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º­¯ÈÏºmÈm�ÒË°« ¹¯Ò ���ºmºäÓÈ�¯ËmË ­ËÏ ¯È°¹ãÈmãËÓÒ« º°ÓºmÓº�º
äË�ÈããÈ ° Ò°¹ºã	ÏºmÈÓÒËä ¹¯Ò¹º« °Ò°�Ëä© 1LÜ&UÜ=U

cÒ°� �� lÒ}¯º°�¯�}��¯È ������� ÓÈ¹ãÈmãËÓÓº�º äË�ÈããÈ� ¹ºã��
�ËÓÓº�º ¹¯Ò ���ºmºäÓÈ�¯ËmË ­ËÏ ¯È°¹ãÈmãËÓÒ« º°ÓºmÓº�ºäË�ÈããÈ
° Ò°¹ºã	ÏºmÈÓÒËä ¹¯Ò¹º« °Ò°�Ëä© 1LÜ&UÜ=U

cÈ°¹¯Ë�ËãËÓÒË ªãËäËÓ�ºm °�¯�}��¯Ó©² °º°�Èmã«
�Ò² ÓÈ¹ãÈmãËÓÓº�º äË�ÈããÈ

v�¯�}��¯Ó©Ë
°º°�Èmã«
�ÒË

lÈ°°ºmÈ« �ºã« ªãËäËÓ�ºm� �
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i��ºmº® ÓÈ�¯Ëm ° ¯È°¹ãÈmãËÓÒËä º°ÓºmÓº�º äË�ÈããÈ

iËÓ�¯Ò� ���� ��� ��� ��� ���� ��� ���� ��� ��� ���
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wm�Ë}�Ò}È ���� ��� ���� ��� ��� Û ��� ��� ��� Û

�� ������



¹º}ÈÏÈãÒ� ��º m ÓËä ÒäË
� äË°�º mÏÈÒäÓ©Ë �ÒÁ�
Á�ÏÒºÓÓ©Ë ¹¯º�Ë°°©� ¹¯ºÒ°²º�«�ÒË äËÎ�� ¹È«�
Ëä©ä äË�Èããºä Ò ¹¯Ò¹ºËä� º�ÓÈ}º ºÓÒ m©¯ÈÎËÓ©
äËÓËË «¯}º �°ä� �È­ãÒ���� �Ëä ¹¯Ò ÓÈ�¯ËmË ° ¯È°�
¹ãÈmãËÓÒËä º°ÓºmÓº�º äË�ÈããÈ�

iÈã	ÓË®�ËË �äËÓ	�ËÓÒË �Ë¹ãºmº�º mºÏ�Ë®°�mÒ«
ÓÈ äË�Èãã ÏºÓ© °¹ãÈmãËÓÒ« �º°�Ò�ÈË�°« ÏÈ °�Ë�
¹¯ÒäËÓËÓÒ« ¹º¯º�}ºm©² }ºä¹ºÏÒ�ÒºÓÓ©² ¹¯Ò¹ºËm
Û °äË°Ò ãË�}º¹ãÈm}º�º °¹ãÈmÈ °Ò°�Ëä© 1LÜ&UÜ=U
Ò ���º¹ãÈm}º�º m©°º}ºãË�Ò¯ºmÈÓÓº�º ÎÈ¯º¹¯º�Óº�
�º °¹ãÈmÈ yv����� { ª�ºä °ã��ÈË º°º­ËÓÓº mÈÎÓº
°ºº�Óº�ËÓÒË ¹¯Ò¹º« Ò º°ÓºmÓº�º äË�ÈããÈ� v º�Óº®
°�º¯ºÓ©� �Ëä m©�Ë äÈ°°ºmÈ« �ºã« ���º¹ãÈm}º®
°º°�Èmã«
�Ë®� �Ëä m©�Ë �¯ºmËÓ	 °mº®°�m ÓÈ¹ãÈm�
ãËÓÓº�º äË�ÈããÈ� ° �¯��º® Û äÈ°°ºmÈ« �ºã« ¹¯Ò¹º«
ÓË �ºãÎÓÈ ­©�	 °ãÒ�}ºä ÓÒÏ}º®� ¹º°}ºã	}� °ãË�
��Ë� º­Ë°¹Ë�Ò�	 ²º¯º�ËË °äÈ�ÒmÈÓÒË ¹È«Ëäº�º äË�
�ÈããÈ Ò mºÏäºÎÓº°�	 ½ÏÈãË�ÒmÈÓÒ«� �º¯«�Ò² �¯Ë�
�ÒÓ m °ã��ÈË Ò² º­¯ÈÏºmÈÓÒ«� �¯Ò º¹�ÒäÈã	Óºä
°ºº�Óº�ËÓÒÒ ¹¯Ò¹º« Ò ÓÈ¹ºãÓÒ�Ëã« ��ÈË�°« ÒÏ�
­ËÎÈ�	 mºÏÓÒ}ÓºmËÓÒ« �¯Ë�ÒÓ Ò ¹ºã��Ò�	 ÓÈ¹�
ãÈmãËÓÓ©® äË�Èãã ° º�Óº¯º�Óº® äËã}º�Ò°¹Ë¯°Óº®
°�¯�}��¯º® �¯Ò°� ���

|­°�Î�ËÓÒË ¯ËÏ�ã	�È�ºm� zÈ} �ÎË º�äË�Èãº°	
m©�Ë� m©°º}ºãË�Ò¯ºmÈÓÓ©Ë °¹ãÈm© ÓÈ º°ÓºmË ÓÒ�

}Ëã« ° m©°º}Òä °º�Ë¯ÎÈÓÒËä γ′�ÁÈÏ© «mã«
�°«
ÓË°mÈ¯ÒmÈËä©äÒ� p°ãÒ ¹¯ºÈÓÈãÒÏÒ¯ºmÈ�	 °��	 ¹¯º�
Ò°²º�«�Ò² ¹¯º�Ë°°ºm� �º äºÎÓº º�äË�Ò�	� ��º� °
º�Óº® °�º¯ºÓ©� ¹¯Ò °mÈ¯}Ë ¹¯ºÒ°²º�Ò� ÏÓÈ�Ò�Ëã	�
Ó©® ¹Ë¯Ë�¯Ëm ~�{� �¯Ò ª�ºä ÓÈ­ã
�ÈË�°« ¹º«m�
ãËÓÒË ÎÒ�}Ò² ¹¯º°ãºË} ¹º �¯ÈÓÒ�Èä ÏË¯ËÓ Ò ¹¯º��
Óº°�	 äË�ÈããÈ ¯ËÏ}º ¹È�ÈË�� { ª�ºä °ã��ÈË �º°�
�È�º�Óº mºÏ�Ë®°�mÒ« ÓËÏÓÈ�Ò�Ëã	Ó©² °mÈ¯º�Ó©²
ÓÈ¹¯«ÎËÓÒ®� ��º­© m ¹È«Ëäºä äË�ÈããË ¹º«mÒãÈ°	
�¯Ë�ÒÓÈ� v �¯��º® °�º¯ºÓ©� ¹¯Ò Ò°¹ºã	ÏºmÈÓÒÒ
¹¯Ò°È�º�Ó©² äÈ�Ë¯ÒÈãºm� ­ãÒÏ}Ò² ¹º ²ÒäÒ�Ë°}ºä�
°º°�Èm� } º°ÓºmÓºä� äË�Èãã�� º�°��°�m�Ë� mºÏäºÎ�
Óº°�	 ½ÏÈãË�ÒmÈÓÒ«� �¯Ë�ÒÓ� ¹º°}ºã	}� �Ëä¹Ë¯È�
��¯È ÏÈ�mË¯�ËmÈÓÒ« äË�ÈããÈ ÎÒ�}º® mÈÓÓ© �º°�È�
�º�Óº m©°º}È� z¯ºäË �º�º� �¯Ë�ÒÓ© äº���
mºÏÓÒ}È�	 m º°ÓºmÓºä äË�ÈããË ÓÈ ÓË}º�º¯ºä ¯È°�
°�º«ÓÒÒ º� °mÈ¯º�Óº® mÈÓÓ©� �mËãÒ�ËÓÒË mãºÎËÓ�
Óº® ªÓË¯�ÒÒ Ò °ÓÒÎËÓÒË °}º¯º°�Ò °mÈ¯}Ò� }È} ª�º
¹¯Ë�ãÈ�ÈË�°« m ¯È­º�È² >�Ü�@� �Ë®°�mÒ�Ëã	Óº �äËÓ	�
�È
� °mÈ¯º�Ó©Ë ÓÈ¹¯«ÎËÓÒ«� Óº �mËãÒ�ÒmÈ
�
º¹È°Óº°�	 mºÏ�Ë®°�mÒ« �È}º�º ÁÈ}�º¯È� }È} ¹º«m�
ãËÓÒË ÎÒ�}Ò² ¹¯º°ãºË} ÓÈ �¯ÈÓÒ�È² ÏË¯ËÓ�

�¯Ë�ãºÎËÓÓ©® Èm�º¯ÈäÒ ÓÈ°�º«�Ë® ¯È­º�©
¹º�²º� º}ÈÏÈã°« mË°	äÈ ªÁÁË}�ÒmÓ©ä °¯Ë�°�mºä
�°�¯ÈÓËÓÒ« �º¯«�Ò² �¯Ë�ÒÓ� |Ó º�ãÒ�ÈË�°« �Ëä�
��º ¹¯Ò ���ºmºä ÓÈ�¯ËmË º­Ë°¹Ë�ÒmÈË� äÒÓÒäÈã	ÓºË
�Ë¹ãºmãºÎËÓÒË� �º��È ÎÒ�}ÒË ¹¯º°ãº®}Ò m º}º�
ãº�ºmÓº® ÏºÓË ÓË º­¯ÈÏ�
�°«� È °äÈ�ÒmÈÓÒË º°�
ÓºmÓº�º äË�ÈããÈ ¹¯ºÒ°²º�Ò� ¹¯Ò �Ëä¹Ë¯È��¯È² ÏÓÈ�
�Ò�Ëã	Óº ÓÒÎË �Ëä¹Ë¯È��¯© Ë�º ¹ãÈmãËÓÒ«� {ÈÎ�
Ó�
 ¯ºã	 ¹¯Ò ª�ºä Ò�¯ÈË� }È} ¯ËÎÒä ¹È®}Ò� �È}
Ò º°º­ËÓÓº°�Ò ¹¯Ò¹ºËm Óºm©² °Ò°�Ëä� ÓÈ¹¯ÒäË¯
�Ò¹È 1LÜ&UÜ=U� }º�º¯©® ÒäËË� m©°º}�
 È��ËÏÒºÓ�
Ó�
 È}�ÒmÓº°�	� ­ºãËË m©°º}�
 ¹ãÈ°�Ò�Óº°�	� �Ëä
¹¯Ò¹ºÒ °Ò°�Ëä© 1LÜ&UÜ%Ü6L� ÓÒÏ}�
 �mË¯�º°�	�
�º°ãË�ÓËË ÓÈ�ã«�Óº ¹º��mË¯Î�ÈË�°« ¯ËÏ�ã	�È�ÈäÒ
ÒÏäË¯ËÓÒ« äÒ}¯º�mË¯�º°�Ò °�¯�}��¯Ó©² °º°�Èmã«�

�Ò² ÓÈ¹ãÈmãËÓÓº�º äË�ÈããÈ� m©¹ºãÓËÓÓ©² ¯ÈÏ�
ãÒ�Ó©äÒ °¹º°º­ÈäÒ �¯Ò°� ���

vãË��Ë� º�äË�Ò�	� ��º ÓÈÒã���ÒË ¯ËÏ�ã	�È�©
¹ºã��ËÓ© ¹¯Ò Ò°¹ºã	ÏºmÈÓÒÒ ÓË ãÒ�©²� È }ºä�
¹ºÏÒ�ÒºÓÓ©² ¹¯Ò¹ºËm� ° ¹ºäº�	
 }º�º¯©² º}È�
ÏÈãº°	 mºÏäºÎÓ©ä ¯Ë��ãÒ¯ºmÈ�	 ÓË �ºã	}º °º°�Èm
ÓÈ¹ãÈmãËÓÓº�º äË�ÈããÈ� Óº Ò �Ë¹ãºmãºÎËÓÒË� rºãËË
�º�º� m ª�ºä °ã��ÈË ÓÈ ²ÒäÒ�Ë°}Ò® °º°�Èm ÓÈ¹�
ãÈmãËÓÓº�º äË�ÈããÈ äÈãº mãÒ«
� ¯ÈÏäË¯© �ËÁË}�
�ºm� p°�Ë°�mËÓÓº� �È}ÎË Ò�¯ÈË� ¯ºã	 °ºº�Óº�ËÓÒË
ãË�}º� Ò ���º¹ãÈm}º® °º°�Èmã«
�Ë® }ºä¹ºÏÒ�ÒºÓ�
Óº�º ¹¯Ò¹º«�

v�¯�}��¯È ÓÈ¹ãÈmãËÓÓº�º äË�ÈããÈ� ¹ºã��ËÓÓº�º
° Ò°¹ºã	ÏºmÈÓÒËä }ºä¹ºÏÒ�ÒºÓÓ©² ¹¯Ò¹ºËm� °º°�
�ºÒ� ÒÏ ¯ÈmÓºäË¯Óº ¯È°¹¯Ë�ËãËÓÓ©² �Ò°¹Ë¯°Ó©²
��È°�}ºm �mË¯�º�º ¯È°�mº¯È Ò ªm�Ë}�Ò}Ò� ��º °ºÏ�ÈË�
­ãÈ�º¹¯Ò«�Ó©Ë �°ãºmÒ« �ã« �ºäº�ËÓÒÏÒ¯�
�Ë�º º��
ÎÒ�È }È} m°ãË�°�mÒË ÓË¯ÈmÓºmË°Óº°�Ò °�¯�}��¯©�
�È} Ò °¯ÈmÓÒ�Ëã	Óº ÓË­ºã	�º® ¹¯º�«ÎËÓÓº°�Ò �ÒÁ�
Á�ÏÒºÓÓ©² ¹º�º}ºm�

{©mº�©

�� vº�Ë�ÈÓÒË ���ºmº�º ÓÈ�¯ËmÈ Ò È��ËÏÒºÓÓº�È}�
�ÒmÓ©² ¹¯Ò¹ºËm� ÓÈ¹¯ÒäË¯ °Ò°�Ëä© 1LÜ&UÜ=U� m
}È�Ë°�mË ¹¯Ò°È�º�Óº�º äË�ÈããÈ mË°	äÈ ¹Ë¯°¹Ë}�Òm�
Óº �ã« °ºÏ�ÈÓÒ« �Ë²Óºãº�ÒÒ ¯ËäºÓ�È �Ë�ÈãË® �º�
¯«�Ë�º �¯È}�È �ÈÏº��¯­ÒÓÓ©² �mÒ�È�ËãË®�

�� �°�ÈÓºmãËÓº� ��º Ò°¹ºã	ÏºmÈÓÒË }ºä¹ºÏÒ�
�ÒºÓÓ©² ¹¯Ò¹ºËm º°º­ËÓÓº ªÁÁË}�ÒmÓº �ã« ¯Ë�
��ãÒ¯ºmÈÓÒ« ²ÒäÒ�Ë°}º�º °º°�ÈmÈ ÓÈ¹ãÈmãËÓÓº�º
äË�ÈããÈ Ò �Ë¹ãºmãºÎËÓÒ«�

cÒ°� �� lÒ}¯º°�¯�}��¯È ������ äË�ÈããÈ �¯ÈÓÒ�© °¹ãÈmãËÓÒ«
º­¯ÈÏ�È ÒÏ ÎÈ¯º¹¯º�Óº�º °¹ãÈmÈ yv���{j� ¹ºã��ËÓÓº�º ° Ò°�
¹ºã	ÏºmÈÓÒËä }ºä¹ºÏÒ�ÒºÓÓº�º ¹¯Ò¹º«

cÒ°� �� lÒ}¯º�mË¯�º°�	 °�¯�}��¯Ó©² °º°�Èmã«
�Ò² ÓÈ¹ãÈmãËÓ�
Óº�º äË�ÈããÈ� ¹ºã��ËÓÓº�º ¹¯Ò ���ºmºä ÓÈ�¯ËmË ° ¯È°¹ãÈmãËÓÒËä
º°ÓºmÓº�º äË�ÈããÈ ��� Ò ­ËÏ Ë�º ¯È°¹ãÈmãËÓÒ« ���� kÛ º°ÓºmÓº®
äË�Èãã� r Û �ËÓ�¯Ò�� { Û ªm�Ë}�Ò}È
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�� �¯ÒäËÓËÓÒË }ºä¹ºÏÒ�ÒºÓÓº�º ¹¯Ò¹º« Ò ���
�ºmº�º ÓÈ�¯ËmÈ ¹ºÏmºãÒãº Ò°}ã
�Ò�	 º­¯ÈÏºmÈÓÒË
�¯Ë�ÒÓ Ò ¹ºã��Ò�	 ÓÈ¹ãÈmãËÓÓ©® äË�Èãã ° º�Óº�
¯º�Óº® äËã}º�Ò°¹Ë¯°Óº® °�¯�}��¯º®�

�� -DKQNH %� +LJK�WHPSHUDWXUH HOHFWURQ EHDP ZHOGLQJ RI WKH
QLFNHO�EDVH VXSHUDOOR\ ,1����/& �� :HOGLQJ -� Û �����
Û 1RY� Û 3� ���Ü����

�� +DDINHQV 0� +�� 0DWWKH\ -� +� *� $ QHZ DSSURDFK WR WKH
ZHOGDELOLW\ RI QLFNHO�EDVH DV�FDVW DQG SRZGHU PHWDOOXUJ\ VX�
SHUDOOR\V �� ,ELG� Û 3� ��Ü���

�� ,PSURYLQJ WKH ZHOGDELOLW\ RI 1L�EDVH VXSHUDOOR\V ���& �
$� .RUHQ� 0� 5RPDQ� ,� :HLVVKDXV� $� .DXIPDQ �� ,ELG�
Û ����� Û 1RY� Û 3� ���Ü����

�� .KRUXQRY 9� )�� 8NDGHU (� 0� 3ULQFLSOHV IRU GHYHORSPHQW
RI HXWHFWLF ILOOHU PHWDOV IRU KHDW UHVLVWDQW QLFNHO DOOR\ EUD�
]LQJ �� 3URF� RI WKH ,QWHUQ� FRQI� ½-RLQLQJ :HOGLQJ ������
+DTXH� -XO\ �Ü�� ����� Û 2[IRUG� 3HUJDPDQ SUHVV� �����
Û 3� ���Ü����

�� .KRUXQRY 9� )�� ,YDQFKHQNR 9� *�� .YDVQLWVNLM 9� 9� ,Q�
YHVWLJDWLRQ RI 1LÜ&UÜ=U DQG 1LÜ&UÜ+I DOOR\V �� ,QWHUQ�
FRQI� ½%UD]LQJ� KLJK WHPSHUDWXUH EUD]LQJ DQG GLIIXVLRQ ZHO�
GLQJ�� $DFKHQ� 0D\� ����� Û $DFKHQ� ����� Û 3� ��Ü���

�� %UD]LQJ ILOOHU PHWDO FRQWDLQLQJ =U DQG +I DV GHSUHVVDQWV �
9� .KRUXQRY� 6� 0DNV\PRYD� 6� 6DPRNKLQ� 9� ,YDQFKHQNR
�� 3URF� RI WKH 7KLUG LQWHUQ� FRQI� ½+LJK WHPSHUDWXUH FD�
SLOODULW\�� .XUDVKLNL� ��Ü�� 1RY�� ����� Û 2VDND� ����� Û
3� ���Ü����

6WUXFWXUH� FKHPLFDO KHWHURJHQHLW\ DQG PLFURKDUGQHVV RI VWUXFWXUDO FRPSRQHQWV RI MRLQWV SURGXFHG XVLQJ DUJRQ DUF KHDWLQJ
DQG DGKHVLRQ�DFWLYH EUD]LQJ DOOR\V RI 1L�&U�=U V\VWHP DUH LQYHVWLJDWHG� ,W ZDV HVWDEOLVKHG WKDW DW RSWLPXP FRPSRVLWLRQV RI

EUD]LQJ DOOR\V DQG WHFKQRORJLFDO SURFHGXUHV LW LV SRVVLEOH WR SURYLGH WKH ORZ KDUGQHVV RI GHSRVLWHG PHWDO DQG WR SUHYHQW WKH
FUDFN LQLWLDWLRQ LQ EUD]HG ZHOGV DQG +$=� ,W LV SURYHG WKDW LW LV PRVW UDWLRQDO WR XVH WKH FRPSRVLWH DOOR\V LQ UHSDLU RI EODGHV

IURP QRQ�ZHOGDEOH VXSHUDOOR\V ZLWK KLJK �PRUH WKDQ �� �� FRQWHQW RI γ′� SKDVH�

IhklmibeZ \ j_^Zdpbx ����������
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ÈÌÐÌÎÙÃ ÆÊÃÜÐ ÏÉÃÂÑÜ×ÆÃ ËÃÌ¿ÓÌÂÆÊÙÃ ÛÉÃÊÃËÐÙ�

� ÍÌÏÐ¾ËÌÀÈ¾ ÍÎÌ¿ÉÃÊÙ À Ì¿×ÃÊ ÀÆÂÃ Æ ÃÃ ÏÀÝÅÚ Ï À¾ÄËÃÇÖÆÊÆ Ë¾ÑÕËÙÊÆ ÆÉÆ ÍÎ¾ÈÐÆÕÃÏÈÆÊÆ

Å¾Â¾ËÆÝÊÆ

� ¾Ë¾ÉÆÅ ÍÌÏÉÃÂËÆÓ ÂÌÏÐÆÄÃËÆÇ Æ ÍÑ¿ÉÆÈ¾ÔÆÇ� À ÈÌÐÌÎÙÓ Ë¾Õ¾ÐÌ ÎÃÖÃËÆÃ Â¾ËËÌÇ ÍÎÌ¿ÉÃÊÙ Æ

Ë¾ ÈÌÐÌÎÙÃ ÏÏÙÉ¾ÃÐÏÝ ¾ÀÐÌÎ

� ÀÙÂÃÉÃËÆÃ ËÃÎÃÖÃËËÙÓ Î¾ËÃÃ Õ¾ÏÐÃÇ Ì¿×ÃÇ ÍÎÌ¿ÉÃÊÙ� ÈÌÐÌÎÌÇ ÍÌÏÀÝ×ÃË¾ Â¾ËË¾Ý ÏÐ¾ÐÚÝ

� ÒÌÎÊÑÉÆÎÌÀÈ¾ ÔÃÉÃÇ ÏÐ¾ÐÚÆ �ÍÌÏÐ¾ËÌÀÈ¾ Å¾Â¾ÕÆ�

� ÆÅÉÌÄÃËÆÃ ÌÏËÌÀËÌÁÌ Ê¾ÐÃÎÆ¾É¾ ÆÏÏÉÃÂÌÀ¾ËÆÝ Ï ÍÌÉËÙÊ Ì¿ÌÏËÌÀ¾ËÆÃÊ ÍÌÉÑÕÃËËÙÓ Ë¾ÑÕËÙÓ

ÎÃÅÑÉÚÐ¾ÐÌÀ

� ÀÙÀÌÂÙ ÆÅ ÍÎÃÂÏÐ¾ÀÉÃËËÌÁÌ ÆÏÏÉÃÂÌÀ¾ËÆÝ Æ ÍÃÎÏÍÃÈÐÆÀÙ Â¾ÉÚËÃÇÖÆÓ ÆÏÏÉÃÂÌÀ¾ËÆÇ À Â¾ËËÌÊ

Ë¾ÍÎ¾ÀÉÃËÆÆ�

¯ÍÃÔÆ¾ÉÆÅÆÎÌÀ¾ËËÙÊ ÑÕÃËÙÊ ÏÌÀÃÐ¾Ê ÍÎÆ ÍÎÆÃÊÃ È Å¾×ÆÐÃ ÂÆÏÏÃÎÐ¾ÔÆÌËËÙÓ Î¾¿ÌÐ ÍÎÃÂÍÆÏ¾ËÌ

Å¾ÏÕÆÐÙÀ¾ÐÚ ÏÐ¾ÐÚÆ� ÌÍÑ¿ÉÆÈÌÀ¾ËËÙÃ� Ë¾ÕÆË¾Ý Ï ÒÃÀÎ¾ÉÝ ���� ÁÌÂ¾� ÐÌÉÚÈÌ ÍÎÆ ÑÏÉÌÀÆÆ ÀÙÍÌÉËÃËÆÝ

ÆÅÉÌÄÃËËÙÓ ÀÙÖÃ ÐÎÃ¿ÌÀ¾ËÆÇ�

­ÎÆ ÍÌÂÁÌÐÌÀÈÃ ÏÐ¾ÐÃÇ È ÍÑ¿ÉÆÈ¾ÔÆÆ À ÄÑÎË¾ÉÃ ÍÎÌÏÚ¿¾ ÑÕÆÐÙÀ¾ÐÚ ÎÃÈÌÊÃËÂ¾ÔÆÆ  �¨ ±ÈÎ¾ÆËÙ�
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