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}ÒË ¹È¯ÈäË�¯© Ò°�º�ÓÒ}È ÓÈ�¯ËmÈ Ò ¯ÈÏäË¯© ¹«�ÓÈ
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�È} ÓÈÏ©mÈËä�
 Ó�ãËm�
 ¹ãº°}º°�	� º�Óº°Ò�Ëã	Óº
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PDQLSXODWLRQ URERW� GHIRUPDWLRQ PHDVXUHPHQW V\VWHP DQG PLFURSODVPD KHDW VRXUFH� $XWRPDWHG WKHUPDO VWULJKWHQLQJ DOORZV
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�� -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�
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  ÏÌÌÐÀÃÐÏÐÀÆÆ Ï ÍÌÏÐ¾ËÌÀÉÃËÆÃÊ  �¨ ±ÈÎ¾ÆËÙ ÌÐ ��� ��� ���� Á� � ������� �­ÎÌ Í�ÂÀÆ×ÃËËÝ

ÀÆÊÌÁ ÂÌ Ò¾ÓÌÀÆÓ ÀÆÂ¾ËÚ� ÀËÃÏÃËÆÓ ÂÌ ÍÃÎÃÉ�È�À  �¨ ±ÈÎ¾�ËÆ� ÎÃÂ¾ÈÔÆÌËËÙÃ ÈÌÉÉÃÁÆÆ Ë¾ÑÕËÙÓ

ÏÍÃÔÆ¾ÉÆÅÆÎÌÀ¾ËËÙÓ ÆÅÂ¾ËÆÇ� ÍÎÆÅË¾À¾ÃÊÙÓ  �¨� ÂÌÉÄËÙ ÍÎÆËÆÊ¾ÐÚ È ÍÃÕ¾ÐÆ ÐÌÉÚÈÌ ÐÃ ÏÐ¾ÐÚÆ�

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
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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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�z~ m ¯È�Ò�°Ë �º �… � ä È}�°�Ò�Ë°}ÒäÒ äË�º�ÈäÒ�

sÈ º°ÓºmË �z~ m ¹ËÓº¹ãÈ°�ºmº® º­ºãº�}Ë m
jwv Òä� p� |� �È�ºÓÈ Ò {sjjv��ÓËÁ�	 �cº°�
°Ò«� ¯ÈÏ¯È­º�ÈÓ �¯�­º¯ËÏ }�ä�ã«�ÒmÓ©® }ºã	�Ë�
mº® ¹º�mº�Ó©® ��¯zz�� �ã« ¯ËÏ}Ò äÈ�Ò°�¯Èã	�
Ó©² �¯�­º¹¯ºmº�ºm �ÒÈäË�¯ºä ���… ���� ää ° �ºã�

cÒ°� �� wÁÁË}�ÒmÓº°�	 ¯ÈÏãÒ�Ó©² ÏÈ�Ò�Ó©² ª}¯ÈÓºm ¹º ¯ËÏ�ã	�
�È�Èä ÒÏäË¯ËÓÒ® äÈ}°ÒäÈã	Óº�º �ÈmãËÓÒ« mºãÓ© ÓÈ ��ÈãËÓÒÒ
��� ä º� �z~� �Û ¹�Ï©¯	}ºmÈ« ÏÈ�Ò�È� �Ü�Û ª}¯ÈÓ© ÒÏ ¹Ë°}È�
�¯ÈmÒ« }Ë¯ÈäÏÒ�ºmº�º Ò ¹ËÓº¹ãÈ°�È� � Û �Ë¯Ë��
�ÒË°« °ãºÒ
¹Ë°}È Ò ¹ËÓº¹ãÈ°�È

������ ��



�ÒÓº® °�ËÓ}Ò �º ��…�� ää� �¯�­º¯ËÏ °º°�ºÒ�
ÒÏ �m�² ¹ºã�}ºãË� �z~ m ¹ËÓº¹ãÈ°�ºmº® ÏÈ�Ò�Óº®
º­ºãº�}Ë ° ÏÈ¯ÈÓËË �°�ÈÓºmãËÓÓ©äÒ }º¯¹�°ÈäÒ ¹¯º�
äËÎ��º�Ó©² ÏÈ¯«�ºm� z¯ºäË �º�º� ÏÈ�Ò�Ó©Ë º­º�
ãº�}Ò m©¹ºãÓËÓ© ° ¹¯ÒãÒmÈäÒ� } }º�º¯©ä ¹¯Ò�
°ºË�ÒÓ«
�°« ��«ÎËã«
�ÒË �¯�Ï©� v Ò² ¹ºäº�	

º°��Ë°�mã«Ë�°« ÏÈ}¯Ë¹ãËÓÒË �¯zz� ÓÈ �¯�­Ë� {
}º¯¹�° ¹¯ºäËÎ��º�Ó©² ÏÈ¯«�ºm m°�Èmã«
�°« }ºÓ�©
��È°�}ºm©² ib� ¹º°ãË �Ë�º ºÓÒ ÏÈãÒmÈ
�°« ¹ãÈm�
ãËÓ©ä {{� �¯�­º¯ËÏ º­Ë°¹Ë�ÒmÈË� ¹Ë¯Ë¯ËÏÈÓÒË �¯�­©
¹¯Ò ÓÈãÒ�ÒÒ °ãº« mº�© äËÎ�� ÓÒä Ò �¯�­º®
�ºã�ÒÓº® ÓË ­ºãËË � ää� �º�¯©m �¯zz� º°��Ë°�
�mã«Ë�°« ªãË}�¯º�Ë�ºÓÈ�º¯ºä� ¹¯Ò°ºË�ÒÓËÓÓ©ä ¹º�
mº�º® } äÈ�Ò°�¯Èã	Óºä� ib �¹º°ãË m©²º�È mº�ºãÈÏÈ
ÒÏ mº�©��

sÈ º°ÓºmË Ò°°ãË�ºmÈÓÒ®� ¹¯ºmË�ËÓÓ©² m jwv
Òä� p� |� �È�ºÓÈ� ¯ÈÏ¯È­º�ÈÓÈ Ò �°¹Ë�Óº È¹¯º�
­Ò¯ºmÈÓÈ �Ë²Óºãº�Ò« �ËäºÓ�ÈÎÈ ¯ËÏ}º® mÏ¯©mºä
äº¯°}Ò² °�È�ÒºÓÈ¯Ó©² ¹ãÈ�Áº¯ä ° º­Ë°¹Ë�ËÓÒËä
ÏÈ�Ò�© Ò²�ÒºÁÈ�Ó© >�@� {¹Ë¯m©Ë ª�È �Ë²Óºãº�Ò«
­©ãÈ ¹¯ÒäËÓËÓÈ m ���� �� �ã« ¯ËÏ}Ò º°ÓºmÈÓÒ®
­�¯ºmº® ¹ãÈ�Áº¯ä© m  Ë¯Óºä äº¯Ë m �� }ä º�
pm¹È�º¯ÒÒ� |°ÓºmÈÓÒË ­�¯ºmº® ¹ãÈ�Áº¯ä© °º°�
�º«ãº ÒÏ �¯Ë² º�ÒÓÈ}ºm©² ­ãº}ºm� }ÈÎ�©® ÒÏ }º�
�º¯©² �°�ÈÓºmãËÓ ÓÈ �Ëm«�Ò °mÈ«²� zÈÎ�È« °mÈ«
¹¯Ë�°�Èmã«ãÈ °º­º® }ºÓ°�¯�}�Ò
� °º°�º«��
 ÒÏ
}ºÈ}°ÒÈã	Óº ¯È°¹ºãºÎËÓÓ©² �¯�­ �ÒÈäË�¯ºä
���… ��� ää ° �ºã�ÒÓº® °�ËÓ}Ò �… �� ää� lËÎ�
�¯�­ÓºË ¹¯º°�¯ÈÓ°�mº ­©ãº ÏÈ¹ºãÓËÓº ÏÈ�mË¯�Ëm�
�Òä �ËäËÓ�ºä� cËÏ}È �¯�­ ¹¯ºÒ°²º�ÒãÈ ÓÈ �ã�­ÒÓË
�� ä ¹ºª�È¹Óº ¹º °ãË��
�Ë® °²ËäË� vÓÈ�ÈãÈ ÓÈ
ÓÈ¯�ÎÓº® �¯�­Ë ÓÈ ¯È°°�º«ÓÒÒ ¹¯ÒäË¯Óº ��� ää
¹¯ºÒÏmº�ÒãÒ �mÈ }ºã	�Ëm©² ¹º¹Ë¯Ë�Ó©² ¯ËÏÈ� ~È�
�Ëä ½}È���}�� ¯ÈÏ¯ËÏÈãÒ ÓÈ �¯Ò ¯ÈmÓ©Ë �È°�Ò
�¯Ëä« ¹¯º�ºã	Ó©äÒ ÏÈ¯«�ÈäÒ� �¯Ò ª�ºä ¯ÈÏ¯��
�Èã°« �È}ÎË �ËäËÓ�Ó©® ¯È°�mº¯� �º°ãË��
��

¯ËÏ}� �¯�­ äËÓ	�Ë�º �ÒÈäË�¯È º°��Ë°�mã«ãÒ ÈÓÈ�
ãº�Ò�Ó©ä º­¯ÈÏºä� iã« �ËäºÓ�ÈÎÈ Ò°¹ºã	ÏºmÈãÒ
}ºã	�Ëm©Ë ÏÈ¯«�© 7S.z� �ÒÈäË�¯ºä �� Ò �� ää
Ò ¹¯«äºãÒÓË®Ó©Ë �ÒÈäË�¯ºä �� ää� {Ò� ¯ËÏÈ äÓº�
�º°ãº®Óº® �¯�­© ¹¯ÒmË�ËÓ ÓÈ ¯Ò°� ��

{ ¹¯º�Ë°°Ë �ËäºÓ�ÈÎÈ º°ÓºmÈÓÒ® ­�¯ºmº® ¹ãÈ��
Áº¯ä© ­©ãÈ ¹¯ºÒÏmË�ËÓÈ ¯ËÏ}È mÏ¯©mºä �� �¯�­�

|­�ËË m¯Ëä« ¹¯ºmË�ËÓÒ« ÓË¹º°¯Ë�°�mËÓÓº ¹º�mº��
Ó©² mÏ¯©mÓ©² ¯È­º� °º°�ÈmÒãº �� �ÓË®�

{ ���� �� mÏ¯©mÓÈ« �Ë²Óºãº�Ò« ­©ãÈ Ò°¹ºã	�
ÏºmÈÓÈ ¹¯Ò �ËäºÓ�ÈÎË ¯ÈÏmË�º�Óº® ¹ãÈ�Áº¯ä©�
¯È°¹ºãºÎËÓÓº® m kÏºm°}ºä äº¯Ë ÓÈ �ã�­ÒÓË �� ä�
{ ���� �� ÈÓÈãº�Ò�Ó©Ë ¯È­º�© ¹¯ºmË�ËÓ© ¹¯Ò �Ë�
äºÓ�ÈÎË ­ãº}ºm äº¯°}Ò² °�È�ÒºÓÈ¯Ó©² ¹ãÈ�Áº¯ä�
ÓÈ²º�«�Ò²°« m  Ë¯Óºä äº¯Ë ÓÈ �ã�­ÒÓË �� Ò �� ä�
{ �ºä ÎË �º�� m©¹ºãÓËÓ© ¯È­º�© ¹º ¹º�mº�Óº®
¯ËÏ}Ë mÏ¯©mºä �� �Ò�¯º�Ë²ÓÒ�Ë°}Ò² �¯�­�È�©²
º¹º¯� ¯È°¹ºãºÎËÓÓ©² m zÈ°¹Ò®°}ºä äº¯Ë ÓÈ �ã��
­ÒÓË � ä� m ¯ËÏ�ã	�È�Ë }º�º¯©² ­©ã �ËäºÓ�Ò¯ºmÈÓ
��È°�º} ª°�È}È�© �ãÒÓº® ��� ä� { ����Ü���� ���
ÓÈ zÈ°¹Ò®°}ºä äº¯Ë �°¹Ë�Óº ¹¯ºmË�ËÓ© ¯È­º�©
¹º º­¯ËÏ}Ë mÏ¯©mºä ¹ºÓ�ºÓºm äº¯°}Ò² °�È�ÒºÓÈ¯�
Ó©² ¹ãÈ�Áº¯ä ¹º°ãË Ò² äºÓ�ÈÎÈ ÓÈ �Ëã	ÁË�

iã« º­Ë°¹Ë�ËÓÒ« �º¹ãÒmÓº�ªÓË¯�Ë�Ò�Ë°}º�º ­È�
ãÈÓ°È mº äÓº�Ò² ¯ÈÏmÒ�©² °�¯ÈÓÈ² ÓÈ¯«�� ° mºÏ�
¯È°�ÈÓÒËä �º­©�Ò ÓËÁ�Ò Ò �ÈÏÈ �mËãÒ�ÒmÈË�°« ¹º��
¯Ë­Óº°�	 m °�¯ºÒ�Ëã	°�mË È�ºäÓ©² ªãË}�¯º°�ÈÓ�Ò®�
{ ¹¯º�Ë°°Ë ª}°¹ã�È�È�ÒÒ ºÓÒ ¹º�ãËÎÈ� �Ë²ÓÒ�Ë°�
}ºä� º­°ã�ÎÒmÈÓÒ
 Ò ¯ËäºÓ��� È m¹º°ãË�°�mÒÒ Û
ÏÈ}¯©�Ò
 Ò �ËäºÓ�ÈÎ�� �È}� m ���� �� m �}¯ÈÒÓË
¹º°ãË }È�È°�¯ºÁ© ÓÈ  kwv mºÏÓÒ}ãÈ ÓËº­²º�Ò�
äº°�	 ÈmÈ¯Ò®Óº�º ¯ËäºÓ�È �}¯©�Ò« Ò ¹º°ãË��
�Ë�º
�ËäºÓ�ÈÎÈ ���º ªÓË¯�º­ãº}È� j m ÓÈ°�º«�ËË m¯Ëä«
mºÏÓÒ}ÈË� ÓËº­²º�Òäº°�	 m©¹ºãÓËÓÒ« ¯ÈÏãÒ�Óº�º
¯º�È ¯È­º� ¹º ¯ÈÏ�Ëã}Ë äË�Èããº}ºÓ°�¯�}�Ò® ¯ÈÏ�
ãÒ�Óº�º �Ò¹È m ª}°�¯ËäÈã	Ó©² °Ò��È�Ò«²� |�Ë�
mÒ�Óº� ��º ° ��Ë�ºä º¹Ò°ÈÓÓ©² m©�Ë ¹¯ËÒä��Ë°�m
�Ë²Óºãº�ÒÒ ¯ËÏ}Ò mÏ¯©mºä ËË ¹¯ÒäËÓËÓÒË m º°º­©²
�°ãºmÒ«² «mã«Ë�°« ¹¯È}�Ò�Ë°}Ò ­ËÏÈã	�Ë¯ÓÈ�ÒmÓ©ä
¯Ë�ËÓÒËä �ÈÓÓº® ¹¯º­ãËä©� |�ÓÈ}º ¹¯Ò ª�ºä }
�Ë²Óºãº�ÒÒ ¯ËÏ}Ò mÏ¯©mºä ¹¯Ë��«mã«Ë�°« ¯«� °¹Ë�
�ÒÁÒ�Ë°}Ò² �¯Ë­ºmÈÓÒ®� w�º ¹¯ËÎ�Ë m°Ë�º ¹¯Ë��
mÈ¯Ò�Ëã	ÓÈ« º¹�ÒäÒÏÈ�Ò« ¹È¯ÈäË�¯ºm �z~ ¹¯Ò�
äËÓÒ�Ëã	Óº } }ºÓ}¯Ë�Óº ¯ÈÏ¯ËÏÈËäº® äË�Èããº}ºÓ�
°�¯�}�ÒÒ� º°��Ë°�mãËÓÒË �Ò°�ÈÓ�ÒºÓÓº® �º°�Èm}Ò
Ò �°�ÈÓºm}Ò �z~ ° ¹ºäº�	
 äÈÓÒ¹�ã«�º¯ºm �¯º�
­º�ºm�� º­Ë°¹Ë�ËÓÒË ÓÈ�ËÎÓº�º }¯Ë¹ãËÓÒ« �z~ ÓÈ
�º¯ÒÏºÓ�Èã	Ó©² Ò mË¯�Ò}Èã	Ó©² ��È°�}È² äË�Èã�
ãº}ºÓ°�¯�}�ÒÒ ° �È¯ÈÓ�Ò¯ºmÈÓÓ©ä Áº}�°Ó©ä ¯È°�
°�º«ÓÒËä� m©¹ºãÓËÓÒË �Ò°�ÈÓ�ÒºÓÓº�º ¹º�¯©mÈ
�z~ ° ¹ºäº�	
 ¯È�Òº°Ò�ÓÈãºm� ¹¯Ë�º�m¯È�ËÓÒË
mºÏ�Ë®°�mÒ« ��È¯Ó©² mºãÓ ÓÈ º}¯�ÎÈ
�ÒË º­�Ë}�©
Ò mºÏäºÎÓº�º ¯ÈÏ­¯º°È ¯È�ÒºÈ}�ÒmÓº® ¹©ãÒ� È
�È}ÎË Á¯È�äËÓ�ºm ÏÈ¯«�È Ò ¯ÈÏ�Ëã«Ëäº® }ºÓ°�
�¯�}�ÒÒ�

{ jwv Òä� p� |� �È�ºÓÈ ÓÈ º°ÓºmÈÓÒÒ ÒäË�

�Ë�º°« º¹©�È Ò ¹¯ºmË�ËÓÓ©² °¹Ë�ÒÈã	Ó©² Ò°�
°ãË�ºmÈÓÒ® ¯ÈÏ¯È­º�ÈÓ©� ÓÈ¹¯ÒäË¯� �mË }ºÓ°�
�¯�}�ÒÒ äºÓ�ÈÎÓº��¯ÈÓ°¹º¯�Óº�º �°�¯º®°�mÈ ÓÈ ­È�
ÏË �¯zzs� ¹¯Ë�ÓÈÏÓÈ�ËÓÓ©Ë �ã« ¯ÈÏ�Ëã}Ò �¯�­�
�È�©² äË�Èããº}ºÓ°�¯�}�Ò® Ò ��ºmãË�mº¯«
�ÒË m°Ëä
¹Ë¯Ë�Ò°ãËÓÓ©ä �¯Ë­ºmÈÓÒ«ä� �Ë¯mÈ« }ºÓ°�¯�}�Ò«
¹º� ÓÈÏmÈÓÒËä ½}ãË�Ò� ¹¯Ë�ÓÈÏÓÈ�ËÓÈ �ã« ¯ÈÏ�Ëã}Ò
�¯�­ �ÒÈäË�¯ºä ��…��� ää� m�º¯È« Û ¹º� ÓÈÏmÈ�
ÓÒËä ½°}º­È� Ò°¹ºã	Ï�Ë�°« �ã« ¯ËÏ}Ò �¯�­ �ÒÈäË�¯ºä
���…���� ää� p°ãÒ �¯�­© ÒäË
� �ÒÈäË�¯ ¹¯ºäË�
Î��º�Óº�º ¯ÈÏäË¯È� �º äºÎÓº ¹¯ÒäËÓ«�	 }È} ¹Ë¯mºË�
�È} Ò m�º¯ºË �°�¯º®°�mº m ÏÈmÒ°Òäº°�Ò º� }ºÓ}¯Ë�Ó©²
�°ãºmÒ® m©¹ºãÓËÓÒ« ¯È­º��

�¯Ò Ò°¹ºã	ÏºmÈÓÒÒ �°�¯º®°�mÈ �Ò¹È ½}ãË�Ò�
�¯Ò°� �� �z~ mäË°�Ë ° äºÓ�ÈÎÓ©ä ¹¯Ò°¹º°º­ãË�

cÒ°� �� {Ò� ¯ËÏÈ äÓº�º°ãº®Óº® �¯�­© º°ÓºmÈÓÒ« äº¯°}Ò² °�ÈÓ�
�ÒºÓÈ¯Ó©² ¹ãÈ�Áº¯ä
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ÓÒËä �º°�Èmã«Ë�°« ÓÈ Ò°²º�Ó�
 ¹ºÏÒ�Ò
 Ò ¹º��
°ºË�ÒÓ«Ë�°« } äÈÓÒ¹�ã«�º¯�� �¯Ò ª�ºä ¹ºã�}ºã	�È
�z~ ÓÈ²º�«�°« m ¯ÈÏmË�ËÓÓºä °º°�º«ÓÒÒ� lÈÓÒ�
¹�ã«�º¯ �º°�Èmã«Ë� �°�¯º®°�mº } äË°�� ¯È­º�©�
¹º�mº�Ò� �z~ } äË°�� ¯ËÏÈ �È}Òä º­¯ÈÏºä� ��º­©
º°	 �¯�­© Ò ¹ãº°}º°�	 �z~ ­©ãÒ mÏÈÒäÓº ¹Ë¯�
¹ËÓ�Ò}�ã«¯Ó©� Ò ¹º°¯Ë�°�mºä ¹º°��¹È�Ëã	Óº�º
�mÒÎËÓÒ« ¹¯ºÒÏmº�Ò� �°�ÈÓºm}� �.~ ÓÈ �¯�­��
��Ë ºÓº ÏÈ}¯Ë¹ã«Ë�°« °¹Ë�ÒÈã	Ó©ä ÏÈä}ºä Ò ÁÒ}�
°È�º¯ÈäÒ� ÒäË
�ÒäÒ ÓÈ }ºÓ�Ë ªãÈ°�Ò�Ó©® ªãË�
äËÓ�� º­Ë°¹Ë�ÒmÈ
�Ò® ��Ë¯ÎÈÓÒË �z~ m ã
­ºä
¹ºãºÎËÓÒÒ ÏÈ °�Ë� °mºÒ² �¹¯��Ò² °mº®°�m� �º°ãË
º�²º�È äÈÓÒ¹�ã«�º¯È m ­ËÏº¹È°ÓºË äË°�º m©¹ºã�
Ó«Ë�°« ¹º�¯©m �z~� ~È�Ëä ¹¯Ò ¹ºäº�Ò äÈÓÒ¹��
ã«�º¯È ¹¯ºÒÏmº�Ò�°« º°äº�S äË°�È mÏ¯©mÓ©² ¯È­º��
{ ÏÈmÒ°Òäº°�Ò º� Ë�º ¯ËÏ�ã	�È�ºm mÏ¯©mÓ©Ë ¯È­º�
�© äº��� ­©�	 ¹¯º�ºãÎËÓ© m °ã��ÈË ÓËº­�
²º�Òäº°�Ò� |°º­ËÓÓº°�	 m©¹ºãÓËÓÒ« äºÓ�ÈÎÓ©²

¯È­º� ¹¯Ò Ò°¹ºã	ÏºmÈÓÒÒ �°�¯º®°�mÈ �Ò¹È ½°}º­È�
°º°�ºÒ� m �ºä� ��º �ã« �°�ÈÓºm}Ò �z~ �¯Ë­�Ë�°«
�mÈ äÈÓÒ¹�ã«�º¯È� È º�°ºË�ÒÓËÓÒË äºÓ�ÈÎÓº�º
¹¯Ò°¹º°º­ãËÓÒ« º� �z~ ¹¯ºÒ°²º�Ò� ¹��Ëä ¯È�Ò�
Èã	Óº�º ¹Ë¯Ë�mÒÎËÓÒ« äÈÓÒ¹�ã«�º¯ºm º� �ËÓ�¯È
�¯�­©� |°�Èã	Ó©Ë º¹Ë¯È�ÒÒ ÈÓÈãº�Ò�Ó© º¹Ò°ÈÓ�
Ó©ä m©�Ë�

�¯Ò ÓËº­²º�Òäº°�Ò º­Ë°¹Ë�ËÓÒ« ÏÈ�Ò�© º}¯��
ÎÈ
�Ò² º­�Ë}�ºm º� ¹º­º�Óº�º �Ë®°�mÒ« mÏ¯©mÈ
Ò°¹ºã	Ï�Ë�°« mºÏ���Óº�äË²ÈÓÒ�Ë°}È« ¹ËÓÈ� °ºÏ�È�
mÈËäÈ« ¹º¯�È�ÒmÓ©ä ¹ËÓº�ËÓË¯È�º¯ºä� }º�º¯©®
�º°�Èmã«Ë�°« } äË°�� ¯È­º�© ° ¹ºäº�	
 äÈÓÒ¹��
ã«�º¯È� ~ÈÁÒ}°Ò¯ºmÈÓº ÏÓÈ�Ò�Ëã	ÓºË ��Ë°«�Ò}¯È��
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äÒ}¯º°�¯�}��¯© °mÈ¯Ó©² °ºË�ÒÓËÓÒ® °�ÈãË® ��� � &UÜ��� �
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)DMGHN 9�� -DMFD\ $� �¯Èm}È �ÈÏºm©ä ¹ãÈäËÓËä Û º¹�Ò�
äÈã	ÓÈ« �Ë²Óºãº�Ò« �°�¯ÈÓËÓÒ« ÓÈ¹¯«ÎËÓÒ®� °� ��Ü���

�vãºmÈ}Ò«�� ����� Û 9RO� ���
¢ �Ü� �FãºmÈ��� �Ë���

+RO]PDQQ 0�� -XUDVHN /�� 'ORXK\ ,� �¯ÒäËÓËÓÒË ¹ºÓ«�Ò«
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/H]GLN 9�� 6RERWD 0�� 'XUPLV ,� �Ë²Óºãº�Ò« ¹È®}Ò äË�Ó©²
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