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)RXQGHUV� 7KH 1DWLRQDO $FDGHP\ RI 6FLHQFHV RI 8NUDLQH 3XEOLVKHU� ,QWHUQDWLRQDO $VVRFLDWLRQ �:HOGLQJ�
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,QWHUQDWLRQDO $VVRFLDWLRQ �:HOGLQJ�

&RQFHUQLQJ SXEOLFDWLRQ RI DUWLFOHV� VXEVFULSWLRQ DQG DGYHUWLVLQJ� SOHDVH� FRQWDFW WKH HGLWRULDO ERDUG
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JZkkfZljb\Z_lky aZ^ZqZ deZkkbnbdZpbb khklhygby jhlhjguo we_f_glh\ ]Zahlmj[bggh]h ^\b]Zl_ey ijb bo klZpb�
hgZjghf \b[jZpbhgghf \ha[m`^_gbb \ ijhp_kk_ \b[jhZdmklbq_kdhc ^bZ]ghklbdb fZehc mklZehklghclj_sbgu h^gh]h

ba we_f_glh\� < dZq_kl\_ ^bZ]ghklbq_kdhc bgnhjfZpbb bkihevamxlky j_amevlZlu [bki_dljZevgh]h ZgZebaZ \b[�

jhZdmklbq_kdbo kb]gZeh\� AZ^ZqZ deZkkbnbdZpbb j_rZ_lky gZ hkgh\_ bkihevah\Zgby bkdmkkl\_gguo g_cjhgguo k_l_c�

'HFLVLRQ PDNLQJ SUREOHP LV DQDO\]HG IRU WKH URWDU\ HOHPHQWV RI WKH JDV�WXUELQH HQJLQH DW WKH VWDWLRQDU\ YLEUDWLRQ H[FLWDWLRQ

LQ WKH SURFHVV RI YLEURDFRXVWLFDO GLDJQRVLV RI VPDOO IDWLJXH FUDFN RI WKH HOHPHQW� 7KH UHVXOWV RI ELVSHFWUDO DQDO\VLV RI WKH

YLEURDFRXVWLFDO VLJQDOV DUH XVHG DV D GLDJQRVLV LQIRUPDWLRQ� 7KH QHXUDO QHWZRUNV DUH XVHG IRU FODVVLILFDWLRQ SUREOHP GHFLVLRQ�

{ ÓÈ°�º«�ËË m¯Ëä« m º�Ë�Ë°�mËÓÓº® Ò ÏÈ¯�­ËÎÓº®

¹¯È}�Ò}Ë ª}°¹ã�È�È�ÒÒ ÈmÒÈ�ÒºÓÓ©² �ÈÏº��¯­ÒÓ�

Ó©² �mÒ�È�ËãË® ���i� ­ºã	�ºË mÓÒäÈÓÒË ��Ëã«Ë�°«

mº¹¯º°Èä ¯ÈÏ¯È­º�}Ò Ò Ò°¹ºã	ÏºmÈÓÒ« ªÁÁË}�Òm�

Ó©² äË�º�ºm Ò °¯Ë�°�m äºÓÒ�º¯ÒÓ�È �Ë²ÓÒ�Ë°}º�º

°º°�º«ÓÒ« Ò² }¯Ò�Ò�Ë°}Ò² �Ïãºm Ò ªãËäËÓ�ºm� }º�

�º¯©Ë m ÓÈÒ­ºã	�Ë® °�Ë¹ËÓÒ º�¯ÈÓÒ�ÒmÈ
� ¯Ë°�¯°

��i� z �È}Òä ªãËäËÓ�Èä º�Óº°«�°« ªãËäËÓ�© ¯È�
­º�Ò² }ºãË° ÈmÒÈ�ÒºÓÓ©² �mÒ�È�ËãË®� m �È°�Óº°�Ò�

ãº¹È�}Ò ��¯­ÒÓ Ò }ºä¹¯Ë°°º¯ºm� ÓÈ }º�º¯©Ë ¹¯Ò�

²º�Ò�°« ­ºã	�È« �È°�	 ¹¯º�Óº°�Ó©² �ËÁË}�ºm �mÒ�

�È�Ëã«� ÒäË
�Ò² mÒ­¯È�ÒºÓÓºË ¹¯ºÒ°²ºÎ�ËÓÒË�

�ºª�ºä� mÒ­¯È�ÒºÓÓ©® Ò mÒ­¯ºÈ}�°�Ò�Ë°}Ò® äº�

ÓÒ�º¯ÒÓ� °º°�º«ÓÒ« ªãËäËÓ�ºm ¯È­º�Ò² }ºãË° Ò

�ÒÈ�Óº°�Ò}È ÏÈ¯ºÎ�È
�Ò²°« m ÓÒ² ¹¯º�Óº°�Ó©²

�ËÁË}�ºm ¹ºÏmºã«� ÒÏ­ËÎÈ�	 mÓËÏÈ¹Óº�º ¯ÈÏ¯��Ë�

ÓÒ« �mÒ�È�Ëã« m ª}°¹ã�È�È�ÒÒ Ò ­���� °¹º°º­°�

�mºmÈ�	 ¹ºm©�ËÓÒ
 ÓÈ�ËÎÓº°�Ò Ò ­ºãËË ¹ºãÓºä�

Ò°¹ºã	ÏºmÈÓÒ
 Ë�º ¯Ë°�¯°Ó©² mºÏäºÎÓº°�Ë®�

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

¯ºÈ}�°�Ò�Ë°}º�º äºÓÒ�º¯ÒÓ�È� mÈÎÓºË äË°�º ÏÈ�

ÓÒäÈ
� º­¯È­º�}È �ÒÈ�Óº°�Ò�Ë°}º® ÒÓÁº¯äÈ�ÒÒ

Ò ¯È°¹ºÏÓÈmÈÓÒË ¹º ËË ¯ËÏ�ã	�È�Èä °º°�º«ÓÒ« º­�Ë}�

�È �ÒÈ�Óº°�Ò}Ò �|i�� iã« �È}Ò² °ãºÎÓ©² º­�Ë}�

�ºm� } }º�º¯©ä º�Óº°Ò�°« ÈmÒÈ�ÒºÓÓ©® �mÒ�È�Ëã	�

°¹Ë�ÒÁÒ}È m©­º¯È äË�º�ºm º­¯È­º�}Ò ÒÓÁº¯äÈ�ÒÒ

Ò m©�ËãËÓÒ« �ÒÈ�Óº°�Ò�Ë°}Ò² ¹¯ÒÏÓÈ}ºm º¹¯Ë�Ë�

ã«Ë�°« ÓË°}ºã	}ÒäÒ ÁÈ}�º¯ÈäÒ� sÈÒ­ºãËË mÈÎÓ©�

äÒ ÒÏ ÓÒ² «mã«
�°« äÓºÎË°�mº °�È�ÒºÓÈ¯Ó©² Ò

ÓË°�È�ÒºÓÈ¯Ó©² mÒ­¯È�ÒºÓÓ©² mºÏ�Ë®°�mÒ® ÓÈ ªãË�

äËÓ�© ¯È­º�Ò² }ºãË° äË²ÈÓÒ�Ë°}º�º Ò Èª¯º�ÒÓÈ�

äÒ�Ë°}º�º ¹¯ºÒ°²ºÎ�ËÓÒ«� Ò� °ãË�ºmÈ�Ëã	Óº� °ãºÎ�

ÓÈ« °�¯�}��¯È ÒÏäË¯«Ëä©² °Ò�ÓÈãºm� äÈã©Ë ÒÏ�

äËÓËÓÒ« Ò² ÒÓÁº¯äÈ�ÒmÓ©² °º°�Èmã«
�Ò²� }º�º�

¯©Ë º­�°ãºmãËÓ© ÏÈ¯ºÎ�ËÓÒËä Ò ÓÈ�Èã	Ó©ä ¯ÈÏ�

mÒ�ÒËä �°�Èãº°�Óº® �¯Ë�ÒÓ© ¹¯Ò ÏÓÈ�Ò�Ëã	Ó©²

�¯ºmÓ«² È��Ò�ÒmÓ©² Ò ä�ã	�Ò¹ãÒ}È�ÒmÓ©² ¹ºäË²�

jäË
� äË°�º �È}ÎË º�¯ÈÓÒ�ËÓÒ« ¹º ¯ÈÏ¯Ë�È
�Ë®

°¹º°º­Óº°�Ò äÓº�Ò² äË�º�ºm º­¯È­º�}Ò ÒÓÁº¯�

äÈ�ÒÒ Ò ¹º mºÏäºÎÓº°�Ò Ò² Ò°¹ºã	ÏºmÈÓÒ« �ã«

º­¯È­º�}Ò ãº}Èã	Óº ÒãÒ °��Ë°�mËÓÓº ÓË°�È�ÒºÓÈ¯�

Ó©² °Ò�ÓÈãºm� v ��Ë�ºä ª�º�º m ¯È­º�Ë >�@ ¹¯Ë��

ãºÎËÓ© ÓÈÒ­ºãËË ªÁÁË}�ÒmÓ©Ë �ã« ¯Ë�ËÓÒ« ¹º°�

�ÈmãËÓÓº® ÏÈ�È�Ò äË�º�© º­¯È­º�}Ò �ÒÈ�Óº°�Ò�Ë°�

}º® ÒÓÁº¯äÈ�ÒÒ Ò ÓÈ Ò² º°ÓºmË °Áº¯äÒ¯ºmÈÓ©

¹¯º°�¯ÈÓ°�mÈ �ÒÈ�Óº°�Ò�Ë°}Ò² ¹¯ÒÏÓÈ}ºm �ã« °�È�

�ÒºÓÈ¯Ó©² Ò ÓË°�È�ÒºÓÈ¯Ó©² ¯ËÎÒäºm ª}°¹ã�È�

�È�ÒÒ ÈmÒÈ�ÒºÓÓº�º �mÒ�È�Ëã«�

v¯Ë�Ò ¹¯Ë�ãºÎËÓÓ©² äË�º�ºm º­¯È­º�}Ò �Ë�

ãË°ºº­¯ÈÏÓº m©�ËãÒ�	 äÓº�ºäË¯Ó©® °¹Ë}�¯Èã	Ó©®

ÈÓÈãÒÏ� }º�º¯©® m º­º­�ËÓÓºä mÒ�Ë ­ÈÏÒ¯�Ë�°«

ÓÈ Ò°¹ºã	ÏºmÈÓÒÒ °�È�Ò°�Ò�Ë°}Ò² ²È¯È}�Ë¯Ò°�Ò}

m©°�Ò² ¹º¯«�}ºm >�Ü�@� �¯Ò ¯Ë�ËÓÒÒ ¹º°�ÈmãËÓ�

Óº® ÏÈ�È�Ò ª�º� äË�º� ÒäËË� °��Ë°�mËÓÓ©Ë ¹¯Ë�

Òä��Ë°�mÈ ¹º °¯ÈmÓËÓÒ
 ° �¯È�Ò�ÒºÓÓ©äÒ °¹Ë}�

�¯Èã	Óº�}º¯¯Ëã«�ÒºÓÓ©äÒ äË�º�ÈäÒ º­¯È­º�}Ò ÒÓ�

Áº¯äÈ�ÒÒ� v¹Ë}�¯Èã	Ó©Ë ²È¯È}�Ë¯Ò°�Ò}Ò m©°�Ò²

¹º¯«�}ºm �­Ò°¹Ë}�¯©� �¯Ò°¹Ë}�¯©� Á�Ó}�ÒÒ ­Ò�

}º�Ë¯ËÓ�Óº°�Ò Ò �¯�� º­ãÈ�È
� °mº®°�mºä º°ãÈ­�

ãËÓÒ« mãÒ«ÓÒ« ��äºm ÓÈ �ÒÈ�Óº°�Ò�Ë°}ÒË ¹¯ÒÏ�

ÓÈ}Ò� º°º­ËÓÓº� Ë°ãÒ º­¯È­È�©mÈËä©® °Ò�ÓÈã ¹¯Ë��

°�Èmã«Ë� °º­º® È��Ò�ÒmÓ�
 °äË°	 ÓË�È�°°ºmº�º ¹¯º�

�Ë°°È ° �È�°°ºm©ä ��äºä� ¹ºÏmºã«
� m©�ËãÒ�	

°�È�Ò°�Ò�Ë°}Ò °m«ÏÈÓÓ©Ë �È°�Ò °¹Ë}�¯È� º¹¯Ë�ËãÒ�	

ÓÈãÒ�ÒË }ºä­ÒÓÈ�ÒºÓÓ©² Ò äº��ã«�ÒºÓÓ©² �È°�

�º�� È �È}ÎË º­ÓÈ¯�ÎÒ�	 ÁÈÏºm©Ë ÒÏäËÓËÓÒ« äËÎ��
}¯È�Ó©äÒ �È°�º�Ó©äÒ }ºä¹ºÓËÓ�ÈäÒ °Ò�ÓÈãÈ� �È}

}È} ÏÈ¯ºÎ�ËÓÒË Ò ¯ÈÏmÒ�ÒË �°�Èãº°�Óº® �¯Ë�ÒÓ©

m ãº¹È�}Ë ¹¯Òmº�Ò� } º�}ãºÓËÓÒ
 ²È¯È}�Ë¯Ò°�Ò}Ò

mº°°�ÈÓÈmãÒmÈ
�Ë® °Òã© º� ãÒÓË®Óº® ÏÈmÒ°Òäº°�

�Ò� �º ÒÏã��ÈËä©Ë ¹¯Ò Á�Ó}�ÒºÓÒ¯ºmÈÓÒÒ ¯È­º�Òä

}ºãË°ºä È}�°�Ò�Ë°}ÒË °Ò�ÓÈã© ­���� ÓËãÒÓË®Ó©äÒ�

Ò �º}ÈÏÈ�	 ÓÈãÒ�ÒË ÓËãÒÓË®Óº°�Ò� È �È}ÎË m©�Ë�

ãÒ�	 º­�°ãºmãËÓÓ©Ë ÓË
 ÒÏäËÓËÓÒ« m ÒÏäË¯ËÓÓ©²

°Ò�ÓÈãÈ² °�ÈÓºmÒ�°« mºÏäºÎÓ©ä ¹¯Ò Ò°¹ºã	Ïº�

mÈÓÒÒ °�È�Ò°�Ò�Ë°}Ò² Ò °¹Ë}�¯Èã	Ó©² ²È¯È}�Ë¯Ò°�

�Ò} m©°�Ò² ¹º¯«�}ºm�

cÈ°¹ºÏÓÈmÈÓÒË °º°�º«ÓÒ« º­�Ë}�È �ÒÈ�Óº°�Ò}Ò

¹º m©�ËãËÓÓ©ä ÓÈ ª�È¹Ë º­¯È­º�}Ò ÒÓÁº¯äÈ�ÒÒ

�ÒÈ�Óº°�Ò�Ë°}Òä ¹¯ÒÏÓÈ}Èä ¹¯Ë�°�Èmã«Ë� °º­º® }º�

ÓË�Ó�
 ¹¯º�Ë��¯� �ÒÈ�Óº°�Ò�Ë°}º�º ¹¯º�Ë°°È� º�

¯ËÏ�ã	�È�ºm ¹¯ºmË�ËÓÒ« }º�º¯º® ­��Ë� ÏÈmÒ°Ë�	

�º°�ºmË¯Óº°�	 Ò �º�Óº°�	 �ÒÈ�Óº°�Ò}Ò m �Ëãºä� È

�È}ÎË ¯Ë�ËÓÒË º mºÏäºÎÓº°�Ò �Èã	ÓË®�Ë® ª}°�

� G� B� ;mjZm� :� <� AZ`bpdbc� X� <� KhibedZ� ����

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



¹ã�È�È�ÒÒ º­�Ë}�È� �¯Ò ¹º°�¯ºËÓÒÒ Èm�ºäÈ�Ò�Ë°}º®

°Ò°�Ëä© mÒ­¯ºÈ}�°�Ò�Ë°}º�º äºÓÒ�º¯ÒÓ�È ¹¯º�Ë��¯È

¯È°¹ºÏÓÈmÈÓÒ« äºÎË� ­©�	 m©¹ºãÓËÓÈ ° Ò°¹ºã	Ïº�

mÈÓÒËä äË�º�ºm Ò°}�°°�mËÓÓº�º ÒÓ�ËããË}�È� m �È°�

�Óº°�Ò� °Èäºº­��È
�Ò²°« °�¯�}��¯ ÓÈ º°ÓºmË Ò°�

}�°°�mËÓÓ©² ÓË®¯ºÓÓ©² °Ë�Ë®� }º�º¯©Ë m ÓÈ°�º«�ËË

m¯Ëä« ¹ºã��È
� m°Ë ­ºã	�ËË ¯È°¹¯º°�¯ÈÓËÓÒË m ÏÈ�

�È�È² �ÒÈ�Óº°�Ò}Ò ÈmÒÈ�ÒºÓÓ©² ��i >�Ü�@�

¡Ëã	
 �ÈÓÓº® °�È�	Ò «mã«Ë�°« ÈÓÈãÒÏ ªÁ�
ÁË}�ÒmÓº°�Ò Ò°¹ºã	ÏºmÈÓÒ« °¹Ë}�¯Èã	Ó©² ²È¯È}�
�Ë¯Ò°�Ò} m©°�Ò² ¹º¯«�}ºm Ò ¯È°¹ºÏÓÈmÈÓÒË °
Ò°¹ºã	ÏºmÈÓÒËä ÓË®¯ºÓÓ©² °Ë�Ë® °º°�º«ÓÒ« ªãË�
äËÓ�ºm ¯È­º�Ë�º }ºãË°È m ÏÈ�È�È² äºÓÒ�º¯ÒÓ�È
Ò �ÒÈ�Óº°�Ò}Ò �°�Èãº°�Óº® �¯Ë�ÒÓ© m ãº¹È�}Ë
¯È­º�Ë�º }ºãË°È ÈmÒÈ�ÒºÓÓº�º �mÒ�È�Ëã« ÓÈ °�È�
�ÒºÓÈ¯Ó©² ¯ËÎÒäÈ² ª}°¹ã�È�È�ÒÒ�

lÓº�ºäË¯Ó©® °¹Ë}�¯Èã	Ó©® ÈÓÈãÒÏ� zÈ} ÒÏ�

mË°�Óº� °¹Ë}�¯Èã	ÓÈ« ¹ãº�Óº°�	 °�È�ÒºÓÈ¯Óº�º ¹¯º�

�Ë°°È [�Q� Áº¯äÈã	Óº º¹¯Ë�Ëã«Ë�°« ¹��Ëä ¹¯Ëº­�

¯ÈÏºmÈÓÒ« n�¯	Ë Èm�º}º¯¯Ëã«�ÒºÓÓº® ¹º°ãË�ºmÈ�

�Ëã	Óº°�Ò �kz�� ÒãÒ Èm�º}º¯¯Ëã«�ÒºÓÓº® Á�Ó�

}�ÒÒ �kzn� ¹¯º�Ë°°È >�@� p°�Ë°�mËÓÓ©ä º­º­�

�ËÓÒËä kzn «mã«
�°« äºäËÓ�© m©°�Ò² ¹º¯«�}ºm�

È °¹Ë�ÒÁÒ�Ë°}ÒË ÓËãÒÓË®Ó©Ë }ºä­ÒÓÈ�ÒÒ ª�Ò² äº�

äËÓ�ºm ¹¯Ë�°�Èmã«
� °º­º® }�ä�ã«Ó�©�

z�ä�ã«Ó�ºä ¹Ë¯mº�º ¹º¯«�}È °�È�ÒºÓÈ¯Óº�º

¹¯º�Ë°°È «mã«Ë�°« Ë�º °¯Ë�ÓËË ÏÓÈ�ËÓÒË �v~�� }��

ä�ã«Ó�© m©°�Ò² ¹º¯«�}ºm «mã«
�°« ÒÓmÈ¯ÒÈÓ��

Ó©äÒ } ÒÏäËÓËÓÒ
 v~� ¹ºª�ºä� Ò² ¹¯ÒÓ«�º º¹�

¯Ë�Ëã«�	 �ã« ¹¯º�Ë°°ºm ° Ó�ãËm©äÒ v~ m °ºº��

mË�°�mÒÒ ° m©¯ÈÎËÓÒ«äÒ >�@�

&�[(N) = (


[

∗ (Q) [ (Q + N)


 �

���

&�[(N� O) = (


[

∗ (Q) [ (Q + N) [ (Q + O)


 �

���

&
�[

(N� O� P) = ( ^[∗ (Q) [(Q + N) [(Q + O) [∗ (Q + P)` Ü

Ü &
�[

(N) &
�[

(O Ü P) Ü &
�[

(O)&
�[

(N Ü P) Ü 0
�[

∗ (P)0
�[

(N Ü O)�
���

��Ë (


 •



 º­ºÏÓÈ�ÈË� �°¯Ë�ÓËÓÒË ¹º ÈÓ°Èä­ã
� 
 Û

ÏÓÈ} °º¹¯«ÎËÓÒ«� 0�[�P�  (^[�Q�[�Q � P�`  

 &�[�P� �ã« mË�Ë°�mËÓÓ©² ¹¯º�Ë°°ºm�

{ °ºº�mË�°�mÒÒ ° ��� kzn «mã«Ë�°« }�ä�ã«Ó�ºä

m�º¯º�º ¹º¯«�}È�

v¹Ë}�¯Èã	Ó©Ë ²È¯È}�Ë¯Ò°�Ò}Ò m©°�Ò² ¹º¯«��

}ºm º¹¯Ë�Ëã«
�°« ° ¹ºäº�	
 ¹¯Ëº­¯ÈÏºmÈÓÒ« n��

¯	Ë °ºº�mË�°�m�
�Ò² }�ä�ã«Ó�ºm�

6
�[

(I) = ∑
N = Ü∞

∞

&�[(N) H[S(Ü M�πIN)� ���

6
�[

(I
�
� I

�
) = ∑

N = Ü∞

∞

∑
O = Ü∞

∞

&
�[

(N� O) H[S(Ü M�πI
�
N) H[S(Ü M�πI

�
O)� ���

6
�[

(I�� I� I�) = ∑
N� O� P = Ü∞

∞

&�[(N� O� P) ×

× H[S(Ü M�πI�N) H[S(Ü M�πI�O) H[S(Ü M�πI�P)

���

Ò °ºº�mË�°�mËÓÓº ¹¯Ë�°�Èmã«
� °º­º® °¹Ë}�¯Èã	Ó�


¹ãº�Óº°�	 ���� Á�Ó}�Ò
 �m�² �È°�º� Û ­Ò°¹Ë}�¯

��� Ò Á�Ó}�Ò
 �¯Ë² �È°�º� Û �¯Ò°¹Ë}�¯ ����

�¯Ò�Ëä� m �º m¯Ëä«� }È} °¹Ë}�¯Èã	ÓÈ« ¹ãº�Óº°�	

«mã«Ë�°« �Ë®°�mÒ�Ëã	Óº® ÓËº�¯Ò�È�Ëã	Óº® mËãÒ�Ò�

Óº®� ­Ò°¹Ë}�¯ Ò �¯Ò°¹Ë}�¯ Û }ºä¹ãË}°Ó©Ë mË�

ãÒ�ÒÓ©�

{ ÏÈ�È�È² �ÒÈ�Óº°�Ò}Ò Ò ÓË¯ÈÏ¯��È
�Ë�º }ºÓ�

�¯ºã« ¯È°¹¯º°�¯ÈÓËÓÒË ¹ºã��ÒãÒ }ºªÁÁÒ�ÒËÓ�©

È°ÒääË�¯ÒÒ Ò ª}°�Ë°°È Û Óº¯äÈãÒÏºmÈÓÓ©Ë mË�

ãÒ�ÒÓ©� º¹¯Ë�Ëã«Ëä©Ë ÒÏ m©¯ÈÎËÓÒ® ��� Ò ����

}º�º¯©Ë ÒÓmÈ¯ÒÈÓ�Ó© ¹º º�Óº�ËÓÒ
 } ¹Ë¯ËäË�Ë�

ÓÒ
 Ò äÈ°��È­� Ò ²È¯È}�Ë¯ÒÏ�
� º�}ãºÓËÓÒË ÈÓÈ�

ãÒÏÒ¯�Ëäº�º ¹¯º�Ë°°È º� °ÒääË�¯Ò�Óº�º Ò Óº¯�

äÈã	Óº�º ¯È°¹¯Ë�ËãËÓÒ«� v¹Ë}�¯Èã	Ó©Ë ²È¯È}�Ë�

¯Ò°�Ò}Ò m©°�Ò² ¹º¯«�}ºm ÓÈÒ­ºãËË �ËãË°ºº­¯ÈÏÓº

Ò°¹ºã	ÏºmÈ�	 �ã« º­¯È­º�}Ò °ãºÎÓ©² ÓËãÒÓË®Ó©²

¹¯º�Ë°°ºm� ¹¯Ë�°�Èmã«
�Ò² °º­º® È��Ò�ÒmÓ�


°äË°	 ÓË�È�°°ºm©² °Ò�ÓÈãºm ° �È�°°ºm©ä ��äºä

>�� �@� ��º «mã«Ë�°« ²È¯È}�Ë¯Ó©ä �ã« mÒ­¯ºÈ}�°�

�Ò�Ë°}Ò² ¹¯º�Ë°°ºm� }º�º¯©Ë ¹¯º�Ë}È
� m ÈmÒÈ�

�ÒºÓÓºä �mÒ�È�ËãË ¹¯Ò Ë�º ª}°¹ã�È�È�ÒÒ�

iã« Ò°°ãË�ºmÈÓÒ« ªÁÁË}�ÒmÓº°�Ò äÓº�ºäË¯Óº�

�º °¹Ë}�¯Èã	Óº�º ÈÓÈãÒÏÈ m ÏÈ�È�Ë mÒ­¯ºÈ}�°�Ò�

�Ë°}º® �ÒÈ�Óº°�Ò}Ò äÈãº® �°�Èãº°�Óº® �¯Ë�ÒÓ©

m ãº¹È�}Ë ¯È­º�Ë�º }ºãË°È ÈmÒÈ�ÒºÓÓº�º �mÒ�È�Ëã«

­©ãº ¹¯ºmË�ËÓº äº�ËãÒ¯ºmÈÓÒË mÒ­¯ºÈ}�°�Ò�Ë°}Ò²

°Ò�ÓÈãºm ÓÈ m©²º�Ë äº�ËãÒ ¯È­º�Ë�º }ºãË°È� °º�

�Ë¯ÎÈ�Ë�º �� ãº¹È�}� ¹¯Ò °�È�ÒºÓÈ¯Óºä mÒ­¯È�

�ÒºÓÓºä mºÏ­�Î�ËÓÒÒ 3�W� }ºãË°È ° �È°�º�º® m¯È�

�ËÓÒ« ¯º�º¯È I
S
 ��� ��� { }È�Ë°�mË äº�ËãË®

­ËÏ�ËÁË}�Ó©² ãº¹È�º} Ò°¹ºã	ÏºmÈãÈ°	 äº�Ëã	 ãÒ�

ÓË®Óº® }ºãË­È�Ëã	Óº® °Ò°�Ëä© ° °º­°�mËÓÓº® �È°�

�º�º® I
  ��� ��� lº�Ëã	 �ËÁË}�Óº® ãº¹È�}Ò �°

äÈãº® ¹ºmË¯²Óº°�Óº® �°�Èãº°�Óº® �¯Ë�ÒÓº®� ÏÈ�

�ÈmÈãÈ°	 äº�Ëã	
 }ºãË­È�Ëã	Óº® °Ò°�Ëä© ° }��

°º�Óº�ãÒÓË®Óº® ²È¯È}�Ë¯Ò°�Ò}º® mº°°�ÈÓÈmãÒmÈ
�

�Ë® °Òã©� Òä¹�ã	°ÓÈ« ²È¯È}�Ë¯Ò°�Ò}È }º�º¯º®

ÒäËË� ¹¯Ë�°�ÈmãËÓÒË m mÒ�Ë ¯ÈÏãºÎËÓÒ« m ¯«�

n�¯	Ë ¹º �È¯äºÓÒ}Èä º°ÓºmÓº® �È°�º�© äº�ËãÒ

ãº¹È�}Ò ° �¯Ë�ÒÓº® I� >�@� { }È�Ë°�mË º­º­�ËÓÓº�º

¹È¯ÈäË�¯È �¯Ë�ÒÓ© ¹¯ÒÓÒäÈË�°« º�Óº°Ò�Ëã	ÓºË ÒÏ�

äËÓËÓÒË ÎË°�}º°�Ò ÓÈ ¹ºã��Ò}ãÈ² �ËÁº¯äÒ¯ºmÈÓÒ«

ϑ� }º�º¯ºË ¹¯Ò äº�ËãÒ¯ºmÈÓÒÒ ÒÏäËÓ«ãº°	 m ¹¯Ë�

�ËãÈ² ������ … � ���� sÈ m©²º�Ë ¯È­º�Ë�º }ºãË°È

°Ò�ÓÈã ¹ºã��ËÓ ¹��Ëä °mË¯�}Ò m²º�Óº�º °Ò�ÓÈãÈ

3�W� �°�È�ÒºÓÈ¯ÓºË mÒ­¯È�ÒºÓÓºË mºÏ­�Î�ËÓÒË� °
º¹¯Ë�Ëã«Ëäº® m °ºº�mË�°�mÒÒ ° >�@ Òä¹�ã	°Óº® ²È�

¯È}�Ë¯Ò°�Ò}º® }ºãË°È *�W� τ�� }º�º¯È« �ã« }ÈÎ�º�º
�Ò°}¯Ë�Óº�º º�°�Ë�È m©�Ò°ã«Ë�°« ¹º m©¯ÈÎËÓÒ
�

\
M

= ∆7 ∑
µ = �

M

*
M Ü µ + �3µ�

��Ë ∆7 Û ¹Ë¯Òº� �Ò°}¯Ë�ÒÏÈ�ÒÒ� M Û ÓºäË¯ �Ò°�

}¯Ë�Óº�º º�°�Ë�È�

lº�ËãÒ¯ºmÈÓÒË ¹¯ºmº�Òãº°	 ÓÈ m¯ËäËÓÓºä ÒÓ�

�Ë¯mÈãË � ° ° ¹Ë¯Òº�ºä �Ò°}¯Ë�ÒÏÈ�ÒÒ ∆7  2⋅��Ü� °�
º­Ë°¹Ë�ÒmÈ« º­�ËË }ºãÒ�Ë°�mº �º�Ë} 1  �����

iã« º­¯È­º�}Ò Ò°¹ºã	ÏºmÈãÒ°	 °äº�ËãÒ¯ºmÈÓÓ©Ë

ÓÈ m©²º�Ë }ºãË°È °Ò�ÓÈã©� È �È}ÎË È��Ò�ÒmÓÈ«

°äË°	 ª�Ò² °Ò�ÓÈãºm Ò °�È�ÒºÓÈ¯Óº�º �È�°°ºmÈ ���

äÈ� äº�ËãÒ¯ºmÈÓÒË }º�º¯º�º ¹¯ºmË�ËÓº ° Ò°¹ºã	�

ÏºmÈÓÒË �ËÓË¯È�º¯È °ã��È®Ó©² �Ò°Ëã ° °ºº�mË�°�

�m�
�ÒäÒ }ºªÁÁÒ�ÒËÓ�ÈäÒ �ã« º­Ë°¹Ë�ËÓÒ« ÏÓÈ�

�ËÓÒ« º�Óº�ËÓÒ« °Ò�ÓÈã���ä ρ  ��
�
� … � ��

�
�

rÒ°¹Ë}�¯Èã	ÓÈ« º­¯È­º�}È ¹ºã��ËÓÓ©² °Ò�ÓÈ�

ãºm ¹¯ºmº�ÒãÈ°	 �ã« °ã��È« ¯È­º�Ë�º }ºãË°È °

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



­ËÏ�ËÁË}�Ó©äÒ ãº¹È�}ÈäÒ Ò ¹¯Ò ÓÈãÒ�ÒÒ �¯Ë�ÒÓ©

m º�Óº® ÒÏ ãº¹È�º} ° �}ÈÏÈÓÓ©ä m©�Ë �ÒÈ¹ÈÏºÓºä

ÏÓÈ�ËÓÒ® ¹È¯ÈäË�¯È �¯Ë�ÒÓ©� �¯ÒäË¯© ¹ºã��ËÓ�

Ó©² º�ËÓº} äº��ãË® ­Ò°¹Ë}�¯ºm }È} Á�Ó}�Ò® �m�²

�È°�º� I� Ò I�� ¹¯ÒmË�ËÓ© ÓÈ ¯Ò°� � �­ËÏ �ËÁË}�ºm�

Ò ¯Ò°� � �° �¯Ë�ÒÓº®� ϑ  ������ zºÓ��¯Ó©Ë ÒÏº­�

¯ÈÎËÓÒ« «mã«
�°« ¹ºãÓº�mË�Ó©äÒ Ò ¹¯Ë�°�Èmã«
�

°º­º® °ºmº}�¹Óº°�	 ãÒÓÒ® º¹¯Ë�ËãËÓÓº® }ºÓÁÒ�

��¯È�ÒÒ� º�¯ÈÎÈ
�Ò² º�ÒÓÈ}ºm©Ë �¯ºmÓÒ ¹¯Ë�°�

�ÈmãËÓÒ« ¹ºã��ËÓÓ©² º�ËÓº}� �ºã��ËÓÓºË �ã« º¹Ò�

°ÈÓÓ©² m©�Ë �°ãºmÒ® äº�ËãÒ¯ºmÈÓÒ« äÓºÎË°�mº

ÒÏº­¯ÈÎËÓÒ® ÒäËË� º�ãÒ�Ò« }È} ¹º �¯ºmÓ
 ÒÓ�

�ËÓ°ÒmÓº°�Ò �º�ãÒ�Ò« m �mË�ºmº® �ÈääË�� �È} Ò

¹º �ËºäË�¯ÒÒ ãÒÓÒ® º�ÒÓÈ}ºm©² �¯ºmÓË®� º�ÓÈ}º

m°Ë ÒÏº­¯ÈÎËÓÒ« «mã«
�°« °ÒääË�¯Ò�Ó©äÒ º�Óº�

°Ò�Ëã	Óº Ò² �ÒÈ�ºÓÈãË®� iÒÈ�ºÓÈã	Ó©Ë ¯ÈÏ¯ËÏ©

«mã«
�°« ��º­Ó©ä ¹¯Ë�°�ÈmãËÓÒËä ¹ºã��ËÓÓ©² ¯Ë�

Ï�ã	�È�ºm �ã« �Èã	ÓË®�Ë�º ÈÓÈãÒÏÈ Ò m©�ËãËÓÒ«

�ÒÈ�Óº°�Ò�Ë°}Ò² ¹¯ÒÏÓÈ}ºm�

zÈ} ¹º}ÈÏÈãÒ ¯ËÏ�ã	�È�© º­¯È­º�}Ò �ÒÈ�Óº°�

�Ò�Ë°}º® ÒÓÁº¯äÈ�ÒÒ� ¹º«mãËÓÒË Ò ¯ÈÏmÒ�ÒË �°�

�Èãº°�Óº® �¯Ë�ÒÓ© m ãº¹È�}Ë ¯È­º�Ë�º }ºãË°È �mÒ�

�È�Ëã« ¹¯Òmº�Ò� } ÒÏäËÓËÓÒ
 ÒÓ�ËÓ°ÒmÓº°�Ò �ãº�

­Èã	Ó©² Ò ãº}Èã	Ó©² ª}°�¯Ëä�äºm äº��ãË® ­Ò°�

¹Ë}�¯Èã	Ó©² º�ËÓº}� ÏÓÈ�ËÓÒ« }º�º¯©² �º°�È�º�Óº

¹¯º°�º º¹¯Ë�Ëã«
�°« ¹º �ÒÈ�ºÓÈã	Ó©ä ¯ÈÏ¯ËÏÈä�

k��Ò�ÒmÓ©® �È�°°ºm ��ä m �Ëãºä ÓËÏÓÈ�Ò�Ëã	Óº

mãÒ«Ë� ÓÈ ÒÓ�ËÓ°ÒmÓº°�	 �ãº­Èã	Ó©² äÈ}°Òä�äºm

��äËÓ	�ËÓÒË ÓË ­ºãËË � �� Ò m ­ºã	�Ë® °�Ë¹ËÓÒ

Û ÓÈ ÏÓÈ�ËÓÒ« ãº}Èã	Ó©² äÈ}°Òä�äºm ��mËãÒ�

�ËÓÒË ÓÈ �� ��� }¯ºäË ª�º�º ¹º«mã«
�°« �º¹ºã�

ÓÒ�Ëã	Ó©Ë °º°�Èmã«
�ÒË� }º�º¯©Ë m º­�Ëä °ã��ÈË

äÈãº mãÒ«
� ÓÈ ÒÓÁº¯äÈ�ÒmÓº°�	 ¹ºã��ËÓÓ©² º�Ë�

Óº}� {ãÒ«ÓÒË ÏÓÈ�ËÓÒ« º­º­�ËÓÓº�º ¹È¯ÈäË�¯È �¯Ë�

�ÒÓ© ϑ ÓÈ ¹ºã��ËÓÓ©Ë ­Ò°¹Ë}�¯Èã	Ó©Ë º�ËÓ}Ò

Òãã
°�¯Ò¯�
�°« ¹¯ÒmË�ËÓÓ©äÒ m �È­ãÒ�Ë º�Óº�

°Ò�Ëã	Ó©äÒ ÏÓÈ�ËÓÒ«äÒ �°¯Ë�ÓËÓÓ©² ÒÓ�ËÓ°ÒmÓº°�

�Ë® �ãº­Èã	Ó©² ,
J

⁄ ,
J

∗
Ò ãº}Èã	Ó©² ,

O
⁄ ,

O

∗
äÈ}°Ò�

ä�äºm� È �È}ÎË º�Óº�ËÓÒËä ÏÓÈ�ËÓÒ® ª}°�¯Ëä�äºm

,
J
�,

O
� ��Ë ,

J�O� Ò ,
J(O)
∗

Û ÏÓÈ�ËÓÒ« �ÒÈ�Óº°�Ò�Ë°}Ò²

¹¯ÒÏÓÈ}ºm °ºº�mË�°�mËÓÓº ¹¯Ò ÓÈãÒ�ÒÒ Ò º�°��°�

�mÒÒ �¯Ë�ÒÓ©�

zÈ} mÒ�Óº ÒÏ ¹¯Ë�°�ÈmãËÓÓ©² m �È­ãÒ�Ë ¯Ë�

Ï�ã	�È�ºm� ÒÏäËÓËÓÒ« �ÒÈ�Óº°�Ò�Ë°}Ò² ¹¯ÒÏÓÈ}ºm

¹¯Ò ÏÈ¯ºÎ�ËÓÒÒ Ò ÓÈ�Èã	Óºä ¯ÈÏmÒ�ÒÒ �¯Ë�ÒÓ©

cÒ°� �� cËÏ�ã	�È� ­Ò°¹Ë}�¯Èã	Óº® º­¯È­º�}Ò �ã« ϑ  �� ρ  ��
�

�
È Û }ºÓ��¯ÓºË ÒÏº­¯ÈÎËÓÒË� ­� m Û �ÒÈ�ºÓÈã	Ó©Ë ¯ÈÏ¯ËÏ©

cÒ°� �� cËÏ�ã	�È� ­Ò°¹Ë}�¯Èã	Óº® º­¯È­º�}Ò �ã« ϑ  ����� ρ  
��

�

� ÈÛ }ºÓ��¯ÓºË ÒÏº­¯ÈÎËÓÒË� ­� mÛ �ÒÈ�ºÓÈã	Ó©Ë ¯ÈÏ¯ËÏ©

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



�ϑ � ����� ÒäË
� ÓË¯Ë��ã«¯Ó©® ²È¯È}�Ë¯� sÈÒ�

­ºãËË ��m°�mÒ�Ëã	Ó©ä } ÒÏäËÓËÓÒ
 ¹È¯ÈäË�¯È �¯Ë�

�ÒÓ© «mã«Ë�°« º�Óº�ËÓÒË ÏÓÈ�ËÓÒ® ª}°�¯Ëä�äºm

,
J
�,

O
äº��ã« ­Ò°¹Ë}�¯È�

cÈ°¹ºÏÓÈmÈÓÒË °º°�º«ÓÒ« º­�Ë}�È �ÒÈ�Óº°�
�Ò}Ò ¹º ¯ËÏ�ã	�È�Èä äÓº�ºäË¯Óº�º °¹Ë}�¯Èã	Óº�º
ÈÓÈãÒÏÈ� iã« ¯È°¹ºÏÓÈmÈÓÒ« ° Ò°¹ºã	ÏºmÈÓÒËä ÓË®�
¯ºÓÓ©² °Ë�Ë® °º°�º«ÓÒ« º­�Ë}�È �ÒÈ�Óº°�Ò}Ò ¹º

¯ËÏ�ã	�È�Èä ¹¯ºmË�ËÓÓº® º­¯È­º�}Ò �ÒÈ�Óº°�Ò�Ë°�

}º® ÒÓÁº¯äÈ�ÒÒ �ËãË°ºº­¯ÈÏÓº Ò°¹ºã	ÏºmÈ�	 }ºÓ�

��¯Ó©Ë ÒÏº­¯ÈÎËÓÒ« ­Ò°¹Ë}�¯Èã	Ó©² º�ËÓº}� {

�Ëã«² ª}ºÓºäÒÒ m©�Ò°ãÒ�Ëã	Ó©² ¯Ë°�¯°ºm �w{l

­©ãº ¹¯ºmË�ËÓº ¹¯Ë�mÈ¯Ò�Ëã	ÓºË ¹¯Ëº­¯ÈÏºmÈÓÒË

ÒÏº­¯ÈÎËÓÒ®� È ÒäËÓÓº� ¹ºãÓº�mË�Ó©Ë ÒÏº­¯ÈÎË�

ÓÒ« ¹¯Ëº­¯ÈÏºmÈÓ© m ¹ÈãÒ�¯ºm©Ë ��¯È�È�ÒÒ �mË�È

º� �Ë¯Óº�º �º ­Ëãº�º�� ¹º°ãË �Ë�º }ÈÎ�ºË ÒÏº­�

¯ÈÎËÓÒË ­©ãº ¹¯Ë�°�ÈmãËÓº º�ÓÒä °Ë}�º¯ºä ¹��Ëä

Ë�º �ÒÈ�ºÓÈã	Ó©² ¯ÈÏ¯ËÏºm� iã« Ò°¹ºã	ÏºmÈÓÒ«

¹ºã��ËÓÓ©² ÒÏº­¯ÈÎËÓÒ® m }È�Ë°�mË Ò°²º�Óº® ÒÓ�

Áº¯äÈ�ÒÒ ÓÈ m²º�Ë ÓË®¯ºÓÓº® °Ë�Ò ÒÏº­¯ÈÎËÓÒ«

­©ãÒ ¹¯Ë�°�ÈmãËÓ© �Ò°ãºm©äÒ äÈ�¯Ò�ÈäÒ� ªãË�

äËÓ�ÈäÒ }º�º¯©² «mã«
�°« �Ò°ãÈ º� � �º ����

¹º°ãË �Ë�º äÈ�¯Ò�© ¹º °�ºã­�Èä ¹¯Ëº­¯ÈÏºmÈÓ©

m mË}�º¯� }º�º¯©® Ò ¹º�ÈË�°« ÓÈ m²º� ÓË®¯ºÓÓº®

°Ë�Ò� iã« ¯Ë�ËÓÒ« ÏÈ�È�Ò ¯È°¹ºÏÓÈmÈÓÒ« Ò°¹ºã	�

ÏºmÈÓº ¹º �� º­��È
�Ò² Ò �Ë°�ºm©² º­¯ÈÏºm� sÈ

¯Ò°� � ¹¯ÒmË�ËÓ© ¹¯ÒäË¯© ªãËäËÓ�ºm º­��È
�Ë�º

äÓºÎË°�mÈ º­¯ÈÏºm� È ÓÈ ¯Ò°� � Û ¹¯ÒäË¯© ªãË�

äËÓ�ºm �Ë°�ºmº�º äÓºÎË°�mÈ�

zãÈ°°ÒÁÒ}È�Ò« °º°�º«ÓÒ« ªãËäËÓ�ºm ¯È­º�Ë�º

}ºãË°È ¹¯ºmË�ËÓÈ ° Ò°¹ºã	ÏºmÈÓÒËä ¯ÈÓËË Ò°°ãË�

�ºmÈÓÓº® Èm�º¯ÈäÒ ÓÈ �m�äË¯Ó©² Ò �¯Ë²äË¯Ó©²

mË}�º¯È² �ÒÈ�Óº°�Ò�Ë°}Ò² ¹¯ÒÏÓÈ}ºm �m�²°ãº®Óº®

°�º²È°�Ò�Ë°}º® ÓË®¯ºÓÓº® °Ë�Ò >�@� }º�º¯È« º��

ãÒ�ÈË�°« äÈã©ä m¯ËäËÓËä º­��ËÓÒ«� mºÏäºÎÓº°�	


º­��ËÓÒ« ° Ó�ãËmº® º�Ò­}º® Ò m©°º}º® �º�Óº°�	


~ÈmÒ°Òäº°�Ò º�Óº°Ò�Ëã	Ó©² ÏÓÈ�ËÓÒ® �ÒÈ�Óº°�Ò�Ë°}Ò²
¹¯ÒÏÓÈ}ºm º� ¹È¯ÈäË�¯È �¯Ë�ÒÓ©

ϑ � ���� ���� ���� ���� ���

,J ⁄ ,J
∗

� ���� ���� ���� ���� ���

,O ⁄ ,O
∗

� ���� ���� ���� ���� ���

,J ⁄ ,O ���� ���� ���� ���� ���� ����

cÒ°� �� |­��È
�ËË äÓºÎË°�mº ¹ÈãÒ�¯ºm©² º­¯ÈÏ�ºm

cÒ°� �� �Ë°�ºmºË äÓºÎË°�mº ¹ÈãÒ�¯ºm©² º­¯ÈÏ�ºm

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



¯È°¹ºÏÓÈmÈÓÒ« ãÒÓË®Óº ÓË¯ÈÏ�ËãÒä©² ÓÈ ÒäË
�

�Ëä°« äÓºÎË°�mË �ÒÈ�Óº°�Ò�Ë°}Ò² ¹¯ÒÏÓÈ}ºm }ãÈ°�

°ºm °º°�º«ÓÒ® º­�Ë}�È �ÒÈ�Óº°�Ò}Ò� �Ë¯m©® °ãº®

�°}¯©�©® ¯È�ÒÈã	Óº�­ÈÏÒ°Ó©®� °º�Ë¯ÎÒ� �� ÓË®�

¯ºÓºm� { }È�Ë°�mË m�º¯º�º °ãº«� °º�Ë¯ÎÈ�Ë�º �mÈ

ÓË®¯ºÓÈ� Ò°¹ºã	Ï�Ë�°« �È} ÓÈÏ©mÈËä©® }ºÓ}�¯Ò�

¯�
�Ò® °ãº®� }º�º¯©® ¹º�°�Ò�©mÈË� mË¯º«�Óº°�	

¹¯ÒÓÈ�ãËÎÓº°�Ò m²º�Óº�º mË}�º¯È } �ºä� ÒãÒ ÒÓº�

ä� }ãÈ°°� Ò m °ºº�mË�°�mÒÒ ° ¹ºã��ËÓÓ©ä ÏÓÈ�ËÓÒËä

º�Óº°Ò� mË}�º¯ } �ºä� }ãÈ°°�� mË¯º«�Óº°�	 ¹¯Ò�

ÓÈ�ãËÎÓº°�Ò } }º�º¯ºä� ­ºã	�Ë ¹º ÏÓÈ�ËÓÒ
� iã«

�È}º® }ãÈ°°ÒÁÒ}È�ÒÒ� º°ÓºmÈÓÓº® ÓÈ Ò°¹ºã	Ïº�

mÈÓÒÒ äË�º�ºm rÈ®Ë°È >�� ��@� ÓËº­²º�ÒäÈ º�ËÓ}È

¹ãº�Óº°�Ò mË¯º«�Óº°�Ò �ã« }ÈÎ�º�º }ãÈ°°È� �ã«

�Ë�º Ò°¹ºã	Ï�Ë�°« äÓºÎË°�mº º­��È
�Ò² mË}�º¯ºm�

�¯Ò ª�ºä }ÈÎ�©® ÒÏ ÓÒ² º¹Ò°©mÈË�°« Á�Ó}�ÒË®

�È�°°È ° �ËÓ�¯ºä m °ºº�mË�°�m�
�Ë® �ÈÓÓºä� mË}�

�º¯� �º�}Ë� È °�ääÈ �}ÈÏÈÓÓ©² Á�Ó}�Ò® ¹º m°Ëä�

äÓºÎË°�m� º­��È
�Ò² mË}�º¯ºm ¹¯Ë�°�Èmã«Ë� °º�

­º® ¹ãº�Óº°�	 mË¯º«�Óº°�Ò m²º�Ó©² mË}�º¯ºm �ã«

}ÈÎ�º�º ÒÏ }ãÈ°°ºm� ~ÓÈ�ËÓÒË °¯Ë�ÓË�º }mÈ�¯È�

�Ò�Ë°}º�º º�}ãºÓËÓÒ« σ Á�Ó}�ÒÒ �È�°°È ÏÈ�ÈË�

�Ò¯ÒÓ� Á�Ó}�ÒÒ È}�ÒmÈ�ÒÒ ÓË®¯ºÓºm Ò º¹¯Ë�Ëã«Ë�

Ò² mãÒ«ÓÒË ÓÈ º�ËÓ}� °�ääÈ¯Óº® ¹ãº�Óº°�Ò mË�

¯º«�Óº°�Ò� jÏ ª�º�º °ãË��Ë�� ��º ¹È¯ÈäË�¯ σ mãÒ«Ë�

ÓÈ ¯ËÏ�ã	�È� }ãÈ°°ÒÁÒ}È�ÒÒ� ¹ºª�ºä� Ë�º ÏÓÈ�ËÓÒË

�È�Ë m°Ë�º m©­Ò¯ÈË�°« ª}°¹Ë¯ÒäËÓ�Èã	Ó©ä ¹��Ëä�

wÁÁË}�ÒmÓº°�	 }ãÈ°°ÒÁÒ}È�ÒÒ °º°�º«ÓÒ« ¯È�

­º�Ë�º }ºãË°È °�º²È°�Ò�Ë°}º® ÓË®¯ºÓÓº® °Ë�	
 º�Ë�

ÓÒmÈãÈ°	 ¹º }ºªÁÁÒ�ÒËÓ�� ªÁÁË}�ÒmÓº°�Ò .� }º�
�º¯©® ¹¯Ë�°�Èmã«Ë� °º­º® m©¯ÈÎËÓÓºË m ¹¯º�ËÓ�È²

ÏÓÈ�ËÓÒË mË¯º«�Óº°�Ò ¹¯ÈmÒã	Óº® }ãÈ°°ÒÁÒ}È�ÒÒ�

~ÈmÒ°Òäº°�Ò }ºªÁÁÒ�ÒËÓ�È . º� ¹È¯ÈäË�¯È mãÒ�

«ÓÒ« σ ÓË®¯ºÓÓº® °Ë�Ò ÓÈ º­��È
�Ëä Ò �Ë°�ºmºä

äÓºÎË°�mÈ² º­¯ÈÏºm ¹¯ÒmË�ËÓ© ÓÈ ¯Ò°� �� zÈ}

mÒ�Óº ÒÏ ¹¯ÒmË�ËÓÓ©² �¯ÈÁÒ}ºm� m �ÒÈ¹ÈÏºÓË ÏÓÈ�

�ËÓÒ® ¹È¯ÈäË�¯È σ  ���� … � �� °�º²È°�Ò�Ë°}È«

ÓË®¯ºÓÓÈ« °Ë�	 ¹¯ÈmÒã	Óº ¯È°¹ºÏÓÈË� }È} º­��È�


�ÒË� �È} Ò �Ë°�ºm©Ë º­¯ÈÏ©� �¯ºmË�ËÓÓ©® ÈÓÈãÒÏ

ÏÈmÒ°Òäº°�Ò }ºªÁÁÒ�ÒËÓ�È . º� }ºãÒ�Ë°�mÈ º­�Ë}�

�ºm º­��È
�Ë�º äÓºÎË°�mÈ º­¯ÈÏºm ¹º}ÈÏÈã� ��º

�ã« ¹¯ÈmÒã	Óº® }ãÈ°°ÒÁÒ}È�ÒÒ �º°�È�º�Óº ÒäË�	

º­��È
�ËË äÓºÎË°�mº ÒÏ ÓË äËÓËË mº°	äÒ º­¯ÈÏºm

}ÈÎ�º�º }ãÈ°°È�

�È}Òä º­¯ÈÏºä� ÓË°äº�¯« ÓÈ ÓË¯Ë��ã«¯Óº°�	 Ò

ÓËÏÓÈ�Ò�Ëã	Óº°�	 ÒÏäËÓËÓÒ® �ÒÈ�Óº°�Ò�Ë°}Ò²

¹¯ÒÏÓÈ}ºm ¹¯Ò ¹Ë¯Ë²º�Ë º� ­ËÏ�ËÁË}�Óº�º °º°�º�

«ÓÒ« ªãËäËÓ�ºm ¯È­º�Ë�º }ºãË°È } °º°�º«ÓÒ
 ÏÈ�

¯ºÎ�ËÓÒ« Ò ÓÈ�Èã	Óº�º ¯ÈÏmÒ�Ò« �°�Èãº°�Óº®

�¯Ë�ÒÓ© m º�Óº® ÒÏ ãº¹È�º}� °�º²È°�Ò�Ë°}È« ÓË®�

¯ºÓÓÈ« °Ë�	 º­Ë°¹Ë�ÒmÈË� ¹¯ÈmÒã	Ó�
 }ãÈ°°ÒÁÒ�

}È�Ò
 °º°�º«ÓÒ« º­�Ë}�È �ÒÈ�Óº°�Ò}Ò�

{©mº�©

�� �¯ºmË�ËÓº äº�ËãÒ¯ºmÈÓÒË Ò äÓº�ºäË¯Ó©® °¹Ë}�

�¯Èã	Ó©® ÈÓÈãÒÏ mÒ­¯ºÈ}�°�Ò�Ë°}Ò² ¹¯º�Ë°°ºm ¯È�

­º�Ë�º }ºãË°È ÈmÒÈ�ÒºÓÓº�º �mÒ�È�Ëã« ÓÈ °�È�Ò�

ºÓÈ¯Óºä ¯ËÎÒäË ¹¯Ò º�°��°�mÒÒ Ò ÓÈãÒ�ÒÒ äÈãº®

�°�Èãº°�Óº® �¯Ë�ÒÓ© m ãº¹È�}Ë� �º}ÈÏÈÓº� ��º

ÏÈ¯ºÎ�ËÓÒË Ò ÓÈ�Èã	ÓºË ¯ÈÏmÒ�ÒË �°�Èãº°�Óº® �¯Ë�

�ÒÓ© ¹¯Òmº�Ò� } ÒÏäËÓËÓÒ
 ÒÓ�ËÓ°ÒmÓº°�Ò �ãº�

­Èã	Ó©² Ò ãº}Èã	Ó©² ª}°�¯Ëä�äºm äº��ã« ­Ò°�

¹Ë}�¯È� |�ËÓËÓº mãÒ«ÓÒË È��Ò�ÒmÓ©² °�È�ÒºÓÈ¯�

Ó©² ��äºm ÓÈ ¯ËÏ�ã	�È�© äÓº�ºäË¯Óº�º °¹Ë}��

¯Èã	Óº�º ÈÓÈãÒÏÈ�

�� �º}ÈÏÈÓº� ��º Ò°¹ºã	ÏºmÈÓÒË °�º²È°�Ò�Ë°}º®

ÓË®¯ºÓÓº® °Ë�Ò ¹ºÏmºã«Ë� ¹¯ºmË°�Ò ¹¯ÈmÒã	Ó�


}ãÈ°°ÒÁÒ}È�Ò
 °º°�º«ÓÒ« º­�Ë}�È �ÒÈ�Óº°�Ò}Ò ¹º

¯ËÏ�ã	�È�Èä ­Ò°¹Ë}�¯Èã	Óº�º ÈÓÈãÒÏÈ ¹¯Ò ÏÓÈ�Ë�

ÓÒ«² ¹È¯ÈäË�¯È �¯Ë�ÒÓ© ϑ  ������ … � ���� |¹�

¯Ë�ËãËÓ© äÒÓÒäÈã	ÓºË }ºãÒ�Ë°�mº º­�Ë}�ºm º­��

�È
�Ë�º äÓºÎË°�mÈ º­¯ÈÏºm Ò �ÒÈ¹ÈÏºÓ ÒÏäËÓËÓÒ«

¹È¯ÈäË�¯È mãÒ«ÓÒ« °�º²È°�Ò�Ë°}º® °Ë�Ò �ã« º­Ë°�

¹Ë�ËÓÒ« ¹¯ÈmÒã	Óº® }ãÈ°°ÒÁÒ}È�ÒÒ�

�� �ºã��ËÓÓ©Ë ¯ËÏ�ã	�È�© «mã«
�°« Óºm©äÒ�

¹º��mË¯Î�È
� ªÁÁË}�ÒmÓº°�	 ¯È°¹ºÏÓÈmÈÓÒ« °º°�

�º«ÓÒ« º­�Ë}�È mÒ­¯ºÈ}�°�Ò�Ë°}º® �ÒÈ�Óº°�Ò}Ò ¹º

¯ËÏ�ã	�È�Èä äÓº�ºäË¯Óº�º °¹Ë}�¯Èã	Óº�º ÈÓÈãÒÏÈ

Ò mºÏäºÎÓº°�	 Ò² Ò°¹ºã	ÏºmÈÓÒ« ¹¯Ò ¹º°�¯ºËÓÒÒ

°Ò°�Ëä© mÒ­¯ºÈ}�°�Ò�Ë°}º�º äºÓÒ�º¯ÒÓ�È ¯º�º¯�

Ó©² ªãËäËÓ�ºm ÈmÒÈ�ÒºÓÓ©² �ÈÏº��¯­ÒÓÓ©² �mÒ�

�È�ËãË®�

�� r�¯È� s� j� | Óºm©² ÓÈ¹¯ÈmãËÓÒ«² m ¯ÈÏmÒ�ÒÒ mÒ­¯ºÈ�
}�°�Ò�Ë°}Ò² äË�º�ºm �ÒÈ�Óº°�Ò}Ò ¹¯º�Óº°�Ó©² �ËÁË}�ºm m
ãº¹È�}È² �ÈÏº��¯­ÒÓÓ©² �mÒ�È�ËãË® �� {Ò­¯È�ÒÒ m �Ë²�
ÓÒ}Ë Ò �Ë²Óºãº�Ò«²� Û ����� Û ¢ ������ Û v� ��Ü���

�� {Ò­¯ºÈ}�°�Ò�Ë°}È« �ÒÈ�Óº°�Ò}È ÏÈ¯ºÎ�È
�Ò²°« �ËÁË}�
�ºm � n� Ð� rÈãÒ�}Ò®� l� k� jmÈÓºmÈ� k� �� vº}ºãºmÈ�
p� j� tºä«}ºm� Û l�� sÈ�}È� ����� Û ��� °�

�� &ROOLV :� %�� :KLWH 3� 5�� +DPPRQG -� .� +LJKHU 2UGHU
6SHFWUD� WKH %LVSHFWUXP DQG 7ULVSHFWUXP� 0HFKDQLFDO 6\V�
WHPV DQG 6LJQDO 3URFHVVLQJ� Û ����� Û ¢ ������ Û 3�
���Ü����

�� r�¯È� s� j�� ~ÈÎÒ�}Ò® k� {�� �«¹�ËÓ}º k� s� zãÈ°°ÒÁÒ�
}È�Ò« °º°�º«ÓÒ« º­�Ë}�È mÒ­¯ºÈ}�°�Ò�Ë°}º® �ÒÈ�Óº°�Ò}Ò °
Ò°¹ºã	ÏºmÈÓÒËä ÓË®¯º�Ë²ÓÒ�Ë°}Ò² °�¯�}��¯ ��
km�È��®Óº�}º°ä��ÓÈ �Ë²Ó�}È � �Ë²Óºãº��«� Û ����� Û {Ò¹�
��� Û v� ���Ü����

�� |°º­ËÓÓº°�Ò Ò°¹ºã	ÏºmÈÓÒ« )8�*(�1(�6<6 Èã�º¯Ò�äºm m
¹¯º�Ë°°Ë °ÒÓ�ËÏÈ ÓË®¯ºÓÓº® äº�ËãÒ °º°�º«ÓÒ« ÈmÒÈ�ÒºÓ�

cÒ°� �� ~ÈmÒ°Òäº°�	 }ºªÁÁÒ�ÒËÓ�È ªÁÁË}�ÒmÓº°�Ò º� ¹È¯ÈäË�¯È
mãÒ«ÓÒ«� È Û �ã« º­��È
�Ë�º äÓºÎË°�mÈ º­¯ÈÏºm� ­ Û �ã«
�Ë°�ºmº�º äÓºÎË°�mÈ º­¯ÈÏºm

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



Óº�º �mÒ�È�Ëã« � k� �� z��Ë¯� v� k� iäÒ�¯ÒËm� �� k� y��
¯ÈmãËmÈ� {� {� zÈä©�ÒÓ �� �Èä ÎË� Û ����� Û {Ò¹�
��� Û v� ���Ü����

�� jÓ�ËããË}��Èã	Ó©® }ºÓ�¯ºã	 °º°�º«ÓÒ« ÈmÒÈ�ÒºÓÓ©²
��i � �� �� z�ãÒ}ºm� �� v� zº�ËÓ}º� {� v� nÈ�Ò}ºm�
{� �� k¯	}ºm� �� j� �º�º¯Ëãºm �� �Èä ÎË� Û ����� Û
{Ò¹� ��� Û v� ���Ü����

�� rËÓ�È� iÎ�� �Ò¯°ºã k� �¯ÒäËÓËÓÒ« }º¯¯Ëã«�ÒºÓÓº�º Ò
°¹Ë}�¯Èã	Óº�º ÈÓÈãÒÏÈ � �Ë¯� ° ÈÓ�ã� Û l�� lÒ¯� �����
Û ��� °�

�� %ULOOLQJHU '� $Q ,QWURGXFWLRQ WR 3RO\VSHFWUD �� $QQ�
0DWK� 6WDW� Û ����� Û 9RO� ��� Û 3� ����Ü�����

�� r�¯È� s� j� iÒÓÈäÒ�Ë°}È« äº�Ëã	 �ÈÏº��¯­ÒÓÓº�º �mÒ�È�Ë�
ã« }È} º­�Ë}�È mÒ­¯ºÈ}�°�Ò�Ë°}º® �ÒÈ�Óº°�Ò}Ò �°�Èãº°�Ó©²
�¯Ë�ÒÓ m ãº¹È�}È² ¯È­º�Ò² }ºãË° �� {Ò­¯È�ÒÒ m �Ë²ÓÒ}Ë
Ò �Ë²Óºãº�Ò«²� Û ����� Û ¢ ������ Û v� ��Ü���

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

��� zÈããÈÓ c� |°ÓºmÓ©Ë }ºÓ�Ë¹�ÒÒ ÓË®¯ºÓÓ©² °Ë�Ë® � �Ë¯� °
ÈÓ�ã� Û l�� jÏ�� �ºä ½{Òã	«ä°�� ����� Û ��� °�

Db_\� gZp� l_og� mg�l MdjZbgu ©DIBª IhklmibeZ \ j_^Zdpbx
����������

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



M>D ����������

���������	���
��
�����������������������

��
�	
�����������������������������
������

�������������������
��������������������

l� i� ckrzjsk

Ijb\_^_gu ^Zggu_ ih kbkl_fZlbq_kdhfm bkke_^h\Zgbx baf_g_gbc nbabdh�f_oZgbq_kdbo oZjZdl_jbklbd f_lZeeZ

i_qguo af__\bdh\ mklZgh\hd dZlZeblbq_kdh]h jbnhjfbg]Z b ]b^jhhqbkldb \l_q_gb_ ^ebl_evgh]h kjhdZ wdkiemZlZpbb

\ \h^hjh^hkh^_j`Zsbo kj_^Zo� JZkkfhlj_gu ijbqbgu mkdhj_ggh]h jZajmr_gby i_qgh]h af__\bdZ� k\yaZggu_ k ^_�

n_dlZfb k\Zjgh]h r\Z b kljmdlmjghc l_dklmjhc hkgh\gh]h f_lZeeZ� Ijb\_^_gu j_amevlZlu f_lZeehnbabq_kdbo

bkke_^h\Zgbc�

'DWD DUH JLYHQ RQ V\VWHPDWLF LQYHVWLJDWLRQ RI YDULDWLRQV RI SK\VLFR�PHFKDQLFDO FKDUDFWHULVWLFV RI IXUQDFH FRLOV PHWDO LQ

FDWDO\WLF UHIRUPLQJ DQG K\GURUHILQLQJ LQVWDOODWLRQV GXULQJ ORQJ�WHUP VHUYLFH LQ K\GURJHQ�FRQWDLQLQJ PHGLD� &DXVHV DUH

FRQVLGHUHG IRU DFFHOHUDWHG IUDFWXUH RI IXUQDFH FRLO� DVVRFLDWHG ZLWK ZHOG GHIHFWV DQG VWUXFWXUDO WH[WXUH RI WKH EDVH PHWDO�
'DWD RI PHWDOORSK\VLFDO LQYHVWLJDWLRQV DUH JLYHQ�

 È°�	 �� j°°ãË�ºmÈÓÒË °�¯�}��¯© Ò äË²ÈÓÒ�Ë°}Ò² °mº®°�m äË�ÈããÈ ¹Ë�Ó©² ÏäËËmÒ}ºm

cÈÏÓºº­¯ÈÏÒË È�¯Ë°°ÒmÓ©² °¯Ë� Ò ¯È­º�Ò² �°ãºmÒ®�

¹¯Ò°��ËË ¹¯º�Ë°°Èä ¹Ë¯Ë¯È­º�}Ò ÓËÁ�Ò� °¹º°º­�

°�m�Ë� ¹º«mãËÓÒ
 m °�ËÓ}È² äË�ÈããÒ�Ë°}º® }ºÓ�

°�¯�}�ÒÒ ²È¯È}�Ë¯Ó©² ª}°¹ã�È�È�ÒºÓÓ©² ¹ºm¯ËÎ�

�ËÓÒ® Û }º¯¯ºÏÒºÓÓº�ª¯ºÏÒºÓÓ©²� mº�º¯º�Óº�°ãº�

Ò°�©²� äËÎ}¯Ò°�ÈããÒ�Óº® }º¯¯ºÏÒÒ Ò �¯� >�Ü�@�

w�º º­�°ãºmãÒmÈË� ÓËº­²º�Òäº°�	 ¹Ë¯Òº�Ò�Ë°}º�º

�Ë²ÓÒ�Ë°}º�º �ÒÈ�Óº°�Ò¯ºmÈÓÒ« º­º¯��ºmÈÓÒ« ¹º°�

ãË º�¯È­º�}Ò Òä ¹¯ºË}�Óº�º °¯º}È °ã�Î­©�

¡Ëã	 �ÈÓÓº�º ¯ÈÏ�ËãÈ ¯È­º�© °º°�ºÒ� m ÒÏ��

�ËÓÒÒ ÁÒÏÒ}º�äË²ÈÓÒ�Ë°}Ò² ÒÏäËÓËÓÒ® m äË�ÈããË

¹Ë�Ó©² ÏäËËmÒ}ºm ¹¯Ò �ãÒ�Ëã	Óº® ª}°¹ã�È�È�ÒÒ

m mº�º¯º�º°º�Ë¯ÎÈ�Ò² °¯Ë�È² �ã« m©«°ÓËÓÒ« mºÏ�

äºÎÓº°�Ò ¹¯º�ãËÓÒ« Ò² �Èã	ÓË®�Ë® ¯È­º�©� ãÒ­º

º�­¯È}ºm}Ò�

iã« ¹¯ºmË�ËÓÒ« Ò°°ãË�ºmÈÓÒ« ­©ãÒ º�º­¯ÈÓ©

¹¯º­© äË�ÈããÈ ��È­ã� �� ÒÏ ¯È�ÒÈÓ�Ó©² }ÈäË¯

¹Ë�Ë® �°�ÈÓºmº} �Ò�¯ºº�Ò°�}Ò Ò }È�ÈãÒ�Ò�Ë°}º�º

¯ÒÁº¯äÒÓ�È�

�F� >� JZ[dbgZ� ����

� È ­ ã Ò � È �� |°ÓºmÓ©Ë ²È¯È}�Ë¯Ò°�Ò}Ò ÏäËËmÒ}ºm }ÈäË¯ ¯È�ÒÈ�ÒÒ Ò �Ë²Óºãº�Ò�Ë°}ÒË ¹È¯ÈäË�¯© ¯È­º�© ¹Ë�Ë®

�¯º­È
rãº}

lÈ¯}È
°�ÈãÒ

iÒÈäË�¯

�¯�­©��ºã�ÒÓÈ

°�ËÓ}Ò� ää

nÈ}�Ò�Ë°}È«

�Ëä¹Ë¯È��¯È� �¯È�

nÈ}�Ò�

�Ë°}ºË

�ÈmãËÓÒË�

l�È

|¯ÒËÓ�Ò¯ºmº�Ó©®

°º°�Èm ¹Ë¯Ë¯È­È�©mÈËäº�º °©¯	«

|¯ÒËÓ�Ò¯º�

mº�ÓºË m¯Ëä«

ÓÈ¯È­º�}Ò� �
{²º� {©²º�

�

cÒÁº¯äÒÓ�

��t�l�� ������ ��� ��� ���

rËÓÏÒÓ � {v��

|°�Èã	Ó©Ë °º°�Èmã«
�ÒË� ��

ÓË¹¯Ë�Ëã	Ó©Ë ≈ ����

ÓËÁ�ËÓºm©Ë ≈ �����

È¯ºäÈ�Ò�Ë°}ÒË ≈ ��

¹È¯ÈÁÒÓºm©Ë ≈ ��

������

�
��t�l

����� ��� ��������� ��� rËÓÏÒÓ ������

� �����

��� ���

���������

rËÓÏÒÓ � {v�
������

� ÈÓÈãº�

�t�l�
����

� ������

� �Ò�¯ºº�Ò°�}È

��t�l
������� ��� ���

rËÓÏÒÓ�

|°�Èã	Ó©Ë °º°�Èmã«
�ÒË� ��

ÓÈÁ�ÈÓºm©Ë ≈ ���

È¯ºäÈ�Ò�Ë°}ÒË ≈ ���

°º�Ë¯ÎÈÓÒË °Ë¯© �º ����

¹È¯ÈÁÒÓºm©Ë

������

�

� ������ ��� ��� ��������� iÒÏËã	ÓºË �º¹ãÒmº � {v� ������

� ��t��s���
������ ��� ��� ����

iÒÏËã	ÓºË �º¹ãÒmº � °Ë¯º�

mº�º¯º�
������

��

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



vãË��Ë� º�äË�Ò�	� ��º ¹¯ÒÓ�
�Ò¹ÒÈã	Ó©Ë �Ë²Óºãº�Ò�Ë°}ÒË °²Ë�
ä© ª�Ò² �°�ÈÓºmº} ÓÈ ÓËÁ�Ë¹Ë�
¯Ë¯È­È�©mÈ
�Ò² ÏÈmº�È² ­©m�Ë�
�º vvvc ¹¯È}�Ò�Ë°}Ò Ò�ËÓ�Ò�Ó©
>�@� |ÓÒ� ¹º °��Ë°�m�� °º°�º«�
ÒÏ �¯Ë² ­ãº}ºm� ¹¯Ë�mÈ¯Ò�Ëã	Óº®
�Ò�¯ºº�Ò°�}Ò °©¯	«� ¹¯ËÎ�Ë m°Ë�
�º� º� °Ë¯ºmº�º¯º�È� °º­°�mËÓÓº
¯ÒÁº¯äÒÓ�È� °�È­ÒãÒÏÈ�ÒÒ }È�È�
ãÒÏÈ�È Ò Á¯È}�ÒºÓÒ¯ºmÈÓÒ«� �¯Ò
ª�ºä }ºÓ°�¯�}�ÒÒ ¹Ë�Ë® äº���
ÒäË�	 ¯ÈÏãÒ�Ó©Ë ¯Ë�ËÓÒ«� m}ã
�
�È
�ÒË }ºãÒ�Ë°�mº }ÈäË¯ Ò Ò²
ÓÈÏÓÈ�ËÓÒË�

|¹¯Ë�ËãËÓÒË ²ÒäÒ�Ë°}º�º °º°�
�ÈmÈ äË�ÈããÈ ¹¯º­ ¹Ë�Ó©² ÏäË�
ËmÒ}ºm ÒäËË� °��Ë°�mËÓÓºË ÏÓÈ�
�ËÓÒË� ¹º°}ºã	}� �ÈÎË ÓËÏÓÈ�Ò�
�Ëã	Ó©Ë }ºãË­ÈÓÒ« m °º�Ë¯ÎÈÓÒÒ
ªãËäËÓ�ºm äº��� º}ÈÏÈ�	 mãÒ«ÓÒË
ÓÈ Áº¯äÒ¯ºmÈÓÒË °�¯�}��¯Ó©² Ò
ÁÈÏºm©² °º°�Èmã«
�Ò²� ��º m
¹º°ãË�°�mÒÒ äºÎË� º�¯ÈÏÒ�	°«� m
¹Ë¯m�
 º�Ë¯Ë�	� ÓÈ }º¯¯ºÏÒºÓÓº®
°�º®}º°�Ò �¯�­� È �È}ÎË ¯«�Ë �¯��
�Ò² °ã�ÎË­Ó©² °mº®°�m�

jÏ °º¹º°�ÈmãËÓÒ« ¯ËÏ�ã	�È�ºm
²ÒäÒ�Ë°}º�º ÈÓÈãÒÏÈ� ¹¯ºmË�ËÓ�
Óº�º m ÓÈ°�º«�ËË m¯Ëä« Ò Óº¯�
äÒ¯ºmÈÓÓ©² ÏÓÈ�ËÓÒ® ��È­ã� ���
°ãË��Ë�� ��º äË�Èãã ¹¯º­ �Ü� Ò
�Ü� °ºº�mË�°�m�Ë� °º°�Èm� °¯Ë��
ÓË²¯ºäÒ°�º® °�ÈãÒ äÈ¯}Ò ��t�l�
� Ò �Û ÓÒÏ}º²¯ºäÒ°�º® �ÈÓÈãº��
äÈ¯}Ò �t�l��� � Ò �� Û }º¯�
¯ºÏÒºÓÓº�°�º®}º® °�ÈãÒ äÈ¯}Ò
��t��s����

�¯ËÎ�Ë m°Ë�º °ãË��Ë� º�äË�
�Ò�	� ��º m �Ëãºä ¹º°ãË �ãÒ�Ëã	�
Ó©² °¯º}ºm ª}°¹ã�È�È�ÒÒ ²ÒäÒ�
�Ë°}Ò® °º°�Èm äË�ÈããÈ ¹Ë�Ó©²
ÏäËËmÒ}ºm �°�ÈÓºmº} ¯ÒÁº¯äÒÓ�È
Ò �Ò�¯ºº�Ò°�}Ò ÓË m©²º�Ò� ÏÈ
Óº¯äÒ¯�Ëä©Ë ÏÓÈ�ËÓÒ«� |�ÓÈ}º�
}È} äºÎÓº mÒ�Ë�	 �°ä� �È­ã� ���
m ¹¯º­Ë � ÓÈäË�ÈË�°« �ËÓ�ËÓ�Ò«
} ¹º�Ë¯Ë º­�Ë�º }ºãÒ�Ë°�mÈ ���
ãË¯º�È Ò äÈ¯�ÈÓ�È� È m äË�ÈããË
�¯�­ �Ò�¯ºº�Ò°�}Ò �¹¯º­© � Ò ��
Ò ¹¯Ò ­ºãËË �ãÒ�Ëã	Óº® ª}°¹ã��
È�È�ÒÒ �¹¯º­È �� Û ÓÈ°©�ËÓÒË
��ãË¯º�ºä� �¯Ò Ò°¹ºã	ÏºmÈÓÒÒ
°�ÈãÒ äÈ¯}Ò ��t�l�� �¹¯º­È ���
È �È}ÎË ÓÒÏ}º²¯ºäÒ°�º® °�ÈãÒ Ò
°¯º}È² ª}°¹ã�È�È�ÒÒ� ÓË ¹¯Ëm©�
�È
�Ò² ��� ��� � �¹¯º­È ��� m
äË�ÈããË �¯�­ ¯È�ÒÈÓ�Ó©² }ÈäË¯
º­�ËË °º�Ë¯ÎÈÓÒË ��ãË¯º�È ¹¯È}�
�Ò�Ë°}Ò º°�ÈË�°« ÓÈ ¹º°�º«ÓÓºä
�¯ºmÓË� �Ëä ÓË äËÓËË� ÓËÏÈmÒ°Òäº
º� º­�Ë�º }ºãÒ�Ë°�mÈ ��ãË¯º�È m
äË�ÈããË m ÓËä mºÏäºÎÓ© ãº}Èã	�
Ó©Ë ÒÏäËÓËÓÒ«� °m«ÏÈÓÓ©Ë ° ÓÈ�

� È ­ ã Ò � È �� tÒäÒ�Ë°}Ò® °º°�Èm äË�ÈããÈ ¹¯º­ ¹Ë�Ó©² ÏäËËmÒ}ºm� äÈ°� �ºã« �

�¯º­È �º� & 6L 0Q &U 0R

�

����

���� ���� ���� ��� ����

�È°¹º¯�Ó©Ë

�ÈÓÓ©Ë
���� ���� ���� Û ����

�

����

���� ���� ���� ��� ����

�È°¹º¯�Ó©Ë

�ÈÓÓ©Ë
���� ���� ���� ��� ����

� ���� ���� ���� ���� ��� ����

� ���� ���� ���� ���� ��� ����

� ���� ���� ���� ���� ��� ����

� ���� ���� ���� ���� ��� ����

��t�l

�|v� �����Ü��
Û ����� ���� ���� ��������� �����������

� ���� ���� ���� ���� ���� ����

� ���� ���� ���� ���� ���� ����

�È°¹º¯�Ó©Ë

�ÈÓÓ©Ë
Û ����������� ����������� ����������� ��������� ���������

�t�l�

�� ��������
Û ����������� ����������� ��������� ��������� ���������

� ���� ���� ��� ���� ���� Û

�� ���� ���� ��� ���� ���� Û

��t��s���

�|v� ����Ü��
Û ����� ���� ���� ����������� Û

�¯º�ºãÎËÓÒË �È­ã� ��

�¯º­È �º� 9 1L &X 7L $O 6 3

�

����

����� ���� Û Û ����� ����� Û

�È°¹º¯�Ó©Ë

�ÈÓÓ©Ë
Û Û Û Û Û ����� �����

�

����

Û ���� Û Û Û Û Û

�È°¹º¯�Ó©Ë

�ÈÓÓ©Ë
Û ���� Û Û Û Û Û

� ���� Û ���� Û Û Û Û Û

� ���� ����� ���� ���� ����� Û ����� �����

� ���� ����� ���� ���� ����� Û ����� �����

� ���� Û ���� Û Û Û Û Û

��t�l

�|v� �����Ü��
Û Û ���� Û Û Û ������ ������

� ���� Û ���� Û Û Û Û Û

� ���� Û ���� ���� ����� ����� ����� �����

�È°¹º¯�Ó©Ë

�ÈÓÓ©Ë
Û Û Û Û Û Û ������ ������

�t�l�

�� ��������
Û Û ���� ���� Û Û ������ ������

� ���� Û ���� Û ���� Û Û Û

�� ���� Û ���� Û ���� Û Û Û

��t��s���

�|v� ����Ü��
Û Û ���������� Û �•v������ Û ������ ������

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



°©�ËÓÒËä� ãÒ­º º­ËÏ��ãË¯ºÎÒmÈÓÒËä ¯ÈÏãÒ�Ó©²
°Ë�ËÓÒ®� �È}� m äË�ÈããË ¹¯º­© � °º °�º¯ºÓ© mÓ���
¯ËÓÓË® ¹ºmË¯²Óº°�Ò �¯�­© ¹º°ãË �ãÒ�Ëã	Óº® ÓÈ�
¯È­º�}Ò �a��� ��� ��� ÓË°äº�¯« ÓÈ º­�ËË °ÓÒÎËÓÒË
°º�Ë¯ÎÈÓÒ« ��ãË¯º�È ��È­ã� �� ­©ã º­ÓÈ¯�ÎËÓ ÓË
�Ò¹Ò�Ó©® �ã« ª�Ò² �°ãºmÒ® }È¯­Ò� &U

�
&
�
>�@� ��º�

°}º¯ËË m°Ë�º� °m«ÏÈÓº ° ãº}Èã	Ó©ä �mËãÒ�ËÓÒËä }ºÓ�
�ËÓ�¯È�ÒÒ ��ãË¯º�È� w�º ¹¯Ë�¹ºãºÎËÓÒË ÓÈ²º�Ò� ¹º��
�mË¯Î�ËÓÒË ¹¯Ò Ò°°ãË�ºmÈÓÒÒ ¹º°ãº®Óº�º ¯È°¹¯Ë�
�ËãËÓÒ« ¹¯ÒäË°Ë® mÓË�¯ËÓÒ«� {Ò�Óº� ��º m ¹¯Ò�
¹ºmË¯²Óº°�Ó©² °ãº«²� m º°º­ËÓÓº°�Ò ° mÓ��¯ËÓÓË®
°�º¯ºÓ© °�ËÓ}Ò ÒäËË�äË°�º ÓÈ°©�ËÓÒË }È} mº�º¯º�ºä�
�È} Ò ��ãË¯º�ºä �¯Ò°� ���

�È}Òä º­¯ÈÏºä� ÈÓÈãÒÏ ²ÒäÒ�Ë°}º�º °º°�ÈmÈ
º�º­¯ÈÓÓ©² ¹¯º­ ¹ºÏmºã«Ë� ÏÈ}ã
�Ò�	� ��º m äË�
�ÈããË ¹Ë�Ó©² ÏäËËmÒ}ºm� ¹¯º¯È­º�Èm�Ò² º¹¯Ë�Ë�
ãËÓÓ©® ¯Ë°�¯°� m �Ëãºä ÈÓºäÈã	Ó©² º�}ãºÓËÓÒ®
º� äÈ¯º�Óº�º °º°�ÈmÈ °�ÈãÒ ÓË ÓÈ­ã
�ÈË�°«� |��
ÓÈ}º� m ¹¯Ò¹ºmË¯²Óº°�Ó©² °ãº«² °�ËÓº} �¯�­ ¹¯º�
Ò°²º�«� ãº}Èã	Ó©Ë ÒÏäËÓËÓÒ«� m ¹Ë¯m�
 º�Ë¯Ë�	�
¹º ¹¯ÒäË°«ä mÓË�¯ËÓÒ«� ��º m ¹º°ãË�°�mÒÒ ¹¯Ò�
mº�Ò� } °�¯�}��¯Ó©ä Ò ÁÈÏºm©ä ¹¯Ëº­¯ÈÏºmÈÓÒ«ä�

lË�Èããº�¯ÈÁÒ�Ë°}Ò® ÈÓÈãÒÏ äË�ÈããÈ ¹Ë�Ó©²
ÏäËËmÒ}ºm ¹¯ËÎ�Ë m°Ë�º m}ã
�ÈË� º�ËÓ}� ¯ÈÏãÒ��
Óº�º ¯º�È äÒ}¯ºÓËº�Óº¯º�Óº°�Ë® m mÒ�Ë m©�«Ó��©²
ÁË¯¯Ò�Óº�¹Ë¯ãÒ�Ó©² ¹ºãº°� �ËÁº¯äÒ¯ºmÈÓÓ©² m
ÓÈ¹¯ÈmãËÓÒÒ ¹¯º}È�}Ò ÓËäË�ÈããÒ�Ë°}Ò² m}ã
�Ë�
ÓÒ®� äÒ}¯ºÓË°¹ãº�Óº°�Ë®� º­ËÏ��ãË¯ºÎËÓÓ©² ãÒ­º
ÓÈ��ãË¯ºÎËÓÓ©² °ãºËm� È �È}ÎË �¯��Ò² äÒ}¯º�Ë�
ÁË}�ºm� º°º­ËÓÓº m ¹¯Ò¹ºmË¯²Óº°�Ó©² °Ë�ËÓÒ«²
°�ËÓº} �¯�­� vmºËm¯ËäËÓÓºË m©«mãËÓÒË ÓË°ºmË¯�
�ËÓ°�m ÓÈ äÒ}¯º�¯ºmÓË äºÎË� ¹¯Ë�º�m¯È�Ò�	 Ò²
�Èã	ÓË®�ËË ¯ÈÏmÒ�ÒË m äÈ}¯ºäÈ°��È­È²� { �È­ã� �
¹¯Ë�°�ÈmãËÓ© ÓË}º�º¯©Ë äË�Èããº�¯ÈÁÒ�Ë°}ÒË ²È�
¯È}�Ë¯Ò°�Ò}Ò Ò°°ãË��Ëä©² ¹¯º­� {Ò�Óº� ��º °¯Ë��
ÓË²¯ºäÒ°�È« °�Èã	 �¹¯º­© � Ò �� ¹º°ãË ÓÈ¯È­º�}Ò
¹Ë�Ó©äÒ ÏäËËmÒ}ÈäÒ ¯ÒÁº¯äÒÓ�È ¹º¯«�}È
������… ������ � °º²¯ÈÓ«Ë� °�¯�}��¯� n�v ° ­Èã�
ãºä ÏË¯ÓÈ ÁË¯¯Ò�È ¢ �� |­ËÏ��ãË¯ºÎËÓÓ©² ãÒ­º
ÓÈ��ãË¯ºÎËÓÓ©² °ãºËm ÓË º­ÓÈ¯�ÎËÓº� |�ÓÈ}º m
¹¯Ò¹ºmË¯²Óº°�Ó©² °Ë�ËÓÒ«² ÓÈ­ã
�È
�°« º��Ëã	�
Ó©Ë °�¯�}��¯Ó©Ë ÒÏäËÓËÓÒ«� �È}� �ã« ÓËº�Óº¯º��
Óº® °�¯�}��¯© °º °�º¯ºÓ© mÓ��¯ËÓÓË® ¹ºmË¯²Óº°�Ò
¹¯º­© � ²È¯È}�Ë¯Óº �mËãÒ�ËÓÒË äÒ}¯º�mË¯�º°�Ò
m ¹ºãº°È² ¹ºm©�ËÓÓº® �¯ÈmÒäº°�Ò �+9 ����Ü����
¹º °¯ÈmÓËÓÒ
 ° º­©�Óº® °�¯�}��¯º® �+9 ����Ü
����� lÒ}¯º°�¯�}��¯È äË�ÈããÈ ÏäËËmÒ}ºm ¯ÒÁº¯�
äÒÓ�È ÒÏ �ã���ËÓÓº® °¯Ë�ÓË²¯ºäÒ°�º® �¹¯º­È ��

cÒ°� �� cÈ°¹¯Ë�ËãËÓÒË ��ãË¯º�È �È� Ò mº�º¯º�È �­� m °�ËÓ}È²
¹Ë�Ó©² ÏäËËmÒ}ºm

� È ­ ã Ò � È �� lË�Èããº�¯ÈÁÒ�Ë°}ÒË ²È¯È}�Ë¯Ò°�Ò}Ò ¹Ë�Ó©² ÏäËËmÒ}ºm

�¯º­È nÈÏºm©® °º°�Èm rÈãã ÏË¯ÓÈ ¹º �|v� ����Ü�� lÒ}¯º�mË¯�º°�	� +9 ����
vº°�º«ÓÒË ¹¯Ò¹ºmË¯²Óº°�Ó©²

°ãºËm

�
nË¯¯Ò�Óº�

¹Ë¯ãÒ�ÓÈ« °äË°	

�nv��

Û

v¯Ë�ÓÒË ÏÓÈ�ËÓÒ« Û ���…����

° mÓ��¯ËÓÓË® ¹ºmË¯²Óº°�Ò Û

���� ° ÓÈ¯�ÎÓº® Û ���

�¯ÈmÒäº°�	 m �� � mº�Óºä ¯È°��

mº¯Ë ²¯ºäºmº�º ÈÓ�Ò�¯Ò�È �°Ò�

ãÒmÈË�°« ° º­ËÒ² ¹ºmË¯²Óº°�Ë®

�

v mÓ��¯ËÓÓË® ¹ºmË¯²Óº°�Ò Û ��

m °Ë¯Ë�ÒÓË �ºã�ÒÓ© Û äËã}º�

�Ò°¹Ë¯°ÓÈ«

v mÓ��¯ËÓÓË® ¹ºmË¯²Óº°�Ò� m

°mË�ã©² ¹ºãº°È² Û ���� m �Ëä�

Ó©² ¹ºãº°È² Û ���

�º ÎË� z¯ºäË �º�º� °º °�º¯ºÓ©

mÓ��¯ËÓÓË® ¹ºmË¯²Óº°�Ò ¹ºãº°©

ÒÏ °mË�ã©² Ò �ËäÓ©² ÏË¯ËÓ

�

nË¯¯Ò�Óº�

}È¯­Ò�ÓÈ«

°äË°	 �nzv�

v mÓ��¯ËÓÓË® ¹ºmË¯²Óº°�Ò Û ��

ÓÈ °Ë¯Ë�ÒÓË �ºã�ÒÓ© Û �…�

v¯Ë�ÓÒË ÏÓÈ�ËÓÒ« Û ���� ° mÓ��

�¯ËÓÓË® ¹ºmË¯²Óº°�Ò Û ���…���

zº¯}È }º¯¯ºÏÒºÓÓ©² º�ãºÎËÓÒ®

° ÓÈ¯�ÎÓº® ¹ºmË¯²Óº°�Ò

�

{ËÏ�Ë ��…��� º�Óº¯º�ÓÈ« v¯Ë�ÓÒË ÏÓÈ�ËÓÒ« Û ���…����

° mÓ��¯ËÓÓË® ¹ºmË¯²Óº°�Ò Û

���…���� ° ÓÈ¯�ÎÓº® Û ���

�¯ÈmÒäº°�	 �°ãÒãÒmÈË�°« ° º­Ë�

Ò² ¹ºmË¯²Óº°�Ë®� º°º­ËÓÓº ° ÓÈ�

¯�ÎÓº®�

z¯ºäË �º�º� }º¯}È }º¯¯ºÏÒºÓÓ©²

º�ãºÎËÓÒ® �ºã�ÒÓº® ��� ää °

mÓ��¯ËÓÓË® ¹ºmË¯²Óº°�Ò� ��� ää

Û � ÓÈ¯�ÎÓº®

�

v º­ËÒ² ¹ºmË¯²Óº°�Ë® Û ��

m �ËÓ�¯Ë Û �

v¯Ë�ÓÒË ÏÓÈ�ËÓÒ« Û ���…����

° mÓ��¯ËÓÓË® ¹ºmË¯²Óº°�Ò Û

���…���� ° ÓÈ¯�ÎÓº® Û

���…���

v mÓ��¯ËÓÓË® ¹ºmË¯²Óº°�Ò Û

m©�«Ó��©Ë ÓË°¹ãº�Óº°�Ò ÓÈ �ã��

­ÒÓË ���…��� ä}ä Û m ­ºã	�

�Ë® °�Ë¹ËÓÒ m©¯ÈÎËÓ© m ¹¯º­Ë

�� ° ÓÈ¯�ÎÓº® Û }º¯¯ºÏÒºÓÓ©Ë

º�ãºÎËÓÒ«�
�

v¯Ë�ÓÒË ÏÓÈ�ËÓÒ« Û ���…����

° mÓ��¯ËÓÓË® ¹ºmË¯²Óº°�Ò Û

���� ° ÓÈ¯�ÎÓº® Û ���…���

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



Ò ÓÒÏ}º²¯ºäÒ°�º® °�ÈãÒ �¹¯º­© � Ò �� ¹¯È}�Ò�Ë°}Ò
º�Óº¯º�ÓÈ ¹º �ºã�ÒÓË °�ËÓº} �¯�­ Ò ¹¯Ë�°�Èmã«Ë�
°º­º® nzv� |�ÓÈ}º� }È} Ò m ¹¯Ë�©���Ëä °ã��ÈË�
�¯ÈmÒäº°�	 m mº�Óºä ¯È°�mº¯Ë ²¯ºäºmº�º ÈÓ�Ò�¯Ò�È
�°ÒãÒmÈË�°« °º °�º¯ºÓ º­ËÒ² ¹ºmË¯²Óº°�Ë® Ò ¯È°�
¹¯Ë�ËãËÓÒË �mË¯�º°�Ò Óº°Ò� ¹º�º­Ó©® ²È¯È}�Ë¯�

 �º }È°ÈË�°« °�¯�}��¯© äË�ÈããÈ }º¯¯ºÏÒºÓÓº�
°�º®}º® °�ÈãÒ� �º m º­ËÒ² ¹¯º­È² �� Ò ��� ºÓÈ
¹¯Ë�°�ÈmãËÓÈ ÏË¯ÓÈäÒ È�°�ËÓÒ�È ° �mº®ÓÒ}ÈäÒ�
¹¯Ò°��ÒäÒ ÁÈÏË ° }¯Ò°�ÈããÒ�Ë°}º® ¯Ë�Ë�}º® �¡z�
|�ÓÈ}º� m äË�ÈããË ¹¯º­© �� ºÓÈ ÓË°}ºã	}º äËã	�Ë
�­Èãã ÏË¯ÓÈ ��� �Ëä m äË�ÈããË ¹¯º­© � �­Èãã
ÏË¯ÓÈ ��� {ºÏäºÎÓº� ª�º °m«ÏÈÓº ° ­ºã	�Òä °º�
�Ë¯ÎÈÓÒËä ÓËäË�ÈããÒ�Ë°}Ò² m}ã
�ËÓÒ® m äË�ÈããË
¹¯º­© �� }È} �º¹ºãÓÒ�Ëã	Ó©äÒ �ËÓ�¯ÈäÒ }¯Ò°�
�ÈããÒÏÈ�ÒÒ ¹¯Ò ¹ºã��ËÓÒÒ °ãÒ�}È Ò Û ¯Ë}¯Ò°�Èã�
ãÒÏÈ�ÒÒ m ¹¯º�Ë°°Ë Áº¯äÒ¯ºmÈÓÒ« ÏÈ�º�ºmº}� vãË�
��Ë� �È}ÎË º�äË�Ò�	� ��º °º °�º¯ºÓ© mÓ��¯ËÓÓË®
¹ºmË¯²Óº°�Ò º­ËÒ² ¹¯º­ °º²¯ÈÓÒãÈ°	 �Ë}°��¯È ¹¯º�
}È�È� z¯ºäË �º�º� ÓÈ º­ËÒ² ¹ºmË¯²Óº°�«² äÒ}¯º��
mË¯�º°�	 ÓË°}ºã	}º ÓÒÎË� �Ëä m °Ë¯Ë�ÒÓÓ©² °Ë�ËÓÒ«²
�+9 ���Ü����� º°º­ËÓÓº °º °�º¯ºÓ© mÓ��¯ËÓÓË® ¹º�
mË¯²Óº°�Ò �+9 ���Ü�����

�È}Òä º­¯ÈÏºä� äË�Èããº�¯ÈÁÒ�Ë°}ÒË Ò°°ãË�º�
mÈÓÒ« ÓË m©«mÒãÒ °��Ë°�mËÓÓ©² ÒÏäËÓËÓÒ®� °mÒ�
�Ë�Ëã	°�m�
�Ò² º �Ë�¯È�È�ÒÒ °�¯�}��¯Ó©² ¹È¯È�
äË�¯ºm m ¹¯º�Ë°°Ë ¯È­º�© ¹Ë�Ó©² ÏäËËmÒ}ºm� �¯Ò
ª�ºä ÓÈ º­ËÒ² ¹ºmË¯²Óº°�«² °�ËÓº} �¯�­ ÒÏ �Ë¹�
ãº°�º®}Ò² °�ÈãË®� }È} ¹¯ÈmÒãº� �°ÒãÒmÈË�°« �¯È�
mÒäº°�	 m mº�Óºä ¯È°�mº¯Ë ²¯ºäºmº�º ÈÓ�Ò�¯Ò�È
Ò �mËãÒ�ÒmÈË�°« �mË¯�º°�	� � }º¯¯ºÏÒºÓÓº�°�º®}Ò²
Û ÓÈ¹¯º�Òm� �mË¯�º°�	 m ª�Ò² °Ë�ËÓÒ«² �äËÓ	�ÈË�°«�
��Ò�©mÈ« �ãÒ�Ëã	Ó�
 ª}°¹ã�È�È�Ò
 ¯È°°äÈ�¯ÒmÈË�
ä©² �¯�­ m ��ãËmº�º¯º�º°º�Ë¯ÎÈ�Ò² °¯Ë�È²� ¯ÈÏ­¯º°
m ÏÓÈ�ËÓÒ«² �mË¯�º°�Ò� ¹º�mÒ�Òäºä�� äºÎË� ­©�	
°m«ÏÈÓ ÓË �ºã	}º ° ÓÈ°ãË�°�mËÓÓ©ä ¯È°¹¯Ë�ËãËÓÒËä
ãË�Ò¯�
�Ò² ªãËäËÓ�ºm m �mË¯�ºä ¯È°�mº¯Ë Ò ÓÈãÒ�
�ÒËä m�º¯©² ÁÈÏ Û }È¯­Ò�ºm� ÓÒ�¯Ò�ºm Ò �� ¹�
Óº Ò ° mãÒ«ÓÒËä ��ãË¯º�È Ò mº�º¯º�È >�@�

{mÒ�� ¯ÈÏãÒ�Ó©² °¯º}ºm ª}°¹ã�È�È�ÒÒ� ¯ÈÏÓº�
º­¯ÈÏÓº�º °º°�ÈmÈ ¹Ë¯Ë¯È­È�©mÈËä©² °äË°Ë®� �ºã�
�ÒÓ °�ËÓº} �¯�­� È �È}ÎË ¯«�È ÓË¯Ë�ãÈäËÓ�Ò¯º�
mÈÓÓ©² °Ò��È�Ò®� ÓË ¹¯Ë�°�Èmã«Ë�°« mºÏäºÎÓ©ä
º�ÓºÏÓÈ�Óº º¹¯Ë�ËãÒ�	 �°ãºmÒ«� ¹º°ã�ÎÒm�ÒË
¹¯Ò�ÒÓº® ÓË �ºã	}º º�äË�ËÓÓº® °�¯�}��¯Óº® ÓË�

º�Óº¯º�Óº°�Ò� Óº Ò ­ºãËË °Ë¯	ËÏÓº�º �ËÁË}�È� �È�
}º�º }È} º­¯ÈÏºmÈÓÒË }º¯¯ºÏÒºÓÓ©² ¹ºm¯ËÎ�ËÓÒ®
�¹º�¯º­Óº ­��Ë� ¯È°°äº�¯ËÓº �ÈãËË�� �È}� ÓËº­�
²º�Òäº º�äË�Ò�	 ÓÈãÒ�ÒË ¹º�º­Ó©² ¹ºm¯ËÎ�ËÓÒ®
ÓÈ º­ËÒ² ¹ºmË¯²Óº°�«² �°ä� �È­ã� ��� È m ¯«�Ë
°ã��ÈËm m ­ºã	�Ë® °�Ë¹ËÓÒ }º°Ó�m�Ò²°« ÓÈ¯�ÎÓº®
°�ËÓ}Ò �¯�­Óº�º ªãËäËÓ�È�

cÒ°� �� n¯È�äËÓ�© �ÒÈ�¯Èää ¯È°�«ÎËÓÒ« ÓÈ °�È�ÒÒ �¹¯��º�¹ãÈ°�
�Ò�Ë°}º�º �ËÁº¯äÒ¯ºmÈÓÒ« º­¯ÈÏ�ºm ¹¯Ò ¯ÈÏÓ©² �Ëä¹Ë¯È��¯È²
Ò°¹©�ÈÓÒ«� � Û ���

º

v �°�Èã	 ��t�l�� � Û ���
º

v �°�Èã	
��t��s����

� È ­ ã Ò � È �� lË²ÈÓÒ�Ë°}ÒË °mº®°�mÈ äË�ÈããÈ º�º­¯ÈÓÓ©²
¹¯º­ ¹¯Ò ¯ÈÏãÒ�Ó©² �Ëä¹Ë¯È��¯È² Ò°¹©�ÈÓÒ«

�¯º­È
�¯Ë�Ëã
�Ë}��Ë°�Ò
σ
�
� l�È

{¯ËäËÓÓºË
°º¹¯º�Òm�
ãËÓÒË σ

m
�

l�È

|�Óº°Ò�Ëã	
ÓºË

��ãÒÓËÓÒË
δ� �

|�Óº°Ò�Ëã	
ÓºË

°�ÎËÓÒË
ψ� �

��
º

v

� ����� ����� ���� ����

��t�l��

�|v� �����Ü��
����� ����� Û Û

� ����� ����� ���� ����

� ����� ����� ���� ����

� ����� ����� ���� ����

��t�l

�|v� ���Ü��
����� ����� ���� ����

� ����� ����� ���� ����

� ����� ����� ���� ����

�t�l�

�����������
����� ����� ���� Û

� ����� ����� ���� ����

�� ����� ����� ���� ����

��
 ����� ����� ���� ����

��t��s���

�|v� ���Ü��
Û !����� !���� Û

���
R

&

� ����� ����� ���� ����

��t�l��

�|v� �����Ü��
����� ����� Û Û

�� ����� ����� ���� ����

��t��s���

�|v� �����Ü��
����� ����� Û Û

���
R

&

� ����� ����� ���� ����

��t�l��

�|v� �����Ü��
����� ����� Û Û

� ����� ����� ���� ����

� ����� ����� ���� ����

��t�l

�|v� �����Ü��
����� ����� Û Û

� ����� ����� ���� ����

�
 ����� ����� Û Û

�� ����� ����� ���� ����

��
 ����� ����� ���� ����

��t��s���

�|v� �����Ü��
����� ����� Û Û

���
º

v

� ������ ����� ���� ����

� ����� ����� ���� ����

� ����� ����� ���� ����

� ����� ����� ���� ����

�
 ����� ����� ���� ����

�� ����� ����� ���� ����

��
 ����� ����� ���� ����


 �º°ãË ÓÈ¯È­º�}Ò ��� �©°� ��

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



cËÏ�ã	�È�© }¯È�}ºm¯ËäËÓÓ©² Ò°¹©�ÈÓÒ® ÓÈ
¯È°�«ÎËÓÒË ¹¯Ò }ºäÓÈ�Óº® Ò ¹ºm©�ËÓÓº® �Ëä�
¹Ë¯È��¯È² ¹¯Ë�°�ÈmãËÓ© m �È­ã� �� �º°}ºã	}�
�ÒÈ¹ÈÏºÓ �Ëä¹Ë¯È��¯ ¹Ë¯Ë¯È­È�©mÈËä©² ¹¯º��}�ºm
°º°�Èmã«Ë� �����…���� Åv� Ò°¹©�ÈÓÒ« ÓÈ ¯È°�«�
ÎËÓÒË ° ��Ë�ºä �Ëä¹Ë¯È��¯Ó©² ÏÈ¹È°ºm ­©ãÒ ¹¯º�
mË�ËÓ© m �ÒÈ¹ÈÏºÓË �Ëä¹Ë¯È��¯� �����… ���� Åv
m mÈ}��äË ��� �È °º °}º¯º°�	
 ÓÈ�¯ËmÈ
��…�� Åv�äÒÓ Ò °�È­ÒãÒÏÒ¯�
�Ë® m©�Ë¯Î}Ë ¹¯Ò
ÏÈ�ÈÓÓ©² �Ëä¹Ë¯È��¯È² Û �� äÒÓ� È ¹¯Ò �Ëä¹Ë�
¯È��¯Ë ��� Åv ÓÈ º�}¯©�ºä mºÏ��²Ë�

�¯ËÎ�Ë m°Ë�º °ãË��Ë� º�äË�Ò�	� ��º m°Ë ¹¯º��
Óº°�Ó©Ë Ò ¹ãÈ°�Ò�Ë°}ÒË ²È¯È}�Ë¯Ò°�Ò}Ò Ò°°ãË���
Ëä©² ¹¯º­� ÏÈ Ò°}ã
�ËÓÒËä ¹¯º­© �� ÓÈ²º�«�°«
m©�Ë �¯ºmÓ« °ºº�mË�°�m�
�Ò² Óº¯äÒ¯ºmÈÓÓ©² ÏÓÈ�
�ËÓÒ® ��È­ã� �� ���� ���� ��� Åv�� �¯Ò ª�ºä ÏÈm©�
�ËÓÓ©Ë ÏÓÈ�ËÓÒ« ¹¯º�Óº°�Ó©² ²È¯È}�Ë¯Ò°�Ò} ¹¯º­©
� °ºº�mË�°�m�
� °ÓÒÎËÓÒ
 ²È¯È}�Ë¯Ò°�Ò} ¹ãÈ°�Ò��
Óº°�Ò ��È­ã� �� ��� Åv�� ��Ë ÓÈ­ã
�ÈË�°« �ËÁº¯äÈ�
�ÒºÓÓºË �ÒÓÈäÒ�Ë°}ºË °�È¯ËÓÒË �°ä� ¯Ò°� ���

 �º }È°Ë�°« ¹¯º­ ÒÏ }º¯¯ºÏÒºÓÓº�°�º®}º® °�ÈãÒ
�¹¯º­© � Ò ���� �º °º¹º°�ÈmãËÓÒË ÏÓÈ�ËÓÒ® ¹¯º��
Óº°�Ó©² ²È¯È}�Ë¯Ò°�Ò} ¹º ¯ËÏ�ã	�È�Èä Ò°¹©�ÈÓÒ®
¹º°ãË ÓÈ¯È­º�}Ò ��� ��� Ò ��� ��� � ��È­ã� ���
º�¯ÈÎÈË� °}º¯ËË ÓËº�Óº¯º�Óº°�	 äË²ÈÓÒ�Ë°}Ò²
°mº®°�m º��Ëã	Ó©² �¯�­ ÏäËËmÒ}È� ÓËÎËãÒ }È}ÒË�
ãÒ­º ¹¯º�Ë°°© ª}°¹ã�È�È�ÒºÓÓº® �Ë�¯È�È�ÒÒ� zÈ}
mÒ�Óº� äË�Èãã ¹¯º­© �� ¹º°ãË ÓÈ¯È­º�}Ò ��� ��� �
ÒäËË� ÏÓÈ�Ò�Ëã	Óº ­ºãËË m©°º}Ò® ¹¯Ë�Ëã �Ë}��Ë°�Ò
¹¯Ò }ºäÓÈ�Óº® �Ëä¹Ë¯È��¯Ë� �Ëä äË�Èãã ª�º® ¹¯º­©
¹º°ãË ��� ��� � ��È­ã� �� �� Åv�� {äË°�Ë ° �Ëä�
¹¯Ò �Ëä¹Ë¯È��¯È² Ò°¹©�ÈÓÒ« ���� Ò ���� Åv ÓÈ­�
ã
�ÈË�°« º­¯È�ÓÈ« }È¯�ÒÓÈ ��È­ã� �� ���� ��� Åv��
�º°ãË�ÓËË º­°�º«�Ëã	°�mº ÓËº­²º�Òäº ��Ò�©mÈ�	
¹¯Ò º�ËÓ}Ë �º¹�°}ÈËä©² °¯º}ºm �Èã	ÓË®�Ë® ª}�
°¹ã�È�È�ÒÒ�

cËÏ�ã	�È�© Ò°¹©�ÈÓÒ® ÓÈ ¹ºãÏ��Ë°�	 Ò �ãÒ�
�Ëã	Ó�
 ¹¯º�Óº°�	� { °ºº�mË�°�mÒÒ ° Óº¯äÈ�Òm�
Ó©äÒ �¯Ë­ºmÈÓÒ«äÒ ÓÈ¯«�� ° }¯È�}ºm¯ËäËÓÓ©äÒ

äË²ÈÓÒ�Ë°}ÒäÒ Ò°¹©�ÈÓÒ«äÒ m �}ÈÏÈÓÓºä m©�Ë
�Ëä¹Ë¯È��¯Óºä �ÒÈ¹ÈÏºÓË m©¹ºãÓ«ãÒ°	 Ò°¹©�ÈÓÒ«
ÓÈ ¹ºãÏ��Ë°�	 ° ¹º°ãË��
�Òä º¹¯Ë�ËãËÓÒËä ²È�
¯È}�Ë¯Ò°�Ò} �ãÒ�Ëã	Óº® ¹¯º�Óº°�Ò ¹¯Ò °ºº�mË�°�
�m�
�Ò² ¯È°�Ë�Ó©² Ò ­ºãËË m©°º}Ò² �Ëä¹Ë¯È��¯È²
° ��Ë�ºä �Ëä¹Ë¯È��¯Óº�º }ºªÁÁÒ�ÒËÓ�È ÏÈ¹È°È� w�Ò
¯ËÏ�ã	�È�© m �Ëãºä °mÒ�Ë�Ëã	°�m�
� º­ º�°��°�mÒÒ
ÓË�È�ÒmÓ©² ÒÏäËÓËÓÒ® ¹ãÈ°�Ò�Ë°}Ò² °mº®°�m äË�
�ÈããÈ ¹º°ãË �ãÒ�Ëã	Ó©² °¯º}ºm ª}°¹ã�È�È�ÒÒ� sË�
}º�º¯ºË Ò°}ã
�ËÓÒË °º°�Èmã«Ë� ¹¯º­È ��� ²È¯È}�Ë�
¯ÒÏ�ËäÈ« º��Ëã	Ó©äÒ m©¹È�ÈäÒ�  �º }È°ÈË�°« ¹º�
}ÈÏÈ�ËãË® �ãÒ�Ëã	Óº® ¹¯º�Óº°�Ò ��È­ã� ��� ÁÈ}�
�Ò�Ë°}ÒË �º¹�°}ÈËä©Ë ÓÈ¹¯«ÎËÓÒ« ¹¯Ëmº°²º�«�
Óº¯äÒ¯�Ëä©Ë �ã« ÒÏ��ÈËä©² äÈ¯º} °�ÈãË®� ÏÈ Ò°�
}ã
�ËÓÒËä ��t�l��� cÈÏãÒ�Ò« m �º¹�°}ÈËä©²
ÓÈ¹¯«ÎËÓÒ«² ¹º �|v� �����Ü�� Ò j�sÜ�� m °º�
�Ë�ÈÓÒÒ ° ¹ºã��ËÓÓ©äÒ ª}°¹Ë¯ÒäËÓ�Èã	Ó©äÒ �ÈÓ�
Ó©äÒ ��È­ã� �� º�¯ÈÎÈ
� ÓË°�È­Òã	Óº°�	 °mº®°�m
�¹¯º�ÓËÓÓº® °�ÈãÒ�

 È°�	 �� j°°ãË�ºmÈÓÒË ª}°¹ã�È�È�ÒºÓÓ©² ¹ºm¯ËÎ�ËÓÒ® m °�ËÓ}È² ¹Ë�Ó©² ÏäËËmÒ}ºm

z ²È¯È}�Ë¯Ó©ä ª}°¹ã�È�È�ÒºÓÓ©ä �ËÁË}�Èä ¹Ë��
Ó©² ÏäËËmÒ}ºm m ÓËÁ�Ë¹Ë¯Ë¯È­È�©mÈ
�Ëä ¹¯ºÒÏ�
mº�°�mË� }È} º�äË�Èãº°	 >�@� ¹¯ËÎ�Ë m°Ë�º� º�Óº�
°«�°« äË°�Ó©Ë }º¯¯ºÏÒºÓÓº�ª¯ºÏÒºÓÓ©Ë ¹ºm¯ËÎ�Ë�
ÓÒ« mÓ��¯ËÓÓÒ² ¹ºmË¯²Óº°�Ë® �¯�­� °m«ÏÈÓÓ©Ë °
ÓË¯ÈmÓºäË¯Ó©ä ÓÈ�¯Ëmºä� m �ºä �Ò°ãË� m äË°�È²
º­¯ÈÏºmÈÓÒ« ½¹¯º­º}� ÒÏ }ºä¹ºÓËÓ�ºm ÓÈ�¯ËmÈË�
äº�º ¹¯º��}�È� w�Ò �ËÁË}�© ÒäË
�� }È} ¹¯ÈmÒãº�
ÓË °Ò°�ËäÈ�Ò�Ë°}Ò® ²È¯È}�Ë¯ Ò� °ºº�mË�°�mËÓÓº�
¹ãº²º º­ÓÈ¯�ÎÒmÈ
�°« ¹¯Ò �ÒÈ�Óº°�Ò}Ë�

¡Ëã	 �ÈÓÓº�º ¯ÈÏ�ËãÈ Ò°°ãË�ºmÈÓÒ«� ¹ºã��ËÓÒË
ÒÓÁº¯äÈ�ÒÒ º mºÏäºÎÓ©² ¹¯Ò�ÒÓÈ² ¹º�º­Ó©² ¯ÈÏ�
¯��ËÓÒ®�

|­ÓÈ¯�ÎËÓÓ©Ë äË°�Ó©Ë }º¯¯ºÏÒºÓÓº�ª¯ºÏÒºÓ�
Ó©Ë ¹ºm¯ËÎ�ËÓÒ« mÓ��¯ËÓÓË® ¹ºmË¯²Óº°�Ò ¹Ë�Óº�º
ÏäËËmÒ}È ��È­ã� �� ¹¯º­È �� ¹º}ÈÏÈãÒ� ��º ¯ÈÏ�
¯��ËÓÒË ÓÈ�Èãº°	 º� �¯Ë�ÒÓº¹º�º­Óº�º �ËÁË}�È
m ÏºÓË °mÈ¯Óº�º °ºË�ÒÓËÓÒ« ¯ÈÏÓº¯º�Ó©² äË�Èããºm
Ò ¹ºã��Òãº ¯ÈÏmÒ�ÒË m ÓÈ¹¯ÈmãËÓÒÒ ¹º�º}È ¯È­º�Ë®
°¯Ë�©� ÓÈ°ãË��« Áº¯ä� ª�º�º �ËÁË}�È �¯Ò°� ���

vãË��Ë� ¹º��Ë¯}Ó��	� ��º ¯ÈÏ¯��ËÓÒË °�ËÓ}Ò�
¯ÈÏmÒmÈm�ËË°« �ºã	}º °º °�º¯ºÓ© ËË mÓ��¯ËÓÓË®

¹ºmË¯²Óº°�Ò� º²mÈ�Òãº º}ºãº ¹ºãºmÒÓ© �ãÒÓ©
º}¯�ÎÓº°�Ò �¯�­©� ¹¯º°�Ò¯È«°	 º� °mÈ¯Óº�º °ºË�
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��ËÓº°¹Ë}�¯Èã	Óº�º ÈÓÈãÒÏÈ �¯Ò°� �� ¹ºÏmºã«
�
º�äË�Ò�	 °ãË��
�ÒË º°º­ËÓÓº°�Ò�

Û °mÈ¯ÓºË °ºË�ÒÓËÓÒË m ¹ºm¯ËÎ�ËÓÓº® �¯Ò°� ��
È� Ò ÓË¹ºm¯ËÎ�ËÓÓº® �¯Ò°� �� ­� Ë�º �È°�Ò m©�
¹ºãÓËÓº äÓº�º°ãº®Ó©ä �mºä� äÒ}¯º°�¯�}��¯È }º�
�º¯º�º ²È¯È}�Ë¯ÒÏ�Ë�°« È�°�ËÓÒ�Ó©äÒ ÏË¯ÓÈäÒ °
�ËÓ�¯Ò�Óº® °�­°�¯�}��¯º®� cÈÏ¯��ËÓÒË ¹¯ºÒ°²º�
�Ò� ¹º ÏºÓË °¹ãÈmãËÓÒ« °º °�º¯ºÓ©�mÈ� ÓÈ }º�º¯ºä
°º²¯ÈÓÒãÒ°	 º°�È�}Ò ÓÈ��ãË¯ºÎËÓÓº�º °ãº«�

Û ÓÈ��ãË¯ºÎËÓÓ©® °ãº® �Ò¯ÒÓº®� �º°�Ò�È
�
�Ë® ��� ä}ä� ¯È°¹ºãºÎËÓ m äË�ÈããË �mÈ ÓÈ ¯È°�
°�º«ÓÒÒ �…�� ä}ä º� �¯ÈÓÒ�© °¹ãÈmãËÓÒ«� Ò ¹¯º�
²º�Ò� ÓË¹¯Ë¯©mÓº® �¯«�º® ¹º m°Ë® m©°º�Ë 9�º­�
¯ÈÏÓº® ¯ÈÏ�Ëã}Ò �¯Ò°� ��� Ë�º �mË¯�º°�	 }ºãË­ãË�°«
m ¹¯Ë�ËãÈ² +9 ����Ü������+9 ����Ü��� �¯Ò°� ���
¹¯Ò�Ëä ­ºã	�ÒË ÏÓÈ�ËÓÒ« °ºº�mË�°�m�
� mÓ��¯ËÓ�
ÓË® ¹ºmË¯²Óº°�Ò �¯�­©� �� Ë� }º¯Ó
 �mÈ�

Û º­ËÏ��ãË¯ºÎËÓÓ©® °ãº®�Ò¯ÒÓº®���…��� ä}ä
¯È°¹ºãºÎËÓ °º °�º¯ºÓ© º°ÓºmÓº�º äË�ÈããÈ º� �¯È�
ÓÒ�© °¹ãÈmãËÓÒ« �º º­ãÈ°�Ò °¯Ë�ÓË�º ÏË¯ÓÈ ~�{
Ò ¹¯º²º�Ò� ¹º m°Ë® m©°º�Ë 9�º­¯ÈÏÓº® ¯ÈÏ�Ëã}Ò�
ºÓ º­ãÈ�ÈË� ¹ºÓÒÎËÓÓº® �mË¯�º°�	
 Ò ÒäËË� mº�
�º¯º�Ó©Ë ¹ºãº°�Ò �¯Ò°� �� È��

Û m äË�ÈããË �mÈ äËÎ�� ãÒÓÒË® °¹ãÈmãËÓÒ« Ò
ÓÈ��ãË¯ºÎËÓÓ©ä °ãºËä ÒäËË�°« ¹Ë¯Ë²º�ÓÈ« ½°mË��
ãÈ«� ¹ºãº°}È �Ò¯ÒÓº® �� ä}ä� ��Ë °º�Ë¯ÎÈÓÒË ÓÒ�
}Ëã« Ò ²¯ºäÈ äËÓ«Ë�°« °}È�}ºº­¯ÈÏÓº �¯Ò°� ��� m
°Èäºä �mË Ò² °º�Ë¯ÎÈÓÒË °�È­ÒãÒÏÒ¯�Ë�°«�

vº¹º°�ÈmÒm ¹ºã��ËÓÓ©Ë ¯ËÏ�ã	�È�© ° ÒäË
�Ò�
äÒ°«� m©�ËãÒä �mË º°ÓºmÓ©Ë �¯�¹¹© �ËÁË}�ºm�
°¹º°º­Ó©Ë m©ÏmÈ�	 º­¯ÈÏºmÈÓÒË ¯È°°äÈ�¯ÒmÈËäº�º
¹ºm¯ËÎ�ËÓÒ« m ÏºÓË °¹ãÈmãËÓÒ« È�°�ËÓÒ�Óº�º äË�
�ÈããÈ �mÈ ° ÓËÈ�°�ËÓÒ�Óº® °�Èã	
� °º­°�mËÓÓº °mÈ�
¯º�Ó©Ë Ò ª}°¹ã�È�È�ÒºÓÓ©Ë�

z ¹Ë¯mº® �¯�¹¹Ë º�Óº°«�°« �ËÁË}�© �mÈ Û
ÓË°¹ãÈmãËÓÒË� ½«Ï©}Ò� º°ÓºmÓº�º äË�ÈããÈ m °mÈ¯�
Óºä �mË� º°�¯ºm}Ò ¯È°¹ãÈmãËÓÓº�º äË�ÈããÈ m º°�
ÓºmÓºä äË�ÈããË� mº�º¯º� m È�äº°ÁË¯Ë ���Ò ¹¯Ò
¯ËäºÓ�Óº�°mÈ¯º�Ó©² ¯È­º�È²� È �È}ÎË ÓÈ��ãË¯º�
ÎËÓÓ©® Ò º­ËÏ��ãË¯ºÎËÓÓ©® °ãºÒ� äÈ¯�Ë°Ò�Ó©Ë
��È°�}Ò� Ë°ãÒ �È}ºm©Ë ÒäË
�°«�

zº m�º¯º® �¯�¹¹Ë °ãË��Ë� º�ÓË°�Ò �ËÁË}�©�
mºÏÓÒ}È
�ÒË m ¯ËÏ�ã	�È�Ë ¹¯ºÓÒ}ÓºmËÓÒ« °Ë¯º�
mº�º¯º�Ó©² ¹¯º��}�ºm }º¯¯ºÏÒÒ m �ËÁË}�© ÏºÓ©
°¹ãÈmãËÓÒ«� �Èã	ÓË®�ËË º°ãÈ­ãËÓÒË º­ËÏ��ãË¯º�
ÎËÓÓº�º °ãº« m ÏºÓË °¹ãÈmãËÓÒ« ÏÈ °�Ë� �ÒÁÁ�ÏÒÒ
��ãË¯º�È ¹¯Ò ¹ºm©�ËÓÓ©² �Ëä¹Ë¯È��¯È² ÒÏ äËÓËË
ãË�Ò¯ºmÈÓÓº�º m ­ºãËË ãË�Ò¯ºmÈÓÓ©® äË�Èãã� �ãÒ�
�Ëã	Ó©® ¹Ë¯Òº� ¯È­º�© m �ÒÈ¹ÈÏºÓË �Ëä¹Ë¯È��¯
���º mÒ�È ²¯�¹}º°�Ò�

sËº­²º�Òäº º�äË�Ò�	� ��º m°Ë ¹Ë¯Ë�Ò°ãËÓÓ©Ë
ÁÈ}�º¯© �Ë°Óº °m«ÏÈÓ© äËÎ�� °º­º® Ò ¹¯Ò º�ËÓ}Ë
¯È­º�º°¹º°º­Óº°�Ò °mÈ¯Óº�º °ºË�ÒÓËÓÒ« ÓË º��Ë�
ãÒä© º�ÒÓ º� �¯��º�º� �È}� ¹¯Ò ª}°¹ã�È�È�ÒÒ
mË°	äÈ ��m°�mÒ�Ëã	Ó©äÒ äº��� º}ÈÏÈ�	°« �ËÁË}�©
Áº¯ä© �mÈ� ¹Ë¯m©äÒ Ò°¹©�©mÈ
�ÒË ¹º¯ÈÎËÓÒ«
m �°ãºmÒ«² È�¯Ë°°ÒmÓº® °¯Ë�©� sÈ¹¯ÒäË¯� ÓË°¹�
ãÈmãËÓÒË� }º�º¯ºË äº�ãº ÒäË�	 äË°�º ÓÈ m°Ëä ¹¯º�
�«ÎËÓÒÒ ��È°�}È }º¯ÓËmº® ÏºÓ© �¯Ò°� �� È�� ÏÈ�

cÒ°� �� n¯È�äËÓ� ¯ÈÏ¯��ËÓÒ«

cÒ°� �� lÈ}¯º°�¯�}��¯È °mÈ¯Óº�º °ºË�ÒÓËÓÒ« ¯ÈÏÓº¯º�Óº® ¹È¯©
°�ÈãË® ��t�l Ò ��t��s��� m ¹ºm¯ËÎ�ËÓÓºä �È� Ò ÓË¹ºm¯ËÎ�
�ËÓÓºä �­� ��È°�}È²

cÒ°� �� cÈ°¹¯Ë�ËãËÓÒË �mË¯�º°�Ò +9 ���� m ÏºÓË °¹ãÈmãËÓÒ« °º
°�º¯ºÓ© °�ÈãÒ ��t�l ������
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�Ë}ÈÓÒË äË�ÈããÈ �mÈ ¹º �¯ÈÓÒ�Èä º°ÓºmÓº�º äË�
�ÈããÈ Ò m}ãÒÓÒmÈÓÒË ½«Ï©}ºm� º°ÓºmÓº�º äË�ÈããÈ
m äË�Èãã �mÈ� }º�º¯©Ë äºÎÓº mÒ�Ë�	 ÓÈ °º²¯È�
ÓÒm�Ë®°« �È°�Ò ¹ºm¯ËÎ�ËÓÓº�º ��È°�}È Ò ÓÈ ÓË�
¹ºm¯ËÎ�ËÓÓºä ��È°�}Ë �¯Ò°� ��� vãË�© }º¯¯ºÏÒºÓ�
Ó©² ¹ºm¯ËÎ�ËÓÒ® ½«Ï©}ºm� mÒ�Ó© ÓÈ ­º}ºmº® ¹º�
mË¯²Óº°�Ò ¯ÈÏ¯��ËÓÓº�º °ºË�ÒÓËÓÒ«� �¯º«mãËÓÒ

ÓË�È�ÒmÓº�º mãÒ«ÓÒ« �}ÈÏÈÓÓ©² ÁÈ}�º¯ºm °¹º°º­�
°�m�
� �È}ÎË °mÈ¯º�Ó©Ë ÓÈ¹¯«ÎËÓÒ« Ò ÓÈ¹¯«ÎË�
ÓÒ«� m©ÏmÈÓÓ©Ë ¯ÈÏãÒ�Ò«äÒ m }ºªÁÁÒ�ÒËÓ�È² ãÒ�
ÓË®Óº�º ¯È°�Ò¯ËÓÒ« ¯ÈÏÓº¯º�Ó©² äË�Èããºm�

vãË��Ë� ¹º��Ë¯}Ó��	� ��º ¹¯Ò °mÈ¯}Ë °ÈäºÏÈ}È�
ãÒmÈ
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� ÓË �ºã	}º °º °�¯�}��¯º® ÏÈ}Èã}Ò�
ÒäË
�Ë® ÓÒÏ}ÒË ¹ãÈ°�Ò�Ë°}ÒË °mº®°�mÈ� Óº Ò ° mãÒ�
«ÓÒËä mº�º¯º�È� ¯È°�mº¯«
�Ë�º°« m ÎÒ�}ºä äË�ÈããË
Ò ÏÈ�Ëä ¹º°��¹È
�Ë�º m º}ºãº�ºmÓ�
 ÏºÓ�� {º�º¯º�
m ¹¯º�Ë°°Ë ¹ºã��ËÓÒ« ¯È°°äÈ�¯ÒmÈËäº�º °ºË�ÒÓËÓÒ«
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Ij_^eh`_g b Zijh[bjh\Zg ijhp_kk mkbe_gby k_j_[jyguo bah[jZ`_gbc gZ ]Zeh]_gk_j_[jyguo jZ^bh]jZnbq_kdbo ie_gdZo

^ey ijhfure_ggh]h jZ^bh]jZnbq_kdh]h dhgljhey� hkgh\Zgguc gZ ih\ur_gbb kl_i_gb ^bki_jkghklb keZ]Zxs_]h

bah[jZ`_gb_ we_f_glgh]h k_j_[jZ� IhdZaZgh� qlh ijb bkihevah\Zgbb ^Zggh]h ijhp_kkZ hilbq_kdb_ iehlghklb bah[�

jZ`_gby \ rbjhdhf ����…��� _^� ^bZiZahg_ \hajZklZxl \ ��� jZa� ke_^kl\b_f q_]h y\ey_lky ih\ur_gb_ ihqlb gZ

ihjy^hd nhlh]jZnbq_kdhc qm\kl\bl_evghklb 6���� b 6���� ijb khojZg_gbb beb g_agZqbl_evghf m\_ebq_gbb ]jZ^b_glZ

J� iehlghklb \mZeb '� b jZaj_rZxs_c kihkh[ghklb nhlhfZl_jbZeZ�

$Q DSSURYHG SURFHVV LV SURSRVHG IRU HQKDQFHPHQW RI VLOYHU LPDJHV RQ KDORJHQ�VLOYHU UDGLRJUDSKLF ILOPV IRU LQGXVWULDO

UDGLRJUDSKLF FRQWURO� EDVHG RQ LQFUHDVLQJ WKH GHJUHH RI GLVSHUVLW\ RI HOHPHQWDO VLOYHU� PDNLQJ XS WKH LPDJH� ,W LV VKRZQ�

WKDW ZKHQ WKLV SURFHVV LV XVHG� RSWLFDO GHQVLWLHV RI WKH LPDJH LQ D EURDG ���� � ��� XQ�� UDQJH ULVH � WR � WLPHV� ZKLFK

UHVXOWV LQ LQFUHDVH RI SKRWRJUDSKLF VHQVLWLYLW\ RI 6���� DQG 6���� E\ DOPRVW DQ RUGHU� ZLWK SUHVHUYDWLRQ RU VOLJKW LQFUHDVH RI
J JUDGLHQW� '� IRJ GHQVLW\ DQG SKRWRPDWHULDO UHVROXWLRQ�
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Jha]eygmlh ijh[e_fb \bdhjbklZggy kljmf_ggbo l_q�c ijb dZi�eyjghfm dhgljhe� \gmlj�rg�o pbe�g^jbqgbo ih\_johgv

dhgkljmdp�c� GZ\_^_gh hkgh\b ih[m^h\b �g`_g_jgh]h lZl_hj_lbqgh]h f_lh^�\ jhajZomgdm oZjZdl_jbklbd ]Zahj�^bg�

gbo kljmfbggbol_q�c� yd� \bdhjbklh\mxlvky ^ey gZg_k_ggy ^_n_dlhkdhi�qgh� j�^bgb gZ ih\_jogx a f_lhx ^hke�^`_g�

gy p�e�kghkl� hklZggvh�� IhdZaZgh� sh gZ _n_dlb\g�klv dhgljhex \ieb\Zxlv yd ]_hf_ljbqg� hkh[eb\hkl� ih\_jog��

sh ^hke�^`m}lvky� lZd � j�aghfZg�lg� iZjZf_ljb kljmf_gy�

7KH SUREOHPV PDNH XVH RI MHW IORZV RI FDSLOODU\ DQDO\VLV RI F\OLQGULFDO LQQHU VXUIDFHV KDYH EHHQ FRQVLGHUHG� 7KH EDVLV RI

FRQVWUXFWQJ RI ERWK HQJLQHHULQJ DQG WKHRUHWLFDO PHWKRGV RI OLTXLG�JDV MHW IORZV SURSHUWLHV SUHGLFWLRQV LV FDUULHG RXW� 7KH

PHQWLRQHG MHW IORZV DUH DSSOLHG IRU FRYHULQJ WKH LQYHVWLJDWHG VXUIDFH E\ IORZ�GHWHFWLRQ OLTXLG ZLWK WKH DLP RI GLVFRQWLQXLW\

GHWHFWLRQ� ,W ZDV VKRZQ WKDW WKH HIIHFWLYHQHVV RI GLVFRQWLQXLW\ WHVW GHSHQGV RQ ERWK VXUIDFH JHRPHWULFDO SKHQRPHQD DQG

GLIIHUHQW SDUDPHWHUV RI MHW IORZ�
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�Ò�Ò Ï ¯�mÓ«Ó	 º�Ó� Ï ÓËm��ºäÒ² Ïä�ÓÓÒ²

Û �Ò°} S
__
� �º­�º ÏäËÓ�Ò�Ò m ¹¯º�Ë°� ¯ºÏm�«Ï�mÈÓÓ«

}�ã	}�°�	 mÏÈ¼äºÏÈãËÎÓÒ² ¹È¯ÈäË�¯�m ÓÈ º�ÒÓÒ�
�

�º ÏÓÈ�Óº °¹¯º��¼ «} °Ò°�Ëä� ¯�mÓ«Ó	� �È} � ¯ºÏ�

¯È²�Ó}ºmÒ® äË�º�� ¡Ë �ºÏmºã«¼ ¹º­���mÈ�Ò ËÁË}�

�ÒmÓÒ® äË�º� �Ò°Ëã	Óº�º ¯ºÏm�«Ï}�� ÈãË �ã« º��

¯ÒäÈÓÓ« ¯ºÏ¹º��ã� �Ò°}� °ã�� mÒ}º¯Ò°�ºm�mÈ�Ò �º�

�È�}ºmË ¯�mÓ«ÓÓ«�

v¹Ë�ÒÁ�}È Ïä�ÓÓÒ²� mÒ}º¯Ò°�ÈÓÒ² m �	ºä� äË�

�º��� ¹º�¯Ë­�¼ m��¹ºm��Óº� �Ë²Óºãº��� ÏÈ�ÈÓÓ« �¯È�

ÓÒ�ÓÒ² �äºm� �º ÓÈ}ãÈ�È¼ º­äËÎËÓÓ« ÓÈ ��È¹ÈÏºÓ

¯ËÎÒäÓÒ² ¹È¯ÈäË�¯�m �Ë���� m «}ºä� �Ë® äË�º�

ÏÈ­ËÏ¹Ë��¼ äºÎãÒm�°�	 ¹º­��ºmÒ Ï­�ÎÓº�º ��Ë�

¯È��®Óº�º ¹¯º�Ë°� m����}ÈÓÓ« ¯ºÏ� m�«Ï}�� ~º}�

¯ËäÈ� °���¼m� º­äËÎËÓÓ« ÓÈ}ãÈ�È
�	°« ÓÈ �Ò°ãº

cË®Óºã	�È 5H� �¯Ò 5H ! ���� �ÈÓÒ® äË�º� ¯�Ï}º

m�¯È�È¼ ËÁË}�ÒmÓ�°�	� È m �Ë«}Ò² mÒ¹È�}È² °�È¼

¹ºmÓ�°�
 ÓË¹¯È�ËÏ�È�ÓÒä� z¯�ä �º�º� °���¼mÒä ®º�

�º ÓË�ºã�}ºä ¼ ÓËÏÓÈ�ÓÈ �º�Ó�°�	 m���mº¯ËÓÓ« ¯ºÏ�

¹º��ã� �Ò°}�� ¡� º­äËÎËÓÓ« � ÓË�ºã�}Ò ¹¯Òä��

��
�	 m��}ÒÓ��Ò �Ë® ¹��²�� °�º°ºmÓº ÏÈ�È��� �º

¼ ¹¯Ë�äË�ºä ¯ºÏ�ã«���

i¯��Ò® äË�º� �Ó�Ë�¯�mÈÓÓ« °Ò°�ËäÒ ¯�mÓ«Ó	 ¯��

²� ¯��ÒÓÒ m º¯Ò��ÓÈã	ÓÒ² ÓË¹Ë¯Ë�mº¯ËÓÒ² Ïä�ÓÓÒ²�

°}ãÈ�ºm� �mÒ�}º°�� X� ν� È �È}ºÎ �Ò°} S� {

°¹Ë��Èã	Ó�® ã��Ë¯È��¯� >�Ü��@ }ãÈ° �È}Ò² äË�º��m

¯ºÏ¯È²�Ó}� º�¯ÒäÈm È­¯Ëm�È��¯� 6,03/( �6HP�

,PSO�F�W 0HWKRG IRU 3UHVVXUH /�QNHG (TXDW�RQV Û

ÓÈ¹�mÓË«mÓÒ® äË�º� �ã« ¯ºÏm�«Ï�mÈÓÓ« Ïm�«ÏÈÓÒ²

�Ë¯ËÏ �Ò°} ¯�mÓ«Ó	�� ¡Ë® ¹��²�� ­�ã	� �¯ºä�Ï�}Ò®

Ï �º�}Ò Ïº¯� Èã�º¯Ò�ä�ÏÈ��� � ¹¯º�¯Èä�mÈÓÓ«� ¹Ë�

¯Ë�­È�È¼ mÒ}º¯Ò°�ÈÓÓ« ¯ºÏÓË°ËÓº� m º­ãÈ°�� ¯ºÏ�

¯È²�Ó}� ¯�ÏÓÒ�Ëmº� °��}Ò �ã« ¯�ÏÓÒ² ¯ºÏ¯È²�Ó}ºmÒ²

Ïä�ÓÓÒ² ��È} ÏmÈÓº� �È²äÈ�Óº� °��}Ò�� z¯�ä �º�º�

�ÈÓÒ® äË�º� ¹º�¯Ë­�¼ ÓÈ­È�È�º ­�ã	�Ò² mÒ�¯È� �È°�

� ¯Ë°�¯°�m }ºä¹�
�Ë¯È ¹º¯�mÓ«ã	Óº Ï ¹Ë¯�Òä ¯ºÏ�

�ã«Ó��Òä äË�º�ºä� kãË �� ÓË�ºã�}Ò ��ã}ºä ¹º}�

¯ÒmÈ
�	°« ­�ã	�º
 �Ó�mË¯°Èã	Ó�°�
 �	º�º äË�º��

�º�º ��È¹ÈÏºÓ� �Ò°Ëã 5H � �Ó�Ò² ¹È¯ÈäË�¯�m� �º

²È¯È}�Ë¯ÒÏ�
�	 ¯ËÎÒä �Ë���� ~º}¯ËäÈ� �Ë® äË�º�

ÏÓÈ�Óº }¯È�Ë ¹¯Ò°�º°ºmÈÓÒ® �º äºÎãÒmº°�� �ÏÈ�Èã	�

ÓËÓÓ« ÓÈ mÒ¹È�º} äº�Ëã
mÈÓÓ« ��¯­�ãËÓ�ÓÒ² ¯Ë�

ÎÒä�m �Ë��®� z¯�ä �º�º� m�Ó ÏÈ­ËÏ¹Ë��¼ ÏÈ�ºm�ã	ÓË

�ã« ¹¯È}�Ò�ÓÒ² ¹º�¯Ë­ ¹Ë¯Ë�­È�ËÓÓ« ¯ºÏ¹º��ã� �Ò°�

}�� vÈäË �� mãÈ°�Òmº°�� 6,03/( äË�º�È �ºÏmºã«
�	

º­�¯�Ó��mÈ�Ò ®º�º mÒ}º¯Ò°�ÈÓÓ« �ã« äº�Ëã
mÈÓÓ«

�Ë��� °�¯�äËÓ«� �º ÓÈ��}È¼ ¹�� ¹¯«äÒä }��ºä ÓÈ �mË¯�

�� ¹ºmË¯²Ó
 � ¯Ë}ºäËÓ��mÈ�Ò �Ë® äË�º� m ¯ºã� ­È�

Ïºmº�º �ã« ¹º�Èã	�Ò² �º°ã��ÎËÓ	 m ÓÈ¹¯«ä}�

äº�Ëã
mÈÓÓ« }È¹�ã«¯ÓÒ² äË�º��m ��È�Óº°�Ò}Ò °�ÈÓ�

¹ºmË¯²ºÓ	 ËãËäËÓ��m ¯�ÏÓºäÈÓ��ÓÒ² }ºÓ°�¯�}��®�

{Ò°Óºm}Ò

�¯ºmË�ËÓÒ® m °�È��� ÈÓÈã�Ï �ºÏmºã«¼ ��®�Ò ÓÈ°�

��¹ÓÒ² mÒ°Óºm}�m�

�� zºÓ�¯ºã	 ÓË°���ã	Óº°�Ë® mÓ��¯��Ó�² �Òã�Ó��

¯Ò�ÓÒ² ¹ºmË¯²ºÓ	 }ºÓ°�¯�}��® °���¼mº m��¯�ÏÓ«¼�	°«

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



m�� }ºÓ�¯ºã
 ÏºmÓ��Ó�² ¹ºmË¯²ºÓ	 m¹ãÒmºä mÒ²�

¯ºmÒ² ¹º�º}�m� �º ¹¯º�Ò��
�	 °�¯�äËÓ
� �º ÓÈ¹�

¯ÈmãËÓÒ® �º ¹ºmË¯²Ó�� �ºä� ÓËº­²��Óº m¯È²ºm��

mÈ�Ò �Ò¯}�ã«��
 ¹º�º}�m� «}È mÒÓÒ}È¼ ¹¯Ò º­¯º­��

� äºÎË °���¼mº ÏäËÓ��mÈ�Ò ÏÈ¹ºmÓËÓÓ« ÓË°��

��ã	Óº°�Ë®�

�� ~È�È�È mÒ­º¯� º¹�ÒäÈã	ÓÒ² ¯ËÎÒä�m º­¯º­�

}Ò È}��Èã	ÓÈ � ¹º�¯Ë­�¼ ¯ºÏ¯È²�Ó}�m }ºÓ°�¯�}�

�ÒmÓÒ² � �Ë²Óºãº���ÓÒ² ¹È¯ÈäË�¯�m º­ãÈ�ÓÈÓÓ« �ã«

º­¯º­}Ò�

�� sÈmË�ËÓº ¹¯ÒÓ�Ò¹Ò ¹º­��ºmÒ �ÓÎËÓË¯Óº�º

�È �Ëº¯Ë�Ò�Óº�º äË�º��m ¯ºÏ¯È²�Ó}� ²È¯È}�Ë¯Ò°�Ò}

�ÈÏº¯��ÒÓÓÒ² °�¯�äÒÓÓÒ² �Ë��®� «}� mÒ}º¯Ò°�ºm��


�	°« �ã« ÓÈÓË°ËÓÓ« �ËÁË}�º°}º¹��Óº� ¯��ÒÓÒ ÓÈ

¹ºmË¯²Ó
 Ï äË�º
 �º°ã��ÎËÓÓ« ��ã�°Óº°�� º°�

�ÈÓÓ	º��

�� |�¯ÒäÈÓ� °Ò°�ËäÒ °¹�mm��Óº�ËÓ	� �º º¹Ò°��


�	 mÏÈ¼äº��
 °�¯�äÒÓÓº�º ¹º�º}� �È ¹ºmË¯²Ó�� �º

¼ º­�¼}�ºä ��È�Óº°�Ò}Ò� �ËäºÓ°�¯�
�	� �º ÓÈ ËÁË}�

�ÒmÓ�°�	 }ºÓ�¯ºã
 m¹ãÒmÈ
�	 «} �ËºäË�¯Ò�Ó� º°º­�

ãÒmº°�� ¹ºmË¯²Ó�� �º �º°ã��Î�¼�	°«� �È} � ¹È¯È�

äË�¯Ò Áº¯ä�mÈÓÓ« °�¯�äËÓ«�

�� iË}ãÈ¯È��®ÓÒ® ¹È�ËÓ� �}¯È�ÓÒ �����k� �¯Ò°�¯�® �ã« ÓÈ�

ÓË°ËÓÓ« ¯��}Ò² �ËÁË}�º°}º¹��ÓÒ² äÈ�Ë¯�Èã�m ¹¯Ò

}È¹�ã«¯Ó�® �ËÁË}�º°}º¹�� ÓÈ ¹ºmË¯²Ó
 }ºÓ�¯ºã	ºmÈÓº�º

mÒ¯º­� � k� l� |m°«Ó}�Ó� �� l� n¯ÈÓ��}� {� Ð� iË¯Ë�È�

k� {� �º¹ºm� |¹�­ã� ����������� r
ã� ¢ ��

�� n¯ÈÓ��} �� l�� |m°«Ó}�Ó k� l�� �º¹ºm k� {� ~È­ËÏ¹Ë�ËÓ�
Ó« }ºÓ�¯ºãË¹¯Ò�È�Óº°�� ËãËäËÓ��m �È°� Ï �Ò�ÈÓºmÒ²

°¹ãÈm�m Ï ¹��mÒ�ËÓº
 ���ãÒm�°�
 ÓË¯�®Ó�mÓº�º }ºÓ�¯ºã


�� {�°ÓÒ} sk�� Û ����� Û ¢ �� Û v� ���Ü����

�� �ÈÎÒ i� ��� �Èã�°�ºm {� v� |°Óºm© �Ë²ÓÒ}Ò ¯È°¹©ãÒmÈ�

ÓÒ« ÎÒ�}º°�Ò� Û l�� tÒäÒ«� ����� Û ��� °�

�� bãÒ²�ÒÓ� �� �Ëº¯Ò« ¹º�¯ÈÓÒ�Óº�º °ãº«� Û l�� jÓÒÏ�È��

����� Û ��� °�

�� rËãºm j� k�� z��¯«m�Ëm s� k� �Ë¹ãºº��È�È Ò °º¹¯º�ÒmãË�

ÓÒË ¹È}Ë�ºm �¯�­� Û ��� wÓË¯�ºÈ�ºäÒÏ�È�� ����� Û ��� °�

�� rËãºm j� k�� bËãËÓ�}ËmÒ� {� k�� b�­ �� j� lº�ËãÒ¯º�

mÈÓÒË �Ò�¯ºäË²ÈÓÒ�Ë°}Ò² ¹¯º�Ë°°ºm m �Ë²Óºãº�ÒÒ ÒÏ�º�ºm�

ãËÓÒ« ¹ºã�¹¯ºmº�ÓÒ}ºm©² ¹¯Ò­º¯ºm Ò äÒ}¯º°²Ëä� Û ���

�ºãÒ�Ë²ÓÒ}È� ����� Û ��� °�

�� �È�ÈÓ}È¯ l�  Ò°ãËÓÓ©Ë äË�º�© ¯Ë�ËÓÒ« ÏÈ�È� �Ë¹ãºº­�

äËÓÈ Ò �ÒÓÈäÒ}Ò ÎÒ�}º°�Ò � �Ë¯� ° ÈÓ�ã� Û l�� wÓË¯�º�

È�ºäÒÏ�È�� ����� Û ��� °�

�� cº�� �� {©�Ò°ãÒ�Ëã	ÓÈ« �Ò�¯ºäË²ÈÓÒ}È � �Ë¯� ° ÈÓ�ã�

Û l� lÒ¯� ����� Û ��� °�

�� kÓ�Ë¯°ºÓ i�� �ÈÓÓË²Òãã iÎ�� �ãË��Ë¯ c� {©�Ò°ãÒ�Ëã	�
ÓÈ« �Ò�¯ºäË²ÈÓÒ}È Ò �Ë¹ãºº­äËÓ � �Ë¯� ° ÈÓ�ã� Û �� ��

Û l� lÒ¯� ����� Û ��� °�

��� nãË��Ë¯ z� {©�Ò°ãÒ�Ëã	Ó©Ë äË�º�© m �ÒÓÈäÒ}Ë ÎÒ�}º°�

�Ë® � �Ë¯� ° ÈÓ�ã� Û �� �� Û l� lÒ¯� ����� Û ��� °�

��� |m°«Ó}�Ó k� l�� iËäÒ�}º {� �� zºÓ�¯ºã	 ÓË°���ã	Óº°�Ë®

�Òã�Ó�¯Ò�ÓÒ² ¹ºmË¯²ºÓ	 ¹º¯ºÎÓÒ°�Ò² ËãËäËÓ��m }ºÓ°�

�¯�}��® �� lÈ�Ë¯� ,9 sÈ�� ÓÈ�}���Ë²Ó� }ºÓÁ� � mÒ°�Èm}Ò

½sË¯ÈÏ¯��È
�Ò® }ºÓ�¯ºã	 Ò �Ë²ÓÒ�Ë°}È« �ÒÈ�Óº°�Ò}È Û

������ Û zÒËm� jwv Òä� p� |� �È�ºÓÈ sks�� ��Ü�� äÈ«

����� Û v� ���Ü����

cÈ°°äÈ�¯ÒmÈ
�°« ¹¯º­ãËä© º­¯È­º�}Ò �ËÁË}�º°}º¹Ò�Ë°}ÒäÒ ÎÒ�}ÒäÒ äÈ�Ë¯ÒÈãÈäÒ

�ÒãÒÓ�¯Ò�Ë°}Ò² mÓ��¯ËÓÓÒ² ¹ºmË¯²Óº°�Ë® ¹ºã©² }ºÓ°�¯�}�Ò® ¹¯Ò }È¹Òãã«¯Óºä }ºÓ�¯º�

ãË� �¯Ò ÓÈÓË°ËÓÒÒ ÒÓ�Ò}È�º¯Óº�º ¹ËÓË�¯ÈÓ�È ° ¹ºäº�	
 Áº¯°�Óº} ¯ËÏ�ã	�È� ÏÈ¹ºãÓË�

ÓÒ« ¹ºmË¯²Óº°�Ó©² ÓË°¹ãº�Óº°�Ë® º¹¯Ë�Ëã«Ë�°« ¹È¯ÈäË�¯ÈäÒ °�¯�®� cÈ°�Ë�Ó©ä äË�º�

�ºä ¹ºã��ËÓ© �¯ÈmÓËÓÒ« �ã« ÒÏäËÓËÓÒ® °�È�Ò�Ë°}º�º �ÈmãËÓÒ« Ò °}º¯º°�Ò ÎÒ�}º°�Ò m

°�¯�Ë m­ãÒÏÒ °�ËÓº} �ÒãÒÓ�¯È m°ãË�°�mÒË ¹Ë¯Ë�Ë}ÈÓÒ« �ÈÏÈ m °¯Ë�ÒÓ� ÁÈ}ËãÈ� iã«

º�ËÓ}Ò °}º¯º°�Ò Ò }ºÓ�ËÓ�¯È�ÒÒ ÎÒ�}º® ÁÈÏ© ¹¯Ò mÏÈÒäº�Ë®°�mÒÒ ° º­¯È­È�©mÈËäº®

¹ºmË¯²Óº°�	
 ¹¯Ë�ãºÎËÓ °¹º°º­ ¹º°�¯ºËÓÒ« äÈ�ËäÈ�Ò�Ë°}º® äº�ËãÒ ÓÈ º°ÓºmË °Ò°�Ëä©

�ÒÁÁË¯ËÓ�ÒÈã	Ó©² �¯ÈmÓËÓÒ® m �È°�Ó©² ¹¯ºÒÏmº�Ó©² m Áº¯äË sÈm	ËÜv�º}°È�

�¯Ò ¯Ë�ËÓÒÒ �¯ÈmÓËÓÒ® äºÎÓº m©­¯È�	 ¯È°°�º«ÓÒË º� °¯ËÏÈ °º¹ãÈ Áº¯°�Ó}Ò �º º­¯È­È�

�©mÈËäº® ¹ºmË¯²Óº°�Ò ÒãÒ �ÒÈäË�¯ °º¹ãÈ �ã« º­Ë°¹Ë�ËÓÒ« ÓËº­²º�Òäº® °}º¯º°�Ò m°�¯Ë�

�Ò °�¯�Ò ° ¹ºmË¯²Óº°�	
� |°¯Ë�ÓËÓÓ©Ë ¹È¯ÈäË�¯© �Ë�ËÓÒ« m °�¯�Ë ¹¯Ë�ãÈ�ÈË�°« �º�

¹ºãÓ«�	 �ÒÁÁË¯ËÓ�ÒÈã	Óº® äº�Ëã	
 ��¯­�ãËÓ�Óº°�Ò ° ¯Ë�ËÓÒËä ÏÈ�È�Ò �Ò°ãËÓÓ©äÒ

äË�º�ÈäÒ ÒÓ�Ë�¯Ò¯ºmÈÓÒ« °Ò°�Ëä© �¯ÈmÓËÓÒ®� |�ÓÒä ÒÏ ÓÈÒ­ºãËË ªÁÁË}�ÒmÓ©² �Ò°ãËÓ�

Ó©² äË�º�ºm «mã«Ë�°« äË�º� 6,03/( ÓÈ º°ÓºmË }ºä¹	
�Ë¯Óº® ¹¯º�¯Èää©� }º�º¯©®

º­Ë°¹Ë�ÒmÈË� �ÓÒmË¯°Èã	Óº°�	 �ã« äÈ}°ÒäÈã	Óº�º �Ò°ãÈ ¹È¯ÈäË�¯ºm� ²È¯È}�Ë¯ÒÏ�
�Ò²

¯ËÎÒä© ¹º�º}È Ò äºÎË� ­©�	 Ò°¹ºã	ÏºmÈÓ �ã« �Èã	ÓË®�Ò² ÏÈ�È� äº�ËãÒ¯ºmÈÓÒ« ¹¯º�Ë°�

°ºm }È¹Òãã«¯Óº�º }ºÓ�¯ºã« mÓ��¯ËÓÓÒ² �ÒãÒÓ�¯Ò�Ë°}Ò² ¹ºmË¯²Óº°�Ë®�

GZp� Z\�Zp� mg�l �D11P��

Db�\

GZ^�creZ ^h j_^Zdp��

����������
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k� v� �|�k�js� k� l� lkcz|{� {� k� vljcs|{� {� �� tcjv�ps~ps

Ijb\_^_gu j_amevlZlu l_hj_lbq_kdbo b wdki_jbf_glZevguo bkke_^h\Zgbc \ebygby ^bk[ZeZgkZ gZ \b[jZpbx ]Zah�

lmj[bgguo mklZgh\hd� JZkkfhlj_gZ f_lh^bdZ \uy\e_gby ^bk[ZeZgkZ jhlhjh\ f_lh^Zfb \b[jh^bZ]ghklbdb k ih�

fhsvx ZgZebaZ gbadhqZklhlguo ki_dljh\ b nmgdpbb dh]_j_glghklb�
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¯º«�Óº°�Ò ¹Ë¯mº® ¯º�º¯Óº® �È¯äºÓÒ}Ò º¹Ò°©mÈ�
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�ËÓÒ« mmº�Òä©² �Ò°­ÈãÈÓ°ºm ¹¯ºmº�ÒãÒ°	 Ò°°ãË�
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¹�°�Òäºä� º°�È�º�Óºä� �Ò°­ÈãÈÓ°� �{i� ¹º ��®
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}ºÓ�¯ºã«� Û l� jÓÁº¯ä¹¯Ò­º¯� ����� Û �� °�

�� 'REEV 5� 3K\V� $FRXVWLFV� 9���� &K��� $FDGHPLF 3UHVV� 1HZ
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cÒ°� �� cÈ°�Ë�ÓÈ« ²È¯È}�Ë¯Ò°�Ò}È º¹�ÒäÒÏÒ¯ºmÈÓÓº�
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{� s� �cprpssjz|{� �� k� lks|cjz� k� {� b��eypsz|� s� k� vji|c|{k

Ij_^eh`_g ijhklhc ih dhgkljmdpbb b \ ba]hlh\e_gbb l\_j^hl_evguc obfbq_kdbc k_gkhj gZ hkgh\_ [jhflbfheh\h]h
kbg_]h bg^bdZlhjZ� jZ[hlZ dhlhjh]h hkgh\ZgZ gZ j_]bkljZpbb h[jZah\Zgby hkgh\ghc nhjfu bg^bdZlhjZ dZd ijh�
^mdlZ h[jZlbfhc ]_l_jh]_gghc j_Zdpbb k mqZklb_f ZffbZdZ� IhdZaZgZ \hafh`ghklv bkihevah\Zgby lZdh]h k_gkhjZ

\ dZq_kl\_ i_j\bqguo ij_h[jZah\Zl_e_c hilbq_kdbo baf_jbl_e_c dhgp_gljZpbc ZffbZdZ b \_ebqbg _]h ml_q_d�

dhlhju_ jZ[hlZxl \ j_`bf_ hljZ`_gby fhghojhfZlbq_kdh]h k\_lZ�

$ VLPSOH LQ GHVLJQ DQG IDEULFDWLRQ VROLG�VWDWH FKHPLFDO VHQVRU LV SURSRVHG� ZKLFK LV EDVHG RQ EURPWK\PRO EOXH LQGLFDWRU� WKH

RSHUDWLRQ RI ZKLFK LV EDVHG RQ UHFRUGLQJ WKH IRUPDWLRQ RI WKH PDLQ IRUP RI WKH LQGLFDWRU DV D SURGXFW RI D UHYHUVLEOH KHWHURJHQHRXV

UHDFWLRQ ZLWK DPPRQLD SDUWLFLSDWLRQ� $ SRVVLELOLW\ LV VKRZQ RI XVLQJ VXFK D VHQVRU DV WKH LQLWLDO VHQVRU LQ RSWLFDO LQVWUXPHQWV

IRU PHDVXULQJ DPPRQLD FRQFHQWUDWLRQV DQG OHDNDJH� RSHUDWLQJ LQ WKH PRGH RI PRQRFKURPDWLF OLJKW UHIOHFWLRQ�
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È}�ÒmÓº�º }ºä¹ºÓËÓ�È� º�mË�È
�Ë�º ÏÈ ÒÏäËÓËÓÒË
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¯Ë²º�È º}¯È°}Ò ª�º�º ÒÓ�Ò}È�º¯È ÓÈ²º�Ò�°« m ¹¯Ë�
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�� s� �º°©¹È®}º �� km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ ��
Û v� ��Ü���

�� r��È¯ÒÓ �� j�� zÈ°ÈËm z� v�� sÈ�äºm {� s� tÒäÒ�Ë°}ÒË
äË�º�© Ò°¹©�ÈÓÒ« ÒÏ�ËãÒ® ÓÈ �Ë¯äË�Ò�Óº°�	� Û zÒËm�
sÈ�}� ��ä}È� ����� Û ��� °�

�� jÓ�Ò}È�º¯© � �º� ¯Ë�� w� rÒ�º¹È� �� �� Û l�� lÒ¯�
����� Û ��� °�

�� zº¯�
ä ��� r¯È�Ó {�� �Ë¯�º� �� �¯ÒÓ�Ò¹© Ò äË�º�Ò}È
ÒÏäË¯ËÓÒ® m °¹Ë}�¯º°}º¹ÒÒ �ÒÁÁ�ÏÓº�º º�¯ÈÎËÓÒ« ��
�°¹Ë²Ò ÁÒÏ� ÓÈ�}� Û ����� Û ��� ¢ �� Û v� ���Ü����

�� 6HOOHQ :�� &]RON 5�� 5HLFKHUW -�� $FKH +� -� 'HYHORSPHQW
RI DQ RSWLFDO Û FKHPLFDO VHQVRU IRU WKH GHWHFWLRQ RI DPPR�
QLXP LRQV �� $QDO� &KLP� $FWD� Û ����� Û ���� ,VV� ��
Û 3� ��Ü���

��� iºË¯ÁËã	 z� v�È�Ò°�Ò}È m ÈÓÈãÒ�Ò�Ë°}º® ²ÒäÒÒ � �º�
¯Ë�� {� {� sÈãÒäºmÈ� Û l�� lÒ¯� ����� Û ��� °�

��� b�ã	ÎËÓ}º k� {� zºÓ�¯ºã	Ó©Ë }ÈãÒ­¯ºmÈÓÓ©Ë �Ë�Ò �
tÒäÒ�Ë°}ÒË äË�º�© Ò°¹©�ÈÓÒ® ÒÏ�ËãÒ® ÓÈ �Ë¯äË�Ò�Óº°�	
�� �� j� r��È¯ÒÓ� z� v� zÈ°ÈËm� {� s� sÈ�äºm� Û zÒ�
Ëm� sÈ�}� ��ä}È� ����� Û v� ��Ü���

Bg�l nba� obfbb bf� E� <� IbkZj`_\kdh]h G:G MdjZbgu�

Db_\ IhklmibeZ \ j_^Zdpbx

����������

cÒ°� �� ~ÈmÒ°Òäº°�Ò º�Óº°Ò�Ëã	Óº® Ò È­°ºã
�Óº® º�Ò­º} Á�Ó�
}�ÒÒ )�5� º� mËãÒ�ÒÓ© ÒÏäË¯«Ëäº�º ¹È¯ÈäË�¯È 5 �ã« �mË¯�º�
�Ëã	Óº�º ²ÒäÒ�Ë°}º�º °ËÓ°º¯È� }¯ÒmÈ« � Û �Ëº¯Ë�Ò�Ë°}È«
ÏÈmÒ°Òäº°�	 �ã« °ËÓ°º¯È ¹¯Ò ÏÓÈ�ËÓÒÒ 5PD[  ������ }¯ÒmÈ« �Û
�ã« °ËÓ°º¯È °º°�ÈmÈ �ÒÓ�Ò}È�º¯���­È¯Ò® °Ë¯Óº}Ò°ã©®���Á�º¯º¹�
ãÈ°��  ������������� ¹¯Ò ÏÓÈ�ËÓÒÒ 5PD[  �����

cÒ°� �� zºÓ�ËÓ�¯È�ÒºÓÓÈ« ÏÈmÒ°Òäº°�	 )�5�  I�&1+
�

� �ã« �mË¯�
�º�Ëã	Óº�º ²ÒäÒ�Ë°}º�º °ËÓ°º¯È °º°�ÈmÈ �ÒÓ�Ò}È�º¯���­È¯Ò®
°Ë¯Óº}Ò°ã©®���Á�º¯º¹ãÈ°��  ������������� ¹¯Ò �Ëä¹Ë¯È��¯Ë
��� . Ò º�Óº°Ò�Ëã	Óº® mãÈÎÓº°�Ò �� �
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2EWDLQHG GHVLJQ GDWD DOORZ GHWHUPLQDWLRQ RI WKH QHFHVVDU\ DQG VXIILFLHQW YDOXHV RI UHODWLYH GLVSODFHPHQW RI WKH FDUULDJHV

DQG ZKHHO DGMXVWPHQW WR HOLPLQDWH GHYLDWLRQV LQWURGXFHG GXULQJ PRXQWLQJ DQG WR HQVXUH UHFWLOLQHDU PRWLRQ RI WKH FUDQH�

�¯º­ãËäÈ ¹º��Ë¯ÎÈÓÒ« ª}°¹ã�È�È�ÒºÓÓº® ÓÈ�ËÎ�

Óº°�Ò ¹º��ËäÓº��¯ÈÓ°¹º¯�Ó©² äÈ�ÒÓ ÏÈ ¹¯Ë�ËãÈäÒ

Óº¯äÈ�ÒmÓ©² °¯º}ºm °ã�Î­© ¯Ë�ÈË�°« m �º°��È¯�

°�mËÓÓºä äÈ°��È­Ë� ¹¯ºmº�Ò�°« È}�ÒmÓÈ« ¯È­º�È

¹º mÓË�¯ËÓÒ
 °ºm¯ËäËÓÓ©² äË�º�ºm Ò °¯Ë�°�m ÒÏ�

äË¯ËÓÒ®� º­°�Î�È
�°« ¯ÈÏãÒ�Ó©Ë äË�º�Ò}Ò Ò ¹º��

²º�© ¹¯Ò º�ËÓ}Ë �Ë²ÓÒ�Ë°}º�º °º°�º«ÓÒ«� mË�Ë�°«

¹ºÒ°} ¹��Ë® �È¯äºÓÒÏÈ�ÒÒ Óº¯äÈ�ÒmÓº® ­ÈÏ©

°�¯ÈÓ�¹¯ºÒÏmº�Ò�ËãË® ¹º��ËäÓº��¯ÈÓ°¹º¯�Óº�º

º­º¯��ºmÈÓÒ«� jÏmË°�Óº� ��º ¹¯È}�Ò�Ë°}Ò m°Ë º�Ë�

�Ë°�mËÓÓºË Ò ÏÈ¯�­ËÎÓºË ¹º��ËäÓº��¯ÈÓ°¹º¯�ÓºË

º­º¯��ºmÈÓÒË �mË¯º«�Óº°�	 ­ËÏº�}ÈÏÓº® ¯È­º�© }º�
�º¯º�º m �Ë�ËÓÒË °äËÓ© m ¯ÈÏãÒ�Ó©Ë ¹Ë¯Òº�© ª}�

°¹ã�È�È�ÒÒ °º°�Èmã«Ë� ���… ����� º�Óº°Ò�°« } °Ò°�

�ËäÈä ° ¹º°ãË�ºmÈ�Ëã	Ó©ä °ºË�ÒÓËÓÒËä ªãËäËÓ�ºm�

�� Ë� ÓË ÒäË
�Òä ¯ËÏË¯mÒ¯ºmÈÓÒ«� |�}ÈÏ ã
­º�º

ªãËäËÓ�È ¹¯Òmº�Ò� } º�}ÈÏ� m°Ë® °Ò°�Ëä© Ò }

ÓË¹¯Ë�°}ÈÏ�Ëäº°�Ò ��Ë¯­È º� ÈmÈ¯ÒÒ Û }È} äÈ�

�Ë¯ÒÈã	Óº�º� �È} Ò ¹°Ò²ºãº�Ò�Ë°}º�º >�@� |°º­ËÓÓº

ÓÈ�ã«�Óº ª�º äºÎÓº ¹¯º�ËäºÓ°�¯Ò¯ºmÈ�	 ÓÈ º­º�

¯��ºmÈÓÒÒ ¹¯Ë�¹¯Ò«�Ò® �º¹ãÒmÓº�ªÓË¯�Ë�Ò�Ë°}º�º

}ºä¹ãË}°È ��wz��

sË�ÈmÓÒË ¯ËÏºÓÈÓ°Ó©Ë ÈmÈ¯ÒÒ }¯ÈÓºm m �}¯ÈÒÓË

Ò cº°°ÒÒ ¹º��mË¯Î�È
� ÓËº­²º�Òäº°�	 º°º­º�º ¹º��

²º�È ¹¯Ò Ò² äºÓ�ÈÎË� �ËäºÓ�ÈÎË Ò ª}°¹ã�È�È�ÒÒ

>�� �@� �ºª�ºä� ÏÈ�È�È� ¹º°�ÈmãËÓÓÈ« ¹Ë¯Ë� ½sÈ�

��Óº�}ºº¯�ÒÓÈ�ÒºÓÓ©ä äËÎmË�ºä°�mËÓÓ©ä °ºmË�ºä

¹º mº¹¯º°Èä ­ËÏº¹È°Óº°�Ò ª}°¹ã�È�È�ÒÒ }ºÓ°�¯�}�

�Ò® Ò °ºº¯�ÎËÓÒ® m �}¯ÈÒÓË� }º�º¯©Ë ÒäË
� °�¯È�

�Ë�Ò�Ë°}ºË ÏÓÈ�ËÓÒË �ã« ª}ºÓºäÒ}Ò Ò ­ËÏº¹È°Óº°�Ò

°�¯ÈÓ©� >�@ Û º¹¯Ë�ËãËÓÒË º°�È�º�Óº�º ¯Ë°�¯°È

°ºº¯�ÎËÓÒ®� º�¯È­º�Èm�Ò² Óº¯äÈ�ÒmÓ©® °¯º} ª}�

°¹ã�È�È�ÒÒ Ò ÓÈ²º�«�Ò²°« m ª}°¹ã�È�È�ÒÒ ° ÒÏ�

äËÓËÓÓ©äÒ ° �Ë�ËÓÒËä m¯ËäËÓÒ äË²ÈÓÒ�Ë°}ÒäÒ

°mº®°�mÈäÒ äÈ�Ë¯ÒÈãºm Ò ÓÈ}º¹Òm�ÒäÒ°« m ÏÓÈ�

�Ò�Ëã	Óºä }ºãÒ�Ë°�mË ¹ºm¯ËÎ�ËÓÒ«äÒ Ò º­Ë°¹Ë�Ë�

ÓÒË mÏÈÒäº�Ë®°�mÒ« ¯ÈÏãÒ�Ó©² º¯�ÈÓÒÏÈ�Ò® Ò mË�

�ºä°�m m �ËãË º­Ë°¹Ë�ËÓÒ« ­ËÏº¹È°Óº°�Ò º°�ÈË�°«

È}��Èã	Óº® �º °Ò² ¹º¯�

{ °ãºÎÒm�Ë®°« °Ò��È�ÒÒ m©­º¯ Ò ¹¯Òº­¯Ë�Ë�

ÓÒË Óºmº�º º­º¯��ºmÈÓÒ« mÏÈäËÓ m©mË�ËÓÓº�º ÒÏ

ª}°¹ã�È�È�ÒÒ �¹º ¹¯Ò�ÒÓË ÈmÈ¯Ò® ÒãÒ m °m«ÏÒ °

º�¯È­º�}º® Óº¯äÈ�ÒmÓº�º °¯º}È Ò ÓËmºÏäºÎÓº°�	


�Èã	ÓË®�Ë�º Ò°¹ºã	ÏºmÈÓÒ«� �¯Ë­�Ë� ÓË �ºã	}º

ÏÓÈ�Ò�Ëã	Ó©² ÁÒÓÈÓ°ºm©² ¯Ë°�¯°ºm� Óº Ò °º¹¯«�

ÎËÓº ° ¯Ë�ËÓÒËä ¯«�È °ãºÎÓ©² ÒÓÎËÓË¯Ó©² ÏÈ�

�È�� È ÒäËÓÓº�

¹¯Òm«Ï}È ¹¯Òº­¯Ë�ËÓÓº�º º­º¯��ºmÈÓÒ« } °��

�Ë°�m�
�Ë® ¯È­º�Ë® ÏºÓË�

m©­º¯ äºÓ�ÈÎÓº® ¹ãº�È�}Ò�

m �°ãºmÒ«² º�°��°�mÒ« Óº¯äÈ�ÒmÓº® ­ÈÏ©� �¹º�

¯«�º�ÒmÈ
�Ë® ¯È­º�© ¹¯Ò ÏÈäËÓË }¯ÈÓºmº�º º­º�

¯��ºmÈÓÒ« �¹¯Ò äºÓ�ÈÎË ÓË m©¹ºãÓ«
�°« äÓº�ÒË

¯Ë�ãÈäËÓ�Ó©Ë ¹¯º�Ë��¯© Û �Ë²ÓÒ�Ë°}ÒË� º¯�ÈÓÒ�

ÏÈ�ÒºÓÓ©Ë Ò ¹¯ºÒÏmº�°�mËÓÓ©Ë��

º­Ë°¹Ë�Ò�	 �Ë²ÓÒ�Ë°}Ò �º°�ÒÎÒä©®� ª}ºÓºäÒ�

�Ë°}Ò Ò °º�ÒÈã	Óº º­º°ÓºmÈÓÓ©® äÒÓÒäÈã	Óº �º�

¹�°�Òä©® ¯Ò°} ¹¯Ò ¹º°ãË��
�Ë® ª}°¹ã�È�È�ÒÒ�

sË}mÈãÒÁÒ�Ò¯ºmÈÓÓºË ¯Ë�ËÓÒË ¹Ë¯Ë�Ò°ãËÓÓ©²

¹¯º­ãËä ¹¯Òmº�Ò� } mºÏÓÒ}ÓºmËÓÒ
 Óºm©²� ÏÈ�

�È°��
 ­ºãËË °ãºÎÓ©² ¹¯º­ãËä�
sÈ�ã«�Óº ª�º äºÎÓº ¹¯ºÒãã
°�¯Ò¯ºmÈ�	 ÓÈ ÒÏ�

mË°�Óºä ¹¯ÒäË¯Ë� ��ºÓ mË�¯ºä }ºÏãºmº�º }¯ÈÓÈ

zz����� ° ª°�È}È�© �©äº°º°Óº�º º��ËãËÓÒ« ­ãº�

}ºm ��� l{� ~äÒËm°}º® �wv m ���� �� ¹º°�ÈmÒã

¹Ë¯Ë� ¹¯Ë�¹¯Ò«�ÒËä ÏÈ�È�� ÏÈäËÓ© ¯ÈÏ¯��ËÓÓº�º

}¯ÈÓÈ� vãË��Ë� º�äË�Ò�	� ��º }¯ÈÓ ÓÈ}ÈÓ�ÓË ­©ã

¹º�mË¯�Ó�� äº�Ë¯ÓÒÏÈ�ÒÒ Û ÓÈ� º�Óº® ÒÏ ÎË°�}Ò²

º¹º¯ ­©ã �°�ÈÓºmãËÓ ¹ºmº¯º�Ó©® º�ºãºmº} �ã«

º­°ã�ÎÒmÈÓÒ« ÁÒã	�¯ºm�

�º°ãË äºÓ�ÈÎÈ }ºÏãºmº�º }¯ÈÓÈ zvz��� ­©ãÈ

º�äË�ËÓÈ ÓË��ºmãË�mº¯Ò�Ëã	ÓÈ« ¯È­º�È äË²ÈÓÒÏäÈ

¹Ë¯Ë�mÒÎËÓÒ« �ÈÎË ­ËÏ �°�ÈÓºm}Ò ¹ºmº¯º�Óº�º

º�ºãºm}È� ��º ÓË ¹ºÏmºã«ãº Ò°¹ºã	ÏºmÈ�	 }¯ÈÓ �ã«

m©¹ºãÓËÓÒ« �Ë²Óºãº�Ò�Ë°}Ò² º¹Ë¯È�Ò®�

�¯ºÈÓÈãÒÏÒ¯ºmÈm �Ë²ÓÒ�Ë°}ºË °º°�º«ÓÒË }¯ÈÓÈ

° ��Ë�ºä Óº¯äÈ�ÒmÓ©² �º}�äËÓ�ºm >�Ü�@� m°Ë ÁÈ}�

�º¯©� º}ÈÏ©mÈ
�ÒË mãÒ«ÓÒË ÓÈ ÓË��ºmãË�mº¯Ò�

�Ëã	Ó�
 ¯È­º�� äË²ÈÓÒÏäÈ ¹Ë¯Ë�mÒÎËÓÒ« }¯ÈÓÈ�

­©ãÒ ¯ÈÏ�ËãËÓ© ÓÈ �mË �¯�¹¹©� ¹¯Ò�ÒÓÓ©Ë Ò °ãË��

°�mËÓÓ©Ë�

�Ë¯mÈ« �¯�¹¹È °m«ÏÈÓÈ ° º¯�ÈÓÒÏÈ�ÒºÓÓº��Ë²�
ÓÒ�Ë°}ÒäÒ äË¯º¹¯Ò«�Ò«äÒ� }º�º¯©Ë �ºãÎÓ© ��Ò�

�©mÈ�	 °¹Ë�ÒÁÒ}� ¯ËÈãÒÏ�Ëäº�º ¹¯ºË}�È Ò °º°�

�Èmã«ãÒ ¹ºÓ«�ÒË ½äº�Ë¯ÓÒÏÈ�Ò«��

º�°��°�mÒË Èã	­ºäÈ }È¯� ÓÈ �ËäºÓ�ÈÎ }¯ÈÓÈ�
}º�º¯©® ÓË�º¹�°�Òäº ¹¯ºÒÏmº�Ò�	 ¹¯º°�º ½m ¹º�

¯«�}Ë� º­¯È�Óºä äºÓ�ÈÎ��� w�º °m«ÏÈÓº ° �Ëä�

��º ÓÈÒ­ºã	�ÒË ÓÈ�¯�Ï}Ò� ¹¯Òmº�«�ÒË } ¹º«mãË�

ÓÒ
 �ËÁË}�ºm� mºÏÓÒ}È
� ÒäËÓÓº m º}ºÓ�È�Ëã	Óº®
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ÁÈÏË ¯È­º� Ò ¹¯Ò �¯ÈÓ°¹º¯�Ò¯ºm}Ë } äË°�� äºÓ�
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m }ºÓË�Óºä Ò�º�Ë� �ÎË ÓÈ ¹Ë¯mºä ª�È¹Ë ¯È­º� ¹º
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äº�	
 º¹�Ò�Ë°}º�º °�mº¯È� ÏÈ�ÈmÈËäº�º mÒÏÒ¯Óº®
º°	
 �Ëº�ºãÒ�È �¯Ò°� ��� �º ¯ËÏ�ã	�È�Èä ÒÏäË�
¯ËÓÒ® º¹¯Ë�Ëã«Ë�°« ¯È°¹ºãºÎËÓÒË ­ÈãÈÓ°Ò¯Ó©²
�ËãËÎË} Ò �°�ÈÓºm}È ²º�ºm©² }ºãË° �¯Ò°� ��� |°�

ÓºmÓº® ÓË�º°�È�º} ª�º�º mÈ¯ÒÈÓ�
�È� ÓËmºÏäºÎÓº°�	 º¹¯Ë�ËãËÓÒ«
¹ºãºÎËÓÒË ËÏ�ºmº�º äºÓº¯Ëã	°È�
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Áº¯äÈ�ÒÒ º­ �°�ÈÓºm}Ë ²º�ºm©²
}ºãË° �ÈÓÓº�º }¯ÈÓÈ�

sÈ °²ËäË ¹¯ºmË�ËÓÒ« ÒÏäË¯Ë�
ÓÒ® }ºÓ�¯ºã	Ó©² �º�Ë} �¯Ò°� �Ü
�� ¹¯ÒÓ«�© °ãË��
�ÒË º­ºÏÓÈ�
�ËÓÒ«� $� %� &� '� (� )� *� .
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¨ÌÊÍÉÃÈÏ ±¢�»ª��®¯­ ÍÎÃÂË¾ÅË¾ÕÃË ÂÉÝ ÆÏÍÌÉÚÅÌÀ¾ËÆÝ À ¾ÀÐÌÊ¾ÐÆÅÆÎÌÀ¾ËËÙÓ ÑÏÐ¾ËÌÀÈ¾Ó ËÃ�

Î¾ÅÎÑÖ¾Ü×ÃÁÌ ÈÌËÐÎÌÉÝ ÆÅÂÃÉÆÇ ÏÉÌÄËÌÇ ÒÌÎÊÙ À Å¾ÐÎÑÂËÃËËÙÓ ÑÏÉÌÀÆÝÓ ÈÌËÐÎÌÉÝ �Å¾ÁÎÝÅËÃË�

ËÌÏÐÚ ÍÌÀÃÎÓËÌÏÐÆ ÈÌËÐÎÌÉÝ� ÅË¾ÕÆÐÃÉÚË¾Ý ÖÃÎÌÓÌÀ¾ÐÌÏÐÚ� ÖÆÎÌÈÆÇ ÐÃÊÍÃÎ¾ÐÑÎËÙÇ ÂÆ¾Í¾ÅÌË ÍÌ�

ÀÃÎÓËÌÏÐÆ ÈÌËÐÎÌÉÆÎÑÃÊÌÁÌ Ì¿ØÃÈÐ¾�� ¬ÁÎ¾ËÆÕÃËÆÃ À ÀÙ¿ÌÎÃ ÐÆÍÌÀ ÑÉÚÐÎ¾ÅÀÑÈÌÀÙÓ ÀÌÉË ÐÎÃ¿ÑÃÐ

ÍÌÆÏÈ¾ ËÌÀÙÓ ÊÃÐÌÂÌÀ ÀÌÅ¿ÑÄÂÃËÆÝ Æ ÍÎÆÃÊ¾ ÑÉÚÐÎ¾ÅÀÑÈÌÀÙÓ ÈÌÉÃ¿¾ËÆÇ� ÆÏÍÌÉÚÅÌÀ¾ËÆÃ ÊÆÈÎÌ�

ÍÎÌÔÃÏÏÌÎËÌÇ ÐÃÓËÆÈÆ ÂÉÝ Ì¿Î¾¿ÌÐÈÆ Æ ÀÙÂÃÉÃËÆÝ ÍÌÉÃÅËÌÁÌ ÏÆÁË¾É¾ Æ ÍÌÂ¾ÀÉÃËÆÝ ÖÑÊÌÀ�

  ÌÏËÌÀÑ ÍÎÌÁÎ¾ÊÊËÌ�¾ÍÍ¾Î¾ÐËÌÁÌ ÈÌÊÍÉÃÈÏ¾ ÂÉÝ ÈÌËÐÎÌÉÝ ÎÃÉÚÏÌÀ ÍÌÉÌÄÃË ¿ÃÏÈÌËÐ¾ÈÐËÙÇ

ÛÉÃÈÐÎÌÊ¾ÁËÆÐÌ¾ÈÑÏÐÆÕÃÏÈÆÇ ÊÃÐÌÂ� »ÐÌ ÍÌÅÀÌÉÆÉÌ ÆÏÈÉÜÕÆÐÚ ÍÎÆÊÃËÃËÆÃ ÈÌËÐ¾ÈÐËÌÇ ÄÆÂÈÌÏÐÆ�

ÍÌÂËÝÐÚ ÍÎÌÆÅÀÌÂÆÐÃÉÚËÌÏÐÚ ÈÌËÐÎÌÉÝ� ¾ Ð¾ÈÄÃ Ì¿ÃÏÍÃÕÆÐÚ ÂÌÈÑÊÃËÐÆÎÌÀ¾ËÆÃ ÎÃÅÑÉÚÐ¾ÐÌÀ ÈÌËÐ�

ÎÌÉÝ�

¨ÌÊÍÉÃÈÏ Ì¿ÃÏÍÃÕÆÀ¾ÃÐ ÀÌÅ¿ÑÄÂÃËÆÃ Æ ÍÎÆÃÊ ÐÎÃÓ ÐÆÍÌÀ ÑÉÚÐÎ¾ÅÀÑÈÌÀÙÓ ÀÌÉË ¿ÃÅ ÍÎÆÊÃËÃËÆÝ

ÈÌËÐ¾ÈÐÆÎÑÜ×ÃÇ ÄÆÂÈÌÏÐÆ�

• ÀÀÌÂ ÏÂÀÆÁÌÀÙÓ ÍÌÉÝÎÆÅÌÀ¾ËËÙÓ ±¥¨ ÍÌ ËÌÎÊ¾ÉÆ È ÍÌÀÃÎÓËÌÏÐÆ�

• ÀÀÌÂ ÏÂÀÆÁÌÀÙÓ ±¥¨� Î¾ÏÍÎÌÏÐÎ¾ËÝÜ×ÆÓÏÝ ÍÌÂ ÑÁÉÌÊ ��� È ÍÌÀÃÎÓËÌÏÐÆ ÈÌËÐÎÌÉÝ�

• ÀÌÅ¿ÑÄÂÃËÆÃ ÎÛÉÃÃÀÏÈÌÇ �ÍÌÀÃÎÓËÌÏÐËÌÇ� ÀÌÉËÙ À ÁÌÉÌÀÈÃ ÎÃÉÚÏ¾�

�ÍÍ¾Î¾ÐÑÎ¾ Ì¿ÃÏÍÃÕÆÀ¾ÃÐ ÀÌÅ¿ÑÄÂÃËÆÃ Î¾ÅÉÆÕËÙÓ ÐÆÍÌÀ ÀÌÉË À ÖÆÎÌÈÌÊ ÂÆ¾Í¾ÅÌËÃ Õ¾ÏÐÌÐ�

¨ÌÉÆÕÃÏÐÀÌ È¾Ë¾ÉÌÀ ÂÉÝ È¾ÄÂÌÁÌ ÐÆÍ¾ ÀÌÉË ËÃ ÌÁÎ¾ËÆÕÃËÌ Æ ÊÌÄÃÐ ÈÌÉÃ¿¾ÐÚÏÝ À Å¾ÀÆÏÆÊÌÏÐÆ

ÌÐ ÍÌÐÎÃ¿ËÌÏÐÆ Å¾È¾ÅÕÆÈ¾�

»ÉÃÈÐÎÌËË¾Ý ÏÐÌÇÈ¾ ÑÍÎ¾ÀÉÝÃÐÏÝ ÊËÌÁÌÒÑËÈÔÆÌË¾ÉÚËÙÊ ÀÙÕÆÏÉÆÐÃÉÚËÙÊ ÈÌÊÍÉÃÈÏÌÊ � ¨� Ë¾

¿¾ÅÃ ®¯ 3HQWLXP�,,,� ÍÌÅÀÌÉÝÜ×ÆÊ À ÎÃ¾ÉÚËÌÊ ÎÃÄÆÊÃ ÀÎÃÊÃËÆ ÍÎÌÀÌÂÆÐÚ Ì¿Î¾¿ÌÐÈÑ ÍÌÉÑÕÃËËÙÓ

Ï ÍÎÃÂÀ¾ÎÆÐÃÉÚËÙÓ ÑÏÆÉÆÐÃÉÃÇ ÏÆÁË¾ÉÌÀ� ¾ÀÐÌÊ¾ÐÆÕÃÏÈÆ Ë¾ÓÌÂÆÐÚ ÂÃÒÃÈÐÙ À ÎÃÉÚÏ¾Ó� ÌÍÎÃÂÃÉÝÐÚ

ÆÓ ÈÌÌÎÂÆË¾ÐÙ�

  ÈÌÊÍÉÃÈÐ »ª� ¾ÍÍ¾Î¾ÐÑÎÙ ÀÓÌÂÝÐ

»ª� ÍÎÃÌ¿Î¾ÅÌÀ¾ÐÃÉÆ Î¾ÅÉÆÕËÙÓ ÐÆ�

ÍÌÀ�

• »ª� ÍÎÃÌ¿Î¾ÅÌÀ¾ÐÃÉÚ ÂÉÝ ÀÌÅ¿ÑÄ�

ÂÃËÆÝ ±¥¨ ÍÌ ËÌÎÊ¾ÉÆ�

• »ª� ÍÎÃÌ¿Î¾ÅÌÀ¾ÐÃÉÚ ÂÉÝ ÀÌÅ¿ÑÄ�

ÂÃËÆÝ ±¥¨ ÍÌÂ ÑÁÉÌÊ ����

• ÍÎÃÌ¿Î¾ÅÌÀ¾ÐÃÉÆ ÂÉÝ ÀÌÅ¿ÑÄÂÃËÆÝ
ÀÌÉËÙ ®ÛÉÃÝ�

• ÈÌÊ¿ÆËÆÎÌÀ¾ËËÙÃ »ª� ÍÎÃÌ¿Î¾�

ÅÌÀ¾ÐÃÉÆ� ÀÌÅ¿ÑÄÂ¾Ü×ÆÃ ÌÂËÌÀÎÃÊÃË�

ËÌ ±¥¨ ÍÌ ËÌÎÊ¾ÉÆ Æ ÍÌÂ ÑÁÉÌÊ ����

¡¾¿¾ÎÆÐËÙÃ Î¾ÅÊÃÎÙ »ª� ÍÎÃÌ¿Î¾�

ÅÌÀ¾ÐÃÉÃÇ ÊÌÁÑÐ ÈÌÉÃ¿¾ÐÚÏÝ À ÖÆÎÌÈÌÊ

ÂÆ¾Í¾ÅÌËÃ À Å¾ÀÆÏÆÊÌÏÐÆ ÌÐ ÍÌÏÐ¾ÀÉÃË�

ËÌÇ Å¾Â¾ÕÆ ÍÌ ÀÙÝÀÉÃËÆÜ ÂÃÒÃÈÐÌÀ�

¬ÍÙÐ ÛÈÏÍÉÑ¾Ð¾ÔÆÆ ÑÏÐ¾ËÌÀÈÆ ÍÌÈ¾�

Å¾É� ÕÐÌ Ë¾ ÛÐ¾ÍÃ ÏÎ¾ÀËÆÐÃÉÚËÙÓ ÆÏÍÙ�

Ð¾ËÆÇ Ë¾ÏÐÌÝ×¾Ý ÑÏÐ¾ËÌÀÈ¾ Å¾ÎÃÈÌÊÃË�

ÂÌÀ¾É¾ ÏÃ¿Ý È¾È ¿ÌÉÃÃ ÛÒÒÃÈÐÆÀË¾Ý ÍÌ

ÏÎ¾ÀËÃËÆÜ Ï ÐÎ¾ÂÆÔÆÌËËÙÊÆ ÏÎÃÂÏÐÀ¾�

ÊÆ ËÃÎ¾ÅÎÑÖ¾Ü×ÃÁÌ ÈÌËÐÎÌÉÝ�
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¥¾ ÀÎÃÊÝ ÛÈÏÍÉÑ¾Ð¾ÔÆÆ Ë¾ ¬ÈÐÝ¿ÎÚÏÈÌÇ ÄÃÉÃÅËÌÇ ÂÌÎÌÁÃ ÑÏ�

Ð¾ËÌÀÈÆ ®¯­��� ¿ÙÉÌ ÀÙÝÀÉÃËÌ ���� ÂÃÒÃÈÐ¾� ÍÎÆ ÍÌÀÐÌÎËÌÊ ÈÌË�

ÐÎÌÉÃ ÐÎ¾ÂÆÔÆÌËËÙÊ ÊÃÐÌÂÌÊ ÍÎÆ¿ÌÎÌÊ ��ÀÆÈÌË����� x ��� ÂÃ�

ÒÃÈÐ¾� ¢¾ËËÙÃ ÎÃÅÑÉÚÐ¾ÐÙ ÏÀÆÂÃÐÃÉÚÏÐÀÑÜÐ Ì ÛÒÒÃÈÐÆÀËÌÏÐÆ

ÛÉÃÈÐÎÌÊ¾ÁËÆÐÌ¾ÈÑÏÐÆÕÃÏÈÌÁÌ ÊÃÐÌÂ¾ ÈÌËÐÎÌÉÝ�

­ÎÌÁÎ¾ÊÊËÌ�¾ÍÍ¾Î¾ÐËÙÇ ÈÌÊÍÉÃÈÏ �ÍÌÈ¾Å¾Ë Ë¾ ÍÃÎÀÌÇ ÏÐÎ¾�

ËÆÔÃ Ì¿ÉÌÄÈÆ� ÊÌÄÃÐ ¿ÙÐÚ ÆÏÍÌÉÚÅÌÀ¾Ë ÂÉÝ ÏÌÅÂ¾ËÆÝ ÑÏÐ¾ËÌÀÌÈ

ÍÌ ÈÌËÐÎÌÉÜÈÌÉÃÏËÙÓÍ¾ÎÍÌÂÀÆÄËÙÓÏÌÏÐ¾ÀÌÀ È¾È Ë¾ÂÀÆÄÑ×ÆÓÏÝ

ÍÌÃÅÂ¾Ó� Ð¾È Æ Ë¾ ÎÃÊÌËÐËÙÓ ÍÎÃÂÍÎÆÝÐÆÝÓ ÄÃÉÃÅËÌÂÌÎÌÄËÌÁÌ

ÐÎ¾ËÏÍÌÎÐ¾�

´ÃËÐÎ¾ÉÚËÙÇ ÍÎÌÔÃÏÏÌÎ ÑÏ�

Ð¾ËÌÀÈÆ ÏÆËÓÎÌËÆÅÆÎÑÃÐ Î¾¿ÌÐÑ

ÀÏÃÓ ÑÅÉÌÀ ÑÏÐ¾ËÌÀÈÆ� ÍÎÌÆÅÀÌ�

ÂÆÐ Ì¿Î¾¿ÌÐÈÑ ¾ÈÑÏÐÆÕÃÏÈÆÓ ÏÆÁ�

Ë¾ÉÌÀ� ÒÌÎÊÆÎÑÃÐ Î¾ÅÀÃÎÐÈÆ ÐÆ�

Í¾ ��� Æ ����

�ÉÌÈ ÏÆËÓÎÌËÆÅ¾ÔÆÆ Æ ÍÎÃÂ�

À¾ÎÆÐÃÉÚËÌÇ Ì¿Î¾¿ÌÐÈÆ ÆËÒÌÎ�

Ê¾ÔÆÆ ÀÙÎ¾¿¾ÐÙÀ¾ÃÐ ÏÆËÓÎÌÆÊ�

ÍÑÉÚÏÙ ÂÉÝ Å¾ÍÑÏÈ¾ ÁÃËÃÎ¾ÐÌÎÌÀ

ÅÌËÂÆÎÑÜ×ÆÓ ÆÊÍÑÉÚÏÌÀ� ÍÎÌ�

ÆÅÀÌÂÆÐ Ì¿Î¾¿ÌÐÈÑ ÏÆÁË¾ÉÌÀ�

ÍÌÏÐÑÍ¾Ü×ÆÓ Ï ÑÏÆÉÆÐÃÉÚËÌÁÌ ¿ÉÌÈ¾ �ÎÆÏ� �� Æ Â¾ÐÕÆÈ¾ ÍÃÎÃÊÃ�

×ÃËÆÝ�

¡ÃËÃÎ¾ÐÌÎËÙÇ ¿ÉÌÈ �ÎÆÏ� �� ÀÙÎ¾¿¾ÐÙÀ¾ÃÐ ÅÌËÂÆÎÑÜ×ÆÃ ÆÊ�

ÍÑÉÚÏÙ ËÑÄËÌÇ ÂÉÆÐÃÉÚËÌÏÐÆ Æ ¾ÊÍÉÆÐÑÂÙ� ÈÌÐÌÎÙÃ ÍÌÏÐÑÍ¾ÜÐ Ë¾

»ª� ÍÎÃÌ¿Î¾ÅÌÀ¾ÐÃÉÆ �ÎÆÏ� ���

�ÈÑÏÐÆÕÃÏÈÆÇ ¿ÉÌÈ ÏÌÏÐÌÆÐ ÆÅ ÕÃÐÙÎÃÓ »ª� ÍÎÃÌ¿Î¾ÅÌÀ¾ÐÃÉÃÇ

Æ ÏÉÑÄÆÐ ÂÉÝ ÀÌÅ¿ÑÄÂÃËÆÝ Æ ÍÎÆÃÊ¾ ±¥¨ À ÈÌËÐÎÌÉÆÎÑÃÊÌÊ Ì¿ØÃÈ�

ÐÃ�

­ÎÌÁÎ¾ÊÊËÌ ÑÍÎ¾ÀÉÝÃÊÙÇ ÑÏÆÉÆÐÃÉÚ ÏÉÑÄÆÐ ÂÉÝ Ì¿Î¾¿ÌÐÈÆ

ÏÆÁË¾ÉÌÀ� ÍÌÏÐÑÍ¾Ü×ÆÓ Ï »ª� ÍÎÃÌ¿Î¾ÅÌÀ¾ÐÃÉÃÇ ÍÌ ¾ÊÍÉÆÐÑÂÃ Æ

Õ¾ÏÐÌÐÃ�

|°ÓºmÓ©Ë �Ë²ÓÒ�Ë°}ÒË ²È¯È}�Ë¯Ò°�Ò}Ò

�� µ¾ÏÐÌÐÙ ±¥¨ ÍÌ È¾Ë¾É¾Ê� ª¡Ô

ÍÎÝÊÌÇ È¾Ë¾É � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

Ë¾ÈÉÌËËÙÇ È¾Ë¾É � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

È¾Ë¾É ®ÛÉÃÝ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���� ����

�� µ¾ÏÐÌÐ¾ ÏÉÃÂÌÀ¾ËÆÝ ÅÌËÂÆÎÑÜ×ÆÓ ÆÊÍÑÉÚÏÌÀ� È¡Ô � � � � � � � � � � � � �…�

�� ±ÁÌÉ ÀÀÌÂ¾ ±¥¨� α� ÁÎ¾Â
ÍÎÝÊÌÇ È¾Ë¾É � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Ë¾ÈÉÌËËÙÇ È¾Ë¾É � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

È¾Ë¾É ®ÛÉÃÝ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� µÑÀÏÐÀÆÐÃÉÚËÌÏÐÚ È ÂÃÒÃÈÐÑ� ÀÙÝÀÉÝÃÐÏÝ ÍÉÌÏÈÌÂÌËËÙÇ

ÌÐÎ¾Ä¾ÐÃÉÚ ÂÆ¾ÊÃÐÎÌÊ � ÊÊ Ë¾ ÁÉÑ¿ÆËÃ �� ÊÊ

�� µÑÀÏÐÀÆÐÃÉÚËÌÏÐÚ ÑÏÆÉÆÐÏÝ ÍÌ È¾ÄÂÌÊÑ È¾Ë¾ÉÑ� ÊÈ%� ËÃ ÓÑÄÃ � � � �

�� ¦ÊÍÑÉÚÏË¾Ý ÊÌ×ËÌÏÐÚ ÅÌËÂÆÎÑÜ×ÆÓ ÆÊÍÑÉÚÏÌÀ

ÍÌ È¾ÄÂÌÊÑ È¾Ë¾ÉÑ ËÃ ÊÃËÃÃ� È Ð � � � � � � � � � � � � � � � � � � � � � � � ��

�� «ÌÊÆË¾ÉÚË¾Ý ÍÌÐÎÃ¿ÉÝÃÊ¾Ý ÊÌ×ËÌÏÐÚ�  ⋅�� ËÃ ¿ÌÉÃÃ � � � � � � � � � ���

¥¾ ¿ÌÉÃÃ ÍÌÂÎÌ¿ËÌÇ ÆËÒÌÎÊ¾ÔÆÃÇ ÍÎÌÏÆÊ Ì¿Î¾×¾ÐÚÏÝ ÍÌ ¾ÂÎÃÏÑ�

������� Á�ªÌÏÈÀ¾� ÑÉ� «ÌÀ¾Ý �¾ÏÊ¾ËË¾Ý� Â� �� ¾�Ý ��� «­­ � ¦¡¬®��

°ÃÉ��Ò¾ÈÏ� ����� ���������� H�PDLO� FHYLJ#UDPEOHU�UX
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­ÌÂÍÆÏ¾ËÌ È ÍÃÕ¾ÐÆ ����������� ²ÌÎÊ¾Ð �������� ¬ÒÏÃÐË¾Ý ÍÃÕ¾ÐÚ�

±ÏÉ� ÍÃÕ� É� ���� ±ÏÉ� ÈÎ��ÌÐÐ� ����� ±Õ��ÆÅÂ� É� ����� ´ÃË¾ ÂÌÁÌÀÌÎË¾Ý�

­ÃÕ¾ÐÚ ¬¬¬ �²ÆÎÊ¾ �»ÏÏÃ�� ������ Á� ¨ÆÃÀ� ÍÎ� �È¾Â�  ÃÎË¾ÂÏÈÌÁÌ� �����

� °ÃÓËÆÕÃÏÈ¾Ý ÂÆ¾ÁËÌÏÐÆÈ¾

Æ ËÃÎ¾ÅÎÑÖ¾Ü×ÆÇ ÈÌËÐÎÌÉÚ� ����

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


