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�� iÈã	ÓË®�ÒË Ò°°ãË�ºmÈÓÒ« ¹º ¹º��º�ºm}Ë }

°mÈ¯}Ë Ò ¹º°ãË°mÈ¯º�Óº® �Ë¯äºº­¯È­º�}Ë �Ë�ÈãË®

äº��� º­Ë°¹Ë�Ò�	 ¹ºm©�ËÓÒË äË²ÈÓÒ�Ë°}Ò² °mº®°�m

°ºË�ÒÓËÓÒ®�

�� �°¹Ë�ÓºË Ò°¹ºã	ÏºmÈÓÒË }ºÓ�È}�Óº® °�©}º�

mº® °mÈ¯}Ò �ã« ¹ºã��ËÓÒ« }È�Ë°�mËÓÓ©² °ºË�ÒÓË�

ÓÒ® ÒÏ �Ò°¹Ë¯°Óº��¹¯º�ÓËÓÓ©² äË�Ó©² °¹ãÈmºm

¹º�¯Ë­�Ë� ¯ÈÏ¯È­º�}Ò °¹Ë�ÒÈãÒÏÒ¯ºmÈÓÓº�º °mÈ¯º��

Óº�º º­º¯��ºmÈÓÒ«�

�� �º¯�Óº® z� j�� rÈ­Ò� r� s� iÒ°¹Ë¯°Óº��¹¯º�ÓËÓÓ©Ë äÈ�
�Ë¯ÒÈã©� Û l�� lË�Èãã�¯�Ò«� ����� Û ��� °�

�� 0F)D\GHQ $� $�� .DSRRU 5� 5�� (DJDU 7� :� (IIH°W RI VH�
FRQG SDUWLFOHV RQ GLUHFW EUD]LQJ RI DOXPLQD GLVSHUVLRQ KDUGH�
QHG FRRSHU �� :HOGLQJ 5HV� 6XSSO� Û ����� Û ¢ ��� Û
c� ����

�� $PEUR]LDN $�� /LVRQ 5� :HOGLQJ DQG EUD]LQJ PDWHULDO ��
:HOGLQJ DQG &XWWLQJ� Û ����� Û ¢ �� Û c� ���Ü����

�� z���}�Ð�ËÓ}º v� j� zºÓ�È}�ÓÈ« °�©}ºmÈ« °mÈ¯}È º¹ãÈm�
ãËÓÒËä� Û zÒËm� sÈ�}� ��ä}È� ����� Û ��� °�

�� k� °� ������ vvvc� lzj ����z ������ v¹º°º­ }ºÓ�È}�Óº®
°�©}ºmº® °mÈ¯}Ò � �� �� vÈ²È�}Ò®� {� z� �Ë­Ë�Ëm� c� l�
bÒ¯º}ºm°}Ò® Ò �¯� Û |¹�­ã� ��������� r
ã� ¢ ���

�� vÈ²È�}Ò® �� ��� r��ÓÒ} k� �� zºÓ�È}�ÓÈ« °�©}ºmÈ«
°mÈ¯}È äË�Ò m©°º}º® �Ò°�º�© �� km�ºäÈ�� °mÈ¯}È� Û
����� Û ¢ ��� Û v� ��Ü���

�� vÈ²È�}Ò® �� ��� �Ò�mÒÓ��} l� i�� bËãË°� s� k� �Ë²Óº�
ãº�Ò« Ò äÈ�ÒÓÈ �ã« °�©}ºmº® °mÈ¯}Ò äË�Ó©² mÒ�}ºm ��
�Èä ÎË� Û ����� Û ¢ �� Û v� ��Ü���

7KH WHFKQRORJ\ RI IODVK�EXWW ZHOGLQJ RI GLVSHUVLRQ�KDUGHQHG FRSSHU DOOR\ $O��� �& ������ ZLWK IRUFHG IRUPDWLRQ LV FRQVLGHUHG�
'DWD DUH JLYHQ RQ WKH PHWDOORJUDSKLF DQG ;�UD\ PLFURSUREH DQDO\VLV RI WKH PLFURVWUXFWXUH� DV ZHOO DV UHVXOWV RI PHFKDQLFDO
WHVWV RI ZHOGHG MRLQWV�

IhklmibeZ \ j_^Zdpbx ����������

� °¬ª�°¦¥¦®¬ �««�½ °£®ª¦µ£¯¨�½ ­®� ¨�
¯ �®«¹³ °¬«¨¬©¦¯°¬ ¹³ ¨¬«¯°®±¨´¦§

¬¿ØÃÊÙ ÐÃÎÊÆÕÃÏÈÌÇ ÍÎ¾ÀÈÆ ÍÌ Å¾ÐÎ¾Ð¾Ê ÈÀ¾ÉÆÒÆÔÆÎÌÀ¾ËËÌÇ ÎÑÕËÌÇ ÏÆÉÙ ÏÌÏÐ¾ÀÉÝÜÐ ������� �

ÏÑÊÊ¾ÎËÌÁÌ Ì¿ØÃÊ¾ Å¾ÐÎ¾Ð Ë¾ Ï¿ÌÎÈÑ Æ ÏÀ¾ÎÈÑ ÈÌÎÍÑÏËÙÓ ÈÌËÏÐÎÑÈÔÆÇ� ¢ÉÝ ÎÃÖÃËÆÝ ÛÐÌÇ ÍÎÌ¿ÉÃÊÙ

À ¦»¯ ÆÊ� £�¬�­¾ÐÌË¾ Î¾ÅÎ¾¿ÌÐ¾Ë¾ ¾ÀÐÌÊ¾ÐÆÅÆÎÌÀ¾ËË¾Ý ÐÃÎÊÆÕÃÏÈ¾Ý ÍÎ¾ÀÈ¾ ÏÀ¾ÎËÙÓ ÐÌËÈÌÉÆÏÐÌÀÙÓ

ÈÌËÏÐÎÑÈÔÆÇ Ï ÂÃÒÌÎÊ¾ÔÆÝÊÆ ¿ÑÓÐÆËÌÀ¾ÐÌÏÐÆ� ¯ÌÅÂ¾Ë ¾ÀÐÌÊ¾ÐÆÅÆÎÌÀ¾ËËÙÇ ÈÌÊÍÉÃÈÏ �ÎÆÏÑËÌÈ� Ë¾

ÌÏËÌÀÃ Ê¾ÐÃÊ¾ÐÆÕÃÏÈÌÁÌ ÊÌÂÃÉÆÎÌÀ¾ËÆÝ� À ÏÌÏÐ¾À ÈÌÐÌÎÌÁÌ ÀÓÌÂÆÐ Ê¾ËÆÍÑÉÝÔÆÌËËÙÇ ÎÌ¿ÌÐ� ÏÆÏÐÃÊÙ

ÆÅÊÃÎÃËÆÝ ÂÃÒÌÎÊ¾ÔÆÇ Æ ÊÆÈÎÌÍÉ¾ÅÊÃËËÙÇ ÆÏÐÌÕËÆÈ Ë¾ÁÎÃÀ¾�

�ÀÐÌÊ¾ÐÆÅÆÎÌÀ¾ËË¾Ý ÐÃÎÊÆÕÃÏÈ¾Ý ÍÎ¾ÀÈ¾ ÍÌÅÀÌÉÝÃÐ ÆÏÈÉÜÕÆÐÚ ÈÀ¾ÉÆÒÆÔÆÎÌÀ¾ËËÙÇ ÎÑÕËÌÇ ÐÎÑÂ�

Ì¿ÃÏÍÃÕÆÀ¾ÃÐ ÀÙÏÌÈÌÃ È¾ÕÃÏÐÀÌ ÍÌÀÃÎÓËÌÏÐÆ ÉÆÏÐ¾ ÏÀ¾ÎËÌÇ ÈÌËÏÐÎÑÈÔÆÆ� ÍÌÀÙÖ¾ÃÐ ÍÎÌÆÅÀÌÂÆÐÃÉÚ�

ËÌÏÐÚ ÍÎÌÔÃÏÏ¾� ÏËÆÄ¾ÃÐ Å¾ÐÎ¾ÐÙ ÛËÃÎÁÆÆ� ÑÉÑÕÖ¾ÃÐ ÛÈÌÉÌÁÆÕÃÏÈÆÃ ÍÌÈ¾Å¾ÐÃÉÆ�

«¾ÅË¾ÕÃËÆÃ� ¾ÀÐÌÊ¾ÐÆÅ¾ÔÆÝ ÐÃÍÉÌÀÌÇ ÍÎ¾ÀÈÆ ÂÃÒÌÎÊ¾ÔÆÇ ¿ÑÓÐÆËÌÀ¾ÐÌÏÐÆ ÐÌËÈÌÉÆÏÐÌÀÙÓ ÏÀ¾Î�

ËÙÓ ÈÌËÏÐÎÑÈÔÆÇ� ¬¿É¾ÏÐÚ ÍÎÆÊÃËÃËÆÝ� ÏÑÂÌ�� À¾ÁÌËÌÏÐÎÌÃËÆÃ Æ ÂÎÑÁÆÃ ÌÐÎ¾ÏÉÆ ÍÎÌÊÙÖÉÃËËÌÏÐÆ�

ÍÎÌÆÅÀÌÂÝ×ÆÃ Î¾ÅÉÆÕËÙÃ ÈÌÎÍÑÏËÙÃ ÏÀ¾ÎËÙÃ ÈÌËÏÐÎÑÈÔÆÆ�

¨ÌËÐ¾ÈÐÙ������� ±ÈÎ¾ÆË¾� ¨ÆÃÀ����� ÑÉ� �ÌÄÃËÈÌ� ��� ¦»¯ ÆÊ� £� ¬� ­¾ÐÌË¾�

°ÃÉ�� ������� ��� �� ��� Ò¾ÈÏ� ������� ��� �� ��� H�PDLO� G��#SZL�UHOF�FRP
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mºãÓ© ÓÈ²º�ÒãÒ°	 m �º¹�°�Òäºä �ÒÈ¹ÈÏºÓË� ÓÈ¹�
¯«ÎËÓÒË ÏÈ¯«�}Ò ­È�È¯ËÒ }ºÓ�ËÓ°È�º¯ºm �ºãÎÓº
­©�	 m©�Ë� �Ëä ¹¯Ò °mÈ¯}Ë �¯�­ äËÓ	�Ë�º �ÒÈ�
äË�¯È� �¯Ò ª�ºä �mËãÒ�ÒmÈ
�°« ÒÓ��}�ÒmÓº°�	 Ò
È}�ÒmÓºË °º¹¯º�ÒmãËÓÒË ¯ÈÏ¯«�Óº�º }ºÓ��¯È °mÈ�
¯º�Óº® äÈ�ÒÓ©� ��º ¹¯Òmº�Ò� } �äËÓ	�ËÓÒ
 �È°�
�º�© }ºãË­È�Ëã	Óº�º ¯ÈÏ¯«�È ­È�È¯ËÒ }ºÓ�ËÓ°È�º�
¯ºm�

�È}Òä º­¯ÈÏºä� ¹¯Ë�ãºÎËÓÓÈ« äË�º�Ò}È ¯È°�Ë�È
¹ºÏmºã«Ë� ° �º°�È�º�Óº® �ã« ¹¯È}�Ò}Ò �º�Óº°�	

¯È°°�Ò�©mÈ�	 ¹È¯ÈäË�¯© ljv Ò m©­Ò¯È�	 º¹�Ò�
äÈã	Ó©Ë ¯ËÎÒä© °mÈ¯}Ò�

�� i��ÒÓ i� k� lÈ�ÓÒ�Óº�Òä¹�ã	°ÓÈ« °mÈ¯}È äË�Èããºm� Û
l�� lË�Èãã�¯�Ò«� ����� Û ��� °�

�� �ËÓ�Ë�ºm j� {�� v�Ëä}ºm°}Ò® p���� bË®}ºm°}Ò® i� k�
�È¯ÈäË�¯Ò�Ë°}È« °�È­ÒãÒÏÈ�Ò« ¯ËÎÒäºm }ºÓ�ËÓ°È�º¯Óº®
°mÈ¯}Ò °º¹¯º�ÒmãËÓÒËä �� km�ºäÈ�� °mÈ¯}È� Û ����� Û
¢ ��� Û v� ��Ü���

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

�� {È°
�ÒÓ°}Ò® v� r� {º¹¯º°© �Ëº¯ÒÒ Ò ¯È°�Ë�È �¯ÈÓ°Áº¯�
äÈ�º¯ºm� Û ��� wÓË¯�Ò«� ����� Û ��� °�

�� zª® i�� �ª­Ò �� �È­ãÒ�© ÁÒÏÒ�Ë°}Ò² Ò ²ÒäÒ�Ë°}Ò² ¹º°�
�º«ÓÓ©²� Û l�� nÒÏäÈ��ÒÏ� ����� Û ��� °�

$ PHWKRG LV SURSRVHG WR FDOFXODWH WKH PRGHV RI PDJQHWLF�SXOVH ZHOGLQJ� ZKLFK FRPELQHV WKH DQDO\WLFDO PHWKRG RI FDOFXODWLRQ
DQG QXPHULFDO PHWKRGV� XVLQJ D 3&� $SSOLFDWLRQ RI WKLV PHWKRG DOORZV FDOFXODWLRQ RI WKH SDUDPHWHUV RI PDJQHWLF�SXOVH

ZHOGLQJ DQG VHOHFWLQJ WKH RSWLPXP ZHOGLQJ PRGHV ZLWK DQ DFFXUDF\ VXIILFLHQW IRU SUDFWLFDO SXUSRVHV�

IhklmibeZ \ j_^Zdpbx �����������

\ hdhgqZl_evghf \ZjbZgl_ ����������

©��¬®�°¬®¦½ ­®¬µ«¬¯°¦ ¯ �®«¹³ ¨¬«¯°®±¨´¦§
�¾ÐÐÃÏÐ¾Ð ¾ÈÈÎÃÂÆÐ¾ÔÆÆ À ÏÆÏÐÃÊÃ ±ÈÎ¯£­®¬� 8� ������°���� ÌÐ �����������

«¾ÅË¾ÕÃËÆÃ�

• ¹¯ºmº�Ò� °Ë¯�ÒÁÒ}È�ÒºÓÓ©Ë Ò°¹©�ÈÓÒ« m °ºº�mË�°�mÒÒ
° �¯Ë­ºmÈÓÒ«äÒ È}}¯Ë�Ò�È�ÒÒ m °Ò°�ËäË �}¯vp�c|�

• mË�Ë� °Èäº°�º«�Ëã	Ó©Ë ¯ÈÏ¯È­º�}Ò Ò º}ÈÏ©mÈË� �°ã��Ò
¹¯Ò m©¹ºãÓËÓÒÒ ÓÈ��Óº�Ò°°ãË�ºmÈ�Ëã	°}Ò² ¯È­º� ÏÈ}ÈÏ�Ò}È�

• ¹¯ºmº�Ò� º¹¯Ë�ËãËÓÒË äÈãº�Ò}ãºmº® �°�Èãº°�Ò º­¯ÈÏ�ºm m ä«�}ºä
Ò ÎË°�}ºä ¯ËÎÒäÈ² ¹¯Ò ¯ÈÏÓ©² ÏÓÈ�ËÓÒ«² È°ÒääË�¯ÒÒ �Ò}ãÈ�

• ¹¯ºmº�Ò� º�ËÓ}� äÓº�º�Ò}ãºmº® �°�Èãº°�Ò ¹¯Ò ¯È°�«ÎËÓÒÒ�
°ÎÈ�ÒÒ Ò ÒÏ�Ò­Ë�

• º¹¯Ë�Ëã«Ë� äË²ÈÓÒ�Ë°}ÒË °mº®°�mÈ äÈ�Ë¯ÒÈãºm Ò °mÈ¯Ó©²
°ºË�ÒÓËÓÒ®�

• m©¹ºãÓ«Ë� Ò°°ãË�ºmÈÓÒ« äË²ÈÓÒ}Ò ¯ÈÏ¯��ËÓÒ« Ò �¯Ë�ÒÓº°�º®}º°�Ò
äÈ�Ë¯ÒÈãºm�

• ¹¯ºmº�Ò� Ò°¹©�ÈÓÒ« ¹º º�ËÓ}Ë ��È¯Óº® m«Ï}º°�Ò zv8 Ò zv9
ÓÈ °�ÈÓ�È¯�Ó©² º­¯ÈÏ�È²�

• m©¹ºãÓ«Ë� m©°º}º�È°�º�Ó�
 äË²ÈÓÒ�Ë°}�
 ¹¯º}ºm}� ÏºÓ© °mÈ¯Óº�º
°ºË�ÒÓËÓÒ« ªãËäËÓ�ºm äË�Èããº}ºÓ°�¯�}�Ò® ° �Ëã	
 ¹ºm©�ËÓÒ«
Ò² °º¹¯º�ÒmãËÓÒ« �°�Èãº°�Ò�

¬ÏË¾×ÃËÆÃ�

• �Ò�¯ÈmãÒ�Ë°}È« äÈ�ÒÓÈ ¡il���¹��

• �ÓÒmË¯°Èã	Ó©Ë �Ò�¯ÈmãÒ�Ë°}ÒË äÈ�ÒÓ© �cv �������� �cv ������� �bËÓ}��
• �ÓÒmË¯°Èã	Ó©Ë ªãË}�¯º�Ò�¯ÈmãÒ�Ë°}ÒË äÈ�ÒÓ© �w���� �p���� l������

• �ÓÒmË¯°Èã	ÓÈ« äË²ÈÓÒ�Ë°}È« äÈ�ÒÓÈ �lp����

• Ò°¹©�È�Ëã	ÓÈ« ªãË}�¯ºäË²ÈÓÒ�Ë°}È« äÈ�ÒÓÈ ���� c���
• äÈ«�ÓÒ}ºm©® }º¹Ë¯ ���� zl�����

• Ò°¹©�È�Ëã	ÓÈ« äÈ�ÒÓÈ lc�����

¦ÊÃÃÐ ÖÆÎÌÈÆÇ È¾Ð¾ÉÌÁ ÏÐ¾ËÂ¾ÎÐËÙÓ Ì¿Î¾ÅÔÌÀ�

¨ÌËÐ¾ÈÐÙ� ������ ±ÈÎ¾ÆË¾� ¨ÆÃÀ����� ÑÉ� �ÌÄÃËÈÌ� ��
¦»¯ ÆÊ� £� ¬� ­¾ÐÌË¾� °ÃÉ�� ������� ��� �� ���

Ò¾ÈÏ� ������� ��� �� ��� H�PDLO� NQ\VKM#SDWRQ�NLHY�XD
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lº��ã«�º¯ °mÈ¯º�Ó©² ¹È¯ÈäË�¯ºm� ¯ÈÏ¯È­º�ÈÓÓ©® m jwv Òä�
p� |� �È�ºÓÈ� ¹¯Ë�ÓÈÏÓÈ�ËÓ �ã« ¯È­º�© °ºmäË°�Óº °º °mÈ¯º��
Ó©äÒ �Ò¯Ò°�º¯Ó©äÒ m©¹¯«äÒ�Ëã«äÒ �ÓÈ¹¯ÒäË¯� °Ë¯ÒÒ {i� Ò
�¯�� ¹¯Ò ¯��Óº® Ò äË²ÈÓÒÏÒ¯ºmÈÓÓ©² °¹º°º­È² ���ºmº® °mÈ¯}Ò
Ò ÓÈ¹ãÈm}Ò ¹ãÈm«�Òä°« ªãË}�¯º�ºä� |Ó ¹¯Ë�°�Èmã«Ë� °º­º®
¹¯º�¯ÈääÒ¯�
�ËË �°�¯º®°�mº �ã« �Ò¯º�Óº�Òä¹�ã	°Óº® äº���
ã«�ÒÒ m©²º�Óº�º ÓÈ¹¯«ÎËÓÒ« �Ò¯Ò°�º¯Ó©² °mÈ¯º�Ó©² Ò°�º��
ÓÒ}ºm ° ¯Ë��ãÒ¯ºmÈÓÒËä Ë�º ¹º �È°�º�Ë Ò Èä¹ãÒ���Ë ¹¯Ò ¹¯º�
ÒÏmº�°�mË °mÈ¯º�Ó©² Ò ÓÈ¹ãÈmº�Ó©² ¯È­º�� w�º ¹ºÏmºã«Ë�
¯È°�Ò¯Ò�	 �Ë²ÓÒ�Ë°}ÒË mºÏäºÎÓº°�Ò Ò°�º�ÓÒ}ºm ¹Ò�ÈÓÒ«� ¯Ë�
��ãÒ¯ºmÈ�	 ªÓË¯�Ë�Ò�Ë°}ÒË Ò °mÈ¯º�Óº��Ë²Óºãº�Ò�Ë°}ÒË ²È¯È}�
�Ë¯Ò°�Ò}Ò ���Ò� ��º ¹¯Òmº�Ò� } ¹ºm©�ËÓÒ
 °�È­Òã	Óº°�Ò ËË

�º¯ËÓÒ« �º°º­ËÓÓº ÓÈ äÈã©² �º}È²�� ¯È�Ò¯ËÓÒ
 �ÒÈ¹ÈÏºÓÈ
¹¯ÒäËÓ«Ëä©² �ÒÈäË�¯ºm °mÈ¯º�Ó©² ªãË}�¯º�ºm Ò ¹¯ºmºãº}�
°ÓÒÎËÓÒ
 Ò² ¯È°²º�È ÏÈ °�Ë� �äËÓ	�ËÓÒ« ¯ÈÏ­¯©Ï�ÒmÈÓÒ«�
º­ãË��ËÓÒ
 m©¹ºãÓËÓÒ« °mÈ¯º�Ó©² ¯È­º� m mË¯�Ò}Èã	Óºä Ò
¹º�ºãº�Óºä ¹ºãºÎËÓÒ«²� ¹ºm©�ËÓÒ
 äË²ÈÓÒ�Ë°}Ò² °mº®°�m
°mÈ¯Ó©² °ºË�ÒÓËÓÒ®�

lº��ã«�º¯ äºÎË� ­©�	 m©¹ºãÓËÓ }È} m º�Óº}ÈÓÈã	Óºä�
�È} Ò m äÓº�º}ÈÓÈã	Óºä Ò°¹ºãÓËÓÒÒ�

~È �º¹ºãÓÒ�Ëã	Óº® ÒÓÁº¯äÈ�ÒË® º­¯È�È�	°«
¹º �Ëã� ���������� ����������
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jÓ°�Ò��� ªãË}�¯º°mÈ¯}Ò Òä� p� |� �È�ºÓÈ sks
�}¯ÈÒÓ©
{� l� sË°�Ë¯ËÓ}ºm �jwv� ÏÈ�Ò�Òã �� °ËÓ�«­¯«
���� �� �º}�º¯°}�
 �Ò°°Ë¯�È�Ò
 ÓÈ �Ëä� ½�Ëº¯Ò« Ò
¹¯È}�Ò}È �°�º®�Òmº�º Áº¯äÒ¯ºmÈÓÒ« �mºm ¹¯Ò
ªãË}�¯ºÓÓº�ã��Ëmº® °mÈ¯}Ë äË�Èããºm ­ºã	�º® �ºã�
�ÒÓ©��

{ ¯È­º�Ë ¯ÈÏmÒ�© �Ëº¯Ë�Ò�Ë°}ÒË ¹¯Ë�°�Èm�
ãËÓÒ« º �Ò�¯º�ÒÓÈäÒ�Ë°}Ò² ¹¯º�Ë°°È² m ¯È°¹�
ãÈmãËÓÓºä äË�ÈããË °mÈ¯º�Óº® mÈÓÓ© Ò �°�ÈÓºm�

ãËÓ© º°º­ËÓÓº°�Ò °º­°�mËÓÓ©² }ºãË­ÈÓÒ® ¯È°¹ãÈmÈ ¹¯Ò Ë�º
�Ë�ËÓÒÒ ¹º °�ËÓ}Èä ¹È¯º�ÈÏºm©² }ÈÓÈãºm ­ºã	�º® �ã�­ÒÓ©�
º¹¯Ë�ËãËÓ© �°ãºmÒ« �°�º®�Òmº�º Áº¯äÒ¯ºmÈÓÒ« °mÈ¯Ó©² °ºË�
�ÒÓËÓÒ® Ò ¯ÈÏ¯È­º�ÈÓ© ÓÈ ª�º® º°ÓºmË ¹¯ºä©�ãËÓÓ©Ë �Ë²Óº�
ãº�ÒÒ w�v }¯�¹Óº�È­È¯Ò�Ó©² ÒÏ�ËãÒ® º�mË�°�mËÓÓº�º ÓÈÏÓÈ�
�ËÓÒ«�

z ÓÈÒ­ºãËË °��Ë°�mËÓÓ©ä ÓÈ��Ó©ä ¯ËÏ�ã	�È�Èä� ¹ºã��ËÓ�
Ó©ä °ºÒ°}È�ËãËä� º�Óº°«�°«�

¯ËÏ�ã	�È�© Ò°°ãË�ºmÈÓÒ® °º­°�mËÓÓ©² }ºãË­ÈÓÒ® ¯È°¹ãÈm�
ãËÓÓº�º äË�ÈããÈ m ¹È¯º�ÈÏºm©² }ÈÓÈãÈ² ­ºã	�º® �ã�­ÒÓ©� ¹ºÏ�
mºãÒm�ÒË ¹º}ÈÏÈ�	� ��º ¹Ë¯mÈ« �È¯äºÓÒ}È }ºãË­ÈÓÒ® ¯È°¹ãÈmÈ
äÒÓÒäÈã	Óº® �È°�º�º® Ò ÓÈÒ­ºã	�Ë® Èä¹ãÒ���º® ÒäËË� °��Ë°�
�mËÓÓºË mãÒ«ÓÒË ÓÈ Áº¯äÒ¯ºmÈÓÒË °mÈ¯Ó©² °ºË�ÒÓËÓÒ® ­ºã	�
�º® �ºã�ÒÓ©�

¯ËÏ�ã	�È�© Ò°°ãË�ºmÈÓÒ® mãÒ«ÓÒ« º�¯ÈÎËÓÓº�º ¹��}È º�
�ãÒÓÓºmºãÓºm©² mºÏä��ËÓÒ® ¹ºmË¯²Óº°�Ò ÎÒ�}º�º äË�ÈããÈ ¹Ë�
¯Ë�ÓË® °�ËÓ}Ò ÓÈ º­¯ÈÏºmÈÓÒË �ËÁË}�ºm m }º¯ÓË �mÈ� �º}ÈÏÈÓº�
��º �È°�º�È º­¯ÈÏºmÈÓÒ« ¹Ò}ºm ¹¯º¹ãÈmãËÓÒ« °º�ãÈ°�Ë�°« ° �È°�
�º�º® ¹Ë¯mº® �È¯äºÓÒ}Ò }ºãË­ÈÓÒ® ¯È°¹ãÈmÈ m }ÈÓÈãË� rºãËË
m©°º}ÒË �È¯äºÓÒ}Ò °º­°�mËÓÓ©² }ºãË­ÈÓÒ® ¯È°¹ãÈmÈ m }ÈÓÈãË
ÓË mãÒ«
� ÓÈ mËãÒ�ÒÓ� ¹Ò}ºm ¹¯º¹ãÈmãËÓÒ«� È �È}ÎË ÓÈ Áº¯�
äÒ¯ºmÈÓÒË }º¯ÓËm©² �ËÁË}�ºm�

�°�ÈÓºmãËÓÒË ÁÈ}�È� ��º °�È­Òã	Óº°�	 Áº¯äÒ¯ºmÈÓÒ« �mºm
�ã�­ÒÓº® ­ºãËË �Ëä ��� ää äºÎÓº ¹ºm©°Ò�	 ¹��Ëä ÓÈ}ãºÓÈ
¹ãº°}º°�Ò °�©}È Ò ªãË}�¯ºÓÓº�º ã��È ÓÈ ��ºã� ­ãÒÏ}Ò® ��Å }
�º¯ÒÏºÓ��� �¯Ò �È}º® ¹¯º°�¯ÈÓ°�mËÓÓº® º¯ÒËÓ�È�ÒÒ °mÈ¯º�Óº®
mÈÓÓ© �mËãÒ�ÒmÈË�°« �È°�º�È ÓÈÒ­ºãËË ÓÒÏ}Ò² �È¯äºÓÒ} }ºãË�
­ÈÓÒ®� �äËÓ	�ÈË�°« Èä¹ãÒ���È mºÏä��ËÓÒ® ¹ºmË¯²Óº°�Ò ¯È°�
¹ãÈmÈ ÓÈ ¹Ë¯Ë�ÓË® °�ËÓ}Ë }ÈÓÈãÈ Ò� }È} °ãË�°�mÒË� ¹ºm©�ÈË�°«
°�È­Òã	Óº°�	 °mÈ¯º�Óº�º ¹¯º�Ë°°È m �Ëãºä�

cËÏ�ã	�È�© �Ëº¯Ë�Ò�Ë°}Ò² Ò ª}°¹Ë¯ÒäËÓ�Èã	Ó©² Ò°°ãË�º�
mÈÓÒ® �°�º®�Òmº°�Ò °mÈ¯º�Óº® mÈÓÓ© ¹¯Ò w�v äË�Èããºm ­ºã	�
�º® �ºã�ÒÓ© ° ÏÈä©}ÈÓÒËä }ºã	�Ëm©² �mºm ãË�ãÒ m º°Óºm�
¯ÈÏ¯È­º�ÈÓÓ©² �Ë²Óºãº�Ò�Ë°}Ò² ¹¯º�Ë°°ºm w�v ¯«�È ÒÏ�ËãÒ®
ÒÏ ÓÒÏ}ºãË�Ò¯ºmÈÓÓº® °�ÈãÒ �ºã�ÒÓº® �º ��� ää Ò Èã
äÒÓÒ�
Ëm©² °¹ãÈmºm �ºã�ÒÓº® �º ��� ää� ÓÈ�Ë��Ò² ¹¯ÒäËÓËÓÒË m
°�¯ÈÓÈ² vs�� n¯ÈÓ�ÒÒ� kÓ�ãÒÒ� zÒ�È« Ò vbk�
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v¹º°º­ Áº¯äÒ¯ºmÈÓÒ« mÓË�ÓÒ² ²È¯È}�Ë¯Ò°�Ò} °mÈ¯º�Óº�º
�ËÓË¯È�º¯È m mÒ�Ë °ÒÓ²¯ºÓÓº® äÈ�ÒÓ© ° º­äº�}º® mºÏ­�Î�
�ËÓÒ« mºÏ­��Ò�Ëã«� º�ãÒ�È
�Ò®°« �Ëä� ��º ÓÈ¹¯«ÎËÓÒË ÓÈ
º­äº�}� mºÏ­�Î�ËÓÒ« mºÏ­��Ò�Ëã« ¹º�È
� º� ÓËÏÈmÒ°Òäº�º Ò°�
�º�ÓÒ}È ¹º°�º«ÓÓº�º ÓÈ¹¯«ÎËÓÒ« �Ë¯ËÏ ¯Ë��ãÒ¯ºmº�Ó©® ªãË�
äËÓ� º­äº�}Ò mºÏ­�Î�ËÓÒ« Ò �¹¯Èmã«
� ¯Ë��ãÒ¯ºmº�Ó©ä ªãË�
äËÓ�ºä �¯º°°ËãË® �Ë¯ËÏ �º¹ºãÓÒ�Ëã	Ó©® ¯Ë��ãÒ¯ºmº�Ó©®
ªãËäËÓ� º� ÏÈÎÒäºm º­äº�}Ò °�È�º¯È ÒãÒ º� ÓËÏÈmÒ°Òäº�º Ò°�
�º�ÓÒ}È ¹º°�º«ÓÓº�º ÓÈ¹¯«ÎËÓÒ«� �È�ËÓ� cn �������� �� v�
bËm�ËÓ}º >��@�

v¹º°º­ mÈ}��äÒ¯ºmÈÓÒ« ÏÈ�º�ºm}Ò �ã« °mÈ¯}Ò °ºmäË°�Ó©ä
¹¯Ë°°ºmÈÓÒËä ¯ÈÏÓº¯º�Ó©² äÈ�Ë¯ÒÈãºm� º�ãÒ�È
�Ò®°« �Ëä�

��º ¹¯Ò º�}È�}Ë ÏÈ�º�ºm}� ÓÈ�¯ËmÈ
� °ÓÈ¯�ÎÒ �º �Ëä¹Ë¯È��¯©
ÓÒÎË �Ëä¹Ë¯È��¯© º}Ò°ãËÓÒ« ­ºãËË ²ÒäÒ�Ë°}Ò È}�ÒmÓº�º ÒÏ
°mÈ¯ÒmÈËä©² äÈ�Ë¯ÒÈãºm� È m¯Ëä« º�}È�}Ò m©­Ò¯È
� ª}°¹Ë¯Ò�
äËÓ�Èã	Óº ¯ÈmÓ©ä äÒÓÒäÈã	Óºä� m¯ËäËÓÒ m©�Ë¯Î}Ò º­¯ÈÏ�È
ÏÈ�º�ºm}Ò ¹¯Ò ¹È¯ÈäË�¯È² mÈ}��äÒ¯ºmÈÓÒ« ÏÈ�º�ºm}Ò� ¹¯Ò }º�
�º¯ºä ­ºãËË È}�ÒmÓ©® äË�Èãã º�mÈ}��äÒ¯ºmÈÓÓº�º º­¯ÈÏ�È ÓË
º}Ò°ã«Ë�°« ¹¯Ò �Ëä¹Ë¯È��¯Ë °mÈ¯}Ò °ºmäË°�Ó©ä ¹¯Ë°°ºmÈÓÒËä�
�È�ËÓ� cn �������� s� �� n¯ºãºm� {� s� pã}ÒÓ �n���
½sjzj ªÓË¯�º�Ë²ÓÒ}Ò�� >��@�

vmË�ºmº� �ã« ãÈÏË¯Óº�º °mÈ¯ÒmÈÓÒ« ÒãÒ ¯ËÏÈÓÒ« ÓË¹º�mÒÎ�
Ó©² }ºã	�Ëm©² °�©}ºm �¯�­º¹¯ºmº�ºm� °º�Ë¯ÎÈ�Ò® ¹ºmº¯º��
Ó©Ë ÏË¯}ÈãÈ� }ÈÎ�ºË ÒÏ }º�º¯©² ÏÈ}¯Ë¹ãËÓº ÓÈ }ÒÓËäÈ�Ò�Ë°}º®
¹È¯Ë� �°�ÈÓºmãËÓÓº® m äË°�È² ÒÏäËÓËÓÒ« ÓÈ¹¯ÈmãËÓÒ« º°Ë®
ÏmËÓ	Ëm °mË�ºmº�È� �¯ÒmË�ËÓ© º�ãÒ�Ò�Ëã	Ó©Ë ¹¯ÒÏÓÈ}Ò °mË�º�
mº�È� �È�ËÓ� cn �������� �� {� �º¹È�ÒÓË� >��@�
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<H )�� 2KPRUL $� nÈÏºm©® °º°�Èm Ò Áº�º}È�ÈãÒ�Ò�Ë°}È«
È}�ÒmÓº°�	 ¹º}¯©�Ò® ÒÏ 7L2�Ü)H�2� äË�º�ºä ¹ãÈÏäËÓÓº�º ÓÈ�
¹©ãËÓÒ«� °� ���Ü����

1DNDGH .� HW DO� sÈÓË°ËÓÒË �ÈÏº�Ë¯äÒ�Ë°}Ò² ¹º}¯©�Ò®
7L2� ° ¹ºäº�	
 ÓÈÓº¹º¯º�}ºm Ò Ò² Áº�º}È�ÈãÒ�Ò�Ë°}ÒË °mº®°�
�mÈ� °� ���Ü����

.DQD]DZD 7�� 2KPRUL $� sÈÓË°ËÓÒË Áº�º}È�ÈãÒ�Ò�Ë°}Ò²
¹º}¯©�Ò® 7L2� ÓÈ ¹ºãÒª�ÒãËÓ�Ë¯ËÁ�ÈãÈ� ° ¹ºäº�	
 ¹ãÈÏäËÓ�
Óº�º ÓÈ¹©ãËÓÒ«� °� ���Ü����

0L\DQR <� HW DO� rÒºº­¯È­º�}È ÓË¯ÎÈmË
�Ë® °�ÈãÒ ° ¹º�
äº�	
 ­È}�Ë¯Ò®� °� ���Ü����

1RZDN $� 6�� .DV]\QVND 0� ~È�ÈÓÓ©Ë �¯ºmÓÒ ­ËÏº¹È°Óº°�Ò
¹¯Ò ¹¯ºË}�Ò¯ºmÈÓÒÒ Ò º�ËÓ}Ë äº°�ºm� °� ���Ü����

%RLWRXW )�� %HUJKHDX -��0�  Ò°ãËÓÓºË äº�ËãÒ¯ºmÈÓÒË °mÈ¯�
}Ò m pm¯º¹Ë Û °ºm¯ËäËÓÓ©Ë mºÏäºÎÓº°�Ò Ò ­����ÒË ÓÈ¹¯Èm�
ãËÓÒ«� °� ���Ü����

0XUDNDZD +� �Ëº¯Ë�Ò�Ë°}ºË ¹¯º�ÓºÏÒ¯ºmÈÓÒË Ò }ºÓ�¯ºã	
°mÈ¯º�Ó©² �ËÁº¯äÈ�Ò® }¯�¹Ó©² }ºÓ°�¯�}�Ò® ° ��Ë�ºä ¹ºÏÒ�
�ÒºÓÒ¯ºmÈÓÒ« Ò ÏÈÏº¯ºm äËÎ�� �È°�«äÒ� °� ���Ü����

0XUDNDZD +� lº�ËãÒ¯ºmÈÓÒË }ºÓ�È}�Óº® °mÈ¯}Ò �ã« m©�
­º¯È äÈ}°ÒäÈã	Ó©² °mÈ¯º�Ó©² ¯ËÎÒäºm Ò }ºÓ�¯ºã« ¹¯º�Ë°°È�
°� ���Ü����

'HQJ '� �Ëº¯Ë�Ò�Ë°}ºË ¹¯º�ÓºÏÒ¯ºmÈÓÒË Ò }ºÓ�¯ºã	 °mÈ�
¯º�Ó©² �ËÁº¯äÈ�Ò® }¯�¹Ó©² }ºÓ°�¯�}�Ò® ° ��Ë�ºä ¹ºÏÒ�Òº�
ÓÒ¯ºmÈÓÒ« Ò ÏÈÏº¯ºm äËÎ�� �È°�«äÒ� °� ���Ü����

6HUL]DZD +� �Ëº¯Ë�Ò�Ë°}ºË ¹¯º�ÓºÏÒ¯ºmÈÓÒË º­¯ÈÏºmÈÓÒ«
�º¯«�Ò² �¯Ë�ÒÓ ¹¯Ò °mÈ¯}Ë Ò Ò² }ºÓ�¯ºã	� °� ���Ü����

.LP <��&� HW DO� vmº®°�mÈ ¹¯Ò ¯ÈÏ¯��ËÓÒÒ Ò �°�Èãº°�Ó©Ë
°mº®°�mÈ }¯�¹Óº�È­È¯Ò�Ó©² }ºÓ°�¯�}�ÒºÓÓ©² ªãËäËÓ�ºm� ÒÏ�º�
�ºmãËÓÓ©² ° ¹ºäº�	
 °mÈ¯º�Óº® �°�ÈÓºm}Ò ÓºmË®�Ë® ¯ÈÏ¯È�
­º�}Ò� °� ���Ü����

6DNLQR <� HW DO� v¹º°º­Óº°�	 } ��ãÒÓËÓÒ
 °mÈ¯Ó©² �mºm
m °ºË�ÒÓËÓÒ«² ­Èãº} ° }ºãºÓÓÈäÒ� °� ���Ü����

6DNLQR <� HW DO� lºÓÒ�º¯ÒÓ� ÓÈ}º¹ãËÓÒ« ÓÈ�¯�Ïº} º� �mÒ�
ÎËÓÒ« �¯ÈÓ°¹º¯�È ÓÈ ªãËäËÓ�© äº°�ºm ° ¹ºäº�	
 ¯ÈÏ¯��ÈËä©²
º­¯ÈÏ�ºm �ã« Ò°¹©�ÈÓÒ®� °� ���Ü����

0L\DQR <� HW DO� n�Ó�ÈäËÓ�Èã	Ó©Ë Ò°°ãË�ºmÈÓÒ« ¹º ­Ò�
ºº­¯È­º�}Ë ��ãË¯º�Ò°�º® °�ÈãÒ ÎËãËÏºº}Ò°ãÒ�Ëã	Ó©äÒ ­È}�Ë�
¯Ò«äÒ� °� ���Ü����

����� Û 9RO� ��� ¢ �
�ÈÓ�ã� «Ï��

6WLOO -� 5� {º�º¯º�Ó©Ë ¯ÈÏ¯��ËÓÒ« ÁË¯¯Ò�Ó©² °mÈ¯Ó©²
�mºm� °� ��Ü���

+LONHV -� HW DO� wãË}�¯º�© �ã« °mÈ¯}Ò °�ÈãÒ ° � � ÓÒ}Ëã«�
°� ��Ü���

-RKQVHQ 0� 5� {©°�Èm}È ¹º °mÈ¯}Ë� º¯�ÈÓÒÏºmÈÓÓÈ« m  Ò�
}È�º käË¯Ò}ÈÓ°}Òä °mÈ¯º�Ó©ä º­�Ë°�mºä� °� ��Ü���

:(/',1* 5(6($5&+ 6833/(0(17

'DYH 9� 5� HW DO� tÈ¯È}�Ë¯ �¯ÈÓÒ� ÏË¯ËÓ m °¹ãÈmË ��� Ò
°}ãºÓÓº°�	 } º­¯ÈÏºmÈÓÒ
 �¯Ë�ÒÓ °mÈ¯Ó©² �mºm ÓË¯ÎÈmË
�Ë®
°�ÈãÒ� °� �Ü��

.XVNR &� 6� HW DO� {ãÒ«ÓÒË äÒ}¯º°�¯�}��¯© ÓÈ ¯È°¹¯º°�
�¯ÈÓËÓÒË �°�Èãº°�Ó©² �¯Ë�ÒÓ °mÈ¯Ó©² �mºm ÓË¯ÎÈmË
�Ë® °�È�
ãÒ� °� �Ü���

5DWKRG 0� -�� .XWVXQD 0� vºË�ÒÓËÓÒË °¹ãÈmÈ Èã
äÒÓÒ«
���� Ò ÓÒÏ}º��ãË¯º�Ò°�º® °�ÈãÒ ° ¹ºäº�	
 ãÈÏË¯Óº® °mÈ¯}Ò
¹¯º}È�}º®� °� ��Ü���

&KRL HW -��+� HW DO� lË²ÈÓÒÏä© º­¯ÈÏºmÈÓÒ« �ËÁË}�ºm
�Ò¹È º}°Ò�Ó©² m}ã
�ËÓÒ® m ¹¯º�Ë°°Ë m©°º}º�È°�º�Óº® }ºÓ�È}�
�Óº® °mÈ¯}Ò� °� ��Ü���

)ORP <�� :DQJ /� iº¹�°}Ò ÓÈ �ËÁË}�© m ¹È«Ó©² ÓÈ²�
ãË°�º�Ó©² °ºË�ÒÓËÓÒ«²� °� ��Ü���
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ljhev j_gl]_gh\kdbf baemq_gb_f� Djhf_ lh]h� d_jZfbq_k�

db_ ih^eh`db hdmiZxl kZfb k_[y� lZd dZd kihkh[kl\mxl

\ukhdhfm dZq_kl\m h^ghklhjhgg_c k\Zjdb� [_a aZljZl gZ

mkljZg_gb_ ^_n_dlh\ b gZ ljm^h_fdmx b ^hjh]hklhysmx

f_oZgbq_kdmx h[jZ[hldm�

H[eZklv ijbf_g_gby ij_^eZ]Z_fh]h h[hjm^h\Zgby

hq_gv rbjhdZ� fh`_l ijbf_gylvky \ km^hkljh_gbb b km�

^hj_fhgl_� ^ey k\Zjdb ljm[ b ljm[hijh\h^h\� \ fhklhk�

ljh_gbb b \ kljhbl_evkl\_ ijhfure_gguo j_a_j\mZjh\�

GZ k_fbgZj_ ki_pbZebklu ih k\Zjd_ g_nl_]Zah\hc ijh�

fure_gghklb h[km`^Zeb \hijhku l_ogheh]bb k\Zjdb dhj�

g_\h]h b aZihegyxs_]h r\h\ kludh\ ljm[� Z lZd`_ \hi�

jhku ijh\_^_gby Zll_klZpbb k\Zjhqgh]h h[hjm^h\Zgby b

k\Zjsbdh\� K bgl_j_khf [ueb ijhkemrZgu ^hdeZ^u�

² ©L_ogheh]by b f_lh^u k\Zjdb g_ih\hjhlguo kludh\

ljm[ª �©KljhcljZgk]Zaª� ]� Fhkd\Z��

² ©Ijb[hju b f_lh^u j_]bkljZpbb k\Zjhqguo ijh�

p_kkh\ª �G:DK� ]� Fhkd\Z��

² ©K\Zjhqgu_ ]hj_edb nbjfu ©%,1=(/ª ^ey \k_o \b�

^h\ k\Zjdbª �©%,1=(/ª� =_jfZgby��

² ©<hijhku dZq_kl\Z k\Zjguo kh_^bg_gbc g_ih\hjhl�

guo kludh\ ljm[ª �<GBBKL� ]� Fhkd\Z��

² ^hdeZ^ h <he`kdhf ljm[ghf aZ\h^_ �]� <he`kdbc��

\ oh^_ dhlhjh]h [ue \ukdZaZg bgl_j_k d bklhqgbdZf i_�

j_f_ggh]h lhdZ gZ ���� b ���� : �ZgZeh]b 7$)� (6:%�

^ey dhfie_dlZpbb k\Zjhqguo Z\lhfZlh\�

² ©H ih^]hlh\d_ b Zll_klZpbb k\Zjsbdh\ª �Mq_[guc

p_glj ©Emdhceª� ]� I_jfv��

² ©Bkihevah\Zgb_ <>����>D \ dZq_kl\_ bklhqgbdh\

^ey k\Zjdb kludh\ ljm[ª �©BLKª��

< oh^_ k_fbgZjZ ki_pbZebklu djmig_crbo ij_^ijb�

ylbc MdjZbgu b Jhkkbb hagZdhfbebkv k gh\_crbfb jZa�

jZ[hldZfb k\Zjhqgh]h h[hjm^h\Zgby� ijbgyeb ij_^eh`_�

gby \aylv gZ bkiulZgby aZbgl_j_kh\Z\r__ bo k\Zjhqgh_

h[hjm^h\Zgb_� =eZ\gu_ k\Zjsbdb mdjZbgkdbo ij_^ijby�

lbc \ oh^_ k_fbgZjZ ih^]hlh\beb l_ogbq_kdb_ aZ^Zgby

b ki_pbnbdZpbb ^ey ijbh[j_l_gby g_h[oh^bfh]h we_dl�

jhk\Zjhqgh]h h[hjm^h\Zgby�

< aZdexq_gb_ ke_^m_l hlf_lblv� qlh l_fZlbq_kdb_ k_�

fbgZju b dhgn_j_gpbb ih \hijhkZf ijbf_g_gby we_dl�

jhk\Zjhqgh]h h[hjm^h\Zgby \ jZaebqguo hljZkeyo ijh�

fure_gghklb ©NbjfZ KWEF:ª b GIN ©BLKª �]� K��

I_l_j[mj]� ijh\h^bl _`_]h^gh� Ijb]eZrZ_f \k_o aZbgl_�

j_kh\Zgguo ki_pbZebklh\ k\Zjhqgh]h ijhba\h^kl\Z ijb�

gylv mqZklb_ \ k_fbgZjZo [m^ms_]h ]h^Z�

AZf_klbl_ev gZqZevgbdZ hl^_eZ fZjd_lbg]Z

b k[ulZ H:H ©NbjfZ KWEF:ª K� <� JZdh\�
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À¾ÁÌËÌÀ� È¾È ¾ÀÐÌÏÔÃÍÈ¾ Æ ÐÝÁÌÀÙÃ ÓÌÊÑÐÙ �¾ÀÐÌÏÔÃÍËÌÃ ÑÏÐÎÌÇÏÐÀÌ�� Ë¾ÂÎÃÏÏÌÎËÙÃ ¿¾ÉÈÆ�
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AZ\Zj_ggZy lj_sbgZ \ dhjimk_ Z\lhkp_idb

\ f_kl_ i_j_oh^Z o\hklh\bdZ d ]heh\d_
AZ\Zj_ggu_ ijh^hevgu_ lj_sbgu \ [hdh\uo jZfZo l_e_`_d
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