∆[� ��º ¯ÈmÓº°Òã	Óº �m�²}¯È�Óºä�

�äËÓ	�ËÓÒ
 °¯Ë�ÓË}mÈ�¯È�Ò�Óº�º º�}ãºÓËÓÒ« 6�

�º��È }È} �ã« �º°�ÒÎËÓÒ« ÈÓÈãº�Ò�Óº® ��m°�mÒ�Ëã	�

Óº°�Ò ° ¹¯ÒäËÓËÓÒËä °¹Ë}�¯Èã	Óº�º ¯ÈÏãºÎËÓÒ«

ÒÓº��È �¯Ë�Ë�°« �º¹ºãÓÒ�Ëã	Óº Ò°¹ºã	ÏºmÈ�	 �Ë�

°«�}Ò ÒãÒ �ÈÎË °º�ÓÒ �È¯äºÓÒ}� �¯Ò ª�ºä Èã�º¯Ò�ä

�r ¯ÈÏãºÎËÓÒ« ¯ËÈãÒÏ�Ë�°« ° ¹ºäº�	
 ¹¯º°�©²

¹¯º�¯ÈääÓ©² Ò °�ÈÓ�È¯�Ó©² È¹¹È¯È�Ó©² °¯Ë�°�m�

�� rÒ¯�Ë¯ j� k� �Ë²ÓÒ�Ë°}È« �ÒÈ�Óº°�Ò}È� Û l�� lÈ�ÒÓº°��
¯ºËÓÒË� ����� Û ��� °�

�� kãÒËm �� k� |°Óºm© ª}°¹Ë¯ÒäËÓ�Èã	Óº�º ÈÓÈãÒÏÈ� Û l��
lÈ�ÒÓº°�¯ºËÓÒË� ����� Û ��� °�

�� kãÒËm �� k�� s�°¯È�ºm |� z� kã�º¯Ò�ä© ÈÓÈãÒÏÈ �Ò}ãÒ�Ë°�
}Ò² °Ò�ÓÈãºm �� km�ºäÈ�Ò}È Ò m©�Ò°ãÒ�� �Ë²ÓÒ}È� �È�mÒ«�
cÒ�È� Û ����� Û ¢ �� Û v� ��Ü���

jÓ�� }ÒË¯ÓË�Ò}Ò ks kÏË¯È®�ÎÈÓÈ�

rÈ}�

�º°��¹ÒãÈ m ¯Ë�È}�Ò�
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cÒ°� �� {È��äË�¯º�¯ÈääÈ ÓÈ°º°È �È� Ò °ºº�mË�°�m�
�ÒË Ë® �r °º°�Èmã«
�
�ÒË �� �ã« °ã��È« ½��Ë�}È m ¹¯ÒËäÓºä }ãÈ¹ÈÓË�

�ºÏÒ�ÒºÓÓº�ÒÓÈ¯Ó©Ë °º°�Èmã«
�ÒË ¹¯Ò ��Ë�}Ë m ÓÈ�ÓË�
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cÈ°°äº�¯ËÓÈ �ÒÈ�Óº°�Ò}È ¹º�	Ò¹ÓÒ}ºm ° ºÓÈ¯�ÎËÓÒËä Ò Ò�ËÓ�ÒÁÒ}È�ÒË® �ËÁË}�ºm ¹º °Ò�ÓÈã� mÒ¯È�ÒÒ ¹º�	Ò¹ÓÒ}È� m
º°ÓºmÓºä� m©°º}º�È°�º�Óº®� �º}ÈÏÈÓº� ��º ÈÓÈãÒÏ °¹Ë}�¯È º�ÒÈ��Ë® m©°º}º�È°�º�Óº® mÒ¯È�ÒÒ ¹ºÏmºã«Ë� m©«mã«�


�ËÁË}�© °º¯}Ò� È �È}ÎË º�ËÓÒmÈ�
 �¯ºmËÓ
 Ò ¹¯º�ÓºÏÒ¯ºmÈ�
 ¯ÈÏmÒ�ÒË �ËÁË}�ºm ÓÈ °Èäº® ¯ÈÓÓË® °�È�ÒÒ Ò² ¯ÈÏmÒ�Ò«�

7KH SDSHU GHDOV ZLWK GLDJQRVWLFV RI EHDULQJV ZLWK GHWHFWLRQ DQG LGHQWLILFDWLRQ RI GHIHFWV E\ WKH EHDULQJ YLEUDWLRQ VLJQDO� PDLQO\� KLJK
IUHTXHQF\� ,W LV VKRZQ WKDW DQDO\VLV RI WKH VSHFWUXP RI WKH HQYHORSH RI KLJK�IUHTXHQF\ YLEUDWLRQ DOORZV UHYHDOLQJ DVVHPEO\ GHIHFWV� DV
ZHOO DV HYDOXDWLRQ RI WKH OHYHO DQG IRUHFDVWLQJ GHIHFW SURSDJDWLRQ DW WKH HDUOLHVW VWDJH RI WKHLU SURSDJDWLRQ�
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mÒ¯È�ÒÒ ���äÈ�� sÈÒºãËË ¹ºãÓÈ« Ò �Ë�Èã	ÓÈ«
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äÒ °¹Ë}�¯Èã	Ó©äÒ ¹¯Òº¯ÈäÒ� iÈÓÓ©® äË�º� º°�
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}�ã«¯Ó©� { �ÈÓÓºä ¹¯º°�Ë®�Ëä Ò°¹ºãÓËÓÒÒ ºÓÒ
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ÎÌÆÅÀÌÂÆÐ ÍÎÆ¿ÌÎÙ ÂÉÝ ÈÌËÐÎÌÉÝ� ÂÆ¾ÁËÌÏÐÆÈÆ�
Ë¾É¾ÂÈÆ Æ ÎÃÊÌËÐ¾ ÐÃÓËÌÉÌÁÆÕÃÏÈÌÁÌ Ì¿ÌÎÑÂÌÀ¾ËÆÝ

�Ë¾ÉÆÅ¾ÐÌÎ ÏÍÃÈÐÎ¾ ÀÆ¿Î¾ÔÆÆ ���ª x ÍÎÆ¿ÌÎ ÂÉÝ ÆÅÊÃÎÃËÆÝ Æ
¾Ë¾ÉÆÅ¾ Í¾Î¾ÊÃÐÎÌÀ ÀÆ¿Î¾ÔÆÆ� ¿¾É¾ËÏÆÎÌÀÈÆ� ÎÃÊÌËÐ¾ Æ Ë¾É¾ÂÈÆ Ì¿Ì�
ÎÑÂÌÀ¾ËÆÝ� ¬ÏËÌÀËÙÃ ÐÃÓËÆÕÃÏÈÆÃ Ó¾Î¾ÈÐÃÎÆÏÐÆÈÆ ÍÎÆ¿ÌÎ¾ ÏÐ¾ÀÝÐ ÃÁÌ
À ÎÝÂ ÏÌÀÎÃÊÃËËÙÓ ÂÆ¾ÁËÌÏÐÆÕÃÏÈÆÓ ÏÎÃÂÏÐÀ� ÀÙÏÌÈ¾Ý Î¾ÅÎÃÖ¾Ü×¾Ý
ÏÍÌÏÌ¿ËÌÏÐÚ ÍÌÅÀÌÉÝÃÐ ÐÌÕËÌ ÀÙÝÀÆÐÚ ÉÜ¿ÌÇ ÂÃÒÃÈÐ À ÍÌÉÃÀÙÓ
ÑÏÉÌÀÆÝÓ� Ë¾ ÊÃÏÐÃ ÛÈÏÍÉÑ¾Ð¾ÔÆÆ ÊÃÓ¾ËÆÅÊ¾�  ÌÅÊÌÄËÌÏÐÆ ÀÙÍÌÉËÃËÆÝ
ÊËÌÁÌÍÉÌÏÈÌÏÐËÌÇ ÂÆË¾ÊÆÕÃÏÈÌÇ ¿¾É¾ËÏÆÎÌÀÈÆ À ÏÌ¿ÏÐÀÃËËÙÓ ÌÍÌÎ¾Ó�
ÆÅÊÃÎÃËÆÝ ¾ÊÍÉÆÐÑÂÌ�Ò¾ÅÌÕ¾ÏÐÌÐËÙÓ Ó¾Î¾ÈÐÃÎÆÏÐÆÈ Ë¾ ÎÃÄÆÊ¾Ó Î¾ÅÁÌ�
Ë¾�ÀÙ¿ÃÁ¾� ÈÌËÐÎÌÉÚ ÍÌÂÖÆÍËÆÈÌÀ ÍÌ ÌÁÆ¿¾Ü×ÃÇ Æ
ÊÃÐÌÂÑ ÑÂ¾ÎËÙÓ ÆÊÍÑÉÚÏÌÀ ÏÑ×ÃÏÐÀÃËËÌ Î¾ÏÖÆÎÝÜÐ
ÀÌÅÊÌÄËÌÏÐÆ ÆÏÍÌÉÚÅÌÀ¾ËÆÝ ÍÎÆ¿ÌÎ¾ ÍÎÆ ÎÃÊÌËÐÃ
Æ Ë¾É¾ÂÈÃ�

�	������������ !�"	#�$%�#	�	&'(����(��#� 
���� &�"	#�)�

����	'��*(�'�� ������)#�$+
�,	�	#����"'	�������"�#	��(��(+

�	-(�#	)�"�"(�'	�����#�����"	��"
��"	�����"�&�"

ÐÃÉ��Ò¾ÈÏ� ������ �� �� ��� H�PDLO� VWP#DLS�PN�XD�
KWWS���ZZZ�VWPQLN�QDURG�UX

¦ËÂÆÈ¾ÐÌÎ ÀÆ¿ÎÌÂÆ�
¾ÁËÌÏÐÆÕÃÏÈÆÇ ��¢��
x ÍÎÆ¿ÌÎ ÂÉÝ ÈÌËÐÎÌ�
ÉÝ ÐÃÓËÆÕÃÏÈÌÁÌ ÏÌÏ�
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È¾ÕÃËÆÝ ÊÃÐÌÂÌÊ ÑÂ¾�
ÎËÙÓ ÆÊÍÑÉÚÏÌÀ�
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�¯ºmË�ËÓº °¯ÈmÓËÓÒË ²È¯È}�Ë¯Ó©² ¹È¯ÈäË�¯ºm äË�º�ºm ¯È�Òº� Ò È}�°�º�Ë¯äºäË�¯ÒÒ ÎÒ�}Ò² º�Ë}�ºm� ¹ºã��ËÓÓ©²
¹º°¯Ë�°�mºä �ÎË °ºÏ�ÈÓÓ©² ¯È�Òº�Ë¯äº�¯ÈÁºm Ò ¯È°�Ë�ºä mÈ¯ÒÈÓ�ºm È}�°�º�Ë¯äºäË�¯È ° ¹ºäº�
� È¹¯ºÒ¯ºmÈÓÓ©² m

�Ò�¯ºÈ}�°�Ò}Ë äº�ËãË® ÈÓ�ËÓÓ� w�Ò äº�ËãÒ ��Ò�©mÈ�� ¹¯ÒÓ�Ò¹ÒÈã
Ó©Ë ¯ÈÏãÒ�Ò« äËÎ�� ªãË}�¯ºäÈ�ÓÒ�Ó©äÒ Ò

È}�°�Ò�Ë°}ÒäÒ ÈÓ�ËÓÓÈäÒ� °m«ÏÈÓÓ©Ë }È} ° �¯ÈÓÒ�Ó©äÒ �°ãºmÒ«äÒ ÓÈ È}�ÒmÓ©² Ò ¹È°°ÒmÓ©² �È°�«² ÈÓ�ËÓÓ� �È} Ò °

mË}�º¯Ó©ä ²È¯È}�Ë¯ºä ªãË}�¯ºäÈ�ÓÒ�Óº�º Ò °}Èã«¯Ó©ä Û È}�°�Ò�Ë°}º�º Û ¹ºãË®� |�äË�È��°« ¹¯ÒÓ�Ò¹ÒÈã
Ó©Ë
º	Ò}Ò m ¯È°�Ë�È² �¯��Ò² Èm�º¯ºm� ÓË Ò°¹ºã
Ï���Ò² äº�ËãÒ �Ò�¯ºÈ}�°�Ò}Ò�

&RPSDULVRQ KDV EHHQ PDGH RI FKDUDFWHULVWLF SDUDPHWHUV RI WKH PHWKRGV RI UDGLR DQG DFRXVWRWKHUPRPHWU\ RI OLTXLG REMHFWV REWDLQHG
XVLQJ WKH DOUHDG\ GHYHORSHG UDGLRWKHUPRJUDSKV DQG FDOFXODWLRQ RI WKH YDULDQWV RI DFRXVWRWKHUPRPHWHU XVLQJ DQWHQQD PRGHOV YHULILHG
LQ K\GURDFRXVWLFV� 7KHVH PRGHOV DFFRXQW IRU WKH IXQGDPHQWDO GLIIHUHQFHV EHWZHHQ WKH HOHFWURPDJQHWLF DQG DFRXVWLF DQWHQQDV� UHODWHG
WR ERXQGDU\ FRQGLWLRQV LQ WKH DFWLYH DQG SDVVLYH SDUWV RI WKH DQWHQQDV� DQG YHFWRU QDWXUH RI WKH HOHFWURPDJQHWLF DQG VFDODU QDWXUH RI
WKH DFRXVWLF ILHOGV� )XQGDPHQWDO HUURUV DUH QRWHG LQ FDOFXODWLRQV RI RWKHU DXWKRUV� QRW XVLQJ WKH K\GURDFRXVWLF PRGHOV�
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¯Èº�È >�@� ��Ë m }È�Ë°�mË ¹¯ÒËäÓÒ}È �Ë¹ãºmº�º
ÒÏã��ËÓÒ« Ò°¹ºã	ÏºmÈãÈ°	 ¹	ËÏº¹ãÈ°�ÒÓÈ ÒÏ ÓÒº�
È�È ãÒ�Ò« ° °º�ãÈ°�
�Òä °ãºËä� |}ÈÏÈãº°	� ��º
�º�Óº°�	 ÒÏäË¯ËÓÒ« �Ëä¹Ë¯È��¯© ÏÓÈ�Ò�Ëã	Óº äËÓ	�
�Ë ºÎÒ�Èm�Ë®°« m ¯ËÏ�ã	�È�Ë ¹¯ÒäËÓËÓÒ« Ó�ãËmº�º
äº��ã«�ÒºÓÓº�º äË�º�È ÒÏäË¯ËÓÒ«� jÓ�ËÓ°ÒmÓº°�	
�Ë¹ãºmº�º È}�°�Ò�Ë°}º�º ÒÏã��ËÓÒ« �mË¯�©² �Ëã
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�Ò«� �ºª�ºä� äË�º�© È}�°�º�Ë¯äºäË�¯ÒÒ äº��� º}È�
ÏÈ�	°« ¹ºãËÏÓ©äÒ Ò �ã« �Ë²ÓÒ�Ë°}º® �ÒÈ�Óº°�Ò}Ò
Ò sz� ¹¯Ò ª�ºä �È°�º�Ó©® �ÒÈ¹ÈÏºÓ äË�º�È È}�°�
�Ò�Ë°}º® ªäÒ°°ÒÒ m©�Ë � l��� s�ãËmº® äº��ã«�
�ÒºÓÓ©® äË�º�� ÒÏÈmã«
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